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Abstract

The effect of death of a spouse on the mortality of the survivor (the “widowhood effect”) is well-
established. We investigated how the effect of widowhood on mortality depends on the neighborhood
concentration of widowed individuals in the United States. We developed a large, nationally
representative, and longitudinal dataset from Medicare claims and other data sources characterizing
200,000 elderly couples, with nine years of follow-up (1993-2002), and estimated multilevel grouped
discrete-time hazard models. In neighborhoods with a low concentration of widowed individuals,
widowhood increased the odds of death for men by 22% and for women by 17%, compared to 17%
for men, and 15% for women in neighborhoods with a high concentration of widowed individuals.
Our findings suggest that neighborhood structural contexts —that provide opportunities for interacting
with others and favoring new social engagements — could be potential modifiers of the widowhood
effects and as such requires more systematic consideration in future research of widowhood effects
on well-being and mortality.
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Introduction

The “widowhood effect,” describing the increased probability of death among the recently
bereaved is one of the best-documented effects of social relationships on health (Schaefer,
Quesenberry, & Wi, 1995). The widowhood effect has been found in bereaved men and women
of all ages around the world, using cross-sectional and longitudinal data, with and without
covariate controls, and diverse statistical methodologies (Helsing, Comstock, & Szklo, 1982;
Hu & Goldman, 1990; Kraus & Lilienfeld, 1959; Lillard & Waite, 1995; Parkes, Benjamin, &
Fitzgerald, 1969). Recent longitudinal studies put the long-term excess risk of death associated
with widowhood compared to marriage at around 15%, net of controls. Estimates for the short-
term effect during the first few months following bereavement range from 50 to 90% (Elwert
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& Christakis, 2006; Martikainen & Valkonen, 1996b; Schaefer et al., 1995). Researchers
typically attribute the widowhood effect to the difference between the salubrious qualities of
marriage and the detrimental consequences of widowhood (Elwert & Christakis, 2006). While
married spouses benefit from emotional support, spousal promotion of healthy behavior
(Umberson, 1987, 1992), economic stability (Lillard & Waite, 1995; Trovato, 1991), and
possibly superior health care utilization (Iwashyna & Christakis, 2003; Umberson, Wortman,
& Kessler, 1992), bereaved individuals typically lose these benefits. The strongest effect of
widowhood are found soon after bereavement (Elwert & Christakis, 2006; Martikainen &
Valkonen, 1996a), possibly because of the imposition of burdens such as coping with the stress
of watching and caring for a partner who is dying (Christakis & Allison, 2006), coming to
terms with the emotional burden of bereavement, adjusting to new social roles and daily
routines, and developing functional substitutes for the health benefits of marriage.

A fundamental question that remains unexplored in this area of research, however, is whether
the observed widowhood effect varies according to particular contextual circumstances. While
recent research has begun to document individual-level effect heterogeneity in the widowhood
effect, for example with respect to race (Elwert & Christakis, 2006) and cause of death (Elwert
& Christakis, in press; Johnson, Backlund, Sorlie, & Loveless, 2000), we are not aware of any
research to investigate differences in the widowhood effect according to the environment in
which individuals experience bereavement. Yet, contextual factors are widely recognized to
be relevant to differences in mortality (Chen et al., 2006; Krieger, Chen, Waterman, Rehkopf,
& Subramanian, 2005; O’Campo, 2003; Pickett & Pearl, 2001; Subramanian, Chen, Rehkopf,
Waterman, & Krieger, 2005; Wen & Christakis, 2005). Given that the postulated mechanisms
linking widowhood and mortality are primarily social, it seems reasonable to anticipate that
the broader contextual circumstances of bereaved individuals may buffer or intensify the social
processes that make widowhood a strong risk factor for mortality in the first place. This study
therefore investigated the effect heterogeneity in the widowhood effect as a function of the
residential context of the surviving spouse. Specifically, we examined an aspect of the social
environment that may be particularly relevant for widowed men and women as a way of
providing collective social support, measured through neighborhood concentration of widowed
individuals (men and/or women), and viewed as a positive attribute of social environment for
widowed residents.

Neighborhoods, we postulate, are likely to serve as active milieu for facilitating social and
economic ties for the elderly widowed that tend to become important to counter social
marginalization and isolation particularly soon after bereavement (Adams, 1985a, 1985b).
Prior evidence suggests the importance of neighbors in late life (Lamme, Dykstra, & van
Groenou, 1996). It is plausible that an important mechanism through which neighborhoods
might differentially affect widowed individuals’ risk of mortality (or quality of life more
generally) is by providing a recruiting ground for new social contacts (Smith & Christakis,
2007). Consequently, differences in the structural context of the neighborhoods could modify
the significance of the change in status brought about by the death of a spouse — by providing
opportunities for, or constraining the, formation and maintenance of friendships and other
social ties.

