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Abstract

This thesis focuses on issues relevant to health promotion policy. The house-
hold production framework is used to specify a structural equation (MIMIC)
model and empirically investigate consumers’ behaviour in order to identify
policy-relevant mechanisms using two waves of data from the Finnish health
examination survey. Particular attention is paid to the role of an individual’s
health-specific knowledge and participation in health education activities.

A review of the literature reveals that; current theoretical models do not
provide a complete framework for analysing health and knowledge; direct mea-
sures of health knowledge are rarely used in empirical health production studies;
minimal attention has been paid to the content of the knowledge variable; and
only a few studies treated knowledge as endogenous.

The novelty of the empirical analysis is the simultaneous estimation of pro-
duction equations for both health and health related knowledge using both
cross-sectional and two-period designs. The influence of overall education is
separated from that of health-specific knowledge.

The analysis shows that health knowledge has a health promoting effect on
most consumption choices studied, and it clearly improves individuals’ ability
to produce health in the long run. Participation in heath education improves
individual’s level of health knowledge. Formal schooling was found to improve
the efficiency of knowledge production process. Individuals’ willingness to invest
in knowledge of healthy life-styles appears to decrease by age. The analysis
provides some support for considering medical care and consumption experience
as sources of information.

From the policy perspective, it can be concluded that knowledge has an
important role in explaining differences in individuals’ health and it can be
influenced by appropriate health education programs. In times of increasing
health inequity in the society, the greatest challenge is to design programs that
would attract population groups with low educational attainment and in partic-
ular young men. Whereas these groups may find information on health affecting
consumption potentially worthwhile, the elderly may be more interested in a
type of knowledge that yields more instantaneous health gains and well-being.

4



Contents

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Declaration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1 Introduction 15

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.2 Health promotion . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.2.1 The concept of health . . . . . . . . . . . . . . . . . . . . 16

1.2.2 Domains of health promotion . . . . . . . . . . . . . . . . 17

1.3 The purpose of the study . . . . . . . . . . . . . . . . . . . . . . 19

1.4 The structure of the thesis . . . . . . . . . . . . . . . . . . . . . . 19

2 Review 20

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2 Theoretical approaches . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2.1 The human capital approach . . . . . . . . . . . . . . . . 21

2.2.2 Expected utility approach . . . . . . . . . . . . . . . . . . 23

2.2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.3 Systematic review of empirical studies . . . . . . . . . . . . . . . 28

2.3.1 Search results . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.3.2 Quality assessment . . . . . . . . . . . . . . . . . . . . . . 31

2.3.3 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Direct effects of lifestyle and education . . . . . . . . . . . 33

The role of education . . . . . . . . . . . . . . . . . . . . 36

Observations concerning the methodology . . . . . . . . . 39

2.3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.4 Education and health knowledge . . . . . . . . . . . . . . . . . . 42

2.4.1 Economic contexts . . . . . . . . . . . . . . . . . . . . . . 42

2.4.2 Views from the health and social sciences . . . . . . . . . 44

2.4.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

2.5 Study questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5



A Systematic review of empirical health production studies 49

A.1 Review protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

A.1.1 Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

A.1.2 Main questions . . . . . . . . . . . . . . . . . . . . . . . . 50

A.1.3 Search strategy . . . . . . . . . . . . . . . . . . . . . . . . 50

Sources of information . . . . . . . . . . . . . . . . . . . . 50

Key words . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

A.1.4 Data analysis . . . . . . . . . . . . . . . . . . . . . . . . . 51

Inclusion criteria . . . . . . . . . . . . . . . . . . . . . . . 52

Assessment criteria . . . . . . . . . . . . . . . . . . . . . . 52

Data extraction . . . . . . . . . . . . . . . . . . . . . . . . 53

Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

A.2 Search details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

A.2.1 Sources of information . . . . . . . . . . . . . . . . . . . . 54

A.2.2 Search results for major databases . . . . . . . . . . . . . 55

A.3 Data extraction sheet . . . . . . . . . . . . . . . . . . . . . . . . 57

3 Theoretical framework 59

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

3.2 The role of health knowledge . . . . . . . . . . . . . . . . . . . . 59

3.3 Static model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

3.4 Two-period framework . . . . . . . . . . . . . . . . . . . . . . . . 66

3.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

B Technical notes 75

B.1 Full income constraint for static model . . . . . . . . . . . . . . . 75

4 Descriptive data analysis 76

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.2 The sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.3 Exploratory data analysis . . . . . . . . . . . . . . . . . . . . . . 77

4.3.1 Principal component analysis and factor analysis . . . . . 78

4.3.2 Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Health status measurements . . . . . . . . . . . . . . . . . 80

Dimensions of health . . . . . . . . . . . . . . . . . . . . . 82

4.3.3 Health knowledge . . . . . . . . . . . . . . . . . . . . . . . 86

Measurement . . . . . . . . . . . . . . . . . . . . . . . . . 86

Perception . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Dimensions of knowledge . . . . . . . . . . . . . . . . . . 88

4.4 Selection of variables . . . . . . . . . . . . . . . . . . . . . . . . . 90

4.4.1 Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

6



4.4.2 Health knowledge . . . . . . . . . . . . . . . . . . . . . . . 92
4.4.3 Health behaviour . . . . . . . . . . . . . . . . . . . . . . . 92

4.4.4 Information seeking activities . . . . . . . . . . . . . . . . 94
4.4.5 Preventive health services . . . . . . . . . . . . . . . . . . 95
4.4.6 Medical care . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.4.7 Socio-economic and other background variables . . . . . . 97
4.5 Missing data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

4.6 Strategy for empirical analysis . . . . . . . . . . . . . . . . . . . 100
4.6.1 Econometric approach . . . . . . . . . . . . . . . . . . . . 101

C Description of categorical variables 103

5 Empirical analysis of static models 106
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
5.2 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

5.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 107
5.2.2 Identification . . . . . . . . . . . . . . . . . . . . . . . . . 107

5.2.3 Input matrices . . . . . . . . . . . . . . . . . . . . . . . . 109
5.2.4 Estimator . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

5.2.5 Model evaluation . . . . . . . . . . . . . . . . . . . . . . . 113
5.3 Analysis of wave 1 data . . . . . . . . . . . . . . . . . . . . . . . 115

5.3.1 Measurement models . . . . . . . . . . . . . . . . . . . . . 116
5.3.2 Full structural model . . . . . . . . . . . . . . . . . . . . . 122

5.4 Analysis of wave 2 data . . . . . . . . . . . . . . . . . . . . . . . 126

5.4.1 Measurement models . . . . . . . . . . . . . . . . . . . . . 126
5.4.2 Full structural model . . . . . . . . . . . . . . . . . . . . . 132

5.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
5.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

D Definitions and specification 139
D.1 MIMIC equations . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

D.2 MIMIC assumptions and definitions . . . . . . . . . . . . . . . . 140
D.3 Implied covariance matrix . . . . . . . . . . . . . . . . . . . . . . 141

D.4 Parameter matrices for wave 1 . . . . . . . . . . . . . . . . . . . 142
D.5 Model equations for wave 1 . . . . . . . . . . . . . . . . . . . . . 144

D.6 Parameter matrices for wave 2 . . . . . . . . . . . . . . . . . . . 145
D.7 Model equations for wave 2 . . . . . . . . . . . . . . . . . . . . . 147

6 Analysis of the two-period model 148
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148

6.2 A two-wave model . . . . . . . . . . . . . . . . . . . . . . . . . . 148
6.3 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

7



6.4 Issues in longitudinal measurement . . . . . . . . . . . . . . . . . 151
6.5 Building blocks for the SEM model . . . . . . . . . . . . . . . . . 152

6.5.1 Equal thresholds approach . . . . . . . . . . . . . . . . . . 152
6.5.2 Invariance of latent stocks . . . . . . . . . . . . . . . . . . 154

6.6 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
6.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

E Two-wave specification 171
E.1 Full SEM equations . . . . . . . . . . . . . . . . . . . . . . . . . 171
E.2 Implied covariance matrix of general SEM . . . . . . . . . . . . . 171
E.3 Two-wave model equations . . . . . . . . . . . . . . . . . . . . . 172

7 Partial adjustment approach 174
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
7.2 Basic model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
7.3 Model with health knowledge . . . . . . . . . . . . . . . . . . . . 176
7.4 Empirical models . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

7.4.1 Medical care as the only health inputs . . . . . . . . . . . 178
7.4.2 Model with non-medical health inputs . . . . . . . . . . . 181
7.4.3 Sub-model for health knowledge . . . . . . . . . . . . . . 183
7.4.4 Estimation of the complete two-period model . . . . . . . 185

7.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

F Partial adjustment model specifications 194
F.1 Model for medical care . . . . . . . . . . . . . . . . . . . . . . . . 194
F.2 Sub-model for health . . . . . . . . . . . . . . . . . . . . . . . . . 195
F.3 Sub-model for health knowledge . . . . . . . . . . . . . . . . . . . 196
F.4 Full two-period model . . . . . . . . . . . . . . . . . . . . . . . . 197

8 Conclusions 199

References 203

8



List of Tables

2.1 An overview of studies included in the systematic review. . . . . 31
2.2 Direct effects of lifestyle and education on health. . . . . . . . . . 35
2.3 Indirect effects of education on health. . . . . . . . . . . . . . . . 37

4.1 Summary statistics of the main health indicator variables. . . . . 80
4.2 Factor analysis of wave 1 health indicators . . . . . . . . . . . . . 84
4.3 Factor analysis of wave 2 health indicators . . . . . . . . . . . . . 85

4.4 Summary statistics of the health knowledge variables. . . . . . . 87
4.5 Composition of the risk index for CHD. . . . . . . . . . . . . . . 87
4.6 Factor analysis of wave 1 health knowledge indicators . . . . . . 89

4.7 Factor analysis of wave 2 health knowledge indicators . . . . . . 90
4.8 Descriptive statistics of the health variables. . . . . . . . . . . . . 91
4.9 Descriptive statistics of the health knowledge variables. . . . . . 92

4.10 Descriptive statistics of the health behaviour variables. . . . . . . 93
4.11 Descriptive statistics of the information seeking variables. . . . . 94
4.12 Descriptive statistics of the medical care variables. . . . . . . . . 96
4.13 Descriptive statistics of the socio-economic variables. . . . . . . . 97

4.14 Comparison of respondents and non-repsondents. . . . . . . . . . 98
4.15 Analysis of attrition and item non-response. . . . . . . . . . . . . 100

5.1 Health measurement model for wave 1 . . . . . . . . . . . . . . . 117

5.2 Measurement models for I∗1 and HK∗
1 . . . . . . . . . . . . . . . 118

5.3 Measurement model for health service use. . . . . . . . . . . . . . 119
5.4 Measurement models for health affecting consumption. . . . . . . 121

5.5 Measurement part of the full model for wave 1. . . . . . . . . . . 123
5.6 Full structural model for wave 1. . . . . . . . . . . . . . . . . . . 125
5.7 Health measurement model for wave 2 . . . . . . . . . . . . . . . 127

5.8 Measurement model for HK∗
2 . . . . . . . . . . . . . . . . . . . . . 128

5.9 Measurement models for I∗2 and HE∗
2 . . . . . . . . . . . . . . . . 129

5.10 Measurement model for M∗
2 and PM∗

2 . . . . . . . . . . . . . . . . 130

5.11 Measurement models for HC∗
2 . . . . . . . . . . . . . . . . . . . . 131

5.12 Measurement part of the full model for wave 2. . . . . . . . . . . 133

9



5.13 Full structural model for wave 2. . . . . . . . . . . . . . . . . . . 134
5.14 Direct and indirect effects of education and health knowledge. . . 136

6.1 Likelihood Ratio tests for equal thresholds . . . . . . . . . . . . . 153
6.2 Longitudinal measurement model for health . . . . . . . . . . . . 155
6.3 LR tests for the invariance of health measurement . . . . . . . . 157
6.4 Longitudinal measurement model for health knowlege . . . . . . 158
6.5 LR tests for the invariance of health knowledge measurement. . . 159
6.6 Measurement part for the two-wave model. . . . . . . . . . . . . 160
6.7 Structural part of the two-wave model. . . . . . . . . . . . . . . . 162
6.8 Covariance matrix for exogenous variables (Φ). . . . . . . . . . . 167
6.9 Structural two-wave model with health services and cunsumption

experience as sources for health knowledge. . . . . . . . . . . . . 168

7.1 Measurement part of the two-wave model for medical care. . . . 179
7.2 Two-wave structural model for medical care. . . . . . . . . . . . 180
7.3 Measurement part of the two-wave model for medical care and

health affecting goods. . . . . . . . . . . . . . . . . . . . . . . . . 182
7.4 Two-wave structural model for medical care and health affecting

goods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
7.5 Measurement part of the two-wave model for health knowledge. . 184
7.6 Two-wave structural model for health knowledge. . . . . . . . . . 184
7.7 Measurement part of the full two-wave structural model. . . . . . 186
7.8 Full two-wave structural model. . . . . . . . . . . . . . . . . . . . 187
7.9 Measurement part of the full two-wave structural model, knowledge–

efficiency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
7.10 Full two-wave structural model, knowledge–efficiency. . . . . . . . 189
7.11 Measurement part of the full two-wave structural model, knowledge–

experience. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
7.12 Full two-wave structural model, knowledge–experience. . . . . . . 191

10



List of Figures

1.1 Tannahill’s model . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.1 A static framework. . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.2 A two-period framework. . . . . . . . . . . . . . . . . . . . . . . . 67

4.1 Sample description. . . . . . . . . . . . . . . . . . . . . . . . . . . 78

5.1 Static framework . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
5.2 Path diagram of measurement model for H∗

1 . . . . . . . . . . . . 117
5.3 Path diagram of the measurement model for HK∗

1 and I∗1 . . . . 118
5.4 Path diagram of the measurement model for M∗

1 and PM∗
1 . . . 119

5.5 Path diagram of the measurement model for HC∗
1 , Model A. . . 120

5.6 Path diagram of the measurement model for HC∗
1 , Model B. . . 121

5.7 Path diagram of measurement model for H∗
2 . . . . . . . . . . . . 126

5.8 Path diagram of the measurement model for HK∗
2 . . . . . . . . 127

5.9 Path diagram of the measurement model for HE∗
2 and I∗2 . . . . 128

5.10 Path diagram of the measurement model for M∗
2 and PM∗

2 . . . 130
5.11 Path diagram of the measurement model for HC∗

2 . . . . . . . . . 131

6.1 A framework with future investment benefits. . . . . . . . . . . . 149
6.2 Two-wave measurement model for health. . . . . . . . . . . . . . 154
6.3 Two-wave measurement model for health knowledge. . . . . . . . 157

11



Acknowledgements

Many people have influenced me and my work during the process of preparing
the thesis. I doubt I can ever show enough gratitude to all of them, but I hope
that these words are considered to be a reflection of my deepest appreciation.

First of all, I am greatly indebted to Andrew Jones, my supervisor, and
Martin Forster, the other member of my thesis advisory group, for their very
professional guidance of my work.

Friends and colleagues have offered encouragement, valuable comments on
my work and helpful discussions about the process of doctorate studies. Es-
pecially I would like to thank: Paul Contoyannis, Mark Dusheiko, Katharina
Hauck, Rowena Jacobs, Michael Kuhn, Rob Manning, Giuiliano Masiero, John
Nixon, Nigel Rise, Andrew Street, Andrew Taylor, John Wildman, Ana Xavier
and the members of the York Seminars in Health Econometrics. Thanks are
also due to Barbara Olive who took good care of the working conditions in
the Health Economics Resource Centre and kindly assisted in various technical
tasks.
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Chapter 1

Introduction

1.1 Background

Over the last couple of decades it has been very fashionable to argue for the
power of the health promotion approach in improving public health in industri-
alised countries. At the same time, additional expenditure on medical care has
been discredited as having little or no impact on the overall level of health in so-
ciety (so-called “flat of the curve” medicine). In spite of this, health economics
research has concentrated heavily on investigating issues related to health ser-
vices, and has contributed little to the knowledge on alternative ways of im-
proving health.

Finnish health policy has stressed the importance of prevention and health
promotion since the 1970’s and the aim of increasing the level of these activities
was stated in the government health strategy plan in the mid 80’s (Sosiaali- ja
terveysministeriö, 1986). However, the increasing policy emphasis on prevention
and health promotion has not been followed by an adequate volume of research
on the economic modelling of, or on the economic evaluation methods for,
health promotion in Finland, nor elsewhere in the world. There have been
arguments that the relative weight afforded to health promotion in decision
making, especially at local government level, is very low compared to that of
“curative” health services, mainly due to the lack of evidence of whether it
provides “good value for money”. Estimates of the long term effects of health
promotion campaigns on health status and the demand for health services are
clearly needed to encourage more appropriate health-promoting decisions, and
to increase the overall level of activities whenever justified.

Since the 1970’s a considerable amount of theoretical work has been pub-
lished in the economic literature which seems to be directly or indirectly relevant
for the analysis of some of the issues related to the health promoting policies.
The theoretical literature concentrates either on analysing individuals’ health
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production decisions (Grossman, 1972b,a; Cropper, 1977; Muurinen, 1982a,b;
Ehrlich and Chuma, 1990) or more directly on analysing the demand for pre-
ventive or hazardous goods (Ehrlich and Becker, 1972; Ippolito, 1981; Cohen,
1983; Cohen and Mooney, 1984). In spite of the existence of useful theoretical
frameworks, few attempts have been made to examine the health promotion
issues empirically in a comprehensive manner. This thesis sets out to address
this.

1.2 Health promotion

The term “health promotion” has traditionally been associated with the concept
of “health education” and the two terms are sometimes treated as synonyms.
More recently health promotion has been seen as a wider concept and has
become a “top-level” label for various strategies aimed at improving public
health. In the discussion that follows, I choose one of the well-known models
developed by Tannahill (Downie et al., 1996) to provide an overview of what is
understood by the term “health promotion” and use it as a basis in introducing
some key concepts that are important to the current study.

1.2.1 The concept of health

In the modern literature on health promotion health is defined as having two
distinct dimensions of positive health (well being) and negative health (ill-
health) (Downie et al., 1996). The positive dimension of health consists of
the qualitative aspects of health and human life in general, and is strongly
associated with the concept of “fitness”. The negative dimension is determined
by the presence or absence of disease, illness, deformity, unwanted states, injury,
disability and handicap. The relationship between the two dimensions is not
clear-cut (Downie et al., 1996), and they may not be systematically related at
all (Seedhouse, 1997). The uncertainty about this relationship is reflected by
Downie et al. (1996) when they state that the overall goal of health promotion is
“. . . the balanced enhancement of physical, mental, and social facets of positive
health, coupled with the prevention of physical, mental, and social ill health”
(Downie et al., 1996, pg. 26). This is an adaptation of the definition proposed
by the World Health Organisation (WHO) in the mid 1980’s (WHO, 1985).

In any kind of evaluation of health promotion activities the positive aspects
of health are difficult to identify and measure reliably. The two dimensions of
health have been acknowledged in economic models of health, too. However,
the practical applications of the health related quality-of-life (QoL) assessment
methods seem to be somewhat biased towards measuring QoL losses due to
illness, since many widely used valuation methods assume that in the absence
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of illness individuals obtain maximum health state utility.

1.2.2 Domains of health promotion

In Tannahill’s model, health promotion comprises three overlapping spheres of
activity: health education, prevention, and health protection (Figure 1.1).

Figure 1.1: Tannahill’s model
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The intersections of these spheres divide health promotion into seven do-
mains. The domains can be briefly described as follows (Downie et al., 1996;
Tolley, 1994):

1. Prevention. Immunisation, screening, self-help groups etc.

2. Preventive health education. Educational efforts to influence lifestyles,
encourage the uptake of preventive services etc.

3. Preventive health protection. Water fluoridation, legislation to restrict
smoking, fiscal policy for tobacco and alcohol.

4. Protective health education for preventive purposes. Lobbying for protec-
tive legislation, efforts to influence the social environment to enhance the
probability of effective preventive services being provided.

5. Health education for well-being gains (positive health education). Educa-
tion aimed at encouraging changes in an individual’s health behaviour in
order to promote health gains, e.g. encouraging physically more active
use of leisure time.
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6. Health protection for well-being gains (positive health protection). Pro-
vision of public funds to promote the construction of leisure facilities,
development of work place no-smoking policies on the grounds of general
health benefits of clean air etc.

7. Protective health education for well-being gains. E.g. lobbying policy mak-
ers for more leisure facilities, and encouraging and supporting members
of the community to express a desire for such facilities.

These definitions of domains seem to cover most non-curative activities (in-
terventions) that can be assumed to have effects on health either directly or
indirectly. It should be noted that the health promoting activities are not
restricted to the health care sector alone, but may involve intersectoral strate-
gies as well (e.g. legislation on seat belt use, policing drunk driving, pollution
controls). In order to provide a meaningful starting point for the economic
modelling carried out in this thesis, it is necessary to rearrange these activity
domains.

First, we should distinguish strategies by the type of decision maker in-
volved in the activity, since different decision makers require different theoret-
ical frameworks. It is likely that those health promotion strategies that are
based on lobbying policy makers and legislators (domains 4 and 7) are best
evaluated by using the theory of organisations, whereas the rest of the domains
fall within the theory of consumer behaviour. This study concentrates on the
consumer aspects of health promotion.

The remaining strategies (domains 1, 2, 3, 5, and 6) can be further divided
into two categories depending on whether their effects are more appropriately
analysed by models of household production or consumer demand. Productive
aspects are more important in the strategies which use education and other
methods to provide information in order to increase individuals’ knowledge
about the health effects of their behaviour (domains 2 and 5), which is as-
sumed to result in improved allocative or productive efficiency of consumer
choices. The other strategies are designed to have their primary impact on
health through imposed changes in the supply and demand conditions of goods
with known harmful or beneficial effects on health (domains 1, 3 and 6).

It can be argued that the last distinction between activities that mainly
have an impact on health production and those that affect demand is somewhat
artificial, since the choices individuals make for their production process also
have an impact on the demand for goods used as factor inputs. Moreover, health
information may affect consumer demand through manipulating individuals’
tastes. This is especially the case if the provider of the information is a private
firm (e.g. an exercise equipment manufacturer or a health food producer) where
demand manipulation may be the primary purpose of information containing
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health arguments. Although artificial, this distinction is extremely useful in
reducing the number of complex relationships that are relevant for the economic
modelling of this broad area of individual behaviour. This study focuses on
analysing the production aspects of health promotion activities.

1.3 The purpose of the study

The purpose of this study is to provide new insights into the economic analysis
of strategies applied within the framework of health promotion. The focus is
on the relationship between schooling, health knowledge, lifestyle, and health.
Also, the relative importance of health service use will be examined. The study
approaches the topic mainly by empirical analyses using the health production
model as the theoretical framework.

1.4 The structure of the thesis

This thesis consists of six main chapters. Chapter 2 provides a comprehensive
review of the existing literature on health production models and empirical
studies of education and health knowledge. It pays particular attention to
the issues relevant to the concepts and the scope of health promotion. The
review is used to set out five “study questions” for the thesis to address. These
relate to the roles played by health knowledge and education in influencing
health; the relationship between consumption and health, and the modelling of
health knowledge as a stock variable. Chapter 3 briefly outlines the theoretical
frameworks which the later empirical analysis will be based upon. Chapter 4
provides an introduction to and an exploratory analysis of the key variables in
the survey data. Chapters 5 and 6 present empirical analysis of cross-sectional
model and two-period dynamic model, respectively. A complementary analysis
using partial stock adjustment approach is provided in Chapter 7. The main
results and policy implications are summarised in Chapter 8.
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Chapter 2

Review

2.1 Introduction

This chapter reviews theoretical economic models of the demand for health
and accompanying empirical research, together with the role of education and
health knowledge in the broader empirical literature. Section 2.2 reviews the
theoretical models and their modifications relevant to the issues in health pro-
motion. The health capital approach appears to be a very useful framework,
since it offers a system that can accommodate most variables of interest for
the purpose of this study. Section 2.3 presents a review of empirical studies
based on the human capital and health production approaches. Since health
production models do not provide any in-depth view of health knowledge it is
necessary to include a complementary review section on the key concepts of ed-
ucation and health knowledge within economics and other relevant disciplines
(Section 2.4). This offers fresh ideas to economic approaches, some of which
are directly applicable to the human capital tradition of modelling health and
knowledge. The review is used to inform five study questions for the thesis to
address, which are posed in Section 2.5.

2.2 Theoretical approaches

Economic models that are most relevant and commonly used in the analysis of
prevention and health promotion are human capital theory and expected utility
theory (Kenkel, 2000). The basic difference between these two theoretical foun-
dations is the emphasis they place on uncertainty as an element of consumer
behaviour. In the centre of the human capital approach there is household
production theory, and initially the health related models were not much con-
cerned with uncertainty. In the more recent work models have been modified

20



to account for some aspects of uncertainty. The expected utility approach, on
the other hand, builds on the consumers’ response to uncertainty and has been
successfully applied in the analysis of insurance behaviour. In this section I will
provide an overview of these two approaches and try to point out their main
advantages and disadvantages for modelling health promotion.

2.2.1 The human capital approach

In his theory of the allocation of time, Becker (1965) outlined a model where
households are seen as producers of “commodities” instead of solely consumers
of goods and services. Households are assumed to derive utility from the basic
commodities they produce by combining their own time with market goods.
Hence, the utility associated with a market good is conditional on the time
that is allocated to its consumption. This gives rise to more restricted utility
maximisation, since in addition to the traditional money budget constraint the
time budget must also be accounted for, as well as appropriate production
technologies (Becker, 1965).

Grossman (1972b,a) used the household production framework to develop
his model of the demand for health. He defined health as a durable capital stock,
and hence implied that the end product is not health as such but the services
this capital good yields (Becker, 1965; Grossman, 1972b,a). In Grossman’s for-
mulation, individuals derive utility from the services that health capital yields
and from the consumption of other commodities. The stock of health capi-
tal depreciates over time and the consumer can produce gross investments in
it according to a household production function using medical care and their
own time as inputs. It is assumed that the efficiency of the production pro-
cess depends on individuals’ stocks of other forms of human capital, especially
education.

In Grossman’s model the time span for intertemporal optimisation is de-
termined endogenously by defining a minimum level of health (“death stock”)
below which death follows.1 The yield from the individual’s stock of health cap-
ital is defined as the total number of healthy days in each year, which generates
utility directly, since being healthy yields utility (“consumption” motives), and
indirectly, since being healthy yields income which in turn can be used to pur-
chase goods or to produce commodities which influence utility (“investment”
motives).

In the Grossman model, as in household production models in general, the
demand for the medical care, and other market goods, is indirectly derived

1Grossman’s original formulation of has been criticised due lack of appropriate terminal
conditions (Ehrlich and Chuma, 1990) and the problem has also been addressed in Grossman’s
recent work (Grossman, 1999, 2000).
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from the demand for the commodities that households choose to produce. The
optimal level of health capital for any individual is determined by the point at
which the marginal cost of investment in health capital is equal to the marginal
utility of healthy days (Grossman, 1972b).

Muurinen (1982a) developed Grossman’s model to produce more general
results, especially regarding the role of education and effects the life-style and
environmental factors. Muurinen (1982a) criticises Grossman’s model as being
too unspecific about the role of education and she suggests that education has
an effect on the rate at which health stock is used up (depreciates) in order to
produce services, and hence links the allocative efficiency gains of education to
the concept of use-related depreciation of health stock. She claims that this
approach provides a useful device for including the effects of behavioural, life
style and environmental factors in the model, without being limited by the
positive gross investment assumption used by Grossman (Muurinen, 1982a).

Muurinen (1982a) adopts a more general concept of health outcome, by
viewing productive benefits generated by the stock of health as increased ca-
pacity to perform tasks either at home or in the labour force and allowing the
value of that improvement to depend on the individual’s circumstances. She
abandons the framework of household production by assuming that the use of
medical care requires a fixed amount of time, i.e. that time does not have a
distinct role as an input. In her model, healthy time, as a proxy for the benefits
produced by health capital, does not have any inherent theoretical significance,
and hence can be replaced or ignored if necessary (Muurinen, 1982a).

Cropper (1977) introduced a couple of modifications to Grossman’s model,
which are particularly interesting from the point of view of health promotion.
She based her developments on the pure consumption version of Grossman’s
formulation by assuming that investment in health is driven by the desire to
avoid disutility related to illness as such, rather than monetary losses due to
sick time (Cropper, 1977). She distinguishes between illness and death as,
respectively, temporary and permanent interruptions to the individual’s utility
stream. She allows for uncertainty in the relationship between the stock of
health capital and the service flow from the stock by assuming that the critical
level of stock below which illness occurs is a random variable. In other words,
even at a high level of health capital an individual cannot be sure that illness is
avoided. Cropper designs the model specifically to analyse minor illnesses and
assumes that short-lasting conditions do not affect the level of health stock.
She assumes that individual’s use of medical care is related to a random event
of falling ill and that preventive health services alone can be treated as genuine
investment in health capital. This distinction between the roles of preventive
and curative care is very important for the analysis of health promotion.

Using this framework, Cropper also models the decision to choose an occu-
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pation where an individual is exposed to industrial pollutants (e.g. asbestos),
but is also paid a higher wage. She finds that if the pollutant does not yield
immediate disutility and if the worker ever accepts to work in a risky occupa-
tion, it may be optimal for him always to expose himself to some amount of
pollution. The implication of this is that, even after discovering the potential
health risk, a worker may make a rational choice not to quit such an occu-
pation (Cropper, 1977). This result follows from the assumption that death
follows instantaneously after the deadly stock of pollutant has concentrated in
the body, and hence an individual can use the information that he is currently
alive as a basis for the decision on whether or not to further expose himself to
the pollutant. This is another important result of Cropper’s model which can
be applied to the context of health promotion, in particular to the modelling
of individual’s response to the information on risks of smoking and excessive
alcohol use.

It is acknowledged that the Grossman type of deterministic health capi-
tal model have been criticised on the basis that it neglects the influence of
uncertainty. For instance, Zweifel and Breyer (1997) point out that ignoring
the possibility of stochastic shocks, such as accidents or major illnesses which
may result in large and permanent decreases in the level of health capital leads
to overestimates of an individual’s control of his own health in the long run.
These shocks may limit individual’s choice of the means for any further health
improvements or even dramatically reduce the length of the whole planning
horizon (Zweifel and Breyer, 1997). Considering these possibilities in theoret-
ical modelling is difficult if not impossible under the health capital approach
and any in depth discussion of such modifications is clearly not in the scope
of this thesis. An overview of the alternative approach, the expected utility
model which can accommodate the state dependence of health production will
be given in the following section.

2.2.2 Expected utility approach

In the human capital models of an individual’s health behaviour, decisions
to invest in health are assumed to be derived from an individual’s desire to
maximise utility in terms of equalising the marginal costs of investment to their
marginal benefit. This process is not necessarily characterised by uncertainty.
An appropriate starting point for an alternative approach is provided by Ehrlich
and Becker (1972), who use the state preference approach to analyse individuals’
insurance behaviour under uncertainty. They view an individual’s decision
as a “comprehensive insurance” problem. In addition to, and especially in
the absence of, the possibility of purchasing market insurance, individuals are
assumed to consider self-insurance and self-protection as relevant alternatives.

23



Self-insurance is defined as individuals’ actions to limit the extent of a loss,
whereas self-protection is an activity to reduce the probability of loss if the less
favourable state occurs.

Unlike in the classical approach where the probabilities of possible states
are usually assumed to be independent of human actions, Ehrlich and Becker
assume that an individual can engage in (costly) activities that affect the like-
lihood of these states. An optimal expenditure on self-protection measures
should maximise the expected utility U∗:

U∗ = p(p0; r)U(I0 − r) + (1 − p(p0; r))U(I1 − r), (2.1)

where I0 denotes income if the bad state occurs, I1 income if the good state oc-
curs, p0 the initial risk of a bad state occurring, and r the cost of self-protection
measures.

They propose that the more efficient producers of self-protection will have
lower equilibrium probabilities of experiencing a hazard, given the same en-
dowed probabilities and incomes. They also suggest that differences in produc-
tivity may be attributed to differences in education and other forms of human
capital (Ehrlich and Becker, 1972).

There are some obvious complications in applying this model to the field of
health promotion since, like insurance models in general, it is based on mon-
etary evaluation of inputs and outcomes. However, the definition of income
as the only source of utility corresponds to the definition of health benefit of
Grossman’s pure investment model. The definition of self-protection activi-
ties in terms of expenditure is clearly more useful in the context of preventing
damages to property than health. While expenditure on immunisation and on
other wholly preventive services may fit this definition, protection measures in
the form of life-style changes cannot be appropriately accounted for in terms of
expenditure. For instance, giving up cigarette smoking would result in negative
expenditure on health protection.

Ippolito (1981) uses the expected utility framework in her model of the de-
mand for hazardous goods. As Cropper (1977) implies that the nature of the
occupational risk is likely to be an important determinant of an individual’s
decision to stay or quit when the risk is revealed to him, the nature of the
hazard is a key element in Ippolito’s model of the optimal life cycle consump-
tion of hazardous goods (Ippolito, 1981). Even though Ippolito’s model focuses
on a more narrow range of health investments (i.e. reducing hazardous con-
sumption), it is of particular interest from health promotion’s viewpoint since
it analyses an individual’s reaction to new information concerning a hazard.
Her analysis is also limited by using mortality as the health outcome since she
defines ‘hazardous good’ as a good that increases the probability of death.
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Ippolito concludes that there are two main factors in the nature of the
hazard that affect the optimal life time consumption of such goods: the timing
of the hazard and the cumulative nature of the hazard. In the case of an
instantaneous hazard the effect usually follows as an immediate consequence
of using such good or engaging to hazardous behaviour, and has no delayed
effects, for example seat belt non-use. This is essentially different from the
hazards where the possible outcome (e.g. death) is delayed by several years or
maybe decades, like for instance the case of cigarette smoking and cancer. In her
analysis Ippolito shows that, given the same probability of death, the rational
reaction to new information concerning the hazard is greater for instantaneous
than delayed hazards.

The cumulative nature of a hazard affects consumers’ responses by relating
the risk to the consumption history of the good in question. For an increasing
hazard (longer exposure associated with higher risk) the dissemination of new
information is likely to have a decreasing effect on consumption over the life
cycle, whereas for a decreasing hazard the opposite may be true. For a constant
hazard previous consumption has no effect on the response to information, other
things being equal (Ippolito, 1981).

Other important factors that are not related to the nature of a hazard,
but which would have a predictable effect on the consumption decision as a
product of an individual’s assessment of consumption utility (utility-in-use)
and expected life costs (utility-in-anticipation) are age, expected age of death,
and the uncertainty concerning the age of death due to other causes (com-
peting risks). Ippolito’s analysis show that consumption of a hazardous good
increases with age, which corresponds with the familiar result from health cap-
ital models that preventive investments decrease by age (e.g. Cropper, 1977).
Similarly, the shorter the expected life span the more of a hazardous good an
individual consumes. This remark is particularly interesting from the public
health perspective because it implies that the rational consumption of haz-
ardous goods tends to exaggerate the underlying “natural” differences in life
expectancy (Ippolito, 1981). This may also cause bias in the empirical estima-
tion of the relationship between hazardous goods and health with observational
data if an individual’s perceived life-expectancy is not observed. Ippolito also
agues that the uncertainty about the other possible causes of death would act
to increase the consumption of hazardous goods. Increasing conditional proba-
bility of death with age would result in higher consumption in the early years of
life after which a period of decreasing consumption would follow before the in-
crease in old age, which may offer an explanation for the seemingly “irrational”
behaviour of younger consumers (Ippolito, 1981).

An extension to the expected utility framework assumes that the proba-
bilities on good and bad states of health are not known to a consumer with
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certainty. Instead, probabilities are inaccurate estimates made by individuals
on the basis of their knowledge and/or experience. The accuracy of the risk
assessment, or perception, can be improved through an updating process de-
scribed by a Bayesian learning model. The basic model (e.g. Viscusi, 1985)
consists of an individual’s prior risk assessment (pt−1) and of the individual’s
implied precision of his assessment (γ), the risk equivalent of new information
(st) and the precision he assigns to the new information (ξ). The posterior risk
assessment (pt) is assumed to be a weighted sum of prior assessment and new
risk information, where the weights are the relative estimates of precision (‘in-
formational content’), i.e. γ/(γ + ξ) and ξ/(γ + ξ), respectively. The posterior
risk perception may then be described as:

pt =
γpt−1 + ξst

γ + ξ
.

Viscusi (1985) shows that if individuals receive partial information the prob-
ability of rare events will be overestimated and common events underestimated
by individuals, as usually observed. This is inevitable unless the new informa-
tion will completely outdate the individual’s prior beliefs, i.e. if ξ/(γ + ξ) = 1.

The expected utility theory and the Bayesian rational learning framework
provide an interesting approach to analysing the potential impact of health
promotion campaigns on specific risky behaviours. However, they do not pro-
vide any means to assess the impact of health knowledge on the overall level
of health and, consequently, on the demand for medical care. They are also
better designed to study single consumption decisions rather than to analyse
the choice of the entire set of health inputs simultaneously.

2.2.3 Summary

The applicability of the theoretical health production models for the purposes
of this study is discussed from two viewpoints: first, how well the definition of
health benefits corresponds or can be modified to correspond to the definition
used in the health promotion literature; second, how they can accommodate
life-style changes and define the role of education and health knowledge.

Health capital models tend to focus on either the productivity or general
utility gains associated with the healthy time that the health capital stock
generates, or to put differently the disutility related to illness or sick time.
The expected utility approach, on the other hand, views health as a state
that affects either an individual’s utility from consumption or earning ability
from the labour market. Hence, both approaches appear to be comparable to
the concept of “negative health” used in the health promotion literature (see
Section 1.2). Of these two economic frameworks the health capital model is
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intuitively better suited to account for benefits due to changes in “positive
health” or “well-being”: healthy days could be replaced by some more general
measure of quality of life, or health capital could be treated as an asset valued
by individuals.

Grossman’s model is understandably simplified for the convenience of a
basic analysis by assuming that the use of medical care services is the most im-
portant input in the health production function. Other inputs such as housing
conditions, diet, recreation, cigarette smoking, and alcohol consumption can be
included, but comprehensive modelling of joint production aspects would com-
plicate the analysis (Grossman, 1975, pg. 226, ftn. 3). However, a straightfor-
ward simplification is to assume that preventive and hazardous goods increase
and reduce health, respectively, but both types yield utility to the consumer
(Forster, 2001). Alternatively, Muurinen (1982a) proposed that environmental
and life-style variables could be included as determinants of the “user-defined”
depreciation rate. This approach completely ignores the joint production as-
pects. It also implies that no actual increase in the stock of health can be
obtained by factors other than medical care since the rate of depreciation is
bound between 0 and 1.

Cropper’s (1977) separation of preventive and curative health services is an
important development for the current study. The use of preventive health ser-
vices can be more conveniently associated with health promoting consumption
choices and included in the health production function. Also, an important
result from both Cropper’s and Ippolito’s analysis is the reduction in health
promoting of preventive behaviour by consumers with the shortening of the ex-
pected remaining lifetime, i.e. the payback period for long term health benefits.

Both Grossman and Muurinen model education as a factor which increases
either technical or allocative efficiency in health production. An alternative ap-
proach suggests that there may be an unobservable confounding factor, such as
an individual’s rate of time preference, which affects both the level of education
and the optimal level of health demanded by an individual (Fuchs, 1982). A
more specific type of knowledge with relevance to health-related decisions was
not considered in any of the reviewed models, but could simply be included by
replacing education without any changes in theoretical results. In that case,
however, the theoretical role of education is unclear. The role of knowledge and
information becomes more important as the degree of uncertainty in the model
increases. Both Cropper (1977) and Ippolito (1981) analysed individuals’ be-
havioural responses to new information concerning a potential health hazard.
The aspects of information and knowledge can be systematically incorporated
into the expected utility approach by using a Bayesian learning framework to
model individual risk perceptions as endogenous.

Overall, the household production model offers a more comprehensive de-
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scription of the relationships that this thesis will focus upon, and hence, it will
be considered as the primary framework for the rest of the study. However,
the results about the effects of knowledge and information, developed initially
within the expected utility framework, can be used as complementary guidance.
The following section provides a review of empirical health production models
relevant to health promotion strategies.

2.3 Systematic review of empirical studies

It is important to include a discussion of the existing empirical literature be-
cause they can provide crucial insight in guiding the empirical models that are
presented in Chapters 5, 6, and 7. Comparing the empirical findings of this the-
sis with the existing studies highlights the potential significance of the model
specification that accommodates the ideas of health promotion. Most impor-
tantly, a comprehensive view of what is known on the basis of current empirical
literature is needed in order to be able to formulate the most relevant study
hypothesis for this thesis.

This section presents the results of a systematic review of the studies pro-
viding empirical estimates of the health production function. The review seeks
to find answers to following three questions:

1. What relationships between health behaviour and health status have been
addressed in empirical specifications of health production models, and
which relationships have been confirmed by data?

2. What is the current understanding about the role of education and health
knowledge?

3. Which modelling technique and empirical specifications seem to be most
appropriate with respect to criteria presented below?

In order to be included in the review the health production function must in-
clude some factor inputs that fall into the scope of health promotion as defined
in Section 1.2 above, i.e. life-styles, education and knowledge. The methods
familiar to systematic reviews are pursued to the extent they are applicable
considering the nature of econometric estimation results. The resulting synthe-
sis is purely qualitative, since quantitative summary methods are not feasible
in this case. A detailed description of the review protocol is in Appendix A.

2.3.1 Search results

The literature search resulted in 64 potential studies of which 25 satisfied the
criteria for inclusion as detailed in Appendix A and 39 were excluded.
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The most common reason (12 studies) for exclusion was that the paper
provided only theoretical or methodological analysis, without any empirical es-
timation results (Cohen, 1983; Cropper, 1977; Dowie, 1975; Ehrlich and Chuma,
1990; Feldstein, 1966; Liljas, 1998; Maynard, 1983, 1982; Picone et al., 1998;
Windmeijer and Silva, 1997; Wolfe, 1985; Van de Ven, 1987). Nine studies
were rejected because they used a non-econometric (e.g. epidemiological, soci-
ological) approach to the analysis (Berman et al., 1994; Clark, 1993; Harkness
and Super, 1994; Illsley, 1986; Lamb et al., 1988; Ormel et al., 1997; Philips
and Zeckhauser, 1996; Pope, 1982; Schumann and Mosley, 1994). Four studies
were excluded due to their use of an aggregate level data set (Bellamy, 1996;
Carrin and Van Dael, 1984; Goff, 1990; Milne and Molana, 1991). Four studies
estimated health care demand equations assuming health to be exogenously de-
termined, and hence did not estimate the health production function (Kenkel,
1990, 1994; Leibowitz and Friedman, 1979; Wedig, 1988). Another five stud-
ies did not include any variables of interest in the empirical specification of
their models (Knesper et al., 1987; Lairson et al., 1984; Newhouse and Fried-
lander, 1980; Taube, 1989) or just did not report the estimation results for such
variables (Ettner, 1996). Two studies concentrated on examining the relation-
ship between education and health behaviour (Farrell and Fuchs, 1982; Kenkel,
1991a) without estimating the health outcomes in the same model. Finally, two
non-English language studies (Karsch, 1993; Pohlmeier and Ulrich, 1992) and
a study using the developing country context (Wibowo and Tisdell, 1993) were
excluded.

An overview of the theoretical, methodological and empirical characteristics
of the included studies is given in Table 2.1. Studies are categorised into three
groups depending on how strong their theoretical approach was. The “human
capital” studies were either based on the Grossman model or on some modified
version of it or they developed their own theoretical framework in accordance
with the principles of human capital theory. The main criterion was that their
empirical model was specified in order to test the predictions of the theoreti-
cal model. Category “empirical/human capital” consists of studies where the
empirical model reflected the ideas of human capital theory, but was not in-
tended to test its predictions. The purely “empirical” models were designed to
address a specific empirical question not necessarily linked to any theoretical
framework.

The empirical modelling technique used was roughly divided into three cat-
egories. The single equation models consisted of one regression equation where
all independent variables were assumed to be exogenously determined. The
other two categories included studies with a system of equations. The “si-
multaneous equations” category models specify a production function with at
least one endogenously determined independent variable, which in turn is as-
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sumed to be determined by exogenous variables. Systems with more complex
interrelationships were categorised as structural equation models.

The final methodological categorisation was made according to the tech-
nique applied to solve the estimation problem. The first category consisted of
studies that used only methods valid for the single equation estimation. The
consistency of these estimators relies on the “true” exogeneity of regressors.
The second category (“two-stage method”) includes studies applying limited
information methods that can produce a consistent estimator when endogene-
ity is apparent in the system. Finally, the studies belonging to the “systems
method” category used full information estimation techniques to estimate all
of the parameters of the system simultaneously. If the study reported more
than one model or applied various modelling and estimation techniques the
categorisation was based on the one considered the most complex or advanced.

Finally, Table 2.1 summarises the frequency with which certain lifestyle
related variables and education have been included in the reviewed works. Dis-
cussion of the exact definition and measurement of variables is outside the scope
of this study, although it may not be entirely irrelevant to the results reviewed
here. In general, the variables are measuring increasing levels of consumption or
activity indicated by their labels. The label “diet” refers to any dietary habits
that are generally considered healthy, e.g. lower contents of fat or sodium, more
regular meals.

Most commonly, models were specified in loose accordance with the prin-
ciples and assumptions of human capital theory without any intention to test
their validity. Only a few studies specified purely empirical models. The vast
majority of studies considered the problem as a system of equations and only
four of them specified a single equation model. In principle, the choice of mod-
elling technique, to some extent, determines the estimation method one could
expect to use in order to produce consistent estimates of parameter coefficients.
This was the case except in a few cases that will be discussed in the following
section more closely. It is also worthwhile noting that only three studies used a
dynamic specification (Berger and Leigh, 1989; Haveman et al., 1994; Wagstaff,
1993). The small number of dynamic models is typically due to the lack of
suitable empirical data.

Of the variables that are relevant for health promotion as defined in Section
1.2, “education” appeared in practically all of the reviewed studies. The only
exception was Mullahy and Portney (1990), but even they included education
among the instruments for smoking in their GMM model. Smoking was con-
sidered in 13, alcohol in six, and exercise and body weight in eight studies. It
should be noted that even though body weight is not a lifestyle as such, it has
often been used as a proxy for a balanced diet or an ability to control one’s
health-related habits.
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Table 2.1: An overview of studies included in the systematic review.

Theoretical
framework Human capital Empirical/human capital Empirical

Study No. 9, 10, 11, 14, 19, 24, 25 3, 6, 7, 8, 12, 15, 17, 18,
21, 22, 23

1, 2, 4, 5, 13, 16

Empirical
modelling

Single eq. Simultaneous eq. Structural eq.

Study No. 1, 10, 15, 19 2, 3, 4, 5, 6, 7, 8, 11, 13,
14, 16, 18

9, 12, 17, 21, 22, 23, 24,
25

Estimation
method

Single eq. method (e.g.
OLS, Probit, Logit)

Two-stage method (e.g.
2SLS, 3SLS, GMM)

Systems (full info)
method (e.g. MIMIC,
LISREL)

Study No. 1, 10, 14, 15, 16, 19 2, 3, 4, 5, 6, 7, 8, 11, 13,
18

9, 12, 17, 21, 22, 23, 24,
25

Variables
analysed

Smoking Alcohol Exercise Diet Weight Education

Study No. 1, 3, 4, 5, 6,
12, 15, 16,
17, 18, 19,
20, 21

3, 6, 12, 15,
17, 20

4, 5, 6, 9, 13,
15, 16, 17

15, 17 5, 10, 11,12,
14, 15, 16,
17

1, 2, 3, 4, 5,
6, 7, 8, 9, 10,
11, 12, 13,
14, 15, 16,
17, 19, 20,
21, 22, 23,
24, 25

1 = Atkinson and Crocker (1992),
2 = Berger and Leigh (1989),
3 = Bloch and Pupp (1981),
4 = Blaylock and Blisard (1992),
5 = Blaylock and Blisard (1995),
6 = Cooper (1990),
7 = Desai (1987),
8 = Duleep (1986),
9 = Erbsland et al. (1995),

10 = Gerdtham and Johannesson (1997),
11 = Grossman (1975),
12 = Häkkinen (1991),
13 = Haveman et al. (1994),
14 = Kemna (1987),
15 = Kenkel (1995),
16 = Leigh (1983),
17 = Leu and Doppmann (1984),
18 = Mullahy and Portney (1990),

19 = Muurinen (1982a),
20 = Pupp (1981),
21 = Van Vliet and Van Praag (1987),
22 = Van de Ven and Van der Gaag (1982),
23 = Van der Gaag and Wolfe (1991),
24 = Wagstaff (1986),
25 = Wagstaff (1993).

2.3.2 Quality assessment

The selected studies were assessed on the basis of the methodological quality
and of the relevance of their objectives for the questions addressed in this review
and detailed in Appendix A.

Before proceeding to the methodological soundness it was considered useful
to assess the studies on the basis of the main hypotheses they were designed
to explore. The mere inclusion of variables that happen to be relevant to the
analysis of health promotion does not guarantee that the model produces valid
information for that purpose. The most obvious candidates to be discredited
according to this criterion are the two studies mainly concerned with demon-
strating the effect of some methodological flaw in the estimation (Atkinson
and Crocker, 1992; Mullahy and Portney, 1990). I think it is legitimate to
judge these works as not dedicating an adequate effort to the characterisation
of the production technology and discussion of the policy-relevant interpreta-
tions of the examined relationships. The exclusion of these studies from the
review, however, cannot be justified. They aim to prove particularly important
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methodological points and are, for that purpose, designed to produce consis-
tent estimates. In spite of an apparently simplistic substantive content they can
provide a valuable addition to the empirical evidence. Similarly, Van der Gaag
and Wolfe (1991) concentrated on the measurement of health and estimated a
demand for health model mainly to demonstrate the validity of the measure
they developed.

For the purposes of the analysis in this thesis, the second category of less-
suited works consists of studies primarily designed to address a relationship
that is not considered relevant for the analysis of health promotion as defined
in Section 2.3. In this category only two studies were considered. The objective
of the study by Haveman et al. was to “. . . investigate the complex interrela-
tions among work-time, wages, and health . . . ”(Haveman et al., 1994, pg. 163).
They, however, included education and exercise at work (proxied by an occu-
pation’s requirement of physical strength) as exogenous explanatory variables,
and therefore passed the entry criteria for the review. Similarly, in Duleep
(1986), the main concern was to examine the relationship between income and
mortality when education was controlled for.

