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A B S T R A C T   

We use 7 waves of the Health and Retirement Study and construct a social vulnerability index (SVI) for elderly U. 
S. Americans (born 1913–1966). We show that the SVI is mildly larger for men than for women and increases in 
age from above age 60 onwards for both genders. Social vulnerability of men (but not of women) is lower in the 
West and Midwest than in other regions and higher income mildly reduces the SVI for men (but not for women). 
In cohort analysis we find an increase of the SVI for individuals born in the late 1940s or later, which is, however, 
statistically significant only for women. In order to investigate the nexus between social vulnerability and aging, 
we construct a frailty index from the same data. We find that socially vulnerable persons display more health 
deficits at any age. Using the initial SVI (at first interview) we find that social vulnerability exerts a significant 
impact on subsequent accumulation of health deficits, which is of about the same size for men and women. A one 
standard deviation increase in the initial SVI leads to a 20 percent increase of the frailty index at any age.   

1. Introduction 

Humans are a social species. We evolved in an environment where 
social interaction and cooperation was essential for survival. While 
modes of production and cooperation changed tremendously from 
hunter gatherer times, social factors such as social networks, social 
capital, or social isolation continue to affect our wellbeing, health, and 
mortality (e.g. Andrew et al., 2008; Hawkley et al., 2010; House et al., 
1988; Snyder-Macker et al., 2020; Wallace et al., 2015). The literature 
has identified three different pathways. Social networks and social 
control influence (un-) healthy behavior like exercising or food, alcohol, 
and drug consumption (e.g. Akerlind & Hoernquist, 1992; Christakis & 
Fowler, 2007; Hawkley et al., 2009; Umberson et al., 2010; Strulik, 
2014, 2020). There is also mounting evidence for a direct physiological 
channel. In particular, perceived loneliness has been shown to affect 
health and aging through increasing stress, higher blood pressure, 
poorer sleep, higher cortisol response to awakening, and greater acti-
vation of the sympathetic adrenomedullary system (Hawkley and 
Cacioppo, 2007; Hawkley and Cacioppo, 2010). According to a 
frequently cited study, the odds ratio of all-cause mortality is higher for 
social isolation than for smoking (House, 1988). Moreover, for frail in-
dividuals, social support allows to maintain activities of daily living at 
home without use of professional care, it delays nursing home entry 

(Bonsang, 2009; Reeves et al., 2014; Van Houtven & Norton, 2004), and 
may through this channel be conducive to well-being and slower aging. 
For elderly and frail individuals there exists potentially a feedback 
mechanism from aging to the loss of social connections because existing 
relationships with peers and partners are increasingly eliminated by 
death and because health limitations constrain the maintenance of 
existing relationships and the creation of new ones (Rosso et al., 2013). 

Many studies have documented a deleterious impact of loneliness on 
morbidity and mortality (for reviews see Hawkley & Cacioppo, 2010; 
Perissinotto et al., 2012, Holt-Lunstad et al., 2015). Loneliness, defined 
as perceived social isolation, has been found to increase in old age, at 
least from a certain age onwards (Hawkley et al., 2019) and a common 
belief is that, in rich individualistic societies, later born cohorts are more 
prone to loneliness such that there may be even a ‘loneliness epidemic’ 
(BBC, 2018; HRSA, 2019; The Economist, 2018). This belief is seemingly 
supported by the transition towards more individualistic societies 
(Santos et al., 2017), the erosion of social capital since the 1970s in all 
kinds of dimensions (Putnam, 2000), and the observation of an 
increasing trend of living alone in old age because of smaller family 
sizes, increased divorce rates, and greater geographical distance be-
tween family members (Dahlberg et al., 2018; Dykstra, 2009). 

The existence of a loneliness epidemic, however, is not corroborated 
by scientific evidence. Longitudinal studies in rich individualistic 
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societies typically find no trend of loneliness among the elderly (Dahl-
berg et al., 2018; Dykstra, 2009; Hackley et al., 2019). The disagreement 
between public perception and evidence could be explained by the dif-
ference between objective and subjective (i.e. perceived) social isola-
tion. For example, a survey among elderly U.S. Americans found that the 
vast majority (85 percent of those age 75 and older) prefers to stay in 
their own home rather than to move in with family or a nursing home 
(AARP, 2005). The seemingly conflicting observations could thus be 
understood as a rising trend in objective isolation that is not expressed in 
subjective loneliness, perhaps because of adaptation of later born co-
horts to a generally lower level of social contacts in old age. These ob-
servations, however, do not necessarily imply that there is no need for 
concern since a meta-analytic review reported similar odds ratio of 
mortality for subjective and objective measures of social isolation 
(Holt-Lunstad et al., 2015). 

A related literature investigates the relationship between alternative 
measures of social capital (connections to other people) and health and 
mortality. Notably, Sirven and Debrand (2012) showed, for a panel of 
European countries, a negative association between participation in so-
cial activities and several health impairments with (Granger-) causality 
running in both directions (see also Leone & Hessel, 2016). Muennig et al. 
(2013) investigated the association between different measures of social 
capital and laboratory biomarkers and found that some measures (such as 
church attendance and belonging to clubs) were significantly associated 
with the combined expression of all biomarkers and predictive for sub-
sequent death of all causes and diagnosed cardiovascular disease. Liu 
et al. (2016) used surname frequency as an instrument for family net-
works and argued in favor of a strong causal impact of this dimension of 
social capital on individual health status. For a recent review of the 
literature on social capital and health see Rodgers et al. (2019). 

