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Caregivers have lower mortality rates than noncaregivers in population-based studies, which contradicts the
caregiver-stress model and raises speculation about selection bias influencing these findings. We examined possible
selection bias due to 1) sampling decisions and 2) selective participation amongwomen (baselinemean age = 79 years)
in theCaregiver-Study ofOsteoporotic Fractures (Caregiver-SOF) (1999–2009), an ancillary study to theStudy ofOsteo-
porotic Fractures (SOF). Caregiver-SOF includes 1,069 SOF participants (35% caregivers) from 4 US geographical
areas (Baltimore, Maryland; Minneapolis, Minnesota; the Monongahela Valley, Pennsylvania; and Portland, Oregon).
Participants were identified by screening all SOF participants for caregiver status (1997–1999; n = 4,036; 23% care-
givers) and rescreening a subset of caregivers and noncaregiversmatched on sociodemographic factors 1–2 years later.
Adjusted hazard ratios related caregiving to 10-year mortality in all women initially screened, subsamples representing
key points in constructing Caregiver-SOF, and Caregiver-SOF. Caregivers had better functioning than noncaregivers at
each screening. The association between caregiving and mortality among women invited to participate in Caregiver-
SOF (41% died; adjusted hazard ratio (aHR) = 0.73, 95% confidence interval (CI): 0.61, 0.88) was slightly more protec-
tive than that in all initially screened women (37% died; aHR = 0.83, 95% CI: 0.73, 0.95), indicating little evidence of
selection bias due to sampling decisions, and was similar to that in Caregiver-SOF (39% died; aHR = 0.71, 95%
CI: 0.57, 0.89), indicating no participation bias. These results add to a body of evidence that informal caregiving may
impart health benefits.

ancillary studies; caregiving; cohort studies; mortality; participation bias; selection bias; survival

Abbreviations: ADL, activities of daily living; aHR, adjusted hazard ratio; CI, confidence interval; IADL, instrumental activities of
daily living; RHR, relative hazard ratio; SOF, Study of Osteoporotic Fractures.

Theories of stress predict higher rates of adverse health out-
comes among caregivers versus noncaregivers due to the chronic
stress of caregiving (1). However, caregivers have lower mor-
tality rates than noncaregivers in most population-based studies
(2, 3), including the Caregiver-Study of Osteoporotic Fractures
(Caregiver-SOF) (4), an ancillary study to the Study of Osteo-
porotic Fractures (SOF) (5). These lower mortality rates may be
explained by caregivers keeping physically (6) and cognitively
(7) active and reaping psychological benefits from caregiving,
such as feeling valued and having a purpose in life (8). Yet they
also could be due to selection bias, which is a concern in pro-
spective studies of aging-related outcomes (9–11). In the current

study, we examined whether selection bias explained the protec-
tive relationship observed between caregiving and mortality
among older women participating in Caregiver-SOF.

In cohort studies, selection bias occurs when both exposure
(or predictors of exposure) and predictors of outcome status influ-
ence the probability of a participant’s being in the analytical sam-
ple (12). Selection bias can occur through sampling decisions
and selection procedures, such as decisions about exposure defi-
nitions or eligibility criteria (11, 13), or through participation fac-
tors, such as refusal or inability to take part in a study (14–17).
Significant differences in sociodemographic or health character-
istics of study participants and nonparticipants do not necessarily
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indicate selection bias, because thesemay have little or no impact
on associations of interest (14–18).

Selection bias from sampling decisions could have occurred
in Caregiver-SOF through inclusion and exclusion criteria and
through sample construction. In addition, as in any observational
study, participation factors could have induced selection bias.
Older adults whose physical or cognitive health is declining
may bemore likely to refuse to participate, or be unable to par-
ticipate, in prospective studies. If health status differentially
influenced selection or participation among caregivers and
noncaregivers, the observed caregiving-mortality association
would be expected to differ from that in the source population.
Although selection bias via these mechanisms is theoretically
possible, if selection pressures occurred equally in caregivers
and noncaregivers (i.e., the same proportions of caregivers
and noncaregivers did not participate), we would expect the
distribution of participants’ characteristics to differ between
the source population and the Caregiver-SOF sample, without
the caregiving-mortality association shifting.

