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Background. Informal caregiving is common for older women and can negatively affect health, but its impact on
physical function remains unclear. Using inverse probability weighting methods, we quantified the association of car-
egiving with physical function over 6 years.

Methods. Study participants were 5,649 women aged 65 years and older at baseline of the Woman’s Health Initiative
Clinical Trial (multicenter recruitment, 1993-1998) with complete caregiving data and function at baseline and at least
one follow-up. Caregiving was self-reported (low-frequency if <2 times per week and high-frequency if >3 times per
week). Performance-based measures of physical function including timed walk (meters/second), grip strength (kilo-
grams), and chair stands (number) were measured at baseline and years 1, 3, and 6. Associations and 95% confidence
intervals of baseline caregiving with physical function were estimated by generalized estimating equations with inverse
probability weighting by propensity and attrition scores, calculated by logistic regression of baseline health and demo-
graphic characteristics.

Results. Over follow-up, low-frequency caregivers had higher grip strength when compared with noncaregivers
(mean difference = 0.63 kg, confidence interval: 0.24, 1.01). There were no observed differences between high-frequency
caregivers and noncaregivers on grip strength or for either caregiver group when compared with noncaregivers on walk
speed or chair stands. Rates of change in physical function measures did not differ by caregiving status.

Conclusions. Caregiving was not associated with poorer physical function in this sample of older women. Low-
frequency caregiving was associated with better grip strength at baseline which persisted through follow-up. This study
supports the concept that informal caregiving may not have universally negative health consequences.
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AREGIVING has been associated with an increased

risk for poor mental health and quality of life, par-
ticularly when caregiving circumstances are stressful (1,2).
Stressful conditions are often related to more frequent pro-
vision of care and to greater disability in the care recipient
(2,3). The psychological and physical stresses of caregiv-
ing may lead to declines in physical health over time, and
therefore, greater frequency of care provision may indicate
greater risk for poor outcomes. However, studies have also
reported a beneficial effect of caregiving on physical health,
cognition, and mortality (4—-8). Caregiving may promote the
maintenance of physical function through regular physical
activity as part of daily care activities (5,9) and may provide
positive psychological benefits (10-12). Studies of infor-
mal caregiving have traditionally been grounded in stress
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frameworks that predict poor health outcomes from provi-
sion of caregiving and greater caregiving burden (13). In
contrast, the Healthy Caregiver Hypothesis posits that indi-
viduals who become and remain caregivers may be health-
ier and more physically robust, resulting in better health
outcomes for caregivers when compared with noncaregiv-
ers (4,9); this may be particularly true for those caregivers
providing more frequent care. Longitudinal research is nec-
essary to address this possibility (14).

Declines in physical function in older adults, particularly
women, have been shown to negatively affect health and
increase risk of disability (15,16). Assessments of the rela-
tion of caregiving with changes in physical function over
time are sparse and findings are inconsistent (5,9,17,18).
Low-frequency, but not high-frequency caregiving, was
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associated with poorer overall physical functioning over 2
years in a biracial cohort of older women (9). Caregiving
was also associated with incident mobility limitations in
older white, but not black, adults (5). In contrast, caregiving
was not associated with walking speed over 1 year follow-
up (17) or with incident frailty in a biracial cohort of adults
aged 65 years or older (18). These inconsistencies may be
due to different outcome measures, sample selection, or to
the observational nature of these studies. Studies using pop-
ulation-based samples have generally found a smaller effect
of caregiving on health outcomes relative to convenience
samples (2). Further, as caregiving status is not randomized,
differences in baseline characteristics of the caregivers and
noncaregivers may lead to biased effect estimates (19). In
addition, differential attrition through death or drop-out by
caregiver status may affect estimates (20).

We assessed changes in performance-based measures
of physical functioning among noncaregivers and low- or
high-frequency caregivers over 6 years using data from the
Women’s Health Initiative clinical trials. We used weight-
ing procedures to mitigate some of the inherent biases in
observational studies of exposures such as caregiving that
cannot be evaluated in intervention studies, including dif-
ferences in baseline characteristics and in loss to follow-
up (19,20). We hypothesized a decline in physical function
among caregivers relative to noncaregivers after accounting
for selection and attrition by weighting.