In this study, we focus on an encompassing measure of an in-
dividual’s social environment, the social vulnerability index, and 
investigate its association with health and (biological) aging, measured 
by the frailty index. Both indices share a similar methodology but the 
frailty index is by far the more popular metric since it is well established 
in the gerontological literature (see e.g. Rockwood & Mitnitski, 2007, 
for a review). We thus first briefly introduce related literature on the 
frailty index before we turn to the introduction of the SVI. 

The frailty index measures the number of health deficits of an indi-
vidual at a given age relative to the number of potential health deficits 
that he or she may have. Health deficits include mild ones as well as 
serious disabilities. The exact choice of deficits is not crucial provided 
that sufficiently many indicators are present in the index (for method-
ological background see Rockwood & Mitnitski, 2006; Searle et al., 
2008). An explanation for this remarkable feature is that health deficits 
are interdependent (Rutenberg et al., 2018). For example, hypertension 
is associated with the risk of stroke, heart diseases, kidney diseases, 
dementia, and problems of walking fast and sleeping well. This means 
that if a particular health deficit is missing from the list, its effect (on, for 
example, probability of death) is taken up by a combination of other 
health deficits. The quality of the deficit index is mostly demonstrated 
by its predictive power for death at the individual level, and for mor-
tality at the group level (Rockwood & Mitnitski, 2007) as well as for the 
risk of institutionalization in nursing homes and becoming a disability 
insurance recipient (Blodgett et al., 2016; Hosseini et al., 2019). 

It has been found that health deficits are accumulated exponentially 
with increasing age, akin to the Gompertz (1825) law of mortality. On 
average, the frailty index increases by 3–5 percent from one birthday to 
the next (Abeliansky et al., 2020; Abeliansky & Strulik, 2018a; Mitnitski 
et al, 2002a, 2016). The exponential association of health deficits with 
age implies that the development of new health deficits depends posi-
tively on the number of already present health deficits. It provides a 
formal expression of the generality of biological aging understood as 
“intrinsic, cumulative, progressive, and deleterious loss of function that 
eventually culminates in death” (Arking, 2006). The frailty index and its 
exponential increase with age has a micro-foundation in the reliability 

theory of human aging (Gavrilov and Gavrilova, 1991) and in network 
theories of human aging (Rutenberg et al., 2018). Several studies have 
shown that women, at given age, display more health deficits than men 
(see Gordon et al., 2017; for a review and meta study) and that men 
develop new health deficits faster than women (Abeliansky et al., 2020; 
Abeliansky and Strulik, 2018; Lachmann et al., 2019; Mitnitski et al., 
2002). We therefore followed the literature and carried out the analysis 
separately for men and women. 

The SVI takes up the idea of the frailty index by constructing a high- 
dimensional unweighted index that encompasses a wide range of factors 
that describe the complexity of a person’s social situation. The meth-
odology of the SVI has been developed in Andrew and Keefe (2015) and, 
in connection with the frailty index, in Andrew et al. (2008) and Wallace 
et al. (2015). Social vulnerability is understood as “the degree to which a 
person’s overall social situation leaves them susceptible to health 
problems” (Andrew and Keefe, 2015). As mentioned above, there is an 
extensive literature on the relationship between health and instruments 
measuring social support, social capital, social networks, loneliness, and 
more. The SVI contributes to this literature by applying the frailty-index 
methodology; that is by constructing a holistic measure of social 
vulnerability that is generalizable between data sets (Wallace et al., 
2015). An advantage of the SVI over one- or low dimensional measures 
of social circumstance is that the additive nature of the index takes the 
substitutability between items into account. Consider, for example, 
three elderly people living alone with no family support. The first person 
compensates with a rich network of friends and community engage-
ment, the second person has few personal contacts but frequent ex-
changes with friends by phone and email, the third person is really 
separated from family and friends. The SVI allows us to assign different 
values of social vulnerability to these people. The high dimensionality of 
the index is the key feature that provides the robustness of results and 
the comparability of the index across studies. It implies that it does not 
really matter which items are exactly included in the index, as long as 
there are sufficiently many items. Individual items can be removed from 
the index without any significant impact on the estimated relationships 
(see below and Appendix Table A9-A10 and A.17) while at the same 
time the index as a whole is a powerful predictor of health and aging. 
Andrew and Keefe constructed several low-dimensional indicators of 
social circumstance (using principal component analysis), found them to 
be of relatively low explanatory power, and advocated a 
high-dimensional SVI as a suitable metric of social vulnerability. They 
conclude that “social vulnerability is a global construct that may be best 
understood as a whole, and that it may not lend itself well to being 
parsed into small numbers of defined bits for separate analysis of indi-
vidual social factors, or dimensions, in isolation” (Andrew and Keefe, 
2008, p. 11).1 

A few studies have jointly used the SVI and the frailty index. These 
studies focused on the risk of mortality as the dependent variable and 
employed the frailty index as an independent variable, additional to the 
SVI, and other controls. It has been found that the SVI is positively 
associated with mortality in samples of elderly Canadians (Andrew 
et al., 2008; Andrew and Keefe, 2015) and Europeans (Wallace et al., 
2015). The latter study also found a positive association of the SVI with 
disability. Additionally, Andrew et al. (2008) found the SVI to be higher 
for women than men at any age and Andrew et al. (2008) and Wallace 

1 The methodology of equal weighting of the items of the SVI follows the 
methodology of the frailty index. The developers of the frailty index argue that 
weighing health deficits in the index may somewhat improve the predictive 
power of the index but it destroys generalizability, which is regarded as the 
greatest value of the index (Rockwood & Mitnitski, 2007). Not weighting the 
frailty index was also defended on the grounds that the multiple dependencies 
of the variables on each other reflect an underlying biological redundancy 
(Rockwood et al., 2002). A similar redundancy argument can be made for the 
items of the SVI. 
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et al. (2015) found the SVI to be increasing in chronological age. 
In this study we compute the SVI and the frailty index for U.S. 

