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Abstract The Study on global AGEing and adult health (SAGE) aims at improving
empirical understanding of the health and well-being of older adults in low- and middle-
income countries. A total of 321 adults aged 50 years and older were interviewed in rural
Pune district, India, in 2007. We used Structural Equation Modelling (SEM) to examine the
pathways through which social factors, functional disability, risk behaviours, and chronic
disease experience influence self-rated health (SRH) and quality of life (QOL) amongst
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older adults in India. Both SRH and QOL worsened with increased age (indirect effect) and
limitations in functional ability (direct effect). QOL, socio-economic status (SES), and
social networking had no significant effect on SRH. Smoking was associated with the
presence of at least one chronic illness, but this did not have a statistically significant effect
on SRH. Higher social networking was seen amongst the better educated and those with
regular income, which in turn positively affected the QOL rating. QOL had a direct, but
statistically not significant, effect on SRH. In conclusion, the indirect effects of age on
SRH mediated through functional ability, and the effects of SES on QOL mediated through
social networking, provide new understanding of how age and socio-economic status affect
SRH and QOL. By allowing for measurement errors, solving for collinearity in predictor
variables by integrating them into measurement models, and specifying causal depen-
dencies between the underlying latent constructs, SEM provides a strong link between
theory and empirics.

Keywords Self-rated health - Quality of life - Functional ability - Social networking -
Structural equation modelling

1 Introduction

Self-rated health (SRH) and quality of life (QOL) are complex latent constructs commonly
used to assess health and well-being (Fayers and Sprangers 2002; Garrity et al. 1978;
Robine and Jagger 2003; World Health Organization 1996). SRH is a widely used measure
to predict health outcomes (Salomon et al. 2009). It is an useful, reliable, and all-inclusive
measure that substitutes for other more specific measures of health and disability in pre-
dicting health outcomes (Lundberg and Manderbacka 1996). It is based on the individual’s
evaluation of his health status using a single global health question: In general, how would
you rate your health today? SRH is influenced not only by perception, experience of
disease, and ability to function but also by health expectations, which in turn are influenced
by a person’s psycho-social and cultural contexts (Salomon et al. 2003). Though the exact
wording and response options have varied with different surveys, which makes it difficult
to directly compare distributions and levels of measurement, SRH assesses the same
phenomenon across different settings (Jurges et al. 2008). One theory suggests that when a
person is asked to self-rate his health, he reflects upon the different components of health,
including the ability to function, body feelings of pain and sensation, signs of disease,
diagnosed health problems, and preventive and risk behaviours in the context of his age,
sex, previous health experience, health experience of his peers, and his own health
expectations. He then summarizes this information in his own meaningful way into a single
rating on a scale of “very good” to “very bad” based on his emotions experienced at the
time of self-rating and the cultural norms of reporting health status in his surroundings
(Jylha 2009).

Quality of life is a construct that goes beyond just wealth and health. It is linked with
social well-being, social belonging, employment, recreation, and leisure (Gregory et al.
2009). The relationships between QOL and SRH and the extent to which individuals
distinguish quality of life from health is unclear, but it seems likely that overall health
relates principally to physical health and that QOL is related more to mental health (Fayers
and Sprangers 2002).
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Self-rated health is known to decline as age advances, and women are more likely
than men to report poor SRH (Asfar et al. 2007; Hirve et al. 2010; Ishizaki et al. 2009).
The association of aging with poor SRH is possibly mediated through decreasing
functional disability and pre-existing illness (Lee and Shinkai 2005; Tay et al. 2005).
Limitations in functional ability, sleep, activities of daily living, mobility, and cognition
are strongly associated with poor SRH (Machado et al. 2006; Benyamini et al. 2000;
Mora et al. 2008). Physical functioning has a stronger association with SRH than mental
or social functioning Furthermore, the association between mental or social functioning
and SRH differs among individuals with depression and cognitive impairment (Mavaddat
et al. 2011).

