The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL ARTICLE

Mortality after the Hospitalization
of a Spouse

Nicholas A. Christakis, M.D., Ph.D., M.P.H., and Paul D. Allison, Ph.D.

ABSTRACT

BACKGROUND

The illness of a spouse can affect the health of a caregiving partner. We examined
the association between the hospitalization of a spouse and a partner’s risk of death
among elderly people.

METHODS

We studied 518,240 couples who were enrolled in Medicare in 1993. We used Cox
regression analysis and fixed-effects (case—time—control) methods to assess hospi-
talizations and deaths during nine years of follow-up.

RESULTS

Overall, 383,480 husbands (74 percent) and 347,269 wives (67 percent) were hospi-
talized at least once, and 252,557 husbands (49 percent) and 156,004 wives (30 per-
cent) died. Mortality after the hospitalization of a spouse varied according to the
spouse’s diagnosis. Among men, 6.4 percent died within a year after a spouse’s hospi-
talization for colon cancer, 6.9 percent after a spouse’s hospitalization for stroke,
7.5 percent after a spouse’s hospitalization for psychiatric disease, and 8.6 percent
after a spouse’s hospitalization for dementia. Among women, 3.0 percent died within
a year after a spouse’s hospitalization for colon cancer, 3.7 percent after a spouse’s
hospitalization for stroke, 5.7 percent after a spouse’s hospitalization for psychi-
atric disease, and 5.0 percent after a spouse’s hospitalization for dementia. After
adjustment for measured covariates, the risk of death for men was not significantly
higher after a spouse’s hospitalization for colon cancer (hazard ratio, 1.02; 95 percent
confidence interval, 0.95 to 1.09) but was higher after hospitalization for stroke
(hazard ratio, 1.06; 95 percent confidence interval, 1.03 to 1.09), congestive heart
failure (hazard ratio, 1.12; 95 percent confidence interval, 1.07 to 1.16), hip fracture
(hazard ratio, 1.15; 95 percent confidence interval, 1.11 to 1.18), psychiatric disease
(hazard ratio, 1.19; 95 percent confidence interval, 1.12 to 1.26), or dementia (haz-
ard ratio, 1.22; 95 percent confidence interval, 1.12 to 1.32). For women, the various
risks of death after a spouse’s hospitalization were similar. Overall, for men, the
risk of death associated with a spouse’s hospitalization was 22 percent of that as-
sociated with a spouse’s death (95 percent confidence interval, 17 to 27 percent); for
women, the risk was 16 percent of that associated with death (95 percent confi-
dence interval, 8 to 24 percent).

CONCLUSIONS

Among elderly people hospitalization of a spouse is associated with an increased
risk of death, and the effect of the illness of a spouse varies among diagnoses. Such
interpersonal health effects have clinical and policy implications for the care of pa-
tients and their families.

N ENGLJ MED 354;7 WWW.NEJM.ORG FEBRUARY 16, 2006

From the Department of Health Care Poli-
cy, Harvard Medical School, and the Pal-
liative Care Service, Department of Medi-
cine, Massachusetts General Hospital
— both in Boston (N.A.C.); the Depart-
ment of Sociology, Harvard University,
Cambridge, Mass. (N.A.C.); and the De-
partment of Sociology, University of Penn-
sylvania, Philadelphia (P.D.A.). Address
reprint requests to Dr. Christakis at the
Department of Health Care Policy, Harvard
Medical School, 180 Longwood Ave., Bos-
ton, MA 02115, or at christakis@hcp.med.
harvard.edu.

N Engl ) Med 2006;354:719-30.
Copyright © 2006 Massachusetts Medical Society.

719

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2006 Massachusetts Medical Society. All rights reserved.



720

The NEW ENGLAND JOURNAL of MEDICINE

HE HEALTH OF PEOPLE CONNECTED BY A

social tie may be interdependent. The ef-

fect of the death of one spouse on the risk
of death in the other (i.e., the partner) — referred
to as the bereavement effect — is the best-docu-
mented example of such interpersonal health ef-
fects.1? The effect of illness in one spouse on the
risk of illness in a partner is a further example.
The latter phenomenon, sometimes termed care-
giver burden,?* has typically been studied as if it
were unrelated to the bereavement effect. Indeed,
most work has previously focused on how spou-
sal illness worsens the health of partners and not
on whether it increases their mortality.>

However, studying the bereavement effect and
caregiver burden in concert may advance the un-
derstanding of both. Examining the two phenom-
ena together provides an opportunity to assess the
implications of spousal diseases with potentially
variable lethality. Moreover, spousal illnesses can
vary in ways beyond their lethality. Studies have
shown that a decrease in physical health in a
spouse is linked to a decrease in health in a part-
ner*® and that mental impairment may be even
more burdensome than physical impairment.*7-°
Very few studies, however, have compared diseases
in terms of their health implications for partners
or exploited this variation to better understand
interpersonal health effects more generally.