We therefore suppose that neighborhoods provide an environment that may buffer the effect
of individual widowhood. One such aspect, we hypothesize, could be the presence of other
widowed individuals (widows and/or widowers) in the neighborhood. While being widowed
clearly represents a substantial individual disadvantage, living amongst other widowed
individuals may partially ameliorate this individual burden. Individual experience of being
widowed, within the context of the prevalence rates of widowhood in the community, has been
shown to shape the level of friendships and participations among the elderly (Blau, 1961). To
the extent that neighborhood ties and friendships are formed on the basis of similarities between
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individuals, one can expect a widowed individual living in a neighborhood with low prevalence
of widowed individuals to be atypical with respect to the neighborhood norm and to run the
risk of being socially isolated and marginalized. On the other hand presence of other widowed
individuals is likely to provide the surviving individual with an opportunity to share the
common experiences of bereavement, facilitate collective coping strategies, and possibly, in
the long run, to find replacements for their spouses. The concentration of widowed individuals
is also likely to increase the supply of infrastructure and support services that are relevant for
elderly widowed individuals, such as availability of support services for the elderly.

We are not aware of any published study that has examined the role of neighborhood
concentration of widowed individuals in attenuating and/or modifying the relationship between
widowhood and mortality. Consequently, the study focused on the following specific
questions:

1. Does the effect of widowhood on mortality persist even after accounting for
neighborhood concentration of widowed individuals?

2. Isthere an effect of neighborhood concentration of widowed individuals on individual
mortality, over and above the individual-level widowhood effect on mortality?

3. Does living in an area with a higher fraction of widowed individuals modify the effect
of widowhood on mortality?

We use unencrypted Medicare claims data to assemble a large, nationally representative, and
longitudinal cohort of married elderly couples in the United States. Medicare databases are
uniquely suited for research on contextual variation in the widowhood effect as they provide
prospective information for over 96% of elderly Americans (whether they used health care or
not) with daily mortality follow-up (Hatten, 1980), permit (with some constraints) the
identification of both spouses of elderly married couples (Iwashyna, Zhang, Lauderdale, &
Christakis, 1998), contain detailed physician-ascertained medical information to control for
baseline differences in morbidity, and identify the place of residence of all participants, thus
permitting extensive record linkage for contextual features of the residential environment. In
the first step of data development, Medicare beneficiaries older than 65 years on January 1,
1993, in the Denominator File were identified. Among the 32,180,588 elderly in this file, we
estimate, based on Census statistics, that there are 6.6 million currently married heterosexual
couples where both members are 65 years and older, of which we detected 5,496,444
(Iwashyna, Brennan, Zhang, & Christakis, 2002; Iwashyna et al., 1998). Since individuals
typically enter Medicare at age 65 years, we restricted the analysis to couples where both
partners were older than 67 years at baseline in order to guarantee the availability of a full two
years of health background controls for the entire sample. We also restricted our sample to
those less than or equal to 98 years old. Due to idiosyncrasies in Medicare race coding rules,
we restricted the analysis to non-Hispanic White or Black couples. Briefly, it has been
suggested that Medicare data are well-suited to support the identification of non-Hispanic
Black and White beneficiaries, but not the identification of other races or ethnic groups (Arday,
Arday, Monroe, & Zhang, 2000; Elwert & Christakis, 2006; Lauderdale & Goldberg, 1996).
Lastly, since the widowhood effect should hinge on marital co-residence, we exclude couples
with discordant ZIP codes of husband and wife. From the remaining pool of elderly married
couples after sample restrictions, we analyze a simple random sample of 200,000 couples to
satisfy computer hardware and software constraints.
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Using the Vital Status File, we obtained daily mortality follow-up through January 1, 2002
(Elwert & Christakis, 2006). From the death dates of both members of each couple, we derived
the outcome (time to death or censoring since January 1, 1993) and the individual independent
variable of interest (widowhood). We censored all surviving couples at the end of follow-up
on January 1, 2002. There was no loss to follow-up.

