Journal of Gerontology: MEDICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci. 2011 March;66A(3):349-354
doi:10.1093/gerona/glq230

© The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America.

All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.
Advance Access published on February 11, 2011

Combined Impact of Geriatric Syndromes and
Cardiometabolic Diseases on Measures of Functional

Impairment

Andrea L. Rosso,! Charles B. Eaton,? Robert Wallace,3 Rachel Gold,* J. David Curb,’
Marcia L. Stefanick,® Judith K. Ockene,’” and Yvonne L. Michael!

"Department of Epidemiology and Biostatistics, Drexel University School of Public Health, Philadelphia, Pennsylvania.
2Department of Family Medicine and Community Health, Alpert Medical School of Brown University, Memorial Hospital of Rhode

Island, Pawtucket.
3Department of Epidemiology, College of Public Health, University of lowa, lowa City.
4Kaiser Permanente Center for Health Research, Portland, Oregon.
SDepartment of Geriatric Medicine, School of Medicine, University of Hawaii, Manoa.
%Department of Medicine, School of Medicine, Stanford University, California.
"Department of Medicine, University of Massachusetts Medical School, Worcester.

Address correspondence to Andrea L. Rosso, MPH, Department of Epidemiology and Biostatistics, School of Public Health, Drexel University, 1505

Race Street, Mail Stop 1033, Bellet 6th Floor, Philadelphia, PA 19102. Email: alr44 @drexel.edu

Background. Examine the independent and joint effects of geriatric syndromes (GS) and cardiometabolic diseases
(CMDs) on functional impairment.

Methods. Cross-sectional analysis of baseline data from the Women’s Health Initiative, including 62,829 women
aged 65 years or older. GS (urinary incontinence, falls, and depression measured by the shortened Center for Epidemio-
logical Studies-Depression scale/Diagnostic Interview Schedule screening instrument) and CMD (coronary artery dis-
ease, coronary heart failure, and diabetes) were self-reported. Physical and social functioning and general health subscales
of the Short Form-36 dichotomized at the median for the study sample were used to assess functional impairment. Addi-
tive interaction between burden of GS and CMD was assessed using logistic regression models.

Results. Forty-three percent of women had at least one GS; 14.1% had at least one CMD; and 6.9% had at least one
of each. Compared with women with no GS or CMD, women with one or more GS but no CMD were as likely to have
physical functioning impairments (odds ratio [OR] = 1.79; 95% confidence interval [CI] = 1.73, 1.86) as those with CMD
alone (OR = 1.97; CI = 1.84, 2.10). The association with social functioning was stronger for GS alone (OR =2.10; CI =
2.02,2.18) compared with CMD (OR = 1.60; CI = 1.50, 1.71). The association with general health was stronger for CMD
alone (OR =2.15; CI =2.01, 2.29) compared with GS (OR = 1.68; CI = 1.62, 1.74). Significant interactions between GS
and CMD were observed for all functional measures with 20%—-30% of observed ORs attributable to additive interaction.

Conclusion. GSs alone are associated with functional impairment in older women; the association is stronger in the

presence of even one CMD.

Key Words: Geriatric syndromes—Cardiometabolic disease—Physical functioning.

Received September 17, 2010; Accepted November 28, 2010

Decision Editor: Luigi Ferrucci, MD, PhD

ERIATRIC syndromes (GS) are a loosely defined
group of conditions that are highly prevalent in the el-
derly population but often are not considered discrete dis-
eases; these include falls, urinary incontinence (UI), and
depression among others (1). These conditions are typically
multifactorial, share risk factors, and are closely linked with
functional decline and frailty (1). Cardiometabolic diseases
(CMDs) are also highly prevalent in older populations, and
their cooccurrence with GS is common (2-8).
Due to the relatively high prevalence of both GS and
CMDs, cooccurrence of the two can be expected on purely

statistical grounds. However, GS and CMDs share risk fac-
tors and may be risk factors for one another, suggesting a
biologic association (8—12). In addition, medications pre-
scribed for cardiometabolic disorders may increase risk for
GS (7). Geriatric disorders and chronic diseases have been
shown to independently affect quality-of-life and physical
functioning measures (6,13-18). Multiple CMDs or multiple
GS have a cumulative effect on functioning and disability
measures (16,19). Poor functioning and disability are known
to increase hospitalizations, nursing home placement, inci-
dent dementia, and death (20-22). Despite the known high
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cooccurrence of GS and CMDs, little is known about the
combined impact of these conditions on functioning.