MATERIALS AND METHODS

Study Population

Performance-based physical function tests were admin-
istered to a 25% subsample (n = 5,962) of women aged
65-80 years at baseline of the Women’s Health Initiative
clinical trial cohort (n = 27,427) (21). Women’s Health
Initiative clinical trial participants were recruited at 40
clinical centers across the United States from 1993 to 1998
to participate in either a hormone therapy trial or a dietary
modification trial with an opportunity to join a calcium &
vitamin D trial offered a year later, as described previously
(22). Exclusion criteria were minimal, including conditions
with predicted survival of <3 years or that would interfere
with compliance (21). All women provided informed con-
sent and protocols were approved by appropriate institu-
tional review boards.

Women were excluded for incomplete data on caregiv-
ing or physical function at baseline (n = 144) or for no fol-
low-up data on physical performance (n = 169). The final
analytic sample included 5,649 women. Excluded women
were more likely to be black (p < .001), less educated
(p = .002), have more chronic conditions (p = .004), and be
obese (p = .008) than those who were included. There were
no differences between included and excluded women for
age, marital status, income, or living alone (all p > .05).

Excluded women who had data on caregiving status were as
likely to be caregivers as included women (p = .3); however,
excluded women who had baseline physical performance
measures performed more poorly than included women (all
p <.02).

Caregiving

Caregiving was assessed at baseline by the question:
“Are you now helping at least one sick, limited, or frail fam-
ily member, or friend on a regular basis?” Women providing
a “yes” answer to this question were defined as caregivers
for these analyses.

Those who self-reported as caregivers were asked how
many times a week care was provided. Participants could
respond as less than once a week, 1-2 times a week, 3—4
times a week, or 25 times a week. Caregiving frequency was
dichotomized at the median and defined as low-frequency if
reported as two or fewer times per week and high-frequency
if three or more times per week. A sensitivity analysis was
conducted using caregiving frequency dichotomized as
high if reported as 25 times a week (n = 553, 9.3% of the
sample).

Physical Functioning

Standard performance-based measures of physical func-
tioning were assessed at baseline and at years 1, 3, and
6. Timed walk, chair stand, and grip strength are reliable,
sensitive to change, and have predictive validity (15,23,24).

The average of two assessments was used for each meas-
urement. Timed walk was measured by stop watch in sec-
onds for the subject to complete a 6-m course. Walking
aids were used as necessary. Walking speed is reported in
meters/second. Grip strength was measured by a hand-grip
dynamometer with the dominant hand and was rounded up
to the nearest kilogram (kg). The chair stand test counted
the number of times the participant could rise in 15 seconds
from a straight-backed chair with arms folded. For each,
higher values indicate better physical function. In order to
remove implausible assessments, the top 2.5% of timed walk
and grip strength measurements were removed. Sensitivity
analyses were performed which included these participants
and results did not differ qualitatively from those presented
here. Participants who attempted the measures but were
unable to complete and participants who did not attempt
due to health and safety concerns were assigned a 0 for grip
strength and chair stands and the lowest observed value (0.1
m/s) for walk speed.

Assessment of Covariates

Demographic variables were self-reported at the screen-
ing or baseline visit and included age, self-identified race,
current marital status, highest educational achievement,
family income, and retirement status.
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History of the following diseases was self-reported at
screening or baseline visits: arthritis, asthma, any cancer,
cardiovascular diseases, diabetes, hypertension, osteoporo-
sis, stroke, and thyroid disease. Polypharmacy was defined
as daily use of five or more prescription and over-the-counter
assessed by in-person medication review. Body mass index
(kg/m?) was calculated using measured height and weight
and categorized using the World Health Organization stand-
ards, regardless of race (25): <25 =normal and underweight,
25.0-29.9 = overweight, >29.9 = obese. Smoking was cat-
egorized as current, past or never based on ever smoking at
least 100 cigarettes, and smoking now. Current alcohol was
assessed as none, less than one drink per week, or at least
one drink per week. Self-rated health was reported as excel-
lent, very good, good, fair, or poor.

Because study enrollment among the different Women’s
Health Initiative trials was not mutually exclusive, three
variables indicated enrollment in each: hormone therapy,
dietary modification, and the calcium & vitamin D.

Statistical Analysis

Demographic and health characteristics by caregiver sta-
tus were compared using analysis of variance for normally
distributed, continuous variables, and by chi-square for
categorical ones.