From the Medicare Provider Analysis Review (Med-PAR) files, we extracted detailed health
histories to control for differences in baseline morbidity in 1991-1992 for each individual.
Following previous work, we summarized the chronic disease burden at baseline by computing
Charlson co-morbidity scores (Charlson, Pompei, Ales, & MacKenzie, 1987) from
hospitalization records separately for each spouse, and categorized them into low, moderate,
and severe (Charlson scores of 0, 1, and 2 or higher, respectively) (Zhang, lwashyna, &
Christakis, 1999). We also included counts of the number of days each partner had spent in the
hospital in 1991 and 1992. Both these variables were included as confounders, since they may
be prior common causes to the relationship between widowhood and mortality (Christakis &
Allison, 2006), and to the relationship between neighborhood factors and mortality.

We derived race classifications for both spouses from the race and ethnicity variable in the
Vital Status file. This variable was populated from the Social Security Administration’s Master
Beneficiary Record (MBR) and has been verified and updated against the self-reported race
classifications on beneficiaries’ applications for (replacement) social security cards by the
Center for Medicare and Medicaid Services (Arday et al., 2000).

The Denominator file provides additional individual-level demographic information (i.e., age
and sex) from Social Security records and information on the couple’s area of residence (ZIP
code). Following prior practice, we use the dual eligibility for Medicare and Medicaid services
of either spouse in 1993 as a proxy for couple’s poverty status at baseline (CMS, 2005; Clark
& Hulbert, 1998; Pope, Adamache, Walsh, & Khandker, 1998). We used ZIP codes as one
realization of an individuals’ neighborhood context. The desirable population size of ZIP-code
areas, and their prior use in studies of geography and health, makes ZIP codes one useful
realization of an individuals’ context. However, we recognize the limitation of using
administrative boundaries for conceptualizing neighborhoods. ZIP-code boundaries often
represent well-defined local residential areas recognized as such by their residents. Data
limitations prohibited geo-coding individual observations to other levels of aggregation, such
as Census tracts and block groups that have also been shown to be important geographic levels
for a variety of health outcomes (Krieger et al., 2005; Subramanian, Chen, Rehkopf, Waterman,
& Krieger, 2006). To the individual data, we merged ZIP-code-level contextual information
from the 1990 decennial U.S. Census related to (1) percent population who were widowed; (2)
percent male population who were widowed; and (3) percent female population who were
widowed. We additionally included percent population living in poverty as an area-level
covariate in our models. For the analysis, we included the ZIP-code variables as dichotomous
variables based on values below and above the median for each of the variables. Analyses
based on continuous specifications did not yield meaningfully different results (results not
shown).

Statistical analysis

On January 1, 1993 we observed 400,000 individuals in 200,000 married couples, followed
them until January 1, 2002, and ascertained information on two events: whether the individual
died and whether the individual lost his or her spouse during the same period. The outcome,
mortality, and the individual predictor, widowhood, were observed on a daily basis.
Widowhood entered the analysis as a time-varying predictor. Given our objective of examining
the influence of ZIP-code-level factors on the relationship between widowhood and mortality,
we created a multilevel data structure of 200,000 married couples nested within 23,272 ZIP
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codes nested within 50 states, and the District of Columbia, thereby necessitating a multilevel
modeling strategy (Goldstein, 2003; Raudenbush & Bryk, 2002). We adopted a multilevel
grouped discrete-time hazard analysis for this study. Amongst other advantages, a discrete-
time hazard modeling approach allows us to exploit the flexibility of discrete response data
modeling, which was useful given the three-level structure of the data (Goldstein, Browne, &
Rashash, 2002; Steele, 2003). We briefly describe the discrete-time hazard model (Allison,
1982; Singer & Willet, 1993), and then extend it to include the random effects and cross-level
interactions (Callens & Croux, 2005; Hedekar, Siddiqui, & Hu, 2000; Steele, 2003). We
estimated separate models for husbands and wives.

Specifically, we sequentially developed models from simple to complex ones, thus allowing
an assessment of the contribution of this analysis to existing knowledge on the links between
widowhood and mortality. We started by estimating a model that essentially modeled mortality
as a function of time elapsed and observed characteristics of individuals (e.g., age, health status
at baseline, widowhood). Second, we allowed for unknown characteristics of individuals that
might cause variation in the probability of death (individual level random effects). Third, we
allowed for random effects at the levels of ZIP-code and state of residence. Fourth, we included
characteristics of ZIP codes that might independently influence risk of death (i.e., a measure
of poverty and proportion widowed); and finally, we considered a cross-level interaction
between individual widowhood and proportion widowed in the area (controlling for the other
individual variables and ZIP-code poverty). In the following paragraphs, we provide a general
methodological outline and description of the statistical models estimated for this study.

