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Abstract
Summary In this study of acute hip fracture patients, we show
that hip fracture rates differ by gender between community-
dwelling seniors and seniors residing in nursing homes.While
women have a significantly higher rate of hip fracture among
the community-dwelling seniors, men have a significantly
higher rate among nursing home residents.
Introduction Differences in gender-specific hip fracture risk
between community-dwelling and institutionalized seniors
have not been well established, and seasonality of hip fracture
risk has been controversial.
Methods We analyzed detailed data from 1,084 hip fracture
patients age 65 years and older admitted to one large hospital
center in Zurich, Switzerland. In a sensitivity analysis, we
extend to de-personalized data from 1,265 hip fracture pa-
tients from the other two large hospital centers in Zurich
within the same time frame (total n =2,349). The denomina-
tors were person-times accumulated by the Zurich population

in the corresponding age/gender/type of dwelling stratum in
each calendar season for the period of the study.
Results In the primary analysis of 1,084 hip fracture patients
(mean age 85.1 years; 78 % women): Among community-
dwelling seniors, the risk of hip fracture was twofold higher
among women compared with men (RR=2.16; 95 % CI,
1.74–2.69) independent of age, season, number of
comorbidities, and cognitive function; among institutionalized
seniors, the risk of hip fracture was 26% lower among women
comparedwithmen (RR=0.77; 95%CI: 0.63–0.95) adjusting
for the same confounders. In the sensitivity analysis of 2,349
hip fracture patients (mean age 85.0 years, 76 % women), this
pattern remained largely unchanged. There is no seasonal
swing in hip fracture incidence.
Conclusion We confirm for seniors living in the community
that women have a higher risk of hip fracture than men.
However, among institutionalized seniors, men are at higher
risk for hip fracture.
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Introduction

Hip fractures are the most frequent and most severe fractures
among seniors age 75 years and older, a rapidly growing
segment of the population [1]. By the ninth decade of life,
an estimated one in every three women and one in every six
men will have sustained a hip fracture [2]. In the first
12 months after hip fracture, 10 % of seniors fracture their
other hip, 30 to 50 % are re-admitted to acute care, 50 % are
left with permanent functional disabilities, 25 % are admitted
to nursing homes, and 10–25 % die [3–7].

Established risk factors for hip fractures include female
gender [8–20], older age [21–25], a higher number of
comorbidities [26], low cognitive function [27, 28], falls,
and osteoporosis [29]. Winter season and residing in a nursing
home may also increase the risk of hip fracture risk, but
studies have been controversial [14, 30–46].

Regarding type of dwelling, most authors report seniors
residing in nursing homes to be at significantly higher risk for
hip fracture compared with their community-dwelling coun-
terparts [21, 24, 25, 47–50]. But the estimates vary substan-
tially: Hip fracture risk among institutionalized seniors are
reported to be 2.2 [24] to 7.6 [25] times higher than their
counterparts living at home. This may in part be explained by
the fact that seniors residing in nursing homes often carry
many of the established risk factors for hip fracture as de-
scribed above [22]. Few studies investigated the combined
effects of gender and type of dwelling on hip fracture risk.
Brennan et al. found that women were at higher risk of hip
fractures regardless of whether they lived in a nursing home or
in the community [21]; on the other hand, Sugarman and
colleagues observed that women were at higher risk only
when living in the community, and there was no difference
in gender-specific hip fracture risk among nursing home
dwellers [47]. Butler et al. reported that living in a nursing
home was associated with higher risk of hip fracture in both
genders, but the increase was more pronounced in men than it
was in women [49].

Several studies performed in the United States [30, 36–38,
42], Canada [40], UK [33], Norway [31, 35], Spain [51],
Taiwan [41], Hong Kong [32], and Australia [39, 43] reported
significant differences in hip fracture risk by seasons with the
highest risk observed in winter months. On the other hand,
other studies from the same countries [14, 44–46] found no
difference in hip fracture risk by season. Mechanistically, it
has been suggested that falls due to snow and ice may play an
important role in seasonality of fractures [31, 36]. Thus, one
cause of the increased fracture risk in winter compared with
summer may be that older persons are more likely to slip and
fall during periods of snow and ice [52]. These factors may be

particularly important for fracture types that tend to occur
outdoors in active older persons [50, 53, 54]. Hip fractures,
which mostly occur indoors [55–57], may be less affected by
snow and ice, or may occur less in the presence of snow, as
suggested in the largest epidemiologic study on the influence
of season and weather on fracture risk [30]. Notably, however,
hip fracture risk may be indirectly influenced by cold weather,
since some studies suggest that susceptibility to falls in seniors
increase with hypothermia [55, 58]. Also, vitamin D depletion
and less physical activity during winter season may contribute
to muscle weakness [59, 60] and increase the risk of falls [61,
62] and fractures [63] during winter months.