We used inverse probability of treatment weighting by
propensity score to account for potential confounding on
background characteristics that may differ significantly
between caregivers and noncaregivers and that can predict
physical functioning (26). The propensity score represents
the probability of an individual receiving treatment (being
a caregiver) based on baseline characteristics. Weighting by
the inverse probability of treatment creates an artificial sam-
ple in which the measured baseline covariate distribution is
independent of treatment assignment (27).

We used inverse probability of attrition weighting to
account for additional bias that may arise if individuals who
were missing a visit or died differed systematically in char-
acteristics related to functional status (20,28). Individuals
who remain in the study and are similar to those who do not
continue are assigned higher weights to compensate loss to
drop out or death. See Supplementary Material for details of
treatment and attrition weight calculation.

Regression Analyses

We used separate generalized estimating equations to
model the linear associations of each physical function
measure with caregiving status over the 6-year follow-up
(29). Analyses were weighted on the inverse probabil-
ity of treatment and attrition and were adjusted for study
enrollment. Interactions between caregiver status and time
on study were assessed to determine whether the slope of
change in physical function differed by caregiver status. In a

sensitivity analysis, high-frequency caregiving was defined
as only providing care >5 times per week. All analyses were
completed using SAS 9.3.

REsuLTS

Noncaregivers, low-frequency caregivers, and high-fre-
quency caregivers differed on a number of demographic and
health characteristics. Low-frequency caregivers were less
likely than noncaregivers to be married (50.7% vs 56.7%;
p < .001), whereas high-frequency caregivers were more
likely to be married (64.6%; p < .001) (Table 1). High-
frequency caregivers had a higher prevalence of most chronic
diseases (asthma, diabetes, hypertension, stroke, cancer, car-
diovascular disease; some data shown in Table 1) when com-
pared with noncaregivers or low-frequency caregivers. The
notable exception was osteoporosis which was most common
in noncaregivers. There were no differences (p = .2) in race
by caregiver status with 86.2% of the sample being white.

Complete data for all follow-up visits was available for
3,910 women (69.2%). Follow-up on two of the three visits was
available for an additional 1,210 women (21.4%). Attrition by
death was low with 322 women (5.7%) dying during follow-
up and did not differ by caregiver status (p =.2). Follow-up by
caregiver status is detailed in Supplementary Table.

Physical Function

Unweighted baseline walking speed and chair stands did
not differ by caregiver status (Table 1). Low-frequency car-
egivers had slightly higher grip strength at baseline (mean
[SD] = 23.2kg [5.4]) when compared with high-frequency
caregivers (mean [SD] = 22.5kg [5.5]; p = .004) or noncar-
egivers (mean [SD] = 22.9kg [5.4]; p = .05). On average,
women declined in all function measures over follow-up
(mean for whole sample [SD]: walking speed = —0.1 m/s
[0.3]; grip strength =—3.3kg [5.3]; chair stands =—-0.4 [1.9]).

In regression analyses with inverse probability weighting,
we observed no differences in the average walking speed or
number of chair stands between caregiver groups during the
follow-up period (Table 2). Average grip strength also did not
differ between noncaregivers and high-frequency caregivers
over follow-up. However, low-frequency caregivers had sig-
nificantly higher grip strength on average relative to noncar-
egivers over 6 years (mean difference = 0.63, 95% confidence
interval: 0.24, 1.01). Caregiver status by time interactions
were not significant, indicating that the rate of change from
baseline in physical function did not differ by caregiver status
(all p 2 .2). Sensitivity analyses demonstrated that our results
were not qualitatively different using an alternate definition
of high-frequency caregiving (=5 per week; data not shown).

DiscussIoN
In an analysis of change in performance-based measures
of physical function over 6 years for over 5,600 women
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Table 1. Selected Baseline Characteristics of Women Aged 65 Years and Older From the Women’s Health Initiative
Clinical Trials by Caregiver Status

Total Noncaregiver Low-Frequency High-Frequency
(N =5,649) (N=3,511) Caregiver (N = 1,381) Caregiver (N = 757) p Value
Mean age (SD) 69.9 (3.7) 69.8 (3.7) 70.1 (3.8) 70.1 (3.7) .009
Mean walk speed (SD), m/s 1.09 (0.26) 1.09 (0.26) 1.08 (0.27) 1.10 (0.26) 4
Mean grip strength (SD), kg 229 (5.4) 229 (5.4) 23.2(5.4) 22.5(5.5) .01
Mean chair stands (SD), no. 6.4 (2.0) 6.4 (2.0) 6.4 (1.9) 6.4 (1.9) 7
N (%) N (%) N (%) N (%)