Discrete-time hazard analysis

Data were arranged in person-year format separately for husbands and wives. In a sample of
200,000 couples, husbands contributed 1,417,825 person-years of data, and wives contributed
1,648,176 person-years (since women live longer). Hardware limitations imposed a direct trade
off between data coarseness (length of time intervals) and sample size (number of individuals).
Experiments with monthly intervals yielded similar point estimates but lower statistical
efficiency, thus suggesting our present person-year approach. Widowhood is coded equal to 1
starting with the year of widowhood until proband’s death or censoring.

Time is measured as a positive discrete random variable Tj, and we observe T; for n individuals,
and denote their realizations by t; for 1 <i<n. Attimet, either an event occurs or the observation
is censored by the end of follow-up (non-informative censoring). For each individual i, we
include a vector of time-constant predictors, x; (e.g., race) and time-varying widowhood
predictor, wy.

The discrete-time hazard function py; is then defined as the conditional probability that at time
t an individual i is dead, given that the individual did not die before t:

pi=Pr(Ti=1T; > 1) (1)

One common specification for the dependence of the hazard rate on time t and set of time
constant and time varying explanatory variables (xj and wy;) is provided by the logistic
regression function (2):

1
[ 1+exp(—(a+B xi+B"wi))] 2

Dii

or, re-writing this in the logit or log-odds form, gives:
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Pri
(1= ps)

=y +ﬂ'x,‘+ﬁ"'wl,‘

logit(p;;)=log [ @
3

In specification (3), o4 is a set of constants, one for each discrete-time point, and represents the
logit of the baseline hazard function. The parameter vector ' represents the regression
coefficients associated with x;, and the parameter % represents the regression coefficient
associated with wyj. The effects of predictors (8%, and f"wy;) are constant over time, i.e., we
assumed proportional hazards (or, strictly speaking, proportional odds) over time. Since we
used years to define our discrete time (instead of days), we allowed for the different lengths of
exposure days within the year intervals for survival as well as for widowhood. We denoted
these varying day-exposure within a year by n; which is the exposure time in the grouped
interval t for individual i. With this, the response variable was not a binary variable, but a

proportion. More formally, instead of using y;; as the binary response (1 or 0), we used y;,

which is y;.=y;i/n,;, with ny being the denominator (or offset) for this proportion that accounts
for the differential length of exposure with the year intervals.

Discrete-time hazard analysis with unobserved heterogeneity

Model (3) describes the basic discrete-time hazard function model, but it does not account for
two important features. It is reasonable to anticipate that some individuals will be more at risk
of mortality than others, and it is unlikely that the reasons for this variability in the hazard will
be fully captured by observed covariates. In other words, Model (3) may suffer from
unobserved heterogeneity or frailty. Importantly, if there are individual-specific unobserved
factors that affect the hazard, the observed form of the hazard function at the aggregate
population level will tend to be different from those at the individual level. Even if the hazards
of individuals in a population are constant over time, the aggregate population hazard may be
time-dependent, and typically decreasing. This may be explained by a selection effect operating
on individuals. If unobserved heterogeneity is incorrectly ignored, the magnitude of regression
coefficients will be underestimated. In order to account for unobserved heterogeneity, we
introduced a random effect for each individual that represents individual-specific
unobservables as:

logit(p,)=log [ Tl

=a,+8 x;+B"wy;

+e;, wheree; ~ N(O, oﬁ) (4)

where, o2 represents frailty. We note that in the model with frailty, exp(5) represents the odds
ratio, when the random effect is held constant, i.e., if we are comparing two hypothetical
individuals with the same random effect value. Thus exp(p) is the individual-specific effect of
X.

Multilevel discrete-time hazard analysis with unobserved heterogeneity

Given our explicit interest in modeling the effects of ZIP-code-level variables on the
relationship between individual widowhood and mortality, we extended Model (4) to include
random effects associated with ZIP codes and states. The basic principles and relevance of
multilevel models for analyzing the influence of contextual factors has been well-described
before (Blakely & Subramanian, 2006;Subramanian, 2004;Subramanian, Jones, & Duncan,
2003), and here we present the two kinds of models that we calibrated. Models (5) and (6)
evaluate whether introducing ZIP-code-level variables alters the individual effect of
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widowhood on mortality. Thus, the binary response, dead or not, at time t for individual i living
in ZIP code j in state k was formulated as:

: oo Drijk
lOglt(plyk)_log [ (I—PnjiA)]
:(Z,+,8/ Xijk +,8“'w,,jk+vk+ujk +ejjk, (5)

where e;; ~ N(0, )i ~ N(O, 3):vi ~ N(0, o73); and Cov[vy,Uijiiji] = 0.