We examine the cooccurrence of several GS with CMDs
in women aged 65 years and older who participated in the
baseline assessments of the Women’s Health Initiative
(WHI). In addition, we assessed the presence of interactions
between GS and CMDs on physical and social functioning
and on general health ratings.

METHODS

This was a cross-sectional analysis using the baseline
data of women aged 65 years and older who participated in
the WHIL

Study Population

The WHI enrolled 161,808 postmenopausal women into
one or more study components (hormone therapy trial, di-
etary modification trial, calcium and vitamin D trial, or an
observational study). Details of the study have been pub-
lished elsewhere (23). Women were recruited at 40 clinical
centers across the United States from 1993 to 1998 through
community-based methods (24). Exclusion criteria were
minimal and included conditions with predicted survival of
less than 3 years or those that would interfere with compli-
ance, such as substance abuse (23). All women provided
informed consent prior to participation.

Women were included in these analyses if they were aged
65 years and older (n = 71,039). Women were excluded
from analyses if they had missing data on any CMDs, GS,
or the Short Form-36 (SF-36) subscales. This resulted in
exclusion of 8,210 (11.6%) women for a final study popula-
tion of 62,829. There were no age differences between those
with missing data and those without. However, those ex-
cluded due to missing data were more likely to be African
American or Hispanic, widowed, have an income below
$50,000, smoke currently, and not have completed high
school.

Assessment of Cardiometabolic and GS

Inclusion of CMDs and GS was based on the following
criteria: (a) known associations between specific diseases and
syndromes (7-12), (b) CMDs rather than conditions that are
risk factors for these diseases, (c) a focus on coronary rather
than on peripheral cardiovascular events, and (d) availability
of data in the WHI. As a result, we focused on the following
CMDs (coronary artery disease, coronary heart failure [CHF],
and diabetes) and GS (urinary incontinence [UI], falls, and
depression) assessed at screening or baseline. Coronary artery
disease was defined as a self-report of ever having had a myo-
cardial infarction or angina. All women were asked at screen-
ing if they had ever been told that they had diabetes or high
blood sugar while not pregnant. Women reported a doctor
ever telling them that they had heart failure (CHF).

UI was defined as reporting any urine leakage at least
once per week in the past year (25). Women were asked how
many times they had fallen and landed on the floor or
ground in the past year. Fallers in this study were defined as
having had at least two falls in the past year. Depression was
measured by the shortened Center for Epidemiological
Studies-Depression scale/Diagnostic Interview Schedule
screening instrument with a cutoff of 0.06 used to identify
those meeting criteria for high depressive symptoms (26).

Assessment of Functioning

The SF-36 was administered to all women at baseline
(27). The SF-36 has been shown to have high validity and
reliability in older adults (28). A nine-item subscale was
used to assess physical functioning. Social functioning was
measured by a two-item subscale, and general health
was determined through the five-item subscale. Scores for
all scales ranged from 0 to 100, with 100 indicating better
function or health (27).

Assessment of Covariates

Demographic variables were recorded at either the
screening or the baseline visit. Age was reported to the near-
est year. Ethnicity was self-identified as non-Hispanic
White (Caucasian), Black or African American, Hispanic/
Latino, Asian or Pacific Islander, American Indian or Alas-
kan native, or other. Current marital status was reported as
never married, divorced or separated, widowed, presently
married, or marriage-like relationship; these last two cate-
gories were combined for all analyses. Highest educational
achievement was recorded in 11 different categories that
were combined to form the following 5 categories: less than
high school, high school diploma, technical school or some
college, college degree, and postgraduate degree. Family
income was recorded as less than $10,000, $10,000—
$19,999, $20,000-$34,999, $35,000-$49,999, $50,000—
$74,999, $75,000-$99,999, $100,000-$149,999, and
$150,000 or more. The first four categories were combined
to include all those with income less than $50,000, and the
last two categories were combined to include those making
more than $100,000. Because study enrollment was not mu-
tually exclusive, four variables were used to indicate enroll-
ment or nonenrollment in each: hormone therapy trial,
dietary modification trial, calcium and vitamin D trial, or
the observational study.