Marital status <.001

Never married 220 (3.9) 122 (3.5) 86 (6.2) 12 (1.6)

Divorced/separated 739 (13.1) 458 (13.1) 196 (14.2) 85 (11.2)

Widowed 1,500 (26.7) 931 (26.7) 398 (28.8) 171 (22.6)

Married/cohabitating 3,165 (56.3) 1,976 (56.7) 700 (50.7) 489 (64.6)
Education <.001

<High school 283 (5.0) 168 (4.8) 62 (4.5) 53 (7.0)

High school diploma 990 (17.6) 652 (18.7) 201 (14.6) 137 (18.2)

At least some college 4,341 (77.4) 2,659 (76.5) 1,117 (80.9) 565 (74.9)
Income <.001

<$50,000 3,974 (75.2) 2,432 (74.6) 1,032 (79.1) 510 (70.5)

$50-74,999 827 (15.6) 520 (16.0) 180 (13.8) 127 (17.6)

$75-99,999 263 (5.0) 178 (5.4) 57 (4.4) 28 (3.9)

>$100,000 223 (4.2) 129 (4.0) 36 (2.7) 58 (8.0)
Retired 4,035 (77.1) 2,442 (75.8) 1,033 (79.8) 560 (78.2) .01
Smoking <.001

Never 3,134 (56.1) 1,877 (54.0) 836 (61.6) 421 (56.4)

Former 2,199 (39.4) 1,443 (41.5) 462 (34.0) 294 (39.4)

Current 250 (4.5) 159 (4.6) 60 (4.4) 31(4.2)
Diabetes 329 (5.8) 241 (6.9) 35(2.5) 53 (7.0) <.001
Osteoporosis 506 (9.1) 353 (10.3) 95 (7.0) 58 (7.8) <.001
Asthma 386 (7.0) 231 (6.7) 73 (5.4) 82 (11.0) <.001
Obesity status <.001

Underweight/normal 1,836 (32.8) 1,125 (32.3) 497 (36.4) 214 (28.5)

Overweight 2,104 (37.6) 1,397 (40.2) 474 (34.7) 233 (31.1)

Obese 1,655 (29.6) 957 (27.5) 395 (28.9) 303 (40.4)

Note: SD = standard deviation.

Table 2. Mean Differences in Measures of Physical Function Over 6 Years for Women Aged 65 Years and Older in the Women’s Health
Initiative Clinical Trials (n = 5,649)

Walk Speed (m/s)

Grip Strength (kg) Chair Stands (no.)

Mean Difference 95% CI Mean Difference 95% CI Mean Difference 95% CI
Noncaregiver Ref Ref Ref
Low-frequency caregiver 0.0032 -0.12,0.019 0.63 0.24,1.01 -0.12 -0.26, 0.028
High-frequency caregiver 0.013 —-0.0060, 0.033 —-0.11 -0.57,0.35 0.022 -0.17,0.22

Notes: Analyses used inverse proportional weights from propensity scores of caregiving at baseline and for differential attrition and were adjusted for study

enrollment. CI = confidence interval.

aged 65 years and older, we found no differences in walking
speed or chair stands by caregiver status. In contrast, grip
strength was slightly higher on average at baseline in low-
frequency caregivers when compared with noncaregivers
which persisted throughout follow-up. Rate of change for
physical function was not associated with caregiver status.
Consistent with the healthy caregiver hypothesis, we
observed higher grip strength for low-frequency caregivers
when compared with noncaregivers. We do not have data to
determine whether physical function differed prior to onset
of caregiving. If low-frequency caregiving has a true positive

association with grip strength, it may be that this benefit
was experienced by the time of enrollment in our study,
resulting in the observed baseline differences. Notably, no
other measures of physical function were associated with
low- or high-frequency caregiving; we did not hypothesize
differential effects on upper and lower extremity function.
However, upper and lower extremity function do not neces-
sarily track together. The absence of associations between
high-frequency caregiving and greater declines in physical
function indicate that a higher dose of caregiving, at least as
measured by frequency, may not result in poorer functional
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outcomes. High-frequency caregivers had a higher base-
line burden of chronic diseases, and it may be this higher
disease burden, rather than caregiving itself, that has led to
the positive associations seen in previous cross-sectional
analyses (2). Alternatively, the lack of association with
high-frequency caregiving may be the result of attenuation
associated with changes in caregiving status during follow-
up or effect modification by baseline health status.