The equation consists of a fixed part, ot + f'xijk + /"'Wiijk, and random effects attributable to
individuals (ejjk), ZIP codes (ujk), and states (v). The parameter S estimates the differential
in the log odds in mortality for the time-varying predictor, widowhood, wjjk, without adjusting
for any fixed-effect of ZIP-code-level variables (i.e., poverty or fraction widowed individuals),
but adjusted for baseline risk factors (£xjjk) and base-line hazard function (o), specified as a
dummy variable for the different years, with the reference being 1993. Assuming an

independent and identical distribution, the random effects can be summarized as o2

(individual), o2 (ZIP code), and o> (states). These variance components quantify the
heterogeneity in the mortality at each level, with the latter two being suggestive of the
independent importance of geographic contexts of ZIP codes and states for mortality.

Next, we introduce ZIP-code-level variables to the fixed part of Model (5), in order to ascertain
if conditioning on ZIP-code-level factors changes the effect of widowhood on mortality.

3 o) — Prijk
:(l,+ﬂ/ Xijk +ﬁ“'w,,-jk +ﬁ:ij+Vk
tUjkteijk 6)

where the parameter A% estimates the change in the log odds of mortality of living in a ZIP code
where concentration of widowed individuals was above median (zjx). The parameter £ now
estimates the differential in the log odds in mortality for the time-varying predictor,
widowhood, wjjk, adjusting for any fixed-effect of the ZIP-code-level variables (e.g., fraction
widows/widowers(s)). Each of the ZIP-code-level variables was considered separately.

Model (6) was then extended to introduce a “cross-level” interaction between ZIP-code-level
factors and individual widowhood as:

logit(p)=log [ ui’}Zf,;-o]

=+ Xk +B" Weijk Bz jk
B (Wiij X Zjk)+viHijg ek M

where, the new parameter, V2, associated with an interaction variable (wgjk X zjc), enables us
to evaluate whether the effect of widowhood is contingent on the neighborhood characteristics
associated with ZIP-code fraction of widowed individuals. Each of the cross-level interaction
between ZIP-code-level variables and individual widowhood was considered separately.

Results provided in Tables 2 and 3 are based on estimating Models (5) and (6); and results
provided in Table 4 are based on Model (7). All estimates are quasi-likelihood-based with a
Taylor linearization procedure, as implemented within the software MLwiN 2.02 (Goldstein &
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Rashash, 1996;Rasbash, Steele, Browne, & Prosser, 2004). Models were separately estimated
for the samples of husbands and wives.

Table 1 describes the attributes of the cohort of 200,000 couples at the individual-level and the
ZIP-code level. This did not differ from the eligible sample. Over the study period, 52.2% of
husbands and 32.6% of wives died.

Table 2 shows the results for Models (5) and (6). Wife’s death increases the odds of husband’s
death by 18% (95% CI 1.16-1.20), and husband’s death increases the odds of wife’s death by
16% (95% CI 1.14-1.18), net of individual-level and couple-level controls and three levels of
random effects (Model (5)). This replicates previous estimates of the widowhood effect using
survival models, and as such validates our discrete-time hazard modeling strategy. Controlling
for ZIP-code-level fixed effects for neighborhood prevalence of widowed individuals or

poverty does not change the estimated widowhood effect for men or for women (Model (6)).

Neighborhood-level fraction of widowed individuals — whether measured in terms of total or
only widowers or only widows — does not affect the odds of death for husbands (Table 3, Model
(6)). However, the mortality of wives decreased in neighborhoods where the fraction of
widowed individuals was above the median (OR 0.98, 95% CI 0.96-0.99). This association
appears to be entirely due to the concentration of female widows in the neighborhood (OR
0.97, 95% C1 0.96-0.99), and not to the concentration of male widowers (OR 1.00, 95% CI
0.98-1.02). There was a positive association between neighborhood poverty and mortality. For
men, living in a high-poverty neighborhood increases the odds of death by 6% (95% CI 1.04—
1.07), and for women it increases the odds of death by 4% (95% CI 1.02-1.06), independent
of their widowhood status (results not shown in tables).