The socio-economic environment shapes perceptions of health and QOL (Blazer 2008).
Widowhood is strongly associated with poor SRH for both men and women independent of
socio-economic status (SES) (Sudha et al. 2006). Individuals with no formal education,
independent of age, report higher levels of sickness and poorer SRH (Subramanian et al.
2009; Bobak et al. 1998; Mirowsky and Ross 2008). Material deprivation and low financial
security are also strongly related to poor SRH (Bobak et al. 2000). The role of social
experience in predicting SRH is, however, less clear (Sen 2002). Family cohesion (type of
kin rather than number of kin ties), marital stability, social class, social capital, and social
networking are all associated with SRH (Vaillant and Mukamal 2001; Mansyur et al.
2008). The association between social support and social networking and SRH is, however,
weaker when controlled for economic status (Tay et al. 2004), and the association between
social support and SRH may also be influenced by functional abilities such as mobility and
interpersonal relationships (Lee and Shinkai 2005). Visiting friends, attending social and
religious functions, volunteering in community activities, and diversity of participation are
all positively related to SRH independent of gender, race, or social integration (Morrow-
Howell et al. 2003; Piliavin and Siegl 2007; Harris and Thoresen 2005; Young and
Glasgow 1998).

The presence of modifiable healthy behaviours (smoke and alcohol abstinence, regular
exercise, healthy diet, weight management, and blood pressure control) and the absence
of chronic illnesses (diabetes, depression, arthritis, etc.) predict functional ability to
maintain activities of daily living and contribute to good SRH and QOL in old age
(Yates et al. 2008; Peel et al. 2005; Vaillant and Mukamal 2001; Gureje et al. 2008;
Ishizaki et al. 2009; Collins et al. 2004; Williams et al. 2009). A physically active
lifestyle in mid-life is critical for maintaining high physical function in old age inde-
pendent of any long-standing illness (Hillsdon et al. 2005). Obesity strongly predicts
limitation of general mobility and a larger number of chronic illnesses predicts poorer
SRH outcomes (Yount et al. 2010).

Though much is known about the socio-economic and psycho-social determinants of
SRH globally, the pathways through which they influence SRH are still unclear. The
conventional approach has been to reduce such latent constructs to an arbitrary scale/score
that is then subjected to traditional single equation regression techniques. However, such
techniques do not allow for interdependencies or endogenous effects between complex
constructs like SRH and QOL. Moreover, these regression techniques assume that the
predictor variables are measured without any measurement error and, in fact, the mea-
surement error of the predictor variable is attributed to the unexplained variance of the
response variable. Both lead to serious bias in the regression coefficients.

In this paper we used data from a rural Indian population to test a simple conceptual
model based on Jylha’s framework (Jylha 2009) of how an individual evaluates his health
status based on his health experiences.
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2 Methods
2.1 Ethics Statement

This study was approved by the King Edward Memorial Hospital Ethics Committee, Pune,
India, and the WHO Ethics Review Committee. Respondents participated in the study after
providing a written informed consent.

2.2 Sample

The Study on global AGEing and adult health (SAGE) questionnaire was administered to a
rural population under demographic surveillance in Vadu area of Pune district, India, as
part of a multi-country initiative of the WHO and INDEPTH—a global network of health
and demographic surveillance systems in low- and middle-income countries (LMICs). The
study aims to improve the empirical understanding of health and well-being of older adults
aged 50 years and older in LMICs (Kowal et al. 2012). The Health and Demographic
Surveillance System (HDSS), Vadu, has surveyed all individuals every 6 months in its
population of about 80,000 spread over 22 villages in Pune district, India, since 2002. The
SAGE was administered between December 2006 and April 2007 to a sample of 500 adults
randomly selected from a list of 9,801 individuals aged 50 years and older that had been
generated from the most current HDSS 2006 dataset. Nine trained graduates of both sexes
interviewed the selected respondents under the supervision of a social scientist.

