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Social Support and Risk-Adjusted Mortality in a Frail
Older Population

Helena Temkin-Greener, PhD,* Alina Bajorska, MS,* Derick R. Peterson, PhD,†
Stephen J. Kunitz, MD, PhD,* Diane Gross, PhD,* T. Franklin Williams, MD‡,

and Dana B. Mukamel, PhD§

Objective: The objective of this study was to test the hypothesis
that social support is an important predictor of mortality in a frail
older population receiving formal long-term care services.
Research Design and Methods: The analysis is based on 3138
individuals enrolled in 28 Programs of All-Inclusive Care for the
Elderly (PACE). Information about the enrollees is obtained from
dataPACE. Semiparametric Cox proportional hazards models are
estimated to assess the importance of individual risk factors, pro-
gram effect, and social support.
Results: The introduction of the social support variables into the
mortality model containing the sociodemographic, health needs, and
the PACE-site indicator variables results in a significant improve-
ment of the overall model fit. Several social support variables are
statistically significant predictors of mortality. Controlling for all
participant and caregiver characteristics, participants whose care-
giver is a spouse have a significantly lower risk of mortality (hazard
ratio � 0.63) compared with those whose caregiver is not a spouse.
Furthermore, caregivers’ assistance with meals confers a signifi-
cantly lower risk of morality (hazard ratio � 0.66) compared with no
assistance with meals.
Conclusions: This study shows that certain aspects of informal
caregiving are important factors enhancing survival in a population
of frail, nursing home-certifiable individuals enrolled in a health
program that already provides extensive services, including personal
care, chores, and meals. Further research to better differentiate
between the affective versus the instrumental dimensions of social
support is needed to guide programs on how to balance the use of

resources to provide both the necessary formal services and the
support for the informal caregivers.
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The literature on the relationship among health, mortality,
and social support is very rich but not unambiguous.1

Social support has been variously defined as the existence,
functional content, quantity, and/or quality of social relation-
ships with family, friends, and even formal social institu-
tions.2 Although some studies find no relationship between
social integration or isolation and mortality,3–6 others suggest
that social relations could result in poorer health or increased
mortality risks.4,7,8 On the other hand, numerous studies have
shown that when social support is high, the risk of mortality
is reduced after controlling for various measures of health
status and demographic characteristics.2,9–15 Large epidemi-
ologic studies suggest that lack of social support constitutes a
major risk factor for mortality with statistical effect sizes
comparable to such health risk factors as high blood pressure,
smoking, or obesity.16 For example, Boult reports that the
lack of social contacts among older individuals results in a
2.3-fold increase in the risk of death over a 4-year period.13

A national study of the elderly in Japan documents a 1.5-fold
increased risk of mortality among those with no social par-
ticipation.12 Greater social participation is also associated
with improved survival in patients with coronary artery dis-
eases.17,18

The mechanisms through which social support is asso-
ciated with mortality are also not well understood. Social
support could affect health and mortality through physiolog-
ical and/or behavioral pathways.19 Studies in psychoimmu-
nology have suggested that negative emotions and stressful
experiences stimulate the production of proinflammatory cy-
tokines contributing to prolonged infection and delayed
wound healing.20,21 Studies focusing on behavioral pathways
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have established the lack of support as a risk factor for
mortality, although the mechanisms and processes linking
social support to health and mortality have not been clearly
elucidated.9,12

Although these studies have made some strides in
clarifying the association and the possible pathways between
social support and mortality, a number of challenges remain.
Most importantly, many studies have been unable to ade-
quately control for access to formal health services. Without
knowing what is the extent of access to formal services, it is
difficult to ascertain whether informal support is a substitute
for needed formal care and thus to distinguish between its
instrumental and emotional aspects. Furthermore, most stud-
ies include a wide range of individuals from the fairly healthy
to the very frail. Because sickness has been shown to both
reduce social participation and to elicit more social sup-
port,22,23 comingling of these populations could produce a
spurious association between social support and mortality,
particularly if health status is insufficiently controlled.