Table 4 presents the results for the effect of widowhood on mortality from Model (7), now
including the cross-level interaction between the neighborhood concentration of widowed
individuals and individual-level widowhood for men and women. This analysis investigates
whether the widowhood effect depends in any material way on the presence of other widowed
individuals in the area. We find that in neighborhoods with a low concentration of widowed
individuals, widowhood increases the odds of death for men by 22% (95% CI 1.18-1.25). In
neighborhoods with a high concentration of widowed individuals, widowhood increases the
odds of death for men by 17% (95% CI 1.13-1.19). These results are the same whether we
measure the neighborhood concentration of widowed individuals by the total share of widowed
individuals, or by the share of widowed men or widowed women in the neighborhood. The
presence of other widowed individuals in the neighborhood appears to protect men to a certain
degree from the detrimental effect of losing their wives.

For women, in neighborhoods with a low concentration of widowed individuals, widowhood
increases the odds of death by 17% (95% CI 1.14-1.20). In neighborhoods with a high
concentration of widowed individuals, widowhood increases the odds of death for women by
15% (95% CI 1.12-1.19). The results do not vary substantially whether we measure the
neighborhood concentration of widowed individuals by the total share of widowed individuals,
or by the share of widowed men or widowed women in the neighborhood. As in the case of
men before, the neighborhood concentration of widowed individuals appears to attenuate the
detrimental effect of widowhood on mortality for women, although the difference appears
somewhat smaller.
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Discussion

This study, for the first time, investigated the extent to which the individual-level relationship
between widowhood and mortality depends on characteristics of respondent’s neighborhood
of residence, using a unique and large longitudinal sample of elderly married couples
throughout the United States. We report three main findings. First, conditioning on
neighborhood observables and neighborhood random effect did not alter the individual-level
widowhood effect on mortality, and this was true for both men and women. The widowhood
effect persisted even after adjusting for neighborhood poverty, and baseline individual-level
covariates (including health conditions). Second, we observed an independent effect of
neighborhood concentration of widowed individuals, and especially widows, on the risk of
mortality for women, such that living in neighborhoods with high concentration of widows
decreased the risk of mortality for both widowed and married women. Finally, we find evidence
for effect modification in the widowhood effect by neighborhood level characteristics,
specifically a protective effect of living in a neighborhood with a high concentration of
widowed individuals for widowed men and women: living in neighborhoods with high
concentrations of widowed individuals seems to marginally reduce the mortality risk associated
with widowhood.

There are several conceivable mechanisms through which neighborhood concentration of
widow/er(s) might modify the widowhood-mortality relationship. Spouses are perhaps the
single most important members of an individual’s social network, and widowhood represents
a loss of a major source of support necessitating changes in the extent and nature of the social
activities among widowed individuals. Specifically, widowhood brings about an
accompanying need for someone else to fulfill the tasks (personal as well as social) that the
spouse once otherwise performed. The idea of “social network substitution”, which reflects
the need for widowed individuals to turn to existing social network members or new social ties
to provide the social support and companionship once provided by the spouse, has been
considered before (Zettel & Rook, 2004). Indeed, some form of social network substitution is
considered to be critical for the recovery process after bereavement (Zettel & Rook, 2004).
Within the context of our study that focuses on the potential role of neighborhoods, substitution
can involve the formation or renewal of relationships outside of family and relatives. Widowed
individuals might renew or forge friendships with others, particularly those who also have
experienced bereavement, who in turn could partially replace the missing support and
companionship (Morgan, Neal, & Carder, 1997). Such substitution has been shown to
compensate — for the support previously provided by the spouse by contributing to
psychological well-being of the bereaved individual (Lang & Carstensen, 1994; Rook, Sorkin,
& Zettel, 2004; Rook & Schuster, 1996).

Meanwhile, old age, due to declining physical mobility among the elderly, is also typically
marked by a compression in life activities. Neighborhoods, we postulate, are likely to serve as
active milieu for facilitating social and economic ties for the elderly widowed that tend to
become important to counter social marginalization and isolation particularly soon after
bereavement (Adams, 1985a, 1985b). There is prior evidence that suggests the importance of
neighbors in late life (Lamme et al., 1996). It is plausible that a key mechanism through which
neighborhoods are likely to differentially affect widowed individuals’ quality of life or risk of
mortality, is by providing a recruiting ground for new social contacts. Consequently,
differences in the structural context of neighborhoods could modify the significance of the
change in status resulting from bereavement.

Specifically, widowhood, within the context of the prevalence rates of widowhood in the
community, has been suggested to shape the level of friendship and participation among the
elderly (Blau, 1961). To the extent that neighborhood ties and friendships are formed on the
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basis of similarities between individuals, a widowed individual living in a neighborhood with
low prevalence of widowed individuals will be atypical with respect to the neighborhood norm.
For instance, social events in neighborhoods with low prevalence of widowed individuals are
likely to be dominated by married couples, both in terms of sheer visibility as well as in terms
of the content of discussions and social activities. Conversely, a widowed individual in a
neighborhood with high prevalence of widowed individuals is no longer unusual, and one could
anticipate a higher degree of integration of the widowed individual with his or her neighbors,
thereby facilitating social participation. Indeed, our findings suggest that in neighborhoods
where more individuals are widowed, the effect of individual widowhood is somewhat
attenuated.