2.3 Instruments

The SAGE questionnaire was adapted from the 2003 World Health Survey and 16 other
national cross-sectional and longitudinal studies on aging. The household questionnaire
included the household roster and questions on housing, family support networks and
transfers, household assets, income, and expenditures. The individual questionnaire
included the socio-demographic characteristics of the individual and asked about work
history and benefits, social networking, social cohesion and social capital (attending social
and religious events, public meetings, volunteering, visiting friends/families/co-workers,
etc.), history of diagnosed chronic illnesses (diabetes, angina, hypertension, chronic lung
disease, asthma, stroke, depression, cancer, arthritis, cataracts, oral health, and injuries),
and risk and preventive health behaviours using the WHO STEPS questionnaire on
smoking, alcohol habits, fruit and leafy vegetable consumption, and physical activity. SES
was assessed based on land ownership, ownership of household appliances, regular source
of income, education, spousal support, type of toilet, cooking fuel used, and the presence of
electricity in house. The ability to function in eight domains—mobility, self-care, pain and
discomfort, cognition, inter-personal relationships, affect, sleep/energy, and vision—was
self-assessed by the respondent on a 5-point Likert scale ranging from ‘no difficulty’ to
‘extreme difficulty’. QOL was assessed using several questions drawn from the WHO-
QOL-BREF questionnaire. The questions covered respondents’ satisfaction with their
health, personal relationships, ability to perform activities of daily living, living conditions,
money needs, and energy levels. SRH was self-assessed on a 5-point Likert scale using a
single global health question (In general, how would you rate your health today?) with
ratings ranging from ‘very good’ to ‘very poor’. All variables with self-ratings (e.g. SRH,
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functional ability, QOL, etc.) were labelled such that low values indicated ‘good’ and
higher values indicated ‘poor’ status (see Appendix).

2.4 Statistical Methods
2.4.1 Structural Equation Modelling (SEM)

We used SEM in our analysis, and this method is increasingly being used in the social
sciences, medicine, and public health (Catalano et al. 2011; Folmer et al. 2010; Hendrie
et al. 2011; Scott-Parker et al. 2013; Chen et al. 2013) because it allows both latent and
observed indicators to be used within a single framework (Greene 2000; Theil 1971). In the
SEM model, we considered SRH and QOL as the main outcomes; limitations in functional
ability, social cohesion, and chronic illness as intermediate predictors; and individual
characteristics such as age, sex, SES (education, income, land ownership, etc.), and risk
behaviours as the more distant predictors of SRH and QOL. We hypothesized that age had
an indirect effect on QOL and SRH mediated through ability to function while sex had a
direct effect on QOL that in turn affected SRH. We also hypothesized that SES had direct
and indirect effects on SRH and QOL that were mediated through social networking. Risk
behaviour was hypothesized to have an indirect effect on QOL and SRH that was mediated
through the presence of known chronic illness (Peel et al. 2005; Yates et al. 2008). Finally,
we hypothesized that QOL had a direct effect on SRH but not vice versa.

We used LISREL v8.8 software to estimate the SEM parameters. We evaluated each of
the measurement models (confirmatory factor models) before evaluating the structural
model part. First, we specified and tested the validity of the observed indicators for the
latent constructs of QOL, FUNCTION (ability to function in the eight domains), NET-
WORK (social participation, networking, cohesion, and social capital), SES (education,
regular income, presence of living spouse, land ownership, material assets, etc.), and RISK
(risk behaviours—tobacco and alcohol consumption, physical inactivity, and dietary
habits).

In the measurement model, we checked the significance of the unstandardized and
standardized factor loadings (A4, Ay), and we calculated the correlations between the latent
variables in the SEM before testing the model (results not shown). In the structural model,
we evaluated the significance of regression coefficients, squared multiple correlations,
residuals, and modification indices (Joreskog and Sorbom 2001; Hair et al. 1998;
Rothenberg 1971). We calculated the direct, indirect, and total effects associated with each
independent variable as in path analysis (Wright 1934). The SEM model was evaluated for
goodness of fit by normal theory weighted least squares xz and the root mean square error
of approximation (RMSEA).