Americans and exploit the panel feature of the Health and Retirement 
Study (HRS) data. In the first part of the econometric analysis, we 
consider the SVI as the dependent variable. Here we expect new insights 
on the impact of (chronological) age on social vulnerability at the in-
dividual level and of year of birth on social vulnerability at the cohort 
level. In the second part of the analysis, we turn to the frailty index as the 
dependent variable. We expect to gain insights on the impact of social 
vulnerability on physiological aging at the individual level and at the 
cohort level. 

2. Data description 

For the analysis, we used the Health and Retirement Study RAND 
HRS Longitudinal File 2016 (V1), which contains information from the 
core and exit interviews of the HRS. The data were compiled by the 
RAND Center of the Study of Aging, with funding from the National 
Institute on Aging and the Social Security Administration (HRS, 2019). 
Further information related to the sampling of the HRS is provided in 
Appendix Section A.1. In 2004 the HRS first introduced the question-
naire on psycho-social lifestyle statistics, from which we draw infor-
mation to construct the Social Vulnerability Index. We merged the data 
retrieved from this questionnaire (“Psychosocial and Lifestyle Ques-
tionnaire 2006–2016”) with those from the Health and Retirement 
Study RAND HRS Longitudinal File 2016 (V1). Panel data are available 
at four year intervals for psycho-social information and at two-year in-
tervals for health deficits. Since we have information from 2004 until 
2016, the dataset contains 7 waves. We considered respondents aged 50 
and above at the time of their first interview. Because a significant share 
of the oldest old individuals show “super healthy” characteristics, we 
focused on individuals aged 90 and below to avoid selection effects. 
Nevertheless, to assess the robustness of the results we changed the 90 
cutoff to 85, we removed completely the cutoff, and we eliminated the 
first and last wave (in different instances). 

A frailty index for each individual has been created, following the 
methodology developed by Mitnitski et al. (2001). We considered 
symptoms, signs, and disease classifications to construct the index. A 
summary of all 38 deficits considered is given in the Appendix Table A1. 
We coded multilevel deficits using a mapping to the Likert scale in the 
interval 0–1. In case of missing data for an individual, we constructed 
the respective index based on the available information on potential 
deficits (i.e. if for a particular individual data were not available for x 
potential deficits, the sum of the observed deficits was divided by 38 −
x). From the surveyed individuals, we kept only those with information 
on at least 30 health deficits. Due to missing values in the creation of the 
indices or because of the lack of sufficient deficits to reach the 30-item 
minimum, we lost 20% of the observations of the initial dataset. We 
dropped observations where the region of residence and/or the place of 
birth was missing, as well as observations for individuals born outside 
the U.S. By excluding migrants we focus on a more homogenous group of 
individuals exposed to the U.S. American health environment for their 
whole life.2 

The construction of the SVI follows the methodology of the frailty 

index. The indices are calculated as the ratio of the number of social 
deficits a respondent suffers from to the number of potential social 
deficits. As items for the social deficits we considered variables that are 
in accordance with the seminal study of Andrew et al. (2008). The se-
lection of items was guided by the objective to include a broad repre-
sentation of factors that influence and describe an individual’s social 
circumstances. These factors were based on previous studies which have 
suggested they are relevant, for example as indicators of social isolation 
(e.g. how much do you feel isolated from others?), social support (e.g. 
how often do you meet/speak on the phone with friend-
s/relatives/children?), activities of the daily life (how often do you work 
on a hobby/project?), social engagement (e.g. how often do you go to a 
sport, social, or other club?), and subjective wellbeing (e.g. how satisfied 
are you with your life?). We collected objective measures of income and 
living circumstances (lives with a partner, number of household mem-
bers) as separate control variables. Table A2 in the Appendix provides 
the list of all items considered in the SVI. As a sensitivity check, we also 
report results for a modified index created by removing one item at a 
time from the original index. 

For regional effects we exploited the feature that the HRS data is 
categorized by four main U.S. American regions: Northeast, Midwest, 
South, and West. We also collected information on income. The variable 
“Household Income” reflects total income for the last calendar year and 
consists of the sum of respondent and spouse earnings, pensions and 
annuities, social security disability benefits, social security retirement 
benefits, unemployment and workers compensation, other government 
transfers, household capital income, and other income. If the individual 
does not live with a partner, household income is individual income. In 
the regressions we include the logarithm of income since income is 
approximately log-normally distributed and marginal returns of income 
on frailty and SVI are potentially declining with increasing income. We 
also report results for two alternative income measures, which include 
income from other household members. 

Our dataset includes only those individuals who participated in the 
social survey. It contains information for 17,602 respondents, out of 
which 7526 are male and 10,076 are female. Aggregated over all seven 
waves this leads to 37,731 observations in total. Summary statistics are 
shown in Table 1. Men and women are on average 68 years old and born 
in mid 1941. Men are on average less frail, richer, and (mildly) more 
socially vulnerable than women. 