To assess selection bias, exposure and outcome information
are needed for both nonparticipants and participants. Most
cohort studies lack information on nonparticipants, and thus
selection bias is generally examined in studies conducted
within population registries (11, 15, 16, 19, 20). Studies created
from existing prospective cohorts, such as Caregiver-SOF, pro-
vide an opportunity to evaluate selection bias. Data on health,
sociodemographic characteristics, and mortality were available
for all SOF participants screened for Caregiver-SOF, regardless
of whether they were invited to participate or agreed to partici-
pate in the study. These data allowed us to compare associations
between caregiving and mortality in the Caregiver-SOF sample
with that in the population from which the sample was drawn
(SOF) and in subsets of SOF representing key points in the crea-
tion of the Caregiver-SOF sample. Finally, reasons for noninclu-
sion were recorded, allowing us to distinguish different sources
of potential selection bias.

We hypothesized that the magnitude of the protective relation-
ship between caregiving and mortality over 10 years among all
initially screened SOF participants would be similar to that
among those SOF participants invited to participate in Caregiver-
SOF, that is, no selection bias due to sampling decisions.We also
hypothesized that themagnitude of this relationship in the sample
of invited participants (including those who declined to partici-
pate) would be similar to that in the Caregiver-SOF sample, that
is, no participation bias. In exploratory analyses, we examined
whether our matching procedure influenced results by comparing
results from a propensity-score–matched sample of participants
eligible for Caregiver-SOF with those observed in the Caregiver-
SOF sample.

METHODS

Study sample

Participants were drawn from SOF (5). The initial SOF sample
comprised 9,704 white women aged 65 years or older who were
recruited between 1986 and 1988 from 4 geographical areas of
the United States: Baltimore County, Maryland; Minneapolis,
Minnesota; Portland, Oregon; and the Monongahela Valley,
Pennsylvania. Women were excluded if they were unable to

walk without help or had a history of bilateral hip replace-
ment. At SOF visit 6 (1997–1999), a cohort of 662 African-
American women with functional characteristics similar to
those of the baseline SOF sample was added. For all partici-
pants, follow-up examinations were conducted at approxi-
mately 2- to 4-year intervals.

Caregiver-SOF subsample

Initial screening. The Caregiver-SOF sample was identified
from SOF in 2 stages: initial screening and telephone rescreen-
ing, described elsewhere (Figure 1) (21). The initial screening
took place at SOF visit 6, during which a Caregiver Screening
Questionnaire was administered in person to all SOF participants
in order to classify caregiver status. The questionnaire asked parti-
cipants if they were currently helping a relative or friend with any
of 7 activities of daily living (ADL) (walking across a room,
grooming, transferring from bed to chair, eating, dressing, bath-
ing, or using the toilet) (22) or 7 instrumental activities of daily
living (IADL) (using the telephone, getting to places farther than
walking distance, shopping, preparing meals, managing medi-
cations, managing finances, or doing heavy housework) (23)
because that person was physically, cognitively, or psycholog-
ically unable to perform the task independently. Of the 4,036
SOF participants initially screened for Caregiver-SOF, 930
(23%) reported helping 1 or more person with at least 1 ADL
or IADL task without pay and were categorized as caregivers;
3,106 did not help anyone with ADL or IADL tasks and were
categorized as noncaregivers.