3 Results

The SAGE questionnaire was administered to 321 individuals (response rate 64 %) aged
50 years and older. The non-respondents—125 (25 %) due to out-migrations or incorrect
address and 54 (11 %) due to refusal or inability to comprehend—did not differ signifi-
cantly in terms of age, sex, education, or other socio-demographic characteristics. The
proportion of missing information was less than 2 % for any given variable. Table 1
compares the socio-demographic characteristics of the general population and the study
sample. There was no significant difference in age (mean age of 61.2 and 62.2 years,
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respectively), sex distribution (males—about 51 %), or marital status (about 75 % with
spousal support) between the SAGE sample and the overall population. The SAGE sample
was better educated (8 % with higher education compared to 5 % for the general popu-
lation) and had a higher standard of living (50 % had access to a private drinking water
source and 25 % owned a refrigerator) compared to the general population (43 and 10 %,
respectively).

Table 2 shows the unstandardized and standardized factor loadings of the significant
observed indicators. It also lists the indicators dropped from the final measurement model
due to weak association with their latent construct. All observed indicators retained in the
final measurement model had significant loadings, and the results indicated that the latent
constructs FUNCTION, NETWORK, and QOL were well represented by their observed
indicators. The presence of a living spouse indicated both FUNCTION and SES. The item
“How often have you worked with your neighbourhood to fix or improve something?”
indicated both NETWORK and QOL with a stronger loading on NETWORK. A com-
parison of the standardized factor loadings showed that all latent constructs (QOL,
NETWORK, FUNCTION, SES, and SRH) were strongly related to their respective
indicators.

Figure 1 shows the final structural model for the tested theory. The final model had a xz/
df ratio of less than 2 (x> = 409.87; df = 271), and together with a RMSEA of 0.041 (an
RMSEA of < 0.05 indicates close fit) this suggested an acceptable fit to the data. An
examination of the Q-plot (results not shown) revealed that there were no standardized
residual outliers or modification indices greater than 7.882. SRH was indirectly influenced
by age and mediated through functional ability (standardized B = 0.90). Higher SES and
higher QOL were associated with better SRH but these relationships lacked statistical
significance.

Women rated their QOL more poorly compared to men (standardized y = 2.61). QOL
was worse among older respondents and this was mediated through limitations in func-
tional ability (standardized B = 0.33). A higher level of social networking was seen

Table 1 Socio-demographic profile of adults aged 50 years and older, Vadu, India

Study population Study sample p value for
N = 9,801 N = 321 difference
Males 519 % 51.1 % 0.771
Mean age (SD) 61.2 (9.81) 62.2 (8.53) 0.040
Education
Cannot read or write 6,139 (63 %) 193 (60 %) %2 = 17.98
Primary 1,415 (14 %) 64 (20 %) p = 0.000
Secondary 1,712 (18 %) 37 (12 %)
Higher 535 (5 %) 27 (8 %)
Spouse support 7,375 (75 %) 244 (76 %) 0.769
SES
No toilet facility 6,260 (64 %) 205 (64 %) 0.993
Electricity at home 8,625 (88 %) 280 (88 %) 0.663
Private drinking water source 4,167 (43 %) 161 (50 %) 0.006
Own refrigerator 1,290 (10 %) 80 (25 %) 0.000
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Fig. 1 Structural Equation Model for SRH and QOL. Significant 3 and y coefficients are shown in boldface
and standardized coefficients are shown in parentheses. Final model xz = 409.87, df =271,
RMSEA = 0.041. Ovals represent latent variables and rectangles represent observed variables

amongst the better educated and those with regular income, which in turn was associated
with a better QOL (standardized p = 0.34).

Smoking or consumption of tobacco was associated with the presence of at least one
chronic illness, which in turn was associated with poor SRH and QOL. However the
association between chronic illness and SRH or QOL lacked statistical significance. The
standardized coefficients revealed that age and limitation in functional ability had large
effects on SRH.