A methodological feature considered particularly important for the purpose
of this thesis was the ability of the chosen modelling technique to account for
the apparently endogenous nature of certain inputs of health production, espe-
cially education and lifestyles. Estimation methods developed for the systems
of equations and those appropriately dealing with correlated disturbances of en-
dogenous inputs and health (e.g. IV-methods) are preferred over the standard
single equation techniques. With this respect it does not make any differ-
ence whether the model explicitly assumes exogeneity of such factors (a single
equation specification) or fails methodologically to account for unobserved het-
erogeneity. Due to the lack of more comprehensive and commensurable test
statistics, all studies applying a single equation estimation method were con-
sidered as less reliable because, by ignoring simultaneity, their results are more
likely to be produced by a biased estimator.

Bloch and Pupp (1981) and Pupp (1981) used a multiple equation design.
Their purpose was, however, to study the relationship between health and in-
dividual’s labour market performance, and hence, with regard to the health
production equation a single equation technique was applied with smoking
and alcohol use as exogenous inputs. Therefore, the methodological quality
of these studies were considered equally unreliable to those using a single equa-
tion desing.

The empirical success of the modelling strategy is assessed on the basis
of statistical testing. In general the amount of test statistics provided in the
included papers was rather limited and, quite understandably, depended on
the type of the model and estimation method used. The most commonly re-
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ported test-statistic was some type of “Goodness-of-fit” measure, usually R2

or equivalent. Typically this measure was missing in the studies that used a
two-stage estimation procedure, since the IV estimation does not yield a de-
composition of the total sum of squares. Two of the single equation model
studies used a qualitative dependent variable estimation method and reported
a Pseudo-R2 of around 0.10–0.13 (Gerdtham and Johannesson, 1997; Kenkel,
1995). Low fit measures are, however, typical to the Probit and Logit models.
Blaylock and Blisard (1992) used Probit estimation in their simultaneous equa-
tions model and instead of R2 reported the proportion of correct predictions for
their health equations to be 78% to 81%. This statistic is based on a criterion
which classifies a subject as having “good health” if its probability predicted by
the model is 0.5 or greater. Unfortunately the outcome of this measure is not
independent of the initial distribution of the subjects across the categories of
the dependent variable, and hence is not very objective (Greene, 1993, pg. 652).
The reported R2 for the estimated production function in the structural equa-
tion models ranged from 0.14 (Erbsland et al., 1995) to 0.45 (Häkkinen, 1991).
In addition to or instead of standard R2 some studies (Häkkinen, 1991; Leu
and Doppmann, 1984) reported a Goodness-of-fit index, which in both cases
had value above 0.90 indicating a satisfactory fit of the model. Two studies
which explicitly modelled a (recursive) system of equations but which ended
up using single equation methods, and in particular an OLS estimator on a
categorical measure of health, reported R2 from as low as 0.07 (Leigh, 1983) to
0.18 (Kemna, 1987) for health production equations.

Finally, the details of the study by Leu and Doppmann (1984) are based
on the short abstract published in the conference proceedings. Although they
managed to communicate the main characteristics of their model and selected
results, the lack of discussion about the results and their interpretation neces-
sarily reduces its validity in this review. For example, variable definitions were
not available from this paper.

2.3.3 Synthesis

This section summarises the main findings of the systematic literature review
focusing on findings that are relevant to the empirical models presented in this
thesis. It is divided into three subsections according to the questions set out in
the Appendix A.

Direct effects of lifestyle and education

This subsection considers only the basic results from the estimation of the
health production function. Hence, the discussion about the more complex re-
lationships of some endogenous production inputs is delayed until the following
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section. Table 2.2 provides an overview of the findings of the reviewed studies
categorised according to their “credibility status” discussed above. If more than
one specification of the model was tested with the same data set the relation-
ship is taken as confirmed if the estimated parameter coefficient appeared to be
statistically significantly (p<0.10) different from zero in any of the estimated
models. If the same or a modified specification was tried with different subsets
of data the results from the one using the least restricted sample were recorded.

In general, the relationships between health behaviour, or life style vari-
ables and health are as one would expect. Cigarette smoking has been found
to be a harmful factor of production, and this result is consistent across the
different quality categories. The only exception was Leigh (1983), where the
parameter estimate had the expected negative sign, but was not statistically
at the p=0.10 level. Leigh suggests that this may be partly a consequence of
use of a binary variable (1=smoke, 0=do not smoke) that does not allow for
the number of cigarettes smoked. In addition, Leigh argues that classifying
non-inhaling pipe smokers as smokers although they “. . . are probably not at
a greater health risk than individuals who do not smoke at all.” (Leigh, 1983,
pg. 231) would result in smaller health difference between smoking categories,
and hence smaller (confounded) parameter estimates. In the light of the overall
findings concerning smoking these explanations are not very convincing, and
perhaps, more doubt should be cast on the methodological soundness of the
study, more specifically using OLS on a categorical dependent variable.

All studies that have included some indicator of alcohol consumption have
found that moderate levels of use have beneficial health effects, whilst the harm-
ful effects are more likely to be related to excessive use only (Häkkinen, 1991;
Leu and Doppmann, 1984; Kenkel, 1995). It should be noted, however, that the
relationship between alcohol and health may depend on the type of health mea-
sure used. For instance, Cooper (1990) found that while the typical “inverse-u”
relationship appeared when stroke mortality was used as a health outcome, the
results for CHD mortality suggested that heavy drinking reduces CHD deaths.

The beneficial effects of physical exercise have been established in eight stud-
ies and in all cases found to be statistically significant. Exercise brings benefits
irrespective of whether it has been undertaken for fun and leisure (Cooper,
1990; Erbsland et al., 1995; Kenkel, 1995; Leigh, 1983; Leu and Doppmann,
1984) or whether it is a “side product” of the physical activity at work or in
the household duties (Blaylock and Blisard, 1992, 1995; Haveman et al., 1994).

Only two studies included any variables intended to measure healthiness of
diet or eating patterns. Leu and Doppmann (1984) found a statistically sig-
nificant and positive relationship between (presumably) healthy diet and good
health. Kenkel (1995) used several dummies to examine the effect of the regu-
larity of eating habits on health. None of the variables he used (regular break-
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Table 2.2: Direct effects of lifestyle and education on health.

Authors Modelling
technique

Smoking Alcohol Execise Diet Weight Education

Primary studies:

Berger and Leigh
(1989)

Simultaneous
eq. model

+

Blaylock and Blisard
(1992)

Simultaneous
eq. model

− +* − +

Blaylock and Blisard
(1995)

Simultaneous
eq. model

− +* − +

Cooper (1990) Simultaneous
eq. model

− +/−† + +

Desai (1987) Simultaneous
eq. model

+

Erbsland et al. (1995) Structural eq.
model

+ +

Grossman (1975) Simultaneous
eq. model

− +

Häkkinen (1991) Structural eq.
model

− +/− +/− +

Van Vliet and
Van Praag (1987)

Structural eq.
model

− +

Van de Ven and
Van der Gaag (1982)

Structural eq.
model

−(ns)

Wagstaff (1986) Structural eq.
model

+

Wagstaff (1993) Structural eq.
model

+

Conference proceedings:

Leu and Doppmann
(1984)

Structural eq.
model

− +/− + + − +

Methodological papers:

Atkinson and Crocker
(1992)

Single eq.
model

− +

Mullahy and Portney
(1990)

Simultaneous
eq. model

−

Inferior methodology:

Bloch and Pupp
(1981)

Simultaneous
eq. model

− +/− ns

Gerdtham and
Johannesson (1997)

Single eq.
model

− +

Kemna (1987) Simultaneous
eq. model

+/− +

Kenkel (1995) Single eq.
model

− +/− + ns − +

Leigh (1983) Simultaneous
eq. model

−(ns) + +/− +

Muurinen (1982a) Single eq.
model

− +

Pupp (1981) Simultaneous
eq. model

− − +

Focus on less relevant reationships:

Duleep (1986) Simultaneous
eq. model

+/−

Haveman et al. (1994) Simultaneous
eq. model

+* +

Van der Gaag and
Wolfe (1991)

Structural eq.
model

+(ns)

Symbols:
+: increasing values of variable result in higher levels of health
−: increasing values of variable result in lower levels of health
+/−: in low levels of variable positive effect on health outcome, in high levels negative effect (u-shape relation)
ns: estimated parameter coefficient not statistically significant
*: measure of physical strength required at job or in household work
†: stroke mortality as health outcome, for CHD mortality heavy drinking was found to have protective effect
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fast, sometimes breakfast, always snacking, sometimes snacking) appeared to
be statistically significantly related to self-rated health status. In some of his
five models the statistical significance of coefficient estimates was established,
but some of them had unexpected signs. No measure of the nutritional contents
of the diet was included. As the author notes, omitted variable bias may be in-
herent if the lifestyle variables are proxying for some unobserved health inputs
(Kenkel, 1995, pg. 21). The problem of multicollinearity was not addressed in
the study, even though it might have provided an explanation for low t-statistics
of individual parameter estimates. For instance, having breakfast irregularly
may be related to high stress at work, or even to heavy drinking. Also, hav-
ing many snacks may be correlated with overweight as was demonstrated by
Kenkel’s (1995) “weight model”.

A body mass index, typically measured as weight relative to height, is a com-
monly included variable in health production models. In the reviewed studies
the increasing weight index was consistently found to be negatively related to
an increasing index of health (Table 2.2). Also, in the cases where a second
degree term (Häkkinen, 1991; Kemna, 1987) or separate measures of over- and
underweight (Leigh, 1983) have been included among the explanatory variables
the inverse-u relationship has emerged. Very low body mass index may be an
indication of under-nourishment or due to an unobserved disease.

Finally, the positive empirical (direct) relationship between higher levels of
education and increasing levels of health was demonstrated in all studies ex-
cept one. Van de Ven and Van der Gaag (1982) found a negative, although
statistically insignificant, coefficient for the years of education in the estimated
unobservable health equation. They argued that their unobservable measure of
“permanent health” might reflect individuals’ attitudes or beliefs towards the
health care system. In order to eliminate this unobservable source of hetero-
geneity they re-estimated the model by including only those subjects that had
already been in contact with the health care system2 and found a positive but,
again, an insignificant relationship between education and health. An unex-
pected result was found in Duleep (1986), where subjects who completed 12
years of schooling had a smaller likelihood of work limitations than subjects
who had between one and three years of post high school education. Due to the
particularly important role of education in the analysis of health promotion a
closer look is provided in the next section.

The role of education

As already noted on page 27 there are two hypotheses about the relationship be-
tween education and health. In this section I summarise the evidence supporting

2A similar restriction to data was done also by Erbsland et al. (1995) and Wagstaff (1993).
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both the efficiency hypothesis (Grossman, 1972b) and the “unobservable third
factor” hypothesis (Fuchs, 1982). Eleven studies provided information about
the possible indirect ways in which education can affect health. Those studies
are summarised in Table 2.3.

Table 2.3: Indirect effects of education on health.

Authors Modelling
technique

Education
directly

Intermediating
variables

Sign1) %direct

Primary studies:

Berger and Leigh
(1989)

Simultaneous
eq. model

+ Unobservable ns na

Blaylock and Blisard
(1992)

Simultaneous
eq. model

+ Smoking + na

Blaylock and Blisard
(1995)

Simultaneous
eq. model

+ Food security + na

Grossman (1975) Simultaneous
eq. model

+ Wage rate + 47%

Van de Ven and
Van der Gaag (1982)

Structural eq.
model

−(ns) Permanent income
(standard of living)

+ 47%2)

Wagstaff (1986) Structural eq.
model

+ Initial assets, life-
time wage

+,+ na

Conference proceedings:

Leu and Doppmann
(1984)

Structural eq.
model

+ Earned income ns na

Inferior methodology:

Kemna (1987) Simultaneous
eq. model

+ Ocuupation, weight +,+ 70–95%

Leigh (1983) Simultaneous
eq. model

+ Smoking, ocuupa-
tion, exercise

ns,+,+ 3–24%

Focus on less relevant reatioships:

Haveman et al. (1994) Simultaneous
eq. model

+ Wage-work time ns mainly direct

Symbols:
+: increasing values of variable result in higher levels of health
−: increasing values of variable result in lower levels of health
ns: estimated parameter coefficient not statistically significant
na: not available
1): indirect relationship was considered statistically insignificant if any coefficient for intermediating vari-
ables was found not statically significantly different from zero.
2): the proportion is based on the estimation with more restricted data set, see discussion above.

Table 2.3 shows that only a few possible explanations for an empirically
found education-health relationship have been explored. The most common
way of approaching the problem is to think about the relationship between
schooling and income. Individuals with higher income are thought to have a
higher demand for health because the financial loss from illness days is higher
and the time cost of health investment does not increase by the same proportion
(Grossman, 1972b). As Wagstaff argues (Wagstaff, 1986, pg. 226), in most
empirical studies in this field the level of education might merely proxy an
individual’s lifetime wealth (initial assets and lifetime wage). A very similar
relationship was assumed by Van de Ven and Van der Gaag (1982) as they
included education among the exogenous variables determining “permanent
income”. The contradiction in empirical findings on the importance of the
direct effects of education on health is striking: Van de Ven and Van der Gaag
(1982) and Grossman (1975) found that the indirect effect via income accounts
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for more than half of total health benefits of education, while Haveman et al.
argue that “. . . the overall effect of education on health tends to operate directly
rather than indirectly through the schooling-wage relationship. . . ”(Haveman
et al., 1994, pg. 175). It seems likely that the relative magnitudes of direct and
indirect effects depend greatly on the modelling technique and assumed chain
of mediating variables, as well as on their exact definitions.

Only in a few studies have some health related behavioural variables been
modelled as endogenous regressors in the production function. Variables such as
choice of occupation involving a low level of health risks (Leigh, 1983; Kemna,
1987), smoking (Leigh, 1983; Blaylock and Blisard, 1992), exercise (Leigh, 1983)
and body weight (Kemna, 1987) have been considered in a very non-systematic
fashion as possible mediators of educational benefits into health gains. The
results concerning the importance of the indirect effects of education through
healthier choice of lifestyles or occupation are mixed. Whereas Leigh (1983) re-
ported that the dominant share of the total effect of education is due to indirect
effects through occupational choice (10 times the direct effect) and exercise (18
times the direct effect), Kemna (1987) concludes that indirect effects through
occupation and weight account for only a small part of the total effect.

Berger and Leigh (1989) provided a direct test of Fuchs’ hypothesis about an
unobservable factor such as individual time preference by modelling education
as an endogenous choice variable in the health production function. Using two
different data sets and four health outcome measures they compared results
from three estimation methods (OLS, 2SLS, and weighted least squares) in
order to evaluate the possible effect of any unobservable factor influencing both
the choice of education level and health status. They concluded that the results
strongly suggest that the direct effect of schooling is more important than the
influence of any unobservable variables, hence placing more faith on the causal
relationship, and hence on the efficiency hypothesis.

Kenkel (1995) explored more closely the role of education as an efficiency-
improving factor. He examined the hypothesis of productive efficiency, i.e., that
the more educated are able to produce more health from the same set of inputs,
by evaluating both the estimated shift in the production function by controlling
for the differences in other health inputs and the marginal products on other
inputs. The evidence provided from the shift variable specification was not
conclusive, since the influence of unobservable heterogeneity could not be ruled
out. Also, the second specification with interaction terms of education and
health inputs added to the model did not turn out to systematically support
the productive efficiency hypothesis (Kenkel, 1995).

It seems legitimate to say that the existing evidence concerning the role of
education is far from consistent and conclusive.
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Observations concerning the methodology

As mentioned previously, a strong preference has to be given to the modelling
techniques and the estimation methods that account for the endogenous nature
of individual choice variables, and, moreover, rule out the influence of any un-
observable confounding factors. While studies like Mullahy and Portney (1990)
demonstrate the potential of the instrumental variable methods in countering
the bias from unobservable influences on behaviour choices it may, in practice,
prove difficult, if not impossible, to model a comprehensive set of health be-
haviours and find reasonably good instruments for two-stage estimation. This
was the case with the failed two-stage estimations by Kemna (1987) and Kenkel
(1995).

The structural equation models such as MIMIC require estimation tech-
niques that are based on more restrictive assumptions than simultaneous equa-
tion methods such as 2SLS. Estimation does not allow for possible unobservable
influences outside the system to be considered. Another limitation of the FIML
estimators is that the assumption of multivariate normality may not hold if
discrete health indicators are used (Jones, 2000), and even if the consistency of
the parameter estimates is maintained the corresponding standard errors are
not valid (Erbsland et al., 1995). In order to ensure the identification of the
model several parameters have to be usually constrained a priori, which may
also prove not to be supported by the data (e.g. Van de Ven and Van der Gaag,
1982).

On the other hand, such models provide possibilities to model more com-
plex systems with several jointly dependent variables. Also, they provide the
possibility to model health as an unobservable variable that is determined by a
set of its causes and indicators, which by themselves would each constitute only
a partial measure of health. Moreover, unobservables other than health may be
included in the model (Van de Ven and Van der Gaag, 1982; Erbsland et al.,
1995, e.g.) if the data set provides an adequate number of useful variables.

One of the advantages of MIMIC-modelling is the possibility to estimate the
whole system of equations simultaneously and hence to test the specification
of the entire model using a single test statistic (Häkkinen, 1991). In practice,
MIMIC models tend to fail such a test (e.g. Häkkinen, 1991; Erbsland et al.,
1995; Van Vliet and Van Praag, 1987). Erbsland et al. (1995) conducted the
test separately for the entire model and for the structural parameters only, and
concluded that the evidence for the misspecification was mainly due to inade-
quate indicators in their measurement model. The full information estimators
typically carry the risk that the misspecification of one part of the model may
“contaminate” the estimators of the other equations in the system (e.g. Greene,
1993, pg. 616).
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2.3.4 Summary

This section considers the main findings from the review that are relevant for
this thesis, points out the weaknesses in the current evidence and, whenever
appropriate, suggests possible ways to address these problems in future studies.

1. While some variables describing individuals’ health behaviour have been
frequently included in the production models as explanatory variables,
others appear in the empirical literature just occasionally. The findings
on the signs and the statistical significance of the estimated parameter
coefficients have generally been as expected and rather consistent across
studies in spite of the different modelling techniques and estimation meth-
ods.

Only a few studies, however, have adopted a systematic approach to the
analysis of these variables (Leu and Doppmann, 1984; Kenkel, 1995).
Lifestyle variables have mainly been handled as exogenous explanatory
variables in empirical modelling, although their endogenous nature has
often been acknowledged. Moreover, the existence and the role of “re-
verse causality” in cross-sectional analysis has been examined only in a
few cases, such as smoking and health (Blaylock and Blisard, 1992) and
health and education (Berger and Leigh, 1989). Numerous examples can
be given from such interrelations between health and behaviour, e.g. many
health problems may prevent the individual from doing physical exercise,
mental health problems may lead to excessive use of alcohol, and some
diseases may cause loss of body weight.

2. Education has been a commonly included variable in health production
models, probably due to its well-known strong empirical association with
health status. The knowledge about the true existence and the nature
of this relationship is very important for the efficient planning of public
policies. Increased expenditure on education will increase the level of
public health only if the causality runs from schooling to health. If the
evidence supports a significant reverse relationship or the relationship is
found not to be causal in the first place this is not necessarily the case
(Grossman, 1975). If, on the other hand, Fuchs’s (1982) argument that
years of schooling is solely a proxy for time preference is supported by the
empirical evidence, then increasing expenditure on schooling would turn
out to be a relatively inefficient way to increase public health.

Current evidence concerning the role of education is not conclusive. In
addition there is a hypothesis arising from the empirical work that edu-
cation may serve as proxy for lifetime wealth, which in turn produces the
observed health gains (Van de Ven and Van der Gaag, 1982; Wagstaff,
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1986). While two studies (Van de Ven and Van der Gaag, 1982; Gross-
man, 1975) show that the indirect effect through income accounts for
more than half of the total effect, Grossman emphasises the other side
of the coin by stating that “. . . a substantial fraction of this effect op-
erates via the impact of schooling on wives’ education, job satisfaction,
and weight difference” (Grossman, 1975, pg. 204). None of the reviewed
health production models used a direct measure of health knowledge3,
which would be more relevant than years of formal schooling as such.
Findings by Kenkel (1991a) indicate that the relationship between health
behaviour and years of schooling remains, even after controlling for health
knowledge.

3. In the reviewed literature the simultaneous equation methods were com-
monly used. The choice between full information and limited information
estimation methods involves a trade-off between the possibility of control-
ling for unobservable endogeneity (and potential bias due to it) and the
complexity of the structural model to be estimated.

4. It is important not to ignore the role of theoretical modelling. This seems
to be a necessary precaution in order to prevent misinterpretations of
structural relationships. An example of this was provided by Wagstaff
(1986), who argued that the latent health variable has actually a “wrong”
sign in the demand equations of the empirical estimation of his MIMIC
model, and probably in the others published before. The result is easy
to accept on the basis of ad hoc empirical interpretation, but appeared
to be clearly against the prediction of the theoretical model. Also Erb-
sland et al. (1995) found a similar contradiction between empirical and
theoretical interpretations.

The systematic review of the empirical literature reveals that, whereas many
studies have considered some of the key input factors, only a few contain the
comprehensive set of variables describing health promoting behaviours and ed-
ucation in a systematic way categorised by Tannahill’s model of Chapter 1.
None of the studies analysed the role of direct measures of health knowledge in
a comprehensive health production framework. This is one of the drawbacks of
the current approaches that this thesis aims to address.

3Some studies (eg. Häkkinen, 1991; Wagstaff, 1986) used family member’s medical profes-
sion as an indicator of better medical knowledge. Although the level of knowledge on health
issues is generally higher among health care staff this indicator does not provide the same
kind of control for the specific content of their knowledge stock as the direct measurement
of health knowledge. Moreover, a lay person may have adequate knowledge on some health
relevant issues such as dangers of smoking or benefits of physical exercise independent of his
occupation.
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2.4 Education and health knowledge

The specific role of health education as one of the main elements of health
promotion strategies is not given adequate consideration in the health produc-
tion studies reviewed above. The obvious link between health education and
household production theory is individual’s level of health knowledge. Health
education aims to increase individuals’ knowledge about the issues relevant to
their health, which in turn affects the efficiency of the production of more health.
Hence, it is necessary to search for an appropriate definition of health knowledge
and review the ways that individuals can invest in this specific area of human
capital. This is a relatively under-investigated topic in the economics of health
and hence, the more thorough definitions will be also looked for from medical
and other related areas of literature. Also, the ways of linking health-specific
knowledge to the overall level of education are examined.

2.4.1 Economic contexts

In microeconomic theory there are two main approaches to modelling the role
of education. First, in game theoretic labour market models, the individual’s
decision to obtain a certain level of educational attainment is seen as a sig-
nal from the employee to employers. It is assumed that an individual invests
in education in order to show an employer that he has higher ability to learn
tasks needed in order to make a successful employee than have persons with
lower educational attainment (e.g. Mas-Colell et al., 1995, pg. 450). In such an
approach education as such does not have to be assumed to affect the produc-
tivity of an employee directly. On the other hand, in producer theory, as well as
in household production theory, education is viewed as a factor that improves
efficiency (allocative or technical) in the production process. The more specific
dimensions of knowledge capital have not been of interest in theoretical mod-
elling, and therefore, only a limited insight into the issue has been provided.
Moreover, in the case of health production, the efficiency hypothesis has been
challenged by the claim that good health and a high educational level are both
qualities desirable to persons with certain unobservable characteristics, such as
a low rate of time preference (Fuchs, 1982).

Some economic frameworks of health promotion and health education em-
phasise the role of perception rather than health knowledge as such. For in-
stance, Birch and Stoddart (1990) present health knowledge as a function of
information and experiences, and knowledge in turn is seen as the main determi-
nant of individuals’ perceptions of the nature and size of benefits and resource
costs. Cohen (1983) uses the concepts of “initial anxiety” and “final anxiety”
as the determinants of the utility-in-anticipation individuals derive from con-
suming preventive goods. Initial anxiety is defined as a function of perceived
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severity of outcome, perceived probability of its occurrence, anticipated timing
of the outcome, rate of time preference, and degree of risk aversion, while the
final anxiety is determined by the perceived efficacy of the prevention good
(Cohen, 1983).

A few empirical studies, mainly in the field of agricultural economics, have
used direct measures of health knowledge, and can offer some idea about use-
ful definitions and categorisation of health knowledge. In analysing knowledge
concerning healthy and unhealthy behaviours and their health consequences,
investigators have adopted either measures of individuals’ awareness of the link
between disease and behaviour (Variyam et al., 1999; Kenkel, 1991a,b; Hsieh
et al., 1996; Gould and Lin, 1994) or their perception of the magnitude of
risk related to such behaviours (Viscusi, 1990). In addition to the measures of
awareness some studies (Variyam et al., 1999; Chern et al., 1995) have incorpo-
rated measures of health beliefs in the model. Variyam et al. (1996) also used
a measure they labelled as “knowledge”, which indicated whether individuals
knew which one of two food items contained more dietary fibre. This does not,
however, serve as a measure of health knowledge, unless it is related to the
awareness of the positive health effects of higher fibre intake. Health knowledge
related to individuals’ ability to produce diagnostic and prognostic information
based on the symptoms they are experiencing has been used in models of the
demand for preventive medical services (Hsieh and Lin, 1997; Kenkel, 1990).
These measures involve the identification of the health problem in question, per-
ceptions of the severity of the consequences, and of the effectiveness of available
preventive and curative measures.

The most comprehensive contribution to the empirical literature of health
and health knowledge is the study by Van Doorslaer (1987). The purpose
of his study was to establish whether, how, and to what extent an individual’s
knowledge affects his or her decision with respect to health behaviour in general
and the use of medical care in particular. No lifestyle variables were included in
model. Van Doorslaer (1987) used both human capital and Bayesian learning
models as a theoretical approach. Hence, he also has different types of empirical
measures for knowledge. First, a stock approach used test scores that measured
health knowledge, or medical knowledgeability, in four categories:

1. Purely theoretical medical knowledge with no behavioural relevance.

2. Aspects of theoretical knowledge with some behavioural relevance.

3. Practical knowledge about appropriate action in certain circumstances.

4. Knowledge about the health care delivery system.

He also considered investment in medical knowledge through own experience
and learning from the experience of the others. The former was proxied by
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the initial level of health and the latter by the size of household, the number
of direct family members with a medical or paramedical occupation, and the
occupational level of the household head.

In the Bayesian approach the main information variable was the perceived
accuracy of GP advice. 12 survey items were interpreted as indicating agree-
ment (0 to 4) with statements about the diagnostic accuracy and therapeutic
effectiveness by GPs. Factor analysis (principal component extraction) was used
to reduce the data. Two components were first obtained (46.1% of variance)
based on eigenvalue > 1 criteria, but no meaningful interpretations were found
for the two-factor solution. Hence, the factor score based on a single factor was
used in modelling latent perception. In the modelling Van Doorslaer assumed
the causal relationship from knowledge to perception, hence complying with
the model by Birch and Stoddart (1990).

Van Doorslaer’s findings are also important for the current study. First,
the perceived inaccuracy of GP advice does not have a significant effect on any
utilisation variables. Medical knowledgeability appeared to have a positive ef-
fect on self-medication and patient-initiated GP visits, and a negative effect on
GP-initiated visits. The positive effect on patient-initiated GP visits was not
consistent with his theoretical prediction. The direct effect of medical knowl-
edgeability on both “permanent health” and “transitory health” was found to
be positive but not statistically significant. Education on the other hand had a
significant and positive effect on transitory health, i.e. the higher educated are
less likely to report sick time.

Overall, Van Doorslaer’s analysis did not seem to produce consistent and
conclusive information about the role of knowledge and perception in the de-
mand for health and medical care. One conclusion is particularly counterin-
tuitive: general knowledge capital (education) seems more beneficial to one’s
health than specific (medical) knowledge capital. Van Doorslaer cited the weak-
ness of the cross-sectional association between knowledge and health when other
influences were controlled for as a potential reason for the inconclusive results.

2.4.2 Views from the health and social sciences

In the mainstream literature of health education relatively little emphasis has
been given to the concept of health knowledge. The concepts of attitudes and
beliefs, based on a psychological model, seem to dominate as determinants
of health-relevant behaviour. Improving individuals’ knowledge, however, is
frequently mentioned as the major objective of health education (e.g. Downie
et al., 1996; Wardle and Steptoe, 1991).

A very general categorisation can be implied from a typology of health
education (Draper et al., 1980). The difference is made between knowing one’s
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body and how to keep it healthy, knowledge about the health care system and
the efficiency of particular technologies, and knowledge about the health effects
of public policies on different organisational levels to create health promoting
environments (Draper et al., 1980). The first two types of knowledge are mainly
concerned with the individual’s knowledge base, while the third has more to
do with public awareness and focuses more on the knowledge of the decision
makers on the health effects and relative costs of a wider range of policies.

More comprehensive definitions of health knowledge are obtained from qual-
itative research. In three relatively small studies, the categorisation of health
knowledge is based on the contents of knowledge and the source of knowl-
edge. Backett (1992) emphasises the difference between biomedical-based ex-
pert knowledge and lay knowledge, the latter of which may be based on various
sources and is often subject to contradictions. Lay health knowledge may be
based on genetic information, personal and family health history, past health
experiences, observations of health behaviour and health of significant others,
health information from the media, and advice from medical personnel (Back-
ett, 1992).

The results of a study by Häggman-Laitila and Åstedt-Kurki (1995) are
along the same lines, and they also distinguish between expert and lay sources
of knowledge labelling them as “institutional” and “individual” health knowl-
edge. Institutional health knowledge based on information provided mainly
by the health care system was found to consist of the following subcategories:
knowledge about what is considered as normal, proper health care (behaviour);
factors that may cause illness; diseases observed in oneself and access to health
services. Individual health knowledge, based mainly on individuals’ own expe-
riences and influences other than the formal health care system, were found to
overlap with some of the themes in institutional knowledge. “Knowledge about
being healthy and feeling well” is based on individuals’ past experience about
how they felt and what kind of limitations they have experienced when they had
been unhealthy rather than relying on the “acceptable limits” of physiological
measurements (e.g. blood pressure, blood count) or some visible symptoms.
“Knowledge about being ill and not feeling well” is based, to a great extent,
on these same experiences. The personal “knowledge about how to produce
well-being and about how to deal with not feeling well” was found to consist
of a wide range of leisure activities and time spent in the pursuit of “peace
of mind” in addition to the traditional (institutional) knowledge on health af-
fecting behaviour. Also, the traditional healthy behaviours were placed, by the
respondents, in the context of what had been experienced to be the best for the
individual’s own body (Häggman-Laitila and Åstedt-Kurki, 1995).

Meillier et al. (1997) divide health knowledge into four categories also based
on the source and type of the information. Theoretical knowledge is based on
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technical information from expert sources and consists of awareness of disease-
behaviour links and of basic understanding on why the link exists. Applied
knowledge is complementary to theoretical knowledge in the sense that it con-
sists of information on how to improve one’s health by changing behaviour.
Experiential knowledge is based on observation of everyday experiences by one-
self and by significant others’, and it generates a personalised version of expert
knowledge possessed by an individual. Finally, intuitive knowledge is based on
individual’s feeling about what might be best for him considering all other types
of knowledge. Meillier et al. (1997) metaphorically refer these categories as dif-
ferent compartments of individuals’ “knowledge backpacks”. They hypothesise
that the content of the backpack is re-evaluated whenever new information is
received or relevant experiences confronted. Moreover, they argue that the
expert knowledge is rarely used unless it can be confirmed through everyday
experience (Meillier et al., 1997).

2.4.3 Summary

Even though the review presented above offers a fairly comprehensive view of
what can be understood by the concept of health knowledge, the literature does
not offer any direct recommendations on how the total stock of health knowledge
should be measured and modelled. It seems reasonable to assume that including
the experiential or lay sources of knowledge in the definition would come closer
to the related concepts of attitudes and beliefs, which can be seen from the
definition of intuitive knowledge above (Meillier et al., 1997). Under this broad
definition, health knowledge includes all of the components an individual would
need to assess their current health status, expected health losses from certain
behaviours, the effectiveness of changing relevant behaviours, and health care
services available. Hence, it constitutes a basis for an individual’s perceptions
relevant to most health-affecting decisions.

For the purposes of this study it seems appropriate to define four categories
of health knowledge:

• Disease knowledge - knowledge about health and diseases (symptoms,
severity, typical age of onset),

• Medical knowledge - knowledge about medical care (effectiveness, avail-
ability, costs),

• Risk knowledge - knowledge about diseases related to behaviour (aware-
ness of risk, magnitude of risk, mechanism), and

• Prevention knowledge - knowledge about the effects of changing behaviour
(most beneficial changes, magnitude of benefits).
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These four categories represent a summary of categorisations reviewed in
Section 2.4.2. “Medical knowledge” have been regularly treated as a distinct
knowledge category (Draper et al., 1980; Häggman-Laitila and Åstedt-Kurki,
1995; Van Doorslaer, 1987). The other three categories are represented either by
separate knowledge types (Häggman-Laitila and Åstedt-Kurki, 1995; Meillier
et al., 1997) or contained in a single broader class of health knowledge, for
instance ”knowledge of one’s own body and how to keep it healthy” (Draper
et al., 1980).

All these categories of health knowledge are considered as being based on
information from both expert sources and individuals’ own experience. It seems
realistic to assume that a mixture of sources providing possibly conflicting in-
formation would result in an overall measure of knowledge, which also reflects
individuals’ beliefs and perceptions.

Also, it seems appropriate to characterise health knowledge as a multidi-
mensional stock, or “back-pack” (Meillier et al., 1997), which produces per-
ceptions. Moreover, the idea that perceptions are re-evaluated every time new
information enters the stock (back-pack) suggests that a Bayesian type of up-
dating mechanism is considered widely appropriate in the disciplines interested
in health knowledge.

2.5 Study questions

This chapter has presented a review of theoretical demand for health mod-
els, empirical health production studies, and the treatment of health specific
knowledge in wider range of relevant literature. The purpose of this thesis
is to investigate how the issues relevant to health promotion strategies could
be accommodated in economic modelling, and in particular to develop empir-
ical models that would produce policy relevant information (cf. Section 1.3).
The review highlights the lack of systematic approaches to study the role of
health knowledge in individual’s choice of health promoting life-styles within a
complete health production framework.

We are now in the position to specify five key questions that this thesis sets
out to address:

1. What is the impact of an increase in health knowledge on individuals’
health behaviour and health status?

2. What is the relative impact of health education in the accumulation of
individuals’ health relevant knowledge?

3. How does a change in health knowledge affect the demand for health
services?
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4. Does the consumption experience increase individuals’ knowledge?

5. Can health knowledge be modelled as a stock variable similar to health?

The first research question is concerned with the effect an increase in the
level of knowledge may have on behaviour, health, and the use of health services.
As was discussed above, Kenkel (1991a) had studied the association of health
knowledge and healthy life-styles in a demand model. Van Doorslaer (1987)
used the full health production framework, but only considered medical care as
the health input. I will analyse knowledge effects on a broader set of medical
and non-medical health input variables that are relevant to health promoting
policies. I also use a complete production-demand framework in order to be
able to study both productive and allocative aspects of knowledge efficiency.

Second, the majority of studies using a direct measurement of health knowl-
edge have treated health knowledge as an exogenous variable. This clearly
undermines the importance of one of the main domains of health promotion
policies particularly based on health education. In my analysis I will consider
individuals’ participation in health education as a rational choice to invest in
health knowledge.

Third, although the knowledge-efficiency hypothesis implies decreasing
health service utilisation, the evidence from current empirical studies is not
clear-cut. Even though explaining medical care utilisation is not the most im-
portant task of the thesis, my analyses offer an opportunity to have another
look at this question.

Fourth, in the non-economic literature of health knowledge it has been sug-
gested that non-expert sources and experiential learning have a potentially im-
portant role in an individual’s knowledge accumulation. Translated into the
economic framework, this may mean that demand for health knowledge would
invoke the use of health services and participation in other health affecting con-
sumption as potential source of information. This issue will also be addressed
in the thesis.

Fifth, it will be assumed that health knowledge can be defined as a stock
similar to health. In order to justify this approach it is useful to point out
similarities and differences to health capital model. This will be done in the
light of empirical interpretations of estimated parameters which are of particular
theoretical interest.
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Appendix A

Systematic review of empirical

health production studies

A.1 Review protocol

This section describes the process of the review and the predetermined crite-
ria for studies to be included. The purpose of explicitly outlining the review
protocol is to ensure that greatest possible coverage of studies and maximum
objectivity have been pursued in this systematic review. Also, given the relative
inaccuracy of quantitative estimates from econometric analysis using observa-
tional data compared to experimental study designs and the variability in model
specification, it is not worthwile comparing the magnitude of parameter esti-
mates. Hence, the relevance of the problems typical to meta-analysis of clinical
trials, such as publication bias, is likely to be small.

A.1.1 Objective

This review is designed to locate all published and unpublished economic stud-
ies on individual/household health production models in order to summarise
empirical findings on relationships between health behaviour and health. The
review was carried out in the summer of 1998, and hence, is intended to cover all
studies published since 1970 up to July 1998. 1970 is considered as appropriate
starting point because the major theoretical developments in the field of health
production were published in early 70’s (e.g. Grossman, 1972b). As a secondary
objective this review assesses the relative merits of different modelling tech-
niques and other methodological solutions used in empirical specifications. The
synthesis of the review will provide essential information of the current status
of empirical evidence, and will serve as a starting point for developing a health
production model appropriate in microeconomic analysis health promotion in
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the later phases of the study.

A.1.2 Main questions

The review seeks to find answers to following three questions:

1. What relationships between health behaviour and health status have been
addressed in empirical specifications of health production models, and
which relationships have been confirmed by data?

2. What is the current understanding about the role of education and health
knowledge?

3. Which modelling technique and empirical specifications seem to be most
appropriate with respect to criteria presented below?

A.1.3 Search strategy

Sources of information

Sources to be searched in the course of this review are constrained by the
time and money available. Therefore the review relies heavily on the published
literature and the databases available free of charge.

Electronic databases served as the starting point for searching the published
literature. The Economic Literature Index (EconLit 1969–3/98) and Medline
Express (1966–7/98), both of which were available through the ARC service,
provide good coverage of both the economic and medical literature. These
two were complemented by searching the Social Science Citation Index (SSCI)
available through Bath Information Data Service (BIDS) by the Institute for
Scientific Information Inc (ISI).

In order to allow for a possible failure of the computerised search to find
all relevant studies and also to provide coverage on the very recently published
studies, tables of contents of the key journal issues since 1980, or in the case
of later established journals starting from the very first volume, were manually
browsed. The journals in which the targeted studies were expected to have
most likely been published were Health Economics (1992, 1(1)–1998, 7(5)),
Journal Health Economics (1982, 1(1)–1998, 17(4)), Applied Economics (1980,
12(1)–1998, 30(3)), Journal of Political Economy (1980, 88(1)–1998, 106(4)),
Social Science and Medicine (1980, 14(1)–1988, 47(8)), and Journal of Human
Resources (1980, 15(1)–1998, 33(1)).

In addition, a printed bibliography of published studies (Blades et al., 1986)
was searched for possible omissions of studies published in other than the key
journals.
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A search of the “gray literature” would involve a lot of manual work and
was not possible tocarry out within the timeline. However, it was possible to
search the Index of Scientific and Technical Proceedings through BIDS/ISI. In-
ternet Documents in Economics Access Service (IDEAS), provides a directory
of economics working papers series, which also combines several other directo-
ries, including WoPEc and EconWPA, in one location (http://ideas.uqam.ca/).
The IDEAS service was searched, but only those studies which were download-
able directly from the Web had been included in the review due to time limit.
The full list of Internet services included in IDEAS is provided in Section A.2.

Additional published and unpublished studies were identified by manually
browsing the reference lists of retrieved studies and conducting citation analyses
on studies located through the BIDS/ISI service.

Key words

A detailed list of the search words used for each data base are presented in
Section A.2. The key elements applied to every data base search were “health
production” and “demand for health”. The demand term used covered also
studies on demand for health services and demand for health insurance, but
not demand equations for factor inputs if they were not estimated as a part of
health production function.

When the electronic search service allowed, the set of studies were limited
to exclude studies which used the specifications and/or data sets typical to
developing countries and also studies with a special emphasis on infant health
or birth outcomes. In searching Medline it was found important to limit the
set to economic of econometric studies only.

The targeted topic area is very heterogenous and the computerised search
for the very specific set of studies would probably have missed out relevant stud-
ies. To prevent significant omissions the computerised search was intended to
determine a rather broad set of studies, which was further limited by manually
reviewing the titles and abstracts obtained from the database. The final inclu-
sion decision was made after scrutinising the full reports of the studies. This
method stresses the importance of well defined inclusion criteria (see following
section) in order to retain objectivity.

A.1.4 Data analysis

Decisions about inclusion and validity of retrieved studies were taken by a single
reviewer (U.Kiiskinen) according to predetermined criteria stated below.
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Inclusion criteria

Studies relevant for the review should report empirical estimates from a health
production model exploring the relationship between education, health be-
haviour, health care utilisation and health status. Empirical studies should
apply econometric techniques to data consisting of individual or household level
observations. Only studies reported in English were included.

The studies using data from developing countries were excluded, because of
the different scope of the health problems compared to industrialised countries.
In most of such studies sanitation and adequate nutrition are key issues in
producing health. Also the health problems in developing countries are mainly
due to contagious diseases, while the relevant determinants of health in the
industrialised countries are related to chronic diseases. Another excluded set of
health production models was studies on production function for infants’ health,
which focuses mainly on behaviour of pregnant women. While pregnant women
and mothers of small children are undoubtedly an important target group for
health promoters, this study focuses on individuals’ (adults’) production of their
own health.

Theoretical or methodological studies are not included in the review, but
are used to establish a criteria for assessment of empirical studies.

Assessment criteria

The methodological validity of the included studies is assessed with respect to
the following criteria:

• Adequacy of the sample (power)

• Consistency with commonly accepted theoretical predictions

• Adequacy of test diagnostics

• Necessary/possible corrective measures undertaken if the model had failed
any of the tests

• Goodness-of-fit (R2, adjusted R2 or pseudo-R2 when appropriate)

• Choice/measurement of output

• Choice/measurement of factor inputs

• Handling of endogenous variables.

Also, other qualitative factors such as the original purpose of the study and
the adequacy of reported details will be taken into account.
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Data extraction

Data will be collected from included studies using a data extraction sheet spe-
cially tailored for the purposes of this review (Section A.3). The data in the
sheets will be entered in an electronic database for further processing and pro-
duction of synthesis of the review.

Synthesis

Studies qualified for assessment of validity will be organised in a table present-
ing the main hypothesis tested, estimation results, the key characteristics of
the study, and reviewer’s comments on validity. Studies will be categorized ac-
cording to the main methodological approaches they represent. The following
categories will be distinguished:

1. Dynamics

(a) Static models

(b) Dynamic models

2. Modelling technique

(a) Single equation models

(b) Simultaneous equations models

(c) Structural equations/Covariance structure models (eg. LISREL, MIMIC)

3. Estimation method

(a) Ordinary Least Squares (OLS)

(b) Maximum Likelihood (MLE)

(c) Two-Stage Least Squares (2SLS)

(d) Instrumental variable (IV)

(e) Other

More categories or subcategories may be added on the basis of the ex-
periences from validity assessment if the number of studies found allows. The
quantitative results will not be combined into a single estimate (statistical meta-
analysis type), but the review aims at generating qualitative conclusions about
the empirical findings from reviewed studies.
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A.2 Search details

A.2.1 Sources of information

The following list represents the sources of data that were considered to provide
an adequate coverage for a systematic review. The sources that were searched
for the candidate studies are marked with “+” and those excluded from this
review with “−”. The exclusions were due to either time restrictions or mone-
tary costs related to the use of private services.

I Electronic databases

• Published studies

+ Social Sciences Citation Index, BIDS/ISI

+ Economic Literature Index (EconLit), ARC

+ Medline Express, ARC

– Health Star, Dialog

• Grey literature

– System for Information on Grey Literature (SIGLE)

– DHSS-Data

– Dissertation Abstracts Database (UMI, Ann Arbor, MI), Dialog

– British Library (on internet?)

+ Index of Scientific and Technical Proceedings, BIDS/ISI

– Conference Papers Index, Dialog

• Internet sources

+ National Technical Information Service (NTIS), http://www.ntis.gov/

+ Internet Documents in Economics Access Service (IDEAS),http://ideas.uqam.ca/
directory containing 52,874 working papers in economics, includes databases:

+ Economic Working Paper Archive, EconWPA, (Econ.Dept./Washington
University)

+ Fed in Print

+ National Bureau of Economic Research

+ WoPEc

+ BibEc, Printed working papers in Economics

– Web sites of an individual institution will be searched for if the name of the
institution has come up in studies satisfying the inclusion criteria.

II Printed bibliographies

– Fletcher, J (ed). Economic Working Papers: A Bibliography, 1978–1991

+ Blades, C et al. (eds). The International Bibliography of Health Economics: A
Comprehensive Annotated Guide to English Language Sources since 1914, vol 1,
Harvester 1986

– Index of Conference Proceedings by BL (1974–1998/8)

– Excerpta Medica, Section 36: Health Economics and Hospital Management (1973–
87), Health Policy, Economics and Management (1988–98),
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III Key Journal issues from 1980 (for the new and non-indexed studies)

+ Health Economics

+ Journal Health Economics

+ Applied Economics

+ Journal of Political Economy

+ Social Science and Medicine

+ Journal of Human Resources

IV Additional measures

+ Manual search of reference lists of retrieved studies

– Citations lists from BIDS search

– Additional searches on key authors’ names (if identified)

– V. Personal contacts to key institutions and individual researchers in the area (e.g. iHEA
directory)

– VI. Electronic mailing lists (mail-base).

A.2.2 Search results for major databases

Economic Literature Index (EconLit 1969–3/98). Search Date: 14.08.1998

No. Records Request
1 59615 PRODUC*
2 15148 HEALTH*
3 75 (PRODUC* near HEALTH*) in TI
4 59615 PRODUC*
5 15148 HEALTH*
6 138 (PRODUC* near HEALTH*) in AB
7 197 #3 or #6
8 32802 DEMAND*
9 15148 HEALTH*

10 137 (DEMAND* near HEALTH*) in TI
11 32802 DEMAND*
12 15148 HEALTH*
13 138 (DEMAND* near HEALTH*) in AB
14 250 #10 or #13
15 423 #7 or #14
16 20993 DEVELOPING
17 40097 COUNTR*
18 5413 DEVELOPING-COUNTR*
19 4924 THIRD
20 24877 WORLD
21 512 LOW-INCOME
22 40097 COUNTR*
23 5795 LOW
24 27979 INCOME
25 40097 COUNTR*
26 387 #15 not (DEVELOPING COUNTR* OR DEVELOPING COUNTR*

OR THIRD WORLD OR LOW-INCOME COUNTR* OR LOW INCOME COUNTR*)
27 407 INFANT*
28 1147 BIRTH*
29 3668 CHILD*
30 5 ANTENAT*
31 45 PRENAT*
32 7 PERINAT*
33 122 PREGNAN*
34 1 NEW-BORN*
35 64650 NEW
36 694 BORN*
37 26 NEWBORN*
38 343 #26 not (INFANT* or BIRTH* or CHILD* or ANTENAT* or PRENAT*

or PERINAT* or PREGNAN* or NEW-BORN* or NEW BORN* OR NEWBORN*)
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MEDLINE EXPRESS (R) 1966-8/98. Search date: 19.08.1998

No. Records Request
1 765640 PRODUC*
2 789211 HEALTH*
3 995 (PRODUC* near HEALTH*) in TI
4 765640 PRODUC*
5 789211 HEALTH*
6 7042 (PRODUC* near HEALTH*) in AB
7 37378 DEMAND*
8 789211 HEALTH*
9 273 (DEMAND* near HEALTH*) in TI

10 37378 DEMAND*
11 789211 HEALTH*
12 1709 (DEMAND* near HEALTH*) in AB
13 7820 #3 or #6
14 1931 #9 or #12
15 9651 #13 or #14
16 5885259 TG = ”HUMAN”
17 7921 #15 and (TG = ”HUMAN”)
18 89400 DEVELOPING
19 54284 COUNTR*
20 13794 DEVELOPING-COUNTR*
21 131253 THIRD
22 46624 WORLD
23 1667 LOW-INCOME
24 54284 COUNTR*
25 490579 LOW
26 14617 INCOME
27 54284 COUNTR*
28 7752 #17 not (DEVELOPING COUNTR* OR DEVELOPING-COUNTR* OR

THIRD WORLD OR LOW-INCOME COUNTR* OR LOW INCOME COUNTR*)
29 523102 INFANT*
30 103997 BIRTH*
31 921070 CHILD*
32 7694 ANTENAT*
33 51305 PRENAT*
34 22922 PERINAT*
35 412034 PREGNAN*
36 1225 NEW-BORN*
37 607438 NEW
38 26584 BORN
39 329774 NEWBORN
40 10303 #26 not (INFANT* or BIRTH* or CHILD* or ANTENAT* or PRENAT*

or PERINAT* or PREGNAN* or NEW-BORN* or NEW BORN OR NEWBORN)
41 523102 INFANT*
42 103997 BIRTH*
43 921070 CHILD*
44 7694 ANTENAT*
45 51305 PRENAT*
46 22922 PERINAT*
47 412034 PREGNAN*
48 1225 NEW-BORN*
49 607438 NEW
50 26584 BORN
51 329774 NEWBORN
52 6406 #28 not (INFANT* or BIRTH* or CHILD* or ANTENAT* or PRENAT*

or PERINAT* or PREGNAN* or NEW-BORN* or NEW BORN OR NEWBORN)
53 123104 ECONOM*

* 54 801 #52 and ECONOM*

Social Sciences Citation Index (SSCI), from 1981,BIDS/ISI
Production + Health 330
Producing + Health 113
Demand for Health 72

Index to Scientific & Technical Proceedings (ISTP), from 1982, BIDS/ISI

Production + Health (restricted to human subjects) 46
Producing + Health (restricted to human subjects) 2
Deamnd + Health (restricted to human subjects) 16
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A.3 Data extraction sheet

Reference Number:

A Bibliographic information

1 Author(s):

2 Title:

3 Source/year/volume/pages:

4 Corresponding author and contact address:

B Research question(s)/hypothesis:

C Characteristics of the model

1 Theoretical framework:

• based on a rigorous theoretical model (eg. human capital, insurance)

• ad hoc empirical modelling

2 Dynamics:

• Dynamic

• Static

3 Modelling technique:

• Single equation model

• Simultaneous equations model

• Structural equation/covariance structure model (LISREL, MIMIC)

4 Estimation method:

• Ordinary Least Squares (OLS)

• Maximum Likelihood (MLE)

• Two-Stage Least Squares (2SLS)

• Instrumental Variable (IV)

• Other

D Sample characteristics

1 Origin of data (country, location)

2 Number of observations

3 Demographical details (sex, age, occupation etc.)

4 Type of data (cross-sectional/time-series, individual/household, postal survey/interview)

5 Year(s)

E Empirical specifications of the model

1 Description and measurement of variables included (observable/unobservable):

• health status

• medical care

• behavioural variables

• environment (social/physical)

• genetic endowment

2 Number of parameters to be estimated:

3 Identification and treatment of endogenous variables:

4 Functional form:
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F Model diagnosis

1 Power:

2 Theoretical consistency of estimation results:

3 Specification (test results and treatment):

• omitted variables

• functional form

4 Goodness-of-fit:

5 Normality (test results and treatment):

6 Multicollinearity (test results and treatment):

7 Heteroscedasticity (test results and treatment):

8 Autocorrelation (test results and treatment):

9 Validity of instruments (test results and treatment):

G Empirical findings

1 Findings on demand for health

• Confirmation of the relationship(s) determined in B:

– point estimate, statistical significance (p-value/confidence intervals)

– relevance for public health

• Rejection of the assumed relationship(s) determined in B:

– modifications for empirical specifications recommended

– alternative hypothesis suggested

2 Findings on demand for health care

• Confirmation of the relationship(s) determined in B:

– point estimate, statistical significance (p-value/confidence intervals)

– relevance for public health

• Rejection of the assumed relationship(s) determined in B:

– modifications for empirical specifications recommended

– alternative hypothesis suggested

3 Discussion about the relative importance of variable categories described in E1.:
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Chapter 3

Theoretical framework

3.1 Introduction

The purpose of this chapter is to characterise the key concepts and relationships
regarding health, health knowledge and health behaviour discussed in Chapters
1 and 2 with reference to the current theoretical literature on health production
models. The framework is built on the basic concepts and ideas of the house-
hold production theory (Becker, 1965) and its application to the analysis of the
demand for health by Grossman (1972b,a), as well as some of the further de-
velopments of his model that were briefly reviewed in Section 2.2. This chapter
focuses on developing a model of demand for health in which health knowledge
plays a role as an “efficiency variable” in the health production function. Health
knowledge is itself modelled as an endogenous variable which is determined by
the production process similar to health production. First, I outline a static
framework in which health knowledge production precedes the production of
health and then move on to a two-period framework which allows modelling of
health and health knowledge as parallel production processes.