The Program of All-Inclusive Care for the Elderly
(PACE) offers a unique model within which to examine the
hypothesis that social support, independently of access to
care, contributes to survival. First, all program enrollees
receive a full spectrum of services from preventive to pri-
mary, acute, rehabilitative, and long-term care.24,25 Second,
all enrollees are very frail and disabled and meet the eligi-
bility criteria for nursing home care within their state of
residence.25 Finally, notwithstanding the availability of for-
mal healthcare services, PACE enrollees have been shown to
have high rates of informal support.26

In this study, we examine the risk of mortality and its
association with informal social support among the enrollees
of 28 PACE plans around the country.

Modeling Social Support
The term social support refers to different aspects of

social relationships. In this study, following the conceptual
framework presented by House et al.,27 we differentiate 3
domains. These domains—availability, source, and content/
quantity—are logically and empirically interrelated. The
availability or existence of social relationships is a necessary
precondition for social support. The structure of a person’s
social relationships will determine the sources of support, ie,
spouses, children, other relatives, and so on. The sources of
support, as well as the nature of the problem requiring
support, impact the functional content and the quantity of
support provided. This could range from affective and emo-
tional support to instrumental or tangible aid that could
include such activities as providing assistance with household
tasks, transportation, or financial assistance.28 The provision
of such tangible assistance has been hypothesized as being
synonymous with better care that could influence health and
mortality independently of professional medical services.29

In their landmark study, House et al.9 suggested that
social support affects mortality through moderating health
behaviors. In the context of PACE, moderating of health
behaviors could be expressed in several ways. Attention of an
informal caregiver could prompt quicker intervention and
access to needed health services. Social support can also be
seen as outright providing the care that could be needed, but
might not be accessible or available through the formal
healthcare system. Although PACE participants have access
to a comprehensive healthcare benefit package, including
personal care, meals, and help with activities of daily living,
the amount of services actually provided varies both within
and between programs. Informal care could augment formal
care, perhaps to the benefit of the individuals receiving it.
Social support could also facilitate health-promoting behav-
iors such as sleep, proper nutrition, or adherence to medical
regimen. Although the PACE benefit package includes the
provision of meals and the management of medications, as
needed, attention of the informal caregivers could improve
nutrition and dietary habits as well as adherence to a pre-
scribed medication regimen.

For each domain of social support defined in the con-
ceptual framework, we hypothesize the following:

• The availability of an informal caregiver is an important
factor in predicting survival in PACE.

• We hypothesize that different sources of social support
could have different impacts on mortality. For example,
spouse caregivers could be most important because they are
more likely to provide both instrumental and affective
support compared with other caregivers.

• We also hypothesize that the content of social support
provided could impact survival. For example, caregivers’
assistance with meals could have a greater impact on
survival of PACE participants than other supportive ser-
vices, which the program also provides. Informal caregiv-
ers are more likely to know the culinary tastes of their care
recipients, thus preparing meals that are more appealing
and likely to be consumed. Furthermore, the social inter-
action that could accompany a meal provided by an infor-
mal caregiver is likely to be substantially more important
than simply the caloric content of a home-delivered meal
provided by the program. The quantity of social support
received could also be an important predictor of survival,
particularly for those who do not coreside with their care-
giver and who are more likely to receive intermittent
informal support. Furthermore, the caregiver’s age could
modify both the content and the quantity of social support
provided. Caregivers who themselves are older could be
less likely to provide the same types or levels of social
support as those who are younger. Similarly, employed
caregivers, or those who do not coreside with the care
recipient, might not be in a position to provide as much
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support as those who are not employed or those who live
with the care recipient.

DATA AND METHODS

Sample
This study is based on 28 of the 33 PACE programs in

existence before December 1999. The study included new
enrollees admitted to PACE between January 1, 1998, and
December 31, 1999. Excluded were those whose health and
functional assessment data were missing (n � 278); who
enrolled, left, and reentered the program during this time (n �
100); whose data indicated chemotherapy without a diagnosis
of cancer (n � 14); and those whose record contained more
than 3 missing values (n � 156). In records with fewer than
3 missing values, these were imputed based on site-specific
means. Most baseline health status assessments in PACE
occur within the first month of enrollment in the program.
However, in some cases (n � 320), health status assessments
were not completed until the end of the second month after
enrollment or even later. Because in this study, individual
risk-adjustment is based on characteristics at enrollment in
PACE, we also excluded those participants from the analysis.
The final sample for the mortality model includes 3138
participants. There were 430 deaths and 2708 censored cases
in the sample.