In this study, we aimed to investigate if and to what extend
hip fracture rates differ by gender depending on type of
dwelling. Furthermore, we investigated if hip fracture inci-
dence varies by season in the Zurich region of Switzerland,
where snow and ice are common during the winter season.

Methods

Participants

For the primary analysis, we included 1,090 consecutive acute
hip fracture patients aged 65 years or older who were admitted
to a large hospital center (Triemli City Hospital, Zurich,
Switzerland) between January 2005 and March 2010. The
data for these patients were acquired in preparation for a
clinical trial of early rehabilitation after hip fracture [7]. Each
hip fracture patient 65 years or older admitted to the hospital
was offered to be interviewed, and over 90 % of them
consented to participate. Six of these patients had missing
data on type of dwelling before the fracture and were excluded
from the analysis, leaving total sample size at 1,084.

In addition, for a sensitivity analysis, de-personalized data
on 1,624 acute hip fracture patients admitted to the other two
large hospital centers in Zurich (Zurich University Hospital
andWaid City Hospital) within the same period were abstract-
ed from the hospital databases. Of these patients, 359 were
excluded from the analyses for the following reasons: Four
had missing data on type of dwelling prior to the fracture; 355
were transferred from other hospitals, and no further informa-
tion on their type of dwelling was available in the abstracted
data. Thus, for the sensitivity, we added 1,265 acute hip
fracture patients with de-personalized data, which resulted in
a total number of 2,349 acute hip fracture patients from three
large hospital centers in Zurich.

Variables

For the 1,084 acute hip fracture patients included in the
primary analysis, demographic and anthropometric character-
istics, information on type of dwelling before the index hip
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fracture, fracture date, and comorbid conditions were obtained
in an interview or directly from their medical records. The
Charlson comorbidity index [64] was applied to account for
severity of various comorbid conditions. Cognitive function
was assessed with the Mini Mental State Examination during
acute care after hip fracture repair [65].

For the de-personalized data set including 1,624 hip
fracture patients from the two other large hospital centers
in Zurich, available data were restricted to gender, age,
fracture date, and type of dwelling prior to admission. For
all participants, season when the fracture occurred was
derived from the fracture date, and the seasons were de-
fined as follows: winter: December through February;
spring: March through May; summer: June through August;
and fall: September through November. The shared data of
2,349 seniors included in the sensitivity analysis included
gender, age, type of dwelling, and season when the fracture
occurred.

Statistical analysis

Hip fracture patients who lived at home before hospitalization
were compared with those admitted from a nursing home with
respect to important risk factors using t test for continuous
variables and χ2-test for categorical variables as appropriate.
Poisson regression models were applied to evaluate associa-
tions between the potential risk factors and hip fracture risk.
The analyses were based on fracture rates. The numerators of
the rates were the sum over the study period of the number of
hip fractures that occurred during a particular season among
individuals in a particular age/gender/type of dwelling
(community-dwelling versus institutionalized) stratum. The
denominators were person-times accumulated by the Zurich
population in the corresponding age/gender/type of dwelling
stratum in each calendar season for the period of the study.
Population of Zurich was estimated from the official 2002
population statistics of the City of Zurich; this was the most
recent year for which the statistics by age, gender, and type of
dwelling were available. Zurich population increased only
4 % between 2002 and 2008.

The regression model for the primary analysis included
type of dwelling, season, age, gender, Charlson comorbidity
index, Mini Mental Score as main effect variables, and the
interaction term between gender and type of dwelling. Zurich
official population statistics do not break down the population
byMiniMental Score or Charlson comorbidity index. In order
to adjust for these variables, we calculated meanMMSE score
and mean Charlson comorbidity index for each age/gender/
type of dwelling stratum and included these means into the
models. For the sensitivity analysis, the regression models
adjusted for type of dwelling, season, age, gender, and the
interaction term between gender and type of dwelling. All
analyses were performed in SAS© v.9.2 statistical software

(Copyright© 2002–2008 by SAS Institute Inc., Cary, NC,
USA), and two-sided p value of 0.05 was used for statistical
significance.