Rescreening and Caregiver-SOF enrollment. Starting in
1999 (upon National Institutes of Health funding for Caregiver-
SOF), all caregivers identified at the initial screening were re-
screened by telephone to determine whether they were still
caregivers; 841 (90%) of the 930 initial caregivers were re-
screened. For each caregiver who was rescreened, a subset of
noncaregivers identified at the initial screening was matched on
SOF site, age, race (white or African-American), and zip code.
Participants from each matched set were rescreened until 1–2
whowere still noncaregivers agreed to participate in Caregiver-
SOF. Of the 3,106 initial noncaregivers, 2,438 (79%) were
included in matched sets and 1,890 (78% of those matched)
were rescreened. Reasons why participants were not rescreened,
such as death or refusal, were documented (Figure 1).

All participants who were classified as current caregivers
at rescreening were invited to participate in Caregiver-SOF.
This included 348 women who were caregivers at both initial
screening and rescreening (41% of initial caregivers who
were rescreened) and 142 initial noncaregivers who met the
criteria for being caregivers at rescreening (8.6% of initial
noncaregivers who were rescreened). Of the initial noncare-
givers who were identified as a potential match and rescreened,
1,653 (87.5%) remained noncaregivers, of whom 694 were not
invited to participate in Caregiver-SOF because another match
had agreed to participate. To avoid potential residual effects of
caregiving-related stress, noncaregivers were excluded if they
had been caregivers in the past 2 years. Of the 1,449 women
invited to participate, 375 caregivers and 694 matched noncare-
givers (76.5% and 72.4% of caregivers and noncaregivers
invited to participate, respectively) agreed to participate in
Caregiver-SOF.
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Subset samples for analyses

We assessed multiple samples representing various stages
in the creation of the Caregiver-SOF sample (Figure 1). These
samples were: SOF participants who were initially screened
(n = 4,036), participants who were selected for the telephone
rescreening (n = 3,368; the “recontacted subset”), those who
completed the rescreening (n = 2,731; the “rescreened subset”),
those who met the eligibility criteria (n = 2,143; the “eligible
subset”), those invited to participate in Caregiver-SOF (n =
1,449; the “invited subset”), and the Caregiver-SOF sample
(n = 1,069).

SOF and Caregiver-SOF were approved by the institutional
review board at each SOF site. Caregiver-SOF also received
institutional review board approval from Boston University

Medical Center (Boston, Massachusetts). All participants pro-
vided written informed consent.

Measures

Measures came from SOF, the initial Caregiver Screening
Questionnaire, and the telephone rescreening interview.

Caregiving status. At each stage in screening and sample
creation, participants were categorized as caregivers if they
currently helped one or more persons with at least 1 ADL or
IADL task without pay, and as noncaregivers otherwise.

Mortality. All-cause mortality was assessed within 10 years
of the initial screening date and (if applicable) the rescreening
date. Per the SOF protocol, participants were contacted every
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Noncaregivers

(n = 3,106)
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Noncaregivers
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(n = 1,748)
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Cognitively impaired (n = 97)

Terminated from SOF (n = 21) 
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 participant (n = 57)
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Figure 1. Creation of the Caregiver-Study of Osteoporotic Fractures (Caregiver-SOF) sample from participants in the Study of Osteoporotic Frac-
tures (SOF), 4 US geographical areas (Baltimore, Maryland; Minneapolis, Minnesota; Monongahela Valley, Pennsylvania; and Portland, Oregon),
1997–2009.
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4 months. Death certificates were obtained by investigators at
each SOF site for persons who had died, as described elsewhere
(24). Follow-up for vital status was 99% complete.

Covariates. Covariates included SOF site, age at initial
screening and rescreening, race (white or African-American),
and educational level (attended college vs. less education, as-
sessed at SOF visit 1). Marital status was assessed at SOF visit
4 (i.e., 2–4 years before the start of follow-up) for the original
cohort and at visit 6 for African-American participants.