The group-excluded, as a result of the lack of baseline
(within the first 31 days after enrollment) assessment data,
represents a substantial portion of our sample and could
potentially bias the results. Therefore, we reestimated the
final hazards model on the larger sample (n � 3458) that
included those with later initial health assessments. We found
no significant differences between this model and the 1 done
on the final sample of 3138 participants whose results we
present in the article.

Data
We obtained information about each enrollee from

DataPACE—a person-specific administrative database,
which contains information about the participants’ sociode-
mographics, informal caregiver support, health status and
disability, medical history, service utilization, and date of
death. Information is recorded at specific intervals several
times per year and is produced by several sources, including
self-reports (eg, self-assessed health status); interviews con-
ducted by social workers (eg, informal caregiver support);
PACE intake workers (eg, sociodemographics); program
physicians and nurses (eg, clinical assessment of functional
and cognitive status); and service use data (eg, day-center
visits, hospital and nursing home admissions). Assessments
of dataPACE quality have been reported elsewhere.30,31

Factors Influencing Mortality
As discussed earlier, 3 domains of social support are

included in this model, each defined by several variables. The
availability of social relationships is defined as the presence
or absence of an informal caregiver. The source of social
support is defined by the relationship between care recipient
and caregiver (eg, spouse, child, a relative) and by caregiver
characteristics that can further modify the content of support
provided (eg, age of caregiver, coresidence, employment
status). We define the content of social support by the type of
supportive acts performed (eg, personal care, medication and
money management, transportation, meals, and chores). The
quantity of support provided is measured directly (as hours
per week), but only for those caregivers who do not coreside
with the care recipient.

In addition to social support, a number of factors are
known to have a direct effect on mortality. These include
sociodemographic characteristics, physical and cognitive
health, and access to formal health services. An extensive
literature review and several sessions with clinical experts
served as a guide in selecting personal characteristics that are
likely to influence mortality Because these factors could
confound the association between social support and mortal-
ity, we included them in the models we estimated.

In the final model presented in this article, 4 measures
of sociodemographic characteristics are included. These are
age, gender, ethnicity/race, and education. Additionally, 12
measures of health status are also included. These are self-
reported health status; inability to toilet or walk without
assistance; inability to perform all 8 instrumental activities of
daily living (IADLs; housework, heavy chores, money man-
agement, meal preparation, medication-taking, shopping,
laundry, and transportation); cognitive status scored accord-
ing to the Short Portable Mental Status Questionnaire
(SPMSQ);32 daily use of oxygen; wandering behavior; and
selected medical conditions—cancer (with and without che-
motherapy), diabetes, renal failure, and chronic obstructive
pulmonary disease (COPD). All of these person-specific
characteristics are obtained from the initial health assessment.

We also include in the final model the site variable
indicating the PACE program where the participant is en-
rolled. This allows us to control for the effect of the site and
the potential variations across sites in medical care practices
and the provision of formal care. We recognize, however, that
even within a program, not all patients receive the same
amount and type of formal support. Therefore, we tested for
the possible substitution of informal support for unmet formal
service needs. In 1 of the preliminary models, we included
those formal services that informal support could substitute or
complement, ie, hours of formal personal care or chores at
home, day-center attendance days, and the number of home
delivered meals. These variables were not statistically signif-
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icant. As such variables are likely to be highly colinear, we
tested for their joint significance with an F test. Finding none,
we do not include these variables in our final model.

Statistical Analyses
We estimated semiparametric Cox proportional hazards

models, assuming a common nonparametric baseline hazard
function.33 The outcome variable was the time to death from
enrollment in PACE. Survival time was defined as the time
between enrollment in PACE and death or the end of the
study period on December 31, 1999, at which point surviving
participants were censored.