We used a large national sample with a long
period of follow-up and reliable ascertainment
of health events to investigate such effects. We hy-
pothesized that the hospitalization of a spouse
with a serious illness would be associated with
an increase in the risk of death of a partner, that
this association would be distinct from the ef-
fect of having a spouse die, that this association
would vary among spousal illnesses of varying
degrees of burden, and that this phenomenon
would vary according to the time that had elapsed
since the hospitalization.

METHODS

STUDY POPULATION

To assemble a very large cohort with sufficient
temporal and diagnostic detail, we compiled raw
Medicare claims. Medicare beneficiaries who
were 65 years of age or older on January 1, 1993,
were identified in the Denominator File. This file
contains all beneficiaries, whether they use health
care or not, and captures data on 96 percent of

elderly Americans.’® Among the 32,180,588 elderly
people in this file, Census statistics suggested
that there were 6.6 million married couples of
which both members were older than 65; from
this group, we identified 5,496,444 couples (83
percent).'»12 Of these, 4,874,817 couples were
between the ages of 65 and 98 years and resided
in the United States. From this group, we chose
a random sample of 540,793 couples (11.1 percent)
who were identified with one detection method.
After excluding 22,553 couples in which the part-
ners resided in different ZIP Codes, 518,240 cou-
ples were left.

Using the Vital Status File, we obtained daily
mortality follow-up through January 1, 2002. Us-
ing Medicare Provider Analysis and Review records
for 1993 to 2002, we obtained admission dates
and reasons for all hospitalizations. The princi-
pal diagnosis (according to diagnosis codes of
the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification) was categorized with the
use of a 49-category indicator on the basis of a
taxonomic system used by the Centers for Dis-
ease Control and Prevention.'? For parsimony, the
diagnoses were collapsed into 16 categories. Oth-
er analyses with use of all 49 categories yielded
similar results (data not shown).

With hospital claims, it is possible to ascer-
tain cases of serious diseases (e.g., stroke, lung
cancer, and abdominal surgery) very reliably.141¢
In some cases, the disease could have been noted
before hospitalization (e.g., during outpatient vis-
its), but our interest here was in the type of seri-
ous disease necessitating hospitalization. Each
person in each couple could have multiple hos-
pitalizations during follow-up (though 60 per-
cent had no more than two hospitalizations), but
we recorded only the first hospital admission for
each spouse after January 1, 1993, and we ignored
any subsequent admissions. We used hospitaliza-
tion as a marker for the occurrence of a serious
spousal illness that was either generally perma-
nent (e.g., lung cancer or congestive heart failure)
or, in fewer cases, circumscribed (e.g., abdominal
surgery).

For each person, we examined three years of
inpatient claims before January 1, 1993, in order
to establish a baseline illness burden. For this
reason, patients had to be at least 68 years of age
for certain analyses (i.e., the Cox models) because
younger persons could not have claims available
for the entire period from 1990 to 1992. We used
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the Charlson score to summarize baseline mor-
bidity, divided into categories of 0, 1, or 2 or more,
with higher scores indicating a greater burden
of morbidity.** We also counted the number of
weeks that each person had spent in the hospital
from 1990 to 1992. For certain analyses, we ex-
cluded couples in which either person was en-
rolled in a staff-model health maintenance orga-
nization (<7 percent), since it is not possible to
obtain all the health care claims of such per-
sons. The measures of age, race,'” and poverty'®
that we used have been validated. The study was
approved by our institutional review boards.

STATISTICAL ANALYSIS
We used two complementary methods: Cox re-
gression analysis and a fixed-effects (case—time—
control) method. The former analysis offered the
advantage of providing an explicit estimation of
the effects of measured attributes on the out-
come of interest and, more important, permitted
a flexible model specification that allowed for
separate estimation and comparison of the effects
of spousal hospitalization and spousal death. The
latter method offered the substantial advantage
of controlling for unmeasured factors that might
confound the effects of interest.