Health and functioning characteristics were measured at
SOF visit 6. Women reported whether they had difficulty per-
forming each of 5 IADLs (walking 2 or 3 blocks, climbing up
10 steps without stopping/resting, preparingmeals, doing heavy
housework, shopping for groceries or clothes, and walking
down 10 steps) and were classified as having 1 or more IADL
limitations versus none. Walking speed (m/second) was based
on the time required to walk 6 m at a usual pace, averaged over
2 trials (25). Chair stand speed (seconds) was defined as the
amount of time needed to rise from a chair 5 times without
using one’s arms. The grip strength of the dominant hand (kg)
was measured as the average of 2 trials involving pressing a
hand-held dynamometer. These performance-based items have
high interrater reliability (r = 0.70, r = 0.93, and r = 0.84, re-
spectively) (25). Interviewers also administered a Modified
Mini-Mental State Examination, a brief assessment of general
cognition with components for orientation, concentration, lan-
guage, praxis, and immediate and delayed memory. Scores
range from 0 to 26, with higher scores representing better cogni-
tive functioning (26, 27). Physical and cognitive performance-
based items were categorized as either unable to complete,
below themedian value, or at or above the median value.

Participants reported whether they had ever been diagnosed
with the following conditions: stroke, diabetes, heart disease, Par-
kinson disease, chronic obstructive pulmonary disease/emphy-
sema, and hypertension. Members of the original cohort reported
whether they had ever been diagnosed with these conditions at
visit 4 and whether they had been diagnosed since their last inter-
view at visit 6. The African-American cohort reported at visit 6
whether they had ever been diagnosedwith these conditions.

Analyses

We compared distributions of sociodemographic and health
variables, using χ2 tests for categorical variables and t tests for
continuous variables.We used Cox proportional hazards model-
ing to calculate adjusted hazard ratios and 95% confidence
intervals for death within 10 years among caregivers versus
noncaregivers for all samples. For each sample, we analyzed
2 models. The first model adjusted for matching variables used
to create the Caregiver-SOF sample, excluding zip code (SOF
site, age, and race). The second (i.e., fully adjustedmodel) addi-
tionally controlled for education, physical and cognitive perfor-
mance, IADL limitations, and the presence of one or more of
3 comorbid conditions that were associated with both care-
giving status and mortality: chronic obstructive pulmonary
disease/emphysema, Parkinson disease, and history of heart
disease.

We calculated e-values using the “EValue” package (28) in
R Studio, version 3.4.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria), correcting for mortality being a common

outcome (29). E-values indicate the magnitude of the associa-
tion a hypothetical unmeasured confounder would need to
have with both caregiver status and mortality in order to make
their observed association null.

Alternate sample based on propensity score matching.
Wecreated an alternate sample using propensity scorematching.
The sample was drawn from the eligible subset (n = 2,143),
augmented with 21 noncaregivers who were rescreened after
enrollment ended but met eligibility criteria, and 580 of the 668
initially screened participants who were not recontacted because
another noncaregiver from the same matched set agreed to par-
ticipate. These 580 participants were added because SOF data
indicated that they would have been alive, not cognitively
impaired, and participating in SOF at the time of rescreening.
We assumed that they would not have refused rescreening or
changed caregiver status between initial screening and rescreen-
ing. The other 88 participants were excluded from these analyses
because they died before the date on which they were added to a
matched set (n = 20), theirModifiedMini-Mental State Examina-
tion score at visit 6was less than 20, indicating probable cognitive
impairment (n = 66), or their last date of follow-up was before
the date on which they were added to a matched set (n = 2).
Adding these noncaregivers to the eligible subset resulted in
2,744 participants (490 caregivers and 2,254 noncaregivers).

For these 2,744 participants, we used logistic regression,
including all variables in the fully adjusted model described
above, to calculate propensity scores predicting the probability
of being a caregiver. We applied this model separately for each
SOF site. On the basis of propensity scores and caregiver status,
all caregivers were then matched with 2 noncaregivers. Follow-
ing previous studies, we ran a greedy propensity score matching
algorithm (2, 30) 2 consecutive times using a macro (31) written
for use in SAS (version 2.4.15; SAS Institute, Inc., Cary, North
Carolina). We repeated the use of Cox proportional hazards
models in our analyses of the propensity-score–matched sample.

