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Abstract

Objective—Subjective health is a complex indicator predicting longevity independent of
objective health. Few studies examine genetic and environmental mechanisms underlying different
facets of subjective health across the life course.

Method—Three subjective health measures were examined in 12,900 twins (Mge = 63.38, range
= 25-102) from nine studies in the Interplay of Genes and Environment across Multiple Studies
Consortium: self-rated health (SRH), health compared with others (COMP), and health interfering
with activities (ACT).

Results—Analyses indicated age and sex differences in mean scores depending on the measure.
SRH and ACT showed significant linear and non-linear moderation by age for individual
differences in both genetic and environmental variance. Significant sex differences in components
of variance were found for SRH and ACT, but not COMP.

Discussion—Subjective health appears to be dependent on frame of reference and reflect
different aspects of health. Results suggest different genetic and environmental mechanisms
underlie each facet.
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Introduction

Deceptive in its simplicity, assessment of subjective health has generated hundreds of papers
as researchers attempt to uncover the components that contribute to judgments about
personal health. The fact that subjective health predicts mortality and a variety of other
health outcomes above and beyond objective health supports the importance of subjective
health and generates questions about mechanisms and etiologies (Idler & Benyamini, 1997;
Latham & Peek, 2013; McFadden et al., 2009). One approach to better understanding the
mechanisms and etiologies underlying individual differences in subjective health is through
evaluation of genetic and environmental influences, yet few studies have taken this
approach. Given the different health trajectories experienced by men and women across
adulthood, it is also notable that previous studies have not explored how these influences
might interact with sex from early adulthood to old age (Weale, 2009).

Our primary goal was to investigate the extent to which sex and age moderate genetic and
environmental influences on different subjective health facets across adulthood through the
application of behavior genetic methods to twin data. These methods comprise a powerful
tool for understanding sources of individual differences in a population. Even in the era of
molecular genetics, twin studies provide a unique means for specification of etiologies and
mechanisms underlying behavior (Miller, Deyoung, & McGue, 2012). Our second goal was
to evaluate alternative conceptualizations of subjective health through the lens of behavior
genetic methods. Conceptualizations about the source of variation in and meaning of
subjective health have emerged that produce a variety of predictions about patterns in mean
levels of subjective health measures and their association with other health and personality
variables (Benyamini, 2011; Jylhd, 2009). For instance, subjective health has been viewed
alternatively as (2) a holistic cognitive integration of one’s own physical health, symptoms,
and sensations (Bailis, Segall, & Chipperfield, 2003; Benyamini, Blumstein, Lusky, &
Modan, 2003; Jylha, 2009); (b) a representation of cultural concepts of health, expectations
about help-seeking, and meanings people give to health problems (Jylhd, 2009); (c) a
reflection of personality traits such as control, anxiety, depression, or unrealistic optimism
(Bailis et al., 2003; Gerstorf, Rocke, & Lachman, 2011); or (d) context-dependent
perceptions that vary depending on the frame of reference (i.e., conditions under which the
questions were asked, what questions were used to capture respondents’ perceptions,
environmental settings, historic events; Manderbacka, Kéreholt, Martikainen, & Lundberg,
2003; Vuorisalmi, Lintonen, & Jylhd, 2006).

Many studies of subjective health rely on one global self-rated health (SRH) item; for
example, “how would you rate your health in general?” or similarly worded questions (ldler
& Benyamini, 1997; Pfeiffer, 1975). A second common type of question asks the respondent
“how would you rate your health compared to other people your age” (Idler & Benyamini,
1997). A third type of question asks the respondent “do you think that your health status
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stands in the way of your doing the things you like to do?” that is, whether one’s health
interferes with desired activities (Nybo et al., 2001; Pfeiffer, 1975). All of these questions
comprise components of subjective health commonly assessed with omnibus scales such as
the Older Americans Resources and Services (OARS) Multidimensional Functional
Assessment (e.g., Pfeiffer, 1975) or the Medical Outcomes Study Short-Form Health Survey
(SF-36; Ware & Sherbourne, 1992). It is unclear, however, if these questions are
interchangeable. For instance, in global SRH questions, the frame of reference is ambiguous,
whereas in the latter two questions, the frame of reference is more explicit, for example,
compared to others your age, compared to things you like to do. In one study, as expected,
older adults’ self-evaluation of their global health was poorer than younger adults’ self-
evaluation but, when asked to compare their health with that of peers, older adults’ rating of
how they were doing was better than younger adults’ (Andersen, Christensen, &
Frederiksen, 2007). Some studies report that rating health compared with age peers predicts
mortality better than a general health rating (Deeg & Kriegsman, 2003), although other
studies disagree (Vuorisalmi, Lintonen, & Jylhd, 2005). It may be that these different
phenotypic associations reflect dissimilar etiologies that might be illuminated by examining
genetic and environmental influences affecting different subjective health measures.