In contrast to our results, a previous study reported declines
in physical performance over 2 years among caregivers to
individuals with low levels of disability when compared with
noncaregivers (9). At baseline, they also reported higher func-
tion for both low- and high-intensity caregivers when com-
pared with noncaregivers (9), whereas in this sample only grip
strength was significantly higher in low-frequency caregivers,
but not in high-frequency caregivers. Fredman and colleagues
(9) observed no significant association between caregiving
and functional decline when considering only baseline car-
egiver status, but did observe a decline among low-frequency
caregivers when changes in caregiver status over time were
considered. Other studies have indicated that caregiving does
not increase frailty (18) but is associated with incident mobil-
ity limitations (5), both of which are related to poor physical
function (30,31). In another study, stressful caregiving situa-
tions were not associated with changes in walking speed over
time, except among those with high metabolic risk scores (17).
We did not assess differences by baseline risk for functional
declines, but it is possible that declines occur only among car-
egivers already at high risk.

Our analyses attempted to account for potential biases
inherent in observational data. We accounted for nonrand-
omization of caregiving status by use of propensity score
weighting on baseline characteristics which might predis-
pose healthier individuals to take on the caregiver role,
thus influencing the association of caregiving and physical
function (32). We also attempted to account for differential
attrition, noting that previous studies have suggested that
caregivers may differ in mortality risk as compared to non-
caregivers (5,7,8). Caregiving duties may also reduce the
likelihood of returning for follow-up visits. Mortality and
attrition did not differ by caregiver status in this sample,
but differential mortality and loss to follow-up are common
in studies of older populations and the associated biases are
not trivial (28). Mortality may not have differed by caregiv-
ing status due to the low overall mortality rate in this study
(5.7%) when compared with other studies (20%—27%)
(5,7). The lower rate observed here may be due to a lower
age threshold for inclusion and a shorter follow-up.

This study was limited by a lack of data on the care recipi-
ent and the type of care provided. For example, previous
literature suggests that caring for those with dementia may
be more detrimental to physical health and functioning than
caring for nondemented individuals (2,17). In addition, fre-
quency of caregiving measured as times per week may not
reflect actual caregiver strain and/or stress which may be a

more relevant measure with regard to functional outcomes
(33). Previous studies have suggested that provision of more
frequent care is actually more representative of better health of
the caregiver rather than the stress of the caregiving situation
(1,7). If high-frequency provision of care does indicate better
health of the caregiver, then, consistent with our findings, we
would not have expected differences in physical function out-
comes for high-frequency caregivers once baseline health was
accounted for. Caregiver status was not updated at follow-up;
therefore, we could not assess functional change in relation
to changing caregiver status (9). Changes in caregiver status
may be positively associated with the outcome (32); thus, it is
difficult to predict the direction of any biases. Prior research
evaluated baseline as well as updated caregiver status and
found associations only with the updated status, but results for
baseline status were of similar magnitude as updated status
and trended towards significance (9). In contrast, we observed
effect sizes close to 0 in most of our models.

Furthermore, we did not assess possible psychological,
social, or cognitive effect modifiers or mechanisms by which
caregiving might influence physical function. Caregiving
may have measurable psychological and physiologic impacts
which could negatively affect physical function (2). However,
caregiving may also generate feelings of usefulness and altru-
ism and may increase physical activity during routine car-
egiving duties (34), all of which may improve mobility and
physical function (10). Our analytic sample was healthier and
had higher baseline physical function when compared with
excluded women; these associations may differ by baseline
health status (17). Finally, this study was limited to women
and may not apply to men. However, the majority of caregiv-
ers are women (35) and women are at increased risk for func-
tional declines when compared with men (16).

Informal caregiving is common with approximately 61.6
million individuals providing care to someone with a dis-
ability in the United States in 2009 (35). Determining the
effects that this may have on the individuals who provide
care is important in preventing adverse outcomes for both the
caregiver and the care recipient. In general, studies assess-
ing physical health and mortality in longitudinal analyses of
representative populations have found either no differences
or findings have been in favor of caregivers (2,5,7,8). This
study adds to the growing body of literature assessing the
relation of caregiving and physical function in older adults
and supports the concept that informal caregiving may not
have universally negative health consequences (2,36).