4 Discussion

Our study provides new understanding of the complex pathways through which social
environment, functional limitation, chronic disease experience, and other factors influence
SRH and QOL. The indirect effect of age on SRH was mediated through functional ability,
and the indirect effects of SES and education on QOL were mediated through social
networking. This furthers our understanding of how age influences SRH and how education
and social networking influence QOL, which have been observed in other studies (Harris
and Thoresen 2005; Morrow-Howell et al. 2003; Piliavin and Siegl 2007; Young and
Glasgow 1998). The effect of low education and material deprivation on poor SRH has
been seen in both Western and Post-communist populations, and a lack of perceived
control appears to mediate some of the effects of material deprivation (Bobak et al. 2000).
The lack of statistical significance of a direct effect of SES on SRH in our study could be
explained by a stronger indirect effect of SES on SRH mediated through social networking.
It is also possible that individuals perceive their social capital and social cohesion to be as
important as, or more important than, their economic status for rating their health and well-
being. The view that socially disadvantaged individuals may not perceive or report illness
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because their assessment of their own health is directly contingent on their social expe-
rience was not seen in our study (Subramanian et al. 2009). Our finding that the presence of
a living spouse was an indicator for functional ability that in turn influenced SRH is
consistent with a study amongst elderly people in South India. This highlights the
importance of being married and the availability of kin for providing both emotional and
economic support in improving SRH and health outcomes (Sudha et al. 2006).

In SEM, the statistical significance (or lack thereof) of pathways is partly dependent on
how well the observed variables indicate their latent constructs. It is possible that some
indicators (e.g. vegetable and fruit intake for the “RISK” construct and the abridged
WHO-QOL questions for the “QOL” construct) may not adequately capture the various
dimensions and meanings of their constructs. This may also explain why the intuitive
relationship between SRH and QOL, though in the expected direction, was not significant
in our model. This could also be a result of our poor understanding of how the elderly in
India perceive and distinguish QOL from SRH or simply because the sample size was not
adequate for the effect, which may not have been strong enough for the above reasons. The
lack of statistical significance of the relationship between known or diagnosed chronic
illness and SRH seen in other studies (Collins et al. 2004; Gureje et al. 2008; Williams
et al. 2009; Tay et al. 2005) could be because most chronic illnesses like depression,
diabetes, etc. often exist undiagnosed in the population thereby raising the concern of using
‘known chronic disease’ as a predictor for SRH. Alternately, it could also result from older
adults considering health experiences of their peers as more important than their own
previous experiences of health when rating their own health. The lack of a significant
association between known chronic illness and SRH needs to be studied in-depth, possibly
with bio-markers. Both age-comparative and time-comparative SRH measures have been
shown to be significantly correlated with each other and are associated with physical health
problems (Li et al. 2006). The need for a time reference for the SRH question has been
debated as a means to distinguish between ‘perceived general health’ and ‘perceived
current health’, which is a stronger predictor of health care utilization and medication use
(Fielding and Li 1997). It was beyond the scope of this paper, however, to distinguish
between ‘perceived general health’ and ‘perceived current health’.

Structural Equation Modelling is never able to prove causality. However, it can test
causal relationships with cross-sectional data, though less convincingly than with longi-
tudinal data. Our study was limited by the conceptual theory we tested and the constraints
on relationships that we imposed on our theory. A potential shortcoming was that our
conceptual model hypothesized unidirectional causality, e.g. between SRH and QOL, but
there could also be reverse causality and it is not possible to determine causality or reverse
causality from a cross-sectional dataset. In order to achieve identification of the model, we
specified the relationship between FUNCTION and age as well as chronic illness and RISK
as being without error but this might not have empirical support.

Structural Equation Modelling is an empirical-based technique to test or confirm a
theory and is not to be used as an exploratory tool. In this paper, we postulated a simple
theory based on existing evidence that could be easily identified by SEM. As an example,
in the theory we tested sex had an indirect effect on SRH mediated through QOL. In other
words, we constrained the direct effect of sex on SRH. It is possible to test alternate and
more complex theories with more determinants and more complex pathways for a better
understanding of SRH and QOL and their linkages. The pathways (or lack thereof) through
which functional ability, disease experience, social factors, and other factors influence
SRH and QOL are a function of both the data and theoretical meaningfulness. Further
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research is needed to cross-validate against similar datasets from different cultural settings
and population sub-groups or within the same population over time.

In accordance with global trends in population aging, many countries are developing
healthy aging policies to promote quality as well as years of healthy life. Our study
provides evidence for policy interventions aimed to increase social networking and social
participation among older adults with lower SES in order to improve their QOL as well as
to increase functional ability among older adults to improve their health and health
outcomes.
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Appendix

See Table 3.