Results

Characteristics of the study population

Characteristics of the 1,084 acute hip fracture patients includ-
ed in the primary analysis are summarized in Table 1. Patients
admitted from nursing homes were on average about 4.6 years
older (87.9 versus 83.3 years respectively; p <0.0001), had a
higher number of comorbidities (p=0.01), and had a lower
cognitive function (p<0.0001) than those admitted from home
(Table 1).

Characteristics of the 2,349 hip fracture patients included
in the sensitivity analysis are presented in Table 2. Includ-
ing all hip fracture patients from three hospital centers, the
pattern stayed the same: Patients admitted from nursing
homes were significantly older than seniors admitted from
home (87.8 versus 84.3 years, respectively; p <0.0001).
Compared with the primary analysis population, higher
proportion of sensitivity analysis participants lived at home
prior to their hip fracture (59 % versus 79 %, respectively;
Tables 1 and 2); in the primary analysis population, how-
ever, this proportion did not differ significantly in men and
women (Table 2).

Primary analysis of 1,084 acute hip fracture patients

Hip fracture risk in men and women differed significantly by
type of dwelling prior to the hip fracture event. Among
community-dwelling seniors, hip fracture rates were twice as
high in women compared with men (RR=2.16, 95 % CI,
1.74–2.69) independent of age, season, comorbid conditions,
and cognitive function. Conversely, and adjusting for the same
covariates, among institutionalized seniors, hip fracture rates
were 23 % lower among women compared with men (RR=
0.77, 95 % CI 0.63–0.95; Table 3, Fig. 1a).

We did not observe any seasonal changes in hip fracture
rates. Figure 2a presents frequencies of hip fractures by
weeks of the year; there were no noticeable seasonal pat-
terns. The risk of hip fracture adjusted for type of dwelling,
age, comorbid conditions, and cognitive function also did
not depend on season and changed very little throughout the
year (Table 3).

Age was a strong and independent predictor of hip fracture
risk in community dwelling as well as institutionalized se-
niors, but the strength of this effect differed by the type of
dwelling. Among community-dwelling seniors the risk of hip
fractures increased more than five times for people age 75–
84 years (RR=5.60; 95 % CI, 4.42–7.09), more than 15 times
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for seniors 85–94 years old (RR=15.20; 95 % CI, 11.98–
19.28), and more than 22 times for those age 95+years
(RR=22.14; CI, 13.57–36.14) compared with seniors age
65–74 years (Table 3). In institutionalized seniors, risk of
hip fracture also significantly increased with age, but the
increase was not as dramatic as in community dwelling

seniors. Compared with the age group 65–74 years, the risk
increased almost three times for seniors age 75–84 (RR=2.78;
95 % CI, 1.51–5.10), more than four times for people age 85–
94 years (RR=4.55; 95%CI, 2.56–8.10), and more than eight
times for the oldest age group of 95+years (RR=8.54; 95 %
CI, 4.67–15.60; Table 3).

Sensitivity analysis of 2,349 acute hip fracture patients

For sensitivity analysis, we combined data from three major
hospital centers in Zurich. The results of the sensitivity anal-
ysis are presented in Table 4. Notably, extending the study
population to 2,349 seniors with acute hip fracture, the results

Table 1 Characteristics of acute hip fracture patients included in the
primary analysis (N =1,084)

Characteristic Type of dwelling before hip
fracture

pa value

Home
(n =650)

Nursing/old age
home (n =434)

Season (%)

Winter 164 (59.4) 112 (40.6) 0.58

Spring 158 (62.2) 96 (37.8)

Summer 174 (61.5) 109 (38.5)

Fall 154 (56.8) 117 (43.2)

Age (mean, SD), years

Men 82.1 (6.6) 86.6 (6.8) <0.0001

Women 83.6 (6.8) 88.3 (6.3) <0.0001

Both genders 83.3 (6.8) 87.9 (6.5) <0.0001

Age categories (%)

Men

65–74 18 (78.3) 5 (21.7) 0.0005

75–84 74 (64.9) 40 (35.1)

85–94 42 (46.2) 49 (53.8)

95+ 3 (23.1) 10 (76.9)

Women

65–74 55 (84.6) 10 (15.4) <0.0001

75–84 243 (75.0) 81 (25.0)