Relative hazard ratios. We calculated relative hazard
ratios and 95% confidence intervals (16, 20) to quantify the
overall estimated amount of selection bias, the amount due to
sampling decisions, and the amount due to participation factors.
To assess selection bias overall and that due to sampling deci-
sions, we compared the adjusted hazard ratios for the Caregiver-
SOF sample and the invited subset, respectively, with the
adjusted hazard ratio for the initially screened sample. To assess
participation bias, we compared the adjusted hazard ratio for the
Caregiver-SOF sample with that for the invited subset.

All analyses other than e-value calculation were con-
ducted using SAS, version 9.4.

RESULTS

Among the 4,036 initially screened SOF participants, care-
givers were slightly younger than noncaregivers (mean ages at
initial screening were 79.0 years and 79.4 years, respectively)
(Table 1). Among the 1,069 Caregiver-SOF participants, care-
givers were slightly younger than noncaregivers at rescreening
(mean ages were 81.3 years and 81.8 years, respectively).
Approximately 90% of each sample was white. Caregivers
comprised 23.0% of the initially screened sample, 33.8% of
the invited subset, and 35.1% of the Caregiver-SOF sample.
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Across all samples, caregivers were slightly younger and less
likely to be white and college-educated than noncaregivers.
Caregivers had fewer IADL limitations and better functioning
than noncaregivers on all performance-based measures and the
ModifiedMini-Mental State Examination.

Reasons why caregivers and noncaregivers identified at
initial screening were not rescreened included death (2.4%
and 5.8%, respectively), cognitive impairment (1.5% and
4.0%, respectively), and refusal to be rescreened (1.8% and
6.0%, respectively) (Figure 1). Among those rescreened,
53.0% of caregivers and 3.5% of noncaregivers were ineligi-
ble. Among eligible noncaregivers, 42.0% were not invited
because of their matched caregiver not participating. Overall,
26.2% of all invited individuals declined to participate in
Caregiver-SOF.

Caregiver status andmortality

In the initially screened sample, caregivers had a signifi-
cantly lower hazard ofmortality than noncaregivers, adjusting for
matching variables and other covariables (adjusted hazard ratio
(aHR) = 0.83, 95%confidence interval (CI): 0.73, 0.95) (Table2).
Adjusted hazard ratios were similar in the recontacted subset and
the rescreened subset. However, this association was slightly
more protective in the eligible subset, the invited subset, and the
Caregiver-SOF subset (e.g., aHR = 0.71 (95%CI: 0.57, 0.89) in
the Caregiver-SOF sample). The proportional hazards assump-
tion was not violated in any models, based on a nonsignificant
interaction of caregiver status with time in the adjustedmodels.

The propensity-score–matched sample contained 1,406 par-
ticipants (34.4% caregivers). Confounders were balanced in

Table 1. Characteristics (%) of Caregivers and NoncaregiversWith Various Characteristics at Key Points in the
Creation of the Caregiver-SOF Participant Sample, 4 USGeographical Areas (Baltimore, Maryland; Minneapolis,
Minnesota; Monongahela Valley, Pennsylvania; and Portland, Oregon), 1997–2009

Characteristic

Initially Screened
(n = 4,036)a

Invited Subset
(n = 1,449)b

Caregiver-SOFGroup
(n = 1,069)b

Caregiver
(n = 930)

Noncaregiver
(n = 3,106)

Caregiver
(n = 490)

Noncaregiver
(n = 959)

Caregiver
(n = 375)

Noncaregiver
(n = 694)

Age, yearsc 79.0 (4.0) 79.4 (4.0) 81.3 (3.7) 81.9 (3.7) 81.3 (3.6) 81.8 (3.7)