It is not intended to provide a single complete theoretical model, which could
be directly applied to empirical estimation, but rather to connect the empirical
study questions to the appropriate theoretical basis. Hence the framework
developed here provides guidelines for the empirical models in Chapter 5 – 7.

3.2 The role of health knowledge

The theoretical models reviewed above do not seem to provide an adequate
formal specification for incorporating the process of health knowledge accu-
mulation into the demand for health framework (e.g. Chern, 1999; Grossman,
2000). The general framework developed in this chapter is informed by the
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empirical specifications used in econometric models of health knowledge, and
the discussion of Chapter 2. Next, I summarise the key features of the health
production model regarding health knowledge.

1. The health knowledge of an individual is assumed to accumulate via a pro-
duction process similar to health production. Modelling health knowledge
as an endogenous variable addresses the criticism presented by Fuchs on
the standard education efficiency hypothesis (Fuchs, 1982).

2. Health knowledge increases efficiency in health production. The choice
of inputs into the health production function and their appropriate use
is assumed to be influenced by individuals’ knowledge, in addition to the
full price of consuming the good (e.g. Kenkel, 1991a; Hsieh et al., 1996).

3. Health knowledge does not have an independent effect on health.

4. The demand for health knowledge is derived from the demand for health.

5. Information required to produce more health knowledge can be obtained
by purchasing particular information products or services (e.g. health
education), from lay sources (e.g. a friend or relative) and by experience
(e.g. consuming health-affecting goods).

6. Education brings efficiency gains into the use of information sources.

7. The demand for other than “pure health information inputs” are expected
to be influenced by demand for other commodities, e.g. “social interac-
tion”. This problem of joint production and its solutions is similar to that
of non-medical health inputs discussed in Section 2.2.3 above.

3.3 Static model

I begin by setting up a single period, static framework. It is a standard house-
hold production model (Becker, 1965), where health is seen as a commodity, but
not as a capital good as in Grossman’s model (Grossman, 1972b). In addition
to the typical health production system (e.g. Contoyannis, 1999) a production
function for health knowledge is introduced. Even within the single time pe-
riod a sequence for the decision making has to be imposed. For the purpose of
this study it is logical to assume that individuals first acquire the information
and then, given the information they possess, make the health relevant con-
sumption choices. Hence, in the model an individual makes choices about the
consumption of health affecting goods (HC), preventive health services (PM),
information seeking activities (I), and other goods affecting neither health nor
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health knowledge (Z). Health (H) and health knowledge (HK), which also af-
fect individual’s utility, are determined (produced) as a result of these choices.
The system is illustrated in Figure 3.1.

Figure 3.1: A static framework showing the production of health knowledge
(HK) and health (H) via the choice variables I, HC and PM .
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Formally, it is assumed that an individual’s behaviour reflects his desire to
maximise utility defined as 1:

U = U(H,HC,HK, I, Z;E,X), (3.1)

subject to:

H = h(HC,PM ;HK,E,X), (3.2)

HK = hk(I;E,X), (3.3)

M = m(H;HK,E,X), (3.4)

πHCHC + πPMPM + πMM + πII + πZZ ≤ y0 + wT. (3.5)

Utility (Equation (3.1)) is an increasing and jointly concave function of all
its arguments, and all cross-partial derivatives are assumed to be zero. H is

1The analysis is carried out in terms of single variables, but some of these are in fact
vectors, e.g. health affecting consumption (HC) can include both healthy and harmful goods.
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a measure of health that generates both positive health gains (well-being) and
reduced likelihood of illness episodes (negative health) following the definition
of health used in the health promotion literature (e.g. Downie et al., 1996).

Health affecting consumption,HC, represents direct utility gains from goods
and services which are known to be related to an individual’s health. As pro-
posed by Cohen (1983) and Cohen and Mooney (1984), this consumption could
be further divided into two categories depending on whether they have a pos-
itive (prevention goods) or negative (hazardous goods) impact on health, i.e.
∂H/∂HC ≶ 0 depending on the nature of the good.

It should be noted that HC does not include preventive medical services
(PM) (wholly preventive goods) or other medical care (M), since those ser-
vices are assumed to have no direct effects on an individual’s utility (∂U/∂M =
∂U/∂PM = 0). PM is considered as another category of inputs in the health
production function of Equation (3.2). Based on Cropper’s (1977) suggestion
about the separation of prevention and cure, the role of M is limited to treat-
ment for problems caused by poor health (Equation (3.4)). It is assumed
that ∂H/∂PM > 0, ∂M/∂H < 0, and ∂2H/∂PM2 < 0, ∂2M/∂PM2 < 0,
∂2M/∂H2 < 0.

The level of health knowledge (HK) and education (E) are included as
arguments in the utility function to reflect the possible non-use value (utility-
in-anticipation) for an individual. This means that an individual tends to value
knowledge and education more than just the amount of utility it generates
through the improved efficiency of heath production. These two variables, es-
pecially HK, are assumed have an impact on the efficiency of the production
process (Equation (3.2)) as proposed by Grossman (1972b,a). However, it must
be recognised that the role of formal education is not clear (cf. Section 2.4).
The demand for HK may, at least partly, be seen to be derived from the de-
mand for health and the production of HK via I (Equation (3.3)) is affected
by the level of education. It seems reasonable to assume that the main moti-
vation to improve one’s health knowledge is not directly related to the pursuit
of higher future pay-offs from the labour market, which makes it intuitively
somewhat distinct from the typical rationale assumed for the demand for edu-
cation. Hence, it is assumed here that, as a more specific type of knowledge,
HK is not influenced by the “third” factor to the same extent, and therefore,
would bring about true efficiency benefits. It is assumed that HK consists of
all health relevant knowledge and it would affect health only through health
relevant behaviours HC and PM , i.e. ∂H/∂HK = 0, ∂2H/∂HC∂HK > 0,
∂2H/∂PM∂HK > 0. The level of education may still have an impact on the
level of health by affecting the social, economic and physical environment of an
individual.

I denotes the activities where the individual is actively seeking for, or ex-
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posed to information. These activities are partly motivated by an individual’s
desire to acquire general information, i.e. by reading magazines and newspa-
pers, and participating in formal and informal gatherings of groups of individ-
uals where information is exchanged (clubs, societies, village meetings etc.).
Hence, due to leisure and social aspects, the information seeking activities (I)
may also be thought of as generating direct utility (Equation (3.1)). Participa-
tion in health education programs and events would also fall into this category.
It is assumed that I will have positive effect on HK, which necessarily implies
further assumptions that acquired information is correct and correctly under-
stood by individuals. The level of formal education (E) is assumed to bring
efficiency gains in the form of increased capacity to receive and process infor-
mation. Higher education is also likely to improve efficiency in utilisation of
information sources and hence reduce the search costs relative to the infor-
mation gain, e.g. Kenkel (1990). Hence, it is assumed that ∂HK/∂I > 0,
∂2HK/∂I2 < 0, ∂2HK/∂I∂E > 0.

Finally, Z stands for the consumption of goods that do not affect health and
X for other exogenous influences on utility levels, e.g. environmental quality.

In the full income budget constraint (Equation (3.5)), y0 is non-labour in-
come, w wage rate, T the total time endowment, and π denotes the full (money
and time) price (p + wt) of consumption. More details are presented in Ap-
pendix B.1. It should be noted that the framework presented above differs from
the Grossman style model in that it does not include time as a distinct input
in the production functions for health (Equation (3.2)) and health knowledge
(Equation (3.3)). Instead, it is assumed that the time required to consume
one unit of a good (including medical care) is fixed, as was also suggested by
(Muurinen, 1982a, pg. 14).

By substituting Equation (3.3) into (3.2) and into (3.1), and Equation (3.2)
into (3.1), we obtain

U = U(h(HC...hk(I; ...); ...),HC, hk(I; ...), I, Z ;E,X). (3.6)

After further substituting Equation (3.4) into the budget constraint (Equa-
tion (3.5)) the Lagrangian can be written as:

maxHC,PM,I,Z L = U(h(...),HC, hk(...), I, Z;E,X)

+λ
(

(y0 + wT ) − (πHCHC + πPMPM

+πMm(h(HC...hk(...)), PM, hk(...)) + πII + πZZ)
)

, (3.7)

where λ is the marginal utility of full income. It is also assumed that the budget
constraint is binding at the optimum, which implies that no saving of money
or time2 occur.

2Since the time as such cannot be saved for future consumption, it is reasonable to assume
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The following set of first order conditions (FOC) can be derived:

∂L

∂HC
=

∂U

∂h

∂h

∂HC
+

∂U

∂HC

−λ

(

πHC + πM
∂m

∂h

∂h

∂HC

)

= 0, (3.8)

∂L

∂PM
=

∂U

∂h

∂h

∂PM
− λ

[

πPM

+πM

(

∂m

∂h

∂h

∂PM

)]

= 0, (3.9)

∂L

∂I
=

∂U

∂h

∂h

∂hk

∂hk

∂I
+
∂U

∂I
+
∂U

∂hk

∂hk

∂I

−λ

[

πI + πM

(

∂m

∂h

∂h

∂hk

∂hk

∂I
+
∂m

∂hk

∂hk

∂I

)]

= 0, (3.10)

∂L

∂Z
=

∂U

∂Z
− λπZ = 0, (3.11)

∂L

∂λ
= (y0 +wT ) − (πHCHC + πPMPM

+πMM + πII + πZZ) = 0. (3.12)

The first order condition for HC (Equation (3.8)) shows that in deciding
the optimal level of health-related consumption an individual considers three
different consequences of his decision. The first term describes the indirect ef-
fects through health status, which can be either positive or negative depending
on the “preventive” or “hazardous” nature of the good, i.e. on the sign of
∂H/∂HC. The second term, the direct utility effect (∂U/∂HC), is assumed
to be always positive here3. In order to satisfy the optimality condition these
two components of marginal utility together must be equal to marginal util-
ity of both the full price of consuming the good (λπHC) and the additional

that any idle periods of time are used for the production of the household commodity that
does not require any market input, e.g. “rest”. This is considered as a rational activity which
is accounted for through HC or Z in my framework, and hence no “wasting” of time appears
possible.

3It is possible that an individual may also choose to consume goods or services which yield
negative (direct) utility if the positive health effects outweigh the direct utility loss.
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medical care costs/savings (measured in utility terms) due to potential health
hazards/benefits related to the good.

Since PM is considered as a wholly “preventive good”, the component of
the direct utility effect does not appear in the FOC for PM (Equation (3.9)).
The marginal utility through health improvement is always positive. The sign
of the additional medical care costs depends on the nature of the preventive
service. While some forms of prevention can truly help avoid further use of
medical care (e.g. immunisation), others may lead to more use of medical care
by detecting health problems in the early stage (e.g. screening). In the latter
case the long run medical care costs, however, may be lower as a result of more
successful early treatment. In this framework, however, PM indirectly reduces
the cost of medical care, since ∂H/∂PM > 0, ∂M/∂H < 0.

The optimality condition in Equation (3.10) shows the decision criteria
for information seeking activities (I). The indirect utility effects (first term)
through health knowledge and health are non-negative. Given the current as-
sumptions, the sign of the third term can be positive or negative. Due to
assumption that the marginal utility of health knowledge is positive4, the in-
direct utility effects of I via health knowledge are also non-negative. Increases
in I are assumed to result in savings in medical care costs due to indirectly
increasing health (through knowledge effects in production) and also due to
knowledge based efficiency in using medical care (e.g. avoiding ineffective use).

The static framework presented here is used to guide estimation of cross-
sectional models in Chapter 5. The drawback of the static model presented
above is that a sequence of “causal“ relationships at a single point in time has
to be assumed. Hence, a static framework is subject to concerns of simultaneity
bias and possible reverse causality in analysing the health production. Espe-
cially, the relationship between medical services and health status is vulnerable
to this kind of criticism. Further, health status may influence other health
behaviours, e.g. physical incapacity is likely to reduce an individual’s physical
activity. Secondly, the decisions have only an immediate effect and no long-
term benefits in terms of improved health or increased life span, or both, can
be accounted for. Third, a particular problem for this study is that no “learning
by doing” effects on health knowledge can be included. That is, the individual
is unable to obtain “experiential” knowledge about his chosen lifestyle and use
of preventive care via observing how his level of health is affected.

4It is acknowledged that the marginal utility (∂U/∂hk) of health knowledge is somewhat
ambiguous, since in some cases the increased knowledge may arguably cause disutility to an
individual. For instance, an early detection of an incurable disease may cause severe distress to
a person, who otherwise could have lived several years without any clinical signs of the disease.
In general, however, the assumption is plausible, and especially if the long run consequences
are taken into account.
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Solving the first order conditions (Equations (3.8)–(3.12)) gives us a reduced
form demand functions for the input factors. Generally, these are functions of
the exogenous variables in the model, and are of the form:

HC = hc(E,X, p,w, y), (3.13)

PM = pm(E,X, p,w, y), (3.14)

I = i(E,X, p,w, y), (3.15)

Z = z(E,X, p,w, y), (3.16)

λ = λ(E,X, p,w, y). (3.17)

Demands for health (H), heath knowledge (HK), and medical care (M)
can then be obtained as functions of above input demands.

3.4 Two-period framework

In this section I will consider more carefully the decision to invest in both
health capital and health knowledge in the framework of two discrete time pe-
riods. The model is based on the framework used initially by Dardanoni and
Wagstaff (1987) and later by Selden (1993) and Chang (1996) in incorporating
uncertainty into Grossman’s framework. Essentially, it is assumed that indi-
viduals are concerned about maximising utility over two periods: utility in the
current period and discounted utility effects due to changes in health and health
knowledge from the future period. In this kind of utility construct individuals
make consumption decisions in the current period, and consider the delayed
health and knowledge outcomes in the future period. A graphical illustration
of the structure of the model is presented in Figure 3.2.

The main improvement from introducing a future time period concerns the
modelling of investments in both health and health knowledge. Since these two
stocks are observed both at the beginning and the end of the production period,
the causal ordering of events is more straightforward. Consequently, the use of
medical care (M1) can be modelled as an investment variable with much less
concern for the reverse causality problem that characterises the static model.
Observing current health problems (through H1) it only needs to be assumed
that medical care does not reduce the health of an individual for longer than
until the end of the observation period. Also, the two-period approach makes
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Figure 3.2: A two-period framework showing the production of health knowl-
edge and health in period 2 via the choice variables I1, HC1, PM1, and M1.
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it possible to model health production and health knowledge production as
parallel processes, and hence, analyse the role of experience in the formation of
health knowledge.

Figure 3.2 shows that health knowledge at period two (HK2) is assumed to
be a function of the current period’s knowledge (HK1), new experiential knowl-
edge and new information (I1) received through various channels. The new
experiential knowledge in period 2 is obtained by observing one’s development
from one’s current state of health (H1) to future health (H2) and associating the
change with the consumption choices made in the current period (HC1, PM1,
M1). New information from external sources is received either passively (public
health messages through the mass media) or as a result of active information
seeking efforts in the current period. In the latter case, information may come
from both professional and lay sources.

Education (E = E1 = E2) is assumed to be related to an individual’s ability
to accurately interpret the health consequences of certain life style changes
in order to produce valid experiential knowledge. The ability to receive and
process health information, as well as the costs of active search processes, is
likely to be affected by the overall level of education. Moreover, education
can influence the relative weights individuals assign to experiential knowledge
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and expert provided information when combining them into a total stock of
knowledge.

The framework is described formally below. First, the total utility over two
periods for an individual is defined as:

U = U1 +
U2

1 + ρ
, (3.18)

where the subscripts 1 and 2 represent the current and future time periods,
respectively. ρ (≥ 0) is rate of time preference. Basically, the first period’s
utility can be presented as in Equation (3.1) by just adding the subscript 1 to
indicate the period in question.

U1 = U1(HC1, I1, Z1;H1,HK1, E,X1). (3.19)

It is assumed that in the second period individuals only consider the utility
derived from H2 and HK2, i.e.

U2 = U2(H2,HK2;E,X2). (3.20)

Utility in both periods is an increasing and jointly concave function of all ar-
guments.

Production and budget constraints are defined by the following set of equa-
tions:

H2 = h2(HC1, PM1,M1;HK1,H1, E,X1), (3.21)

HK2 = hk2(H2,HC1, PM1,M1, I1;HK1,H1, E,X2), (3.22)

πHCHC1 + πPMPM1 + πMM1 +

πII1 + πZZ1 ≤ y1 + wT1. (3.23)

All health relevant behavioural choices (HC1, PM1, M1) are assumed to
have an effect only on the future period’s health whileHC1 also affects the direct
utility of consumption in the current period. Hence, ∂H2/∂HC1 ≶ 0 (depending
on the nature of a good), ∂H2/∂PM1 > 0, ∂H2/∂M1 > 0, ∂2H2/∂HC

2
1 < 0,

∂2H2/∂PM
2
1 < 0, ∂2H2/∂M

2
1 < 0.

Health knowledge in period two (Equation (3.22)) is assumed to be an in-
creasing and concave function of all of its arguments. It should be noted that,
unlike in the case of health production, the knowledge product of consumption
of unhealthy goods is also assumed to be positive.

It is assumed that all of the spending (consumption) happens in the cur-
rent period and borrowing or saving is not allowed. The full income constraint
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(Equation (3.23)) is therefore virtually same as in the static case above (Equa-
tion (3.5)). The construction of the budget constraint is described in more
detail in Appendix B.1.

Even though not explicitly modelled in the framework above it is assumed
that both the stock of health and the stock of knowledge depreciate over time.
Equation (3.21), as a general presentation, is consistent with the Grossman type
specification H2 = (1 − δ)H1 + INV1, where INV1 is a function of the health
affecting choices HC1, PM1, M1. The same is true with the Equation (3.22)
for health knowledge. This aspect of the general model is utilised in Chapter
7 where the “partial adjustment” approach is adopted in order to specify an
alternative empirical formulation of the model.

Along the way of learning from experience the individual goes through a
process of “trial and error” in choosing consumption patterns that are tailored
to fit his preference structure and health production technology. Observing
changes in his health state is one of the key elements in this process. An indi-
vidual can also acquire certain medical services (PM) that produce increments
in his health specific knowledge, and hence help him to evaluate the success
or failure of the production, and to make necessary adjustments to behaviour.
Various screening programs and check-ups are especially suitable for this pur-
pose. Moreover, any health services used for preventive and curative purposes
can provide individuals with experiential health knowledge (“medical knowl-
edge” and “prevention knowledge”) as a side product. By spending his time
and money on these services an individual essentially obtains information con-
cerning his own health (“disease knowledge”), but also exposes himself to a
possibility of being provided with professional advice on how to stay healthy
(“risk knowledge” and “prevention knowledge”).

Substituting (3.21) into (3.22) we get

HK2 = hk2(h2(.),HC1, PM1,M1, I1;HK1,H1, E,X1), (3.24)

and then substituting (3.24) and (3.21) into (3.20) the Lagrangian can be writ-
ten as:

max
HC1,PM1,M1,I1,Z1

L = U1(H1,HC1,HK1, I1, Z1;E,X1)

+
1

1 + ρ
U2(h2(.), hk2(h2(.),HC1, . . .);E,X2)

+λ[(y1 + wT1) − (πHCHC1 + πPMPM1

+πMM1 + πII1 + πZZ1)] (3.25)

Taking partial derivatives of the Equation (3.25) gives the first order con-
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ditions:

∂L

∂HC1
=

∂U1

∂HC1
+

1

1 + ρ

[

∂U2

∂h2

∂h2

∂HC1

+
∂U2

∂hk2

(

∂hk2

∂h2

∂h2

∂HC1
+

∂hk2

∂HC1

)]

− λπHC1 = 0, (3.26)

∂L

∂PM1
=

1

1 + ρ

[

∂U2

∂h2

∂h2

∂PM1
+

∂U2

∂hk2

(

∂hk2

∂h2

∂h2

∂PM1
+

∂hk2

∂PM1

)]

−λπPM1 = 0, (3.27)

∂L

∂M1
=

1

1 + ρ

[

∂U2

∂h2

∂h2

∂M1
+

∂U2

∂hk2

(

∂hk2

∂h2

∂h2

∂M1
+
∂hk2

∂M1

)]

−λπM1 = 0, (3.28)

∂L

∂I1
=

∂U1

∂I1
+

1

1 + ρ

∂U2

∂hk2

∂hk2

∂I1
−λπI1 = 0. (3.29)

∂L

∂Z1
=

∂U1

∂Z1
− λπHC1 = 0 (3.30)

∂L

∂λ
= (y1 + wT1) − (πHCHC1 + πPMPM1

+πMM1 + πII1 + πZZ1) = 0. (3.31)

The first term in Equation (3.26) describes the direct utility effect of health
affecting consumption in period 1. The second term describes the indirect
effects through the health changes in period 2. In the case of hazardous goods
(i.e. ∂h2/∂HC1 < 0) these two (ignoring the health knowledge effects) terms
are expected to show a classical case of intertemporal utility trade-off between
current consumption and future health benefits, where the future health benefits
are discounted by an individual’s rate of time preference (ρ). In the case of
harmful goods the signs of these two are the opposite, but with preventive
goods both are positive, i.e. an individual enjoys the healthy consumption.

The third term (∂U2/∂hk2(...)) brings about the indirect effects through
the increase in health knowledge which were neglected by the static model
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above. It is assumed that any change in consumption patterns will have a non-
negative effect on future health knowledge.5 Similarly, it is assumed that any
development in health status, apart from conditions reducing brain functioning,
affects health knowledge positively. As was already discussed in the context
of the static model (Section 3.3), the marginal utility of health knowledge is
assumed to be non-negative (∂U2/∂hk2 ≥ 0) even in the absence of productivity
gains, and hence the entire term is expected to have a positive sign. In principle,
Equation (3.26) allows both direct utility gains and indirect utility gain via
future health to be negative at the margin, if the indirect utility gains via
health knowledge outweigh these losses plus the full price cost of that specific
activity.

It is also acknowledged here that the informational content of health status
change may be context specific. In other words, the marginal change in health
knowledge is likely to depend on whether individuals associate the change in
health with some of their current health-affecting behaviour. In terms of the
health knowledge categorisation presented in Section 2.4.3 on page 46 the abil-
ity to perceive these associations would contribute in addition to mere “disease
knowledge” also to “risk knowledge” or even “prevention knowledge” of an indi-
vidual. This difference was demonstrated empirically by Smith and colleagues
(Smith et al., 1999) using a Bayesian learning framework. In some cases the
difficulty in observing one’s health changes may invoke the use of preventive
health services (PM). For instance, a hypertensive person may request more
blood pressure measurement in order to be able to assess whether physical ex-
ercise has any effect on his health. The change in health status associated with
the use of medical care is also likely to increase the “medical knowledge” of
an individual6, i.e. knowledge about effectiveness, accessibility etc. To what
extent individuals are able to make such associations is, hence, one point where
uncertainty could be introduced into the model. It is also hypothesised that the
more educated are more likely to make correct assessment of these connections,
i.e. E increases the efficiency of experiential health knowledge production.

Equation (3.27) demonstrates a double role of PM1 in increasing individu-
als’ utility indirectly, via h2 and hk2. With respect to health knowledge, these
services could be demanded in order to acquire information on one’s current
health status (e.g. screening programs) or, as discussed above, to aid the choice
of healthy practises. The use of preventive services is expected to have a non-

5Naturally, extreme abuse of harmful substances, such as illicit drugs, can deteriorate an
individual’s brain capacity, and hence lead to lower level of all kinds of knowledge. This kind
of extreme behaviour is not in the scope of this study.

6Individuals may establish the link between curative services and health status change with
a greater degree of certainty due to professional supervision and shorter delays in the effects
of such services.
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negative effect on both future health status and health knowledge.
The optimality condition for M1 (Equation (3.28)) is of a similar structure

to that in the case of PM1 above. The role of possible health knowledge gains
from curative medical services is assumed to be minimal when an individual is
deciding the optimal usage level. It seems reasonable to assume, however, that
especially in the case of minor illnesses, such as the common cold, individuals
may demand physician services just to be given confirmation of their own di-
agnosis and to be able to rule out other, perhaps more serious conditions. If
this is the case the indirect utility gains through increased knowledge of one’s
own health (“disease knowledge”) may drive the demand for M1 even when an
individual perceives that the care for his current problem is either not neces-
sary or not available/effective. On the other hand, many of the more invasive
treatments are used only because they are absolutely necessary in order to gain
recovery from severe conditions, prevent the deterioration of health to intoler-
able levels, or even save the life of an individual. In this case knowledge gains
play a minor or no role at all in the decision about the optimal level of M1.

Turning now to Equation (3.29), the direct utility effects of I1 may be either
positive or negative, in the latter case indicating intertemporal utility trade-
offs similar to those discussed above with HC1. According to the Bayesian
learning model the impact of information on health knowledge depends on in-
dividuals’ simultaneous experiential knowledge as well as on the quality of prior
knowledge on the issues (Viscusi, 1991; Liu and Hsieh, 1995). If individuals’
prior beliefs and current behaviour are in conflict with the new information,
in the most extreme case he may completely ignore such new massages. This
phenomenon is explained in psychology by the theory of cognitive dissonance
(Downie et al., 1996, e.g.). However, the marginal product is assumed to be
always non-negative, i.e. ∂hk2/∂I1 ≥ 0.

Solving the first order conditions (3.26) - (3.31) produces optimal demands
for HC1, PM1,M1, I1, Z1, and marginal utility of full income (λ) as a function
of all of the exogenous variables in the system. The general forms are:

HC1 = hc(E,X1,HK1,H1, p, w, y1), (3.32)

PM1 = pm(E,X1,HK1,H1, p, w, y1), (3.33)

M1 = m(E,X1,HK1,H1, p, w, y1), (3.34)

I1 = i(E,X1,HK1,H1, p, w, y1), (3.35)

Z1 = z(E,X1,HK1,H1, p, w, y1), (3.36)
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λ = λ(E,X1,HK1,H1, p, w, y1). (3.37)

Demand functions for health (H2) and health knowledge (HK2) are obtained
by substituting above demands (Equations (3.32)–(3.37)) into the production
identities (Equations (3.21) and (3.24)).

This two-period framework provides more scope for modelling the simultane-
ity of health and health knowledge production, and also allows incorporation
of the experiential element of health knowledge production into the analysis.
However, considering only one period of decisions necessarily ignores the effi-
ciency gains the investment in the health knowledge would yield in the choice
and use of inputs for future investments.

3.5 Discussion

The frameworks presented above are very general in comparison to formal the-
oretical models within household production framework. They are based on
a Grossman type of health capital approach with some notable distinctions.
First, in both models, an additional production function for health knowledge
is included in the system to account for an individual’s effort to search for
health relevant information. Accordingly, health knowledge is modelled as a
stock variable in the two-period model. In the static version, however, the
stock interpretation is not meaningful, and hence health knowledge is just an
endogenous input to health production. Although Van Doorslaer (1987) did
not explicitly outline a single theoretical framework, his empirical analysis ex-
hibits similarities to the framework presented here. It should be noted that
Van Doorslaer adopted Bayesian consumer behaviour model as a theoretical
framework for health knowledge.

Modelling health knowledge as endogenous and including it as an output
from investment activity in a similar way to the production of health in a two-
period framework represents an important improvement to the static system.
This allows the influence of health education policies on individuals’ future
health knowledge, while the long term health effects can be evaluated on the
basis of the impact current knowledge has on future health. It also considers
investments in health and health knowledge as activities competing for the same
limited resources, and hence implies that there may be a trade off between these
activities.

The services produced by the stock of health capital or the stock of knowl-
edge has not been specified. This has been done in order to avoid bias towards
concentrating on negative health only, which is inevitable with output measures
such as healthy time used by Grossman (1972b,a) or the likelihood of minor
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illness events used by Cropper (1977). With respect to the role of time as a dis-
tinct input in the production process the approach used by Muurinen (1982a)
is adopted, i.e. the time allocated to the use of a unit of each type of input is
fixed.

In the early models it was customary to interpret health investment in
terms of health service consumption either for curative (Grossman, 1972b) or
preventive (Cropper, 1977) purposes. From health promotion’s point of view
it is vital to include non-medical inputs as well. Potential joint production
aspects are assumed to be represented by the direct utility a consumer derives
from consuming these inputs (e.g. Forster, 2001).

It was also considered necessary to allow for differing interpretations for
curative medical care and preventive care in the static context, this separation
follows the idea of Cropper (1977). Also, my framework uses instantaneous
budget constraint which is in accordance with Cropper (1977), and hence does
not take into account the potentially influential role of initial assets (wealth
stock), and wealth accumulation in general (e.g. Grossman, 1972b; Muurinen,
1982a; Dardanoni and Wagstaff, 1987).

The conventional view that higher level of knowledge leads to better health
is maintained. This is expected to work indirectly through improved efficiency,
both allocative and productive, in the production of health. Education may
still have an effect on health by influencing the (self)selection of environmen-
tal circumstances such as working conditions and social reference group (peer
influence). The potential impact of health education depends on the relative
importance of other information seeking activities (I) in comparison to the
level of prior knowledge, and hence remains an empirical question. The effect
of health education on knowledge is, however, expected to be non-negative.
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Appendix B

Technical notes

B.1 Full income constraint for static model

The full income constraint reflects the idea that the availability of both the
financial resources and time limits consumer’s choices. First, the conventional
money budget constraint must be defined as:

pHCHC + pPMPM + pMM + pII + pZZ ≤ y = y0 + wL, (B.1)

where p′s are vectors of unit prices of goods or services in question, y0 is non-
labour income, w is wage rate and L is time allocated to paid labour activities.
In addition, the time budget constraint is:

tHCHC + tPMPM + tMM + tII + tzZ = T − L, (B.2)

where t′s are the time needed to consume one unit of relevant good or service,
T is the total time endowment for labour and consumption, and L denotes the
time allocated to income generation.

Combining (B.1) and (B.2) yield an expression of full income.

(pHC + wtHC)HC + (pPM + wtPM )PM + (pM + wtM )M +

(pI +wtI)I + (pZ + wtZ)Z ≤ y0 +wT, (B.3)

where the full price component (p + wt) shows how the cost of consumption
consists of the market price (p) and the time price (wt). The latter is a product
of time required to consume one unit and the wage rate.
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Chapter 4

Descriptive data analysis

4.1 Introduction

The purpose of this chapter is to describe data, explore its informational content
and assess its quality in order to select the set of variables and outline the
strategy for empirical analysis that would enable answering the study questions
set out on pages 47 to 48. The selection of modelling technique is limited by the
quality of the data, and hence, it is desirable to present a thorough introduction
to the data before proceeding to the econometric methods.

4.2 The sample

I will use data from a Finnish health examination survey with two data collec-
tion points, the first one in 1972 (wave 1) and the second in 1987 (wave 2). In
both years the same individuals have been asked a variety of questions concern-
ing their health status, health knowledge, health behaviour, health service use
and socio-economic status. During the visit to the study nurse physiological
measurements, such as weight, height, blood pressure, and serum cholesterol,
were taken. Moreover, in the 1987 survey, various questions were asked about
individuals’ participation in certain health education activities.

The population that appears in the two-wave set-up is a subset of the study
population of a larger cross-sectional health examination survey, undertaken in
conjunction with the North Karelia-project1 (KTL, 1981). The target popula-
tion of the North Karelia-project was 25–59 year-old men and women in two
Eastern provinces of Finland, namely Kuopio and North Karelia. It is worth
noting that the North Karelia-project was based on the area, which was known

1Later surveys of similar but independent sample has been repeated in every five years and
are better known as “Finrisk” health examination surveys.
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about highest cardiovascular mortality in Finland, and in the whole world. In-
dividuals belonging to the target population who were born on 18th and 28th

day of a month were selected into the study sample. This method produced
a purified2 sample of 11,839 individuals, of whom 10,940 (92.4%) participated
(KTL, 1981).

The sub-sample chosen for the longitudinal follow-up consisted of the 25–49
year-old respondents from the province of North Karelia only. By the time of the
second wave these people were aged 40-64 years, and hence, all still belonging
to what can be considered as the working age population. The sub-sample
consisted of 3,328 respondents in wave 1 of whom 2,386 (71.7%) responded
to the second wave of the survey 15 years later. Figure 4.1 illustrates the
composition of the study sample.

The sample is not nationally representative and is also relatively old, but
studying the population with particularly unfavourable health habits and dis-
ease situation has its advantages too. A clear change in health habits, knowl-
edge and health may be expected over time as a result of health information
campaigns launched thereafter. This should secure adequate variation between
the waves and hence give more statistical power to confirm or reject expected
relationships. The data is also unique in that it contains a rich set of variables
for both health specific knowledge and health status measured at two points
in time. Hence it is ideal for designing an empirical model that corresponds
to the theoretical framework outlined in Chapter 3. The possibility to utilise
follow-up information from the same individuals is a significant advantage in
the statistical analysis. Although the Finrisk-surveys have been utilised for
epidemiological analysis and have generated a large number of publications in
international journals (e.g. Vartiainen et al., 2000; Jousilahti et al., 1996; Var-
tiainen et al., 1994)3, this particular follow-up data has never been thoroughly
analysed before and hence it can offer new information at a very low additional
cost.

4.3 Exploratory data analysis

Before going any further a thorough analysis of the variables available to repre-
sent two key concepts, health and health knowledge, is needed for two reasons.
First, the number of indicators available in the data for both health and health
knowledge is large and many of them are expected to be highly correlated with
each other. It is necessary to have a proper description of what aspects of

2Purified sample excluded those who had died after sampling or migrated from the study
area.

3A more complete list of recent publications based on Finrisk surveys is available on internet
in “http://www.ktl.fi/eteo/finriski02/indexfi.htm”.
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Figure 4.1: Sample description. The wave 1 follow-up sample consists of the
residents of North Karelia aged 25–49 years only. 72% responded to follow-up
survey (wave 2).
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the underlying concepts are represented by the set of variables, and whether
the representation is adequate for the purpose of this study. Second, the pos-
sibilities to reduce computational burden and interpretational complexity of
empirical models by summarising or dropping variables should be explored.

For this purpose multivariate analysis methods will be reviewed and applied
to our data in the two following subsections.

4.3.1 Principal component analysis and factor analysis

A better understanding of the concepts underlying the set of indicators available
from the data can be obtained by using principal component analysis (PCA).
The basic idea is that the set of original variables is transformed into a new set
of uncorrelated variables (e.g. Afifi and Clark, 1996). The aim is to form such
linear combinations (principal components) that offer the best representation
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of the information (variance) contained by the original variables and which are
uncorrelated with each other. Ideally most of the variance would be explained
by only a few principal components.

The variances of principal components add up to the total variance of the
original variables. The problem for using them as summary indices is to choose
the number of principal components to be retained in the analysis. The basic
dilemma is that they should represent an adequate proportion of the total varia-
tion, and simultaneously keep the number of new variables reasonable. Various
rules have been proposed (Afifi and Clark, 1996), but there is no objective basis
for selection since in most cases distributional assumptions for statistical testing
are not satisfied.

The results of PCA based on the covariance matrix are not independent
of the scale of the original variables. Hence if variables are of mixed scale
types the use of standardised (divided by sample standard deviation) variables
is recommended, which is equivalent to basing PCA on the correlation matrix
instead of the covariance matrix (Afifi and Clark, 1996).

Factor analysis (FA) can be seen as an extension to PCA, and one of the
most commonly used initial factor extraction methods among social scientists
is based on principal components. In the factor model, factors are determined
on the basis the common variation among the original variables. The main
distinction between the principal component and factor models is that, whereas
the former aims at presenting principal components as a linear combination of
original variables, the latter aims at representing each original variable as a
linear combination of a smaller set of common factors and a factor unique to
each of them. Also, PCA produces the relationship between the original variable
and each principal component that does not change with respect to the number
of components chosen for the analysis. On the other hand the numerical results
of FA are dependent on the initial number of factors chosen. Therefore, the
number of factors is ideally determined in advance from the theoretical point
of view.

In FA the proportion of variance of each variable explained by common fac-
tors is desired to be as great as possible, but finding a meaningful interpretation
of the factors is also important. Due to the indeterminacy of the estimation
there is an infinite number of possible solutions in FA. After the initial ex-
traction, factors can be rotated using various rules in order to find alternative,
hopefully improved, interpretations of factors. For instance, Varimax rotation
seeks a solution where each factor represents a high proportion of the varia-
tion in a small number of observed variables and nearly none of the variation
of the others. As Varimax retains the independence of factors (orthogonal-
ity), the proportions of each variables’ variation explained by common factors
(communalities) are unchanged. It is appropriate to try an oblique rotation
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technique if the latent concepts represented by the factors are not expected to
be independent of each other from a theoretical point of view. This may well
be the case with health indicators since different aspects of health are likely to
be interrelated.

4.3.2 Health

Health status measurements

The available measures to be used as dependent variables in the health pro-
duction function cover most commonly used health status indicators. These
include both self-reported health problems and activity limitation and some
physiological measurements taken by the specially trained study nurses. Sum-
mary statistics of health indicator variables are presented in Table 4.1.

Table 4.1: Summary statistics of the main health indicator variables.

Wave 1 Wave 2

Variable Description Obs Mean Sd Obs Mean Sd.

SYS1 Systolic blood pressure 1st
measurement, mmHg

3137 143.48 20.11 2324 146.64 21.07

DIAS1 Diastolic blood pressure 1st
measurement, mmHg

3135 88.70 12.71 2324 87.81 11.27

KOL Serum cholesterol, mmol/l 3123 6.70 1.34 2319 6.37 1.24

BMI Body mass index, kg/m2 3139 25.39 3.76 2322 27.61 4.40

UNDEWEI Body mass index, less than 20.0 3139 0.04 0.19 2322 0.01 0.12

OVERWEI Body mass index, more that 30.0 3139 0.10 0.30 2322 0.24 0.43

SAHLTH Self assessed health: 1=very good,
2=reasonably good, 3=average,
4=not very good, 5=very bad

3318 2.61 0.86 2347 2.73 0.83

SAPHYS Self assessed physical fitness:
gategories as in SAHLTH

3319 2.77 0.77 2328 2.89 0.77

SARISK Self perceived risk of heart disease
compared to the others of same
age: 1=much greater, 2=a little
greater, 3=the same, 4=a little
lower, 5=much lower

3227 2.90 0.81 2148 3.03 0.87

SOMATIC Number of somatic complaints:
index from 0(min) to 7(max)

3328 1.51 1.45 2254 1.69 1.43

PSYSOM Index of psychosomatic symptoms:
from 0(min) to 26(max)

3146 7.04 4.57 1690 6.80 4.49

CHRONIC Number of chronic conditions,
index from 0(min) to 14(max)

3328 0.54 0.93 2144 1.08 1.23

DAYSOFF Days off work or normal duties
during past 12 months

3275 17.89 56.68 2194 20.13 60.78

DISANY Binary indicator of disability
pension

3313 0.07 0.25 2318 0.20 0.40

DRESS Any problems in getting dressed 3328 0.04 0.21 2256 0.01 0.08

WASH Any problems in washing 3328 0.03 0.16 2274 0.00 0.06

CLIMB Any problems in climbing stairs 3328 0.09 0.29 2237 0.02 0.14

According to the systematic review of econometric health production stud-
ies presented in Chapter 2, self-rated health status seems to be the most com-
monly used subjective health measure. It is typically based on a categorical
question, and according to the review the number of categories varied from 3
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(Gerdtham and Johannesson, 1997) to 11 (Erbsland et al., 1995). Typically a 4
or 5 -category measure was used. In the current study, a 5-categorical question
was used for both self-assessed health (SAHLTH) and self assessed physical fit-
ness (SAPHYS). In wave 1, 1,509 (45.5%) of respondents indicated that they
were currently in a good or very good state of health, while only 450 (13.6%)
thought their health was either not very good or very bad. In wave 2 reasonably
good/very good health was indicated by 884 (37.7%) and bad/very bad by 358
(15.3%) of 2,347 respondents who answered this question.

In general, respondents rated their current physical fitness somewhat lower
than their health status. In the first wave 1,143 (34.4%) indicated they were
in very good or reasonably good physical fitness, while 483 (14.6%) answered
it was bad or very bad. After 15 years respondents’ fitness had deteriorated
so that 641 (27.5%) thought they were in good or very good shape and 441
(19.0%) rated their physical fitness as bad or very bad.

These two, highly interrelated, measures are considered as the main subjec-
tive health outcome measures in this study. In addition, a 5-categorical measure
of self assessed risk of heart disease relative to others of same age (SARISK)
was included to account for the individuals’ expectations of their future health.
In the first wave 761 (23.6%) individuals indicated that their risk was a little
higher or much higher and 485 (15.0%) said they were at a little lower or much
lower risk than those of a similar age. The number of respondents with high and
low risk perceptions in wave 2 were 447 (20.8%) and 494 (23.0%), respectively.

The other commonly used self reported measure is restricted activity days,
which was asked as 12-month recall of days off work or taking care of normal du-
ties at home due to illness (DAYSOFF). More permanent aspects of the reduced
ability to participate in the labour market can be described by the variable in-
dicating whether the respondent received a disability pension (DISANY). Also,
the reduced mobility and autonomy of an individual is described by three vari-
ables indicating whether he had problems getting dressed (DRESS), washing
himself (WASH) or climbing stairs (CLIMB) without assistance.

Respondents were also asked to indicate which symptoms they had experi-
enced during the last 30 days. These were divided into two broader categories
for somatic (SOMATIC) and psychosomatic (PSYSOM) complaints. The re-
spondents indicated somatic complaints, or symptoms, simply choosing from
the list of 7 (variables SOMA1–SOMA7 in Table 4.2 p.84). In the case of
psychosomatic problems they were also asked to indicate whether the possible
13 symptoms (variables PSYSO1–PSYSO13 in Table 4.2 p.84) occurred “oc-
casionally” or “frequently” or “never”. The review in Chapter 2 showed that
the variables based on symptoms have seldom been used as a single dependent
variable in health production studies, but they quite often appear among the
health indicators if a latent variable approach is used.
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Long standing diseases diagnosed or treated by a doctor during the past 12
months (CHRONIC) consisted of 15 different conditions (variables CHRO11–
CHRO13 in Table 4.2 p.84). The fact that only conditions diagnosed by
physician are included makes CHRONIC less subjective than SOMATIC or
PSYSOM. Like symptom indices, this measure often appears in the measure-
ment models for latent health, but not usually as a dependent variable alone.
It should also be noted that the chronic conditions are often used as a proxy for
initial health in analyses based on a single cross-section of data (e.g. Kenkel,
1995).

The more objective measures of health include systolic (SYS1) and diastolic
(DIAS1) blood pressure, serum cholesterol (KOL), and body mass index (BMI)
calculated as a ratio of weight (in kilograms) to height squared (in meters),
i.e. kg/m2. Although these measures are undeniably more objective than those
described above they are also more narrow in scope (Kenkel, 1995, pg. 22).
Especially, SYS1, DIAS1 and KOL are essentially risk factors for coronary
heart disease (CHD) and may not be strongly associated with an individual’s
overall health status at the present moment. Moreover, since the increased
(risky) values of these measures typically exhibit no clear symptoms they are
not likely to affect individuals’ perception of their own health. Hence, these
may not be an appropriate measure for health status alone, but as indicators
they certainly represent a meaningful aspect of the general concept of health.

It is well known that the relationship to between BMI and health is not linear
but rather U- or J-shape. Moreover, severe underweight and overweight are
likely to be associated with problems in different dimensions of health. In order
to prevent the problems arising from this non-linearity, a dichotomous variable
was created to indicate underweight (UNDEWEI) and overweight (OVERWEI)
individuals using BMI cut-off values of 20.0 and 30.0, respectively.

Dimensions of health

Selecting some of these indicators to represent the health of the respondent us-
ing any arbitrary selection process is difficult to justify. Moreover, constructing
indexes such as SOMATIC, PSYSOM, CHRONIC, by simply adding up dif-
ferent symptoms or conditions respondents have indicated in the questionnaire
may not be appropriate. Many symptoms are related to the same underlying
health problem, and hence the resulting index is sensitive to the number of
symptoms asked in the questionnaire to detect the same health problem. This
is an issue of survey design and may not directly reflect the impact of the un-
derlying concept to the overall health of respondent. Factor analysis is used to
uncover the dimensions of health best represented by the data.
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Table 4.2 shows the results of the factor analysis of health indicators4 for
wave 1. The initial factor extraction method used was principal components and
the factors were rotated using the Varimax (orthogonal) method. An oblique
(Promax) rotation was tried but since there was no clear difference in the in-
terpretation the orthogonal method was chosen to summarise basic results. Six
factors were included on the grounds that they represent important aspects of
health and could conveniently be interpreted. These six factors conveyed 32.4%
of the total variation of the set of 50 original variables.

In Table 4.2, the 3–5 highest loadings on each factor are highlighted and
the interpretation of factors is based on them. The first factor (F1) represents
mental health problems since it is strongly associated with the set of psycho-
somatic complaints. The second factor (F2) represents individuals’ underlying
risk of heart disease due to high loadings from measurements of blood pres-
sure, cholesterol and severe overweight. It should be noted that F2 by and
large represents future health hazards, which is reflected by very low loadings
of all self assessed current health indicators. The third factor (F3) is clearly
associated with the conditions and symptoms of pain, mainly back and joint
ache. The fourth factor (F4) may be labelled as a disability factor since all
temporary and more permanent activity limitation indicators have the highest
loadings on it. The fifth factor (F5) is defined on the basis of two indicators of
somatic symptoms, namely “varicose veins” and “swelling in legs”, and hence
is interpreted to represents some kind of peripheral cardiovascular problems.
Finally the sixth factor (F6) explains best the heart problems that individ-
uals are aware of and worried about. F6 also seems to contain most of the
variation of the self assessed health indicators and, most notably, is the only
factor where the self assessed risk of heart disease had any remarkable loading.
The last column of Table 4.2 is the so called “unique factor” (UF) or “unique-
ness”. Its represents the proportion of variances of each observed variable that
is not accounted for by the common factors (F1–F6), i.e. variance “unique” to
each variable. Hence, the proportion of the variance explained by the common
factors, called the “communality”, is 1–UF.

Factor analysis results (interpretation) for wave 2 (Table 4.3) are similar to
those of wave 1. An interesting finding is that the preliminary indications for
“heart problems” represented by F6 in Table 4.2 seem to have transformed into
more severe CHD represented by F4 in Table 4.3. Also, back and rheumatic
problems have become more prominent as the sample population has got older,
and are represented now by two separate factors F2 and F6 (Table 4.3). These
changes can be seen as a natural age related progress of diseases that are rela-

4Although not included in the original set of somatic conditions SOMA8 and SOMA11
were added to the analysis on the grounds that they represent potentially important aspects
of underlying health.
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Table 4.2: Factor analysis of health indicators. Wave 1, N=2,852, varimax
rotation.