In the Cox models, the dependent variable was
the duration of survival of the partner of a po-
tentially sick spouse from January 1, 1993, until
January 1, 2002. We treated the hospitalization
of a spouse and the death of a spouse as sepa-
rate time-varying covariates, with the result that
the estimate of the effect of the hospitalization
of a spouse was independent of whether the
spouse died. In the models reported here, we des-
ignated the time-varying indicator of spousal
hospitalization as 0 until the spouse was hospi-
talized (if at all), then raised the indicator to 1 on
hospitalization; this indicator reverted to 0 with
the death of the spouse. When diagnosis-specific
hospitalization was used, there were 16 analo-
gous, mutually exclusive indicators. We desig-
nated the time-varying indicator of spousal death
as 0 until the spouse died and as 1 thereafter. In
this model, the effect of a spouse’s death on the
partner’s risk of death did not depend on wheth-
er a spouse who died had previously been hospi-
talized. We also specified additional models (not
shown) in which there was one indicator for a
spousal death with no previous hospitalization
and another indicator for spousal death with pre-

vious hospitalization, in addition to the indica-
tor of spousal hospitalization itself. The point
estimate of the difference between the hazard ra-
tio associated with the death of a spouse who was
previously well and the hazard ratio associated
with the death of a spouse who was previously
sick was very small and not statistically distin-
guishable from zero. Therefore, we present simpler
models here that are not as elaborately specified
when it comes to the types of spousal death. Re-
gardless, these models do not differ with respect
to the types of spousal illness.

Our alternative analytic approach, the case—
time—control method, allowed us to estimate
the relationship between the hospitalization of
a spouse and the subsequent death of the part-
ner while controlling for all constant character-
istics of the spouses and their environment. These
characteristics could include poverty history, smok-
ing history, educational level, and toxic exposures,
whether such characteristics were measured or
unmeasured.’*2* Qur implementation involved
a parsing of the exposure period into couple-days
and an estimation of a conditional logistic regres-
sion in order to model the risk of death of a
partner on a particular day as a function of spou-
sal hospitalization within a specified previous
time period.

Briefly, for each couple, we created one record
for each day the couple was observed, up to and
including the day the partner died or data on the
couple were censored. The variable of death of a
partner was designated as 1 if the partner died on
that particular day; otherwise, the designation was
0. The variable of hospitalization of a spouse was
designated as 1 if the spouse was hospitalized
within 30 days (or other time periods, as outlined
below) before that particular couple-day; other-
wise, the designation was 0. Thus, this variable
was designated as 0 for the initial couple-days,
was switched to 1 when the spouse was hospi-
talized, stayed at 1 for a period of 30 days (or
some other period of time), and then switched
back to 0.

Once this working data set was created, we
estimated a conditional logistic-regression mod-
el in which the dependent variable was the hospi-
talization of a spouse. The predictor variables
were the death of a partner, the number of days
since observation began, and the number of
days squared. The death of a partner itself could
not be used as the dependent variable because
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it is a monotonic function of time, leading to
quasi-complete separation; nevertheless, the expo-
nentiated coefficient for the death of a partner
could be interpreted as the odds ratio for the
effect of spousal hospitalization on the death of a
partner.?*

Because each couple was a separate stratum,
only within-couple variation was used to estimate
the effects; therefore, each couple served as its
own control. The hospitalization variable was
designated as an indicator of whether a spouse
was hospitalized (overall or with a particular diag-
nosis) within the previous 30, 60, 90, 180, 360, or
720 days. As implemented, these models estimat-
ed the effect of the hospitalization of a spouse,
with or without subsequent death, on the mor-
tality of the partner.

P values for all analyses are two-sided. We
computed the confidence intervals for the relative
size of the coefficients describing the effect of
spousal hospitalization as compared with spou-
sal death with use of the delta method.

RESULTS

ATTRIBUTES OF THE COHORT
The mean ages of patients at the start of the
study were 75.4 years for men and 72.9 years for
women. In 79.1 percent of couples, the man was
older; 90.1 percent of men and 92.1 percent of
women were white; 5.4 percent of the couples
were living in poverty. The mean baseline Charl-
son score was 0.50 for men and 0.30 for women.
From January 1, 1993, to January 1, 2002, 383,480
(74 percent) of the men and 347,269 (67 percent)
of the women were hospitalized at least once.
During this period, 252,557 men (49 percent) and
156,004 women (30 percent) died; in 95,330 cou-
ples (18 percent), both the husband and wife died.