Typically, twin studies have found that genetic influences account for a modest amount of
the variance in measures of subjective health (variously defined) with the heritability of
subjective health averaging 25% to 30%, though estimates vary widely (i.e., from 0% to
46%). Most twin studies, however, do not distinguish between different components of
subjective health (Christensen, Holm, McGue, Corder, & Vaupel, 1999; Gold, Malmberg,
McClearn, Pedersen, & Berg, 2002; Harris, Pedersen, Stacey, McClearn, & Nesselroade,
1992; Leinonen et al., 2005; Lichtenstein, Harris, Pedersen, & McClearn, 1993; Mosing,
Zietsch, Shekar, Wright, & Martin, 2009; Romeis et al., 2005; Romeis et al., 2000;
Svedberg, Gatz, Lichtenstein, Sandin, & Pedersen, 2005; Svedberg, Lichtenstein, &
Pedersen, 2001).

In addition, women consistently report poorer subjective health than men, but investigations
of sex differences in the ability of subjective health measures to predict mortality have
produced mixed results, with greater explanatory power more often found in men than
women (Benyamini et al., 2003; Deeg & Kriegsman, 2003). In the few twin studies to
investigate sex differences in heritability of subjective health, results are equivocal (Mosing
et al., 2009; Svedberg et al., 2001). Finally, differences in heritability by age have been
examined in one sample (Swedish Adoption Twin Study of Aging [SATSA]): cross-sectional
and longitudinal analyses indicated generally increasing genetic influences on subjective
health with age, using a composite measure (Svedberg et al., 2005; Svedberg et al., 2001).

Prior twin studies cited were limited by both sample size and approach. To date, no twin
study has systematically examined differences in heritability of various measures of
subjective health. Many studies were limited by reliance on only single-item ratings of
current health or by aggregation of different items into a single composite. Theory and
previous results suggest that age and sex affect subjective health perceptions, yet few
previous twin studies attempted to estimate age or sex influences on heritability of subjective
health, and results were often equivocal. Although age and cohort are confounded, as in any
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cross-sectional study, it is likely that age effects will have a larger impact on components of
variance than cohort effects. Finally, we expect that the conceptualization that subjective
health taps shared cultural ideas about health should be reflected in estimates of the shared
environmental component of variance (C). To date, a few twin studies of subjective health
have found evidence for modest C, but detection of shared environmental variance requires
more power than the typical twin study possesses (Christensen et al., 1999; Leinonen et al.,
2005; Svedberg et al., 2005).

To address these limitations, subjective health items were identified from the nine twin
studies in the Interplay of Genes and Environment Across Multiple Studies (IGEMS)
Consortium, creating a sample of 12,900 twins ranging in age from 25 to 102 (Mage =
63.38). The IGEMS sample provides sufficient power to identify even modest age/cohort,
seX, and shared environmental effects.

The primary aims of the current analysis were (a) to deepen our understanding of the
etiology of subjective health by investigating the extent to which genetic and environmental
influences on different subjective health items are moderated by sex and age, and (b) to
explore implications of the findings for four different conceptualizations of individual
differences in subjective health.