Variable Description F1 F2 F3 F4 F5 F6 UF

CHRO1 Elevated blood pressure,
hypertension

0,07 0,52 -0,13 0,11 0,23 0,25 0,58

CHRO2 Diabetes 0,08 0,08 -0,13 0,09 0,12 -0,01 0,95

CHRO3 Heart failure -0,07 0,01 -0,09 0,24 0,12 0,42 0,74

CHRO4 Myocardial infarction -0,01 0,08 -0,24 0,34 -0,08 0,26 0,75

CHRO5 Angina pectoris -0,01 0,02 -0,05 0,18 -0,08 0,27 0,89

CHRO6 Bronchial asthma -0,02 -0,08 0,09 0,20 0,00 0,13 0,93

CHRO7 Emphysema, chronic
bronchitis

-0,01 -0,07 0,10 0,08 -0,13 0,26 0,90

CHRO8 Gallstones, biliary disease 0,02 -0,03 0,01 -0,04 0,29 0,11 0,90

CHRO9 Rheumatoid arthritis 0,02 -0,02 0,42 0,18 -0,01 0,06 0,79

CHRO10 Other chronic joint problems -0,02 -0,01 0,40 0,22 0,09 0,03 0,79

CHRO11 Back problems 0,00 0,02 0,43 0,15 -0,02 0,26 0,73

CHRO12 Stroke, other cerebrovascular
event

0,14 0,10 0,01 0,12 0,02 -0,11 0,94

CHRO13 Cancer 0,01 -0,07 -0,06 0,05 0,16 0,04 0,96

CHRO14 Longstanding rash 0,05 0,00 -0,02 0,00 0,13 0,02 0,98

CHRO15 Urinary tract infection 0,08 0,02 -0,01 0,08 0,22 0,18 0,90

SOMA1 Rheumatic trouble (30 days) 0,08 0,11 0,61 0,02 0,01 0,07 0,60

SOMA2 Joint ache (30 days) 0,13 0,08 0,63 0,05 0,08 0,13 0,55

SOMA3 Back ache (30 days) 0,12 -0,01 0,48 -0,04 0,04 0,34 0,64

SOMA4 Swelling in legs (30 days) 0,15 0,03 0,14 0,14 0,55 0,13 0,62

SOMA5 Varicose veins (30 days) 0,09 -0,01 0,09 -0,02 0,61 0,04 0,61

SOMA6 Constipation (30 days) 0,14 -0,09 0,21 0,06 0,22 0,04 0,88

SOMA7 Repeated digestive symptoms
(30 days)

0,23 -0,08 0,31 0,00 0,14 0,16 0,80

SOMA8 Coughs in winter mornings 0,13 -0,05 0,20 0,09 -0,30 0,21 0,80

SOMA11 Chest pain (12 months) 0,30 0,05 0,21 0,00 0,09 0,54 0,57

PSYSO1 Increased heart rate 0,41 0,12 0,07 0,00 -0,01 0,50 0,56

PSYSO2 Confused when have to work
fast

0,57 -0,01 0,05 0,14 0,07 0,12 0,64

PSYSO3 Trembling hands 0,43 0,00 0,12 0,10 -0,26 0,31 0,63

PSYSO4 Feel angry and nervous 0,73 0,02 0,03 0,00 0,00 0,15 0,44

PSYSO5 Have scary thoughts 0,72 -0,01 -0,03 0,06 0,01 -0,02 0,48

PSYSO6 Feel very tired and burned out 0,51 0,02 0,17 0,08 0,08 0,35 0,58

PSYSO7 Trouble with irregular
heart-beats

0,37 0,10 0,04 0,06 0,02 0,57 0,52

PSYSO8 Dizziness 0,45 0,06 0,20 0,10 0,19 0,31 0,61

PSYSO9 Nightmares 0,61 0,01 0,05 0,05 0,06 0,01 0,62

PSYSO10 Feel depressed 0,72 -0,05 0,03 0,07 0,09 0,10 0,45

PSYSO11 Unable to sleep 0,53 0,04 0,13 0,15 -0,09 0,14 0,65

PSYSO12 Headaches 0,39 0,03 0,25 0,00 0,19 0,20 0,71

PSYSO13 Wet palms 0,39 0,01 0,08 0,06 -0,22 0,10 0,78

SYS1 Systolic blood pressure
(mmHg)

0,01 0,82 0,02 0,01 -0,04 0,03 0,32

DIAS1 Diastolic blood pressure
(mmHg)

0,00 0,83 0,07 0,05 -0,02 0,04 0,31

KOL Serum cholesterol (mmol/l) -0,04 0,37 0,09 0,11 -0,26 0,08 0,76

UNDEWEI Underweight (BMI<20) 0,04 -0,30 -0,13 0,03 0,05 0,14 0,87

OVERWEI Overweight (BMI>30) -0,05 0,48 0,00 0,11 0,26 0,12 0,68

SAHLTH Self assessed health 0,27 0,13 0,31 0,31 0,06 0,54 0,41

SAPHYS Current physical fitness 0,26 0,12 0,25 0,24 0,06 0,48 0,57

SARISK Self assessed heart disease risk -0,11 -0,16 -0,01 -0,02 0,02 -0,41 0,79

DAYSOFF Days off work (12 months) 0,06 0,06 -0,12 0,66 -0,04 0,28 0,46

DISANY Indicator of disability pension 0,03 0,02 -0,11 0,66 -0,06 0,21 0,50

DRESS Problems in getting dressed 0,14 0,08 0,30 0,62 0,05 -0,15 0,47

WASH Problems in washing 0,11 0,02 0,22 0,61 0,09 -0,15 0,53

CLIMB Problems in climbing stairs 0,17 0,10 0,18 0,50 0,11 0,18 0,64

Variance (total communality
16,22)

4,32 2,28 2,47 2,59 1,53 3,03 33,78

% of total variance explained
ALL 6 factors = 32,4%

8,6% 4,6% 4,9% 5,2% 3,1% 6,1% 67,6%
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Table 4.3: Factor analysis of health indicators. Wave 2, N=1,255, varimax
rotation.

Variable Description F1 F2 F3 F4 F5 F6 UF

CHRO1 Elevated blood pressure,
hypertension

0,12 0,06 -0,56 0,23 -0,01 -0,08 0,61

CHRO2 Diabetes 0,07 0,10 -0,20 0,21 -0,07 0,01 0,90

CHRO3 Heart failure 0,08 0,10 -0,10 0,40 -0,20 0,08 0,77

CHRO4 Myocardial infarction 0,01 0,06 -0,03 0,64 0,24 0,01 0,53

CHRO5 Angina pectoris 0,00 0,06 0,04 0,60 0,22 -0,04 0,58

CHRO6 Bronchial asthma 0,01 0,28 -0,07 0,04 -0,10 0,11 0,89

CHRO7 Emphysema, chronic
bronchitis

0,06 0,39 0,03 -0,03 -0,06 0,09 0,83

CHRO8 Gallstones, biliary disease 0,12 0,19 -0,07 -0,18 0,11 0,01 0,90

CHRO9 Rheumatoid arthritis -0,03 0,00 0,08 0,17 -0,11 -0,58 0,62

CHRO10 Other chronic joint problems -0,02 0,41 -0,02 -0,15 0,12 -0,34 0,68

CHRO11 Back problems -0,01 0,63 0,06 0,04 -0,05 -0,06 0,59

CHRO12 Stroke, other cerebrovascular
event

0,03 -0,08 -0,18 0,22 0,13 -0,05 0,89

CHRO13 Cancer 0,03 0,16 0,11 -0,08 0,16 0,13 0,91

CHRO14 Longstanding rash 0,11 0,19 -0,06 0,04 -0,13 0,07 0,92

CHRO15 Urinary tract infection 0,00 0,05 0,01 0,14 0,00 -0,15 0,96

SOMA1 Rheumatic trouble (30 days) 0,09 0,08 -0,01 0,13 -0,09 -0,64 0,55

SOMA2 Joint ache (30 days) 0,13 0,40 -0,06 -0,06 0,00 -0,50 0,56

SOMA3 Back ache (30 days) 0,13 0,55 0,07 0,00 -0,08 -0,06 0,67

SOMA4 Swelling in legs (30 days) 0,17 0,11 -0,08 -0,10 0,09 -0,54 0,65

SOMA5 Varicose veins (30 days) 0,15 0,06 -0,01 -0,20 0,06 -0,44 0,73

SOMA6 Constipation (30 days) 0,24 0,16 0,09 -0,06 0,04 0,02 0,91

SOMA7 Repeated digestive symptoms
(30 days)

0,20 0,26 0,01 -0,01 -0,05 0,00 0,89

SOMA8 Coughs in winter mornings 0,10 0,29 -0,05 0,11 -0,24 0,07 0,82

SOMA11 Chest pain (12 months) 0,44 0,20 -0,02 0,34 -0,18 -0,12 0,60

PSYSO1 Increased heart rate 0,49 0,07 -0,14 0,29 -0,29 -0,11 0,55

PSYSO2 Confused when have to work
fast

0,58 0,07 -0,03 0,06 0,09 -0,06 0,65

PSYSO3 Trembling hands 0,42 0,07 -0,01 0,18 -0,15 0,02 0,76

PSYSO4 Feel angry and nervous 0,73 -0,02 0,00 -0,04 -0,03 -0,04 0,47

PSYSO5 Have scary thoughts 0,71 -0,03 0,04 -0,07 0,08 0,04 0,48

PSYSO6 Feel very tired and burned out 0,63 0,17 0,04 0,04 -0,07 -0,07 0,56

PSYSO7 Trouble with irregular
heart-beats

0,47 0,11 -0,07 0,34 -0,28 -0,16 0,54

PSYSO8 Dizziness 0,48 0,23 -0,04 0,18 -0,11 -0,13 0,66

PSYSO9 Nightmares 0,54 0,09 -0,12 -0,13 0,07 0,03 0,66

PSYSO10 Feel depressed 0,73 0,02 0,09 -0,01 0,10 -0,07 0,44

PSYSO11 Unable to sleep 0,56 0,13 -0,03 0,08 0,04 0,00 0,66

PSYSO12 Headaches 0,45 0,21 -0,03 -0,09 -0,02 -0,11 0,73

PSYSO13 Wet palms 0,36 0,18 -0,07 0,09 -0,13 0,10 0,80

SYS1 Systolic blood pressure
(mmHg)

-0,05 -0,03 -0,77 0,03 -0,05 -0,01 0,39

DIAS1 Diastolic blood pressure
(mmHg)

-0,02 -0,01 -0,80 -0,04 0,00 0,04 0,36

KOL Serum cholesterol (mmol/l) -0,07 0,17 -0,29 -0,02 0,13 -0,03 0,86

UNDEWEI Underweight (BMI<20) 0,03 -0,13 0,20 0,07 -0,01 -0,09 0,93

OVERWEI Overweight (BMI>30) 0,02 0,12 -0,51 -0,08 0,14 -0,15 0,68

SAHLTH Self assessed health 0,31 0,58 -0,12 0,26 0,02 -0,21 0,44

SAPHYS Current physical fitness 0,28 0,49 -0,15 0,20 0,02 -0,25 0,56

SARISK Self assessed heart disease risk -0,28 -0,09 0,29 -0,24 0,03 0,01 0,77

DAYSOFF Days off work (12 months) 0,05 0,46 0,04 0,16 0,28 0,15 0,66

DISANY Indicator of disability pension 0,02 0,31 -0,04 0,45 0,20 -0,14 0,63

DRESS Problems in getting dressed 0,03 0,01 -0,07 0,11 0,67 0,00 0,54

WASH Problems in washing 0,01 0,00 0,05 0,20 0,69 0,05 0,48

CLIMB Problems in climbing stairs -0,02 0,09 -0,02 0,22 -0,06 0,09 0,93

Variance (total communality
15,86)

4,84 2,81 2,28 2,22 1,72 1,99 34,14

% of total variance explained
ALL 6 factors = 31,7%

9,7% 5,6% 4,6% 4,4% 3,4% 4,0% 68,3%
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tively common in the target population.

The factor analysis of health indicator variables shows that the indices SO-
MATIC, PSYSOM, and CHRONIC adequately represent the dimension of so-
matic and psychosomatic health. The set of physiological measurement, on the
other hand do not appear to offer any useful additional information related to
individuals’ perception of their own health. The functional limitations could
be taken into account by including a smaller set of disability indicators. These
selection are further discussed in Section 4.4 where the description of the final
set of variables is given.

4.3.3 Health knowledge

Measurement

The various ways of measuring health knowledge in the economic literature were
reviewed in Section 2.4. It was concluded that, for the purposes of the current
study, the measurement of knowledge would account for four types of knowl-
edge: disease knowledge, medical knowledge, risk knowledge, and prevention
knowledge (cf. Section 2.4.3).

In the initial survey design the health knowledge questions have been organ-
ised in four separate indices (Table 4.4) concerning knowledge about heart dis-
eases (HKDISC), diet (HKDIEC), smoking (HKSMOC), and exercise
(HKEXEC). Total knowledge (HKTOTAL) is simply the number of correct
answers to 21 questions described in Appendix C. These categories, however,
may not offer an ideal representation of the knowledge relevant to individu-
als’ health related decisions. Later in this section a factor analysis is done to
see if other interpretations of health knowledge emerge from the data, possibly
relating more closely to what was considered relevant for the purpose of this
study.

Perception

Another aspect of health knowledge is considered to be an individual’s ability
to make a correct judgement about the riskiness of his current behavioural
choices. A dummy variable for a correct perception of own risk of cardiovascular
disease (PERSOK) was constructed based on self-assessed risk and a risk index
(Table 4.5). The self assessed risk question (SARISK) asked the respondent to
indicate their own risk of heart disease compared to the others of same age in 5
categories from 1 (much lower) to 5 (much greater). For the objective risk index
the values of each classical risk factor for CHD (blood pressure, cholesterol, and
number of cigarettes per day), were divided into five categories, each of which
were assigned a value from 0 to 4 increasing with risk. Two measures of blood
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Table 4.4: Summary statistics of the health knowledge variables.

Wave 1 Wave 2

Variable Description Obs Mean Sd Obs Mean Sd.

HKDISC Health knowledge - heart diseases,
index 0(poor) to 4(good)

3124 1.66 0.99 2325 1.98 1.16

HKDIEC Health knowledge - diet, index
0(poor) to 5(good)

3124 3.57 1.24 2325 4.05 1.32

HKSMOC Health knowledge - smoking, index
0(poor) to 6(good)

3124 3.29 1.42 2325 3.67 1.49

HKEXEC Heatlh knowledge - exercise, index
0(poor) to 6(good)

3124 3.05 1.47 2325 3.43 1.63

HKTOTAL Health knowledge - total, index
0(poor) to 21(good)

3124 11.58 3.85 2325 13.13 4.58

PERSOK Correct perception i.e. self
assessed predicted CVD risk

3030 0.46 0.50 2084 0.45 0.50

PEROVER Self assessed risk higher that
predicted risk

3073 0.30 0.46 2099 0.26 0.44

PERUNDE Self assessed risk lower than
predicted risk

3075 0.23 0.42 2106 0.28 0.45

pressure, systolic and diastolic, were included and therefore the index points
associated with each measure were only half of the index points contributed by
cholesterol and smoking in corresponding four ordered risk categories.

Table 4.5: Composition of the risk index for CHD.

Systolic blood pressure Diastolic blood pressure

mmHg Index points mmhg Index points

<125 0 <80 0

125–139 0.5 80–89 0.5

140–159 1 90–94 1

160–174 1.5 95–104 1.5

175– 2 105– 2

Serum cholesterol Cigarette smoking

mmol/l Index points # of cig./day Index points

<5.00 0 0 0

5.00–5.74 1 1–9 1

5.75–6.49 2 10–15 2

6.50–7.99 3 16–20 3

8.00– 4 21– 4

If the value of the risk index was above the 75th percentile in the study
sample an individual was considered to be at increased risk, and similarly if
less than 25th percentile at reduced risk. The agreement between this rough
measure of predicted risk was compared with the individual’s own, subjective,
assessment. If an individual assessed his risk approximately equal to others of
their age and the risk score fell between the 75th and 25th percentile his percep-
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tion was judged as correct. Similarly, if the self rated risk was “little higher” or
“much higher” and the objective score above 75th percentile, or self rated risk
“little lower” or “much lower” and risk score below 25th percentile his percep-
tion was classified as correct (PERSOK=1). In every other case the perception
was incorrect. As a result 46% of respondents in wave 1 and 45% in wave 2 were
roughly aware of their own risk relative to their peers. Using the same infor-
mation, dummies for under-estimating (PERUNDER=1) and over-estimating
(PEROVER=1) were constructed depending whether the respondent’s own as-
sessment compared to risk score was lower or higher, respectively. The mean
values of these constructs describing the accuracy of perception are shown in
Table 4.4.

Dimensions of knowledge

Table 4.6 shows the results of the factor analysis of 21 questions used to compose
the initial indexes for health knowledge. Each item has score 1 if the respondent
knew the correct answers in a multiple choice question, and zero otherwise. In
addition to test scores the variable indicating whether individual had the correct
perception (PERSOK) was also considered as a knowledge item. The analysis
used the same techniques as explained in the case of health indicators above
but only included 4 factors.

Finding any meaningful alternative interpretation to the factors was more
difficult than with the health indicator variables. Knowledge related to heart
disease and diet tend to load on the first factor, whereas smoking and some as-
pects of exercise knowledge are loading on factor 3. After a closer look at what
might be common with the type of questions asked about diet and cardiovascu-
lar health in general, it was found that either set of questions does not clearly
link behaviour to any particular disease. Hence, F1 could be interpreted as
representing mainly knowledge about “health and diseases”. In contrast, many
questions about smoking and physical exercise made a connection between be-
haviour and heart health, and hence F3 could be interpreted as representing
“risk knowledge”(c.f. section 2.4.3 on page 46).

Factors F2 and F4 do not seem to have any clear interpretation. These two
factors, however, appear to satisfy the rule of thumb that the principal com-
ponent explaining more than 5 percent of total variation should be retained
(Afifi and Clark, 1996). However, in the analysis with wave 2 data (Table 4.7),
the “disease” questions appeared to get a factor of their own (F2), providing
more support to the original design of knowledge areas. Diet questions ap-
peared to share some variation with a couple of questions measuring knowledge
about the link between smoking and diseases. However, the interpretation of
F3 remained the same as with the wave 1 data. F4 seemed to represent some
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Table 4.6: Factor analysis of health knowledge indicators. Wave 1, N=2,690,
varimax rotation.

Variable Description (details in Appendix C) F1 F2 F3 F4 Uniq.

HKDISa What is myocardial infarction 0,35 0,25 0,14 0,14 0,78

HKDISb Increased blood pressure causes 0,01 0,26 -0,04 0,02 0,93

HKDISc If a middle aged man feels chest pain for more
1/2 hour

0,41 0,21 0,01 0,06 0,78

HKDISd Coronary arteries are 0,42 0,17 0,29 0,09 0,70

HKDIEa Cholesterol is 0,63 0,11 0,16 0,16 0,54

HKDIEb The most common cause of obesity is 0,53 0,01 0,06 -0,18 0,68

HKDIEc A typical Finnish diet contains too much 0,50 -0,22 0,04 0,20 0,66

HKDIEd Does sugar contain vitamins? 0,49 0,08 0,04 -0,10 0,74

HKDIEe Compared to whole milk, milk with lower fat
content is

0,49 -0,28 0,03 -0,21 0,63

HKSMOa Nicotine and carbon monoxide 0,39 0,02 0,34 0,22 0,69

HKSMOb How does smoking affect heart rate 0,03 -0,07 0,68 -0,02 0,53

HKSMOc Inhaling pipe smoke compared to cigarettes is -0,04 -0,63 -0,01 0,00 0,60

HKSMOd For most people the most important air
pollutant is

0,38 0,09 0,21 0,08 0,80

HKSMOe Compared to nonsmokers, smokers have minor
respiratory infections

0,30 -0,26 0,45 0,13 0,63

HKSMOf Compared to nonsmokers, smokers survive first
heart attack

0,24 -0,15 0,49 -0,17 0,65

HKEXEa In order to maintain good physical condition 0,03 0,12 0,24 0,25 0,86

HKEXEb The heart of a person in good physical
conditions has

0,08 0,23 0,62 0,11 0,54

HKEXEc In order to obtain good physical condition 0,04 -0,03 -0,02 0,79 0,37

HKEXEd The pain in the chest 0,11 -0,01 0,53 -0,15 0,68

HKEXEe Person in good physical condition survive first
heart attack

0,49 -0,05 0,35 -0,07 0,63

HKEXEf The most important health effects of exercise
are those related to

0,27 0,05 0,23 -0,26 0,80

PERSOK Correct perception i.e. match between self
assessed and predicted CVD risk

-0,01 0,47 -0,06 -0,19 0,74

Variance (total communality 7,03) 2,65 1,14 2,12 1,12 14,97

% of total variance explained
ALL 4 factors = 31,9%

12,1% 5,2% 9,6% 5,1% 68,1%

knowledge about the amount of exercise needed both to get fit and to keep fit
(“prevention knowledge”).

Table 4.6 shows that correct risk perception was loading on F2 in wave 1, but
did not appear to have common variation with any other type of knowledge.
In wave 2 it did not clearly load on any of the factors that emerged in the
analysis (Table 4.7). This outcome indicates that perception is likely to be a
somewhat distinct concept from the other type of knowledge and should not be
included in the general measure of health relevant knowledge. However, as the
review of the theoretical modelling approaches showed (Section 2.2), modelling
knowledge as perception is more appropriate in a Bayesian learning framework
which is not the scope of this thesis.

It is somewhat disappointing that the factor analysis for health knowl-
edge did not appear to support any straightforward alternative classification
of knowledge test results, such as those outlined in Section 2.4.3. It showed,
however, that at least two of the highly relevant categories were somehow rep-

89



Table 4.7: Factor analysis of health knowledge indicators. Wave 2, N=1,819,
varimax rotation.

Variable Description (details in Appendix C) F1 F2 F3 F4 Uniq.

HKDISa What is myocardial infarction 0,07 0,56 0,11 0,09 0,67

HKDISb Increased blood pressure causes -0,05 0,55 -0,02 0,17 0,66

HKDISc If a middle aged man feels chest pain for more
1/2 hour

0,11 0,45 0,10 0,07 0,77

HKDISd Coronary arteries are 0,24 0,39 0,34 -0,16 0,65

HKDIEa Cholesterol is 0,55 0,15 0,12 0,21 0,61

HKDIEb The most common cause of obesity is 0,50 0,22 0,04 0,12 0,68

HKDIEc A typical Finnish diet contains too much 0,53 -0,07 -0,01 0,20 0,68

HKDIEd Does sugar contain vitamins? 0,22 0,51 0,12 -0,07 0,67

HKDIEe Compared to whole milk, milk with lower fat
content is

0,54 0,16 -0,08 -0,13 0,66

HKSMOa Nicotine and carbon monoxide 0,40 0,17 0,34 0,21 0,65

HKSMOb How does smoking affect heart rate 0,13 -0,03 0,67 0,08 0,53

HKSMOc Inhaling pipe smoke compared to cigarettes is 0,06 -0,28 0,14 -0,19 0,86

HKSMOd For most people the most important air
pollutant is

0,32 0,12 0,22 0,07 0,83

HKSMOe Compared to nonsmokers, smokers have minor
respiratory infections

0,59 -0,05 0,21 0,11 0,59

HKSMOf Compared to nonsmokers, smokers survive first
heart attack

0,52 -0,02 0,22 -0,02 0,68

HKEXEa In order to maintain good physical condition -0,10 0,17 0,38 0,43 0,63

HKEXEb The heart of a person in good physical
conditions has

0,06 0,11 0,69 0,10 0,49

HKEXEc In order to obtain good physical condition 0,16 0,04 0,03 0,73 0,43

HKEXEd The pain in the chest 0,17 0,05 0,53 -0,25 0,63

HKEXEe Person in good physical condition survive first
heart attack

0,48 0,12 0,33 -0,13 0,63

HKEXEf The most important health effects of exercise
are those related to

0,20 0,29 0,19 -0,22 0,79

PERSOK Correct perception i.e. match between self
assessed and predicted CVD risk

-0,05 0,21 -0,11 0,00 0,94

Variance (total communality 7,26) 2,49 1,65 1,97 1,15 14,74

% of total variance explained
ALL 4 factors = 33,0%

11,3% 7,5% 8,9% 5,2% 67,0%

resented by the data. Also, in these cases the factors for “disease knowledge”
and “risk knowledge” seemed to correspond to the initial categories, and hence
retaining the initial division of question categories is likely to serve the same
purpose as creating new indices based on the two factors.

It is important to note that the lack of adequate measurement of “medical
knowledge” and especially “prevention knowledge” may have its bearing on the
empirical results. The next Section 4.4 will be describe the final set of variables
selected for the empirical modelling.

4.4 Selection of variables

This section goes through the empirical counterparts of the theoretical variables
described in Chapter 3. The classes of variable are organised according to
concepts presented in the theoretical framework. The selection of variables and
composition of indices in the first two subsections draws heavily on the factor
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analyses of health and health knowledge indicators presented in Sections 4.3.3
and 4.3.3, respectively.

4.4.1 Health

Five measurements of health (Table 4.8) are considered to represent most as-
pects of health that emerged in the factor analysis of the large number of
health indicators. Self-assessed health (SAHLTH) and self-assessed physical
fitness (SAPHYS) had an almost identical factorial pattern (Tables 4.2 and
4.3), and hence there is no point of retaining both in the analysis. The indices
for symptoms (SOMATCC, PSYCC) can be assumed to offer an adequate rep-
resentation of mental health and main somatic health problems as perceived by
the respondents. CHROANY is a dummy representing longstanding diseases.
DOFFANY indicates whether the respondent had any days of work or normal
duties over the past 12 months and hence represents the disabling aspects of
health problems.

The only entire dimension of health that is not included is the risk of CHD
based on the physiological measurements. As represented by the measurements,
the risk did not seem to be associated with self-assessed current health problems
or even with the perceived risk of CHD (SARISK). Therefore, it would be
questionable to use it in a theoretical framework that expects individuals to
consider their health status when making consumption choices.

Table 4.8: Descriptive statistics of the health variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description Mean Sd. Min/Max Mean Sd. Min/Max

SAHLTH Self assessed health,
1=Excellent—5=Very bad

2.61 0.85 1/5 2.64 0.80 1/5

SOMATCC # of somatic complaints,
0(min)—7(max)

1.51 1.44 0/7 1.57 1.36 0/7

PSYCC # of psychosomatic
complaints,
0(min)—26(max)

7.04 4.50 0/24 6.77 4.17 0/25

CHROANY Any long-standing diseases 0.35 0.48 0/1 0.55 0.50 0/1

DOFFANY Any days off from work or
normal duties in past year

0.50 0.50 0/1 0.52 0.50 0/1

Table 4.8 shows that, according to most indicators, mean health has not
changed dramatically between the two waves. The only clear sign of deteri-
oration is the increase in the proportion of people with at least one chronic
condition (diagnosed by a doctor) from 0.35 to 0.55.
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4.4.2 Health knowledge

As was noted earlier in Section 4.3.3 the composition of health knowledge indices
was retained as initially designed for the survey. The means of all areas of
knowledge indicate an upward trend over time as could be expected (Table
4.9).

Table 4.9: Descriptive statistics of the health knowledge variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description Mean Sd. Min/Max Mean Sd. Min/Max

HKDISC Health knowledge—heart
diseases, 0(poor) to
4(good)

1.68 0.99 0/4 2.22 1.07 0/4

HKDIEC Health knowledge—diet,
0(poor) to 5(good)

3.60 1.22 0/5 4.40 0.87 0/5

HKSMOC Health
knowledge—smoking,
0(poor) to 6(good)

3.21 1.40 0/6 4.02 1.17 0/6

HKEXEC Heatlh
knowledge—exercise,
0(poor) to 6(good)

3.08 1.46 0/6 3.87 1.40 0/6

HKTOTC Health knowledge—total,
0(poor) to 21(good)

11.67 3.80 0/19 14.52 3.28 0/20

4.4.3 Health behaviour

Health behaviour variables were chosen from four broad categories of: smoking,
exercise, diet, and alcohol. Again various alternative measures were available
from the data in each of these categories, but for practical reasons only one
variable was chosen to represent each category, except for alcohol consumption
where two measures were included. The selection was based on how well they
represent the theoretical “consumption” variables, experiences from earlier em-
pirical studies and perceived quality of measurement. Table 4.10 shows the
descriptive statistics for the selected variables.

For smoking behaviour a participation measure indicates whether an in-
dividual is a current regular smoker (SREGUL). In this study the physical
activity is primarily seen as an active choice to invest in one’s physical fitness
and health. Of available measures this is best represented by the variable in-
dicating whether an individual is a regular exerciser (EXEREG), i.e. doing
physical exercises daily or at least 2–3 times a week.

The major public health concern in 70’s Finland was individuals’ excessive
intake of saturated fatty acids. Therefore, the dietary questions in the survey
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Table 4.10: Descriptive statistics of the health behaviour variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description Mean Sd. Min/Max Mean Sd. Min/Max

SREGUL Regular smoker 0.33 0.47 0/1 0.17 0.37 0/1

EXEREG Regular physical exercise
(at least 2–3 times a week)

0.32 0.47 0/1 0.42 0.49 0/1

FATLN Saturated fat intake
(100g/day), ln(x+1)

3.54 0.62 0/5.27 0.93 0.93 0/2.71

SPIRIT Frequency of strong
alcohol use

3.28 2.04 1/9 3.51 2.20 1/9

BEERCAT Bottles of beer per week 0.49 0.70 0/2 0.34 0.62 0/2

concentrated on measuring the consumption of fat. The basic consumption
variable is the estimated intake of saturated fat per day (TOTSFA), which is
a type of measure commonly used in demand studies in agricultural economics
(e.g. Gould and Lin, 1994; Chern et al., 1995; Variyam et al., 1999). TOTSFA
is based on individuals’ reports on the type and amount of spread and milk
they use. In the questionnaire respondents have been asked which particular
fat product they use on bread and afterwards in a face-to-face interview they
were asked to point to the picture of a piece of bread with a known amount
of spread on the top, that best represents the amount of spread they normally
use. The saturated fat contents of the particular product is multiplied by the
amount used per slice of bread and then multiplied by the number of slices
consumed daily by the individual. Similarly, the fat content of the type of milk
used was multiplied by number of glasses of milk consumed by the respondent
in one day. The log transformation (ln(TOTSFA+1)) was applied to reduce the
positive skewness of the TOTSFA distribution, and the transformed variable is
labelled as FATLN in Table 4.10.

For alcohol consumption two categorical variables were chosen from the data
(categories described in Appendix C). The weekly number of bottles of beer
(BEERCAT) was used as a measure of the intensity of consumption. Unfor-
tunately for strong alcoholic drinks only a 9-category variable (SPIRIT), indi-
cating the frequency of consumption (from “never” to “daily”) was available.
Hence it is not possible to separate individuals who have one glass of brandy
every day from those who drink the whole bottle. Moreover, in the light of cur-
rent medical evidence, having one or two drinks every day may be considered
healthier than excessive consumption once a week. Even though its theoretical
validity may appear questionable, in most cases it is legitimate to assume that
the frequency of drinking is correlated with the intensity. Also, combined with
the other measure of intensity of beer consumption (BEERCAT), an adequate
representation of the healthiness of the drinking habit is most likely achieved.
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4.4.4 Information seeking activities

The category of information seeking activities is of special relevance in this
study. The variables should ideally capture all channels through which the
health information can be forwarded to individuals and households. It can be
assumed that the more often an individual searches these channels the more
likely (and earlier) it is that he receives the information released by health
authorities. Hence, these activities are assumed to contribute to his health
knowledge even if we cannot specify the quality of the information that has
been made available by the time of the questionnaire. Table 4.11 presents
the summary of the information seeking variables. A detailed description of
categorical variables is presented in Appendix C.

Table 4.11: Descriptive statistics of the information seeking variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description (details in Ap-
pendix C)

Mean Sd. Min/Max Mean Sd. Min/Max

NEWSPAP # of newspapers read
daily (max 4)

2.70 0.83 1/5 3.00 0.83 1/5

MEETING Frequency of club meeting
(6 categ.)

2.98 1.59 1/6 3.20 1.58 1/6

LECHCC Attended lecture on health
topic in past 15 years

1.19 1.02 0/3

HBKL15C Read health education
leaflet or book in past 15
years

0.62 0.48 0/1

MAGAZIC Read health related stories
from newspapers and
magazines

2.67 0.91 1/5

TVPROGC How many of 65 parts of
health education TV series
seen (7 categ.)

4.08 1.48 1/7

Only two measures of information seeking activities are available for both
waves of data. First, the 5-category variable indicating how many different
newspapers the respondent reads every day (NEWSPAP), which has values
ranging from 1 (“none”) to 5 (“4 or more”). According to an Australian sur-
vey, newspaper reading was among the five most important sources of health
information in early ’90s (Kassulke et al., 1993). It is likely that the printed
media had even more important role as an information channel in rural Finland
in the early 70’s when the first survey was administered.

Another variable available in this category is the frequency with which the
respondent participates in the meetings of clubs, societies, associations and
other voluntary organisations (MEETING). In Finland these kinds of organisa-
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tions (especially the Housewives’ Association) have been targeted by community
based health education campaigns. Also, these activities provide a platform for
the exchange of knowledge and experiences between individuals, and hence the
variable may serve as a proxy for “informal” sources of health relevant infor-
mation.

In addition it should be noted that the use of health care services, in partic-
ular preventive care is at least partly induced by individuals’ pursuit of knowl-
edge. These variables are discussed more carefully in the following subsection
dealing with preventive health services.

In the second wave of the survey, measures of more specific health education
channels are available (Table 4.11). A variable (LECHC) is constructed to in-
dicate in how many of three different types of group health education activities,
including public lectures on general health, lectures on smoking and diet, and
a course on healthy habits, an individual had participated in over the past 15
years. Data also includes an indicator of whether respondents have read any
printed (book or booklet) health education materials (HBKL15C), a 7-category
variable (TVPROC) measuring how many parts of a 65-part television health
education series respondents have seen, and the frequency of reading health
related articles in magazines (MAGAZIC). Respondents were asked to recall
their participation in all these activities over the past 15 years, hence covering
the entire period between the two waves of the survey.

Together with the variables for health service use, the set of variables avail-
able in wave 2 cover all of the most important sources of health information (e.g.
as described in Kassulke et al., 1993). Hence they should provide a very good
representation of individuals’ investment in their health relevant knowledge.

4.4.5 Preventive health services

Following the design of the theoretical framework, preventive health services
are dealt with as a distinct category from medical care. This category contains
health services and procedures that are considered as mainly preventative in
nature or which are not necessarily demanded because of an existing health
problem.

In this study visits to a health professional which are not due to any illness
or symptoms are assumed to fall in to this category (Table 4.12). For such
health service visits there are no comparable measures available for both waves.
For the first wave there is a binary variable (CHUP2YR) indicating whether
the respondent had consulted a physician without experiencing any illness or
symptoms over the past two years. In the second wave a variable describing
similar preventive service use is an indicator of any visits to a health visitor or
a public health nurse over the past year (HVISANY). HVISANY is not directly
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comparable to CHUP2YR since it measures contact with a different type of
health professional, although the change in the survey design may merely reflect
the differences in the organisation of health care between the early 70’s (wave 1)
and late 80’s (wave 2). Also, two variables (HVISANY vs. CHUP2YR) have a
different time frame (12 months vs. 2 years), but this may not be as significant
as the above-mentioned structural change.

As was mentioned in Section 4.4.4 the line between information seeking
activities and preventive health services as defined above may not be clear.
Since it is assumed that individuals are not seeking a treatment or cure to any
specific condition they must demand these services for some other type of utility.
The most obvious candidate for such source of utility would be information,
more specifically information about their own state of health. Some services
that would clearly belong to this category may actually prevent diseases (e.g.
vaccinations) and hence have a direct impact on future health, which the pure
information seeking activities do not have (see Chapter 3). Hence, they are
theoretically distinct and therefore must be kept separate.

4.4.6 Medical care

Medical care utilisation variables (Table 4.12) cover three broad areas of pri-
mary care, drugs, and hospital inpatient care. For primary care service use a
dichotomous variable (GPYEAR) is constructed to indicate whether an individ-
ual had contacted a GP due to symptoms or illness during the past 12 months.
Similarly a dummy variable DRUGANY indicates whether the respondent had
used medication in the past 7 days for any of the 10 conditions specified in the
questionnaire.

Table 4.12: Descriptive statistics of the medical care variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description Mean Sd. Min/Max Mean Sd. Min/Max

GPYEAR Seen GP in past year 0.58 0.49 0/1 0.80 0.40 0/1

DRUGANY Used any drugs in past 7
days

0.55 0.50 0/1 0.64 0.50 0/1

HSPUSE Admitted to a hospital in
survey year

0.11 0.31 0/1 0.13 0.34 0/1

CHUP2YR Visited doctor for a chek
up in past 2 years

0.41 0.49 0/1

HVISANY Visited publich health
nurse in past year

0.55 0.50 0/1

For the hospital inpatient services the data was obtained from the hospital
discharge register for each individual. A binary indicator variable describing
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whether an individual had been hospitalised (HOSPUSE) during the calendar
year when the survey took place is used as a proxy measure of inpatient care
use.

As could be expected, all medical care variables indicate an upward trend in
utilisation between the two waves. Most notably, the proportion of individuals
who have consulted a physician within a year has increased from 0.58 to 0.80.

4.4.7 Socio-economic and other background variables

A standard set of socio-economic variables is available from the data (Ta-
ble 4.13). These include the respondent’s age in years (AGE), gender (SEX)
dummy (1=female), a dichotomous variable indicating whether the respondent
is married or living with partner (MARRIED), years of schooling or other for-
mal training (EDUCYR), household income (FINC), a 9-category self reported
measure, and the number of hours the respondent worked during the normal
week(WHRSWK).

Table 4.13: Descriptive statistics of the socio-economic variables.

Wave 1, N=2,812 Wave 2, N=1,184

Variable Description Mean Sd. Min/Max Mean Sd. Min/Max

AGE Age, survey year – year of
birth

37.31 7.37 25/49 50.96 7.03 40/64

SEX Gender, 0=male 1=female 0.49 0.50 0/1 0.53 0.50 0/1

MARRIED Married or co-habiting 0.81 0.39 0/1 0.79 0.40 0/1

EDUCYR Years of formal schooling 8.41 3.05 0/24 8.84 3.04 1/22

FINC Household annual income,
1(low) 9(high)

4.26 2.23 1/9 4.93 1.91 1/9

WHRSWK Weekly working hours 62.53 19.96 0/126 55.17 19.55 0/120

4.5 Missing data

The important issue of missing data consists of two problems: attrition between
waves and item non-response, which both may be have occurred in a non-
random way. Two approaches were used to analyse the potential problems
caused by missing data. First, the steps used to form the follow-up sample
(see Figure 4.1) are followed in order to see how that might affect the values
of some key variables. The top section of Table 4.14 summarises the mean
values for self-assessed health (SAHLTH), the total number of correct answers
to health knowledge questions (HKTOTAL), years of schooling (EDUCYR),
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the respondent’s age, and the proportion of females in the sample. As could be
expected, by dropping the oldest 10-year age cohort the subjects in the follow-
up sample tend to be somewhat healthier and more knowledgeable on health
relevant topics, and have more years of schooling than the original sample. With
respect to these variables the provinces included in the initial Finrisk-sample
appear to be comparable, since practically no change in means is observed after
dropping the province of Kuopio from the sample (line 3 in Table 4.14).

Table 4.14: Comparison of respondents and non-repsondents.

Freq. SAHLTH HKTOTAL EDUCYR AGE % Female

Finriski72, ages 25–59
(purified sample)

10938 2,8 10,7 7,7 41,7 51%

Finriski72, ages 25–49 8095 2,6 11,2 8,5 37,2 49%

Follow-up sample, ages
25–49, North Karelia only

3328 2,6 11,6 8,3 37,2 49%

Respondents to wave 2
(1987)

2386 2,6 11,7 8,3 37,3 54%

Non-respondents 942 2,7 11,4 8,4 36,8 39%

Causes of non-response

Death 215 3,1 10,6 6,9 41,8 27%

Illness 23 3,0 10,7 6,6 38,3 65%

Moved 326 2,4 13,0 10,1 33,8 46%

Refused 60 2,8 10,7 8,1 38,8 58%

Other 34 2,6 9,8 8,1 34,9 29%

Unknown 284 2,6 10,6 8,0 36,2 36%

942 participants in the wave 1 health examination survey did not respond
to the wave 2 survey. The second section in Table 4.14 highlights the dif-
ferences in selected variables between respondents and non-respondents in the
follow-up sample. The only clear difference in these key variables between re-
spondents and non-respondents is the over-representation of males among the
non-respondents. This is partly explained by the excess mortality of men during
the 15-years of follow-up, but also due to causes not disclosed to the interview-
ers. The reasons of non-response to wave 2 may have important bearings on the
representativeness of the sample. During the survey the interviewers recorded
any information explaining the lost cases. Unfortunately, quite often (284 cases,
8.5%) it was not found out why an individual dropped out. However, the most
common reason (326 cases, 9.8%) appeared to be that an individual had moved
house, possibly outside the target area, and it was not possible to track down
the address. One of the most obvious causes of selectivity bias, the death of a
respondent, was not very common (215 cases, 6.5%) since the follow up sample
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was relatively young (25–49 years) at baseline. Only 60 (1.8%) were recorded
as pure refusals.

Those who died before wave 2 appeared to be in worse health and less
knowledgeable, less schooled, and older males at wave 1 (Table 4.14). On the
other hand, those who did not respond because they had moved from the area
were healthier, more knowledgeable, better educated, and younger than average
respondents. This conforms to the overall stereotype of people migrating from
the countryside to the larger towns, especially to the capital area, for better
job opportunities. On average, death and migration as causes of non-response
seem to balance each other out, which leaves the means of health, knowledge,
and education practically unchanged. However, as dying and migration are not
caused by a random process the selectivity due to non-response still remains a
potential problem, and needs to be identified more thoroughly.

The other problem with missing data is concerned with the individual non-
response to particular questions. The list-wise method of deleting cases with
missing values in any variable is applied in this study. It should not be a problem
with a fairly large sample size, but due to the relatively large number of variables
even a small fraction of missing responses to each question can accumulate into
a unreasonably large loss of data. It is also likely that the missing responses
to some items were not generated by a purely random process, and hence this
may contribute to the selectivity problem caused by attrition.

In order to obtain better idea of the nature of selectivity in the sample a
probit analysis using the response status of an individuals as dependent variable
was carried out. Table 4.15 summarises the results of three different models.
Model A uses the binary variable equal to 1 to indicate whether the individual
gave any response to wave 2 survey as a function of the variables at wave 1. As
the comparison of the mean age showed earlier both young and old tend to be
less likely to respond to wave 2 survey, but for different reasons. Also, in the
probit analysis the coefficient for “under 32 years” was not statistically signifi-
cant. Model B describes the likelihood of giving a complete answer (becoming
a case in wave 2) to all questions of interest if a person has responded to wave
2. At this stage being “over 43” resulted in 11% decrease in the probability of
giving complete answer. Model C represents the overall likelihood for a wave 1
respondent to remain in the data. It shows that those belonging to the top age
quartile were 10% and those reporting poor or very poor health 15% less likely
to remain in the data (Model C).

Education did not seem to affect attrition selectively, but in the case of
total loss of data there was a clear gradient in probability of being included in
the wave 2 data. Again, the similar pattern appeared with high and low levels
of health knowledge. Among the health behaviour variables regular smoking
at the time of wave 1 survey appeared to have greatest impact on attrition,
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Table 4.15: Analysis of attrition and item non-response. Proportional change in
the probability (dF/dx) based on probit estimation with robust standard errors

A. Responded B. W2-case if A. C.W2-case
N=2,812 N=2,069 N=2,812

dF/dx dF/dx dF/dx
Female † 0.02 -0.03 -0.02
Age <32yrs (bottom quartile) † -0.03 0.04 0.01
Age >43yrs (top quartile) † -0.05* -0.11*** -0.10***
Married † 0.10*** 0.06 0.09**
Schooling <8yrs † -0.02 -0.06* -0.06*
Schooling >8yrs † -0.04 0.11*** 0.05*
Household income 0.00 0.01 0.01
Health good/very good † 0.01 0.01 0.02
Health poor/very poor † -0.09** -0.16*** -0.15***
Somatic complaints 0.03*** 0.01 0.02**
Psychosomatic complaints 0.00 0.00 0.00
Any chronic conditions † -0.03 -0.03 -0.04
Days off from work † 0.02 0.02 0.03
Health knowledge in bottom quartile † -0.02 -0.06* -0.05*
Health knowledge in top quartile † -0.03 0.07* 0.04
Reads 2 or more newspapers/day † -0.02 0.04 0.01
Attends meetings at least once/mo † 0.05** 0.03 0.05*
Seen GP in 12mo † -0.01 -0.03 -0.03
Any drugs in 7days † -0.02 0.00 -0.01
Hospitalised in survey year † 0.01 -0.04 -0.02
Check up in 2yrs † -0.01 -0.02 -0.01
BP measured 1yr † 0.00 0.03 0.02
Cholesterol measured 5yrs † -0.03 0.00 -0.02
Spirits at least twice/mo † -0.07** -0.01 -0.05
Any beer weekly † -0.03 -0.02 -0.03
Regular smoker † -0.14*** -0.03 -0.09***
Regular exercise † -0.02 0.02 0.00
Saturated fat intake (log) 0.01 0.00 0.01
obs. P 0.74 0.51 0.37
pred. P 0.75 0.51 0.36
Pseudo R2 0.066 0.072 0.066

†dF/dx is for discrete change of dummy variable from 0 to 1 z and P> |z|
are the test of the underlying coefficient being 0
* p< 0.05, ** p<0.01, *** p<0.001

smokers having a 14% lower probability of responding to wave 2 survey.
Although nothing can be feasibly done in order to cover for the lost data, the

nature of the selectivity should be kept in mind when interpreting the results
from the empirical analysis. As a result of the process generating missing
observations the number of useful observations was only 1,184 for the cross
sectional analysis of wave 2 (5) and 1,050 in balanced sample used in the two-
wave models of Chapters 6 and 7, while in the cross sectional analysis of wave
1 there was 2,812 complete observations.

4.6 Strategy for empirical analysis

The empirical analysis will proceed in a sequence, following the development
of theoretical frameworks in Chapter 3. First, the cross-sectional data is used
to estimate separate models for both waves. The specification of the models
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will follow the static theoretical framework presented in Section 3.3. The use
of cross-sectional analysis does not utilise the full capacity of data at hand, but
is seen as an important first step in the analysis for two reasons:

1. Most similar studies published earlier have used cross-sectional data (Sec-
tion 2.3), and hence it allows a broader comparison of the results.

2. Including the production functions for both health and health knowledge
in the system makes it more complex than any previous studies. Coupled
with multiple measurements for some key variables it is feasible to test
the model before adding complexity by introducing dynamic aspects to
the analysis.

In Chapters 6 and 7 dynamic elements are added into the model, in par-
ticular the process of stock adjustment over time. The model specification will
follow the theoretical structure outlined in Section 3.4. The advantages of the
two-period approach are that it allows for adequate control for starting values
of stock and explicit modelling of the mechanism for the change in stocks. It
also makes it possible to model investment in health and investment in health
knowledge as competing choises to an individual, and hence may be judged as
more realistic.

4.6.1 Econometric approach

The structural equation modelling (SEM) is used as the main analytical ap-
proach. Even though SEM may not be considered a mainstream econometric
technique, it has been frequently used in these type of health production models
and demand for health studies as was reviewed in Section 2.3. Advantages and
problems with SEM were already briefly discussed in Section 2.3.3. There are
several advantages in adopting the SEM technique that are particularly useful
considering the theoretical frameworks of Chapter 3 and the nature of data
described in this chapter:

1. It can incorporate latent variables measured by multiple indicators such
as those described in Section 4.4 and hence is able to deal with underlying
“theoretical variables”.

2. The latent scores are free from measurement error.

3. Stable measurements over time can be obtained by constraining the mea-
surement structure to be equal between the waves as will be demonstrated
in Chapter 6 and further applied in Chapter 7.
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4. It may conveniently be used to estimate a system of equations in structural
form corresponding to models of Chapter 3.

5. The use of latent variables and structural form estimation strengthens the
link between the theory and the empirical analysis.

6. It utilises all available information from a large number of variables in a
simultaneous estimation framework.

Hence, SEM is used as the main analysis technique throughout the empirical
analysis presented in Chapter 5, 6 and 7 of the thesis. The core theory of SEM
models will be outlined in more detail in Chapter 5.
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Appendix C

Description of categorical

variables

Variable Description Choice alternatives

Health knowledge question and composition of indices

HKDISa What is meant by myocardial
infarction in practice?