Ordered categorical variables were redefined as dichot-
omous for each category (eg, self-assessed health � poor—
yes � 1, no � 0) to allow for nonlinear associations with the
outcome. When the effect of adjacent categories (eg, excel-
lent, good, and fair self-assessed health) were not statistically
different, they were collapsed into 1 category without signif-
icantly worsening the fit of the model as measured by the
likelihood ratio �2 test.

Standard large-sample approximations to the distribu-
tions of the log hazard ratios were used to construct 95%
confidence intervals for the hazard ratios and to perform
2-tailed hypothesis tests at the significance level of 0.05. To
assess the relative importance of each group of predictors
(sociodemographic, health status, social support, and PACE
site indicator), nested models were fit and their partial like-
lihoods (or, equivalently, their model �2 statistics) were
compared, both using the likelihood ratio test (to obtain P
values) and by comparing the proportion of entropy explained
by each successively added group of variables relative to the
largest (maximum entropy) model.34 This allows us to exam-
ine the impact of suppressing the effects of the more distal
mortality risk factors (eg, such characteristics as enrollment
in a given PACE program or the impact of social support)
when the more proximal mortality risks (eg, sociodemo-
graphics or health status characteristics) are entered first into
the model. To some extent, the sequence by which these
groupings of characteristics are entered into the equation is
arbitrary and could affect the proportion of entropy each
grouping independently explains. Because we introduce so-
cial support as the last group, we could be under- rather than
overestimating its impact on mortality. This is a conservative
approach, likely to introduce a bias in favor of the null
hypothesis that social support does not influence mortality.

RESULTS

Characteristics of the Sample
In Table 1, we present descriptive statistics by PACE

site. The average PACE enrollee included in our study is a
78.6-year-old woman (73%) with 6.8 medical conditions, 4.0
ADL limitations, and a frequent diagnosis of dementia (51%).

Approximately half (47%) of the participants are white, with
substantial program-by-program variation.

In Table 2, we present mean values for the dependent
(time to death) and all of the independent variables initially
included in the analyses. Through successive preliminary
models, we eliminated those variables, which based on the
Wald test, had P values greater than 0.2. To ascertain the
appropriateness of excluding these variables, we performed
the likelihood ratio tests for each deleted group. The P value
of the likelihood ratio test for the whole group of eliminated
variables was 0.95.

Seventy-two percent of the participants had an informal
caregiver. The informal caregivers are as likely (32.2%) as not
(35.3%) to live in the same household as the participant, and in
32.4% of the cases, both household and nonhousehold caregiv-
ers are identified. The informal caregivers are mostly the partic-
ipants’ children or children-in-law (55.3%), spouse (17.4%), or
other relatives (17.9%). Social support provided by nonrelatives
is limited to fewer than 10% of the participants. The informal
caregivers report providing support with personal care (57.2%),
meals (78.3%), chores (92.8%), money management (82.7%),
medication management (68.1%), and transportation (81.1%).
On average, the nonhousehold caregivers report devoting 9.5
hours per week (standard deviation, 16.3) in providing these
instrumental supports.

Relationships Among Explanatory Variables
and Mortality
Effect of Caregivers on Mortality Hazard

The final estimated survival model is shown in Table 3.
Both participant-specific characteristics and PACE-site indi-
cator variables are included in the model. Patient character-
istics that are statistically significant at P �0.05-level are
noted in the table. A positive coefficient indicates that higher
values of the corresponding variable are associated with
increased hazard (risk) of mortality.

Program participants for whom information on infor-
mal caregivers is not available are at a significantly (P � 0.01)
greater risk (hazard ratio �HR� � 1.77) of dying than those
with or without caregiver support. Based on personal com-
munication with program administrators, such participants
tend to be cognitively impaired and have a court-appointed
public guardian.