Statistical Analysis

Descriptive analyses were used to determine the preva-
lence and cooccurrence of cardiometabolic and GS. Due to
skewed distributions, all function measures were dichoto-
mized at the median. Logistic regression was used to assess
odds ratios (OR) and 95% confidence intervals (CI) be-
tween conditions and low physical functioning, social
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functioning, and general health after adjustment for demo-
graphic characteristics. It has been demonstrated using the
sufficient cause model that interaction on the additive,
rather than on the multiplicative, scale represents presence
of true biological interaction (26). Biologic interaction was
assessed here by calculating the interaction contrast or rela-
tive excess risk due to interaction (RERI), attributable
proportion due to interaction (AP), and associated 95% CI
(29,30). The RERI is calculated by the formula: RERI =
OR|; — ORjy — ORy; + I, where the subscripts represent
presence (1) or absence (0) of the two exposures (CMDs
and GS) (30). RERI represents the portion of the observed
OR that is due to interaction when both exposures are pres-
ent. The attributable proportion due to interaction (AP) is
calculated by the formula AP = RERI/OR;; and represents
the percentage of the observed OR that is due to interaction
(30). A value different than O for each of these measures
indicates biologic interaction. All analyses were performed
in SAS 9.1.3 and Microsoft Excel 2007.

REsuULTS

These analyses included 62,829 women between the ages
of 65 and 81 years (mean = 70.1, SD = 3.7). The majority of
the women were Caucasian (n = 54,788, 87.5%); African
Americans made up 6.3% (n = 3,935) of the study sample,
Hispanics 2.2% (n = 1,365), Asians 2.6% (n = 1,644),
American Indian or Alaskan Native 0.3% (n = 211), and
1.1% were classified as other (n = 708). More than half of
the women were married or cohabitating (n = 35,085,
56.1%). This was a generally well-educated population
with only 5.8% (n = 3,606) not having completed high
school and 26.1% (n = 16319) had some postcollege educa-
tion. The majority of women reported current incomes be-
low $50,000 (n = 42,390, 73.0%). Women in the
observational study (n = 39,489, 62.9%) were not enrolled
in any of the experimental arms. Participants could be en-
rolled in one or more experimental arms of the study: 10,438
(16.6%) in the hormone therapy, 15,442 (24.6%) in the diet
modification, and 11,901 (18.9%) in the calcium and vita-
min D trial. Of these, 11,403 (18.1%) were enrolled in two
trials and 1,519 (2.4%) were enrolled in all three trials.

UI was the most common of all the conditions with a
prevalence of 31.2% in this population (Table 1). The GS
were overall more common than the CMDs; 14.1% of
women had at least one CMD, and 43% had at least one
geriatric syndrome. CHF had the highest cooccurrence with
the other CMDs and with GS (Table 1). Among GS, UI was
the least likely to cooccur with other GS, and depression
was the most likely to cooccur with CMDs (Table 1).

The median score for the SF-36 subscales was 85 for
physical functioning, 100 (no limitations) for social func-
tioning, and 75 for general health. Although a majority of
participants had no limitations on social functioning, 32.8%
scored below 100 on this measure. Multivariable analyses

show that all conditions were independently associated with
reduced physical and social functioning and general health
after adjustment for age, race, marital status, education, in-
come, study enrollment, and all other conditions (data not
shown).

Presence of multiple GS alone and multiple CMDs alone
affected physical functioning about equally, whereas GS
had a greater contribution to social functioning and CMDs
to general health in adjusted models (Table 2, Figure 1). A
significant biologic interaction between GS and CMDs was
observed for all three functional measures. The combined
OR for physical functioning was 3.93 (CI = 3.66, 4.23) of
which 1.17 (CI = 0.88,1.47) was due to interaction (Table 2,
Figure 1). For social functioning, the combined OR was
3.36 (CI = 3.15, 3.59) with 0.66 (CI = 0.43, 0.89) attribut-
able to interaction. The combined OR for general health
was 3.74 (CI = 3.49, 4.01) with 0.91 (CI = 0.64, 1.19) due
to interaction. The strongest interaction was observed for
physical functioning; 30% (CI = 24%, 36%) of the com-
bined OR was attributable to the interaction effect. The con-
tribution from interaction was only slightly less for social
functioning (20%; CI = 14%, 26%) and general health
(24%; C1 = 18%, 31%; Table 2).