IGEMS is an international consortium of nine twin studies covering the adult life span
(Pedersen et al., 2013). Studies include the SATSA (Finkel & Pedersen, 2004), Origins of
Variance in the Oldest-Old (OCTO-Twin; McClearn et al., 1997), Ageing in Women and
Men: A Longitudinal Study of Gender Differences in Health Behavior and Health among
Elderly (GENDER; Gold et al., 2002), the Twin and Offspring Study in Sweden (TOSS;
Neiderhiser & Lichtenstein, 2008), Middle-Aged Danish Twins (MADT; Osler, McGue,
Lund, & Christensen, 2008), Longitudinal Study of Aging Danish Twins (LSADT;
Christensen, Fredriksen, Vaupel, & McGue, 2003; Christensen et al., 1999), the Minnesota
Twin Study of Adult Development and Aging (MTSADA,; Finkel & McGue, 1993), the
Vietnam Era Twin Study of Aging (VETSA,; Kremen et al., 2006), and Midlife in the United
States (MIDUS) twin study (South & Krueger, 2012). The studies, sample sizes, and age
ranges available from each IGEMS study for the current analyses are presented in Table 1.
This study is based on secondary data analysis; all participants in the original studies
provided informed consent, and studies were carried out in conformance with the
Declaration of Helsinki. All studies were approved by their respective Institutional Review
Board committees.

Three different types of questions were used to assess facets of subjective health in the
different IGEMS studies. Eight of the studies, excluding only MTSADA, asked, “How
would you rate your overall health?” In the literature, the label Self-Rated Health is typically
used to identify this question. All of the IGEMS studies asked participants to compare their
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health with others (COMP); two versions were identified: “compared to others your age,
how would you rate your overall health?” used by seven of the studies and “I am as healthy
as anyone | know” from the SF-36 Version 1 used by TOSS and VETSA. Participants in all
studies indicated how their health affected their daily activities (ACT). Six of the studies
asked a single question: “Is your health condition preventing you from doing things you like
to do?” In three studies (TOSS, VETSA, and MIDUS), participants indicated whether their
health affected their physical functioning based on the physical function scale from the
SF-36. These comprised 10 activities for TOSS and VETSA participants, nine for MIDUS
participants. Responses to activities were averaged to create a single ACT score for these
three studies. Of more than 18,000 participants in IGEMS, 12,300 were assessed for SRH
and 12,900 for ACT and COMP.

Harmonization

Although the subjective health questions administered across the studies were similar or
identical, the response scales varied from dichotomous options to 7-point Likert-type scales.
To examine and reconcile differences among these measures, we engaged in a process of
harmonization in which new data on all combinations of questions and response scales were
collected from an independent sample of 1,065 participants aged 30 to 98 years (Gatz et al.,
2015). The harmonization sample allowed us to verify that similarly worded questions
correlated significantly, regardless of exact wording or response scales, and to identify the
best way to harmonize the questions across studies. Average correlations across different
response scales were .77 for SRH, .78 for ACT, and .63 for COMP. Based on the results
from the harmonization sample, we adopted the approach of separately standardizing the
three subjective health questions within each of the nine studies, then converting to 7-scores
(M =50, SD = 10), thereby allowing us to conduct pooled analyses across the nine studies.
For all measures, high scores indicate perceptions of better SRH, ACT, or COMP.

Statistical Methods

Phenotypic analyses examining the effects of sex (male/female) and continuous age for each
of the three subjective health questions were conducted using the non-linear mixed effects
(NLME) package in R (Pinheiro, Bates, DebRoy, Sarkar, & Team, 2012). This procedure
allowed for the use of all available data while controlling for the non-independence of the
observations inherent with twin data by utilizing a pair-specific ID as a random effect.
Significance was determined using the Type 111 test of fixed effects, indicating the unique
association of each element of the model independent of the others.

To determine whether the genetic and environmental influences of subjective health ratings
differ as a function of age, we utilized a modified version of the univariate twin model in
which age was included as a moderating variable (Purcell, 2002). The standard univariate
twin model leverages the genetic relatedness between monozygotic (MZ) twins and
dizygotic (DZ) twins to decompose the variance of any phenotype into the proportion
attributed to additive genetic influences (A), common or shared environmental influences
(C), and unique environmental influences (E) (Neale & Cardon, 1992). The model used in
the present study allows for a linear and quadratic increase or decrease in the A, C, and E
parameters, as well as the mean of a phenotype, as a function of a continuous moderator
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variable, in this case age (Purcell, 2002). The presence of a significant moderator effect on
the mean indicates that subjective health is significantly correlated with age. A moderator
effect on the genetic and/or environmental variance components would indicate that the
relative contributions of these factors to the variance of subjective health vary by age. For
the moderator analyses, both members of a twin pair are needed. Preliminary analyses
indicated there were very few very young and very old twin pairs (<50 pairs) so ages were
truncated to be from age 30 to age 85. Truncation affected 2% of the sample; results in the
truncated and original samples were similar.