Controlling for all participant and caregiver character-
istics, participants whose caregiver is a spouse have a signif-
icantly (P � 0.01) lower risk of mortality (HR � 0.63)
compared with those whose caregiver is not a spouse. It is
interesting to note that gender of a spouse–caregiver does not
make a difference. In a model (not shown) that included
interactions between spouse–caregiver and spouse’s gender,
the interaction was not statistically significant (P � 0.40).

Of the 4 types of informal care support included in the
final model, only 1 appears to be significantly related to
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mortality: assistance with meals. Caregivers’ assistance with
meals confers a significantly (P � 0.01) lower risk of mor-
tality (HR � 0.66) compared with no assistance with meals.

Effect of Other Individual Risk Factors on
Mortality Hazard

Consistent with other studies, sociodemographic
variables such as older age and male gender are positively
and statistically significantly predictive of mortality in
PACE. We observe significant (P � 0.01) mortality dif-
ferentials between whites (and Asians) and Hispanics
(HR � 0.60), as well as blacks (HR � 0.64). This black

advantage has been reported in other studies,35,36 although
the Hispanic advantage has not.

Among the health need variables, only the following
are significant risk factors for mortality: poor self-assessed
health, inability to toilet independently, limitations in walk-
ing, impaired cognition, oxygen dependence, and the diag-
noses of cancer, diabetes, or renal failure.

Substantial variations also exist in the effect of PACE-
site indicator on mortality (Appendix 1). The PACE-site
indicator could reflect differences in practice styles, organi-
zational structure, process of care, and so on. Detailed anal-
ysis of this variation is beyond the scope of this article.

TABLE 1. Descriptive Statistics by PACE Site: Population Enrolled January 1, 1998–December 1, 1999

PACE Program*

No. New
Enrollees 1/1/

98–12/1/99
Average

Age
Percent
Female

Percent
White

Percent
Caregiver
Support

Average No.
ADLs

Average No.
Medical

Conditions

Percent
With

Dementia

All Sites 3138† 78.6 73 47 72 4.0 6.8 51
East Boston, MA 173 80.1 77 89 85 3.5 7.6 43
Dorchester, MA 42 76.8 69 21 33 4.2 6.8 52
Worcester, MA 116 80.5 84 96 94 4.8 5.7 66
Cambridge, MA 74 79.5 72 73 61 4.0 5.8 53
Lynn, MA 210 75.7 67 77 83 3.4 6.4 27
Portland, OR 73 78.8 74 93 81 3.2 8.2 42
Columbia, SC 222 78.1 76 27 96 4.8 6.6 74
Milwaukee, WI 185 77.8 77 47 79 3.0 8.1 47
Madison, WI 38 77.9 92 71 45 3.0 7.9 16
Schenectady, NY 68 77.6 73 96 91 4.3 7.2 29
Rochester, NY 177 78.7 59 72 93 5.2 8.1 42
Syracuse, NY 39 81.7 85 87 74 3.7 9.2 38
Chicago, IL 68 75.1 65 4 85 2.5 6.2 26
El Paso, TX 97 78.4 63 1 91 4.1 7.4 70
Denver, CO 196 80.6 69 60 58 3.7 6.2 78
Honolulu, HI 48 80.1 75 4 96 4.2 6.9 46
Chatanooga, TN 106 78.1 75 40 94 4.9 4.6 54
Seattle, WA 72 77.5 68 65 42 5.3 6.8 51
Cleveland, OH 98 77.5 87 13 49 5.1 9.8 61
Cincinnati, OH 46 78.4 80 30 33 3.3 5.2 67
Albuquerque, NM 161 80.3 74 46 98 3.0 7.4 54
Baltimore, MD 74 78.2 86 57 78 3.2 7.7 62
Detroit, MI 112 81.0 94 4 90 2.8 8.1 56
Norfolk, VA 84 77.4 75 15 37 6.1 4.1 51
Los Angeles, CA 75 77.6 73 8 75 4.2 5.1 47
Sacramento, CA 12 77.6 71 58 66 3.9 6.4 41
Oakland, CA 124 76.1 59 13 48 3.5 6.2 43
San Francisco, CA 240 80.2 71 17 ‡ 3.9 5.8 41