3. Social vulnerability 

In this section we analyze the potential drivers of the social vulner-
ability index (measured at the individual level) using the following 
model: 

SVIiw = β0 +β1⋅ageiw +β3⋅age2
iw +β4log incomeiw +

∑T

t=1,t∕=b

β5,t⋅yobit

+
∑R

r=1,r∕=̃b

β6,r⋅regioniwr + ϵiw (1)  

where i represents the individual, w the wave, age is chronological age at 
the time of the interview, and income is household income as defined 
above; yob is a set of dummy indicators, which take the value of one 
when t equals the year of birth of individual i, the β5s are the associated 
year-of-birth fixed effects, T is the last year of birth in the respective 
sample, b is the baseline year; region is a set of dummy indicators, which 
take the value of one when r equals the region of residence of individual i 
at the time of the interview, b̃ is the baseline region, and ε is the error 
term. We estimate Equation (1) separately for men and women, given 

2 In the first core sample, the HRS includes three oversamples. The sample is 
designed to increase representation of African American and Hispanic in-
dividuals, and residents living in the state of Florida. The dataset includes 
compensatory weights. However, since the dataset is cleaned according to 
limitations described above, the original structure of the sample is not pre-
served. Thus, sample weights will be ignored for the main analysis. This 
approach is also supported by Yang and Lee (2009) who also used the HRS 
dataset to construct a health deficit index, refraining from using sample 
weights. They argue that it will not lead to significantly different results and 
they follow the recommendations of Winship and Radbill (1994). 
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that the subsequent aging analysis will be conducted by gender.3 

We estimate Equation (1) firstly using a fixed effects model and then 
with the Mundlak approach. The first method accounts for unobserved 
heterogeneity at the individual level, while the second one allows to 
obtain cohort- and regional effects on social vulnerability. When using 
individual fixed effects (FE), we assume that the error term ϵiw is 
composed of μi and uiw, where the unobserved individual effects μi are 
correlated with the regressors (the age-invariant variables are now 
dropped since they are perfectly collinear with the fixed effects) and uiw 
is the idiosyncratic error term. The Mundlak (1978) approach assumes 
that the μi’s (still unobserved) are not correlated with the regressors (i.e. 
the assumption in a random effects model) and we add the 
individual-time means of the time-changing variables. The Mundlak 
model is essentially a random effects estimator with the addition of the 
individual-means of the time-changing covariates. Mundlak (1978) has 
shown that the estimates of the time changing variables in this approach 
should be comparable to those of a fixed effects estimator. 

Results are shown in Table 2. Columns (1)–(2) and (5)–(6) show the 
results from the fixed effects regressions. The positive coefficient on age 
and the negative coefficient for age squared are both statistically 
significantly different from zero for women and men, indicating that SVI 
is u-shaped in age. In order to better assess the quantitative importance 
of age, the age-SVI curve implied by the point estimates for women 
(represented by red solid lines) and men (represented by dashed blue 
lines) are shown in Fig. 1. For both genders, the SVI declines mildly until 
about age 61 and then it steeply increases in age. At any age, the SVI of 
men is somewhat larger with a mild convergence of the SVI as in-
dividuals grow older. For both genders, the SVI is about one standard 
deviation (0.1) larger at age 90 than at age 60. 

In columns (3)–(4) and (7)–(8) we provide results of the Mundlak 
regressions in order to assess regional and cohort effects. For more sta-
tistical power, we aggregate the year of birth in 3 year bins, i.e. we use 

yob dummies for births in 1916–1918, 1919–1921, etc., with baseline 
yob 1940–1942. Results for individual years of birth are similar and 
available upon request. In order to save space and increase readability 
we omit the cohort coefficients in Table 2 and present them instead 
graphically in Fig. 2 (the full Table is in the Appendix, Table A3). 
Confidence bands are represented by vertical lines. For both men and 
women, we observe an increase of the SVI for cohorts born after 1948, 
which is, however, statistically significant only for women. It is impor-
tant to recall that these results are obtained controlling for age. For any 
given age, women born after 1948 face - on average-an SVI that is about 
2 percentage points (i.e. about 1/3 of a standard deviation) higher. 

The baseline of the regional effects is the Northeast. While the point 
estimates suggests that social vulnerability is greater there compared to 
all other regions, regional effects are only statistically significant for 
men from the West and Midwest. For men from these regions, SVI is 
about 1/4–1/3 of a standard a deviation lower (compared to those of 
Northeast). It should be noted that the regional effects here show the 
association between moving to each of these regions and social 
vulnerability. 

In columns (2), (4), (6) and (8) we introduce log income as a potential 
confounder. Income reduces the SVI but in a statistically significant way 
only for men. Moreover, the protective effect of income is small. A 100 
percent increase in log income decreases the SVI by about 0.0018, an 
effect that is more than one order of magnitude smaller than moving to 
the West or Midwest. In the Appendix, in Table A8 we check the sensi-
tivity of results for alternative income measures including also income 
from other household members.4 We see, that the u-shaped age pattern 
of the SVI is hardly affected by income and that the size of the income 
coefficient varies insignificantly between the different specifications. 
The income coefficient, however, is less precisely estimated for the 
alternative income measures of income and becomes statistically insig-
nificant from zero also for men. Summarizing, we find at best a small 
positive impact of income on the SVI of men. 

Finally, we observe a great robustness of the age coefficients. The 
move from individual to cohort regressions including cohort fixed ef-
fects and the introduction of additional confounders leaves the size of 
the coefficients virtually unchanged. Additional results are provided in 
the Appendix (Tables A4.–A.7), where we have changed the maximum 
age to 85, removed the upper bound for age, and removed the first and 
the last wave. The overall picture remains the same. 