85–94 200 (51.4) 189 (48.6)

95+ 15 (23.1) 50 (76.9)

Both genders

65–74 73 (83.0) 15 (17.0) <0.0001

75–84 317 (72.4) 121 (27.6)

85–94 242 (50.4) 238 (49.6)

95+ 18 (23.1) 60 (76.9)

Gender (%)

Male 137 (56.9) 104 (43.1) 0.26

Female 513 (60.9) 330 (39.1)

Charlson Comorbidity Index
(mean, SD)b

2.1 (1.9) 2.4 (1.7) 0.01

MMSE (mean, SD)c 23.5 (5.4) 18.3 (7.6) <0.0001

a Based on t test for continuous variables and χ2 test for categorical
variables
b Values on two participants are missing; sample sizes: home n =649,
nursing/old age home n =433, total N =1,082
cValues on 415 participants are missing; sample sizes: home n =469,
nursing/old age home n =200, total n =669

Table 2 Characteristics of acute hip fracture patients included in the
sensitivity analysis (n =2,349)

Characteristic Type of dwelling before hip fracture pa value

Home (n=1,848) Nursing/old age
home (n =501)

Season (%)

Winter 473 (79.6) 121 (20.4) 0.62

Spring 460 (79.9) 116 (20.1)

Summer 456 (78.1) 128 (21.9)

Fall 459 (77.1) 136 (22.9)

Age (mean, SD), years

Men 83.3 (7.5) 86.4 (6.8) <0.0001

Women 84.6 (7.3) 88.1 (6.2) <0.0001

Both genders 84.3 (7.4) 87.8 (6.4) <0.0001

Age categories (%)

Men

65–74 64 (92.8) 5 (7.3) 0.01

75–84 177 (79.4) 46 (20.6)

85–94 180 (77.3) 53 (22.7)

95+ 24 (68.6) 11 (31.4)

Women

65–74 136 (92.5) 11 (7.5) <0.0001

75–84 564 (85.7) 94 (14.3)

85–94 609 (72.8) 228 (27.2)

95+ 94 (64.0) 53 (36.0)

Both genders

65–74 200 (92.6) 16 (7.4) <0.0001

75–84 741 (84.1) 140 (15.9)

85–94 789 (73.7) 281 (26.3)

95+ 118 (64.8) 64 (35.2)

Gender (%)

Male 445 (79.5) 115 (20.5) 0.60

Female 1403 (78.4) 386 (21.6)

a Based on t test for continuous variables and χ2 test for categorical
variables
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were not materially different from those of the primary anal-
ysis. As in the primary analysis, the effect of gender on hip
fracture risk differed by type of dwelling: Among community-
dwelling seniors hip fracture rates were 65% higher in women
compared with men (RR=1.65, 95 % CI, 1.51–1.80). The
somewhat reduced gender difference among community-
dwelling seniors may be explained by the reduced number
of confounders that could be considered in this extended
data set. Among institutionalized seniors, women had 20 %
lower rate of hip fracture compared with men (RR=0.80,
95 % CI, 0.68–0.95). Average age- and season-adjusted
rates for community-dwelling and institutionalized men
and women are presented in Fig. 1a and b for both the
primary and the sensitivity analysis. Also, consistent with
the primary analysis, there was no seasonal swing of hip
fracture risk (Table 4, Fig. 2b), and higher age remained a
strong and independent risk factor for hip fracture risk.
Consistent with the primary analysis, the effect of age was
stronger in community-dwelling seniors than in those living
in institutions (Table 4).

Discussion

In this study of acute hip fracture patients age 65 years
and older, we show that hip fracture rates differ by gender

between community-dwelling seniors and seniors residing
in nursing homes. While we confirm that women have a
significantly higher rate of hip fracture among the
community-dwelling senior population, we document the
opposite among institutionalized seniors. Among seniors
residing in nursing care, men had a higher rate of hip
fracture compared with women. This finding was signifi-
cant in the primary analysis among 1,084 seniors with a
23 % lower rate of hip fracture among institutionalized
women compared with institutionalized men independent
of age, season, comorbid conditions, and cognitive func-
tion, and confirmed in our sensitivity analysis among
2,349 seniors with a 20 % lower rate of hip fracture
among institutionalized women compared with institution-
alized men. Regarding our second goal, to determine
whether hip fracture rates in seniors residing in the Zurich
area of Switzerland vary with season, we found no such
indication in either the primary or the sensitivity analysis.