We systematically fit five models to the data for each of the three measures of subjective
health. We began by fitting a model with no age moderation effects (Model 1), and then
proceeded to incorporate linear and quadratic moderating effects of age on the mean
(Models 2 and 3) and variance components (Models 4 and 5). All models were tested using
the structural equation modeling package OpenMx (Boker et al., 2011). The fit of each
model was compared against that of its more parsimonious precursor (i.e., a model with
linear and quadratic effects on the mean was tested against one with only linear effects).
Evaluation of relative model fit was performed using the likelihood-ratio-test (LRT).
Significant LRT values (p < .05) indicate that the addition of moderating effects significantly
improves the fit of the model. In addition, we used the Akaike Information Criterion (AIC);
AIC values represent the balance on the part of the model between goodness-of-fit (LRT)
and the number of parameters (Akaike, 1987). A lower AIC value indicates a better fit. All p
values are two-tailed.

To account for possible differences in genetic and environmental influences between males
and females, as well as sex-specific moderation effects, a sex-limitation approach was used
to allow for separate estimates for men and women (Neale & Cardon, 1992). Upon
establishing the best-fitting model for the moderating effects of age, we then tested whether
effects could be constrained to be equal across men and women. If they cannot be
constrained to be equal, that would indicate sex differences. Significance was again
determined using the LRT. In this instance, however, the direction of hypothesis testing is
reversed from prior model testing; a significant LRT (p < .05) would indicate that equating
effects across sexes resulted in a significant deterioration in model fit, suggesting that effects
were indeed different between men and women.

Phenotypic Analyses

Phenotypic analyses showed significant effects of age and sex that varied depending on the
subjective health item (Figure 1; see Table S1 in the supplemental materials for descriptive
data). Older adults reported worse SRH and ACT than younger adults. Older adults were
more likely than younger adults to report having better health compared to other adults or
their age peers (COMP). Overall, women reported worse subjective health than men on all
three items.

Model fitting results for the tests of age moderation effects on the means of the three
subjective health items are presented in Table 2. For each item, inclusion of a linear
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moderation effect of age on the mean indicated a significant correlation between age and
each of the phenotypes (Model 2), as shown by the significant change in model fit.
Significant mean-level quadratic effects of age were observed for SRH (p=.0007) and ACT
(p=.0006) but not COMP (p=.4966) with greatest differences associated with age
occurring before and in middle age and few age differences in older adults (Model 3; Figure
1).

Behavior Genetic Analyses

Heritability of subjective health items—We found significant genetic influences on
mean level of SRH (centered at age 65) for both men and women, for ACT in men, and for
COMP in women. Heritability estimates for men and women, respectively, were 27% and
32% (SRH), 24% and 2% (ACT), and 12% and 21% (COMP). Shared environmental factors
were modest, in the range of 0% to 20%. Unique environmental influences, reflecting
experiences specific to an individual and measurement error, accounted for the remaining
variance.

Age moderation on variance components of subjective health—Model fitting
results for the tests of age moderation effects on the variance components of the three
subjective health items are presented in Table 2 (Models 4 and 5). A significant linear
moderation effect on the variance components was observed for ACT and COMP (Model 4).
For SRH, the change in model fit (p = .0713) following the addition of this moderation effect
did not reach our threshold for significance; however, examination of the parameter
estimates revealed significant moderation effects for men and nearly no effects for women
(see Figure 2). The addition of quadratic effects (Model 5) on the variance components
resulted in significant changes in model fit for SRH (o =.0314) and ACT (p < .0001) but did
not significantly change the fit for COMP (p = .3594). Examination of the AIC statistic
supported this conclusion: The model providing the best fit to the data (highlighted in bold
in Table 2) was Model 5 for SRH and ACT and Model 4 for COMP. Thus, at the variance
component levels, there were significant linear and non-linear moderation effects of age on
two of the subjective health items (SRH and ACT), although the model-fitting results were
less definitive for SRH than for ACT. Only linear effects of age were observed for COMP.
Thus, genetic and environmental influences on different subjective health measures vary by
age.