As a final sensitivity check we re-computed the SVI by iteratively 
removing one item at a time. Results for the 49 thus compiled SVI’s are 
shown in Appendix Tables A9 and A10. We see that the alternative 
composition of the index does not significantly change the coefficients 
on age and age squared and preserves the u-shaped age pattern. 

4. Individual aging and social vulnerability 

Based on numerous previous studies, we assume a log-linear asso-
ciation between chronological age and the frailty index (e.g. Abeliansky 
et al., 2020; Abeliansky & Strulik, 2018a; Mitnitski et al., 2016, 2002). 
This implies that, ceteris paribus, health deficits increase exponentially 
with age akin to the Gompertz (1825) law of mortality. The main 
innovation of this study is to introduce the social vulnerability index as 
an additional explanatory variable. For the benchmark regression we 
use the following model: 

Table 1 
Summary statistics.   

Mean Std.Dev Obs Minimum Maximum 

Frailty Index 0.2182 0.1557 37,731 0 0.9341 
log Frailty Index − 1.8191 0.8643 37,669 − 6.4998 − 0.06814 
Social 

Vulnerability 
Index 

0.3092 0.1022 37,731 0.03285 0.8380 

Age 68.338 9.7184 37,731 50 90 
Year of birth 1941.5 10.131 37,731 1913 1966 
Household Income 68,875 129733 37,731 0 13,569,370 
log income 10.654 1.0053 37,529 − 1.8326 16.423 
Females 
Frailty Index 0.2305 0.1604 21,977 0 0.9341 
log Frailty Index − 1.7621 0.8726 21,938 − 6.4998 − 0.06814 
Social 

Vulnerability 
Index 

0.3020 0.1037 21,977 0.03285 0.8369 

Age 68.224 9.7956 21,977 50 90 
Year of birth 1941.6 10.195 21,977 1913 1966 
Household Income 61,902 102800 21,977 0 5,278,874 
log income 10.530 1.0214 21,856 − 1.8326 15.479 
Males 
Frailty Index 0.2011 0.1471 15,754 0 0.9306 
log Frailty Index − 1.8987 0.8461 15,731 − 5.3471 − 0.07197 
Social 

Vulnerability 
Index 

0.3192 0.09914 15,754 0.03536 0.8380 

Age 68.497 9.6078 15,754 50 90 
Year of birth 1941.3 10.038 15,754 1914 1966 
Household Income 78,602 159392 15,754 0 13,569,370 
log income 10.827 0.9562 15,673 1.3863 16.423  

3 Results remain essentially unchanged when we replace the log with the 
inverse hyperbolic sine in order to allow zeroes to be accounted for in the 
regressions. 

4 In Table A8, the label bench indicates that income is measured as in the 
main text (benchmark). The label povhhi indicates that income includes total 
household income minus food stamps, plus Medicare Part B and/or Part D when 
these had been deducted from Social Security payments, income of non-core 
resident family members, minus income of any core HRS nursing home resi-
dent and all other household income. The label pvhhia indicates that income is 
measured as povhhi plus income from institutionalized family members who 
are part of the household. (RAND, 2021). 
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log Diw = γ0 + γ1⋅ageiw + γ3⋅SVIiw + γ4log incomeiw +
∑T

t=1,t∕=b

γ5,t⋅yobit

+
∑R

r=1,r∕=̃b

γ6,r⋅regioniwr +νiw, (2)  

in which Diw is the frailty index of individual i in wave w and SVIiw is the 
social vulnerability index, as described above, and νiw is an error term. 

As before, we estimate the model separately for men and women, 
consider log income as a potential confounder, and introduce individual 
fixed effects (FE) or regional- and cohort effects (in Mundlak 
regressions). 

Results are shown in Table 3. Columns (1) and (5) show results from 
the FE regressions. In line with previous research, we find that the age 
coefficient is larger for men than for women and the constant is lower for 
men. This means that men age faster but start out healthier than women. 
For the whole sample, the health deficit index for men increases by 4.9 
percent and the one for women by 4.0 percent by each additional 
chronological year of age. Quantitatively these results are similar to 
those from our earlier study (Abeliansky et al., 2020). Income is insig-
nificantly associated with the frailty index of women. For men, the co-
efficient on log income is significantly negative but small. Due to the 
log-log specification, the coefficient provides an elasticity. The point 
estimate implies that an increase in income of 100 percent is associated 
with a 2 percent decrease of the frailty index. 

Being more socially vulnerable increases the frailty index of men and 
women in a statistically and economically significant way. The log- 
linear specification implies that the coefficient is a semi-elasticity. For 
women, a one standard deviation increase of the SVI (i.e. by 0.1 units) 
increases the frailty index by about 5.6 percent, i.e., evaluated at sample 
means, by 1.3 percentage points. Results for men are statically insig-
nificantly different from those for women. 

To test the robustness of these results we changed the age restrictions 
(upper-bound) and reduced the number of waves included in the sample. 
First, we lowered the maximum age of the individuals in the sample to 

Table 2 
Social vulnerability.   