*Some programs start with dual (Medicare and Medicaid) capitation in place, whereas others begin with Medicaid and then move to Medicare capitation.
†Includes all new admissions, except 320 for whom health assessment was not available on admission.
‡Data on informal caregiver support were available only for part of the study period for this site.
The percent caregiver support would not represent the true figure for the site.
PACE indicates Programs of All-Inclusive Care for the Elderly; ADLs, activities of daily living.
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TABLE 2. Descriptive Statistics of Variables Included in the Analysis

Variables Category/Level Mean (standard deviation)

Outcome � survival time to death (months) 10.5 (6.5)

Independent Variables

Sociodemographic

Age Years 78.6 (9.4)

Gender Male 27.0%

Ethnicity White 46.7%

Hispanic 14.8%

Black 31.0%

Asian 6.5%

Other 1.1%

Education Years 8.7 (4.2)

Living arrangement Alone 33.2%

With spouse 13.3%

In nursing home 2.0%

All other 51.6%

Social Support

Informal caregiving* No data 16.2%

Caregiver identified 71.9%

Nonhousehold only 35.3%

Household only 32.3%

Both 32.4%

Relationship of informal caregiver to participant Spouse 17.4%

Child 55.3%

Other relative 17.9%

Nonrelative 9.4%

Caregiver’s employment Employed 51.6%

Age of primary caregiver Years 54.6 (14.9)

Type of caregiver support provided Personal care 57.2%

Meals 78.3%

Chores 92.8%

Money management 82.7%

Medications 68.1%

Transportation 81.1%

Intensity of support by nonhousehold caregiver Hours of support per week 9.5 (16.3)

PACE program Site indicator variable

Independent Variables

Health Needs

Source of referral to the program Hospital 8.7%

Nursing home 4.1%

Home care agency 11.9%

Social services 29.4%

Physician 7.0%

Other 38.9%

ADL—bathing 82.9%

ADL—dressing 68.3%

ADL—grooming 71.7%

ADL—toileting 47.9%

ADL—transfer 44.8%

ADL—walking 50.5%

ADL—feeding 29.1%

IADL �8 31.6%

IADL �8 68.4%

�8 Errors in SPMSQ 14.8%

Bladder incontinence 58.8%

Bowel incontinence 27.6%

Cancer without chemotherapy 10.4%

Cancer with chemotherapy 0.4%

Congestive heart failure 19.3%

Other heart disease 47.1%

(continued next page)
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Contribution of Social Support to the
Explanation of Mortality Hazard

Table 4 presents the contribution of sociodemo-
graphics, health needs, PACE-site indicator, and social
support variables to explanation of mortality hazard (in-
cremental-explained entropy). The first column shows the
results when only the sociodemographic characteristics are
entered into the model. This model is a significant im-
provement (�2 � 67.67; df � 6; P �0.0001) over the null
or the empty model, and it accounts for 19.7% of the total
model fit. The health-need variables are also significantly
predictive of the mortality risk (�2 � 190.47; df � 12; P
�0.0001), and account for 55.5% of the total model fit.
Column 3 shows the results of introducing the variable
indicating the PACE sites where the participants are en-
rolled. The introduction of this variable explains 17.5% of
the model fit and also represents a significant model
improvement (�2 � 60.03; df �14; P �0.0001). Finally,
introducing the social support variables significantly im-
proves the overall model (�2 � 25.02; df � 8; P �0.0015)
and accounts for the remaining 7.3% of the total model fit.

DISCUSSION
The purpose of this study was to test the hypothesis that

social support is an important predictor of risk-adjusted
mortality in PACE, a program that provides formal long-term
care to its participants. Our results are generally consistent
with many prior studies documenting a protective effect of

social support vis-à-vis mortality. The introduction of the
social support variables into the mortality model already
containing the sociodemographic, health needs, and the
PACE-site indicator variables accounts for the remaining 7%
of the total model fit and results in a significant improvement
of the overall model fit. What makes our results particularly
interesting is that we observe this protective effect in a
population composed of very frail and disabled individuals
who receive a very rich and comprehensive health benefit
package from their health plans.