Our estimates of interaction effects may be affected by
the higher prevalence of UI compared with all other condi-
tions. We conducted the same analyses classifying GS as
either 0—1 or 2-3 with CMDs remaining as 0 or 1+. The
results obtained from these analyses were not qualitatively
different from those presented here, although the interaction
effects were stronger for all outcome variables (data not
shown).

DiscusSION

In these relatively healthy women of age 65 years and
older, occurrence of multiple GS and/or multiple CMDs
was not uncommon. About one third of the study sample
(34.4%) had a single geriatric syndrome with 8.2% having
two or more, 12.4% had one of the CMDs, and 1.6% had
two or more CMDs. Both GS and CMDs were found to
independently contribute to functional impairment as mea-
sured by the SF-36 subscales for physical function, social
function, and general health. In addition, an additive inter-
action was observed when GS and CMDs were both pres-
ent compared with the expected effect from the presence of
geriatric or cardiometabolic conditions alone. Between
20% and 30% of the risk for functional impairments was
attributable to interaction when both types of conditions
were present.

Lee and colleagues (3) assessed cooccurrence of CMDs
and GS in a large population-based sample of men and
women aged 65 years and older. Although CMDs were
more prevalent and GS less so in their mixed sex sample than
in our women-only study, the patterns of cooccurrence were
similar. The research on directionality of the association
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Table 1. Burden of CMDs and Geriatric Syndromes (GS) Among Women Aged >65 years

Prevalence 0 CMD 1 CMD

2+ CMD

0GS

1GS

2+ GS

n = 54,066 n="17,765

n =998

n=36,060

n=21,628

n=>5,141

% (95% CI) % (95% CI) % (95% CI)

% (95% CI)

% (95% CI)

% (95% CI)

% (95% CI)

CMD
CAD 7.5(1.3,7.7) — 81.5 (80.4, 82.6)
CHF 1.4(1.3, 1.5) — 64.4 (61.2, 67.5)
Diabetes 6.8 (6.6, 7.0) — 79.5 (78.3, 80.7)
GS
Falls 11.8(11.6,12.1)  83.4(82.6,84.3)  14.1(13.3, 14.9)
Ul 31.2(30.9,31.6)  83.4(82.9,83.9)  14.5(14.0, 15.0)
Depression 8.5(8.3,8.7) 81.3(80.2,82.3)  16.1(15.1,17.1)

18.5 (17.4, 19.6)
35.6 (32.5, 38.8)
20.5 (19.3, 21.8)

51.8 (50.4, 53.2)
44.6 (41.3, 47.8)
48.0 (46.5, 49.5)

37.5(36.1, 38.9)
40.6 (37.3, 43.8)
39.2(37.7,40.6)

10.7 (9.9, 11.6)
14.8 (12.5, 17.2)
12.8 (11.8, 13.9)

2.5(2.2,2.9) — 52.7(51.6,53.9) 473 (46.1,48.4)
2.1(1.9,2.3) - 76.3(75.7,76.9)  23.7(23.2,24.3)
2.6(2.3,3.1) - 51.5(50.1,52.8)  48.5(47.2,49.9)

Note: CAD = coronary artery disease; CHF = coronary heart failure; CI = confidence interval; Ul = urinary incontinence.

between CMDs and GS is sparse. However, in a meta-anal-
ysis, diabetes was shown to be a risk factor for incidence of
several GS, including dementia, mobility decline, disabil-
ity, falls, and UI but not depression (5). Depression has been
shown to increase risk for both incident cardiovascular dis-
ease and cardiovascular mortality (11). Additionally, it has
been suggested that the high rates of cooccurring GS with
CHF could at least in part be due to side effects of pre-
scribed medications for CHF (7).