1: blood clot goes through heart
2: some of the arteries feeding the heart muscle
becomes blocked
3: heart beat becomes irregular
4: don’t know

HKDISb Increased blood pressure causes 1: headache, dizziness
2: swelling in feet
3: usually no symptoms
4: don’t know

HKDISc If a man in his mid life years feels pain
in his chest for more than a half an
hour, it is advisable to

1: take pain killers
2: avoid straining himself too much in the future
3: make an appointment with doctor
4: contact hospital or doctor immediately
5: don’t know

HKDISd Coronary arteries are 1: small veins on the surface of main blood vessels
2: blood vessels in heart muscle
3: blood vessels in lungs
4: don’t know

HKDISC Sum of correct answers to HKDISa–HKDISd

HKDIEa Cholesterol is 1: a hormone
2: a mineral
3: a fatty substance in blood
4: don’t know

HKDIEb The most common cause of obesity is 1: hormonal disorders
2: genetic factors
3: excessive eating
4: don’t know

HKDIEc A typical Finnish diet contains too
much

1: protein
2: fat
3: bread
4: don’t know

HKDIEd Does sugar contain vitamins? 1: yes, plenty
2: yes, some
3: not at all
4: don’t know

continued on the next page
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...continued

Variable Description Choice alternatives

HKDIEe Compared to whole milk, milk with
lower fat content is

1: more healthy
2: equally healthy
3: less healthy
4: don’t know

HKDIEC Sum of correct answers to HKDIEa–HKDIEe

HKSMOa Nicotine and carbon monoxide 1: do not absorb into blood
2: are absorbed into blood only in heavy smokers
3: are absorbed into blood in every smoker
4: don’t know

HKSMOb How does smoking affect heart rate? 1: increases heart rate
2: does not affect heart rate at all
3: decreases heart rate
4: don’t know

HKSMOc If an equal amount of pipe smoke is
inhaled, compared to cigarette smoke it
is

1: more dangerous
2: equally dangerous
3: less dangerous
4: don’t know

HKSMOd For most people the most important
pollutant of breathing air is

1: car exhaust fumes
2: smoke and coal dust from the industry
3: cigarette smoke
4: don’t know

HKSMOe Compared to nonsmokers, smokers have
minor respiratory infections

1: more often
2: equally often
3: less often
4: don’t know

HKSMOf Compared to nonsmokers, smokers’
chances of surviving their first heart
attack

1: better
2: equally good
3: worse
4: don’t know

HKSMOC Sum of correct answers to HKSMOa–HKSMOf

HKEXEa In order to maintain good physical
fitness one should exercise

1: 1–2 times a month
2: once a week
3: 2–3 times a week
4: more than 3 times a week
5: don’t know

HKEXEb Compared to person whose physical
fitness is poor, the heart of person in
good physical condition has

1: lower rate
2: equal rate
3: higher rate
4: don’t know

HKEXEc In order to obtain good physical
fitness, the exercise

1: has to cause heavy perspiration and shortage of
breath
2: has to cause some perspiration
3: does not necessarily have to cause any
perspiration or shortage of breath
4: don’t know

HKEXEd Compared to persons in good physical
fitness, chest pain in persons in poor
physical fitness is

1: more common
2: equally common
3: less common
4: don’t know

HKEXEe Compared to persons who don’t
exercise, chances of surviving their first
heart attack for persons who exercise
are

1: better
2: equally good
3: worse
4: don’t know

HKEXEf The most important health effects of
exercise are those related to

1: respiratory organs
2: heart
3: muscles
4: don’t know

HKEXEC Sum of correct answers to HKEXEa–HKEXEf

HKTOTAL Sum of HKDISC, HKDIEC, HKSMOC, and HKEXEC

continued on the next page
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...continued

Variable Description Choice alternatives

Health behaviour variables

SPIRIT Frequency of strong alcohol use 1: don’t use any alcohol
2: no more than once or twice a year
3: 3–4 times a year
4: approximately once in two months
5: approximately once a month
6: a couple of times a month
7: once a week
8: a couple of times a week
9: daily

BEERCAT Weekly consumption of beer 0: none
1: 1–3 bottles a week
2: 4 or more bottles a week

Information seeking variables

NEWSPAP How many different newspapers do you
read daily?

1: none
2: one
3: two
4: three
5: four or more

MEETING How often do you attend meeting of
associations, clubs, societies etc.?

1: never
2: once a year or less frequently
3: a few times a year
4: once a month
5: 2–3 times a month
6: at least once a week

LECHC Indicator on how many different type
of group health education activities an
individual has attended over the past
15 year. Activities included public
lectures on general health, lectures on
health effect of smoking and diet, and a
course on healthy habits.

0: none
1: one
2: two
3: three

MAGAZIC How often do you read related stories
from newspapers and magazines?

1: very often
2: quite often
3: sometimes
4: quite seldom
5: never

TVPROGC Since 1978 TV2 has sent courses on
“quit smoking” and “the keys of
health” consisting of 65 broadcastings.
Please estimate how many of these
have you seen?

1: none
2: 1–2
3: 3–5
4: 6–14
5: 15–25
6: 30–49
7: 50 or more

Socio-economic variables

FINC What was the total income of your
household last year, taxes not
exempted?

1972 questionnaire
1: less than 4.000 mk
2: 4.001–8.000 mk
3: 8.001–12.000 mk
4: 12.001–16.000 mk
5: 16.001–20.000 mk
6: 20.001–24.000 mk
7: 24.001–28.000 mk
8: 28.001–32.000 mk
7: more than 32.000 mk

1987 questionnaire
1: less than 15.000 mk
2: 15.000–30.000 mk
3: 30.001–60.000 mk
4: 60.001–90.000 mk
5: 90.001–120.000 mk
6: 120.001–150.000 mk
7: 150.001–180.000 mk
8: 180.001–210.000 mk
7: more than 210.000 mk

105



Chapter 5

Empirical analysis of static

models

5.1 Introduction

The first set of empirical analysis is presented in this chapter. The analysis of
cross-sectional data utilises the static theoretical framework outlined in Section
3.3. In this chapter, the analysis is set out to address the first three of the
study questions specified on page 47, as two-period specifications of Chapters
6 and 7 are needed to assess the two remaining questions about the relevance
of experiential knowledge and appropriateness of the capital stock approach in
modelling health knowledge. I begin with an overview of the methodology that
is considered under the general topic of structural equation models (SEM) with
latent variables. Then I proceed to the empirical specification for wave 1 of
the data described in Chapter 4. The analysis for the wave 2 data will follow
the design developed for wave 1, with only a minor modification necessary for
inclusion of health education variables that were not available in wave 1. More
specific methodological issues will be discussed as they come up in the course
of the analysis.

5.2 Methodology

This section contains an overview of the statistical methods to be used in the
subsequent analysis. Only those SEM issues that are considered crucial to the
particular set of analyses in the thesis are covered. The symbols and formulas
are presented in accordance with the notation of the statistical software package
LISREL 8.30 and PRELIS 2.30.
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5.2.1 Introduction

The basic idea of statistical methods falling under the general title “Structural
equation models” is to analyse the covariance structure of variables observed in
the sample. More specifically, to analyse the difference between the population
(sample) covariances and the covariances predicted by the model. Formally the
fundamental hypothesis is stated as (Bollen, 1989):

Σ = Σ(θ), (5.1)

where Σ denotes the matrix of known (observed) covariances in the population
(sample) and θ is a vector of model parameters. The aim of the modelling is
to minimise the difference between the population covariance matrix and the
model covariance matrix so that the Equation (5.1) holds with some acceptable
statistical precision.

By defining the type of variables and how they are assumed to be con-
nected with each other from a theoretical point of view, it is possible to derive
a system of equations from the covariance structure Equation (5.1). In the
models containing both observed and latent (unobserved) variables, equations
can be divided into two types: the structural equations and the measurement
equations. In the case where latent variables are all endogenous the structural
equations part of the model can be written as

η = Bη + Γx + ζ, (5.2)

where η is a vector of latent variables, x is a vector of exogenous variables and
ζ is a vector of error terms. In addition, the measurement model for the latent
variable η is defined as:

y = Λη + ε, (5.3)

where y denotes observed indicators for η and the error term ε represents the
measurement error associated with each observed indicator.

Equations (5.2) and (5.3) together with the model assumptions can be used
to express the elements of Σ(θ) in terms of model parameters, which is called
the implied covariance matrix. After substituting the estimated values of pa-
rameters the Σ̂ (or Σ(θ̂)) is compared to the sample covariance matrix S (rep-
resenting Σ). In order to analyse the difference (S − Σ̂) an appropriate fitting
function to be minimised must be chosen (e.g. Bollen, 1989).

5.2.2 Identification

The identification status of the model needs to be assessed prior to the esti-
mation. In general, parameters θ are identified if no two (or more) unequal
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parameter vectors exist that would result in equal models, i.e. Σ(θi) = Σ(θj)
unless θi = θj (Bollen, 1989).

Identification can be established mathematically by solving each parameter
in θ in terms of the identified elements of Σ. The number of equations in
the covariance structure (Equation (5.1)) model is (1/2)(p + q)(p + q + 1),
where p and q represent the numbers of y and x variables, respectively. Model
parameters that can be expressed as a function of one or more known elements
in the system are said to be identified. If this is the case for all the elements in
the model the entire model is identified (Bollen, 1989).

For relatively complex models, algebraic establishment of identification is
resource consuming and hence some rules have been suggested for that purpose.
The simple, so called t-rule, t < 1/2(p+ q)(p+ q+ 1), provides a necessary but
not sufficient condition for model identification. It states that the number
unknown parameters (t) in the model that are not constrained or fixed to a
constant value must be smaller than the number of equations in the system
(Bollen, 1989).

The basic idea in the two-step rule is to first ignore the structural parameters
B, Γ, and Ψ (the covariance matrix of errors in equations (ζ)) and reformulate
the original model as a measurement model. The identification for the mea-
surement model can be established by number of methods, such as the t-rule
explained above. Rules that give a sufficient condition for identification are the
three-indicator and two-indicator rules, which all require that each observed
variable has a non-zero loading on just one of the factors, and that error covari-
ances between latent variables are estimated. According to the three-indicator
rule the model with one or more latent variables is identified if there are at
least three indicators for each latent variable. The two-indicator ‘rule 1’ is met
if the model includes at least two correlated latent variables and two or more
indicators for each. The more general two-step rule only requires that each
latent variable must have non-zero correlation with at least one other latent
variable, but not all of them have to be intercorrelated (Bollen, 1989). The
second step of this rule assesses the identification of the structural part of the
model (Equation (5.2)) as if the latent variables (η and ξ) were observed, and
hence, can use identification rules developed for standard simultaneous equa-
tion systems. A particularly useful rule is that recursive models are typically
always identified (Rigdon, 1995). In the case of more complicated structure
the identification status can be verified by dividing the system into blocks of
one or two equations where the relations between the blocks are recursive. The
identification of each block can be checked, for instance, by using graphical
rules for “block-recursive” models (Rigdon, 1995). If all of the blocks in the
system are identified, the entire model is identified. Also, the identification of
models with unrestricted Ψ can be established by checking the rank and order
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conditions (Maddala, 1992, pg.363). If both the first and the second steps show
that the measurement and structural parts of the model are identified, then the
sufficient condition for identification of the whole model is met (Bollen, 1989).

Finally, a so-called MIMIC rule applies to Multiple Indicators and MultIple
Causes models with a single latent variable. In the case of a model with causal
indicators (x) measured without error, a sufficient condition for identification
is that p ≥ 2 and q ≥ 1 (Bollen, 1989).

All the identification rules presented above assume that the scale of the
latent variables have been determined. This can be done either by fixing one of
the factor loadings to a constant value, usually 1, or by fixing the variance of the
latent variable to 1. As a result of the former (called the “reference variable”
method), the latent variable will have the same scale as the observed variable
with fixed loading. The latter method results in a standardised solution, which
is, for instance, required in testing the significance of correlation between latent
constructs.

In this thesis the identification of the rather complicated models is ensured
by using a two-step method. First, the measurement models for latent variables
are constructed and tested separately in the build-up of cross sectional analysis
in Chapter 5 and in the beginning of Chapter 6. Second, the identification for
structural part is then verified by either relying on the “recursive rule” or using
guidelines for block-recursive models (Rigdon, 1995).

5.2.3 Input matrices

The first step in the estimation of the model involves the construction of the
appropriate sample matrix to be analysed. Ideally, a sample covariance matrix
of continuous, multivariate normal variables should be used. There are problems
associated with each of these ideal conditions for structural equation modelling
due to the characteristics of the data at hand.

First, the data contains variables measured on both ordinal and interval
scales, which gives rise to large differences in units and causes great discrep-
ancy in the estimated variances and covariances. Also, the scales of ordinal
variables are often arbitrary and hence it is common practice to use a sample
correlation matrix (R) instead of the variance-covariance matrix (S). However,
applying covariance structure models to a correlation matrix may modify the
model being studied, produce incorrect χ2-statistics and other goodness-of-fit
measures, and yield incorrect standard errors (Cudeck, 1989). Two conditions
should be satisfied if R is to be used. First, the model should be scale-invariant1 ,

1Scale invariance implies that “...any rescaling of the covariance matrix yields another
covariance matrix that also satisfies the model...”(Cudeck, 1989, pg. 319). If the model
is not scale invariant the original model Σ = Σ(θ) is not identical to the analysed model
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and second, the fitted matrix should have ones in the diagonal, i.e. diag(P̂) = I
(Cudeck, 1989; Jöreskog et al., 1999). If the model is not scale invariant, the
minimum value of the fit function is not the same when R is used instead of
S, and therefore the main test statistics (χ2) yield different results (Cudeck,
1989).

No general conditions under which scale invariance would occur have been
reported in the literature. It is suggested that models containing equality con-
straints or other constrained parameters would be more likely to encounter prob-
lems due to scale dependence (Jöreskog et al., 1999). In particular, Jöreskog
et al. (1999) point out that if a model imposes equality constraints on factor
loadings (λ’s) but leaves the corresponding error variances (ε’s) freely estimated
the correlation matrix should not be analysed. Also, as a general rule it is rec-
ommended that in multiple group analysis the standard deviations for whole
sample should be used (instead of within group standardisation) for rescaling,
and that standard errors will be incorrect if any method other than WLS is
used in a (scale dependent) model fitting with the correlation matrix (Jöreskog
et al., 1999).

Another issue with the data is that, partly due to categorical variables,
it cannot be considered as multinormally distributed. Hence, a precondition
for the standard maximum likelihood (ML) or generalised least squares (GLS)
estimation methods is not met. With a relatively large sample size the ML
parameter estimates are unbiased, but standard errors and Chi Square statistic
are biased (Hoogland and Boomsma, 1998). With categorical variables the
usual transformations to correct for skewness are not applicable, but there
are two ways to avoid problems resulting from the violation of the normality
assumption. First, an arbitrary distribution function (ADF) estimator such
as WLS (see Section 5.2.4 below) can be used, or the standard errors and χ2

statistics can be adjusted to the expected bias (Satorra and Bentler, 1988).
Unfortunately the latter methods have been developed for continuous variables
only.

The standard ADF estimator, such as WLS, requires use of an appropriate
weight matrix (W). In WLS estimation, an ideal W is a consistent estima-
tor of the asymptotic covariance matrix of sample covariances (Browne, 1984).
If variables have a multivariate normal distribution, the form of asymptotic
covariance of sij with sgh is assumed to be (Jöreskog and Sörbom, 1989):

ACov(sij , sgh) = N−1(σigσjh + σihσjg), (5.4)

where N is sample size, σ’s are elements of Σ(θ), and subscripts (i 6= j 6= g 6= h)
denote observed variables. Browne (1984) further developed this to apply to

Σ̃ = DsΣ(θ)Ds, where Ds is a diagonal matrix of sample standard deviations.
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any multivariate distribution for continuous variables (Jöreskog and Sörbom,
1989). Hence the more general form of Equation (5.4) is (e.g. Bollen, 1989)

ACov(sij, sgh) = N−1(σijgh − σijσgh), (5.5)

where σijgh = E(Xi − µi)(Xj − µj)(Xg − µg)(Xh − µh) are the fourth-order
moments around the mean.

The main problem with the estimation of the asymptotic covariance ma-
trix is that the number of elements to be estimated increases rapidly with the
number of observed variables. If the number of observed variables is p + q
then the number of elements on and below the diagonal of the input matrix
is k = (p + q)(p + q + 1)/2, and hence the number of distinct elements in the
asymptotic covariance matrix is k(k+1)/2 (Rigdon and Ferguson, 1991). With
(p + q)=30 this would amount to 108,345 parameters to be estimated. Two
concerns are associated with the estimation of asymptotic covariances in the
current literature. First, in order to obtain reliable estimates for such a large
number of parameters a relatively large sample size is required. Jöreskog and
Sörbom (1993b) suggested that the absolute minimum numbers needed would
be (p + q)(p + q + 1)/2, which does not, however, guarantee good estimates.
Based on their review of simulation studies, Hoogland and Boomsma (1998)
concluded that, unless a sample of at least 20 times the size of the model (de-
grees of freedom) is used, the ADF estimator does not offer unbiased parameter
estimates and the χ2-statistic tends to reject the true model too often.

Finally, the ADF estimator, as all normal theory estimators, assumes ho-
moscedasticity, which is violated by the use of ordinal variables (e.g. Bollen,
1989). Also, simulation studies have shown that standard Pearson product mo-
ment correlations appear to be negatively biased when calculated from ordinal
data (Rigdon and Ferguson, 1991). Instead polychoric correlation estimates are
recommended. The procedure estimates pair-wise correlations and is based on
the assumption that the underlying (latent) continuous response variables de-
scribed by ordinal indicators are normally distributed, and also have bivariate
normal distribution.

Observed values of a categorical indicator y is typically assumed to be gen-
erated by the latent continuous variable y∗ according to following system (e.g.
Jöreskog, 1994; Jöreskog and Sörbom, 1993b; Bollen, 1989):

y = 1 if y∗ ≤ τ1,

y = 2 if τ1 < y∗ ≤ τ2,
...

y = m− 1 if τm−2 < y∗ ≤ τm−1,

y = m if τm−1 < y∗. (5.6)
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In the first stage, PRELIS, the pre-processor for LISREL, estimates the
thresholds (τi) from the univariate distributions. Since the ordinal variables
have no interpretable mean or variance, it is standard practice to solve the
resulting scale problem by fixing the mean to zero and variance to one, i.e.
assuming a standard normal distribution (Bollen, 1989). The thresholds are
estimated from cumulative sample proportions as:

τ̂i = Φ−1

( i
∑

j=1

nj
N

)

, i = 1, 2, . . . ,m− 1, (5.7)

where Φ−1(.) is the inverse of a standard normal distribution function, nj is the
number of observations in jth category, N is the sample size, and the number
of categories is m (Jöreskog, 1994; Bollen, 1989).

In the second stage polychoric correlations are estimated from the bivari-
ate marginal distribution, conditional on the previously estimated univariate
thresholds (Jöreskog, 1994; Bollen, 1989). The underlying assumption of bi-
variate normality can assessed by a chi-square test for the model of each pair
of categorical variables (Muthén, 1993).

In PRELIS2.3, Browne’s estimation method for asymptotic covariances has
been extended to be based on sample correlations instead of covariances (Jöre-
skog and Sörbom, 1989). Moreover, the ordinal variables can be accommodated
through the use of polychoric and polyserial correlation (Jöreskog et al., 1999).

5.2.4 Estimator

Due to the non-ideal characteristics of data the use of generally weighted least
squares (WLS) is considered as the primary estimation method. The general
form of the WLS fitting function is:

F (θ) = (s − σ)′W−1(s − σ), (5.8)

where s is a vector containing the elements on and below the diagonal of the
sample covariance matrix S and σ is the vector of the corresponding element
predicted by the model. Since, in reality, the correlation structure (P(θ)) rather
than covariances will be fitted to the correlation matrix the more consistent
expression of 5.8 would be (Jöreskog et al., 1999):

F (θ) = (r− ρ)′W−1(r− ρ), (5.9)

where the observed sample correlation r and model correlation ρ are used in-
stead of s and σ, respectively. The weight matrix W is the asymptotic co-
variance matrix, which, in the case of (5.9), is based on correlations instead of

112



covariances in case of (5.8). The parameter vector θ in (5.9) has (p + q) ele-
ments less than in (5.8) since the diagonal elements of P(θ) are fixed to unity
(Jöreskog et al., 1999).

Even though the parameter estimates of other fitting functions (especially
ML) are quite robust towards the non normality and appropriate corrective
procedures for standard errors and chi-square statistics exist, fitting the cor-
relation structure to the correlation matrix requires the use of WLS (Jöreskog
et al., 1999, pg. 216). In addition to problems related to the input matrices
as reviewed in Section 5.2.3 it should be noted that even the WLS parameter
estimates are not entirely bias free. Commonly the bias appears to be nega-
tive and most substantial when large positive kurtosis is present (Hoogland and
Boomsma, 1998).

5.2.5 Model evaluation

The fundamental question in evaluating a SEM model has traditionally been
whether the specified model results in an exact reproduction of the population
covariance matrix. For a correctly specified model and data with appropriate
distributional properties an asymptotically χ2 distributed test statistic could be
used to test the null hypothesis, represented by the Equation (5.1). A significant
test statistic would be an indication that the specified model is not consistent
with the data (Bollen and Long, 1993).

The test statistic is derived from the minimum value of the fitting function:

c = (N − 1)F (S,Σ(θ̂)), (5.10)

which is approximately χ2 distributed with d = k − t degrees of freedom in
a large sample. k = (p + q)(p + q + 1)/2 (the total number of distinct ele-
ments in S), t is the number of free parameters estimated, and (p + q) is the
number of observed variables. In principle, the model is rejected if c exceeds
the (1 − α) percentile of χ2 -distribution (Jöreskog and Sörbom, 1993a). In
practice, this test is used more as guidance in modifying the model (“model
generating approach”) rather than as a strict rule for model rejection.

One of the problems with the χ2 statistic is that it is affected by several
factors, the most obvious of which is the sample size. If N is small the test
may not have adequate power to detect the meaningful differences between Σ̂
and S, whereas large N may lead to over-rejection of the null hypothesis due to
detection of minor discrepancies (Fan et al., 1999). Other sources of variation
in fit statistics, χ2 and other measures based on it, include model complexity
(degrees of freedom), sampling variation, selection of alternative models (if
any), the estimation method, and whether a correlation or covariance structure
is analysed (Tanaka, 1993; Bollen, 1989).
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There are a vast number of measures available to assess the overall fit of
the model. Basically, all of these statistics are derived from the minimum value
of the fit function. Since chi-square is defined in a way that depends on the
sample size, it tends to yield high values in large samples like in this study. In
order to provide alternative ways of assessing model fit, a number of fit indices
are available. Fan et al. (1999) have categorised these indices into four types:

1. Covariance matrix reproduction indices attempt to evaluate what propor-
tion of the variation the model generated covariance matrix can explain
of the sample covariance matrix. For instance, the goodness-of-fit (GFI)
index fall into this category:

GFI = 1 −
F [S,Σ(θ̂)]

F [S,Σ(0)]
, (5.11)

which is based on a ratio of the estimated (minimum) value of the fit
function to the value of the fit function where all parameters are zeros.
The adjusted goodness-of-fit index (AGFI):

AGFI = 1 −
k(k + 1)

2d
(1 −GFI), (5.12)

makes an additional adjustment for the degrees of freedom and naturally
also belongs to this category.

2. The second category, comparative fit indices, are designed to assess model
fit in comparison with the more restricted null model, usually the inde-
pendence model (with no relations among indicators). Measures of this
type have been discredited by the fact that the independence model has
usually an extremely poor fit, and hence may not be an alternative spec-
ification in the first place (Fan et al., 1999).

3. Third, the parsimony weighted indices impose a penalty if the better
model is obtained by relaxing more parameters. Again, these indices
appear to be most relevant in the comparison of alternative model speci-
fications.

4. Finally, a fourth category of indices are based on the non-centrality statis-
tics, and hence are less sensitive to moderate misspecification of the model.
The comparative fit index (CFI) belongs to this category using the non-
central χ2 statistic. First, define F̂ as minimum fit function value for the
estimated model and F̂i as the corresponding value for the independence
model, then the non-central statistic is τ = Max{(N − 1)F̂ − d, 0} and
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τi = Max{(N −1)F̂i−di, (N −1)F̂ −d, 0} for the estimated and indepen-
dence models, respectively. d and di denote the corresponding degrees of
freedom. The CFI is:

CFI = 1 − τ/τi (5.13)

Yet another approach to model evaluation is provided by the root mean
squared error of approximation (RMSEA) which has become one of the stan-
dard fit measures to be reported with SEM models. It is based on population
discrepancy function (F̂0):

F̂0 = Max{F̂ − (d/(N − 1)), 0}, (5.14)

where F̂0 approaches F̂ when N approaches infinity, but decreases when pa-
rameters are added to the estimation with given N . In order to account for
the variation in the degrees of freedom the RMSEA is defined as population
discrepancy per degrees of freedom:

ε =

√

F̂0/d. (5.15)

The RMSEA is considered to indicate very good fit if the value falls below
0.05 and a reasonable fit with values less than 0.10, whereas values greater than
0.10 would suggest some problems in fit (Fan et al., 1999).

The RMSEA will be used as the main indicator for model fit since it has
been found to be sensitive to model misspecification, but is still minimally
dependent on sample size (Fan et al., 1999). Also the CFI appears to be robust
to variation in sample size and will be used as a secondary indicator of fit.
Also, the multivariate counterpart of coefficient of determination (R2) AGFI is
included, but it should be interpreted more cautiously since it is known to be
relatively sensitive to the sample size (Fan et al., 1999).

When the validity of the model has been established, chi-square statistics
can be used as Likelihood ratio (LR) statistics in testing alternative model
specifications. The LR statistic for H0 (more restricted) against H1 is:

D2 = c0 − c1. (5.16)

This is χ2-distributed with t− u degrees of freedom, where u is the number of
free parameters in less restricted (H1) model (Jöreskog and Sörbom, 1993a).

5.3 Analysis of wave 1 data

In developing a complex structural model corresponding to the theoretical
framework represented in Figure 5.1, valid measurement models are a prereq-
uisite to the analysis of structural relationships between variables of interest.
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Having 6 unobservable theoretical concepts (H, HK, HC, PM , M , and I)
and 22 observed indicators, it is more feasible to begin with estimating mea-
surement sub-models (Eq. (5.3)) for each latent variable. A disadvantage of
this way to proceed is that it isolates the constructs from each other and hence
may introduce a bias by omitting variables which clearly belong to the same
theoretical model (Hayduk, 1996, pg. 49). The separate factor analyses for
sub-models are only used to improve the specification of the factor structure
for that sub-model rather than making judgements on their overall goodness of
fit.

Figure 5.1: Static framework
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5.3.1 Measurement models

Five indicators chosen to best describe the latent concept of health represent
aspects of health perceivable by the respondents themselves, which is assumed
to affect an individual’s health relevant choices in theoretically meaningful way
(Figure 5.2). The λ-coefficient for SAHLTH was fixed to -1 in order give the
scale to the latent variable, and solve the problem of indefiniteness. Conse-
quently, the latent variable H∗ has the same unit of measurement as SAHLTH,
but due to the negative sign of the fixed coefficient the value of H∗ increases as
the value of SAHLTH decreases. Since all the observed variables are actually
indicators of ill health, the procedure makes H∗ an index of good health, which
is more convenient for further analysis.

As Table 5.1 shows the overall fit of the model is good. The squared multiple
correlations (ρ̂), which is also interpreted as a measure of reliability for each
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Figure 5.2: Path diagram of measurement model for H∗
1

indicator, are rather modest. The highest ρ̂ is 0.56 for SAHLTH indicates that
56% of the variation in self assessed health is explained by latent health status
variable H∗

1 . The lowest ρ̂ is only 0.19 for DOFFANY.

Table 5.1: Estimation results of health measurement model for wave 1.

H∗

1

y λ̂ t-value ρ̂

SAHLTH -1.00 0.56

SOMATCC -0.84 (-19,17) 0.40

PSYCC -0.76 (-22.54) 0.32

CHRONCC -0.89 (-20.90) 0.44

DOFFANY -0.59 (-15.68) 0.19

ψ11 0.56 (16.93)

χ2 46.22

df 5

P-value < 0.001

RMSEA 0.054

CFI 0.97

AGFI 0.99

Table 5.2 presents estimation results for the measurement model of infor-
mation-seeking activities and health knowledge. In general the measurement
model seems to have a rather good fit. The reliability (ρ̂) estimates are not
very high, but are quite consistent between different areas of health knowledge.

There are only two observed indicators for individuals’ information seeking
behaviour (I∗1 ). However, according to the t-rule, identification is obtained only
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Table 5.2: Estimation results of measurement models for information seeking
activities and health knowledge, wave 1.

I∗1 HK∗

1

y λ̂ (t-value) ρ̂ λ̂ (t-value) ρ̂

NEWSPAP 1.00 0.16

MEETING 1.57 (6.79) 0.40

HKDISC 1.00 0.36

HKDIEC 1.12 (24.32) 0.45

HKEXEC 1.10 (23.75) 0.44

HKSMOC 1.14 (23.72) 0.47

I∗1 ψ11 0.16 (5.61)

HK∗

1 ψ21 0.11 (7.22) ψ22 0.36 (16.02)

χ2 24.10

df 8

P-value 0.002

RMSEA 0.027

CFI 0.99

AGFI 1.00

if the number of estimated parameters is less than 3. Identification, however, is
achieved for a two-indicator construct if it correlates with another of the latent
variables in the model. Therefore, the model for I∗1 is analysed together with
related concept of HK∗

1 . Figure 5.3 demonstrates this situation. The overall

Figure 5.3: Path diagram of the measurement model for HK∗
1 and I∗1

model fit is good, but the reliability of the number of newspapers read daily
(NEWSPAP) is poor (ρ̂=0.16). In the absence of measures of health related
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information-seeking activities, I∗1 seems to serve as reasonable proxy in the sense
that it is positively correlated with HK∗

1 . The correlation coefficient between
the two latent variables is 0.45. In the theoretical framework (Figure 5.1) the use

Figure 5.4: Path diagram of the measurement model for M∗
1 and PM∗

1

of preventive (PM) and curative health services (M) are separated. It should
be noted that in model evaluation the point of view that with only a single
observed variable representing preventive service use, the model is identical
to an alternative specification where all four health service variables would be
related to a single latent variable.

Table 5.3: Estimation results of the measurement model for health service use.

M∗

1 PM∗

1

y λ̂ t-value λ̂ t-value ρ̂

GPYEAR 1.00 0.92

DRUGANY 0.48 (3.93) 0.21

HSPUSE 0.32 (3.96) 0.10

CHUP2YR 1.00 1.00

Ψ
M∗

1 0.92 (3.94)

PM∗

1 0.10 (3.32) 1.00 (53.02)

χ2 6.50

df 2

P-value 0.039

RMSEA 0.028

CFI 0.99

AGFI 1.00

For modelling the causal structure of the full model this separation, illus-
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trated by Figure 5.4, is crucial. Table 5.3 shows the estimation results in more
detail. For the identification both the factor loading (λ) and the measurement
error (ε) for CHUP2YR have been fixed to 1.00 and 0.00, respectively. Hence,
the latent variable PM∗

1 is in fact equal to CHUP2YR.

Reliability indicated by the multiple squared correlations (ρ̂) is high for the
indicator of GP consultations (GPYEAR), but very low for other medical care
use variables. The standardised correlation between M∗

1 and PM∗
1 is 0.10, in-

dicating that the separate measurements might be justified. Moreover, when a
model with only one latent “health service use” variable was fitted the relia-
bility of CHUP2YR was virtually zero. Even though the models have identical
goodness-of-fit, this does not provide much evidence for the existence of a single
underlying cause for all indicators.

Initially health affecting consumption (HC) was thought to be represented
by a single construct “healthiness of consumption pattern” (Figure 5.5. As the

Figure 5.5: Path diagram of the measurement for HC∗
1 , Model A in Table 5.4

estimation results from Model A in Table 5.4 clearly show, the fit of the single
latent variable specification appears to be appalling. The RMSEA is nearly 0.1
(0.098, 90%CI 0.085—0.110) which is considered to indicate poor fit, and also
the loading of the indicator for regular exercise (EXEREG) is not statistically
significant and its reliability (ρ̂) estimate is zero. In other words EXEREG is
not represented by the resulting latent variable HC∗

1 , i.e. EXEREG does not
belong to the same construct with other observed indicators. Moreover, ρ̂ for
the indicator of the saturated fat intake (FATLN) appears to be extremely low
(0.10).

Other studies have also reported problems in trying fit a single latent vari-
able model for health-related behaviours (Boniface and Tefft, 1997), and it may
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Table 5.4: Estimation results of measurement models for health affecting con-
sumption.

ModelA ModelB

HC∗

1 ALC∗

1 FAT∗

1 SMOKE∗

1 EXERC∗

1

y λ̂ t-value ρ̂ λ̂ t-value λ̂ λ̂ λ̂ ρ̂

SPIRIT 1.07 (25.75) 0.61 1.00 0.67

BEERCAT 1.09 (30.02) 0.64 0.98 (21.96) 0.65

FATLN 0.42 (15.69) 0.10 1.00 1.00

SREGUL 1.00 0.53 1.00 1.00

EXEREG 0.06 (1.69) 0.00 1.00 1.00

Ψ
HC∗

1 0.53 (18.04) ALC∗

1 0.67

(18.89)

FAT∗

1 0.17 1.00

(11.00) (53.02)

SMOKE∗

1 0.51 0.29 1.00

(24.93) (19.61) (53.02)

EXERC∗

1 0.11 -0.06 0.02 1.00

(4.44) (-4.28) (0.61) (53.02)

χ2 140.36 11.96

df 5 2

P-value <0.001 0.003

RMSEA 0.098 0.042

CFI 0.94 1.00

AGFI 0.97 1.00

Figure 5.6: Path diagram of the measurement for HC∗
1 , Model B in Table 5.4

well be the case that more than one dimension must be included in such models.
The model is already relatively large, and therefore it is not a desirable strat-
egy to increase the number of observed variables in this part of the model in
order to allow for the multidimensional nature of health affecting consumption.
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Instead the measurement model is split into four separate structural variables
of which three (FAT ∗

1 , SMOKE∗
1 , and EXER∗

1) are represented by single in-
dicators assumed to have been observed without measurement error (Figure
5.6). For alcohol consumption (ALC∗

1 ) there are two indicators representing
both frequency (SPIRIT ) and intensity (BEERCAT ) of consumption. The
estimation results from this model, labelled Model B, are shown in the last six
columns of Table 5.4. Improvement in χ2 (128,40) with 3 degrees of freedom
is statistically significant, but obviously the full advantage of SEM approach in
purging the error from the measurements is not gained by using this specifica-
tion.

5.3.2 Full structural model

Based on above development of measurement models the specification of the
full structural equation model was defined. In addition to measurement com-
ponents, a set of exogenous background variables (X) was included. X con-
sists of gender (SEX), age in years (AGE), an indicator of being married
(MARRIED), years of formal schooling (EDUCY R), annual household in-
come (FINC) and the number of hours worked during a usual week including
weekends (WHRSWK). Their relationships to every structural variable in the
model are estimated.

The direction of the causation between structural variables also had to be
specified. Basically, this follows the direction of the relationships implied by
the theoretical framework (Figure 5.1) set out earlier. Hence, investments in
information (I∗1 ) have a positive relation to knowledge capital (HK∗

1 ), which in
turn causes efficiency gains in the production of health capital (H∗

1 ) by affecting
positively healthy behaviours (EXER∗

1, PM
∗
1 ) and negatively unhealthy con-

sumption (ALC∗
1 , FAT ∗

1 , SMOKE∗
1). A minor modification was made to the

original theoretical model. The use of preventive health services (PM∗
1 ) was

assumed to have a positive direct impact the use of medical care (M∗
1 ), due to

a fact that some diseases, which may not yet be perceived by the individuals
themselves, are detected during the medical check-up and need to be treated.
For individuals who do not use preventive care the treatment of these conditions
is delayed, which may show up in lower utilisation of medical care.

Table 5.5 shows the estimation results from the measurement part of the
model in the context of the full model. The test statistic indicates that the
model fits the data reasonably well with RMSEA=0.059. The loadings in most
parts of the model follow the patterns that emerged in the analyses of the
measurement sub-models in previous section.
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Table 5.5: Estimation (WLS) results of the measurement part of the full model for wave 1.

H∗

1 HK∗

1 I∗1 M∗

1 PM∗

1 ALC∗

1 FAT∗

1 SMOKE∗

1 EXER∗

1 ρ̂

SAHLTH -1.00 0.59

SOMATCC -0.85 (-34.84) 0.42

PSY CC -0.76 (-40.37) 0.34

CHROANY -1.01 (-38.55) 0.60

DOFFANY -0.73 (-29.16) 0.32

HKDISC 1.00 0.33

HKDIEC 1.45 (31.14) 0.68

HKSMOC 1.15 (29.25) 0.43

HKEXEC 1.12 (28.31) 0.41

NEWSPAP 1.00 0.23

MEETING 1.22 (13.30) 0.33

GPY EAR 1.00 0.69

DRUGANY 0.82 (34.08) 0.46

HSPUSE 0.32 (13.47) 0.07

CHUP2Y R 1.00 0.69

SPIRIT 1.00 0.63

BEERCAT 1.09 (38.08) 0.75

FATLN 1.00 1.00

SREGUL 1.00 1.00

EXEREG 1.00 1.00

χ2 2189.25

df 204

P-value <0.001

RMSEA 0.059

CFI 0.89

AGFI 0.96
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The estimation results for the structural part of the model are shown in
Table 5.6. Overall, the signs of most of the coefficients seem to make sense
and are in agreement with theoretical expectations. The first column shows the
coefficients for the health production function. As expected, health status is
positively affected by the use of preventive health services and regular exercise,
but neither β-coefficient is however statistically significant. Negative health
effects are due to consumption of alcohol, fat (not significant), and cigarette
smoking. Age has a strong negative relationship with health, which could be
interpreted as cross-sectional counterpart of the theoretical concept of deprecia-
tion of capital stock over time. Neither education nor health knowledge appears
to have a statistically significant positive direct effect on health, thus casting
some doubt on the hypothesised productive efficiency effect of knowledge capital
in production of health.

The second column in Table 5.6 shows the investment function for health
relevant knowledge (HK∗

1 ). According to the prior expectations, the participa-
tion in the general information-seeking activities (I∗1 ) has a positive impact on
knowledge stock. Education appears to affect the knowledge stock by increas-
ing it directly and by promoting information seeking activities which in turn
increase HK∗

1 .
Health relevant knowledge seems to have a health promoting effect only by

reducing saturated fat intake (FAT ∗
1 ). The coefficient on smoking

(SMOKE∗
1) is also negative, but is not statistically significant. The finding

that health knowledge seems to increase alcohol consumption is in contradic-
tion what might be expected in general, but may also be explained by nonlinear
relationship between alcohol use and health (cf. discussion on page 34). More
detailed discussion is provided in Section 5.5.

A somewhat unexpected finding is that education seems to directly increase
some unhealthy habits, particularly smoking and alcohol use. This may, how-
ever, be related to the fact that smoking was not generally considered very
dangerous in early 70’s and it may even have been related to higher socio-
economic status. More striking is the finding that, the even though the indirect
effect of education on smoking is negative (but not quite statistically signifi-
cant at 5% level) due to knowledge effects, the indirect effect on health status
is not positive. The total effect (direct+indirect) of education on health is,
however, positive and statistically significant, which is in line with the general
observations about the two variables.
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Table 5.6: Estimation (WLS) results of the full structural model for wave 1.

H∗
1

HK∗
1

I∗
1

M∗
1

PM∗
1

ALC∗
1

FAT∗
1

SMOKE∗
1

EXER∗
1

H∗
1

–0.89 (–16.75)

HK∗
1

0.19 (0.73) –0.14 (–2.52) 0.01 (0.10) 0.22 (4.38) –0.26 (–3.89) –0.13 (–1.83) –0.07 (–0.86)

I∗
1

0.38 (7.33)

M∗
1

PM∗
1

0.03 (1.05) 0.10 (3.22)

ALC∗
1

–0.48 (–5.47)

FAT∗
1

–0.12 (–1.75)

SMOKE∗
1

–0.20 (–4.62)

EXER∗
1

0.02 (1.03)

SEX –0.72 (–6.59) 0.09 (5.46) –0.11 (–5.75) 0.27 (9.26) 0.09 (2.83) –0.63 (–30.06) –0.51 (–4.26) –0.66 (–27.46) –0.15 (–4.53)

AGE –0.18 (–9.75) –0.06 (–4.29) 0.11 (7.80) –0.07 (–4.28) –0.04 (–2.36) –0.01 (–0.36) 0.07 (0.86) 0.01 (0.59) 0.04 (2.49)

MARRIED –0.14 (–5.08) 0.04 (1.80) –0.08 (–3.05) 0.09 (2.86) –0.02 (–0.51) –0.03 (–1.06) –0.06 (–1.02) 0.02 (0.47) 0.03 (0.69)

EDUCY R 0.06 (0.85) 0.22 (7.99) 0.15 (6.74) 0.05 (1.74) 0.06 (2.28) 0.06 (2.76) –0.02 (–0.35) 0.05 (1.87) 0.08 (2.93)

F INC 0.21 (5.84) 0.06 (2.87) 0.12 (5.34) 0.03 (1.14) 0.04 (1.09) 0.08 (3.35) –0.01 (–0.39) –0.10 (–3.21) 0.00 (0.01)

WHRSWK 0.17 (3.19) –0.03 (–2.07) 0.08 (5.14) –0.11 (–6.54) 0.01 (0.47) 0.05 (3.01) 0.17 (0.63) 0.04 (2.36) –0.11 (–5.28)

Error covariances of endogenous variables (Ψ)

H∗
1

0.33 (12.99)

HK∗
1

0.00 (0.01) 0.18 (13.06)

I∗
1

0.17 (8.62)

M∗
1

0.02 (1.71) 0.05 (1.71)

PM∗
1

0.04 (2.06) 0.66 (16.12)

ALC∗
1

–0.02 (–1.37) 0.03 (1.68) 0.05 (2.48) 0.24 (12.58)

FAT∗
1

–0.03 (–1.40) 0.04 (1.62) 0.00 (0.21) –0.12 (–7.80) 0.72 (10.09)

SMOKE∗
1

–0.09 (–4.91) 0.00 (–0.18) 0.00 (-0.04) 0.11 (5.65) –0.10 (–6.15) 0.57 (17.62)

EXER∗
1

0.09 (4.71) 0.08 (3.69) 0.03 (1.07) 0.00 (0.02) –0.12 (–4.49) –0.08 (–2.91) 0.95 (44.14)

R2 0.44 0.44 0.24 0.93 0.03 0.63 0.28 0.43 0.05

R2 (RF) 0.27 0.37 0.24 0.38 0.03 0.61 0.26 0.42 0.05

χ2 2189.25

df 204

P-value <0.001

RMSEA 0.059

CFI 0.89

AGFI 0.96
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A more thorough discussion of the results from the cross-sectional analysis
will provided after the analysis of the wave 2 data.

5.4 Analysis of wave 2 data

Analysis of the wave 2 data is based on the experience from the wave 1 models,
and hence the observed variables and specification of the sub-models are mainly
identical to those of wave 1. There is one notable exception. The sub-model
for information seeking activities will consist of the general activities and an
additional latent variable representing the participation in health education
campaigns.

5.4.1 Measurement models

Table 5.7 shows that the measurement model for health status can be considered
as having a reasonably good fit (χ2=22.26, df=5, RMSEA=0.054). Self assessed
health (SAHLTH) and an indicator for any chronic conditions (CHROANY )
appear to have the strongest relationship with the latent construct as their
squared multiple correlations (ρ̂) are 0.46 and 0.47, respectively. Psychosomatic
complaints (PSY CC) and days off work or normal duties (DOFFANY ) have
both ρ̂ as low as 0.16.

Figure 5.7: Path diagram of measurement model for H∗
2

In the measurement model for health knowledge the strategy with four sub-
scores for each topic area in the questionnaire was used (Figure 5.8). The fit
(Table 5.8) appeared to be much poorer than with the wave 1 data (χ2=18.26,
df=2, RMSEA=0.083). The main difference in the data compared to the wave
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Table 5.7: Estimation results of health measurement model for wave 2.

H∗

2

y λ̂ t-value ρ̂

SAHLTH -1.00 0.46

SOMATCC -0.92 (-12.81) 0.39

PSYCC -0.59 (-12.32) 0.16

CHROANY -1.01 (-12.76) 0.47

DOFFANY -0.59 (-8.69) 0.16

ψ11 0.46 (10.53)

χ2 22.26

df 5

P-value 0.005

RMSEA 0.054

CFI 0.97

AGFI 0.99

Figure 5.8: Path diagram of the measurement model for HK∗
2

1 scores seemed to be that in some topic areas, especially smoking and diet, the
distributions were skewed towards to higher scores. In the literature negatively
skewed variables have been found particularly problematic in SEM estimation
(Hoogland and Boomsma, 1998). The goodness-of-fit is not, however, that poor
that it would be necessary to consider alternative specifications for this part of
the model.

Information-seeking activities play a key role in answering the research ques-
tions of this study and in the second wave of data where four variables describing
investment activities particularly relevant to health knowledge are available. In
order to maintain the comparability of the theoretical constructs between the
two waves of data a new latent variable labelled health education (HE∗

2) was
introduced to account for the common variation in additional indicators (Figure
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Table 5.8: Estimation results of measurement model for health knowledge,
wave 2.

HK∗

2

y λ̂ t-value ρ̂

HKDISC 1.00 0.29

HKDIEC 1.21 (12.60) 0.42

HKSMOC 1.27 (13.02) 0.46

HKEXEC 1.19 (12.47) 0.40

ψ11 0.29 (8.59)

χ2 18.26

df 2

RMSEA 0.083

P-value <0.001

CFI 0.97

AGFI 0.98

5.9). Table 5.9 show the estimates for the measurement model. The χ2-statistic
and RMSEA indicate a relatively poor fit.

Figure 5.9: Path diagram of the measurement model for HE∗
2 and I∗2

The standardised correlation between I∗2 and HE∗
2 is 0.56. The data does

clearly not support (∆χ2=13,22, ∆df=1) the restriction ψ21 = 1 and hence
separate handling of the two constructs is justified. The modification indices
produced by LISREL package indicate that statistically significant improve-
ments in model fit could be archived by allowing some error variances to be
correlated, especially strong correlation would be between the error term for
MEETING and LECHCC. Also, modification by allowing some of the indi-
cators for health education participation to load on general information seeking
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Table 5.9: Estimation results of measurement models for information seeking
activities and health education participation, wave 2.

I∗2 HE∗

2

y λ̂ t-value λ̂ t-value ρ̂

NEWSPAP 1.00 0.10

MEETING 1.76 (4.23) 0.30

LECHCC 1.00 0.39

HBKL15C 1.31 (13.68) 0.68

MAGAZIC -0.96 (-13.84) 0.36

TVPROGC 0.61 (9.84) 0.15

ψ11 0.10 (3.03)

ψ22 0.39 (10.13)

ψ21 0.11 (4.48)

χ2 89.61

df 8

P-value <0.001

RMSEA 0.093

CFI 0.87

AGFI 0.97

activities, particularly LECHCC and TV PROG. It would be, for instance,
legitimate to consider TV as a source of general information as well, and hence
allow for a more complex factorial structure. It is, however, most important
for the aims of the study that the interpretation of these two concepts are not
allowed to become too complicated. If the fit problems become more serious
(e.g. resulting in improper estimation outcomes) in the context of the full
model modifications may have to be considered. It should be kept in mind that
the measurement sub-models might appear misspecified just because they are
“artificially” isolated from a larger system.

Based on the experience from the first wave models, the measurement of
health service utilisation was directly formulated as consisting of two distinct
latent constructs M∗

2 and PM∗
2 (Figure 5.10). Preventive health service con-

sultation was measured as visits to the public health nurse or health visitor
(HV ISANY ), which is different from the manifest variable used in wave 1
above.

In general, the measurement model (Table 5.10) fits the data very well
(χ2=2.97, df=2). As in wave 1, the indicator for a physician visit (GPY EAR)
dominates the measurement relation for M∗

2 and PM∗
2 , respectively. The stan-

dardised correlation between the two latent variables is 0.47, which is clearly
higher than in wave 1 (0.10). Also, when fitting a model with only one latent
variable the factor loading and reliability (ρ̂) estimates for HV ISANY are sim-
ilar to those of DRUGANY and HSPUSE. This indicates that the separation

129



Figure 5.10: Path diagram of the measurement model for M∗
2 and PM∗

2

between curative and preventive care may not be very good. For the sake of
consistency with wave 1 the two latent variable specification will be preferred.

Table 5.10: Estimation results of the measurement model for health service use,
wave 2.

M∗

2 PM∗

2

y λ̂ t-value λ̂ t-value ρ̂

GPYEAR 1.00 0.91

DRUGANY 0.55 (6.59) 0.27

HSPUSE 0.49 (6.39) 0.22

HVISANY 1.00 1.00

Ψ
M∗

1 0.91 (6.42)

PM∗

1 0.44 (10.17) 1.00 (34.39)

χ2 2.97

df 2

P-value 0.227

RMSEA 0.020

CFI 1.00

AGFI 1.00

The sub-model for the theoretical concept of health affecting consumption
(HC) is modelled as four latent construct system (Figure 5.11), as in wave 1.
This was mainly due to poor model fit when a single latent construct speci-
fication was analysed with wave 1 data. On the other hand having separate
variables for different lifestyle factors may also help with interpreting their role
in an individual’s health production process.

The model seem to fit the data very well (χ2=5.40, df=2). As in wave 1,
the reliability (ρ̂) of both indicators of alcohol consumption is relatively good
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Figure 5.11: Path diagram of the measurement model for HC∗
2 .

Table 5.11: Estimation results of measurement models for health affecting con-
sumption, wave 2.

ALC∗

2 FAT∗

2 SMOKE∗

2 EXERC∗

2

y λ̂ t-value λ̂ λ̂ λ̂ ρ̂

SPIRIT 1.00 0.79

BEERCAT 0.84 (7.41) 0.56

FATLN 1.00 1.00

SREGUL 1.00 1.00

EXEREG 1.00 1.00

Ψ
ALC∗

2 0.79

(7.21)

FAT∗

2 0.11 1.00

(4.58) (34.39)

SMOKE∗

2 0.38 0.28 1.00

(10.71) (10.55) (34.39)

EXERC∗

2 -0.06 -0.14 -0.16 1.00

(-1.55) (-6.20) (-2.91) (34.39)

χ2 5.40

df 2

P-value 0.067

RMSEA 0.038

CFI 1.00

AGFI 0.99

(0.79 and 0.56). The covariances between latent variables (ψ’s) are also shown in
Table 5.11. The signs of the covariance terms are intuitively correct. Comparing
them to the corresponding values in wave 1, the main difference seems to be that
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the signs of the covariances between regular exercise and alcohol consumption
(ψ41) and regular smoking (ψ43), have changed signs from positive (in wave 1)
to negative (in wave 2).

5.4.2 Full structural model

Finally, Tables 5.13 and 5.12 present the results from the estimation of the
full MIMIC model for wave 2. It should be noted that both tables present
results from the same model; the measurement part is reported separately from
structural part in order to keep table to a reasonable size.

The measurement part of the model (Table 5.12) expresses, in general, sim-
ilar factor loading patterns to the sub-models presented above. The overall fit
of the model is reasonable (RMSEA=0.072). As in the case of the full measure-
ment model for wave 1, no worrying changes occurred in the estimated values
of the λ-coefficients. This is encouraging since some of the measurement sub-
models did not fit very well. In particular, factor loadings for health education
variables (Table 5.9) increased, especially the one for MAGAZIC (from –0.96
to –1.44). Also the reliability of measurement (ρ̂) increased clearly from 0.36
to 0.60. Overall, there appears to be no need for further modifications to the
measurement structure of the model.

Table 5.13 shows the estimates of the structural relationships between the
theoretical constructs. The first two columns contain estimates for the health
production and health knowledge production functions, and the remaining
columns show the demand function for production inputs.