Race

White 88.2 90.8 87.1 88.6 88.0 88.5

African-American 11.8 9.2 12.9 11.4 12.0 11.5

>12 years of education 56.2 61.5 57.5 62.1 56.5 60.8

Marriedd 47.5 37.9 56.9 38.3 57.1 39.7

Needing help with≥1 ADL
or IADL

38.6 46.0 36.1 43.4 34.9 43.7

Functioning at or better than
mediane

Chair stand time 45.6 47.7 44.1 43.9 43.1 43.8

Usual walking speed 56.2 48.4 61.2 54.0 62.4 54.3

Grip strength 55.3 46.9 57.1 50.0 57.6 49.0

Mental status 71.9 64.8 73.7 72.2 76.8 74.2

Usual walking speed
≥1 m/secondf

35.1 30.6 38.8 34.1 40.8 34.9

Parkinson disease 1.0 1.1 0.8 0.6 0.5 0.4

Emphysema/chronic
obstructive pulmonary
disease

11.0 13.4 10.2 13.8 10.1 13.8

Heart disease 8.5 9.5 9.4 9.7 9.3 10.1

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; SOF, Study of Osteopo-
rotic Fractures.

a In the initially screened participants, caregiver status and age are asmeasured at initial screening.
b In the invited subset and the Caregiver-SOF sample, caregiver status and age are asmeasured at rescreening.
c Values for age are expressed asmean (standard deviation).
d Data on current marital status were missing for 13% of initially screened women, 11% of women in the invited

subset, and 10% of women in the Caregiver-SOF sample. The statistics reported are for those participants for whom
this information was available.

e Participants who were unable to complete functional performance measures were considered to have below-
median functioning.

f Participants who were unable to complete the walking assessment were considered to have a walking speed of
<1m/second.
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this sample; thus, caregivers and noncaregivers did not differ
meaningfully with regard to any covariates (see Web Table 1,
available at https://academic.oup.com/aje). Caregivers had a
lower hazard of mortality than noncaregivers (aHR = 0.77,
95% CI: 0.64, 0.93) (Table 2), falling between that of the ini-
tially screened sample and the Caregiver-SOF sample.

Based on the e-value results, an unmeasured confounder
would need to be associated with both caregiving andmortality
by a risk ratio of 1.51–1.85 (depending on the subsample) to
increase the adjusted protective association to the null value of
1.00 (Web Table 2).

Quantification of potential selection bias

Relative hazard ratios comparing caregiver-mortality as-
sociations in the Caregiver-SOF sample with the initially
screened sample indicated little evidence of overall selection
bias (relative hazard ratio (RHR) = 0.86, 95% CI: 0.72, 1.02)
(Table 3). The association in the invited subset was only slightly
smaller than that in the initially screened sample (RHR = 0.88,
95% CI: 0.77, 1.00), indicating little evidence of selection
bias due to sampling decisions. It was similar to that in the
Caregiver-SOF sample (RHR = 0.97, 95% CI: 0.86, 1.10),
indicating no participation bias.

DISCUSSION

Among older women participating in Caregiver-SOF, we
found little evidence that selection bias accounted for lower
rates of mortality in caregivers compared with noncaregivers.

The hazard ratio for invited participants was only slightly dif-
ferent from that in initially screened SOF participants, and the
relative hazard ratio was not statistically significant, indicating
little evidence of selection bias due to sampling decisions. Simi-
lar hazard ratios in analyses among women invited to participate
in Caregiver-SOF and the final Caregiver-SOF sample indicated
no bias due to participation factors. Thus, our hypothesis of
no selection bias introduced at various critical points of study
design and sample creation was largely supported.