Our study confirmsmany earlier studies among community-
dwelling seniors showing that hip fracture rates are 1.5–3 times
higher among women compared with men [5, 10, 12–14, 18,
21, 25, 47, 49, 66]. However, our study also contributes to an
area less well studied, the gender-specific hip fracture rates in
institutionalized seniors. Sugarman et al. assessed data from
American seniors collected between 1993 and 1995 and found
that while hip fracture risk was 2.4-fold higher among

Table 3 Primary analysis: unadjusted and adjusted associations of important risk factors with risk of hip fracture (n =1,084)

Characteristic Rate ratio (95 % CI)

Unadjusted pa value Adjustedb p value

Community dwelling Institutionalized Community dwelling Institutionalized

Gender

Women 2.35 (1.21–4.57) 0.86 (0.40–1.87) 0.06 2.16 (1.74–2.69) 0.77 (0.63–0.95) <0.0001

Men (Ref.) – – – –

Season

Fall 0.88 (0.38–2.04) 1.02 (0.37–2.81) 0.99 0.87 (0.71–1.06) 1.02 (0.81–1.28) 0.65

Winter 0.94 (0.41–2.15) 0.98 (0.35–2.72) 0.95 (0.79–1.14) 1.01 (0.80–1.27)

Spring 0.91 (0.39–2.09) 0.84 (0.29–2.43) 0.89 (0.74–1.09) 0.88 (0.69–1.11)

Summer (Ref.) – – – –

Agec

65–74 (Ref.) – – 0.002 – – <0.0001

75–84 5.89 (4.16–8.33) 2.69 (1.29–5.59) 5.60 (4.42–7.09) 2.78 (1.51–5.10)

85–94 16.21 (11.34–23.17) 4.28 (2.10–8.73) 15.20 (11.98–19.28) 4.55 (2.56–8.10)

95+ 27.35 (13.53–55.26) 7.58 (3.50–16.40) 22.14 (13.57–36.14) 8.54 (4.67–15.60)

a p value compares rate ratios in community-dwelling seniors against that in institutionalized seniors
b Adjusted for season, age, gender, type of dwelling, Mini Mental Score, and comorbidities (Charlson comorbidity index). Data from six people were
excluded from the adjusted model due to missing MMSE scores (sample size for the adjusted model N =1,078)
c Sample sizes of age categories 65–74 (community-dwelling n=73, institutionalized n =15); 75–84 (community-dwelling n=317, institutionalized n =
121); 85–94 (community-dwelling n =242, institutionalized n =238); 95+ (community-dwelling n =18, institutionalized n =60)
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community-dwelling women compared with community-
dwelling men, there was no gender difference in hip fracture
rates among nursing home residents [47].

To our knowledge, our study is the first to report that hip
fracture rates may be significantly higher among institution-
alized men compared with institutionalized women. Our find-
ings may in part be explained by the combination of fall and
fracture prevention strategies that are targeted more at women

and the fact that institutionalized men tend to be frailer and
have more comorbidities compared with women. According
to the literature, community dwelling women are viewed as
the gender at risk [67, 68]. This leads to preventive strategies
being targeted predominantly at women lowering their frac-
ture rates. On the other hand, senior men living in nursing
homes may be frailer and have more comorbidity compared
with women, which could contribute to their higher fracture
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Fig. 1 a Adjusted fracture
incidence rates (per 1,000 person-
years) in men and women by
living conditions (primary
analysis, N =1,084). b Adjusted
fracture incidence rates (per 1,000
person-years) in men and women
by living conditions (sensitivity
analysis, N =2,349)
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rates. Several studies found that mortality in the first year after
hip fracture is up to three times higher in men compared with
women [69, 70].