Sex-limitation effects—Tests of sex-limitation effects (i.e., whether moderation effects
could be equated for men and women) found that when parameters were constrained to be
equal across men and women, a significant change in model fit was observed for SRH
(-2LL =89,157.95, LRT = 39.84, df= 12,042, p=.0003) and ACT (-2LL = 94,024.21,
LRT = 12,708, df=12,708; p < .0001). A significant effect here demonstrates that the
effects of age on components of variance for these subjective health items are different for
men and women. In contrast, for COMP, the effects of age were equivalent for men and
women; the equating of parameters resulted in a non-significant change in model fit for
COMP (-2LL = 94196.47, LRT = 17.68, df= 12683, p=.06).
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Figures 2, 3, and 4 present the results of the best-fitting model for age moderation of
variance components results for each subjective health item. Results are presented in terms
of the standardized variance components; thus genetic, shared, and unique environmental
variance components at any age add up to 100%. Results for the SRH and ACT best-fitting
model (Model 5) are presented separately for men and women because of the significant sex
effects. Table S2 in supplemental materials presents the parameter estimates for each best-
fitting models.

In men, heritability (A) of SRH is lower in younger men and the oldest men, with the
highest genetic influences (27%) found around age 65 (Figure 2). In contrast, variance
attributable to shared environment (C) is greatest early in adulthood (24%), lowest at age 65,
and then slightly higher again after age of 80. Unique environmental variance (E) was more
or less stable. In comparison, for SRH in women, the heritability (30%) and unique
environmental variance (70%) differed little above the age range of the study. No evidence
for shared environmental influences was found for women.

Age moderation effects on ACT were the most pronounced (Figure 3). Similar to results for
SRH, in men, genetic influences were lower at the youngest and oldest ages, with the highest
heritability (24%) found at about age 65. This pattern was paired with a complementary and
opposite trend in the unique environment variance across the age range. In women,
heritability was minimal in most of adulthood but significantly greater (25%) after the age of
75. Variance attributable to shared rearing environment was more substantial in women
(17%) than in men but was somewhat less after age 70.

Moderation effects for COMP were less dramatic and were limited to the environmental
variance components (Figure 4). Across the age range, heritability was constant at 16%.
Although the shared environmental variance was highest at age 30 (18%) and then lower at
later ages, the unique environmental variance was highest in the oldest ages.

Discussion

In this sample of more than 12,000 adult twins ranging in age from 30 to 85 years, we
identified different patterns of age and sex moderation on means and individual differences
in subjective heath depending on what aspect was analyzed. Consistent with previous
phenotypic studies, women rated all aspects of their subjective health more poorly than men.
Older adults, more often than younger adults, reported their health was poorer and that
health problems limited their activities (Eriksson, Unden, & Elofsson, 2001; McCullough &
Laurenceau, 2004). In contrast, older men and women were more likely than younger adults
to rate their health as better compared with that of other people. The finding that perceptions
of one’s own health compared with others improved with age is consistent with reference
group theory, which proposes that the peer reference group for older adults may be in worse
health (e.g., dead or disabled) than the peer reference group for younger adults (Andersen et
al., 2007; Jylh&, 2009), thereby creating a different context for older and younger adults’
health perceptions.
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Our primary goal was to investigate the extent to which sex and age moderated individual
differences in genetic and environmental influences on subjective health across adulthood
through the use of twin data and behavior genetic methods and to use what was found better
to understand those three facets of subjective health. The total variance in all three subjective
health components was higher in older age groups. These age differences indicate greater
individual differences in later adulthood, perhaps due to the accumulation of health issues
with age for some adults. However, it could be that cohort effects explain some of the age
differences as the groups varied by the factors such as health care available to them as they
aged. There was additional moderation by sex. Across the adult age range, unique
environmental variance was the most important source of individual differences. However,
genetic and environmental variance components differed significantly by subjective health
item, age, and sex. For men on SRH and ACT and for women on SRH, heritability tended to
be less in late adulthood than earlier. This pattern of lower heritability may reflect stochastic
processes associated with physical aging, thereby affecting perceptions of health. For
women on ACT, heritability peaked in older age; it is possible that higher genetic variance
for self-report of functional limitations (ACT) after age 75 reflects the greater increase with
age in prevalence of disabling chronic illnesses in women than in men and their impact on
mobility (Sainio et al., 2006).