(1) (2) (3) (4) (5) (6) (7) (8) 

Age − 0.0121*** − 0.0123*** − 0.0123*** − 0.0125*** − 0.0125*** − 0.0125*** − 0.0125*** − 0.0125*** 
(0.00154) (0.00154) (0.00156) (0.00157) (0.00151) (0.00151) (0.00152) (0.00150) 

Age2 0.000101*** 0.000102*** 0.000102*** 0.000103*** 0.000103*** 0.000102*** 0.000103*** 0.000103*** 
(0.0000115) (0.0000115) (0.0000117) (0.0000117) (0.0000109) (0.0000109) (0.0000109) (0.0000108) 

log Income  − 0.00126  − 0.00129  − 0.00187**  − 0.00183**  
(0.000973)  (0.000967)  (0.000905)  (0.000903) 

Midwest − 0.0143 − 0.0137 − 0.0136 − 0.0134 − 0.0333*** − 0.0356*** − 0.0333*** − 0.0359*** 
(0.0160) (0.0159) (0.0159) (0.0160) (0.0112) (0.0115) (0.0112) (0.0115) 

South − 0.00735 − 0.00722 − 0.00693 − 0.00672 − 0.0132 − 0.0127 − 0.0132 − 0.0126 
(0.0113) (0.0113) (0.0113) (0.0112) (0.00879) (0.00887) (0.00879) (0.00887) 

West − 0.0123 − 0.0121 − 0.0119 − 0.0118 − 0.0265** − 0.0267** − 0.0264** − 0.0268** 
(0.0152) (0.0152) (0.0152) (0.0152) (0.0122) (0.0123) (0.0122) (0.0123) 

Constant 0.659*** 0.678*** 0.421*** 0.912*** 0.703*** 0.723*** 0.438*** 0.771*** 
(0.0520) (0.0493) (0.0916) (0.0808) (0.0532) (0.0547) (0.152) (0.145) 

Sample Women Women Women Women Men Men Men Men 
Method FE FE Mundlak Mundlak FE FE Mundlak Mundlak 
N 21977 21856 21977 21856 15754 15673 15754 15673 

Standard errors clustered at the year of birth-level are in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. 

Fig. 1. Age and social vulnerability. 
Red (solid) lines: women; blue (dashed) lines: men. Point estimates from fixed 
effects regression of columns (1) and (5) from Table 2. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 2. Year of birth fixed effects. 
Year of birth fixed effects retrieved from the Mundlak regressions (Table A3, columns (4) and (8)).Baseline: 1940–1942 cohort. 
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85 years. Next, we dropped the upper age restriction. We further tested 
the model without the first wave and lastly without the last one. The 
values of the estimated coefficients do not differ significantly from those 
in Table 3, see Tables A12–A15 in the Appendix. 

We next turn to a cohort analysis by including year-of-birth-fixed 
effects in a regression using the Mundlak approach, as explained in 
conjunction with the SVI regressions in the previous section. A table 
with results for all included variables can be found in Appendix 
Table A11. The regression term “mean age” is statistically significant in 
all regressions, suggesting that there is indeed unobserved heterogeneity 
at the individual level correlated with the force of aging. Results for the 
year-of-birth effects (benchmark cohort 1940–1942) are visualized in 
Figure A1 in the Appendix. The yob-dummies are mostly significant and 
an almost linear trend is discernible. On average, each three-year step of 
later birth is associated with an improvement of the frailty index of 
about three percent, in line with our earlier result that the health of 
elderly Americans improves by about one percent per year of later birth 
(Abeliansky et al., 2020). 

The main variables of interest in our present study are presented in 
columns (2)–(4) and (6)–(8) in Table 3. Comparing results from column 
(1) and (2) and (5) and (6), we conclude that the size of the coefficients 
for age, SVI, and income remain stable when we control for cohorts. The 
estimate for the coefficient on SVI, however, is potentially problematic. 
In the Introduction we argued that it is easily conceivable that increasing 
frailty leads to greater social isolation. This issue prevents a causal 
interpretation of the SVI coefficient. Moreover, we established in the 
previous section that (for individuals above 60) there is a strong positive 
association between SVI and age, which may cause a problem of multi- 
collinearity since age is necessarily included as a variable in regressions 
analyzing the frailty index. Both problems cannot not be addressed in 
fixed effects regressions, but they can be addressed with the Mundlak 
approach. 

Columns (3)–(4) and (7)–(8) show results when Siw in model (2) is 
replaced by Si0, which is the initial value of the social vulnerability index 
in the first wave the respondents participated in the survey. Since Si0 is 
invariant to individual aging, the replacement takes care of issues of 
reverse causality and multicollinearity. Again, we observe that the co-
efficients of age and income are quite robust to the re-specification of the 
model. The coefficient of initial SVI is statistically significant and larger 
than the coefficient on age-dependent SVI from column (2) and (6). 
From the fact that individual SVI increases with age and thus from wave 
to wave we would expect that the size of the coefficient of initial SVI 
exceeds the coefficient of (wave-adjusted) SVI. The difference in size, 
however, is hard to interpret. The point estimate for women suggests 

that an initially higher SVI by one standard deviation leads to a 20 
percent higher frailty index at any age. The estimated effect for men is 
mildly smaller with an almost 18 percent increase. This means that the 
frailty index is on average higher by about 3.5 percentage points. 

Finally, we investigate to which extent the effect of the SVI on aging 
is explained by social relations within the household. For that purpose 
we added to model (2) a dummy variable that equals one if the indi-
vidual lives together with a partner and a count variable that provides 
the number of people that live in the household. Results are shown in 
columns (4) and (8) of Table 3. The number of persons in the household 
is statistically significantly positive but small. Another person in the 
household is associated with an increase of the frailty index by about one 
percent. Living with a partner has no (additional) effect on frailty. 
Notice that these results are unlikely to be driven by nursing home in-
habitants. In the sample there are only 186 observations where the re-
spondents live in a nursing home (less than 0.5 percent of the sample). 
The size of the coefficient on SVI remains virtually unchanged when 
considering whether living together with a partner or other household 
members. 