Reduced risk of mortality associated with social sup-
port has been consistently demonstrated before. Most studies
assumed that what is important about social relationships is
their instrumental or supportive quality and the capacity to
buffer the deleterious effects of health hazards. What makes
our results novel is that we find these effects of social support
in a program like PACE where most instrumental support is
provided by the program itself. Although we cannot sepa-
rately measure the effect of affective versus instrumental
social support, our findings suggest that, at least to some
extent, the observed impact on mortality could be more likely
attributable to the affective rather than the instrumental or
moderating qualities of social support, because only a
spouse–caregiver has a protective effect, whereas other care-
giving relationships do not. Because most spouse–caregivers
are themselves older and often not in the best of health, the
extent of instrumental support they provide is probably not
extensive, especially compared with other caregivers with

Variables Category/Level Mean (standard deviation)

Respiratory disease 8.5%

Cerebrovascular disease 29.1%

Infections 3.3%

Dementia 50.5%

Depression 32.5%

Hypertension 59.2%

Chronic obstructive pulmonary disease 13.3%

Diabetes 32.1%

Renal failure 7.5%

Parenteral medications 10.4%

Daily oxygen 4.9%

Dialysis 1.3%

Wandering behavior 12.5%

Verbally aggressive behavior 9.8%

Physically aggressive behavior 5.7%

Regressive behavior 8.0%

Self-assessed health Poor 11.9%

Fair-to-excellent 74.4%

Health Utilization Average monthly

Hours personal care or
chores

30.0 (36.2)

Days in the day center 9.2 (5.9)

Home-delivered meals 15.7 (12.3)

*Characteristics of informal caregivers are calculated for a subset of population with caregivers.
PACE indicates Programs of All-Inclusive Care for the Elderly; ADL, activity of daily living; IADL, instrumental activity of daily living; SPMSQ, Short

Portable Mental Status Questionnaire.
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whom patients coreside. Furthermore, our findings do not
support those postulates, which suggest that the quantity of
social support relationships or the intensity of the support
provided could act to reduce mortality. We do not find that
multiple informal caregivers or the time spent in providing
informal support are significantly associated with mortality.

The provision of meals is the only type of informal
support provided that promotes survival in this population.
Meals are provided by those who coreside with the PACE

participant (spouse, children, or others) or by other informal
caregivers who live elsewhere. Because PACE provides
home delivered meals to all the participants who need them,
including those who have informal caregivers, this finding
might not be about the caloric content of meals consumed.
One interpretation could be that the relationship between
meals provided by the informal caregivers and mortality
reflects the affective dimension of providing nutrition and the
presence of a meaningful relationship with the informal

TABLE 3. Mortality—Proportional Hazards Model: Impact of Personal Characteristics, Controlling for Site*

Predictor Variables
Parameter
Estimate

P Value
<0.05

95% HR
CI Limits

Hazard
Ratio

Sociodemographics
Age Years 0.0232 0.00 1.011–1.036 1.02
Male Gender 0.4282 0.00 1.234–1.908 1.53
Ethnicity White (Asian and other)†

Black �0.4518 0.00 0.485–0.835 0.64
Hispanic �0.5102 0.01 0.419–0.860 0.60

Education Years 0.1099 0.01 1.025–1.216 1.12
Education sq Years squared �0.0056 0.03 0.990–0.999 0.99
Social Support
Presence of any informal caregiver No caregiver†

No information 0.5734 0.00 1.156–2.724 1.77
Caregiver present �0.2135 NS 0.453–1.440 0.81

Relationship of caregiver Other†

Spouse �0.4555 0.01 0.434–0.926 0.63
Age of caregiver 0.0119 0.01 1.002–1.022 1.01
Type of informal support provided Meals �0.4164 0.01 0.474–0.918 0.66

Chores 0.4069 NS 0.898–2.514 1.50
Medication management 0.3016 NS 0.986–1.854 1.35

Transportation 0.2521 NS 0.945–1.751 1.29
Health Needs
Self-reported health Poor (and not recorded)†