Our second goal was to use behavior genetic methods to explore and illuminate four
common theoretical perspectives on subjective health. Overall, the most striking result is the
marked difference in patterns of moderation for each measure of subjective health. This
outcome is most consistent with the conceptualization that perception of subjective health is
dependent on frame of reference. It is also notable that the two items (COMP, ACT) overtly
providing a frame of reference had quite different age and moderation effects. Comparing
one’s own health to that of others (COMP) had the most stable (though low) heritability
across age, no sex effects, and only linear age moderation. The questions about whether
health limits activities (ACT) specifically situate participants in their specific personal
environment/context; interestingly, responses to these limitation questions showed the most
pronounced moderation effects. Contextual aspects of one’s environment that affect health
limitations could include elements as basic as walkability of a neighborhood, having stairs in
one’s home, or living in urban versus rural settings.

These analyses provided only modest support for the conceptualization that subjective health
measures reflect shared cultural concepts of health (Jylhd, 2009). One test of this
conceptualization would be through findings of shared environmental influences on
subjective health (i.e., through growing up or living in similar cultural contexts). However,
only small shared environmental variance was found. When detected, higher levels of shared
environmental variance were more likely to be found in younger adults than in middle-aged
and older adults. Previous studies had insufficient power to adequately estimate shared
environmental variance; the sample size included in the current analyses allowed us to
identify significant but modest effects. Shared environmental effects could reflect the
lingering effects of the rearing environment; rearing environmental effects on many
characteristics tend to decline as soon as individuals leave the childhood home (Plomin,
DeFries, Knopik, & Neiderhiser, 2013). Some studies find that younger adult cohorts are
more aware of their personal responsibility for health and health behaviors than older
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cohorts (Chen, Cohen, & Kasen, 2007), which may result in cohort or age differences.
Overall, however, there was little evidence for shared environmental effects.

These results provided the least support for the conceptualization that subjective health
perceptions are trait-like or reflect underlying traits. Based on the evidence that trait-like
characteristics are likely to be stable across adulthood and are moderately heritable, we
would have anticipated moderately high heritability (>40%) at all ages. Instead, we found
significant variation in heritability across ages (SRH and ACT) or only low heritability
(COMP).

The conceptualization that subjective health is an indicator of holistic cognitive integration
of one’s physical health, symptoms, and sensations received the strongest support from the
SRH item. Based on this conceptualization, genetic and environmental contributions to
subjective health would be predicted to mirror their contributions to objective measures of
physical health, as well as any age and sex differences. A recent review of genetic influences
on health concluded that most measures of objective health in adulthood demonstrate
moderate heritability in the range of 35% to 40% and little evidence for shared
environmental effects, although heritability estimates vary widely across health domains
(Finkel, Gerritsen, Reynolds, Dahl, & Pedersen, 2014). Genetic influences were the
strongest for SRH, though somewhat weaker compared with that typically found for
physical health measures. Further research is needed, however, to explicitly examine
associations between objective and subjective health. In summary, these results provide the
most support for the conceptualization that subjective health perceptions are context-
dependent and tap into individual differences in health and health-related functioning.

This study has several limitations. First, despite the very large sample created by aggregating
data from nine studies, there were too few very old adult twins (above age 85) to extend the
analyses into very late old age. In addition, the studies were all of twins from either the
United States or Scandinavia, thus limiting generalizability of these results to other
countries. About one third of the current IGEMS subjects were possibly included in one or
another of the studies cited in the introduction; however, typically only one subjective health
item (SRH) or a composite had been analyzed in those studies. Moreover, previous studies
rarely investigated age and sex effects on heritability. As with any cross-sectional study, age
and cohort were confounded; thus, it is possible that age differences in genetic and
environmental contributions to subjective health also reflect cohort differences. Finally, any
study of aging is influenced by survivor effects. Research participants are those adults who
are still alive and well enough to participate at any particular time point. Thus, older adults
in this sample likely represent adults with somewhat better objective and perhaps better
subjective health than the general population. Longitudinal designs will ultimately help to
address possible cohort effects within and across the different studies, and can help mitigate
some of these concerns as they provide insight into attrition patterns over time.