One sampling decision that could have introduced bias was
the exclusion of women who stopped caregiving between the
initial screening and rescreening. In making this decision, we
aimed to minimize residual health effects of caregiving-
related stressors and to ensure correct classification of care-
giver status in Caregiver-SOF. However, this resulted in our
sample being predominantly a sample of long-term caregivers
and it may have excluded noncaregivers who were healthy
enough to perform caregiving tasks, thereby producing a slightly
more protective hazard ratio. Additionally, matching noncare-
givers to caregivers on age may have introduced bias. Because
caregivers were generally younger than noncaregivers, this
might have excluded the oldest noncaregivers, who had the
highest risk of mortality.

Our results corroborate findings from other cohort studies
that assessed possible participation bias, such as studies of
cardiovascular risk factors (14) and the health effects of labor
market activity (17). Our results extend these findings to
assessment of selection bias due to sampling decisions. Pre-
vious studies (10, 32) documented reasons for noninclusion
but did not evaluate whether these reasons biased study results.

Table 2. Relationship BetweenCaregiving Status andMortality AmongSOFParticipants at Different Stages in the
Construction of theCaregiver-SOFSample, 4 USGeographical Areas (Baltimore, Maryland; Minneapolis,
Minnesota; Monongahela Valley, Pennsylvania; and Portland, Oregon), 1997–2009

Caregiver-SOF Sample Construction No. in
Samplea

% of
Deathsb

Model Adjusting for
Matching Variablesc

Fully Adjusted
Modeld

aHR 95%CI aHR 95%CI

Initially screened 4,036 36.6 0.75 0.65, 0.85 0.83 0.73, 0.95

Recontacted subset 3,368 35.9 0.75 0.66, 0.86 0.84 0.73, 0.96

Rescreened subset 2,731 42.0 0.80 0.70, 0.91 0.84 0.74, 0.96

Eligible subset 2,143 42.9 0.69 0.58, 0.81 0.73 0.61, 0.87

Invited subset 1,449 40.5 0.70 0.58, 0.84 0.73 0.61, 0.88

Caregiver-SOF sample 1,069 38.6 0.67 0.54, 0.83 0.71 0.57, 0.89

Propensity-score–matched samplee 1,406 36.6 0.77 0.64, 0.93

Abbreviations: aHR, adjusted hazard ratio; Caregiver-SOF, Caregiver-Study of Osteoporotic Fractures; CI, confi-
dence interval; SOF, Study of Osteoporotic Fractures.

a Between 0.6% and 1.2% of the samples were missing data on 1 or more covariates and were thus excluded
from the analysis.

b For the initially screened, the recontacted subset, and the rescreened subset, modeling of caregiving status at
initial screening and death within 10 years of initial screening. For the eligible subset, the invited subset, the
Caregiver-SOF sample, and the propensity-score–matched sample, modeling of caregiving status at rescreening
and death within 10 years of rescreening.

c Matching variables included age, race, and zip code.
d Results were adjusted for age at the start of follow-up, race, educational level, SOF site, impairments in instru-

mental activities of daily living, physical and cognitive performance measures, and the presence of 1 or more of the
following: chronic obstructive pulmonary disease/emphysema, Parkinson disease, and history of heart disease.

e No additional covariates were adjusted for in the fully adjustedmodel.
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The detailed tracking of SOF participants in the initially
screened sample allowed us to differentiate sampling deci-
sions from participation factors that might have led to selec-
tion bias and to create subsets for evaluating potential bias at
each stage in this process. Such documentation could be use-
ful in future cohort studies in which selection bias may be a
concern.

The propensity-score–matched sample allowed us to evaluate
whether matching procedures introduced bias. Propensity score
matching is used to minimize bias and confounding in obser-
vational studies (2, 33). Similar results in the Caregiver-SOF
sample and the propensity-score–matched sample provide
support that our matching approach did not create selection
bias.