In Appendix Table A16 we show the results for the alternative in-
come measures introduced in Section 3. The estimated coefficients for 
age, SVI, and income are robust to alternative income measurements and 
the finding that income is mildly protective for men but not for women is 
preserved. In Appendix Table A17 we examine robustness of the SVI–-
frailty nexus for the 49 alternative compositions of the SVI (dropping 
one item at a time). For men and women we observe only insignificant 
changes of the SVI coefficient compared to baseline results. 

Finally in Appendix Tables A18 and A19 we estimate in two different 
ways the impact of the individual SVI items on aging. In columns (1), 
(3), and (5) we report results when in regression equation (2) the SVI is 
replaced iteratively by each of the 49 individual items of the SVI. In 
columns (2), (4), and (6) we report results when all 49 items enter the 
regression equation simultaneously. All regressions are based on the 
fixed effects specification. When all items enter as independent re-
gressors, they jointly suffer from multicollinearity. The coefficients 
usually have the expected sign although most of them are not statisti-
cally significant. Some items turn out to be independently significant 
determinants of the frailty index. Some items show up significantly for 
both men and women, namely being active, going to meetings, doing 
gardening and cooking, being isolated, feelings of being left out, as well 
as indicators of life satisfaction. Items on contacts with friends, children, 
and family members, are not consistently found to be significant as 
stand-alone determinants of aging for both men and women. For men, 
being exposed to friends or children who get on their nerves is associated 

Table 3 
Aging and social vulnerability.   

(1) (2) (3) (4) (5) (6) (7) (8) 

Age 0.0403*** 0.0403*** 0.0413*** 0.0418*** 0.0486*** 0.0486*** 0.0495*** 0.0498*** 
(0.00117) (0.00118) (0.00127) (0.00133) (0.00135) (0.00136) (0.00135) (0.00134) 

SVI 0.558*** 0.556***   0.531*** 0.530***   
(0.0657) (0.0657)   (0.0875) (0.0863)   

log Income − 0.00451 − 0.00494 − 0.00584 − 0.00805 − 0.0206** − 0.0209** − 0.0220*** − 0.0231*** 
(0.00669) (0.00675) (0.00685) (0.00680) (0.00842) (0.00839) (0.00835) (0.00825) 

Initial SVI   2.079*** 2.072***   1.779*** 1.818***   
(0.105) (0.106)   (0.116) (0.121) 

Lives with partner    0.0192    0.0132    
(0.0141)    (0.0149) 

No. persons in h.    0.0128**    0.0108*    
(0.00527)    (0.00581) 

Constant − 4.537*** − 0.715*** − 0.340 − 0.420* − 5.159*** − 1.386*** − 1.130*** − 1.139*** 
(0.119) (0.233) (0.221) (0.216) (0.151) (0.336) (0.331) (0.323) 

Sample Women Women Women Women Men Men Men Men 
Method FE Mundlak Mundlak Mundlak FE Mundlak Mundlak Mundlak 
Obs. 21817 21817 21817 21817 15650 15650 15650 15650 

Robust standard errors clustered at the year of birth level in parenthesis. All columns include regional fixed effects, the baseline region is Northeast. Columns (2)–(4) 
and (6)–(8) further control for the year of birth and the means of the time changing variables. *p < 0.10, **p < 0.05, ***p < 0.01. 
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with increased frailty. For women, a lack of personal and written contact 
with children and relatives is a significant predictor of frailty. 

5. Discussion and conclusion 

Our study revealed that, controlling for individual heterogeneity, 
social circumstances of elderly U.S. Americans, measured by the SVI, 
deteriorated from about age 60 onwards. This result, obtained for men 
and women, is in line with earlier results considering Canadians and 
Europeans (Andrew et al., 2008; Wallace et al., 2015). The feature that 
the SVI mildly declines before age 60 and is thus u-shaped in age, relates 
to studies documenting a u-shaped age pattern of (perceived) loneliness 
(Hawkley & Cacioppo, 2010). The decline of SVI from age 50 to 60, 
however, is very mild compared to the subsequent increase. Addition-
ally, we found a small protective effect of income on social vulnerability, 
which is statistically significant only for men. According to the point 
estimate, a twentyfold increase in income has about the same effect on 
SVI as moving from the Northeast to the Midwest. The finding that social 
vulnerability is lower in the West and Midwest is broadly consistent with 
Putnam’s (2000, Ch. 16) observation of higher social capital in these 
regions. 

When analyzing the cohort fixed effects, we found that individuals 
born in the late 1940s or later displayed a greater SVI. The increase, 
however, is small and it is statistically significant only for women. We 
can only speculate on mechanisms behind this result. Women born after 
1948 had access to the contraceptive pill during (most of) the fecundity 
period and had less children (Bailey, 2010). They were much better 
educated than previous generations, married later, stayed longer on the 
labor market, and were more likely to become divorced (Goldin, 2006). 
Life cycle behavior was more stable for men from different generations. 
Later born men supplied somewhat less labor to the market and spent 
somewhat more time on household work and with the family (Ramey, 
2009; Ramey & Francis, 2009). They were also more likely to remarry 
than women (Livingston, 2014). The rapid change in many social di-
mensions for women of working age born after the late 1940s has been 
dubbed the “quiet revolution” (Goldin, 2006). The feature that the 
“quiet revolution” is apparently associated with (mildly) deteriorating 
SVI in old age, suggests that social connections outside the workplace 
are more protective against social isolation than friends and colleagues 
from work, perhaps because they are more easily maintained after 
retirement. 