Our results have wide-ranging implications for further research and health policy; here, we
highlight three. First, there is a strong legacy in subjective health research that perceptions
have major consequences for morbidity and mortality; yet, to date, little research has
elucidated the different etiologies and mechanisms underlying these perceptions. By
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identifying which measures show the strongest genetic influences (and under what
circumstances), these results can help inform molecular research on the neurobiology of
individual differences in subjective health. Second, considerable resources are invested into
surveys of health and attitudes by organizations such as the World Health Organization or
Gallup Poll to better understand gaps in health policy. Remarkably little attention has been
paid, however, to the nature of individual differences in subjective health. Our findings of
different genetic and environmental etiologies as well as different patterns of moderation for
the different measures can guide the development of optimized measures of subjective
health, and improve analysis of predictors and outcomes of different types of subjective
health. Finally, the results highlight the strong influences of individual specific
environmental influences on perceptions of subjective health. Although further study is
needed to identify what types of environmental events most strongly affect different aspects
of subjective health, it is clear that identification of environmental influences is important
and could potentially lead to development of interventions involving more healthy
conditions (e.g., from modifying community structures, to use of technologies, to provision
of mental health services—to name a few) that may then be instrumental in improving health
outcomes.

Despite its limitations, this study provided new and innovative findings about subjective
health perceptions across 55 years of the life course from age 30 to age 85. These
differences among subjective health items at a genetic and environmental level may have
important implications for predicting health outcomes and may help to clarify inconsistent
findings in the literature. Other studies demonstrate that some of the genetic variance for
subjective health is shared with genetic variance for associated phenotypes such as optimism
and good mental health (Mosing et al., 2009), depression (Mosing, Pedersen, Martin, &
Wright, 2010), or disease severity (Leinonen et al., 2005), yet these studies seldom
distinguish among types of questions about subjective health. Attempts to identify genetic
and environmental contributions to health and longevity may need to consider components
of subjective health independently in addition to other contextual components such as sex
and age. Finally, more research needs to be conducted on identifying specific types of
environmental influences that, if modifiable, could affect perceptions of subjective health
and potentially improve health and longevity. Measures of physical health, cognitive
function, emotional health, and environmental factors available from the studies in the
IGEMS consortium will allow us to deepen our understanding of the nature of genetic and
environmental contributions to subjective health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Mean responses on three measures of subjective health for men and women across
adulthood, converted to T-score metric: health limits activities, self-rated health, and health
compared to others.

Note. Higher scores indicate perceptions of better health. ACT = activity; COMP = health
compared to others; SRH = self-rated health.
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Figure 2.

Self-rated health: Standardized genetic and environmental variance components over time,
by sex; best-fitting model showing linear and quadratic means moderation, linear and
guadratic variance moderation, no equating sexes.

Note. “A” represents genetic variance, “C” represents shared environmental variance, and
“E” represents non-shared environmental variance. Age is shown on the xaxis, and
standardized variance is shown on the yaxis. SRH = self-rated health.
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Health limits activities: Standardized genetic and environmental variance components over
time, by sex; best-fitting model showing linear and quadratic means moderation, linear and

quadratic variance moderation, no equating sexes.

Note. “A” represents genetic variance, “C” represents shared environmental variance, and

“E” represents non-shared environmental variance. Age is shown on the x axis, and

standardized variance is shown on the yaxis. ACT = activity.
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Figure 4.
Health compared to others: Standardized genetic and environmental variance components

over time.

Note. Best-fitting model showing linear means moderation, linear variance moderation,
sexes equated. “A” represents genetic variance, “C” represents shared environmental
variance, and “E” represents non-shared environmental variance. Age is shown on the x axis,
and standardized variance is shown on the yaxis.
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