MORTALITY AFTER THE HOSPITALIZATION
OF A SPOUSE

Table 1 shows the percentage of persons who
died within one year after the hospitalization of
a spouse, overall and according to disease cate-
gory; the numbers are unadjusted for any indi-
vidual attributes and are listed roughly in order
from least effect to greatest effect. For example,
whereas 6.4 percent of men died within a year
after a spouse’s hospitalization for colon cancer,
6.9 percent died within a year after a spouse’s
hospitalization for stroke, 7.5 percent after a

spouse’s hospitalization for psychiatric disease,
and 8.6 percent after a spouse’s hospitalization
for dementia. Whereas 3.0 percent of women died
within a year after a spouse’s hospitalization for
colon cancer, 3.7 percent died within a year after
a spouse’s hospitalization for stroke, 5.7 percent
after a spouse’s hospitalization for psychiatric
disease, and 5.0 percent after a spouse’s hospital-
ization for dementia. As a benchmark, at base-
line, 5.6 percent of men whose wives had not previ-
ously been hospitalized died within a year, and
2.6 percent of women whose husbands had not
been hospitalized died within a year.

Table 1 also reports the percentage of spous-
es who died within a year after their own hospi-
talization; as expected, the diseases show substan-
tial variation in lethality, with one-year death
rates varying from 7.3 percent (for women with
psychiatric disease) to 82.0 percent (for men with
pancreatic cancer). This observation supports the
importance of separating the possible effect of
spousal illness from that of spousal death on the
mortality of a partner.

ADJUSTED ANALYSES
Table 2 provides estimates of the association be-
tween spousal hospitalization and the risk of
death of the partner after accounting for whether
the spouse died and after adjusting for other mea-
sured attributes of both parties, including age
and baseline morbidity, by Cox regression analy-
sis. For example, the hospitalization of a woman
for colon cancer is not significantly associated
with the subsequent risk of death of her husband
(hazard ratio, 1.02; 95 percent confidence inter-
val, 0.95 to 1.09), whereas the hospitalization of
a woman for stroke raises her husband’s risk of
death by 6 percent (hazard ratio, 1.06; 95 percent
confidence interval, 1.03 to 1.09), hospitalization
for congestive heart failure by 12 percent (hazard
ratio, 1.12; 95 percent confidence interval, 1.07
to 1.16), for hip fracture or other serious fracture
by 15 percent (hazard ratio, 1.15; 95 percent confi-
dence interval, 1.11 to 1.18), for psychiatric dis-
ease by 19 percent (hazard ratio, 1.19; 95 percent
confidence interval, 1.12 to 1.26), and for de-
mentia by 22 percent (hazard ratio, 1.22; 95 per-
cent confidence interval, 1.12 to 1.32).

In a similar manner, the hospitalization of a
man for colon cancer has no significant effect
on the risk of death of his wife (hazard ratio, 1.01;
95 percent confidence interval, 0.93 to 1.10),
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Table 1. Mortality among Partners within One Year after the Hospitalization of a Spouse in a Cohort of 518,240 Couples,

According to Diagnosis.

Diagnosis of Wife

Cancer
Lung
Colon
Pancreas
Leukemia or lymphoma
All other forms
Abdominal surgical disease
Pneumonia
Sepsis
Ischemic heart disease
Stroke
Congestive heart failure
Chronic obstructive pulmonary disease
Fracture of hip or other serious fracture
Psychiatric disease
Dementia
All other diagnoses

Any diagnosis (total)

Diagnosis of Husband

Cancer
Lung
Colon
Pancreas
Leukemia or lymphoma
All other forms
Abdominal surgical disease
Pneumonia
Sepsis
Ischemic heart disease
Stroke
Congestive heart failure
Chronic obstructive pulmonary disease
Fracture of hip or other serious fracture
Psychiatric disease
Dementia
All other diagnoses

Any diagnosis (total)

Wives Hospitalized with Disease
and Mortality at 1 Year

no. (mortality [%])

2,416 (55.1
5,056 (19.4

641
1,538
18,158
27,042
15,884
3,971

(55.1)
(19.4)
(81.0)
(52.9)
(27.6)
8.
(
(
30,188 (
(
(
(
(
(7.
(
(9.
(

1.
2.
7.