In our earlier analysis in a population-based sample of US
Medicare recipients age 65 years and older, there was a
striking difference in seasonality patterns of forearm and

humerus fractures versus hip fractures, with forearm and
humerus fractures showing a pronounced seasonal swing
and hip fractures only a very small increase in the winter
compared with the summer season [30]. Consistently, in this
study of Swiss seniors, hip fracture rates did not change with
season, independent of age, type of dwelling prior to the
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Fig. 2 a Number of hip fractures
by weeks of the year (primary
analysis population, N=1,084).
b : Number of hip fractures by
weeks of the year (sensitivity
analysis population, N=2,349)

Osteoporos Int (2014) 25:167–176 173



fracture event, gender, and cognitive function. One plausible
explanation may be found in the circumstances surrounding
these fractures. Hip fractures tend to occur indoors among
relatively frail individuals [55–57], who are less likely to be
outdoors in the snow. However, as mentioned in the “Intro-
duction” section, winter seasonmay influence hip fracture risk
indirectly through hypothermia [55, 58], reduced physical
activity[60], and vitamin D depletion during winter season,
which may contribute to muscle weakness [59, 60] and in-
crease the risk of falls [61, 62] and fractures [63]. However, as
described in an earlier study of 222 acute hip fracture patients
from the same large hospital center as those enrolled in our
primary analysis, vitamin D deficiency was prominent in all
seasons [71].

An important strength of our study is that it had good
coverage of hip fracture cases that occurred between January
2005 and March 2010 in Zurich. The detailed data on 1,084
patients used for the primary analysis came from one large
hospital center in Zurich, and the combined data set used for
the sensitivity analysis extended to the other two large
hospital centers in Zurich. Furthermore, the population of
Zurich increased by about 4 % between 2002 and 2010;
thus, 2002 population statistics provided good estimates for
the source population. Furthermore, the consistency between
the primary and the sensitivity analysis contributes to the
strength of our findings. Another strength of our analyses is
the inclusion of important covariates that influence hip

fracture risk: age, season, comorbid conditions, and cogni-
tive function. A possible limitation of our study may be an
underestimation of the source population size. All three
hospitals that provided data for the study serve as referral
centers for the entire Zurich agglomeration, which, besides
the city itself, also includes nearby communities. However,
the population of Zurich agglomeration tends to be similar
to the one of the City of Zurich, which means that the ratio
measures are likely to be unaffected. Population of seniors
living in nursing homes or other assisted living facilities
may differ substantially from one country to the next due
to different health care systems and rules and regulation
governing admission of senior to such institutions. This
means that our results may not be readily generalizable to
other countries.

In summary, our results show that gender-specific hip
fracture rates differ depending on type of dwelling. While
senior women are at greater risk of hip fracture while they
live in the community, senior men are at greater risk in the
institutionalized setting. Our findings are relevant to clinical
practice suggesting that, next to senior women, senior men
also need to be targeted in the prevention of falls and hip
fractures. As hip fracture rates did not change with season in
our study, such efforts may be warranted throughout the year.

Conflicts of interest None.

Table 4 Sensitivity analysis: unadjusted and adjusted associations of important risk factors with risk of hip fracture (N =2,349)

Characteristic Rate ratio (95 % CI)

Unadjusted p valuea Adjustedb p value

Community dwelling Institutionalized Community dwelling Institutionalized

Gender

Women 1.99 (1.02–3.87) 0.91 (0.25–3.36) 0.32 1.65 (1.51–1.80) 0.80 (0.68–0.95) <0.0001

Men (ref.) – – – –

Season

Fall 1.01 (0.42–2.41) 1.01 (0.20–5.13) 1.00 1.01 (0.91–1.12) 1.05 (0.86–1.27) 0.41

Winter 1.04 (0.44–2.47) 0.90 (0.17–4.79) 1.04 (0.93–1.15) 0.93 (0.76–1.14)

Spring 1.01 (0.42–2.41) 0.86 (0.16–4.68) 1.01 (0.91–1.12) 0.89 (0.73–1.09)

Summer (ref.) – – – –

Agec

65–74 (Ref.) – – <0.0001 – – <0.0001

75–84 5.02 (3.96–6.38) 2.92 (1.33–6.42) 4.92 (4.34–5.59) 2.95 (1.94–4.48)

85–94 19.29 (15.23–24.44) 4.74 (2.20–10.21) 18.40 (16.22–20.86) 4.86 (3.23–7.31)

95+ 57.12 (40.38–80.79) 7.58 (3.28–17.47) 53.11 (44.17–63.86) 7.89 (5.05–12.30)

a p value compares rate ratios in community-dwelling seniors against that in institutionalized seniors
b Adjusted for season, age, gender, and type of dwelling
c Sample sizes of age categories 65–74 (community-dwelling n =200, institutionalized n =16); 75–84 (community-dwelling n =741, institutionalized n =
140); 85–94 (community-dwelling n =789, institutionalized n =281); 95+ (community-dwelling n =118, institutionalized n =64)
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