A number of articles have shown that CMDs and GS
have an impact on physical functioning, disability, and other
quality-of-life measures (6,13—19), but few studies have as-
sessed whether these conditions have an independent asso-
ciation in the presence of the other type of conditions, and
none have looked at interactions between them. Cigolle and
colleagues (16) demonstrated an independent association of
GS with activity of daily living limitations after adjustment
for various chronic conditions. They also showed that the
ORs for GS were as large as those for the chronic condi-
tions, similar to our findings for physical and social limita-

Table 2. Interaction of Multiple GS and CMD on Impairments in
Physical Functioning, Social Functioning, and General Health
Measures From the Short Form-36

#GS/HCMD  Physical Function Social Function General Health

OR? 95% CI OR? 95% CI OR? 95% CI
0/0 Ref Ref Ref
0/1+ 1.97 1.84,2.10 1.60 1.50, 1.71 2.15 2.01,2.29
1+/0 1.79 1.73,1.86 2.10 2.02,2.18 1.68 1.62,1.74
1+/1+ 3.93 3.66,4.23 3.36 3.15,3.59 3.74 3.49,4.01

Estimate 95% CI  Estimate 95% CI  Estimate 95% CI

RERI 1.17 0.88, 1.47 0.66 0.43,0.89 091 0.64, 1.19
AP 0.30 0.24,0.36 0.20 0.14,0.26 0.24 0.18,0.31

Notes: AP = attributable proportion due to interaction; CI = confidence
interval; CMD = cardiometabolic diseases (coronary artery disease, coronary
heart failure, and diabetes); GS = geriatric syndromes (falls, urinary inconti-
nence, and depression); OR = odds ratio; RERI = relative excess risk due to
interaction.

2Adjusted for age, race, marital status, education, income, and study enrollment.

tions. It has been previously shown that cooccurrence of
multiple chronic diseases can have synergistic effects on
disability measures (31); we show here that the same can be
true for cooccurrence of chronic diseases with GS.

Loss of function is likely a multisystem phenomenon in-
volving the neuromuscular, endocrine, immune, and cardio-
vascular systems (1). Impairments could result directly
from the presence of a given condition as with Ul leading to
psychological distress and shame that directly affects social
functioning (32). In contrast, impairments may result from
common risk factors or pathways related to chronic disease
and GS (31). For example, frailty, which leads to physical
impairments, has been associated with inflammatory mark-
ers (33) that are also associated with CMDs (34). The con-
cept of biological interactions between individual GS on
disability and mortality is not new (1), but interactions be-
tween geriatric syndrome burden with burden of chronic
conditions have not previously been assessed. Whether
these interactions are due to an underlying biological mech-
anism, such as inflammation, or to an accumulation of defi-
cits due to presence of conditions affecting different
biological systems is unclear.

The WHI data set provided a large population of older
women with data on several CMDs and GS as well as de-
mographic information. In addition, the SF-36 provided a
well-validated and reliable source of data on functional
ability. However, the WHI was a combination of observa-
tional study and clinical trial and likely represents a health-
ier population of older women than the general population.
Self-report of baseline conditions also may underestimate
prevalence of the CMD and GS. We were also limited in
that data on cognitive function, known to be associated both
with other GS (35,36) and with CMDs (8,37), were avail-
able in only a subset of participants and were therefore not
considered here. In addition, the cross-sectional nature of
this data does not allow for the assessment of temporal
trends. The conditions considered here may have led to
functional decline, or the declines in function may have
contributed to the onset, severity, or reporting of the geriat-
ric and cardiometabolic conditions.
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A. Physical Function
4.5

B. Social Function

General Health

Figure 1. Proportion of odds ratios attributable to cardiometabolic diseases
(CMDs), geriatric syndromes (GS), and the interaction of the two (CMD and
GS) for impairments to physical functioning (A), social functioning (B), and
general health (C) measures from the Short Form-36.

GS are known to significantly affect functional abilities
in older women. In this cross-sectional analysis of women
aged 65 years or older who participated in the WHI, we
observed an association between GS and self-reported

functional ability. In addition, our data show that this asso-
ciation is greater in the presence of CMDs. An additive syn-
ergistic interaction was observed between the presence of
GS and CMDs on functional measures. Future clinical re-
search should focus on interventions to enhance function
among women with GS, in particular among women with
comorbid CMDs. Common pathways between GS and
CMDs may represent an opportunity to improve clinical
and functional outcomes in this population of women.
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