SUPPLEMENTARY MATERIAL
Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/

FunDING

This work was supported by the National Institute of Aging
(RO3AG031973) to YL.M. and by a training grant from the National
Institute of Aging (T32AG000181). The Women’s Health Initiative pro-
gram is funded by the National Heart, Lung, and Blood Institute, National


http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glu104/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glu104/-/DC1

CAREGIVING FREQUENCY AND PHYSICAL FUNCTION

Institutes of Health, U.S. Department of Health and Human Services

through

contracts HHSN268201100046C, HHSN268201100001C,

HHSN268201100002C, HHSN268201100003C, HHSN268201100004C,
and HHSN271201100004C.

CONFLICT OF INTEREST

None of the authors have any conflicts of interest to report.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Roth DL, Perkins M, Wadley VG, Temple EM, Haley WE. Family
caregiving and emotional strain: associations with quality of life in a
large national sample of middle-aged and older adults. Qual Life Res.
2009;18:679-688. doi:10.1007/s11136-009-9482-2

. Pinquart M, Sorensen S. Differences between caregivers and noncar-

egivers in psychological health and physical health: a meta-analysis.
Psychol Aging. 2003;18:250-267.

. Chappell NL, Reid RC. Burden and well-being among caregivers:

examining the distinction. Gerontologist. 2002;42:772-780.

. Bertrand RM, Saczynski JS, Mezzacappa C, Hulse M, Ensrud K,

Fredman L. Caregiving and cognitive function in older women:
evidence for the healthy caregiver hypothesis. J Aging Health.
2012;24:48-66. doi:10.1177/0898264311421367

. Fredman L, Cauley JA, Satterfield S, et al.; Health ABC Study

Group. Caregiving, mortality, and mobility decline: the Health,
Aging, and Body Composition (Health ABC) Study. Arch Intern Med.
2008;168:2154-2162. doi:10.1001/archinte.168.19.2154

. O’Reilly D, Connolly S, Rosato M, Patterson C. Is caring associated

with an increased risk of mortality? A longitudinal study. Soc Sci Med.
2008;67:1282-1290. doi:10.1016/j.socscimed.2008.06.025

. Brown SL, Smith DM, Schulz R, et al. Caregiving behavior is asso-

ciated with decreased mortality risk. Psychol Sci. 2009;20:488-494.
doi:10.1111/1.1467-9280.2009.02323 x

. Roth DL, Haley WE, Hovater M, Perkins M, Wadley VG, Judd S.

Family caregiving and all-cause mortality: findings from a population-
based propensity-matched analysis. Am J Epidemiol. 2013;178:1571—
1578. doi:10.1093/aje/kwt225

. Fredman L, Doros G, Ensrud KE, Hochberg MC, Cauley JA.

Caregiving intensity and change in physical functioning over a 2-year
period: results of the caregiver-study of osteoporotic fractures. Am J
Epidemiol. 2009;170:203-210. doi:10.1093/aje/kwp102

Gruenewald TL, Karlamangla AS, Greendale GA, Singer BH, Seeman
TE. Feelings of usefulness to others, disability, and mortality in older
adults: the MacArthur study of successful aging. J Gerontol B Psychol
Sci Soc Sci. 2007;62:P28-P37.

Goode KT, Haley WE, Roth DL, Ford GR. Predicting longitudinal
changes in caregiver physical and mental health: a stress process
model. Health Psychol. 1998;17:190-198.

Kim Y, Schulz R, Carver CS. Benefit-finding in the cancer caregiv-
ing experience. Psychosom Med. 2007;69:283-291. doi:10.1097/
PSY.0b013e3180417ct4

Pearlin LI, Mullan JT, Semple SJ, Skaff MM. Caregiving and the stress
process: an overview of concepts and their measures. Gerontologist.
1990;30:583-594.

Vlachantoni A, Evandrou M, Falkingham J, Robards J. Informal care,
health and mortality. Maturitas. 2013;74:114-118. doi:10.1016/j.
maturitas.2012.10.013

Onder G, Penninx BW, Lapuerta P, et al. Change in physical perfor-
mance over time in older women: the Women’s Health and Aging
Study. J Gerontol A Biol Sci Med Sci. 2002;57:M289-M293.

Leveille SG, Penninx BW, Melzer D, Izmirlian G, Guralnik JM. Sex
differences in the prevalence of mobility disability in old age: the
dynamics of incidence, recovery, and mortality. J Gerontol B Psychol
Sci Soc Sci. 2000;55:541-S50.