Preventive health service use is statistically significantly related to the level
of health, but unlike in wave 1 the sign is negative. This unexpected result may
appear because the only observed indicator HV ISANY (any visits to a public
health nurse or a health visitor) does not emphasise the visits “not due to illness
or symptoms” as was the case with CHUP2Y R in wave 1. The possible problem
in discriminant validity of the measurement was already discussed in Section
5.4.1 above. In that case, the unexpected sign would be due to misspecification
of the measurement model for health service utilisation. Since the data lacks
proper alternative measurements for preventive service use, changing the model
structure or measurement specifications were not considered feasible.
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Table 5.12: Estimation (WLS) results of the measurement part of the full model for wave 2.

H∗
2

HK∗
2

I∗
2

HE∗
2

M∗
2

PM∗
2

ALC∗
2

FAT∗
2

SMOKE∗
2

EXERC∗
2

ρ̂

SAHLTH -1.00 0.56

SOMATCC -0.93 (-26.73) 0.48

PSY CC -0.53 (-24.94) 0.16

CHROANY -1.11 (-29.95) 0.69

DOF F ANY -0.83 (-21.94) 0.38

HKDISC 1.00 0.37

HKDIEC 1.22 (22.76) 0.56

HKEXEC 1.16 (21.36) 0.50

HKSMOC 1.01 (20.31) 0.38

NEWSPAP 1.00 0.37

MEETING 0.70 (9.52) 0.18

LECHCC 1.00 0.29

HBKL15C 1.57 (21.66) 0.71

MAGAZIC -1.44 (-20.92) 0.60

TV PROGC 0.80 (14.94) 0.18

GPY EAR 1.00 0.70

DRUGANY 0.98 (30.72) 0.68

HSPUSE 0.60 (17.95) 0.25

HV ISANY 1.00 0.70

SPIRIT 1.00 0.66

BEERCAT 1.06 (25.10) 0.75

F ALN 1.00 1.00

SREGUL 1.00 1.00

EXEREG 1.00 1.00

χ2 2086.29

df 296

P-value <0.001

RMSEA 0.072

CFI 0.85

AGFI 0.93
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Table 5.13: Estimation (WLS) results of the full structural model for wave 2.

H∗
2

HK∗
2

I∗
2

HE∗
2

M∗
2

PM∗
2

ALC∗
2

FAT∗
2

SMOKE∗
2

EXERC∗
2

H∗
2

–0.94 (–13.83)

HK∗
2

–0.31 (–1.13) –0.04 (–0.67) 0.27 (3.48) –0.07 (–1.15) –0.37 (–4.03) –0.84 (–8.13) 0.01 (0.15)

I∗
2

0.03 (0.48)

HE∗
2

0.46 (5.45)

M∗
2

PM∗
2

–0.32 (–5.75) 0.21 (3.79)

ALC∗
2

–0.10 (–0.95)

FAT∗
2

–0.02 (–0.48)

SMOKE∗2 –0.25 (–4.39)

EXER∗
2

0.15 (4.58)

SEX –0.28 (–2.46) –0.13 (–3.09) –0.04 (–1.17) 0.37 (15.43) 0.18 (5.05) 0.16 (3.60) –0.61 (–20.54) –0.56 (–3.92) –0.43 (–8.81) 0.01 (0.30)

AGE –0.17 (–4.59) –0.06 (–3.77) 0.03 (1.34) –0.04 (–3.15) 0.01 (0.68) 0.04 (1.61) –0.03 (–1.48) 0.06 ( 0.41) -0.16 (-6.13) 0.03 (1.13)

MARRIED –0.16 (–2.53) –0.01 (–0.24) 0.16 (3.64) 0.02 ( 0.53) –0.01 (–0.24) 0.11 (1.79) –0.25 (–5.92) –0.05 (–1.12) –0.34 (–4.91) 0.07 (1.16)

EDUCY R 0.02 ( 0.40) 0.16 (6.62) 0.11 (3.73) 0.09 (5.57) 0.07 (2.24) –0.15 (–4.28) 0.07 (2.62) 0.05 (0.73) 0.13 (3.17) 0.09 (2.51)

F INC 0.30 (5.44) 0.06 (1.91) 0.09 ( 2.14) 0.09 (3.42) 0.09 (1.71) 0.02 (0.33) 0.23 (5.75) –0.19 (–3.01) 0.09 (1.39) –0.14 (–2.36)

WHRSWK 0.08 (1.86) 0.06 (2.51) 0.01 (0.28) –0.15 (–9.39) –0.12 (–5.77) 0.02 (0.84) 0.05 (2.17) 0.43 (1.31) 0.04 (1.34) –0.11 (–3.82)

Error covariances of endogenous variables (Ψ)

H∗
2

0.36 (5.31)

HK∗
2

0.10 (1.41) 0.24 (11.57)

I∗
2

0.30 (6.23)

HE∗
2

0.11 (8.21) 0.16 (9.93)

M∗
2

0.00 (–0.01) 0.03 (2.17) 0.03 (0.99)

PM∗
2

0.04 (1.38) 0.02 (1.08) 0.62 (10.49)

ALC∗
2

0.07 (3.23) 0.07 (4.49) 0.00 (–0.10) 0.04 (1.36) 0.27 (8.49)

FAT∗
2

0.06 (2.97) 0.05 (1.51) 0.05 (1.77) –0.06 (–2.83) –0.10 (–5.00) 0.68 (3.73)

SMOKE∗
2

–0.14 (–4.20) 0.00 (0.17) 0.01 (0.14) –0.07 (–1.46) 0.08 (2.34) 0.03 (0.98) 0.53 (8.46)

EXER∗
2

0.06 (2.30) 0.11 (5.61) 0.08 (2.58) –0.15 (–3.83) 0.07 (2.27) 0.00 (–0.10) 0.04 (0.82) 0.97 (30.69)

R2 0.35 0.35 0.19 0.44 0.95 0.10 0.60 0.32 0.47 0.03

R2 (RF) 0.17 0.26 0.19 0.44 0.23 0.07 0.60 0.30 0.27 0.03

χ2 2086.29

df 296

P-value <0.001

RMSEA 0.072

CFI 0.85

AGFI 0.93
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The other endogenous explanatory variables in the health equation had ex-
pected signs, although alcohol consumption and saturated fat intake were not
statistically significant at the 5% level. The exogenous variables also had ex-
pected signs. The coefficient for AGE on health was about the same magnitude
as in wave 1. If interpreted as representing age-related depreciation of health,
this indicates that the rate of depreciation has remained relatively stable over
time, i.e. does not increase with age. As in wave 1, no statistically significant
direct effect of education on health was found, and education appears to have an
increasing effect on some unhealthy behaviours, especially regular smoking and
alcohol consumption. Also, no direct health benefit related to health knowledge
could be confirmed, on the contrary the coefficient for HK∗

2 on H∗
2 was negative

but not statistically significant.

As was expected, participation to health education (HE∗
2) has a strong pos-

itive impact on individuals’ health knowledge. Inclusion of HE∗
2 also diminishes

the importance of general information seeking activities as inputs in the pro-
duction of a health specific knowledge stock. As in wave 1, education had a
positive direct impact on HK∗

2 and also a positive impact on both types of
knowledge investment activities.

Health knowledge has a statistically significant increasing effect on preven-
tive care take-up and decreasing effect on all hazardous consumption choices
(not statistically significantly on alcohol consumption). Most importantly, it
has a dramatic negative effect on likelihood of being a regular smoker.

5.5 Discussion

In this chapter I presented separate analyses for cross-sections of data. Mod-
elling is based on a standard health production framework, with two distinctive
features: first, all production inputs were modelled as being endogenous, and
second, health relevant knowledge was modelled as being endogenous and a
separate production equation for health knowledge was introduced. The whole
system of equations was estimated simultaneously.

The analyses presented in Sections 5.3 and 5.4 are particularly useful in
assessing the different ways health knowledge influences consumers’ choices and
health. These are also well-suited to compare the relative impact of overall
education and health specific knowledge. Table 5.14 provides a decomposition
of the total effects of education and health knowledge as a summary for the
analysis of both waves of data.

A number of findings that are relevant to the study questions of this thesis
are summarised for both waves in the following.

1. Health specific knowledge has a direct health promoting effect on most
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Table 5.14: Direct and indirect effects of education and health knowledge.

H HK ALC FAT SMOKE EXER PM M

1972

Direct Education ns + + ns ns + + ns

effects Health knowledge ns + – ns ns ns –

Indirect Education ns + + – ns ns + –

effects Health knowledge ns ns

Total Education + + + – ns + + –

effects Health knowledge ns + – ns ns ns ns

1987

Direct Education ns + + ns + + – +

effects Health knowledge ns ns – – ns + ns

Indirect Education ns + ns – – ns + ns

effects Health knowledge + ns

Total Education ns + + ns ns + – ns

effects Health knowledge ns ns – – ns + ns

+/−: positive/negative relationship
ns: coefficient is not statistically significant at p<0.005 level

health-related behaviours, but only a few of the relationships appeared
statistically significant. This indicates that health knowledge potentially
improves allocative efficiency in the production of health.

2. A clear exception to the conclusion above was the consumption of alcohol,
which appeared to be increasing with better knowledge. This relationship
may be confounded due to non-linearity of the relationship between alco-
hol and health (cf. page 34). Since the measure of alcohol consumption
is not particularly designed to represent unhealthy behaviour, individuals
with a higher level of health knowledge may actually consume only a rea-
sonable amount of alcohol. However, the strong negative coefficient for
ALC∗

1 in the health production equation indicates that the actual drinking
patterns had an unhealthy effect on respondents’ health. In wave 2, bet-
ter knowledge appeared to have a negative although not significant effect
on alcohol use, and also the negative (linear) relationship between alcohol
and health is somewhat weaker. Another explanation of the unexpected
relationship between knowledge and alcohol use might arise because the
set of questions used to measure health knowledge did not include any
question about the health effects of alcohol. There is, however, no reason
to expect that an individual’s knowledge in one area of health would not
be positively correlated by the overall index of health relevant knowledge.
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3. Participation in health education activities appears to have a clear positive
effect on the level of health relevant knowledge, independent of general
information seeking activities and the level of formal education. Through
HK∗

2 health education has positive impact on health behaviour, partic-
ularly by reducing smoking and fat intake. The total effect on health
status was not statistically significant (and negative) mainly due to the
unexpected negative influences through alcohol use and preventive care.

4. Neither health knowledge nor education had a significant direct positive
impact on health. Hence, the analysis offer no support for the technical
efficiency of education or knowledge in the production of health. Statisti-
cally non-significant cross-sectional association between health knowledge
and health was also found by Van Doorslaer (1987, pg. 78).

5. In the production of health knowledge, education had a strong positive
impact on the level of health knowledge directly and on participation in
information seeking activities, and health education in particular. There-
fore, education potentially brings about both technical and allocative ef-
ficiency in production of knowledge.

6. In both data sets, higher knowledge appeared to be associated with lower
utilisation of medical care (M∗) but higher use of preventive health ser-
vices (PM∗). The interpretation concerning PM∗

2 should be done with
extra caution due to potential discriminant validity problem of measure-
ment in that area of the model in wave 2.

7. The direct effect of formal schooling on behaviour was generally unhealthy
if there was any effect in the first place. This is clearly in contradiction
with the findings from some earlier studies (e.g. Kenkel, 1991a). Educa-
tion’s positive effect on regular smoking seemed to have increased from
1972 to 1987, but at the same time the indirect effects through health
knowledge in reducing smoking participation had clearly increased.

8. Women seem to have healthier lifestyles than men, use more health ser-
vices, and participate more actively in health education (HE∗

2). Men are,
however, more active in general information seeking (I∗2 ).

9. Finally, the negative coefficients for age in both sets of analysis clearly
support the view that the concept of age related depreciation is valid not
only for health capital but also for the stock of knowledge.
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5.6 Summary

This chapter has shown that health knowledge has health promoting influence
on an individual’s consumption choices. This tendency is more clear with the
wave 2 data, although only effects on smoking, fat intake and preventive health
service use were statistically significant. It was also shown that participation
in health education activities has positive and significant effect on an individ-
ual’s health knowledge when the level of overall education is controlled for. In
the analysis of cross-sectional data no statistically significant effect of health
knowledge on health was found.

The main disadvantage of using cross-sectional data is that the sequence of
individuals decision needs to be assumed, e.g. investment in knowledge precedes
investment in health (cf. Section 3.3). This means that in the absence of proper
proxies for initial level of health and health knowledge the causal direction of
relationships described by the production function may not be clear. Moreover,
the dynamic nature of consumer decisions is not captured, and in particular the
health effects of life-style choices may only occur after a relatively long period
of time.

In Chapter 6 and 7 these issues are addressed by using a two-period frame-
work of Section 3.4 to analyse the production of health and the production
of health knowledge as simultaneous processes. The future outcomes (wave 2)
of current investment in both health and health knowledge are analysed by
controlling for current level (wave 1) of the two stock variables.
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Appendix D

Definitions and specification

D.1 MIMIC equations

Structural equations:
η = Bη + Γξ + ζ (D.1)

Measurement equation:
y = Λyη + ε (D.2)

x = ξ (D.3)
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D.2 MIMIC assumptions and definitions

Λx = I Θδ = 0

E(η) = 0 E(ε) = 0 E(ζ) = 0 E(ξ) = 0

ε uncorrelated with η, ξ, and δ

δ uncorrelated with ξ, η, and ε

ζ uncorrelated with ξ

(I − B) nonsingular

Symbol Dimension Definition

Variables

y p× 1 observed indicators of η

x q × 1 observed indicators of ξ

η m× 1 latent endogenous variables

ξ n× 1 latent exogenous variables

ε p× 1 measurement errors for y

δ q × 1 measurement errors for x

ζ m× 1 latent errors in equations

Coefficients

Λy p×m coefficients relating y to η

Λx q × n coefficients relating x to ξ

B m×m coefficients relating η’s to each other

Γ m× n coefficients relating ξ (or x) to η

Covariance matrices

Θε p× p covariance matrix of ε, E(εε′)

Θδ q × q covariance matrix of δ, E(δδ′)

Φ n× n covariance matrix of ξ, E(ξξ′)

Ψ m×m covariance matrix of ζ, E(ζζ′)
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D.3 Implied covariance matrix

Σyy = E(yy′) = E
[

(Λyη + ε)(Λ′

yη′ + ε′)
]

= E(Λyηη′Λ′

y) + E(Λyηε′) + E(εη′Λ′

y) + E(εε′)

= ΛyE(ηη′)Λ′

y + ΛyE(ηε′) + E(εη′)Λ′

y + E(εε′)

= ΛyE(ηη′)Λ′

y + Θε (D.4)

Solve for η from Equation D.1:

η − Bη = Γx + ζ

η(I− B) = Γx + ζ

η = (I− B)−1(Γx + ζ) (D.5)

Simplify:

E(ηη′) = E

[

(I− B)−1(Γx + ζ)(Γx + ζ)′
[

(I− B)−1
]

′

]

= (I− B)−1E
[

(Γx + ζ)(Γx + ζ)′
][

(I− B)−1
]

′

= (I− B)−1
[

ΓE(ξξ′)Γ′ + E(ζζ′)
][

(I− B)−1
]

′

= (I− B)−1(ΓΦΓ′ + Ψ)
[

(I −B)−1
]

′

(D.6)

Substitute Equation D.6 into D.4 and obtain

Σyy(θ) = Λy(I− B)−1(ΓΦΓ′ + Ψ)
[

(I− B)−1
]

′

Λ′

y + Θε (D.7)

Σxx(θ) = E(xx′) = E(ξξ′) = Φ (D.8)

Σyx(θ) = E(yx′) = E
[

(Λyη + ε)ξ′
]

= ΛyE(ηξ′) + E(εξ′)

= ΛyE
[

(I− B)−1(Γx + ζ)ξ′
]

= ΛyE
[

(I − B)−1(Γξξ′ + ζξ′)
]

= Λy(I − B)−1
[

ΓE(ξξ′) + E(ζξ′)
]

= Λy(I− B)−1ΓΦ (D.9)

Due to symmetry we also get:

Σxy(θ) = ΦΓ′

[

(I −B)−1
]

′

Λ′

y (D.10)

Finally the entire (model) implied covariance matrix is:

Σ(θ) =

(

Σyy(θ) Σyx(θ)
Σxy(θ) Σxx(θ)

)

=

(

Λy(I− B)−1(ΓΦΓ′ + Ψ)
[

(I −B)−1
]

′

Λ′

y + Θε Λy(I − B)−1ΓΦ

ΦΓ′

[

(I −B)−1
]

′

Λ′

y Φ

)
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D.4 Parameter matrices for wave 1

Vector of latent variables (η):

η′ =
(

H1 HK1 I1 M1 PM1 ALC1 FAT1 SMOKE1 EXER1
)

Vector of effect indicators (y) and matrix of factor loadings (Λy):

y =







































































SAHLTH
SOMATCC
PSY CC

CHROANY
DOFFANY
HKDISC
HKDIEC
HKSMOC
HKEXEC
NEWSPAP
MEETING
GPY EAR
DRUGANY
HSPUSE
CHUP2Y R
SPIRIT

BEERCAT
FATLN
SREGUL
EXEREG







































































Λy =







































































−1 0 0 0 0 0 0 0 0
λ2,1 0 0 0 0 0 0 0 0
λ3,1 0 0 0 0 0 0 0 0
λ4,1 0 0 0 0 0 0 0 0
λ5,1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 λ7,2 0 0 0 0 0 0 0
0 λ8,2 0 0 0 0 0 0 0
0 λ9,2 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 λ11,3 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 λ13,4 0 0 0 0 0
0 0 0 λ14,4 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 λ17,6 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1







































































Structural coeffiecient (η on η) matrix (B):

η =



























H1
HK1
I1
M1
PM1
ALC1
FAT1

SMOKE1
EXER1



























B =



























0 β1,2 0 0 β1,5 β1,6 β1,7 β1,8 β1,9

0 0 β2,3 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
β4,1 β4,2 0 0 β4,5 0 0 0 0
0 β5,2 0 0 0 0 0 0 0
0 β6,2 0 0 0 0 0 0 0
0 β7,2 0 0 0 0 0 0 0
0 β8,2 0 0 0 0 0 0 0
0 β9,2 0 0 0 0 0 0 0



























Vector of cause (exogenous) indicators (x):

x′ =
(

SEX AGE MARRIED EDUCY R FINC WHRSWK
)

Structural coeffiecient (x on η) matrix (Γ):

η =



























H1
HK1
I1
M1
PM1
ALC1
FAT1

SMOKE1
EXER1



























Γ =



























γ1,1 γ1,2 γ1,3 γ1,4 γ1,5 γ1,6

γ2,1 γ2,2 γ2,3 γ2,4 γ2,5 γ2,6

γ3,1 γ3,2 γ3,3 γ3,4 γ3,5 γ3,6

γ4,1 γ4,2 γ4,3 γ4,4 γ4,5 γ4,6

γ5,1 γ5,2 γ5,3 γ5,4 γ5,5 γ5,6

γ6,1 γ6,2 γ6,3 γ6,4 γ6,5 γ6,6

γ7,1 γ7,2 γ7,3 γ7,4 γ7,5 γ7,6

γ8,1 γ8,2 γ8,3 γ8,4 γ8,5 γ8,6

γ9,1 γ9,2 γ9,3 γ9,4 γ9,5 γ9,6
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Error structure matrix (Ψ) for η (structural equations):

η =



























H1
HK1
I1
M1
PM1
ALC1
FAT1

SMOKE1
EXER1



























Ψ =



























ψ1,1

ψ2,1 ψ2,2

0 0 ψ3,3

0 0 ψ4,3 ψ4,4

0 0 ψ5,3 0 ψ5,5

0 0 ψ6,3 ψ6,4 ψ6,5 ψ6,6

0 0 ψ7,3 ψ7,4 ψ7,5 ψ7,6 ψ7,7

0 0 ψ8,3 ψ8,4 ψ8,5 ψ8,6 ψ8,7 ψ8,8

0 0 ψ9,3 ψ9,4 ψ9,5 ψ9,6 ψ9,7 ψ9,8 ψ9,9



























Errors in measurement in y:

y =







































































SAHLTH
SOMATCC
PSY CC

CHROANY
DOFFANY
HKDISC
HKDIEC
HKSMOC
HKEXEC
NEWSPAP
MEETING
GPY EAR
DRUGANY
HSPUSE
CHUP2Y R
SPIRIT

BEERCAT
FATLN
SREGUL
EXEREG







































































diag(Θε) =









































































θε1,1

θε2,2

θε3,3

θε4,4

θε5,5

θε6,6

θε7,7

θε8,8

θε9,9

θε10,10

θε11,11

θε12,12

θε13,13

θε14,14

θε15,15

θε16,16

θε17,17

0
0
0









































































Diag(Θε) presents diagonal elements of symmetric matrix Θε and all off-diagonal
elements are constrained to zero. It was also assumed that the mesurement errors in
GPY EAR and CHUP2Y R were equal, and heance an additional contraint θε12,12 =
θε15,15 was introduced.

143



D.5 Model equations for wave 1

Measurement equations (see D.2)

SAHLTH = −1 × H
∗

+ ε1

SOMATCC = λ2,1H
∗

+ ε2

PSY CC = λ3,1H
∗

+ ε3

CHROANY = λ4,1H
∗

+ ε4

DOF F ANY = λ5,1H
∗

+ ε5

HKDISC = 1 × HK
∗

+ ε6

HKDIEC = λ7,2HK
∗

+ ε7

HKSMOC = λ8,2HK
∗

+ ε8

HKEXEC = λ9,2HK
∗

+ ε9

NEWSPAP = 1 × I
∗

+ ε10

MEETING = λ11,3I
∗

+ ε11

GPY EAR = 1 × M
∗

+ ε12

DRUGANY = λ13,4M
∗

+ ε13

HSPUSE = λ14,4M
∗

+ ε14

CHUP2Y R = 1 × PM
∗

SPIRIT = 1 × ALC
∗

+ ε16

BEERCAT = λ17,6ALC
∗

+ ε17

F ATLN = 1 × FAT
∗

SREGUL = 1 × SMOKE
∗

EXEREG = 1 × EXERC
∗

(D.11)

Structural equations (see D.1)

H
∗

= β1,2HK
∗

+ β1,5PM
∗

+ β1,6ALC
∗

+ β1,7FAT
∗

+ β1,8SMOKE
∗

+β1,9EXERC
∗

+ γ1,1SEX + γ1,2AGE + γ1,3MARRIED + γ1,4EDUCY R

+γ1,5F INC + γ1,6WHRSWK + ζ1

HK
∗

= β2,3I
∗

+ γ2,1SEX + γ2,2AGE + γ2,3MARRIED

+γ2,4EDUCY R + γ2,5F INC + γ2,6WHRSWK + ζ2

I
∗

= γ3,1SEX + γ3,2AGE + γ3,3MARRIED + γ3,4EDUCY R

+γ3,5F INC + γ3,6WHRSWK + ζ3

M
∗

= β4,1H
∗

+ β4,2HK
∗

+ β4,5PM
∗

+ γ4,1SEX + γ4,2AGE + γ4,3MARRIED

+γ4,4EDUCY R + γ4,5F INC + γ4,6WHRSWK + ζ4

PM
∗

= β5,2HK
∗

+ γ5,1SEX + γ5,2AGE + γ5,3MARRIED + γ5,4EDUCY R

+γ5,5F INC + γ5,6WHRSWK + ζ5

ALC
∗

= β6,2HK
∗

+ γ6,1SEX + γ6,2AGE + γ6,3MARRIED + γ6,4EDUCY R

+γ6,5F INC + γ6,6WHRSWK + ζ6

FAT
∗

= β7,2HK
∗

+ γ7,1SEX + γ7,2AGE + γ7,3MARRIED + γ7,4EDUCY R

+γ7,5F INC + γ7,6WHRSWK + ζ7

SMOKE
∗

= β8,2HK
∗

+ γ8,1SEX + γ8,2AGE + γ8,3MARRIED + γ8,4EDUCY R

+γ8,5F INC + γ8,6WHRSWK + ζ8

EXERC
∗

= β9,2HK
∗

+ γ9,1SEX + γ9,2AGE + γ9,3MARRIED + γ9,4EDUCY R

+γ9,5F INC + γ9,6WHRSWK + ζ9

(D.12)
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D.6 Parameter matrices for wave 2

Vector of latent variables (η):

η′ =
(

H2 HK2 I2 HE2 M2 PM2 ALC2 FAT2 SMOKE2 EXER2
)

Vector of effect indicators (y) and matrix of factor loadings (Λy):

y =







































































SAHLTH
SOMATCC
PSY CC

CHROANY
DOFFANY
HKDISC
HKDIEC
HKSMOC
HKEXEC
NEWSPAP
MEETING
GPY EAR
DRUGANY
HSPUSE
HV ISANY
SPIRIT

BEERCAT
FATLN
SREGUL
EXEREG







































































Λy =























































































−1 0 0 0 0 0 0 0 0 0
λ2,1 0 0 0 0 0 0 0 0 0
λ3,1 0 0 0 0 0 0 0 0 0
λ4,1 0 0 0 0 0 0 0 0 0
λ5,1 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 λ7,2 0 0 0 0 0 0 0 0
0 λ8,2 0 0 0 0 0 0 0 0
0 λ9,2 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 λ11,3 0 0 0 0 0 0 0
0 0 0 λ12,4 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 λ14,4 0 0 0 0 0 0
0 0 0 λ15,4 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0
0 0 0 0 λ17,5 0 0 0 0 0
0 0 0 0 λ18,5 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 λ21,8 0 0 0
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 1























































































Structural coeffiecient (η on η) matrix (B):

η =































H2

HK2

I2
HE2

M2

PM2

ALC2

FAT2

SMOKE2

EXER2































B =































0 β1,2 0 0 0 β1,6 β1,7 β1,8 β1,9 β1,10

0 0 β2,3 β2,4 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
β5,1 β5,2 0 0 0 β5,6 0 0 0 0
0 β6,2 0 0 0 0 0 0 0 0
0 β7,2 0 0 0 0 0 0 0 0
0 β8,2 0 0 0 0 0 0 0 0
0 β9,2 0 0 0 0 0 0 0 0
0 β10,2 0 0 0 0 0 0 0 0































Vector of cause (exogenous) indicators (x):

x′ =
(

SEX AGE MARRIED EDUCY R FINC WHRSWK
)

145



Structural coeffiecient (x on η) matrix (Γ):

η =































H2

HK2

I2
HE2

M2

PM2

ALC2

FAT2

SMOKE2

EXER2































Γ =































γ1,1 γ1,2 γ1,3 γ1,4 γ1,5 γ1,6

γ2,1 γ2,2 γ2,3 γ2,4 γ2,5 γ2,6

γ3,1 γ3,2 γ3,3 γ3,4 γ3,5 γ3,6

γ4,1 γ4,2 γ4,3 γ4,4 γ4,5 γ4,6

γ5,1 γ5,2 γ5,3 γ5,4 γ5,5 γ5,6

γ6,1 γ6,2 γ6,3 γ6,4 γ6,5 γ6,6

γ7,1 γ7,2 γ7,3 γ7,4 γ7,5 γ7,6

γ8,1 γ8,2 γ8,3 γ8,4 γ8,5 γ8,6

γ9,1 γ9,2 γ9,3 γ9,4 γ9,5 γ9,6

γ10,1 γ10,2 γ10,3 γ10,4 γ10,5 γ10,6































Error structure matrix (Ψ) for η (structural equations):

η =































H2

HK2

I2
HE2

M2

PM2

ALC2

FAT2

SMOKE2

EXER2































Ψ =































ψ1,1

ψ2,1 ψ2,2

0 0 ψ3,3

0 0 ψ4,3 ψ4,4

0 0 ψ5,3 ψ5,4 ψ5,5

0 0 ψ6,3 ψ6,4 0 ψ6,6

0 0 ψ7,3 ψ7,4 ψ7,5 ψ7,6 ψ7,7

0 0 ψ8,3 ψ8,4 ψ8,5 ψ8,6 ψ8,7 ψ8,8

0 0 ψ9,3 ψ9,4 ψ9,5 ψ9,6 ψ9,7 ψ9,8 ψ9,9

0 0 ψ9,3 ψ10,4 ψ10,5 ψ10,6 ψ10,7 ψ10,8 ψ10,9 ψ10,10































Errors in measurement in y:

y =























































































SAHLTH
SOMATCC
PSY CC

CHROANY
DOFFANY
HKDISC
HKDIEC
HKSMOC
HKEXEC
NEWSPAP
MEETING
LECHCC
HBKL15C
MAGAZIC
TV PROGR
GPY EAR
DRUGANY
HSPUSE
HV ISANY
SPIRIT

BEERCAT
FATLN
SREGUL
EXEREG























































































diag(Θε) =

























































































θε1,1

θε2,2

θε3,3

θε4,4

θε5,5

θε6,6

θε7,7

θε8,8

θε9,9

θε10,10

θε11,11

θε12,12

θε13,13

θε14,14

θε15,15

θε16,16

θε17,17

θε18,18

θε19,19

θε20,20

θε21,21

0
0
0

























































































Diag(Θε) presents diagonal elements of symmetric matrix Θε and all off-diagonal
elements are constrained to zero. It was also assumed that the mesurement errors in
GPY EAR and HV ISANY were equal, and heance an additional contraint θε15,15 =
θε18,18 was introduced.
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D.7 Model equations for wave 2

Measurement equations (see D.2)

SAHLTH = −1 × H
∗

+ ε1

SOMATCC = λ2,1H
∗

+ ε2

PSY CC = λ3,1H
∗

+ ε3

CHROANY = λ4,1H
∗

+ ε4

DOF F ANY = λ5,1H
∗

+ ε5

HKDISC = 1 × HK
∗

+ ε6

HKDIEC = λ7,2HK
∗

+ ε7

HKSMOC = λ8,2HK
∗

+ ε8

HKEXEC = λ9,2HK
∗

+ ε9

NEWSPAP = 1 × I
∗

+ ε10

MEETING = λ11,3I
∗

+ ε11

LECHCC = λ12,4HE
∗

+ ε12

HBKL15C = 1 × HE
∗

+ ε13

MAGAZIC = λ14,4HE
∗

+ ε14

TV PROGC = λ15,4HE
∗

+ ε15

GPY EAR = 1 × M
∗

+ ε16

DRUGANY = λ17,5M
∗

+ ε17

HSPUSE = λ18,5M
∗

+ ε18

HV ISANY = 1 × PM
∗

SPIRIT = 1 × ALC
∗

+ ε20

BEERCAT = λ21,7ALC
∗

+ ε21

F ATLN = 1 × FAT
∗

SREGUL = 1 × SMOKE
∗

EXEREG = 1 × EXERC
∗

(D.13)

Structural equations (see D.1)

H
∗

= β1,2HK
∗

+ β1,6PM
∗

+ β1,7ALC
∗

+ β1,8FAT
∗

+ β1,9SMOKE
∗

+β1,10EXERC
∗

+ γ1,1SEX + γ1,2AGE + γ1,3MARRIED + γ1,4EDUCY R

+γ1,5F INC + γ1,6WHRSWK + ζ1

HK
∗

= β2,3I
∗

+ β2,4HE
∗

+ γ2,1SEX + γ2,2AGE + γ2,3MARRIED

+γ2,4EDUCY R + γ2,5F INC + γ2,6WHRSWK + ζ2

I
∗

= γ3,1SEX + γ3,2AGE + γ3,3MARRIED + γ3,4EDUCY R

+γ3,5F INC + γ3,6WHRSWK + ζ3

HE
∗

= γ4,1SEX + γ4,2AGE + γ4,3MARRIED + γ4,4EDUCY R

+γ4,5F INC + γ4,6WHRSWK + ζ4

M
∗

= β5,1H
∗

+ β5,2HK
∗

+ β5,6PM
∗

+ γ5,1SEX + γ5,2AGE + γ5,3MARRIED

+γ5,4EDUCY R + γ5,5F INC + γ5,6WHRSWK + ζ5

PM
∗

= β6,2HK
∗

+ γ6,1SEX + γ6,2AGE + γ6,3MARRIED + γ6,4EDUCY R

+γ6,5F INC + γ6,6WHRSWK + ζ6

ALC
∗

= β7,2HK
∗

+ γ7,1SEX + γ7,2AGE + γ7,3MARRIED + γ7,4EDUCY R

+γ7,5F INC + γ7,6WHRSWK + ζ7

FAT
∗

= β8,2HK
∗

+ γ8,1SEX + γ8,2AGE + γ8,3MARRIED + γ8,4EDUCY R

+γ8,5F INC + γ8,6WHRSWK + ζ8

SMOKE
∗

= β9,2HK
∗

+ γ9,1SEX + γ9,2AGE + γ9,3MARRIED + γ9,4EDUCY R

+γ9,5F INC + γ9,6WHRSWK + ζ9

EXERC
∗

= β10,2HK
∗

+ γ10,1SEX + γ10,2AGE + γ10,3MARRIED + γ10,4EDUCY R

+γ10,5F INC + γ10,6WHRSWK + ζ10

(D.14)
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Chapter 6

Analysis of the two-period

model

6.1 Introduction

This chapter uses the follow-up data in order to control for the starting stocks
(wave 1) of health and health knowledge in explaining investments in future
stocks (wave 2). Hence, the purpose of this chapter is to seek confirmation
to the results from the cross-sectional analysis and to explore additional issues
uncovered when the dynamic nature of the stock variables is appropriately
accounted for in the modelling. The theoretical framework from Chapter 3 is
operationalised by a set of structural equations that can be analysed empirically.
Measurement models for the stock variables are constructed separately as there
are several issues specific to the longitudinal measurements that need to be
taken into account. Finally, estimation of the structural model will be pursued
in order to find answers to the study questions detailed on pages 47 – 48.

6.2 A two-wave model

The empirical modelling of the two-wave data is based on the two-period frame-
work outlined in section 3.4. It is assumed that the wave 1 stocks of health and
health knowledge are exogenous and individuals base their decision to invest
either in health or in health knowledge, or both on the levels of these two stocks.
Figure 6.1, reproduced here from Chapter 3, describes the basic relationships
in the model. It should be noted that the theoretical sequence of time peri-
ods differs from the sequence of data collection. The survey question about
the health affecting consumption, medical care, and especially health education
participation have been asked with retrospective framing (cf. Chapter 4), and
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hence, there is no contradiction with the theoretical timing of events.

Figure 6.1: A framework with future investment benefits - empirical implemen-
tation

Health
Status

H1

Health
Knowledge

HK1

Info Seeking

/Health Educ

I1/HE1

Health
Affecting

Consumption

HC1

Preventive
Care
PM1

Medical Care
M1

Health
Status

H2

Health
Knowledge

HK2

-
Theoretical sequence of periods

t=1 t=2

-
Data collection

Wave 1 Wave 2

-

-

-

-

-

-

-
?

�

6

�

6

The main difference in empirical specification between the two-wave model
and the cross-sectional model(s) of Chapter 5 is the inclusion of the start-
ing stocks H1 and HK1. As a consequence current knowledge and health are
included as explanatory variables in both the health and health knowledge pro-
duction equations which determine simultaneously future knowledge and health
stocks. The enhanced health knowledge is at the consumer’s disposal in the next
decision period to improve the efficiency of future health investment.

Considering two latent exogenous variables has implications for model de-
sign by shifting it from the special MIMIC-case towards a full SEM specification.
The reason is that MIMIC specification x = ξ stated by Equation D.3 in Ap-
pendix D.1 does not hold, and multiple indicator specification x = Λxξ+ δ has
to be used instead. The full set of model equations are presented in Appendix
E.3.
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6.3 Data

Data from both waves of the Finnish health survey data that was described
in detail in Chapter 4 were used for the empirical analysis. After almost 30%
dropout between the waves and deleting all observations with missing responses
in the variables of interest the balanced sample consisted of 1050 cases. As the
analysis in Chapter 4, shows the selection of cases with complete data for both
waves is more likely to have a higher level of education and health specific
knowledge, be younger, have reported better health in 1972, and less likely
to have reported regular smoking in wave 1. This may result in problems
of generalisability due to selectivity bias, but unfortunately the methods in
dealing with systematic missing data within the SEM -framework have not
been developed (Bollen, 1989, p.g.376). The solutions currently available are
based on different approaches to missing data imputation, the most promising
of which are based on full information maximum likelihood, and hence, only
applicable to multivariate normal data (Wothke, 2000).

The number of cases remaining in the data is at the low limit with regard
to the WLS estimation method that has to be used due to the categorical
and non-normal data. The absolute minimum number needed to estimate the
asymptotic covariance matrix required by WLS is determined (Jöreskog and
Sörbom, 1993c) as

k(k − 1)

2
,

which implies that the maximum number of observed variables is 46 with only
1050 observations in the data. Simulation studies also indicate that the basic
χ2 -statistic from WLS tends to reject the true model too often with sample
sizes smaller than 20 times the degrees of freedom in the model (Hoogland and
Boomsma, 1998).

Another special character of the data is that the time between the waves is
unusually long (15 years). This should be taken into account when interpreting
dynamic effects likely to be brought up by the model. Some health promoting
behaviours may not have any impact on health if not continued throughout the
study period (e.g. physical exercise) while some others may influence health
after a relatively long period of time after discontinuation (e.g. smoking). How-
ever, the length of time between the waves is particularly suitable for analysing
changes in stock variables like health and knowledge since changes in these
variables do not normally occur rapidly. It may be plausibly assumed to take
years of continuous investment in health to maintain a relatively high stock
later in life. Similarly knowledge that can be expected to have any practical
relevance, accumulates only through learning and experience. In that sense the
differences between individuals who invest in their health or knowledge can be
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more clearly observed after a long period of follow-up, which makes the data
used in this study particularly suitable for that purpose.

6.4 Issues in longitudinal measurement

The structural equation modelling (SEM) technique is applied here to the longi-
tudinal analysis of health and health knowledge. In addition to the justification
for the choice of the modelling technique presented in Chapter 5 there are fur-
ther benefits that SEM can offer to the analysis of panel data. The fact that
many theoretical variables used in the econometric analysis are imperfectly
measured by any single observed variable causes problems in longitudinal anal-
ysis. The measurement error in the lagged dependent variable may result in
the underestimation of its effect on the subsequent change in the dependent
variable, and hence, the effects of the other explanatory variables are overesti-
mated (Finkel, 1995). Also the problem of serial correlation can be expected
when the same measurement instruments are used repeatedly.

The multiple indicator technique is designed to deal with typically im-
perfectly measured unobservable (latent) constructs, and hence, in principle,
should provide an error free “true score”. More importantly, with an adequate
number of indicators for each latent variable measured repeatedly over time,
it is possible to test for certain measurement properties. Since health (stock)
is considered as a multidimensional construct it is important to establish the
stability of the measurement over time, especially given the relatively long time
between the observations. This ensures that the latent variable represents the
same aspects of health at both points of measurement. The factorial invariance
can be tested by constraining factor loadings of the same indicators to be equal
between the waves and then comparing the overall fit of the constrained and un-
constrained models using the Likelihood Ratio (χ2-difference) test (Marsh and
Garyson, 1994). Similarly, measurement error variances for the corresponding
indicators can be constrained to be equal over time and tested for statistical
significance.

In its most general form the model includes measurement error correlations
of observed indicators between different points in time. This isolates the corre-
lation between latent constructs (true scores) from the correlation due to some
unmeasured systematic influences (Marsh and Garyson, 1994). As above, the
test for statistical significance of assuming serially uncorrelated errors can be
provided by constraining the error correlation to be zero.

An additional complication for longitudinal measurement is caused by the
use of ordinal variables. In the process of producing a polychoric correlation
matrix it is assumed that an underlying continuous variable generated a cer-
tain proportion of the observations into each class of the ordinal variable (cf.
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section 5.2.3). Since ordinal variables do not have a metric scale, it may not
be assumed that the scale would be the same over time, and hence the use of
the invariant factorial structure may not guarantee stable longitudinal measure-
ment (Jöreskog, 2001). If the problem is not taken care of the interpretation of
the latent construct, such as health stock, may change over time due to depen-
dence on changing environmental circumstances. The problem can be solved
by constraining thresholds of ordinal variables to be equal over time (Jöreskog,
2001). The consistency of the equality constraint with data can be assessed by
using an LR-test.

6.5 Building blocks for the SEM model

Given the complexity of the model to be specified the most feasible strategy
is to proceed step by step ensuring that each “sub-model” is identified and
meets the underlying assumptions and the quality criteria commonly set out
for this type of model. Since the measurement models for the endogenous
dependent variables were thoroughly examined in conjunction to the cross-
sectional models in Chapter 5, it was considered unnecessary to repeat those
steps in here. Instead, examining the stability of the longitudinal measurement
components is emphasised.

6.5.1 Equal thresholds approach

Most of the observed indicator variables for health and health knowledge are
measured on an ordinal scales. It is hence necessary to examine the changes in
estimated thresholds in order to make sure that the correlations are based on
a comparable measurement scale over time. This can be done by estimating
correlations both by allowing the thresholds to be determined freely and by
imposing equality constraints on the thresholds of consecutive measurements of
the variable (Jöreskog, 2001).

In particular, in the case of the data analysed here it is expected that a
relatively large proportion of individuals have “moved” into the less healthy
categories of ordinal variables over time, as was already discussed in the de-
scriptive data analysis of Chapter 4. As proportionally more individuals are
inhabiting the less healthy categories the estimated threshold values for the
underlying continuous variable (of poor health) are pushed downwards. As a
consequence the individuals will be assigned a lower value on the underlying
continuous scale which makes them look more healthy than individuals who
have chosen the same ordered choice alternative 15 years earlier. The esti-
mation of polychoric correlation coefficients is based on these threshold values
(c.f. page 111). Allowing thresholds to vary across time would result in over
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time correlation of the “same variable”, which is measured on arbitrarily dif-
ferent “continuous” scale in each time point. Therefore, in order to ensure the
comparability of consecutive ordinal measurements it is recommended that the
thresholds should be constrained to be equal (Jöreskog, 2001).

The results of constrained and unconstrained estimation together with the
outcome from the Likelihood Ratio-test are shown in Table 6.1. A prefix
A (=wave 1) or L (=wave 2) is used in the names of the observed variables
indicating whether the measurement is made in the 1972 or 1987 survey, re-
spectively.

Table 6.1: Likelihood Ratio tests for equal thresholds

Variables Polychoric corr. (PC) PC equal thresholds LR-test

r χ2 df P-Value r χ2 df P-Value ∆χ2 ∆df P-Value

ASAHLTH − LSAHLTH 0.508 41.34 15 <0.001 0.471 106.09 19 <0.001 64.75 4 <0.001

ASOMATCC − LSOMATCC 0.538 65.84 48 0.045 0.545 89.76 55 0.002 23.91 7 0.001

ACHROANY − LCHROANY 0.425 0.00 0 1.000 0.285 165.73 1 <0.001 165.73 1 <0.001

ADOFFANY − LDOFFANY 0.303 0.00 0 1.000 0.303 0.34 1 0.559 0.34 1 0.559

AHKDISC − LHKDISC 0.435 23.47 15 0.075 0.342 303.18 19 <0.001 279.71 4 <0.001

AHKDIEC − LHKDIEC 0.531 34.17 24 0.082 0.388 364.61 29 <0.001 330.45 5 <0.001

AHKSMOC − LHKSMOC 0.414 54.17 35 0.020 0.329 228.02 41 <0.001 173.84 6 <0.001

AHKEXEC − LHKEXEC 0.452 46.96 35 0.085 0.376 215.14 41 <0.001 168.18 6 <0.001

The top section of Table 6.1 shows the over time correlations of self-assessed
health (A/LSAHLTH), the number of somatic complaints (A/LSOMATCC),
a binary indicator for any chronic conditions (A/LCHROANY ) and a binary
indicator for any days off from work or other activities (A/LDOFFANY ). The
number of psychosomatic complaints (A/LPSY CC) is treated as a continuous
variable, and hence is not included. The analysis shows that the threshold
for “any days off from work” is quite stable over time, since the difference
in χ2 is statistically non-significant (P=0.559). The most dramatic change
occurs in the case of “any chronic conditions”, as the correlation coefficient
declines from 0.425 to 0.285. This may be explained by the fact that in addition
to the increasing incidence of chronic disease by age, diagnostic techniques
had improved greatly over the 15-year observation period, and the public has
become more aware of chronic diseases.

The bottom section of Table 6.1 shows the corresponding test results for the
indicators of health knowledge in the area of heart diseases (A/LHKDISC),
diet (A/LHKDIEC), smoking (A/LHKSMOC), and physical exercise
(A/LHKEXEC). For the health knowledge variables the LR-test indicates
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a significant difference between constrained and unconstrained threshold mod-
els throughout which also resulted in a remarkable drop in all of the correlation
coefficients. This was, however, expected as knowledge on these issues has
become commonly available and the health education campaigns have been
targeted to the study population in particular since the early 1970’s.

In the light of these results it looks particularly important to use correlation
coefficient estimates based on an equality constrained threshold model in the
following analysis with the longitudinal measurement of stock variables.

6.5.2 Invariance of latent stocks

Before any further specifications can be considered it is necessary to establish
the measurement invariance of the latent stock of health and health knowledge.
Figure 6.2 represents the unconstrained, most general, two-wave measurement
model for health that will serve as a basis for examining more restricted models.

Figure 6.2: Unconstrained two-wave measurement model for health.

The same model is presented in Table 6.2 labelled as “Model 1”. In addition
to the parameters estimated with the cross-sectional measurement models in
Chapter 5, covariances of measurement errors and disturbance terms across the
waves are set free for the estimation.
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Table 6.2: Longitudinal measurement model for health

Model 1: General Model 2: Uncorrelated errors Model 3: Factor invariant

Θε Θε Θε

y λ̂ t-value Wave 1 Wave 2 λ̂ t-value Wave 1 Wave 2 λ̂ t-value Wave 1 Wave 2

Wave 1

ASAHLTH -1.00 0.40 -1.00 0.38 -1.00 0.47

ASOMATCC -0.74 (-14.15) 0.67 -0.90 (-19.81) 0.50 -0.89 (-18.35) 0.58

APSYCC -0.65 (-14.61) 0.75 -0.70 (-17.96) 0.69 -0.65 (-16.18) 0.78

ACHROANY -0.87 (-14.80) 0.55 -0.83 (-17.81) 0.57 -0.92 (-18.82) 0.55

ADOFFANY -0.58 (-10.47) 0.80 -0.59 (-12.17) 0.79 -0.59 (-12.91) 0.81

Wave 2

LSAHLTH -1.00 0.16 0.53 -1.00 0.48 -1.00 0.15 0.48

LSOMATCC -1.04 (-14.91) 0.26 0.49 -1.09 (-20.09) 0.38 -0.89 (-18.35) 0.26 0.59

LPSYCC -0.65 (-12.92) -0.92 0.80 -0.67 (-16.01) 0.77 -0.65 (-16.18) -1.07 0.78

LCHROANY -0.95 (-14.45) 0.00 0.57 -0.88 (-17.18) 0.60 -0.92 (-18.82) 0.00 0.56

LDOFFANY -0.53 (-8.53) 0.21 0.87 -0.51 (-9.52) 0.87 -0.59 (-12.91) 0.21 0.82

ψ11 0.60 (12.67) 0.62 (15.85) 0.53 (14.36)

ψ22 0.47 (10.95) 0.52 (13.78) 0.52 (13.14)

ψ21 0.36 (12.61) 0.43 (16.88) 0.35 (12.45)

Model evaluation

χ2 140.09 280.00 163.79

df 29 34 33

P-value <0.01 <0.01 <0.01

RMSEA 0.060 0.083 0.061

CFI 0.94 0.86 0.93

AGFI 0.98 0.96 0.98
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The general model has a reasonable fit and all parameter estimates are
statistically significant and within an acceptable range, with one exception.
The variable indicating the number of psychosomatic complaints (PSY CC)
has a negative, although not statistically significant, error covariance between
wave 1 and wave 2.

Model 2 in Table 6.2 introduces zero constraints on measurement error co-
variances that allow testing of the hypothesis that the measurement errors are
not jointly serially correlated. There seem to be only minimal changes in the
values of most parameter estimates, but the χ2-difference (LR) test presented in
Table 6.3 indicates that the joint restriction of error covariances is overwhelm-
ingly rejected by the data. Model 3 in Table 6.2 shows the parameter estimates
when factor loadings are constrained to be equal across the waves. This specifi-
cation is considered as a minimum requirement for measurement stability over
time (Finkel, 1995; Marsh and Garyson, 1994). Compared to the general model
the restrictions imposed in Model 3 are not consistent with the data (Table 6.3).
The difference in the χ2 fit statistic is 23.70 and with 4 degrees of freedom it is
statistically significant with probability value of 0.0001. However, the other fit
indices do not clearly indicate a much worse fit for Model 3 in comparison to
Model 1. Moreover, it should be remembered that the LR-test is more likely to
detect a false restricted model with a large number of observations in the data
(Bollen, 1989, pg.292). Table 6.3 shows that a more restricted Model 6 where
factor loadings, measurement error variance, and variance of the latent variable
(ψ) are constrained to be equal for corresponding items between groups has
only marginally larger χ2 statistic (163.95) than Model 3 and six more degrees
of freedom (39), but the difference when compared with General Model is still
below the conventional level (p=0.05) of significance with p=0.0080.

It is also worth noting that any additional restriction would clearly pass the
LR-test if the factor invariant model (3) could first be accepted as the more
general alternative specification. To summarise, it cannot be shown that the
measurement for health stock is stable over time, and hence there is a need
to ensure measurement invariance by explicitly constraining the measurement
structure. It should be noted that greater measurement stability is achieved
with the cost of lower overall model fit.