24,674
13,261
8,335
18,087
4,893
2,642
170,483
347,269

7.9)
7.7)
3.4)
3.6)
5.6)
3.9)
2.6)

8
5
2
1
2
1
1
2
1
1
212)
1

0
9
6
0)

9
7
4
6
6
9
6
3)

2
3)

8

1.
3.8)

Husbands Hospitalized with Disease
and Mortality at 1 Year

no. (mortality [%])
4,329 (66.2)
6,559 (23.7)
678 (82.0)
2,121 (65.1)
21,263 (36.7)
26,623 (12.8)
23,594 (30.2)
5,022 (34.9)
50,596 (15.9)
31,471 (22.7)
18,644 (34.5)
9,532 (24.1)
9,800 (28.1)
2,666 (19.5)
3,348 (37.8)
167,234 (17.2)
383,480 (21.8)

19.5

Mortality among Husbands within
1 Year after Hospitalization of Wife

%

5.6
6.4
6.9
7.5
5.1
6.3
7.2
7.4
6.2
6.9
7.5
6.4
8.6
7.5
8.6
5.9
6.3

Mortality among Wives within
1 Year after Hospitalization
of Husband

%

3.4
3.0
3.5
3.4
2.8
3.5
4.5
4.0
2.9
3.7
4.3
4.1
5.1
5.7
5.0
3.4
3.5
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and Other Characteristics.*

Table 2. Risk of Death of a Partner after the Hospitalization or Death of a Spouse, According to the Spouse’s Diagnosis

Variable

Spousal diagnosis on hospitalization
Cancer

Lung

Colon

Pancreas

Leukemia or lymphoma

All other forms
Abdominal surgical disease
Pneumonia
Sepsis
Ischemic heart disease
Stroke
Congestive heart failure
Chronic obstructive pulmonary disease
Fracture of hip or other serious fracture
Psychiatric disease
Dementia
All other diagnoses

Spousal death

Hazard Ratio for Death

Male Partner Female Partner
0.94 (0.80-1.10) 1.14 (0.96-1.34)
1.02 (0.95-1.09) 1.01 (0.93-1.10)
0.86 (0.54-1.39) 1.18 (0.65-2.13)
1.08 (0.91-1.27) 1.08 (0.87-1.34)
0.9 (0.95-1.03) 0.96 (0.91-1.01)
1.04 (1.01-1.06)7 1.03 (0.99-1.06)
1.06 (1.02-1.10) 1.06 (1.02-1.10)F
1.09 (1.01-1.17)% 1.07 (0.98-1.17)
1.05 (1.02-1.07) 0.97 (0.94-0.99)7%
1.06 (1.03-1.09)F 1.05 (1.01-1.09)F
1.12 (1.07-1.16)t 1.15 (1.09-1.20)F
1.12 (1.07-1.18) 1.13 (1.06-1.21)F
1.15 (1.11-1.18)F 1.11 (1.04-1.17)F
1.19 (1.12-1.26)} 1.32 (1.18-1.46) 7
1.22 (1.12-1.32) 1.28 (1.14-1.43)F
1.02 (1.01-1.03)t 1.01 (0.99-1.03)
1.21 (1.19-1.22) 117 (1.15-1.19)F

whereas hospitalization of a man for stroke
raises his wife’s risk of death by 5 percent (haz-
ard ratio, 1.05; 95 percent confidence interval,
1.01 to 1.09), hospitalization for congestive heart
failure by 15 percent (hazard ratio, 1.15; 95 per-
cent confidence interval, 1.09 to 1.20), for hip
fracture or other serious fracture by 11 percent
(hazard ratio, 1.11; 95 percent confidence interval,
1.04 to 1.17), for psychiatric disease by 32 per-
cent (hazard ratio, 1.32; 95 percent confidence
interval, 1.18 to 1.46), and for dementia by 28 per-
cent (hazard ratio, 1.28; 95 percent confidence in-
terval, 1.14 to 1.43).

The results in Table 2 also show that the death
of a spouse itself is associated with an increase
in the risk of death of 21 percent for men and 17
percent for women. This estimate of the bereave-
ment effect compares the effect of the death of
a spouse with the effect of having a spouse who is
both alive and well.