One way to rationalize the public perception of an increasing trend in 
loneliness (or social vulnerability) is by accounting for demographic 
change and compositional affects. Since the SVI is strongly increasing in 
age, there will be more socially vulnerable people at the population level 
when the population is aging. This was indeed the case for the U.S. In the 
decade 2010–2019, the 65-and-older population grew by over a third 
and the dependency ratio increased from 49 to 54 percent, driven by the 
aging baby-boomer cohorts (US Census, 2020). 

In the regressions analyzing the frailty index we replicated earlier 
findings on the exponential rise of frailty with increasing age and found 
a statistically significant association of the SVI with health deficit 
accumulation at the individual- and cohort-level. Using the initial SVI 
(at first interview) in regressions on subsequent frailty, we established a 
causal effect of SVI on biological aging, which is statistically significant, 
large, and of about the same size for men and women. According to the 
point estimates, an increase of the initial SVI by one standard deviation 
leads to an increase of the frailty index of about 20 percent. 

Since the frailty index is exponentially increasing in age, these results 
imply that a higher initial SVI leads not only to more health deficits but 
also to faster aging. In order to precisely obtain the aging effect, we take 
the anti-log of (2) and compute the difference in the frailty index (ΔD) 
for two individuals (i = 1, 2) of the same chronological age who differ 
only in their initial SVI (SVI10, SVI20): 

ΔD = eγ1⋅age⋅
(
eγ3SVI10 − eγ3SVI20

)
⋅constant.

We observe that the impact of the initial SVI on the frailty differential 
grows exponentially as individuals become older. Fig. 3 visualizes this 
result. It shows the frailty index differential using the point estimates 
from columns (3) and (7) of Table 3 and the associated sample means 
with exception of the initial SVI, which is by one standard deviation 
(blue solid lines) or two standard deviations higher or lower for person 
2. A standard deviation is about 10 percentage points of the SVI. For 
example, as women grow older, the difference in frailty caused by the 
initial difference in SVI of one standard deviation grows from 5 percent 
at age 50 to 27 percent at age 90. For men it grows from 3.5 to 27 
percent. Men catch-up in frailty difference to women due to their faster 
biological aging. 

The result highlights a general feature of the self-productive nature 
of health deficit accumulation (Dragone & Vanin, 2021): because health 
deficits increase exponentially (or, more, generally in a convex way) 
with age, initial differences are amplified as individuals grow older. This 
feature has been discussed in the context of developmental origins of 
health in old age (Dalgaard et al., 2021; Abeliansky and Strulik, 2018b, 
2020a) and in the context of occupational health burden and retirement 
(Abeliansky & Strulik, 2020b). Here, it appears again in the context of 
social vulnerability. The result is intuitively plausible. Individuals with a 
greater initial SVI may have less incentive to leave the house, face less 
cognitive challenges, and experience more stress from perceived lone-
liness. As a result, initially mild health deficits (obesity, hypertension, 
declining cognitive function) may develop. The increase in health defi-
cits then leads to a faster development of new health deficits due to the 
self-productive nature of health deficit accumulation, as predicted by 
reliability- and network-theories of biological aging (Gavrilov & Gav-
rilova, 1991; Rutenberg et al., 2018). 

We also found that the impact of SVI on aging remains virtually 
unaffected when we add to the regression a dummy variable of living 
with a partner and a count variable of the number of household 

Fig. 3. Social vulnerability and aging. 
Difference in frailty index between average per-
son and person with initial SVI by one (blue solid 
liens) and two (red dashed lines) standard devi-
ation(s) higher. Point estimates from fixed effects 
regression of columns (3) and (7) from Table 3. 
(For interpretation of the references to colour in 
this figure legend, the reader is referred to the 
web version of this article.)   
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members and that the effect of the additional regressors on frailty is 
small and partially statistically insignificant. This – perhaps surprising – 
result sheds new light on the debate on objective vs. subjective social 
isolation (Hawkley et al., 2019). Individuals living with a partner or 
other family members are objectively not isolated. They may never-
theless be socially vulnerable and feel lonely and then the presence of 
other household members affects the impact of SVI on aging only 
insignificantly. The result suggests that the increasing trend of living 
alone in old age – due to changing demography, social welfare systems, 
and family culture – is not necessarily dangerous for the health of the 
elderly if they maintain social connections outside the household that 
protect against social isolation. 

When we consider these results in light of the results from Section 3, 
showing that there is no significant trend increase in the SVI for men and 
only a relatively small increase for women, the observation that there is 
a strong trend of living alone in old age (Klinenberg et al., 2013) should 
not raise concerns, taken for itself. This does, of course, not imply that 
policy could disregard the social circumstances of the elderly. On the 
contrary, our analysis established a strong effect of social vulnerability 
on health and aging of elderly Americans. It should be also kept in mind 
that our panel data was collected in 2004–2016, i.e. in relatively calm 
times, in which social contacts were at least partially a choice variable 
and most individuals had the opportunity to actively respond to 
perceived loneliness and isolation by intensifying social interaction. In 
times of lockdown in a pandemic, in contrast, the means of social 
interaction are exogenously limited for everyone. We expect that 
enforced social distance, as recently experienced, does not only increase 
the average SVI but also its impact on health and aging of elderly 
Americans. 
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