The findings presented in this study need to be considered alongside certain caveats. First,
while our models control for individual-level poverty, data limitations prohibited us from
considering additional socioeconomic controls (e.g., income, wealth, education) at the
individual level, all of which are likely to influence mortality and could confound both the
relationship between widowhood and mortality as well as the cross-level interaction between
widowhood, neighborhood concentration of widowed individuals and mortality. This
limitation is partially offset by relatively stronger set of controls for morbidity conditions. To
the degree that the confounding effect of these omitted variables is not mediated by our
measures of baseline health, which substantially exceed the medical controls of other work on
the widowhood effect, our results may thus be biased. Without denying the importance of
omitted variable bias, we submit, however, that our results are remarkably robust to the
introduction of additional covariates beyond age, including to the introduction of controls for
health. This robustness of the widowhood effect has also been remarked upon repeatedly in
previous research (Elwert & Christakis, 2006; Martikainen & Valkonen, 1996a; Schaefer et
al., 1995), suggesting the effect modification due to neighborhood concentration of widowed
individuals is less likely to be spurious.

Second, data limitations obliged us to conceptualize ZIP code as the realization of
neighborhood context, and as such we were unable to consider more local geographies (e.g.,
block groups or Census tracts). At the same time, recent studies have suggested that ZIP-code-
level variables (which are more easily and routinely collected), recovered estimates that were
close to those observed at smaller levels of aggregation, such as Census tracts (Thomas, Eberly,
Davey Smith, & Neaton, 2006). Third, the covariate information available at the study, such
as prior health condition, was available only for baseline and was not time-varying. However,
it is likely that worsening health conditions over time is more likely to be mediator rather than
a confounder of the relationship between widowhood and mortality. Fourth, another data
limitation pertains to the lack of information on the quality of the marriage (both preceding
and during the course of the study period), and the length of the marriage prior to the study
period. Both are likely to be confounders of the observed relationship between individual
widowhood and mortality. Fifth, we assume that subjects were residents of the ZIP code where
they resided when the study began, and no mobility to other ZIP code occurred. While it is
possible that individuals move to a different ZIP code during follow-up, residential mobility
in old age is typically relatively limited (Claude, 2002).

Conclusions

Some 44% of women and 14% of men aged 65 years and older are widowed (U.S. Census
Bureau, 2007). Understanding how widowed individuals might possibly compensate for the
loss of the spouse and exploring new links therefore takes on special significance in view of
the non-trivial prevalence of widowhood. In recent years, there has been a substantial increase
in theorizing regarding neighborhoods as determinants of health outcomes (Kawachi &
Berkman, 2003; Kawachi & Subramanian, 2007; Sampson, 2003; Subramanian, Kubzansky,
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Berkman, Fay, & Kawachi, 2006), along with substantial empirical research (Diez Roux,
2001; O’Campo, 2003); yet there has not been much conceptual or empirical work looking at
ways that neighborhoods modify the effects of individual risk factors. Rather, the focus has
thus far been on estimating the main effect of neighborhood factors on health outcomes,
including mortality. Similar research trends dominate the field of research on the health
consequences of widowhood. By introducing a neighborhood or collective perspective to the
idea of widowhood effects, this study highlights the need to consider relationships with
neighbors, friends, and acquaintances established or renewed after the death of the spouse. It
suggests that neighborhood structural context — that provides opportunities for interacting with
others and favoring new social engagements — could be a potential modifier of the widowhood
effects and as such requires more systematic consideration in future research of widowhood
effects on well-being and mortality. An examination of how far social exposures (such as
widowhood) vary across individuals and across different contextual settings, such as
neighborhoods, is critical for improving our understanding of the specific pathways, through
which social exposures influence health. This study presents new evidence of contextual
variability in the effect of widowhood on mortality, showing that the widowhood effect may
depend in part on wider social contexts.
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Descriptive statistics (mean and percent) for a sample of elderly married couples in the United States, 1993

Variables Observations Mean/percent
Individual/couple N = 200,000
Mortality

Husband dies 104,316 52.2

Wife dies 65,279 32.6
Age

Husband 200,000 76.6 (5.7)

Wife 200,000 74.2 (5.3)

Wife > husband 42,152 22
Co-morbidities score

0 (Husband) 148,515 74.3

1 19,888 9.9

2 31,597 158

0 (Wife) 165,604 82.8

1 14,799 7.4

2 19,597 9.8
Days in hospital (1991-1992)

Husband 200,000 4.1(13)

Wife 200,000 3.3(12)
Race

White 191,577 95.8

Black 8423 4.2
Poverty

Non-poor couples 193,430 96.7

Poor couples 6570 3.3

Note: age and days in hospital (1991-1992) were included as continuous variables, and as such their mean (standard deviation) is shown in the above

table.