To assess the relative effect of spousal hospi-
talization and death, we constructed a simplified

Cox model (not shown) that included a single
indicator for a hospitalization (instead of the 16
diagnosis indicators), the spousal-death variable,
and the same adjustment covariates that were in-
cluded in our primary model. We found that the
hospitalization of a woman was associated with
an increase in her husband’s risk of death of 4.5
percent (hazard ratio, 1.05; 95 percent confidence
interval, 1.04 to 1.06), and the hospitalization of
a man was associated with an increase in his
wife’s risk of death of 2.7 percent (hazard ratio,
1.03; 95 percent confidence interval, 1.01 to 1.04).
The death of a wife was associated with an in-
crease in a husband’s risk of death of 21 percent
(hazard ratio, 1.21; 95 percent confidence inter-
val, 1.19 to 1.22), and the death of a husband
was associated with an increase in a wife’s risk
of death of 17 percent (hazard ratio, 1.17; 95 per-
cent confidence interval, 1.15 to 1.19). Hence,
during the entire follow-up period, a comparison
of the overall effect of spousal hospitalization with
that of spousal death revealed that for men the
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Table 2. (Continued.)

Variable

Characteristics of couples
Age — peryr

Husband

Wife
Wife older than husband
Couple below poverty line
Charlson scoreq

Husband

Total weeks of hospitalization (1990-1992) — per wk
Husband
Wife
Black race|
Husband
Wife

Hazard Ratio for Death

(95% CI)

Male Partner

1.09 (1.09-1.09)7§
1.00 (1.00-1.00)§
1.05 (1.04-1.06)
( )T

1.34 (1.32-1.36)7
1.52 (1.50-1.54)t
221 (2.18-2.23)F

1.01 (0.99-1.03)
0.99 (0.98-1.01)

1.03 (1.03-1.03)§
0.99 (0.99-0.99) 1§

1.10 (1.03-1.17)
0.95 (0.89-1.02)

Female Partner

1.00 (1.00-1.00)§
1.10 (1.09-1.10)F
1.04 (1.03-1.06) 1
1.43 (1.40-1.46)
0.98 (0.96-0.99)7:
0.97 (0.96-0.99)F

1.97 (1.90-1.97)
2.96 (2.92-3.00)F

0.99 (0.99-0.99) 1§
1.03 (1.03-1.03) 7§

1.12 (1.03-1.22)F
0.96 (0.88-1.04)

* Cl denotes confidence interval. The table shows Cox regression models of survival, separately for husbands and wives,
with hazard ratios and 95 percent confidence intervals. Subjects were followed for nine years, from January 1, 1993,
to January 1, 2002. The death of a spouse and spousal hospitalization were treated as time-varying covariates during
follow-up. Spousal diagnoses were defined as the principal diagnosis noted during the first hospitalization, if any, dur-
ing follow-up. All other covariates were measured at baseline on January 1, 1993. Model estimation has been restricted

to the 392,530 couples in which both partners were at least 68 years old.

T P<0.01.
I P<0.05.

§ The confidence interval has been rounded to two decimal places.
9 The Charlson score measures the number of coexisting conditions, weighted according to their relative effects on mor-
tality, with the higher numbers indicating a greater burden of illness. The omitted category for measures on the

Charlson score is zero.

| Race was determined according to Medicare records. The omitted category for race is white; coefficients for other cate-
gories of race or ethnic group — including Asian, Hispanic, other, and unknown — are not shown here.

risk of death associated with spousal hospital-
ization was 22 percent of the risk associated with
spousal death (95 percent confidence interval, 17
to 27 percent); for women, the risk of death as-
sociated with spousal hospitalization was 16 per-
cent of the risk associated with spousal death (95
percent confidence interval, 8 to 24 percent).
We also used this simplified model (not shown)
to evaluate how age, race, and poverty status modi-
fied the effect of spousal hospitalization. For
women, the effect of a husband’s hospitalization
increased with age and poverty. For men, the ef-
fect of a wife’s hospitalization increased only with

age. There were only small differences by race in
the effect of hospitalization.