Fredman L, Doros G, Cauley JA, Hillier TA, Hochberg MC.
Caregiving, metabolic syndrome indicators, and l-year decline in

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

215

walking speed: results of Caregiver-SOF. J Gerontol A Biol Sci Med
Sci. 2010;65:565-572. doi:10.1093/gerona/glq025

Park-Lee E, Fredman L, Hochberg M, Faulkner K. Positive affect and
incidence of frailty in elderly women caregivers and noncaregivers:
results of caregiver-study of osteoporotic fractures. J Am Geriatr Soc.
2009;57:627-633. doi:10.1111/j.1532-5415.2009.02183.x

. Rosenbaum PR, Rubin DB. The central role of the propensity score in

observational studies for causal effects. Biometrika. 1983;70:41-55.
Weuve J, Tchetgen Tchetgen EJ, Glymour MM, et al. Accounting for bias
due to selective attrition: the example of smoking and cognitive decline.
Epidemiology. 2012;23:119-128. doi:10.1097/EDE.0b013e318230e861
Prentice RR, J, Furberg C, Johnson S, et al. Design of the wom-
en’s health initiative clinical trial and observational study. The
Women’s Health Initiative Study Group. Control Clin Trials.
1998;19:61-109.

Hays J, Hunt JR, Hubbell FA, et al. The women’s health initiative
recruitment methods and results. Ann Epidemiol. 2003;13:S18-S77.
Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB.
Lower-extremity function in persons over the age of 70 years as a pre-
dictor of subsequent disability. New Engl J Med. 1995;332:556-561.
doi:10.1056/NEJM199503023320902

Ostir GV, Volpato S, Fried LP, Chaves P, Guralnik JM; Women’s Health
and Aging Study. Reliability and sensitivity to change assessed for a
summary measure of lower body function: results from the Women’s
Health and Aging Study. J Clin Epidemiol. 2002;55:916-921.

WHO. Physical status: the use and interpretation of anthropometry.
Report of a WHO Expert Committee. World Health Organ Tech Rep
Ser. 1995;854:1-452.

Rosenbaum PR. Model-based direct adjustment. J Am Stat Assoc.
1987:82:387-394.

Austin PC. An Introduction to propensity score methods for reduc-
ing the effects of confounding in observational studies. Multivariate
Behav Res. 2011;46:399-424. doi:10.1080/00273171.2011.568786
Hardy SE, Allore H, Studenski SA. Missing data: a special chal-
lenge in aging research. J Am Geriatr Soc. 2009;57:722-729.
doi:10.1111/1.1532-5415.2008.02168.x

Zeger SL, Liang KY. Longitudinal data analysis for discrete and con-
tinuous outcomes. Biometrics. 1986;42:121-130.

Fried LP, Tangen CM, Walston J, et al.; Cardiovascular Health
Study Collaborative Research Group. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
2001;56:M146-M156.

Vasunilashorn S, Coppin AK, Patel KV, et al. Use of the short physical
performance battery score to predict loss of ability to walk 400 meters:
analysis from the INCHIANTI study. J Gerontol A Biol Sci Med Sci.
2009;64:223-229. doi:10.1093/gerona/gIn022

McCann JJ, Hebert LE, Bienias JL, Morris MC, Evans DA. Predictors
of beginning and ending caregiving during a 3-year period in a
biracial community population of older adults. Am J Publ Health.
2004;94:1800-1806.

Schulz R, Newsom J, Mittelmark M, Burton L, Hirsch C, Jackson
S. Health effects of caregiving: the caregiver health effects study: An
ancillary study of the cardiovascular health study. Annals Behav Med.
1997;19:110-116. doi:10.1007/B£02883327

Fredman L, Bertrand RM, Martire LM, Hochberg M, Harris EL.
Leisure-time exercise and overall physical activity in older women
caregivers and non-caregivers from the caregiver-SOF Study. Prev.
Med. 2006;43:226-229. doi:10.1016/j.ypmed.2006.04.009

Feinberg L, Reinhard SC, Houser A, Choula R. Valuing the Invaluable
2011 Update: The Growing Contributions and Costs of Family Caregiving.
Issue Brief (Public Policy Inst (Am Assoc Retired Pers)). 2011.

Buyck JF, Bonnaud S, Boumendil A, et al. Informal caregiving and
self-reported mental and physical health: results from the Gazel
Cohort Study. Am J Public Health.2011;101:1971-1979. doi:10.2105/
AJPH.2010.300044