These results are consistent with those of studies that
found lower risk of mortality in older caregivers than in non-
caregivers (34), and they support the “healthy caregiver”
hypothesis (4). This hypothesis proposes that caregiving im-
parts health benefits, similar to the salutary health effects of
volunteering (35, 36). Our results suggest that factors inher-
ent to caregiving, not to selection of study participants, prob-
ably account for caregivers’ survival advantage.

Our conclusions must be considered in light of several lim-
itations. First, selection factors may have influenced our source
population. SOF participants who attended visit 6 might have
been healthier and younger than those who were unable to
engage in this visit. Comparing SOF visit 6 participants with
the broader source population (all older community-dwelling
women) would provide valuable insight, but we lacked data for
this comparison. Second, our methods for quantifying selection
bias did not account for potential residual confounding in the
comparison populations (i.e., the denominator of each relative
hazard ratio). Adjusting for age and physical and cognitive per-
formance probably adjusted for the strongest confounders in
each sample. However, we could not adjust for depression or
marital status because these variables were not assessed at visit

6 for all participants. We determined that a hypothetical unob-
served confounder would need to be moderately associated
with both caregiving and mortality (changing each by 57%–

77%, depending on the subsample) in order to nullify the pro-
tective associations observed. Moreover, we conducted a sensi-
tivity analysis controlling for our marital status variable (which
had a high degree of missingness and likely misclassification);
the hazard ratios for caregiver status did not change in any sam-
ple. Third, despite having mortality and demographic informa-
tion on nonparticipants, we lacked some information on the 668
noncaregivers who were not recontacted; for propensity score
analyses, we used available SOF data to predict who would
have been rescreened, but we lacked data with which to verify
these predictions. Fourth, the SOF sample was comprised of
primarily white and healthy older women; our results may have
limited generalizability to other sociodemographic groups.

Nonetheless, our study had somemethodological strengths.
Neither caregiving status at the start of Caregiver-SOF nor
mortality was likely to be misclassified. Participants were
categorized as caregivers or noncaregivers on the basis of the
same set of caregiving activities, rather than asking partici-
pants to self-identify as caregivers. In addition, misclassifica-
tion due to change in caregiver status was minimized by
assessing caregiving status at each point in creating the sam-
ple. Death certificates were used to assess mortality, making
outcome misclassification unlikely. Additionally, we com-
pared 2 methods of sample creation and quantified potential
bias via relative hazard ratios.

In conclusion, our results underscore the value of ancillary
studies for analyses of hard-to-measure biases like selection
bias. By reducing concerns about possible selection bias,
especially bias due to participation factors, our results add to
a body of evidence that involvement in informal caregiving
may impart health benefits for older adults. While the possi-
bility of residual confounding in each estimate remains,
validity is not likely to be affected by selection decisions.

Table 3. Relative Hazard Ratios Comparing Associations BetweenCaregiving Status andMortality in 3 Samples
of Participants From the Study of Osteoporotic Fractures, 4 USGeographical Areas (Baltimore, Maryland;
Minneapolis, Minnesota; Monongahela Valley, Pennsylvania; and Portland, Oregon), 1997–2009

Type of Bias Assessed and Comparison

Model Adjusting for
Matching Variablesa Fully AdjustedModelb

RHR 95%CI RHR 95%CI

Overall selection bias

Caregiver-SOF vs. initially screened 0.89 0.75, 1.07 0.86 0.72, 1.02

Selection bias due to sampling decisions

Invited subset vs. initially screened 0.93 0.82, 1.06 0.88 0.77, 1.00

Participation bias

Caregiver-SOF vs. invited subset 0.96 0.85, 1.08 0.97 0.86, 1.10

Abbreviations: Caregiver-SOF, Caregiver-Study of Osteoporotic Fractures; CI, confidence interval; RHR, relative
hazard ratio; SOF, Study of Osteoporotic Fractures.

a Matching variables included SOF site, age, race, and zip code.
b Results were adjusted for age, race, educational level, SOF site, impairments in instrumental activities of daily

living, and physical and cognitive performancemeasures.
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