Table 3 Definitions, measurements and labels of variables in the conceptual model

Latent construct Observed indicator Value label
Self-rated Health (SRH) In general, how would you rate your health 1-very good
today? 2-good
3-moderate
4-bad
5-very bad
Quality of Life (QOL) Do you have enough energy for everyday life?  1-completely

Do you have enough money to meet your needs? 2-mostly
3-moderately
4-a little
5-none at all

How satisfied are you with... 1-very satisfied
...health? 2-satisfied
...yourself? 3-neither satisfied nor
...your ability to perform activities of daily dissatisfied

living? 4-dissatisfied
...your personal relationships? S-very dissatisfied

...conditions of your living space?
...your life as a whole these days?
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Table 3 continued

Latent construct

Observed indicator

Value label

Social networking
(NETWORK)

Difficulty in performing body
functions in 8§ domains
(FUNCTION)

How often in the last 12 months have you...

...attended public meetings for discussion of
local or school affairs?

...met personally with a community leader?

...attended group/society/club/union/
organization meeting?

...worked with neighbourhood to fix/improve
something?

...had friends over to your home?

...been in home of someone in different
neighbourhood or had them over?

...socialized with co-workers outside of work?

...attended religious services (excl. weddings,
funerals)?

...went out to attend social meetings/programs/
events or to visit friends or relatives?

Overall in the last 30 days, how much difficulty
did you have...

...with moving around? (mobility)

...in vigorous activities? (mobility)

...with self-care (bathing, washing etc.)? (self-
care)

...in taking care/maintaining general appearance
(grooming etc.)? (self-care)

...in staying by yourself for a few days? (self-
care)

...how much of bodily aches did you have?
(pain)

...how much bodily discomfort did you have?
(pain)

...did you have with concentrating or
remembering things? (cognition)

...did you have in learning a new task (such as
getting to a new place etc.) (cognition)

...with personal relationships/participation in the
community (inter-personal activities)

...in dealing with conflicts and tensions with
others? (inter-personal activities)

...with making new or maintaining current
friendships? (inter-personal activities)

...with dealing with strangers? (inter-personal
activities)

...with sleeping such as falling asleep, waking
up frequently or too early? (sleep)

...with not feeling rested and refreshed e.g.
feeling tired during the day? (sleep)

...with feeling sad, low or depressed? (affect)

...with worry or anxiety? (affect)

...with seeing or recognizing person or object
you know across the road? (vision)

...with seeing or recognizing an object at arm’s

length? (vision)

1-once or twice a
week

2-once or twice a
month

3-once or twice a year

4-never

1-none

2-mild

3-moderate

4-severe
5-extreme/cannot do
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Table 3 continued

Latent construct

Observed indicator

Value label

Socio economic status (SES)

Risk and preventive health
behaviors (RISK)

Chronic conditions

Land ownership?
Own refrigerator?
Toilet facility?
Electricity in house?
Spouse alive?

Regular source of income?

Currently working?

Type of cooking fuel used?

Highest level of education?

Do you currently smoke/chew/sniff tobacco?

Have you consumed alcohol in the last 30 days?

Does your work involve vigorous or moderate
intense activity e.g. heavy lifting for at least
10 min or brisk walking, or carrying light
loads, washing, cleaning, cooking for at least

10 min continuously?

How many servings of fruit do you eat every

day?

How many servings of vegetables do you eat

every day?

Have you ever been diagnosed with or told you

1 =yes
0 =no

1 = LPG, kerosene
0 = wood, dung etc.

1 = cannot read or
write

2 = primary

3 = secondary

4 = higher education
1 =yes

0 =no

1 = no servings
0 = at least one
serving

1 = at least one

(CHRONIC) have any of the following conditions— chronic condition
arthritis, stroke, angina, diabetes, chronic lung 0 = none
disease, asthma, depression, hypertension,
cataract, problems with mouth teeth or
swallowing, disability after bodily injury due
to road traffic accident, cervical or breast
cancer (in women)?

Age categories 1 =50 — <60y
2 =60 — <70y
3 =70 — <80y
4=80+y
Sex 1 = male
2 = female
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