Soc Sci Med. Author manuscript; available in PMC 2009 December 8.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Subramanian et al. Page 16

Table 2

Mortality risk (expressed as odds ratio (OR) and 95% confidence interval (Cl)) for husbands and wives for
widowhood before and after adjusting for neighborhood concentration of widowhood individuals

Men Women

OR 95% ClI OR 95% ClI

Marital status (unadjusted for fraction widowed individuals)

Married 1 1

Widowed 1.18 1.16-1.20 1.16 1.14-1.18
Marital status (adjusted for fraction widowed individuals)

Married 1 1

Widowed 1.18 1.16-1.20 1.16 1.14-1.18

Note: all models include state, ZIP code, and individual random effects. Models also adjust for time-trends, age of the husbands and wives and the
difference, co-morbidities scores for husbands and wives, days in hospital for husbands and wives, race, and couple’s poverty status, and neighborhood
poverty.
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Table 3

Mortality risk (expressed as odds ratio (OR) and 95% confidence interval (Cl)) for husbands and wives for
neighborhood concentration of widowed individuals

Men Women
OR 95% ClI OR 95% ClI
Percent widowed individuals
Low concentration 1 1
High concentration 1.00 0.99-1.02 0.98 0.96-0.99
Percent widowers
Low concentration 1 1
High concentration 1.00 0.99-1.01 1.00 0.98-1.02
Percent widows
Low concentration 1 1
High concentration 1.00 0.99-1.02 0.97 0.96-0.99

Note: all models include state, ZIP code, and individual random effects. Models also adjust for time-trends, age of the husbands and wives and the
difference, co-morbidities scores for husbands and wives, days in hospital for husbands and wives, race, and couple’s poverty status. Effects associated
with percent widowed individuals, percent widowers, and percent widows were estimated separately, and each of these models additionally controlled
for percent poor in the ZIP-code.
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Table 4

Mortality risk (expressed as odds ratio (OR) and 95% confidence interval (Cl)) for men and women based on
the interaction between widowhood status at the individual level and neighborhood concentration of widowed
individuals at the ZIP-code level

Men Women

OR 95% ClI OR 95% ClI

Marital status and overall concentration of widowed individuals (any gender)
Mearital status

Married 1 1

Widowed 1.22 1.18-1.25 1.17 1.14-1.20
Percent widowed individuals

Low concentration 1 1

High concentration 1.01 1.00-1.03 0.99 0.97-1.01
Cross-level interaction

Marital status x% widowed individuals 0.96 0.93-0.99 0.99 0.96-1.02

Marital status and concentration of widowed men
Marital status

Married 1 1

Widowed 1.22 1.19-1.25 1.20 1.16-1.23
Percent widowers

Low concentration 1 1

High concentration 1.01 1.00-1.03 1.02 1.00-1.04
Cross-level interaction

Marital status x% widowed men 0.95 0.92-0.98 0.96 0.92-0.99

Marital status and concentration of widowed women
Marital status

Married 1 1

Widowed 1.22 1.19-1.25 1.18 1.14-1.21
Percent widows

Low concentration 1 1

High concentration 1.01 1.00-1.03 0.98 0.96-1.00
Cross-level interaction

Marital status x% widowed women 0.96 0.93-0.99 0.98 0.95-1.02

Note: the OR and 95% Cls are conditional upon state, ZIP code, and individual random effects. The models also adjust for time-trends, age of the husbands
and wives and the difference, co-morbidities scores for husbands and wives, days in hospital for husbands and wives, race, individual poverty status, and
ZIP-code-level poverty. Each of the cross-level interaction was separately estimated for men and women. The top panel labeled “Interaction test between
marital status and concentration of widowed individuals” presents the odds ratios for the main effects for individual marital status, percent widowed
individuals, and the interactions between the two. Similarly, the middle and the bottom panel consider concentration of widowers and widows, respectively,
instead of concentration of all widowed individuals.
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