Finally, additional analyses that assessed the
effect of spousal hospitalization or death on
the mortality of the partner within 30 days after
the hospitalization or death showed that the ef-
fect of spousal hospitalization was relatively more
pronounced during this short period, with haz-
ard ratios for spousal hospitalization that were
almost as large as those associated with spousal
death. The hospitalization of a wife within the
previous 30 days was associated with an increase
in a husband’s risk of death of 35 percent during
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this period (hazard ratio, 1.35; 95 percent confi-
dence interval, 1.29 to 1.41), and the hospitaliza-
tion of a husband increased a wife’s risk of death
by 44 percent (hazard ratio, 1.44; 95 percent con-
fidence interval, 1.35 to 1.52). The death of a
wife within the previous 30 days was associated
with an increase in a husband’s risk of death of
53 percent (hazard ratio, 1.53; 95 percent confi-
dence interval, 1.44 to 1.63), and the death of a
husband was associated with an increase in a
wife’s risk of death of 61 percent (hazard ratio,
1.61; 95 percent confidence interval, 1.51 to 1.70).
Hence, a comparison of the effect on partners of
spousal hospitalization with that of spousal death
in the previous 30 days revealed that for men
the effect of spousal hospitalization was 65 per-
cent as large as the effect of spousal death (95
percent confidence interval, 49 to 81 percent). For
women, the effect of spousal hospitalization was
72 percent as large as the effect of spousal death
(95 percent confidence interval, 54 to 89 percent).

Figure 1A and Figure 2A show the effect of
spousal hospitalization for any diagnosis on the
risk of death, with use of the case—time—control
method and an analysis of a two-year time period
after spousal hospitalization. When a spouse was
hospitalized, the partner’s risk of death increased
significantly above baseline and remained elevated
for up to two years. These patterns were apparent
even after controlling for all stable measured or
unmeasured attributes of the couples and without
regard to whether the hospitalized spouse lived
or died. Figures 1B through 1F and Figures 2B
through 2F show the effect of the hospitalization,
depending on the diagnosis in the spouse, on the
risk of death during a two-year period for a merely
illustrative selection of five conditions. The graphs
are all U-shaped, typically with a nadir at 90 to
180 days. Numerical data about all 16 conditions
appear in the Supplementary Appendix, which is
available with the full text of this article at www.
nejm.org.

DISCUSSION

People may have health consequences as a result
of the illness of a spouse, the death of a spouse,
or both. We found that serious spousal illness (as
marked by hospitalization) and spousal death
appear to be independently associated with the
risk of death of the partner, for both men and
women. Indeed, within the first 30 days, the hos-

pitalization of a spouse was associated with a risk
of death for the partner that was almost as great
as that associated with the death of a spouse. Over
the long run, for men, hospitalization of a spouse
was associated with a risk of death that was 22
percent of the risk associated with the death of a
spouse; for women, the risk was 16 percent of the
risk associated with spousal death.

Moreover, certain illnesses in spouses were even
more harmful to partners than these overall as-
sociations suggest. We hypothesized that the ef-
fect of the illness the spouse had could vary — in
other words, the more a disease interfered with
physical or mental ability (regardless of the lethal-
ity of the disease), the worse the outcome for the
partner. Thus, our interest in the heterogeneity
of diseases was driven by our interest in possible
mechanisms underlying the association between
spousal hospitalization and partner mortality.
Moreover, an association between more burden-
some diseases (wWhatever their intrinsic lethality)
and a greater risk of death in partners would rep-
resent a kind of dose-response evidence.

Previous work has indeed documented that
diseases vary in their effect on the activities of
daily living (ADL) of afflicted persons.?>23 One
study showed that stroke, hip fracture, demen-
tia, and congestive heart failure compromised
ADL but that myocardial infarction, chronic ob-
structive pulmonary disease, and cancer had less
of an effect.2* Another study showed that stroke
and hip fracture were more disabling than either
congestive heart failure or cancer.?? And a meta-
analysis of data from 15,000 reports about pa-
tients ranked disease groups as follows, from
greatest to least consequence on physical and
mental functioning: cerebrovascular conditions,
cardiovascular conditions, respiratory conditions,
and oncologic conditions.?>

Our results indicate that hospitalization for
various diseases may indeed differentially affect
partners. Cancer diagnoses appear not to be so
burdensome, in the sense of increasing a partner’s
risk of death. And although dementia has a great
effect on partners, other physical and mental ill-
nesses, such as chronic obstructive pulmonary
disease and psychiatric conditions, appear to rival
it, even if they are less lethal. Finally, the findings
that the consequences of spousal illness are rough-
ly equal for men and women and also that the
diseases have similar rankings in men and women
lend support to the supposition that certain dis-
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Figure 1. Risk of Death among Men after the Hospitalization of a Spouse, According to Diagnosis.
The relative odds (in the form of odds ratios and 95 percent confidence intervals) that a man will die on any particu-
lar day within various time intervals after a spouse’s hospitalization are shown, including the overall risk (Panel A)
and the risk according to the diagnosis in the spouse for five illustrative conditions (Panels B through F). These esti-
mates were generated by case—time—control models implemented in the full sample of 518,240 couples.