A similar analysis is provided for the health knowledge measurements in the
two-wave setting. Figure 6.3 shows the path diagram for the general model and
the parameter estimates and fit statistics are reported in more detail in Table
6.4. WLS estimation results for the unconstrained model (Model 1 in Table
6.4), are all of expected signs, no improper parameter values emerged, and the
overall fit of the model is good. λ -coefficients for dietary (LHKDIEC), ex-
ercise (LHKEXEC), and smoking (LHKSMOC) appear to be clearly higher
in wave 2 than in wave 1. This is likely to be due to greater measurement
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Table 6.3: LR tests for the invariance of health measurement

Model χ2 df p-value RMSEA CFI AGFI

1 General 140.09 29 <0.01 0.060 0.94 0.98

2 Uncorrelated errors 280.00 34 <0.01 0.083 0.86 0.96

3 Factor invariant 163.79 33 <0.01 0.061 0.93 0.98

4 Factor+error invariant 163.88 38 <0.01 0.056 0.93 0.98

5 Factor+psi invariant 163.95 34 <0.01 0.060 0.93 0.98

6 Factor+error+psi invariant 163.95 39 <0.01 0.055 0.93 0.98

χ2 -difference tests

Model 2-1 139.91 5 <0.0001

Model 3-1 23.70 4 0.0001

Model 4-1 23.79 9 0.0046

Model 5-1 23.86 5 0.0002

Model 6-1 23.86 10 0.0080

Model 4-3 0.09 5 0.9999

Model 5-3 0.16 1 0.6892

Model 6-3 0.16 6 0.9999

Figure 6.3: Unconstrained two-wave measurement model for health knowledge.

error variance (lower reliability) of LHKDISC (0.72 vs 0.58) that is used as a
reference variable in the model. As a consequence, the relative weight given to
other observed components of health knowledge is higher.
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Table 6.4: Longitudinal measurement model for health knowlege

Model 1: General Model 2: Uncorrelated errors Model 3: Factor invariant

Θε Θε Θε

y λ̂ t-value Wave 1 Wave 2 λ̂ t-value Wave 1 Wave 2 λ̂ t-value Wave 1 Wave 2

Wave 1

AHKDISC 1.00 0.58 1.00 0.59 1.00 0.64

AHKDIEC 1.03 (13.03) 0.56 1.13 (16.97) 0.48 1.13 (19.10) 0.54

AHKEXEC 1.05 (14.96) 0.54 1.08 (17.39) 0.53 1.11 (19.52) 0.56

AHKSMOC 0.94 (14.17) 0.63 1.03 (16.75) 0.56 1.10 (19.26) 0.56

Wave 2

LHKDISC 1.00 0.13 0.72 1.00 0.66 1.00 0.12 0.63

LHKDIEC 1.31 (13.03) 0.16 0.51 1.23 (15.43) 0.48 1.13 (19.10) 0.16 0.53

LHKEXEC 1.25 (12.87) 0.09 0.56 1.13 (14.75) 0.56 1.11 (19.52) 0.09 0.55

LHKSMOC 1.32 (13.59) 0.15 0.51 1.24 (15.98) 0.47 1.10 (19.26) 0.14 0.55

ψ11 0.42 (10.95) 0.41 (12.12) 0.36 (12.62)

ψ22 0.28 (8.12) 0.34 (9.69) 0.37 (12.34)

ψ21 0.18 (9.26) 0.23 (11.72) 0.20 (9.75)

Model evaluation

χ2 46.07 130.88 59.27

df 15 19 18

P-value <0.01 <0.01 <0.01

RMSEA 0.044 0.075 0.047

CFI 0.98 0.93 0.97

AGFI 0.99 0.98 0.99
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Again restricting the measurement error covariances to be zero (Model 2)
would result in a significantly worse fit as shown by the LR-test in Table 6.5.
Factor invariance constraints (Model 3) do not appear to be consistent with the
data (p=0.0042) either. Additional between-wave equality constraints (reported
in Table 6.5) imposed on the measurement errors (Model 4) and on the variance
of latent HK (Model 6) reach non-significant levels of LR-statistics. Overall,
the measurement for health knowledge stock seems to be reasonably stable over
time and hence constraints ensuring longitudinal measurement invariance can
be imposed without significant loss of model fit.

Table 6.5: LR tests for the invariance of health knowledge measurement.

Model χ2 df p-value RMSEA CFI AGFI

1 General 46.07 15 <0.01 0.044 0.98 0.99

2 Uncorrelated errors 130.88 19 <0.01 0.075 0.93 0.98

3 Factor invariant 59.27 18 <0.01 0.047 0.97 0.99

4 Factor+error invariant 59.39 22 <0.01 0.040 0.98 0.99

5 Factor+psi invariant 59.51 19 <0.01 0.045 0.98 0.99

6 Factor+error+psi invariant 59.51 23 <0.01 0.039 0.98 0.99

Likelihood Ratio tests

Model 2-1 84.81 4 <0.0001

Model 3-1 13.20 3 0.0042

Model 4-1 13.32 7 0.0647

Model 5-1 13.44 4 0.0093

Model 6-1 13.44 8 0.0976

Model 4-3 0.12 4 0.9983

Model 5-3 0.24 1 0.6242

Model 6-3 0.24 5 0.9986

6.6 Results

The measurement part of the full model is presented in Table 6.6 in a form
comparable to Table 5.12. The equality constraints were imposed on factor
loadings and measurement errors of health and health knowledge indicators
between two waves (c.f. Section 6.5.2) and hence only one set of λ estimates
are reported for health and health knowledge in Table 6.6. The subscript 1 or 2
in the names of the latent (theoretical) variables indicates whether they belong
to the current or future period, respectively, corresponding to the theoretical
framework outlined in Chapter 3.
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Table 6.6: Estimation (WLS) results of the measurement part for the two-wave model.

H∗
1

/H∗
2

HK∗
1

/HK∗
2

I∗
1

HE∗
1

M∗
1

PM∗
1

ALC∗
1

FAT∗
1

SMOKE∗
1

EXERC∗
1

ρ̂

A/LSAHLTH -1.000 0.64/0.63

A/LSOMATCC -0.782 (-42.23) 0.39/0.38

A/LPSY CC -0.562 (-37.94) 0.20/0.20

A/LCHROANY -0.944 (-44.09) 0.57/0.56

A/LDOF F ANY -0.610 (-28.78) 0.24/0.23

A/LHKDISC 1.000 0.38/0.37

A/LHKDIEC 1.234 (38.68) 0.58/0.57

A/LHKEXEC 1.079 (37.59) 0.45/0.43

A/LHKSMOC 1.065 (39.70) 0.44/0.42

LNEWSPAP 1.000 0.16

LMEETING 1.714 (12.82) 0.47

LLECHCC 0.766 (32.31) 0.39

LHBKL15C 1.000 0.67

LMAGAZIC -0.897 (-34.90) 0.54

LTV PROGC 0.631 (25.19) 0.27

LGPY EAR 1.000 0.64

LDRUGANY 1.082 (37.33) 0.75

LHSPUSE 0.525 (19.75) 0.18

LHV ISANY 1.000 1.00

LSPIRIT 1.000 0.59

LBEERCAT 1.266 (29.81) 0.95

LF ATLN 1.000 1.00

LSREGUL 1.000 1.00

LEXEREG 1.000 1.00

Error covariances over time (Θδε)

LSAHLTH LSOMATCC LPSY CC LCHROANY LDOF F ANY LHKDISC LHKDIEC LHKEXEC LHKSMOC

ASAHLTH 0.004 (0.231)

ASOMATCC 0.207 (12.72)

APSY CC -3.018 (-8.48)

ACHROANY 0.089 (3.73)

ADOF F ANY 0.182 (6.97)

AHKDISC 0.058 (3.04)

AHKDIEC -0.079 (-4.78)

AHKEXEC 0.119 (7.33)

AHKSMOC 0.035 (2.36)
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Although the factor loadings differ slightly from those presented in Table
5.12 they tend to follow a similar pattern. The bottom section of Table 6.6 shows
the measurement error covariances of health and health knowledge indicators
between observations in wave 1 and wave 2.

The structural model will be developed in two phases. In the first model the
health and health knowledge production functions include separate endogenous
inputs, i.e. health is a function of health service utilisation (M1, PM1) and
health relevant consumption (ALC1, FAT1, SMOKE1, EXERC1) and health
knowledge only of general information seeking activities (I1) and participation
to health education (HE1). This model extends the analysis of Chapter 5 by
allowing current health (H∗

1 ) to influence a consumer’s health relevant choices,
which in turn affect future health (H∗

2 ). In a recursive cross-sectional model this
was not possible. Also, controlling for current health in production equation for
future health is not likely to be without implications. Results of the structural
part of the model are shown in Table 6.7.

The overall fit of the model presented in Table 6.7 is satisfactory. Although
the χ2-statistic is highly significant and hence indicates a mismatch between
observed and model implied correlation matrix, there are reasons to put more
faith on the measures of “approximate” fit (c.f. discussion in Chapter 5). The
RMSEA is in the range of reasonable fit (see p. 115) and other key fit indices
(CFI, AGFI) have values nearly or above 0.90.

The first column in Table 6.7 shows the coefficient estimates for the heath
production equation. Although, the current health (H∗

1 ) and current health
knowledge (HK∗

1 ) are modelled as exogenous variables, their coefficients are
presented in the first rows of Table 6.7 among the endogenous inputs in order
to emphasise their theoretical significance. First, current health is assumed to
influence individuals’ decisions to use health services and consumption choices,
and hence needs to be controlled for. As was expected, the coefficient estimate
for H∗

1 on H∗
2 indicates a strong positive (0.512, t = 6.25) association between

current health and future health. Controlling for this association is a major
modification to the production function presented in Table 5.13, and should be
kept in mind when comparing the two sets of results.

The positive and statistically significant coefficient estimate for current
health knowledge (HK∗

1 ) on future health (H∗
2 ) is interpreted that individu-

als with higher level of health knowledge will be in better health in the future
than their peers with equally good current health. As the use of health inputs
is also controlled for, the positive association between HK∗

1 and H∗
2 provides

evidence for productive efficiency gains due to better knowledge. It should be
noted that this hypothesis was not supported by the cross-sectional analysis in
Chapter 5, where current health was not controlled for.
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Table 6.7: Estimation (WLS) results of the structural part of the two-wave model.

H∗
2

HK∗
2

I∗
1

HE∗
1

M∗
1

PM∗
1

ALC∗
1

FAT∗
1

SMOKE∗
1

EXERC∗
1

H∗
2

H∗
1

0.512 (6.25) 0.203 (9.78) 0.021 (1.03) 0.021 (0.65) -0.576 (-18.12) -0.354 (-8.63) -0.102 (-3.22) -0.164 (-2.76) -0.732 (-14.80) 0.252 (5.95)

HK∗
1

0.285 (3.22) 0.383 (7.67) 0.082 (2.51) 0.708 (12.59) 0.252 (4.76) 0.063 (0.88) 0.241 (4.97) 0.012 (0.20) -0.541 (-6.49) -0.023 (-0.34)

I∗
1

-0.063 (-1.05)

HE∗
1

0.163 (3.88)

M∗
1

-0.770 (-8.89)

PM∗
1

0.163 (2.84)

ALC∗
1

-0.136 (-2.25)

FAT∗
1

0.005 (0.21)

SMOKE∗
1

0.260 (3.12)

EXER∗
1

0.145 (4.40)

SEX 0.232 (3.20) -0.026 (-0.87) 0.118 (6.41) 0.574 (20.48) 0.241 (8.34) 0.022 (0.54) -0.560 (-21.45) -0.458 (-4.52) -0.585 (-14.06) 0.191 (4.81)

AGE 0.028 (1.36) -0.052 (-3.46) -0.067 (-5.19) -0.137 (-8.32) 0.034 (2.26) -0.012 (-0.58) -0.026 (-1.57) 0.010 ( 0.11) -0.176 (-8.11) 0.049 (2.56)

MARRIED 0.008 (0.15) 0.036 (1.25) 0.141 (5.82) -0.051 (-1.44) -0.151 (-3.46) 0.117 (2.33) -0.180 (-5.42) -0.240 (-6.70) -0.300 (-5.08) 0.167 (2.97)

EDUCY R -0.117 (-3.03) 0.106 (3.87) 0.035 (1.66) -0.191 (-6.04) -0.082 (-2.84) -0.057 (-1.64) 0.059 (2.37) -0.218 (-4.41) 0.203 (4.40) -0.099 (-2.69)

F INC 0.170 (4.19) 0.006 (0.23) 0.061 ( 2.82) 0.167 (5.07) 0.113 (2.81) -0.027 (-0.60) 0.084 (2.89) 0.053 (1.24) 0.054 (0.93) -0.083 (-1.70)

WHRSWK -0.074 (-2.33) 0.045 (2.09) -0.065 (-4.66) -0.297 (-14.56) -0.083 (-4.29) 0.137 (5.43) 0.079 (4.45) 0.355 (1.65) 0.094 (3.36) -0.265 (-9.77)

Error covariances of endogenous variables (Ψ)

H∗
2

0.059 (2.52)

HK∗
2

-0.074 (-8.54) 0.170 (13.90)

I∗
1

0.106 (7.08)

HE∗
1

0.039 (3.75) 0.216 (9.18)

M∗
1

-0.091 (-7.58) 0.001 (0.08) 0.295 (11.23)

PM∗
1

-0.022 (-1.55) 0.067 (3.05) 0.316 (13.67) 0.893 (25.47)

ALC∗
1

0.042 (3.84) 0.086 (5.45) 0.086 (5.38) 0.126 (6.24) 0.305 (14.16)

FAT∗
1

0.036 (2.76) -0.039 (-0.95) -0.061 (-3.58) -0.127 (-5.00) -0.097 (-5.79) 0.763 (7.31)

SMOKE∗
1

-0.077 (-4.18) -0.144 (-5.52) -0.096 (-3.36) -0.196 (-5.46) 0.084 (3.28) 0.005 (0.19) 0.389 (7.21)

EXER∗
1

0.071 (4.60) 0.205 (8.70) -0.044 (-1.78) -0.104 (-3.29) 0.067 (2.81) 0.096 (2.48) -0.103 (-2.69) 0.901 (25.31)

R2 0.91 0.56 0.33 0.68 0.54 0.11 0.48 0.24 0.61 0.10

R2 (RF) 0.61 0.55 0.33 0.68 0.54 0.11 0.48 0.24 0.61 0.10

χ2 4692.29

df 595

P-value <0.001

RMSEA 0.081

CFI 0.88

AGFI 0.92
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HK∗
1 appears to have a statistically significant health promoting effect only

on regular smoking. After controlling for current health and other typical back-
ground characteristics, HK∗

1 has a statistically significant positive association
with alcohol consumption (ALC1). This was, however, somewhat expected and
particular problems related to the use of ALC1 in the analysis were discussed
in Section 5.5 above.

The positive and statistically significant coefficient estimated for HK∗
1 in

the medical care demand equation has two alternative interpretations. Of in-
dividuals with the same level of current health, those with a higher level of
knowledge relevant to health tend to use more medical care. This may indicate
that those with better knowledge are able to detect symptoms of conditions
that require medical care earlier than their less knowledgeable peers, and con-
sequently seek for more timely care to manage the problem. In this case it
could be interpreted as evidence for allocative efficiency. On the other hand, if
individuals with better knowledge are able to exploit the health care system and
obtain more (than optimal) care for the same health problem than those with
less knowledge, the efficiency argument is contraindicated. Based on the cur-
rent analysis only it is not possible conclude either for or against the allocative
efficiency effects in the case of medical care use.

The use of medical care (M1) has a statistically significant negative coef-
ficient on future health even when the current health is controlled for. This
means that the reverse causality problem still persists and that indicators of
medical interventions do not serve as genuine inputs to health production1.
Medical care is mainly sought as an acute treatment and long-term manage-
ment of diseases as they occur rather than as cure for longstanding conditions.
The demand equation for M1, however, clearly shows that a person with higher
current health is less likely to confront health problems that require medical
intervention.

Preventive health service use (PM1), on the other hand, has a positive and
statistically significant coefficient estimate on H∗

2 . This is another association
that did not show in the cross-sectional analysis. Of two equally healthy (or
unhealthy) individuals, the one who uses preventive health services (visits a
public health nurse or health visitor) in order to keep healthy (e.g. immuni-
sation) or in order to prevent existing condition to get any worse (e.g. blood
glucose control for diabetes) is likely to be in better health in the future.

Alcohol consumption (ALC1) has statistical significant negative coefficient
estimate in health production function. This finding is in line with the earlier
observations in Chapter 5. No statistically significant association between sat-

1It could be argued that if the care was not obtained the outcome on health would have
been worse, potentially lethal. Since only surviving subjects are included in the balanced
data, the current analysis does not reflect these kind of positive effects of medical care.
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urated fat intake (FAT1) and H∗
2 was found in the current analysis, as was the

case in both sets of cross-sectional analysis as well.

The most dramatic change in the estimated coefficients for health inputs
is the reversal of the strong negative association between regular smoking and
health that was consistently found in the cross-sectional analysis (Tables 5.6
and 5.13). A statistically significant positive coefficient estimate for SMOKE1

on H∗
2 may seem to be totally wrong in the light of overwhelming medical and

epidemiological evidence about the adverse health effects related to cigarette
smoking. It should be kept in mind, however, that the dynamics related to the
introduction of both current and futures stock of health may draw attention to
issues that remain hidden in the cross-sectional analysis.

Due to its addictive nature smoking is a persistent habit which individuals
start relatively early in their life, and hence individuals who smoke regularly
through their mid life ages have most likely done so for a long period of time.
Since in general smoking has only a harmful effects on health, it may be legit-
imately assumed that the deterioration of health starts earlier among smokers
than among non-smokers. Therefore, regular smokers are more likely to have
worse current health (H∗

1 ). It seems plausible to conclude that individual het-
erogeneity, due to the (unobserved) long-term history of respondent’s smoking
habit, affects both health at wave 1 and individual’s smoking status, and causes
attenuation of the estimated relationship between smoking and future health
(H∗

2 ) when current health (H∗
1 ) is controlled for. This view is also supported

by the cross-sectional analysis of wave one data (Table 5.6) indicating nega-
tive association of regular smoking on health with a point estimate of –0.20
(t-ratio 4.62). Moreover, in the dynamic model (Table 6.7) current health has
a very strong negative coefficient (–0.732, t=14.80) in the equation for regu-
lar smoking, indicating that those with better current health were less likely
to be regular smokers over the observation period, controlling for usual back-
ground variables and knowledge. The cross-sectional analysis of wave 2 data
(Table 5.13) shows that 15-years later smoking had only slightly larger effect
on health with coefficient estimate of –0.25 (t-ratio 4.39), not controlling for
previous health status. Obviously, the magnitude of the association may also
be attenuated in the two-period model due to the fact that many people quit
smoking between the waves and due to greater likelihood by smokers to drop
out from the follow-up (cf. Chapter 4, Table 4.15).

Even though H∗
1 may pick-up (non-fatal) health consequences of past smok-

ing in a dynamic set-up it does not explain the positive sign of SMOKE1 on
H∗

2 . There are a couple of explanations of why this might happen. First, there
is likely to be a proportion of former smokers among current non-smokers who
have quit smoking either after or just before the measurement of H∗

1 but have
a current health status comparable to regular smokers. If the decision to quit
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was made as a result, or in anticipation, of severe smoking related health con-
sequences, it would reduce the future health of “non-smokers” relative to those
are still keeping up with the habit. This issues was elaborated in a separate
analysis using the information about individual’s smoking status both in wave
1 and 2 surveys to construct variables indicating “quitting”, “starting”, and
“continuing” smoking between the waves. Latent variable score corresponding
to the H∗

2 was used as dependent variable in a standard multiple regression
analysis where independent variables consisted of new smoking status indica-
tors, other life-style variables and the exogenous background variables. When
the health status at wave 1 was not controlled for it was found that the indica-
tor for continuing smoking over the entire observation period had statistically
significant negative association with health status. The coefficient estimate
was –0.24 which is very close to the estimation results (–0.25) from the wave
2 structural model presented in Table 5.13. Adding the latent health score for
wave 1 in the regression caused this association to disappear as was expected,
but more importantly, there was practically no change in the estimated (sta-
tistically non-significant) coefficient for “quitting” smoking. This suggests that
selectivity bias due to quitting between the waves may not be a plausible ex-
planation of observed positive association between smoking and health (Table
6.7). The analysis also emphasised the dominant role of wave 1 health as a
predictor for wave 2 health, since adding it to the regression model caused the
R2 to jump from 0.078 to 0.797.

Second, the separate regression for each of the indicator variables of latent
health suggests that the positive association between smoking and H∗

2 might
be solely due to the negative and statistically significant association between
regular smoking and the index for psychosomatic complaints (LPSY CC). This
result appears only when wave 1 health, either overall score or the index for
psychosomatic complaints, is controlled for. Moreover, the effect seems to apply
both to “continuing smoking” over the two waves and to “starting smoking”
between the waves. This gives rise to a potential interpretation that smoking
might help individuals to better cope with mental problems, given that the
past health status is taken into account. In general, the scientific knowledge
about the links between smoking and psychiatric illnesses is limited. For in-
stance: the results from a small trial suggests that smokers with history of
major depression may be in increased risk of recurrent depression after they
have successfully quit smoking (Glassman et al., 2001); another trial indicates
that nicotine patches causes improvement in depression symptoms among non-
smoking patients (Salin-Pascual et al., 1996); and a study of female twins sug-
gests that there is a genetic link between lifetime smoking and lifetime major
depression, and hence the association is not a causal one (Kendler et al., 1993).
Although these examples do not adequately explain the negative association
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between smoking and psychosomatic complaints in my analysis, they suggest
that the relationship is generated by potentially complex processes that cannot
be thoroughly addressed in this study.

Third, seemingly health improving effect of smoking may be strengthened by
the phenomenon known in psychology as cognitive dissonance (Downie et al.,
1996; Kenkel, 1991a). Individuals who like to think themselves as rational
persons but participate in an activity generally considered as unwise, such as
smoking, may actually change their beliefs about the hazardous health effects
of the activity. If most persistent smokers tend to deny the harmful health
events generally known to be related to smoking they might also over-report
their own health, which potentially causes bias when mainly self-reported health
measures are used, as is the case in this study. This may be particularly relevant
to the longitudinal measurement of health in the study period (1972–1987)
when public knowledge about dangers of smoking increased dramatically and
consequently social acceptance of smoking started to decline.

To summarise, the attenuation of the usually observed negative association
between smoking and health is likely to be caused by individual heterogeneity
due to unobserved history of smoking habit, which predisposes individuals both
to report regular smoking and to have low health status already in the wave
1 survey. The negative dynamic effect of smoking on the index of psychoso-
matic complaints is the main cause for positive association between smoking
and health. This association is possibly enforced by cognitive dissonance and
selection bias due to excess attrition of smokers between the waves.

None of the econometric studies with the longitudinal data reviewed in
Chapter 2 used smoking as an input to health production. I believe that ex-
planations provided above are plausible and the estimation results are not in
contradiction with the known hazards of smoking. Further elaboration of the
issue would require a different statistical approach that would be able to deal
with unobserved heterogeneity in smoking participation and longitudinal mea-
surements of health. This is not, however, within the scope of this study.

Regular physical exercise (EXER1) was found to have a statistically signifi-
cant positive association with future health, which is consistent with the results
from cross-sectional analysis for wave 2 (Table 5.13). Also, current health ap-
pears to have a positive coefficient estimate in the demand equation for EXER1

which is an expected outcome as poor current health may restrict an individual
from doing any physical exercise.

Years of formal schooling (LEDUCY R) appears to have negative associa-
tion with H∗

2 . This is not surprising since its positive influence on H∗
2 may have

been accounted for through correlation with an other exogenous variable, in
particular H∗

1 and HK∗
1 (Table 6.8). It is worthwhile noting that LEDUCY R,

however, has a statistically significant positive influence to the production of
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future knowledge. Better overall education seems to help individuals to process
information obtained and hence improve the efficiency of knowledge produc-
tion. On the other hand LEDUCYR has a statistically significant negative
coefficient estimate in the equation for heath education participation (HE1),
which means that with the corresponding level of current health knowledge the
more educated are less likely to participate to health education. This indicates
that formal schooling and health education may be substitutes to some extent.
This possibility was not raised in the cross-section analysis (Table 5.13) where
the current level of health relevant knowledge was not controlled for.

Table 6.8: Covariance matrix for exogenous variables (Φ).

H∗
1

HK∗
1

LSEX LAGE LMARRIED LEDUCY R LF INC LWHRSWK

H∗
1

0.619

(32.42)

HK∗
1

0.091 0.368

(8.41) (23.99)

LSEX -0.155 0.094 1.000

(-10.03) (6.71)

LAGE -0.274 -0.143 0.074 1.000

(-21.41) (-13.88)

LMARRIED 0.002 0.011 -0.187 -0.122 1.000

(0.11) (0.68)

LEDUCY R 0.182 0.353 0.110 -0.319 0.009 1.000

(15.92) (24.71)

LF INC 0.149 0.150 -0.146 -0.266 0.546 0.474 1.000

(9.62) (12.42)

LWHRSWK 0.153 0.063 0.350 -0.380 0.152 0.142 0.217 1.000

(13.52) (6.51)

In the next model health service use and health relevant consumption are
also included in the health knowledge production function as potential sources
of information. This model corresponds exactly to the production demand sys-
tem represented by Equations (3.21), (3.22), and Equations (3.32)–(3.35) in
Chapter 3. Due to the convergence problems the coefficient for alcohol con-
sumption in health knowledge production equation was fixed to zero. ALC1

was chosen because the health knowledge variables (c.f. Chapter 4) did not
contain any questions specific to alcohol and health. The measurement part of
the model was not significantly affected. Clearly the greatest absolute changes
in λ -coefficients appeared in the measurement of latent health knowledge, and
they ranged from –0.025 (2%) to +0.001 (0.1%). Estimation results for the
measurement part of the modified structural model are omitted as they are
essentially the same as in Table 6.6. Estimation results for the structural pa-
rameters are shown in Table 6.9.
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Table 6.9: Estimation (WLS) results of the structural two-wave model with health services and cunsumption experience
as sources for health knowledge.

H∗
2

HK∗
2

I∗
1

HE∗
1

M∗
1

PM∗
1

ALC∗
1

FAT∗
1

SMOKE∗
1

EXERC∗
1

H∗
2

-0.074 (-0.08)

H∗
1

0.313 (2.32) -0.601 (-1.36) 0.037 (1.70) 0.018 (0.54) -0.574 (-17.35) -0.331 (-7.88) -0.121 (-3.59) -0.350 (-8.14) -0.701 (-13.73) 0.254 (5.81)

HK∗
1

0.250 (3.45) 0.591 (2.11) 0.085 (2.60) 0.695 (12.33) 0.257 (4.79) 0.045 (0.63) 0.273 (5.45) 0.072 (1.01) -0.488 (-5.85) 0.017 (0.25)

I∗
1

-0.849 (-1.48)

HE∗
1

0.070 (0.37)

M∗
1

-0.671 (-8.67) -0.705 (-0.83)

PM∗
1

0.051 (0.97) 0.079 (1.02)

ALC∗
1

-0.222 (-2.78)

FAT∗
1

-0.292 (-1.75) -0.543 (-1.19)

SMOKE∗
1

0.157 (2.30) -0.370 (-1.58)

EXER∗
1

0.215 (4.21) 0.150 (0.62)

LSEX -0.156 (-0.82) -0.383 (-1.33) 0.118 (6.09) 0.575 (19.82) 0.251 (8.33) 0.041 (1.00) -0.589 (-21.47) -0.809 (-21.78) -0.581 (-13.67) 0.198 (4.94)

LAGE 0.060 (1.83) -0.050 (-0.87) -0.064 (-4.95) -0.133 (-8.06) 0.037 (2.40) -0.019 (-0.94) -0.017 (-1.02) 0.210 ( 2.77) -0.161 (-7.31) 0.059 (3.07)

LMARRIED -0.112 (-1.17) -0.332 (-1.39) 0.137 (5.61) -0.065 (-1.82) -0.150 (-3.38) 0.087 (1.67) -0.190 (-5.55) -0.329 (-12.12) -0.271 (-4.53) 0.184 (3.27)

LEDUCY R -0.117 (-2.95) 0.002 (0.02) 0.036 (1.70) -0.185 (-5.84) -0.092 (-3.16) -0.077 (-2.21) 0.053 (2.09) -0.150 (-2.89) 0.170 (3.81) -0.101 (-2.75)

LF INC 0.146 (3.65) 0.230 (1.08) 0.063 ( 2.87) 0.168 (5.05) 0.123 (3.00) -0.002 (-0.05) 0.095 (3.20) -0.057 (-1.49) 0.072 (1.25) -0.110 (-2.24)

LWHRSWK 0.310 (1.60) 0.564 (1.21) -0.064 (-4.46) -0.305 (-14.89) -0.092 (-4.63) 0.122 (4.76) 0.092 (4.96) 1.113 (15.97) 0.099 (3.46) -0.266 (-9.75)

Error covariances of endogenous variables (Ψ)

H∗
2

0.084 (4.25)

HK∗
2

-0.086 (-1.11) 0.091 (0.51)

I∗
1

0.093 (6.36)

HE∗
1

0.036 (3.41) 0.208 (8.78)

M∗
1

-0.100 (-7.69) -0.006 (-0.30) 0.296 (10.25)

PM∗
1

-0.019 (-1.30) 0.076 (3.42) 0.309 (13.10) 0.905 (26.22)

ALC∗
1

0.043 (3.76) 0.091 (5.58) 0.084 (5.06) 0.129 (6.16) 0.299 (12.88)

FAT∗
1

0.057 (4.26) 0.098 (4.05) -0.011 (-0.49) -0.188 (-7.80) -0.147 (-8.24) 0.044 (0.49)

SMOKE∗
1

-0.072 (-3.82) -0.139 (-5.18) -0.105 (-3.66) -0.196 (-5.47) 0.068 (2.58) -0.044 (-1.36) 0.460 (8.48)

EXER∗
1

0.068 (4.43) 0.205 (8.66) -0.037 (-1.48) -0.111 (-3.52) 0.059 (2.41) 0.234 (9.01) -0.096 (-2.48) 0.889 (24.78)

R2 0.87 0.77 0.36 0.69 0.54 0.10 0.51 0.96 0.54 0.11

R2 (RF) 0.60 0.54 0.36 0.69 0.54 0.10 0.51 0.96 0.54 0.11

χ2 4653.50

df 589

P-value <0.001

RMSEA 0.081

CFI 0.88

AGFI 0.92
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As a result of the structural modification, statistically significant estimates
were not found in the health knowledge production equation for any other pa-
rameters than HK∗

1 . Other parts of model were not greatly affected. The
appearance of statistically non-significant t -ratios may be, at least partly, due
to the collinearity that is likely to be present when both current and future
health as well as other predictors of future health are included in the same
equation. Setting β -coefficients free, however, results in a statistically signifi-
cant (∆χ2=38,79, ∆df=6) improvement in χ2 but other fit indices indicate no
change in model fit.

With the current type of empirical formulation of the model this collinear-
ity problem cannot be avoided and an alternative approach is attempted in
Chapter 7.

6.7 Summary

This Chapter further developed the cross-sectional model of Chapter 5 to fit
into the two-wave theoretical framework. The two-wave specification intro-
duces longitudinal measurement of both health and health knowledge stocks
in a household production model. Production of health and health knowledge
are seen as parallel simultaneous processes competing for the same limited re-
sources of a consumer. The current level of both health and knowledge can be
controlled for in estimation of input demand functions. The results confirmed
many findings from cross-sectional analyses, but also raised some important
new issues related to the study questions.

1. Longitudinal measurement properties of the stock variables (health and
knowledge) were assessed and it was found that it is necessary to constrain
the factorial structure to be invariant over time, although in the case of
health knowledge the constraints are consistent with the data. It is crucial
in human capital modelling to ensure that true changes in the stock value
are measured rather than merely changes in the accuracy of measurement.

2. Higher level of current health knowledge increases efficiency in production
of health. Allocative efficiency is clearly indicated only in the form of
reduction in regular smoking.

3. Participation in health education activities clearly contributes to individ-
uals’ future stock of knowledge also when the current level of knowledge
is controlled for.

4. More years of formal schooling increases efficiency in production of health
knowledge, but is also associated with lower participation in health ed-
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ucation. This points to a possibility that formal schooling and health
education may be substitutes.

5. An attempt to analyse the role of health service use and consumption
experience as sources of health information was hampered by estimation
problems.

It is most interesting to find that while no significant association was found
between health knowledge and health in the cross-sectional analysis of Chapter
5, or earlier in the similar analysis by Van Doorslaer (1987), a positive and sta-
tistically significant effect was found between HK1 and H2. This suggests that
the transformation of health relevant knowledge into improvements in health
status is a relatively slow process. Although better health knowledge seems
to be associated with some of the healthier consumption choices in the cross-
sectional analysis as was discussed in Section 5.5 and also reported previously
by Kenkel (1991a) and Hsieh et al. (1996), the efficiency gain in production
may occur only after a period of practical experience.

The consistent positive association was found between formal schooling and
higher level of health knowledge, as has also been found in earlier studies
(Van Doorslaer, 1987; Hsieh et al., 1996). It is likely to explain a major share
of the positive association between education and health typically found in
health production studies reviewed in Section 2.3, when direct measurement of
health knowledge is not included. In Van Doorslaer’s (1987) analysis the asso-
ciation between education and the use of medical services was generally weak
and not statistically significant when controlling for health knowledge. Also
Hsieh et al. (1996) found statistically significant negative association between
schooling and smoking in a single equation model that, however, disappeared
when health knowledge was treated as endogenous in simultaneous analysis of
smoking and knowledge equations.

The analyses of Chapters 5 and 6 of this thesis have shown either statisti-
cally non-significant or not consistently health improving effects of schooling. If
health specific knowledge is responsible for most of the efficiency improvement
in health production, interpretation of the coefficients of education becomes
ambiguous when health knowledge is controlled for. In that case, explanations
should be based on other hypothesis which may arise from the fields other
than health economics. The efficiency improving effect of education is, how-
ever, important in the production of health knowledge which means that it still
influences health indirectly.
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Appendix E

Two-wave specification

E.1 Full SEM equations

Structural equations:
η = Bη + Γξ + ζ (E.1)

Measurement equations:
y = Λyη + ε (E.2)

x = Λxξ + δ (E.3)

E.2 Implied covariance matrix of general SEM

In the most general case the implied covariance matrix is of the form (Bollen, 1989, pg. 325):

Σ(θ) =

(

Σyy(θ) Σyx(θ)
Σxy(θ) Σxx(θ)

)

=

(

Λy(I− B)−1(ΓΦΓ′ + Ψ)
[

(I− B)−1
]

′

Λ′

y + Θε Λy(I− B)−1ΓΦΛ′

x

ΛxΦΓ′

[

(I −B)−1
]

′

Λ′

y ΛxΦΛ′

x + Θδ

)

Compared to MIMIC case (Appendix D.3) two additional paramater matrices are involved

in modelling: factor loading matrix for exogenous observed variables (Λx) and the covariance

matrix of measurement errors in x (Θδ).
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E.3 Two-wave model equations

Measurement equations for endogenous variables (E.2)

LSAHLTH = −1 × H
∗
2

+ ε1

LSOMATCC = λ
y
2,1H

∗
2

+ ε2

LPSY CC = λ
y
3,1H

∗
2

+ ε3

LCHROANY = λ
y
4,1H

∗
2

+ ε4

LDOF F ANY = λ
y
5,1H

∗
2

+ ε5

LHKDISC = 1 × HK
∗
2

+ ε6

LHKDIEC = λ
y
7,2HK

∗
2

+ ε7

LHKSMOC = λ
y
8,2HK

∗
2

+ ε8

LHKEXEC = λ
y
9,2HK

∗
2

+ ε9

LNEWSPAP = 1 × I
∗
1

+ ε10

LMEETING = λ
y
11,3I

∗
1

+ ε11

LLECHCC = λ
y
12,4HE

∗
1

+ ε12

LHBKL15C = 1 × HE
∗
1

+ ε13

LMAGAZIC = λ
y
14,4HE

∗
1

+ ε14

LTV PROGC = λ
y
15,4HE

∗
1

+ ε15

LGPY EAR = 1 × M
∗
1

+ ε16

LDRUGANY = λ
y
17,5M

∗
1

+ ε17

LHSPUSE = λ
y
18,5M

∗
1

+ ε18

LHV ISANY = 1 × PM
∗
1

LSPIRIT = 1 × ALC
∗
1

+ ε20

LBEERCAT = λ
y
21,7ALC

∗
1

+ ε21

LF ATLN = 1 × FAT
∗
1

LSREGUL = 1 × SMOKE
∗
1

LEXEREG = 1 × EXERC
∗
1

(E.4)

Measurement equations for exogenous variables (E.3)

ASAHLTH = −1 × H
∗
1

+ δ1

ASOMATCC = λ
x
2,1H

∗
1

+ δ2

APSY CC = λ
x
3,1H

∗
1

+ δ3

ACHROANY = λ
x
4,1H

∗
1

+ δ4

ADOF F ANY = λ
X
5,1H

∗
1

+ δ5

AHKDISC = 1 × HK
∗
1

+ δ6

AHKDIEC = λ
x
7,2HK

∗
1

+ δ7

AHKSMOC = λ
x
8,2HK

∗
1

+ δ8

AHKEXEC = λ
x
9,2HK

∗
1

+ δ9

LSEX = 1 × LSEX

LAGE = 1 × LAGE

LMARRIED = 1 × LMARRIED

LEDUCY R = 1 × LEDUCY R

LF INC = 1 × LF INC

LWHRSWK = 1 × LWHRSWK

(E.5)
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Structural equations (see D.1)

H
∗
2

= γ1,1H
∗
1

+ γ1,2HK
∗
1

+ β1,5M
∗
1

+ β1,6PM
∗
1

+ β1,7ALC
∗
1

+ β1,8FAT
∗
1

+β1,9SMOKE
∗
1

+ β1,10EXERC
∗
1

+ γ1,3LSEX + γ1,4LAGE

+γ1,5LMARRIED + γ1,6LEDUCY R + γ1,7LF INC

+γ1,8LWHRSWK + ζ1

HK
∗
2

= γ2,1H
∗
1

+ γ2,2HK
∗
1

+ β2,3I
∗
1

+ β2,4HE
∗
1

+ γ2,3LSEX + γ2,4LAGE

+γ2,5LMARRIED + γ2,6LEDUCY R + γ2,7LF INC

+γ2,8LWHRSWK + ζ2

I
∗
1

= γ3,1H
∗
1

+ γ3,2HK
∗
1

+ γ3,3LSEX + γ3,4LAGE + γ3,5LMARRIED

+γ3,6LEDUCY R + γ3,7LF INC + γ3,8LWHRSWK + ζ3

HE
∗
1

= γ4,1H
∗
1

+ γ4,2HK
∗
1

+ γ4,3LSEX + γ4,4LAGE + γ4,5LMARRIED

+γ4,6LEDUCY R + γ4,7LF INC + γ4,8LWHRSWK + ζ4

M
∗
1

= γ5,1H
∗
1

+ γ5,2HK
∗
1

+ γ5,3LSEX + γ5,4LAGE + γ5,5LMARRIED

+γ5,6LEDUCY R + γ5,7LF INC + γ5,8LWHRSWK + ζ5

PM
∗
1

= γ6,1H
∗
1

+ γ6,2HK
∗
1

+ γ6,3LSEX + γ6,4LAGE + γ6,5LMARRIED

+γ6,6LEDUCY R + γ6,7LF INC + γ6,8LWHRSWK + ζ6

ALC
∗
1

= γ7,1H
∗
1

+ γ7,2HK
∗
1

+ γ7,3LSEX + γ7,4LAGE + γ7,5LMARRIED

+γ7,6LEDUCY R + γ7,7LF INC + γ7,8LWHRSWK + ζ7

FAT
∗
1

= γ8,1H
∗
1

+ γ8,2HK
∗
1

+ γ8,3LSEX + γ8,4LAGE + γ8,4LMARRIED

+γ8,6LEDUCY R + γ8,7LF INC + γ8,8LWHRSWK + ζ8

SMOKE
∗
1

= γ9,1H
∗
1

+ γ9,2HK
∗
1

+ γ9,3LSEX + γ9,4LAGE + γ9,5LMARRIED

+γ9,6LEDUCY R + γ9,7LF INC + γ9,8LWHRSWK + ζ9

EXERC
∗
1

= γ10,1H
∗
1

+ γ10,2HK
∗
1

+ γ10,3LSEX + γ10,4LAGE + γ10,5LMARRIED

+γ10,6LEDUCY R + γ10,7LF INC + γ10,8LWHRSWK + ζ10

(E.6)

Additional free parameters

Cov(ζ2, ζ1), Cov(ζ4, ζ3), Cov(ζ5, ζ3), Cov(ζ6, ζ3), Cov(ζ7, ζ3), Cov(ζ8, ζ3), Cov(ζ9, ζ3), Cov(ζ10, ζ3),
Cov(ζ5, ζ4), Cov(ζ6, ζ4), Cov(ζ7, ζ4), Cov(ζ8, ζ4), Cov(ζ9, ζ4), Cov(ζ10, ζ4), Cov(ζ6, ζ5), Cov(ζ7, ζ5),
Cov(ζ8, ζ5), Cov(ζ9, ζ5), Cov(ζ10, ζ5), Cov(ζ7, ζ6), Cov(ζ8, ζ6), Cov(ζ9, ζ6), Cov(ζ10, ζ6), Cov(ζ8, ζ7),
Cov(ζ9, ζ7), Cov(ζ10, ζ7), Cov(ζ9, ζ8), Cov(ζ10, ζ8), Cov(ζ10, ζ9), Cov(ε1, δ1), Cov(ξ2, ξ1), Cov(ξ3, ξ1),
Cov(ξ4, ξ1), Cov(ξ5, ξ1), Cov(ξ6, ξ1), Cov(ξ7, ξ1), Cov(ξ8, ξ1), Cov(ξ3, ξ2), Cov(ξ4, ξ2), Cov(ξ5, ξ2),
Cov(ξ6, ξ2), Cov(ξ7, ξ2), Cov(ξ8, ξ2), Cov(ε2, δ2), Cov(ε3, δ3), Cov(ε4, δ4), Cov(ε5, δ5), Cov(ε6, δ6),
Cov(ε7, δ7), Cov(ε8, δ8), Cov(ε9, δ9)

Constrained parameters

λy
2,1 = λx

2,1, λy
3,1 = λx

3,1, λy
4,1 = λx

4,1, λy
5,1 = λx

5,1, λy
7,2 = λx

7,2, λy
8,2 = λx

8,2, λy
9,2 = λx

9,2, V ar(ε1) =

V ar(δ1), V ar(ε2) = V ar(δ2), V ar(ε3) = V ar(δ3), V ar(ε4) = V ar(δ4), V ar(ε5) = V ar(δ5), V ar(ε6) =

V ar(δ6), V ar(ε7) = V ar(δ7), V ar(ε8) = V ar(δ8), V ar(ε9) = V ar(δ9).
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Chapter 7

Partial adjustment approach

7.1 Introduction

This chapter provides a complementary analysis of the two-period model of
Chapter 6. As in the previous chapter, the development of the empirical model
is based on the two-period theoretical framework from the Chapter 3. The
modelling follows Wagstaff’s (1993) approach which assumes non-instantaneous
stock adjustment and specifies separate demand and investment-production
functions for health and health knowledge rather than the single production
equations as in Chapter 6. This makes it possible to examine the theoretical
feasibility of interpretations from the key structural parameter estimates for
health knowledge in this particular context. Moreover, the approach offers an
alternative way to model input use in investing in health and knowledge. This
provides another angle to examine the issue of experiential knowledge and hence
addressing one of the study questions set out in Section 2.5 that the analysis of
Chapter 6 failed answer. The relative roles of health services and other health
related consumption choices as knowledge inputs can be conveniently examined
in this set up.

7.2 Basic model

The econometric formulation will follow the partial adjustment model used in
some more recent applications of Grossman type health stock model in a two-
wave survey data (Wagstaff, 1993; Herrera-Salas, 1998). It is assumed that
individuals do not achieve their desired, or optimal level of stock instanta-
neously, and hence the observed change in the stock represents only a fraction
of their true demand for health (Wagstaff, 1993). The desired stock of health

174



(H∗
t ) is determined as

H∗
t = βXt + ut, (7.1)

where Xt consists of variables related to the theoretical arguments of the opti-
mality conditions, i.e. the depreciation rate, marginal benefit of health capital
(monetary and psychic), marginal cost of investment and its percentage change,
and the interest rate (Wagstaff, 1993). The partial adjustment of the stock as-
sumes that it develops according to relationship

Ht −Ht−1 = µ(H∗
t −Ht−1), (7.2)

where µ (0 ≤ µ ≤ 1) is the fraction of actual change over the desired change
in health. Combining Equations (7.1) and (7.2) and the Grossman’s original
specification of the net investment equation

Ht −Ht−1 = INVt−1 − δt−1Ht−1 (7.3)

yields the gross investment equation used by Wagstaff (1993)

INVt−1 = µβXt − (µ− δt−1)Ht−1 + µut. (7.4)

Assuming non-instantaneous adjustment complicates the interpretation of the
effect of the past health, since its sign becomes dependent on the relative size
of µ and δt−1.

The demand-for-health equation can also be derived from Equations (7.3)
and (7.4), and it is of form

Ht = µβXt + (1 − µ)Ht−1 + µut. (7.5)

Wagstaff (1993) adopted the MIMIC modelling technique that allowed him to
use multiple indicator measurement for the past and current stock of health, and
also made it possible to identify the otherwise unobservable concept of health
investment. For the latter purpose he used demand equations for medical care
in the MIMIC form:

Mt−1 = BINVt−1 + ΓZt−1 + εt−1, (7.6)

where Mt−1 is a vector of observed health care utilisation measures and Zt−1

contains variables that influence the demand for care, mainly measures of avail-
ability.
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7.3 Model with health knowledge

I use Wagstaff’s (1993) above formulation for modelling the partial-adjustment
of health stock as a starting point for specifying an empirical model that incor-
porates another partial-adjustment stock variable, namely health knowledge.
A simple approach is adopted purely for the empirical purposes, and the theo-
retical properties of modifications made are not in the scope of this study.

First, I redefine the health care demand functions to accommodate non-
medical health inputs. It has been argued that medical care utilisation alone is
not an adequate indication of an individual’s effort to influence his health (e.g.
Grossman, 1999). Therefore, I have also included measures such as alcohol use,
cigarette smoking, and exercise, which are commonly considered as the major
inputs to health production function in addition to health care service use. So,
the left-hand side of the input demand equation (7.6) should also contain other
health affecting consumption variables denoted by HCt−1 in the flow diagram
in figure 3.2. In order to avoid confusion I change the notation and equation
(7.6) becomes:

HIt−1 = BINVt−1 + ΓZt−1 + εt−1, (7.7)

where HIt−1 denotes “health inputs” in general, consisting of Mt−1, PMt−1,
and HCt−1. An alternative treatment of HCt−1 would be to include them in
the vector Xt, i.e. following Muurinen’s (1982a) idea about the use related rate
of depreciation. The way they are modelled in this study makes it possible to
directly compare the effects of lifestyle choices to the effects of medical care on
health.

A whole new set of equations is needed to accommodate the health knowl-
edge part of the model. To simplify the task, it is assumed that the basic
demand and investment concepts and relationships from the partial adjust-
ment model for health are more or less applicable to the stock of knowledge as
well.

The most challenging question here is how to link the two stocks and related
processes to each other. As the analysis presented in Chapters 5 and 6 indi-
cates, health specific knowledge plays a major role in individuals’ production
of health by being associated with at least some health promoting consumption
choices. This is also consistent with the general framework outlined in Section
3.4. Therefore, it seems obvious that the past stock of health knowledge, i.e. the
knowledge an individual possesses before the choices about the future level of
the stocks will be made, should enter to the equation for health as an efficiency
factor. Following Grossman’s (1972a,b) original proposition, better knowledge
can be assumed to reduce the marginal costs of health capital for the similar
reasons as education, but to a somewhat greater extent. Technically this should
not present any further complication since the past stocks are exogenous, and
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thus can be included in the vector Xt.

Another question is whether the desired level of health knowledge should
be a function of the desired level of health due its very specific content mainly
valuable in health choices. In that case desired health knowledge could be
modelled as:

HK∗
t = αXt +H∗

t + et, (7.8)

where vector Xt contains variables reflecting concepts in the equilibrium con-
dition for health knowledge, which could be assumed to be similar to those
of health stock. A major difference would be that the marginal benefits from
investing in health knowledge are likely to be non-monetary and mainly de-
termined in terms of health increments. Therefore, as long as (discounted)
marginal benefits of investing in knowledge relative to costs are greater than
the corresponding ratio when investing directly in health, an individual can be
assumed to postpone health investments for the sake of greater health benefits
in the future periods through the improved knowledge (efficiency).

I specify

HKt −HKt−1 = ν(HK∗
t −HKt−1), (7.9)

and assume a net investment function similar to equation 7.3, i.e.

HKt −HKt−1 = INV hk
t − %t−1HKt−1, (7.10)

where ν is the fraction of the actual change in health knowledge to the desired
change, corresponding to µ in the case of health stocks above. Accordingly,
INV hk

t−1 represent the gross investment in health specific knowledge and HKt−1

the past value of the knowledge stock. The stock of knowledge can be assumed
to depreciate over time at the rate %t−1 for two reasons that are somewhat
different from physiological causes justifying health depreciation. First, people
tend to forget things in which they are not involved frequently. Second, if the
new information is not sought actively the stock becomes outdated relatively
soon. The latter happens due to continuous dissemination of new medical
knowledge which in some cases may even reverse the earlier recommendations
concerning certain health issues.

Substituting Equation (7.1) into Equation (7.8), and Equation (7.8) into
(7.9) and rearranging we get the demand function for health knowledge

HKt = (1 − ν)HKt−1 + ν(α+ β)Xt + ν(ut + et). (7.11)

Then substituting Equation (7.10) into (7.11) and rearranging gives the equa-
tion for gross-investment in health knowledge

INV hk
t−1 = (%t−1 − ν)HKt−1 + ν(α+ β)Xt + ν(ut + et). (7.12)
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In addition a whole new set of equations is needed to determine the unob-
servable investment in health knowledge (INV hk

t−1). In Chapter 5 both general
information seeking activities and participation in the health education activi-
ties were considered as inputs to an individual’s knowledge production function
in order to compare the role of the former type in the absence of more health
specific information supply. In the longitudinal analysis an individual’s invest-
ment activity is assumed to manifest itself in form of the demand for the health
education activities only. So the health knowledge counterpart of Wagstaff’s
(1993) medical care demand equation (7.6) that also determines the unobserv-
able INV hk

t−1 would be of the form

HEt−1 = BINV hk
t−1 + ΓZt−1 + εt−1, (7.13)

where HEt−1 represents health education services demanded as inputs in the
health knowledge production.