Fair-to-excellent �0.2882 0.01 0.598–0.940 0.75
ADL—toileting 0.3437 0.01 1.087–1.829 1.41
ADL—walking 0.4137 0.00 1.177–1.944 1.51
No. IADLs � 8 0.0755 NS 0.958–1.214 1.08
�8 errors in SPMSQ 0.3305 0.02 1.063–1.822 1.39
Cancer without chemotherapy 0.6508 �0.00 1.488–2.471 1.92
Cancer with chemotherapy 2.8008 �0.00 7.808–34.690 16.46
Dx—COPD 0.2732 NS 1.004–1.719 1.31
Dx—diabetes 0.2762 0.01 1.068–1.627 1.32
Dx—renal failure 0.5283 0.00 1.255–2.291 1.70
Daily oxygen 0.8736 �0.01 1.708–3.360 2.40
Behaviors—wandering �0.2996 NS 0.531–1.035 0.74

*Site coefficients not shown.
†Reference category
Nonsignificant (NS) P values �0.05.
HR indicates hazard ratio; CI, confidence interval; ADL, activity of daily living; IADL, instrumental activity of daily living; SPMSQ, Short Portable Mental

Status Questionnaire; Dx, diagnosis; COPD, chronic obstructive pulmonary disease.
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caregiver. In fact, studies have shown that among the elderly,
eating alone is associated with worse dietary intake than
when one eats with others.37 Suda and colleagues found that
nutritional risk of persons living alone is reduced when those
delivering Meals-on-Wheels socialize with the elderly per-
sons while they ate their meal.38

The importance of meals provided by informal care-
givers could also be the result of the fact that caregivers are
more knowledgeable about, and attentive to, the culinary
preferences of their family member, and thus the meals they
prepare are preferred over those delivered by Meals-on-
Wheels. It has been shown elsewhere that lack of nutritional
appeal in Meals-on-Wheels was 1 of the reasons older per-
sons discontinue participating in this service.39 Finally, it is
also possible that in some cases, meals provided by the PACE
programs are not sufficient to meet the needs of the partici-
pants. Studies have shown that weight loss is an important
risk factor for mortality among older individuals.40,41 In fact,
we do observe substantial variations in the effect of the
PACE-site indicator on mortality, and further explorations of
reasons for this variation could be subject for future research.

In conclusion, our study shows that certain aspects of
informal caregiving are important factors enhancing survival
in a population of very frail, nursing home-certifiable indi-
viduals who are enrolled in a health program that provides
extensive services, including personal care, chores, and
meals. This suggests that informal caregiving has an incre-
mental positive effect on survival compared with formal care
alone. Further research to better differentiate between the
affective versus the instrumental dimensions of social support
is needed to guide programs such as PACE on how to balance
the use of resources to provide both the necessary formal
services and the support for the informal caregivers.
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Appendix 1 Mortality—Proportionate Hazard Model in PACE: Impact of PACE Site Indicators, Controlling for Personal
Characteristics

PACE Site and Rank
Parameter
Estimate P Value* <0.05

95% HR
CI Limits Hazard Ratio

PACE site (compared with mean)

A �2.0932 0.0374 0.017–0.885 0.123
B �1.4607 NS 0.032–1.669 0.232
C �0.9897 0.0347 0.148–0.931 0.372
D 0.3826 NS 0.925–2.324 1.466
E 0.4054 NS 0.881–2.553 1.500
F 0.42605 0.0304 1.041–2.252 1.531
G 0.4291 0.0177 1.077–2.190 1.536
H 0.4436 NS 0.918–2.647 1.558
I 0.4646 0.0422 1.017–2.491 1.591
J 0.7164 NS 0.988–4.241 2.047
K 0.8154 0.0068 1.252–4.080 2.260
L 0.8539 �0.0001 1.667–3.310 2.349
M 0.87658 0.0047 1.308–4.414 2.403
N 0.9029 0.0030 1.358–4.480 2.467

*P values �0.05 are not displayed.
Nonsignificant (NS) P values �0.05.
PACE indicates Programs of All-Inclusive Care for the Elderly; HR, hazard ratio; CI, confidence interval.
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