economic, or other practical support.2®2” When
a spouse falls seriously ill (or dies), partners may
show an increase in harmful behavior, ranging
from drinking to bad dietary practices to accident-
prone activities, with an attendant rise in the haz-
ard of death.?® Stress and a lack of social support

eases may have an intrinsically burdensome qual-
ity that may underlie the observed associations.
Two possible mechanisms for these associa-
tions are that spousal illness or death may im-
pose stress on a partner and that spousal illness
or death may deprive a partner of social, emotional,
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Figure 2. Risk of Death among Women after the Hospitalization of a Spouse, According to Diagnosis.
The relative odds (in the form of odds ratios and 95 percent confidence intervals) that a woman will die on any par-
ticular day within various time intervals after a spouse’s hospitalization are shown, including the overall risk (Panel A)
and the risk according to the diagnosis in the spouse for five illustrative conditions (Panels B through F). These esti-

emented in the full sample of 518,240 couples.

may also adversely affect immunologic mea-
sures.?® Spousal hospitalization may be especially
stressful to those who are already vulnerable. We
found that older partners are more likely to die in
response to the hospitalization of a spouse and
that, at least for women, the hospitalization of a
spouse is more harmful if the couple is poor.

N ENGLJ MED 354;7 WWW.

However, although illness and death of a
spouse create stress and compromise social sup-
port, these effects may occur over various time
frames. For example, the stress effect may last for
a few weeks or months, and the support effect
may last for several years. Moreover, the stress
effect may have immediate onset and decrease
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with time, and the support effect may increase
with time. Therefore, we supposed that the ef-
fect of having a sick spouse might vary accord-
ing to the duration of the illness in hard-to-pre-
dict ways. We found, overall and across a range
of diagnoses, a U-shaped pattern, with a nadir
at 90 to 180 days. One possible interpretation
of this finding is that early in the course of a
spouse’s illness, stress affects the partner in ways
to which he or she eventually adapts, so that the
health risks of being a caregiver decline. Eventu-
ally, however, the lack of social support that is
associated with the illness (or death) of a spouse
becomes a problem, and health risks increase
again. A previous study that looked at the risk of
death in partners according to the duration of
bereavement (i.e., the time since the death of a
spouse) suggests a similar U-shaped pattern.3°

Observational studies are always vulnerable
to confounding factors. For example, if one spouse
falls ill or dies, the partner may also fall ill or die,
but not because the partner is affected by the
spouse’s illness. Rather, the partner may fall ill
because the two spouses share traits that deter-
mine the health outcomes of both. This possi-
bility has often been overlooked in studies of
caregiver burden or bereavement. However, the
implementation of statistical controls for relevant
variables in the Cox models or, more important,
the use of the case-time—control method (which
accounts for any stable attributes of couples, even
if they are unmeasured) helps to mitigate this con-
cern. Unmeasurable unstable attributes of couples,
however, could be persistent confounders of the
association we observed. We were also constrained
by the fact that we did not know whether the
partner provided any care or actually experienced
stress; the very large data set that was required
for our study of effects on mortality necessarily
lacked such detail.

Interpersonal health effects have clinical and
policy significance. Most generally, it is clear that
a person’s illness or death can have health con-
sequences for others in his or her social net-
work.3134 This observation, in turn, means that
efforts to reduce disease, disability, and death can
be self-reinforcing, since a decrease in the bur-
den of these events in one person can have cascad-
ing benefits for others. Health care might indeed
be more socially efficient, and more cost-effective,
than is suggested by looking at individual cases
alone. Policymakers with a collective perspective,
such as governmental or insurance entities, might
care about such effects.

Our findings can also inform the delivery of
support services. The training and assistance of
spouses who serve as caregivers can lower costs
and also improve the health of patients and part-
ners alike.3s Our work suggests that such inter-
ventions might even decrease mortality among
partners. Our work also suggests that such in-
terventions are especially likely to be useful in cer-
tain diseases, such as stroke and dementia. More-
over, the timing of such interventions might
optimally be matched to the riskiest times for
partners — for example, just after hospitaliza-
tion of the spouse. Finally, since seriously ill pa-
tients themselves care about the health of their
loved ones,3® they have a substantial interest in
mitigating any effects of their own illness on
others.
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