7.4 Empirical models

In developing the full structural model I start with the model similar to that of
Wagstaff (1993) and add new elements until a complete system corresponding
to equations for both health and health knowledge as derived in Section 7.3
emerges.

7.4.1 Medical care as the only health inputs

In order to allow comparison with Wagstaff’s (1993) analysis, I first specify a
model which includes only medical care use as an input to health investment.
The basic model consists of three types of equations: the demand function
for health (Equation (7.5)), gross investment function (Equation (7.4)) and a
set of input demand functions (Equation (7.6)). In my specification, vector
X2 contains six variables: an indicator of female gender (LSEX), age in years
(LAGE), an indicator of being married or living with a partner (LMARRIED),
years of formal schooling (LEDUCY R), the household’s annual income
(LFINC), and respondent’s weekly working hours (LWHRSWK). This is
basically the same set of variables used by Wagstaff except that LWHRSWK
has been included as a proxy for the consumer’s time constraint. In addition,
LMARRIED was included in order to control for “double income” households.
Since no measures of supply or the availability of services were available in the
data, the vector Z2 only contains some of the variables in X2, namely education
and working hours. Medical care services considered as indicators for invest-
ment in health are an indicator of any visits to the GP in the last 12 months
(GPCON2), the use of any drugs in the last 7 days (DRUGS2), an indicator
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of any hospitalisations in the calendar year of the survey (HOSP2), and an
indicator of visits to the public health nurse or health visitor in the last 12
months (HV IS2).

There are some important differences between my empirical analysis and
that in Wagstaff (1993). First, the use of Weighted Least Squares (WLS) esti-
mation instead of Maximum Likelihood (with polychoric correlations) used by
Wagstaff is methodologically more appropriate in the presence of ordinal and
binary variables (Wagstaff, 1993, pg.194). Second, the longitudinal quality of
the health stock measurement has been scrutinised (c.f. section 6.5.2) and the
time invariant factorial structure is used in order to improve the stability of the
measurement over time. This is particularly important due to the 15-year gap
between the measurements in my data, compared to 12 months in Wagstaff’s
analysis. The model equations and constraints are presented in Appendix F.

Table 7.1 shows the estimation results for the measurement part of the
model. Factor loadings were constrained to be equal between the waves and
therefore only one set of loadings is reported. The reliability of measurement is
not, however the same, and hence is reported for the first wave measurements
(ρ̂(A)) and the second wave measurements (ρ̂(L)) separately.

Table 7.1: Estimation (WLS) results for measurement equations of the two-
wave model for medical care.

A/LSAHLTH A/LSOMATCC A/LPSY CC A/LCHROANY A/LDOF F ANY

H1/H2 –1.000 –0.919 –0.605 –1.010 –0.967

t-ratio (–24.74) (–23.09) (–26.09) (–23.04)

ρ̂(A) 0.484 0.408 0.175 0.494 0.452

ρ̂(L) 0.504 0.427 0.187 0.514 0.472

Table 7.2 summarises results of the estimation of the structural part of the
model. The effect of the previous stock of health (H1) on H2 has a positive
sign as was expected. The negative relationship between H1 and INV m

1 , even
stronger than in Wagstaff’s study, indicates that the fraction of stock adjust-
ment (µ) is greater than the rate of depreciation (δ1).

Signs of the exogenous variables in the equations for H2 and INV m
1 seem

to be similar to those in Wagstaff’s study. In accordance with the prediction of
the theoretical literature, the elderly appear to have a lower demand for health
and they have to make larger investments in order to get to their optimal level
of health compared with the younger. Education has positive coefficient in the
health investment equation while its association with H2 does not appear to
be statistically significant. The more educated use less hospital care (HOSP2)
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Table 7.2: Estimation (WLS) results for the two-wave structural model for
medical care.

H2 INV m
1 GPCON2 DRUGS2 HOSP2 HV IS2

H1 0.707 –0.704

(26.09) (–15.37)

INV m
1 1.00 0.878 0.499 0.509

(20.63) (12.10) (11.89)

LSEX –0.033 0.251

(–1.22) (5.71)

LAGE –0.135 0.146

(–7.41) (7.12)

LMARRIED 0.014 0.045

(0.41) (0.72)

LEDUCY R –0.025 0.083 0.003 –0.110 –0.074

(–1.08) (2.56) (0.136) (–7.40) (–3.46)

LF INC 0.031 –0.066

(0.80) (–1.09)

LWHRSWK –0.036 0.150 –0.209 –0.274 –0.101

(–1.82) (3.11) (–4.92) (–6.99) (–3.49)

Error covariances

INV m
1 –0.265

(–12.49)

R2 0.50 0.48 0.73 0.57 0.19 0.20

R2 (RF) 0.04 0.17 0.10 0.09 0.03 0.04

χ2 1287.95

df 144

P -value <0.001

RMSEA 0.087

CFI 0.780

AGFI 0.929

and community care (HV IS2) when health investment is controlled for. This
is consistent with Wagstaff (1993), and provides evidence in favour of the edu-
cation efficiency hypothesis. The positive sign for weekly working hours in the
investment function and negative direct effects on health service use may be
interpreted as the higher opportunity cost of investment due to time limitation
forcing individuals to be more efficient in their service utilisation.

It should be noted that the overall fit of the model is not very good, al-
though according to the primary goodness-of-fit measure it is satisfactory (RM-
SEA=0.087). There are a couple of obvious sources of misspecification in the
model. First, as was observed earlier in Section 6.5.2, equality constraints on
factor loadings in the measurement of H1 and H2 are potentially part of the
problem. Second, unlike in Chapter 6 the latent current health (H1) had to
be modelled as an endogenous variable, but due to consistency with the theo-
retical framework is treated as exogenous. Freeing up 6 additional parameters
would result the model χ2 to drop by more than 400 points. Because the areas
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of misspecification are not in the theoretically more interesting structural part
of the model, the results presented in Table 7.2 are not likely to be seriously
affected.

The derived demand for health inputs can be tested by constraining the
estimation of γ-coefficients to be equal between health demand and invest-
ment functions, and assessing the statistical significance of the χ2-difference be-
tween the constrained and unconstrained estimation. In contrast to Wagstaff’s
findings, the derived demand hypothesis was clearly rejected (∆χ2=216.19,
∆df=6). The purpose of this study was not, however, to provide an empir-
ical test of the Grossman model, but rather to use the framework to investigate
individuals’ investment behaviour and to provide theoretically meaningful in-
terpretations.

The explanations for the failure of derived demand hypothesis in statistical
testing typically arises from an argument that medical care utilisation alone
is too narrow a definition of health inputs (Grossman, 2000). To contemplate
this argument, I will next include some lifestyle factors among the indicators
for health investment and analyse their performance in comparison to medical
care.

7.4.2 Model with non-medical health inputs

The selection of potential inputs in health investment is amended with health af-
fecting consumption indicators BEER2 (weekly beer consumption), SMOKE2

(an indicator of current smoking), and EXERC2 (an indicator of regular exer-
cise). In this form investment in health (INV h

1 ) is determined by basically the
same set of variables used as endogenous explanatory variables in the health
production equation in Table 6.7. The approach taken here to analyse the use
of these inputs is quite different from the multiple regression type of modelling
in Chapter 6. INV h

1 is characterised by the common variation in the set of
input variables which brings about the aspects of input use solely related to
the underlying theoretical concept, namely “gross-investment in health”. The
approach also allows consideration of additional explanations to the use (or
non-use) of an input variable after the systematic variation explained by health
investment is controlled for. This is particularly useful when health affecting
choices other than health care use are included as inputs.

Results are shown in Table 7.4. As could be expected, coefficients for all
health service utilisation variables have positive signs since GPCON2 is used
as the reference variable (coefficient fixed to 1.00). The negative coefficients
for BEER1 and SMOKE2 indicate that greater investment in health is associ-
ated with lower beer consumption and non-smoking. Regular physical exercise
(EXERC2) does not have a statistically significant coefficient on INV h

1 . This
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Table 7.3: Estimation (WLS) results for measurement equations of the two-
wave model for medical care and health affecting goods.

A/LSAHLTH A/LSOMATCC A/LPSY CC A/LCHROANY A/LDOF F ANY

H1/H2 –1.000 –0.926 –0.471 –0.984 –0.953

t-ratio (–24.14) (–20.07) (–24.39) (–21.89)

ρ̂(A) 0.448 0.382 0.097 0.433 0.405

ρ̂(L) 0.483 0.416 0.110 0.468 0.440

does not mean that physical exercise would not improve health, but rather that
it does not have common variation with the other input variables used here. If
investment in health is mainly a response to dealing with health problems re-
quiring medical intervention, physical exercise may actually not even belong to
the set of possible choices of the consumer or causes inconvenience which makes
it less attractive option to invest in health. This issue was already encountered
in developing measurement for the cross-sectional analysis in Section 5.3.1.

The results (Table 7.4) show that H1 has a positive impact on the demand
for health (H2) and a negative impact on investment (INV h

1 ) as in the case of
medical care (Table 7.2). Also, results concerning age, education and working
hours remain in line with the previous model in the parts that concern medical
care use. It appears that more years of formal education actually has a positive
impact on beer consumption and regular smoking, that is not in line with
what one would expect on the basis of efficiency hypothesis. In the case of
beer drinking this means that when the investment in health is controlled for
consumption is higher among the more educated and if the consumption does
not exceed unhealthy limit it could still be in line with the efficiency hypothesis,
i.e. there are no additional benefits to reducing drinking to a zero level. In the
case of smoking, however, similar arguments cannot be made as there is no
evidence that moderate levels of “regular smoking” would not be harmful to
health.

Weekly working hours appears to have a negative impact on activities that
presumably involve greater time inputs from an individual. Hence the use of
medical care services, beer drinking, and regular physical exercise are negatively
affected by longer working hours. The same does not apply to regular smoking
but rather the longer working hours seem to be positively associated with the
habit. This may be due to the fact that smoking a cigarette does not require
long periods of time at once, and in some occupations it is possible to smoke
even when on duty (e.g. truck drivers).

Overall, the additional “life-style” inputs can be satisfactorily accommo-
dated in the health investment model. Next the model will be extended to the
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Table 7.4: Estimation (WLS) results for the two-wave structural model for
medical care and health affecting goods.

H2 INV h
1 GPCON2 DRUGS2 HOSP2 HV IS2 BEER2 SMOKE2 EXERC2

H1 0.659 –0.596

(22.43) (–12.75)

INV h
1 1.000 0.736 0.409 0.497 –0.436 –0.532 –0.039

(19.45) (11.23) (12.86) (–12.19) (–13.09) (–1.023)

LSEX –0.116 0.539

(–4.44) (13.42)

LAGE –0.139 0.124

(–7.96) (6.51)

LMARRIED –0.040 0.200

(–1.12) (3.49)

LEDUCY R –0.051 0.127 0.023 –0.108 –0.072 0.192 0.039 –0.017

(–2.27) (4.25) (1.12) (–7.82) (–3.47) (8.84) (2.29) (–0.84)

LF INC 0.076 –0.165

(2.02) (–2.97)

LWHRSWK –0.003 0.047 –0.228 –0.270 –0.069 –0.081 0.110 –0.114

(–0.18) (1.02) (–5.44) (–8.21) (–2.75) (–3.03) (3.87) (–5.11)

Error covariances

INV h
1 –0.247

(–11.31)

R2 0.46 0.58 0.84 0.47 0.15 0.22 0.21 0.24 0.02

R2 (RF) 0.08 0.41 0.32 0.19 0.06 0.09 0.11 0.09 0.02

χ2 1975.71

df 198

P -value <0.001

RMSEA 0.093

CFI 0.714

AGFI 0.910

area of health knowledge.

7.4.3 Sub-model for health knowledge

In this section, I will specify a model for health knowledge investment isolated
from investment in health. The model consists of the system of equations based
on the set of theoretical Equations (7.11), (7.12), and (7.13). An individual’s
investment in health knowledge is indicated by the health education participa-
tion variables LECTURE2, BOOKLET2, MAGAZ2, and TV PROG2. Since
I assumed the analogy to the demand for health and health investment the
results can be interpreted in a similar way.

The results in Table 7.6 show that the effect of past knowledge stock (HK1)
on current demand (HK2) is positive as expected. A positive coefficient esti-
mate forHK1 in the investment function (INV hk

1 ) implies that the stock adjust-
ment factor is smaller than the rate of depreciation, i.e. ν < %. Also, compared
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Table 7.5: Estimation (WLS) results for measurement equations of the two-
wave model for health knowledge.

A/LHKDISC A/LHKDIEC A/LHKEXEC A/LHKSMOC

HK1/HK2 1.000 1.253 1.048 1.100

t-ratio (23.33) (22.81) (23.00)

ρ̂(A) 0.343 0.542 0.377 0.416

ρ̂(L) 0.357 0.557 0.391 0.431

Table 7.6: Estimation (WLS) results for the two-wave structural model for
health knowledge.

HK2 INV hk
1 LECTURE2 BOOKLET2 MAGAZ2 TV PROG2

HK1 0.423 0.551

(12.45) (10.48)

INV hk
1 0.703 1.000 0.940 0.650

(15.47) (17.77) (13.68)

LSEX 0.163 0.490

(6.02) (13.37)

LAGE –0.094 0.017

(–4.66) (0.79)

LMARRIED –0.036 0.035

(–0.91) (0.70)

LEDUCY R –0.014 0.145 –0.095 –0.101 –0.137

(–0.49) (5.25) (–3.91) (–3.75) (–5.24)

LF INC 0.154 0.035

(4.28) (0.78)

LWHRSWK –0.125 –0.160 –0.043 –0.082 –0.068

(–5.04) (–5.65) (–1.69) (–3.04) (–2.16)

Error covariances

INV hk
1 0.046

(2.71)

R2 0.27 0.56 0.28 0.60 0.51 0.24

R2 (RF) 0.10 0.39 0.10 0.24 0.19 0.09

χ2 982.42

df 108

P -value <0.001

RMSEA 0.088

CFI 0.800

AGFI 0.934

to health investment models above, the coefficient estimate of HK1 on HK2 is
smaller than that of H1 on H2 in Table 7.4 suggesting that the adjustment of
health knowledge stock is more instantaneous than is the adjustment of health
stock (ν > µ).

A negative coefficient for LAGE in the demand function implies that the
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optimal level of knowledge reduces with age, and hence indicates similarity
to predictions of Grossman’s health stock model. This is expected to happen
due to the increasing cost of investment and possibly the increasing rate of
depreciation due to deterioration of cognitive ability in the older age. On the
other hand, the elderly do not seem to invest any more on health knowledge
than younger, in contrast to the case with health investment above. There are
two reasons why elderly may find investment in knowledge unattractive. First,
the length of the “payback period” affects, according to the theory (Cropper,
1977), individual’s preferences between short term and long term investments.
My earlier analysis of Chapter 5 showed that, while health education increases
stock of knowledge, knowledge does not improve production of health in the
analysis of cross-sectional data. The current level of knowledge, however, brings
efficiency gains to the production of future health as was shown in the two-
period analysis of Chapter 6. Second, there is usually no immediate health
hazard related to “not taking care of health knowledge” as there certainly may
in the case of “not taking care of one health” at least in older ages. If it
is assumed that the main motivation for investing in health knowledge is to
become a more efficient producer of health in the long run, Ippolito’s (1981)
hypothesis about the effects of the cumulative and instantaneous nature of
possible health hazards may have implications for health knowledge investment
as well.

A positive coefficient estimate for education on INV hk
1 and negative coef-

ficients on all knowledge inputs represent similar efficiency gains due to better
schooling as was the case with the medical care sub-model above. Longer
working hours appear to have a negative effect on both investment activity and
demand for knowledge inputs. The rationale behind lower levels of investment
by those with a higher opportunity cost of time may be similar to that with
the elderly. Since the actual health benefits occur only after a relatively long
period of time, it does not make investment in knowledge worthwhile (in terms
of present value) when it is contrasted to current opportunity cost.

In general, it appears that the theoretical assumptions made about the
similarity of demand and investment functions for health and health knowledge
seem to be supported by the data. First, the overall goodness-of-fit of the health
knowledge model is similar to health model, and second, the signs of some
key variables are consistent with theoretical predictions. This is a reassuring
observation and justifies the final development of my model.

7.4.4 Estimation of the complete two-period model

In this final stage of modelling, the systems of equations for both health and
health knowledge are put together and estimated simultaneously. First, I es-
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timate a model with basically all the same parameters that were used in the
sub-models for health and health knowledge, to enable comparison of results
between separate sub-models and a more complete final model. The new pa-
rameters are the cross-lagged effects of stock variables (HK1 on H2 and H1 on
HK2) and the (exogenous) current stocks on investment (HK1 on INV h

1 and
H1 on INV hk

1 ), and the error covariances of demand and investment functions.

Table 7.7: Estimation (WLS) results for measurement equations of the full
two-wave structural model.

A/LSAHLTH A/LSOMATCC A/LPSY CC A/LCHROANY A/LDOF F ANY

H1/H2 –1.000 –0.915 –0.334 –1.152 –0.823

t-ratio (–31.59) (–19.35) (–31.86) (–25.90)

ρ̂(A) 0.445 0.371 0.049 0.596 0.299

ρ̂(L) 0.472 0.396 0.054 0.621 0.321

A/LHKDISC A/LHKDIEC A/LHKEXEC A/LHKSMOC

HK1/HK2 1.000 1.327 1.145 1.188

t-ratio (28.40) (29.08) (29.19)

ρ̂(A) 0.287 0.507 0.377 0.406

ρ̂(L) 0.295 0.517 0.386 0.416

The results in Table 7.8 show that while only one of the earlier statistically
significant coefficient estimates changed their sign (LEDUCY R on MAGAZ2),
some changes in the level of coefficients occurred. Quite expectedly, the coeffi-
cient estimate for education on health investment reduced as HK1 was included
in the equation, but was still statistically significantly positive. The results con-
cerning age remained the same except that now the elderly appeared to invest
(statistically significantly) less in knowledge than the young.

Consistency of the main results with the better fitting sub-models is encour-
aging as the goodness-of-fit of the combined model is not particularly good. It
is worth noting that with df of 502 the model is likely to be rejected by the
standard χ2 statistics unless we have about 10 times the number of observation
available for current analysis (see page 150). However, the RMSEA is still just
below the 0.10 limit beyond which more severe specification problems may be
expected. Moreover, as was discussed in the case of the medical care sub-model
the main sources of the lack of fit are outside the core structure of the model.
The same problem has also been addressed in other econometric SEM studies
reviewed in Chapter 2 (pg. 39).
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Table 7.8: Estimation (WLS) results for the full two-wave structural model.

H2 INV h
1 HK2 INV hk

1 GPCON2 DRUGS2 HOSP2 HV IS2 BEER2 SMOKE2 EXERC2 LECT2 BOOKL2 MAGAZ2 TV PROG2

H1 0.609 –0.486 0.106 –0.127

(25.82) (–13.76) (4.97) (–4.13)

HK1 0.144 0.140 0.442 0.726

(4.47) (3.18) (16.93) (16.53)

INV h
1 1.000 0.656 0.270 0.437 –0.530 –0.557 0.030

(26.77) (11.73) (17.47) (–22.68) (–20.36) (1.22)

INV hk
1 0.657 1.000 0.908 0.619

(23.58) (26.76) (19.66)

LSEX –0.172 0.823 0.056 0.503

(–8.68) (26.55) (3.10) (19.23)

LAGE –0.124 0.084 –0.085 –0.095

(–9.64) (5.50) (–6.27) (–5.78)

LMARRIED 0.054 0.268 –0.105 –0.140

(1.86) (5.78) (–4.06) (–3.85)

LEDUCY R –0.025 0.094 –0.035 0.043 0.096 –0.153 –0.046 0.139 0.036 –0.045 –0.029 0.059 –0.056

(–1.48) (3.98) (–1.92) (2.05) (6.86) (–16.00) (–3.08) (8.87) (2.97) (–3.11) (–1.69) (3.13) (–2.98)

LF INC –0.022 –0.141 0.125 0.075

(–0.74) (–3.17) (5.29) (2.30)

LWHRSWK 0.093 –0.042 –0.051 –0.166 –0.375 –0.334 –0.080 –0.051 0.008 –0.101 –0.046 –0.115 0.000

(6.60) (–1.02) (–3.04) (–8.07) (–10.08) (–12.51) (–4.59) (–2.06) (0.34) (–5.94) (–2.57) (–6.06) (0.01)

Error covariances

INV h
1 –0.216

(–11.21)

HK2 –0.081 0.014

(–8.83) (1.01)

INV hk
1 –0.053 0.020 0.028

(–3.60) (0.89) (2.24)

R2 0.47 0.76 0.26 0.63 1.00 0.46 0.09 0.20 0.31 0.32 0.01 0.28 0.65 0.56 0.24

R2 (RF) 0.12 0.66 0.06 0.39 0.65 0.31 0.07 0.13 0.21 0.21 0.01 0.10 0.25 0.23 0.09

χ2 5577.34

df 502

P -value <0.001

RMSEA 0.098

CFI 0.742

AGFI 0.877
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Next, the basic model was modified to address the issues of knowledge
efficiency in health investment while controlling for formal schooling. For this
purpose, parameters for describing the direct effect of HK1 on health inputs
were set free for the estimation. In order achieve identification the coefficient
for HK1 on HOSP2 was fixed to zero.

Table 7.9: Estimation (WLS) results for measurement equations of the full
two-wave structural model, knowledge–efficiency modification.

A/LSAHLTH A/LSOMATCC A/LPSY CC A/LCHROANY A/LDOF F ANY

H1/H2 –1.000 –0.929 –0.333 –1.087 –0.847

t-ratio (–30.97) (–18.88) (–31.36) (–26.22)

ρ̂(A) 0.450 0.388 0.049 0.534 0.321

ρ̂(L) 0.476 0.412 0.054 0.560 0.344

A/LHKDISC A/LHKDIEC A/LHKEXEC A/LHKSMOC

HK1/HK2 1.000 1.088 0.973 1.069

t-ratio (32.69) (31.93) (32.21)

ρ̂(A) 0.355 0.421 0.335 0.406

ρ̂(L) 0.375 0.442 0.355 0.427

The results represented in Table 7.10 show that in most cases the effects
of HK1 and LEDUCY R have the same signs supporting the conclusion that,
although knowledge increases efficiency, formal schooling also has a role to
play. The only input variable on which HK1 and education have an estimated
coefficient with opposite signs is DRUGS2. A plausible explanation would
be that higher education is picking up the effects related to socio-economic
status when the knowledge component is controlled for. Better schooling would
therefore be associated with diseases commonly considered as “welfare related”
(e.g. heart diseases), and their preconditions such as high blood pressure and
cholesterol which the more knowledgeable individuals are able to keep in control
by some form of non-medical treatment (e.g. diet, physical exercise).
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Table 7.10: Estimation (WLS) results for the full two-wave structural model, knowledge–efficiency modification.

H2 INV h
1 HK2 INV hk

1 GPCON2 DRUGS2 HOSP2 HV IS2 BEER2 SMOKE2 EXERC2 LECT2 BOOKL2 MAGAZ2 TV PROG2

H1 0.642 –0.478 0.095 –0.132

(26.78) (–13.45) (3.84) (–4.60)

HK1 0.119 0.829 0.642 0.820 –0.911 –0.389 –0.372 0.738 –0.254 0.483

(4.19) (3.65) (25.20) (21.28) (–4.04) (–2.49) (–3.38) (5.60) (–1.87) (9.93)

INV h
1 1.000 0.680 0.280 0.436 –0.534 –0.563 0.021

(26.33) (11.33) (16.68) (–21.97) (–19.61) (0.81)

INV hk
1 0.809 1.000 0.943 0.753

(26.33) (27.19) (22.40)

LSEX –0.156 0.801 0.041 0.434

(–7.83) (25.76) (1.96) (17.72)

LAGE –0.122 0.063 –0.122 –0.076

(–9.30) (4.13) (–7.66) (–4.89)

LMARRIED 0.054 0.293 –0.074 –0.053

(1.83) (6.35) (–2.51) (–1.59)

LEDUCY R –0.007 0.056 0.046 0.105 0.127 –0.130 –0.069 0.137 –0.052 0.020 –0.032 0.028 –0.072

(–0.42) (2.36) (2.20) (5.31) (8.73) (–13.42) (–4.46) (8.44) (–4.02) (1.31) (–1.78) (1.47) (–3.69)

LF INC –0.022 –0.143 0.78 0.029

(–0.74) (–3.25) (2.88) (0.95)

LWHRSWK 0.078 –0.058 –0.038 –0.178 –0.340 –0.306 –0.090 –0.051 0.025 –0.117 –0.048 –0.092 0.024

(5.46) (–1.42) (–2.01) (–8.90) (–9.08) (–11.04) (–5.06) (–2.03) (1.01) (–6.83) (–2.58) (–4.80) (1.05)

Error covariances

INV h
1 –0.240

(–12.37)

HK2 –0.086 0.028

(–8.06) (1.73)

INV hk
1 –0.042 0.040 –0.019

(–3.02) (1.88) (–1.45)

R2 0.49 0.79 0.47 0.76 0.96 0.49 0.11 0.19 0.34 0.50 0.10 0.36 0.56 0.52 0.31

R2 (RF) 0.11 0.51 0.08 0.33 0.60 0.31 0.06 0.12 0.20 0.20 0.01 0.12 0.19 0.18 0.09

χ2 5321.28

df 496

P -value <0.001

RMSEA 0.096

CFI 0.755

AGFI 0.881
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The final modification is aimed at investigating the role of medical services
and health effecting consumption as sources of health relevant information.
This is achieved by freeing the β-coefficients for INV hk

1 on DRUGS2, HOSP2,
HV IS2, SMOKE2, and EXERC2 and re-estimating the model. Two health
inputs (GPCON2, BEER2) were omitted due to convergence problems. The
results are shown in Table 7.12.

Table 7.11: Estimation (WLS) results for measurement equations of the full
two-wave structural model, knowledge–experience modification.

A/LSAHLTH A/LSOMATCC A/LPSY CC A/LCHROANY A/LDOF F ANY

H1/H2 –1.000 –0.885 –0.343 –1.064 –0.857

t-ratio (–31.65) (–20.10) (–31.63) (–27.28)

ρ̂(A) 0.470 0.365 0.054 0.533 0.342

ρ̂(L) 0.500 0.394 0.060 0.563 0.370

A/LHKDISC A/LHKDIEC A/LHKEXEC A/LHKSMOC

HK1/HK2 1.000 1.048 0.951 1.048

t-ratio (31.86) (31.32) (31.44)

ρ̂(A) 0.389 0.428 0.351 0.428

ρ̂(L) 0.400 0.439 0.362 0.439

Investment in health knowledge seems to increase the use of all medical care
services included in the study when investment in health is controlled for. This
indicates that some additional medical care services are used purely for seeking
health relevant information. INV hk

1 appears to have a statistically significant
positive coefficient estimate on regular exercise, meaning that exercise is also
serving as a source of health information. This makes sense intuitively because
exercising allows an individual to assess his performance, and hence, physical
fitness on a common sense scale. Also, finding an optimal way to exercise is
typically a process of trial and error, and therefore involves a great deal of
information on individual’s physical capacity and limitations.

The effect of INV hk
1 on regular smoking is negative, which is in conflict with

a prior assumption that the experience would always add to the knowledge.
On the other hand, health hazards related to cigarette smoking are commonly
known, and therefore individuals who are concerned about their health to the
extent that they are searching more information are not likely to be regular
smokers - at lest not anymore. Another potentially plausible explanation is that
individuals are actually quitting smoking in order obtain information about the
health benefits of non-smoking.
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Table 7.12: Estimation (WLS) results for the full two-wave structural model, knowledge–experience modification.

H2 INV h
1 HK2 INV hk

1 GPCON2 DRUGS2 HOSP2 HV IS2 BEER2 SMOKE2 EXERC2 LECT2 BOOKL2 MAGAZ2 TV PROG2

H1 0.693 –0.622 0.157 0.024

(28.52) (–16.17) (6.35) (0.98)

HK1 0.140 –0.059 0.565 0.586

(4.99) (–1.40) (21.70) (17.45)

INV h
1 1.000 0.551 0.140 0.372 –0.568 –0.079 –0.176

(19.04) (4.33) (12.49) (–21.90) (–2.21) (–6.00)

INV hk
1 0.258 0.301 0.063 –1.009 0.525 0.854 1.000 0.990 0.740

(6.50) (6.24) (1.59) (–18.97) (12.90) (26.87) (27.92) (21.92)

LSEX –0.178 0.792 0.058 0.423

(–8.75) (23.36) (2.75) (19.31)

LAGE –0.104 0.050 –0.121 –0.009

(–7.71) (2.87) (–7.47) (–0.73)

LMARRIED 0.061 0.280 –0.102 0.034

(2.05) (5.56) (–3.32) (1.13)

LEDUCY R 0.014 0.046 –0.004 0.146 0.071 –0.185 –0.092 0.133 0.094 –0.072 –0.048 0.013 –0.082

(0.76) (1.77) (–0.20) (8.07) (5.03) (–15.57) (–6.10) (8.25) (5.67) (–4.53) (–2.62) (0.68) (–4.23)

LF INC –0.035 –0.108 0.119 –0.053

(–1.16) (–2.24) (4.36) (–1.96)

LWHRSWK 0.089 –0.059 –0.043 –0.148 –0.335 –0.273 –0.055 –0.033 –0.079 –0.064 –0.057 –0.060 0.023

(6.07) (–1.25) (–2.22) (–7.90) (–7.68) (–10.09) (–3.43) (–1.14) (–3.75) (–3.36) (–3.00) (–3.13) (1.00)

Error covariances

INV h
1 –0.210

(–9.66)

HK2 –0.071 –0.011

(–6.09) (–0.60)

INV hk
1 –0.077 –0.021 0.068

(–6.02) (–1.07) (5.65)

R2 0.55 0.72 0.40 0.61 1.05 0.45 0.11 0.17 0.37 0.57 0.14 0.37 0.52 0.52 0.28

R2 (RF) 0.11 0.56 0.07 0.35 0.57 0.30 0.07 0.10 0.21 0.23 0.02 0.13 0.18 0.19 0.09

χ2 5182.65

df 497

P -value <0.001

RMSEA 0.095

CFI 0.762

AGFI 0.885
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7.5 Summary

In this chapter I have developed Wagstaff’s (1993) partial adjustment model
to also include a demand and investment system for health knowledge. Em-
pirical counterparts of the systems of equations were combined together and
analysed simultaneously using structural equation modelling techniques. The
key findings are summarised in the following:

1. The relative roles of medical care and other health affecting consumption
as inputs to investment in health were assessed. It was found that regular
smoking and beer drinking had significant common variance with medical
care use, and hence, fit well to the set of inputs characterising individuals
investment in health. Regular physical exercise, on the other hand, did
not appear to be explained by the same underlying factor of “investment
in health”. Hence, exercise is likely to be used for health promoting
purposes independently from medical care, non-smoking, and moderate
alcohol consumption.

2. A corresponding empirical demand and investment system was specified
for health knowledge. It was found that the interpretations of the empir-
ical results corresponded well to the theoretical predictions typical to the
health capital model.

3. The full system of equations was estimated simultaneously. Age was found
to be negatively related to the optimal levels of both health and knowl-
edge stock. The elderly seem to invest more in health but less in health
knowledge than their younger peers. This may be due to relatively long
delay in health benefits resulting from improved knowledge. Stock ad-
justment was found to be more instantaneous for knowledge than health
stock.

4. The role of current health knowledge was also assessed in the context of
full model. As in the two-period analysis in Chapter 6, health knowledge
was found to increase efficiency in the utilisation of health inputs.

5. The full model was used to assess the role of medical care and consumption
as inputs to health knowledge investment. Investment in health relevant
knowledge appears to increase medical care use when investment in health
is controlled for. The health and social sciences literature (Section 2.4.2)
emphasise the role of experience in acquiring more knowledge. In prac-
tice this means that by participating in health affecting consumption an
individual is expected to always gain information in addition to poten-
tial health benefits or losses. The results from the analysis provide some
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support for this view, but the interpretation of the role of smoking, or
non-smoking experience is not straightforward.
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Appendix F

Partial adjustment model

specifications

F.1 Model for medical care

Measurement equations

ASAHLTH = −1 × H1 + ε1

ASOMATCC = λ2,1H1 + ε2

APSY CC = λ3,1H1 + ε3

ACHROANY = λ4,1H1 + ε4

ADOFFANY = λ5,1H1 + ε5

LSAHLTH = −1 × H2 + ε6

LSOMATCC = λ7,3H2 + ε7

LPSY CC = λ8,3H2 + ε8

LCHROANY = λ9,3H2 + ε9

LDOFFANY = λ10,3H2 + ε10

LGPY EAR = 1 × GPCON2

LDRUGANY = 1 × DRUGS2

LHSPUSE = 1 × HOSPIT2

LHV ISANY = 1 × HVIS2 (F.1)

Structural equations

H1 = ζ1

H2 = β2,1H1 + γ2,1LSEX + γ2,2LAGE + γ2,3LMARRIED + γ2,4LEDUCY R

+γ2,5LFINC + γ2,6LWHRSWK + ζ2

INVm
1 = β3,1H1 + γ3,1LSEX + γ3,2LAGE + γ3,3LMARRIED + γ3,4LEDUCY R

+γ3,5LFINC + γ3,6LWHRSWK + ζ3

GPCON2 = 1 × INVm
1 + γ4,6LWHRSWK + ζ4

DRUGS2 = β5,4 × INVm
1 + γ5,4LEDUCYR+ γ5,6LWHRSWK + ζ5

HOSPIT2 = β6,4 × INVm
1 + γ6,4LEDUCYR+ γ6,6LWHRSWK + ζ6

HVIS2 = β7,4 × INVm
1 + γ7,4LEDUCYR+ ζ7 (F.2)
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Additional free parameters
Cov(ζ3, ζ2), Cov(ε6, ε1), Cov(ε7, ε2), Cov(ε8, ε3), Cov(ε9, ε4), Cov(ε10, ε5).

Constrained parameters
λ7,2 = λ2,1, λ8,2 = λ3,1, λ9,2 = λ4,1, λ10,2 = λ5,1, V ar(ε6) = V ar(ε1), V ar(ε7) = V ar(ε2),
V ar(ε8) = V ar(ε3), V ar(ε9) = V ar(ε4), V ar(ε10) = V ar(ε5).

F.2 Sub-model for health

Measurement equations

ASAHLTH = −1 × H1 + ε1

ASOMATCC = λ2,1H1 + ε2

APSY CC = λ3,1H1 + ε3

ACHROANY = λ4,1H1 + ε4

ADOFFANY = λ5,1H1 + ε5

LSAHLTH = −1 × H2 + ε6

LSOMATCC = λ7,3H2 + ε7

LPSY CC = λ8,3H2 + ε8

LCHROANY = λ9,3H2 + ε9

LDOFFANY = λ10,3H2 + ε10

LGPY EAR = 1 × GPCON2

LDRUGANY = 1 × DRUGS2

LHSPUSE = 1 × HOSPIT2

LHV ISANY = 1 × HVIS2

LBEERCAT = 1 × BEER2

LSREGUL = 1 × SMOKE2

LEXEREG = 1 × EXERC2 (F.3)

Structural equations

H1 = ζ1

H2 = β2,1H1 + γ2,1LSEX + γ2,2LAGE + γ2,3LMARRIED + γ2,4LEDUCY R

+γ2,5LFINC + γ2,6LWHRSWK + ζ2

INVh
1 = β3,1H1 + γ3,1LSEX + γ3,2LAGE + γ3,3LMARRIED + γ3,4LEDUCY R

+γ3,5LFINC + γ3,6LWHRSWK + ζ3

GPCON2 = 1 × INVh
1 + γ4,6LWHRSWK + ζ4

DRUGS2 = β5,3 × INVh
1 + γ5,4LEDUCY R+ γ5,6LWHRSWK + ζ5

HOSPIT2 = β6,3 × INVh
1 + γ6,4LEDUCY R+ γ6,6LWHRSWK + ζ6

HVIS2 = β7,3 × INVh
1 + γ7,4LEDUCY R+ ζ7

BEER2 = β8,3 × INVh
1 + γ8,4LEDUCY R+ γ8,6LWHRSWK + ζ8

SMOKE2 = β9,3 × INVh
1 + γ9,4LEDUCY R+ γ9,6LWHRSWK + ζ9

EXERC2 = β10,3 × INVh
1 + γ10,4LEDUCYR + γ10,6LWHRSWK + ζ10 (F.4)
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Additional free parameters
Cov(ζ3, ζ2), Cov(ε6, ε1), Cov(ε7, ε2), Cov(ε8, ε3), Cov(ε9, ε4), Cov(ε10, ε5).

Constrained parameters
λ7,2 = λ2,1, λ8,2 = λ3,1, λ9,2 = λ4,1, λ10,2 = λ5,1, V ar(ε6) = V ar(ε1), V ar(ε7) = V ar(ε2),
V ar(ε8) = V ar(ε3), V ar(ε9) = V ar(ε4), V ar(ε10) = V ar(ε5).

F.3 Sub-model for health knowledge

Measurement equations

AHKDISC = 1 × HK1 + ε1

AHKDIEC = λ2,1HK1 + ε2

AHKEXEC = λ3,1HK1 + ε3

AHKSMOC = λ4,1HK1 + ε4

LHKDISC = 1 × HK2 + ε5

LHKDIEC = λ7,3HK2 + ε6

LHKEXEC = λ8,3HK2 + ε7

LHKSMOC = λ9,3HK2 + ε8

LLECHCC = 1 × LECTURE2

LHBKL15C = 1 × BOOKLET2

LMAGAZIC = 1 × MAGAZ2

LTV PROGC = 1 × TVPROG2 (F.5)

Structural equations

HK1 = ζ1

HK2 = β2,1HK1 + γ2,1LSEX + γ2,2LAGE + γ2,3LMARRIED + γ2,4LEDUCYR

+γ2,5LFINC + γ2,6LWHRSWK + ζ2

INVhk
1 = β3,1HK1 + γ3,1LSEX + γ3,2LAGE + γ3,3LMARRIED + γ3,4LEDUCYR

+γ3,5LFINC + γ3,6LWHRSWK + ζ3

LECTURE2 = β4,3 × INVhk
1 + γ5,4LEDUCY R+ γ5,6LWHRSWK + ζ4

BOOKLET2 = 1 × INVhk
1 + γ5,4LEDUCY R+ γ5,6LWHRSWK + ζ5

MAGAZ2 = β6,3 × INVhk
1 + γ6,4LEDUCY R+ γ6,6LWHRSWK + ζ6

TVPROG2 = β7,3 × INVhk
1 + γ7,4LEDUCY R+ γ7,6LWHRSWK + ζ7 (F.6)

Additional free parameters
Cov(ζ3, ζ2), Cov(ε5, ε1), Cov(ε6, ε2), Cov(ε7, ε3), Cov(ε8, ε4).

Constrained parameters
λ6,2 = λ2,1, λ7,2 = λ3,1, λ8,2 = λ4,1, V ar(ε5) = V ar(ε1), V ar(ε6) = V ar(ε2), V ar(ε7) = V ar(ε3),
V ar(ε8) = V ar(ε4).
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F.4 Full two-period model

Measurement equations

ASAHLTH = −1 × H1 + ε1

ASOMATCC = λ2,1H1 + ε2

APSY CC = λ3,1H1 + ε3

ACHROANY = λ4,1H1 + ε4

ADOFFANY = λ5,1H1 + ε5

AHKDISC = 1 × HK1 + ε6

AHKDIEC = λ7,2HK1 + ε7

AHKEXEC = λ8,2HK1 + ε8

AHKSMOC = λ9,2HK1 + ε9

LSAHLTH = −1 × H2 + ε10

LSOMATCC = λ11,3H2 + ε11

LPSY CC = λ12,3H2 + ε12

LCHROANY = λ13,3H2 + ε13

LDOFFANY = λ14,3H2 + ε14

LHKDISC = 1 × HK2 + ε15

LHKDIEC = λ16,5HK2 + ε16

LHKEXEC = λ17,5HK2 + ε17

LHKSMOC = λ18,5HK2 + ε18

LGPY EAR = 1 × GPCON2

LDRUGANY = 1 × DRUGS2

LHSPUSE = 1 × HOSPIT2

LHV ISANY = 1 × HVIS2

LBEERCAT = 1 × BEER2

LSREGUL = 1 × SMOKE2

LEXEREG = 1 × EXERC2

LLECHCC = 1 × LECTURE2

LHBKL15C = 1 × BOOKLET2

LMAGAZIC = 1 × MAGAZ2

LTV PROGC = 1 × TVPROG2 (F.7)
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Structural equations

H1 = ζ1

HK1 = ζ2

H2 = β3,1H1 + β3,2HK1 + γ3,1LSEX + γ3,2LAGE + γ3,3LMARRIED

+γ3,4LEDUCY R+ γ3,5LFINC + γ3,6LWHRSWK + ζ3

INVh
1 = β4,1H1 + β4,2HK1 + γ4,1LSEX + γ4,2LAGE + γ4,3LMARRIED

+γ4,4LEDUCY R+ γ4,5LFINC + γ4,6LWHRSWK + ζ4

HK2 = β5,1H1 + β5,2HK1 + γ5,1LSEX + γ5,2LAGE + γ5,3LMARRIED

+γ5,4LEDUCY R+ γ5,5LFINC + γ5,6LWHRSWK + ζ5

INVhk
1 = β6,1H1 + β6,2HK1 + γ6,1LSEX + γ6,2LAGE + γ6,3LMARRIED

+γ6,4LEDUCY R+ γ6,5LFINC + γ6,6LWHRSWK + ζ6

GPCON2 = 1 × INVh
1 + γ7,6LWHRSWK + ζ7

DRUGS2 = β8,3 × INVh
1 + γ8,4LEDUCY R+ γ8,6LWHRSWK + ζ8

HOSPIT2 = β9,3 × INVh
1 + γ9,4LEDUCY R+ γ9,6LWHRSWK + ζ9

HVIS2 = β10,3 × INVh
1 + γ10,4LEDUCY R+ ζ10

BEER2 = β11,3 × INVh
1 + γ11,4LEDUCY R+ γ11,6LWHRSWK + ζ11

SMOKE2 = β12,3 × INVh
1 + γ12,4LEDUCY R+ γ12,6LWHRSWK + ζ12

EXERC2 = β13,3 × INVh
1 + γ13,4LEDUCY R+ γ13,6LWHRSWK + ζ13

LECTURE2 = β14,4 × INVhk
1 + γ14,4LEDUCY R+ γ14,6LWHRSWK + ζ14

BOOKLET2 = 1 × INVhk
1 + γ15,4LEDUCYR + γ15,6LWHRSWK + ζ15

MAGAZ2 = β16,4 × INVhk
1 + γ16,4LEDUCY R+ γ16,6LWHRSWK + ζ16

TVPROG2 = β17,4 × INVhk
1 + γ17,4LEDUCY R+ γ17,6LWHRSWK + ζ17 (F.8)

Additional free parameters
Cov(ζ4, ζ3), Cov(ζ5, ζ3), Cov(ζ6, ζ3), Cov(ζ5, ζ4), Cov(ζ6, ζ4), Cov(ζ6, ζ5), Cov(ε10, ε1), Cov(ε11, ε2),
Cov(ε12, ε3), Cov(ε13, ε4), Cov(ε14, ε5), Cov(ε15, ε6), Cov(ε16, ε7), Cov(ε17, ε8), Cov(ε18, ε9).

Constrained parameters

λ11,3 = λ2,1, λ12,3 = λ3,1, λ13,3 = λ4,1, λ14,3 = λ5,1, λ16,5 = λ7,2, λ17,5 = λ8,2, λ18,5 = λ9,2,

V ar(ε10) = V ar(ε1), V ar(ε11) = V ar(ε2), V ar(ε12) = V ar(ε3), V ar(ε13) = V ar(ε4), V ar(ε14) =

V ar(ε5), V ar(ε15) = V ar(ε6), V ar(ε16) = V ar(ε7), V ar(ε17) = V ar(ε8), V ar(ε18) = V ar(ε9).
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Chapter 8

Conclusions

My thesis provides a thorough investigation of issues relevant to health pro-
moting policies focusing on health education and lifestyle changes.

Current theoretical models provide a basis for analysing the production
aspects of life-style variables and knowledge accumulation, but do not pro-
vide adequate guidance for modelling a complete system for health and knowl-
edge. This is reflected in the empirical literature where no health production
model treating health knowledge as an endogenous variable, apart from that
of Van Doorslaer (1987) was identified. Only a few health production stud-
ies included a direct measure of health knowledge. The available econometric
studies offer only a limited information for guiding health promotion policies,
in particular with regard to health education.

In Section 2.5 the main issues to be addressed by this thesis were stated as:

1. What is the impact of an increase in health knowledge on individuals’
health behaviour and health status?

2. What is the relative impact of health education in the accumulation of
individuals’ health relevant knowledge?

3. How does a change in health knowledge affect the demand for health
services?

4. Does consumption experience increase individuals’ knowledge?

5. Can health knowledge be modelled as a stock variable similar to health?

The first question can be viewed as a cornerstone of the entire health educa-
tion domain of health promotion. If a higher level of knowledge does not have a
health promoting response in terms of either healthier consumption choices or
a more efficient use of chosen health inputs, educating people in health relevant
issues would not be an appropriate policy approach in the first place.
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Throughout the empirical analysis it appears that the association between
better knowledge and healthy consumption patterns is not very consistent. In
particular, attention is drawn to the higher consumption of alcohol by the more
knowledgeable. On the other hand, higher levels of health knowledge appeared
to have a strong negative impact on regular smoking. The more knowledgeable
did not appear to be any more efficient producers of health than their peers
with less knowledge in the cross sectional analysis of Chapter 5. In the two-
wave models of Chapter 6 and 7 it was, however, demonstrated that high level
of current knowledge is associated with significant efficiency gains resulting in
better future health.

These results indicate that while instantaneous health benefits from better
health knowledge may not be expected, in the long run the improvement is
clear. The relatively long payback time on investment in health knowledge
is also reflected in knowledge differences by age. As in the case of health, it
is expected that the elderly have a lower optimal level of knowledge stock,
but, unlike in the case of health capital, they may not find it feasible to use
increasing amounts of resources in obtaining more information. There is no
immediate hazard resulting from “not investing in knowledge”, like there might
be from “not investing in health” e.g. not taking regular medication.

It should be noted that my results may be specific to the “healthy life-
style” orientated measurement of health knowledge. From the policy point of
view this could mean that while the young are likely to benefit in the long run
from the better knowledge on healthy lifestyles, the elderly might be more keen
on knowledge on how to avoid more instant health hazards, such as falling over
on the stairs or on an icy pavement.

Regarding the second study question, there appeared to be overwhelming
evidence that participation in health education has a positive effect on health
knowledge. This result is consistent throughout both the cross-sectional analy-
sis and the dynamic set-up where the current level of knowledge was also con-
trolled for. As discussed above, participation in health education is decreasing
by age. Also, women appear to be more likely to participate in health educa-
tion. Lower participation by men may be partly explained by arguments similar
to those used with the elderly. Being aware of general survival statistics may
cause men to perceive their life-expectancy to be shorter than that of women.
Consequently, they may discount potential future health benefits of knowledge
more heavily, and therefore find investing in knowledge less attractive use of
their time than women of the same age. In this context it is also useful to note,
that Ippolito’s (1981) theoretical results indicate that the perceived “shortness”
of the life span may also partly explain the higher consumption of hazardous
goods by men compared to women (cf. discussion on page 25). Given that a
large proportion of the gender difference in life-expectancy is potentially self-
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imposed (endogenous) by males, health promotion strategies aiming to correct
the “misperception of the length of life” among young males might prove ben-
eficial in reducing gender inequity in health.

The answer to the question about the role of knowledge in health care
utilisation is two-fold. Those with a higher level of health knowledge seem to
be willing to invest more in their health, also by using medical care. However,
the analysis in Chapter 7 indicated that, after their chosen (“optimal”) level of
health investment is controlled for, they tend to use less medical care than those
with poor knowledge. In other words, better knowledge may help to prevent
unnecessary use of medical care services.

No consistent evidence was found about the positive influence of formal
schooling on health directly. Education, however, has a significant positive
impact on knowledge both directly and indirectly by promoting information
seeking activity. This means that improving individuals’ educational attain-
ment alone might not adequately work for the benefit of public health. Im-
proving the participation in health education activities is likely to result in
health-promoting changes in consumption.

The cross-sectional analyses of Chapter 5 show that a higher educational
level improves the participation in health education, which implies that the
universal provision of health education services may lead to greater health dif-
ferences by education status in the long run. When controlling for the current
level of health knowledge (Chapter 6), the better educated appear to partic-
ipate less in health education which indicates that formal schooling might be
a substitute to health education. They, however, end up with a higher level
of future health knowledge due to more efficient processing of information. If
reducing inequalities in health with regard to education is an important policy
goal, health education campaigns should be targeted to population groups with
lower educational attainment.

With regard to the fourth study question, the analysis in Chapter 7 indi-
cates the relevance of medical care and consumption experience as inputs to
investment in health knowledge. Hence, a proportion of medical care services
may be demanded purely in order to obtain information. This may also apply
to the consumption of health affecting goods, but no general confirmation for
“learning from experience” can be obtained as only smoking and physical exer-
cise were analysed. The impact of knowledge investment on smoking is negative
which might be interpreted that the rational consumers avoid using addictive
goods for purely information purposes. Moreover, individuals who are seeking
health relevant knowledge may have quit smoking in order to learn about the
potential health benefits of non-smoking. Regular physical exercise is typical
activity where individuals go through the process of trial and error before they
learn what is most appropriate type of exercise for them. Regular exercise also
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serves as a tool for continuous assessment of one’s own health in the form of
the ability to perform. So, it is no surprise that regular exercise appears to be
a significant source of health knowledge in the analysis.

Finally, addressing the last of the study questions, the theoretical frame-
works originally established to model health production and the demand for
health were found to be equally suitable for the empirical analysis of health
knowledge. It should be noted that knowledge as measured here is only relevant
in the context of improving health in the long run. Therefore interpretations
of health knowledge cannot be made independently from the analysis of an
individual’s behaviour with respect to health production and the demand for
health.
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