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Abstract

Objectives To examine sex differences in prevalent comorbidity and frailty across age and European regions.

Methods This is a cross-sectional study based on 113,299 Europeans aged 50+ participating in the Survey of Health,
Ageing and Retirement in Europe from 2004-2005 to 2015. Sex differences in the Comorbidity Index and the Frailty
Phenotype were investigated using ordinal logistic regressions.

Results European women had generally higher odds of prevalent comorbidity (OR 1.11, 95% CI 1.07-1.15) and frailty
(OR 1.56, 95% CI 1.51-1.62). Sex differences increased with advancing age. No overall sex difference in comorbidity was
found in Western Europe, but women had more comorbidity than men in Eastern (OR 1.30, 95% CI 1.18-1.44), Southern
(OR 1.23, 95% CI 1.15-1.30), and Northern (OR 1.08, 95% CI 1.01-1.16) Europe. Women were frailer than men in all
regions, with the largest sex difference in Southern Europe (OR 1.84, 95% CI 1.72-1.96).

Conclusions European women are frailer and have slightly more comorbidity than European men lending support for the

male—female health survival paradox.
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Introduction

Women outlive men in most countries in the world (Bar-
ford et al. 2006). Despite the longer life expectancy,
women generally report worse health than men (Dix 2014;
Hubbard and Rockwood 2011; Van Oyen et al. 2013)—the
so-called male—female health survival paradox (Oksuzyan
et al. 2008). Women’s poorer health has been defined in
many ways, for example, in terms of lower self-rated
health, grip strength measures and worse physical func-
tioning (Andersen-Ranberg et al. 2009; Crimmins et al.
2011; Oksuzyan et al. 2010); however, the direction and
magnitude of sex differences vary across health measures
and geographical regions (Oksuzyan et al. 2010).

Possible explanations for the paradox include sex dif-
ferences in disease occurrence (Kingston et al. 2014). In
general, men are reported to have more life-threatening
conditions, such as cardiovascular diseases, whereas
women tend to have more non-fatal chronic diseases, such
as physical and psychological limitations, migraine, mus-
culoskeletal and autoimmune diseases (Case and Paxson
2005; Gold et al. 2002; Whitacre 2001). In 11 European
countries, and in England and the USA, arthritis and
depressive symptoms were more common among women,
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whereas men were more likely to suffer from heart diseases
(Crimmins et al. 2011). A study reporting the prevalence of
chronic conditions in the National Social Life, Health and
Aging Project found that men more frequently reported
heart conditions, cancer, diabetes and stroke compared
with women. In contrast, women had higher prevalence of
arthritis, with the largest sex difference at older ages
(Vasilopoulos et al. 2014).

The poorer physical health among women has also been
defined in terms of frailty (Fried et al. 2001; Jones et al.
2004). Frailty is a well-validated measure of physical
health and is associated with a considerably increased risk
of adverse health outcomes such as falls, hospitalization,
long-term care, institutionalization and mortality (Chen
et al. 2014; Clegg et al. 2013). Studies of community-
dwelling populations have found higher frailty scores
among women than among men (Collard et al. 2012; Saum
et al. 2014), but sex differences in frailty vary among
studies (Gordon et al. 2017), perhaps reflecting differences
in the measurements of frailty, or differences in the study
base characteristics, such as age, country of origin or eth-
nicity (Gordon et al. 2017; Saum et al. 2014). Numerous
definitions of frailty have been proposed, but the one that
has gained most acceptance is the phenotypic definition of
frailty proposed by Fried et al. (2001). This is a widely
used tool to identify frailty reported in 69% of published
papers (Bouillon et al. 2013). The Frailty Phenotype
identifies frailty by the presence of three or more of the
following criteria: weakness, slowness, low physical
activity, low energy or self-reported exhaustion and unin-
tentional weight loss. Santos-Eggimann et al. (2009) used
the Frailty Phenotype in the first wave of the Survey of
Health, Ageing and Retirement in Europe (SHARE) and
found that the overall prevalence of frailty was 17% in
Europe, with women being frail more frequently than men.
The proportion of frailty was higher in Southern Europe
than in Northern Europe (Santos-Eggimann et al. 2009) in
accordance with findings of a north—south gradient for
other health dimensions (Andersen-Ranberg et al. 2009;
Cimas et al. 2018; Dahlin and Harkonen 2013; Van de
Velde et al. 2010; Weber et al. 2014).

To shed light on cross-country differences in health and
aging, we investigated the direction and magnitude of the
sex differences in prevalent comorbidity and frailty over
age across European regions in a large sample of men and
women aged 504 who participated in SHARE between
2004-2005 and 2015. Because men die at higher rates than
women throughout life, surviving men are likely to be
more physically robust than women, because only the
healthiest men live to older ages (Austad and Fischer
2016). We hypothesize that women are generally frailer
and have more comorbidity than men at any given age,
with sex differences increasing with advancing age.
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Methods
Setting and study population

SHARE is a multinational database with information from
sequential survey “waves” on health, socioeconomic status
and social factors in European men and women aged 50
and older. Data were collected as personal interviews at the
participants’ homes by trained interviewers, in accordance
with the strict quality standards (Borsch-Supan et al. 2013).
The data collection was drawn at the household level with
response rates differing by waves and countries ranging
between 40.3 and 97.6% in wave 1 (Bergmann et al. 2017).
Proxy respondents were allowed for the interview if the
respondent had physical or health limitations (Borsch-Su-
pan et al. 2013).

We performed a large cross-sectional study of European
men and women aged 50+ who participated in SHARE
waves 1 (2004-2005), 2 (2006-2007), 4 (2011), 5 (2013)
and 6 (2015) where health measures were available. This
includes repeated measures of participants and thus the
ability to include a larger proportion of the oldest people.
We excluded individuals with unknown birth date (n = 19)
and missing cross-sectional weights (n = 385, 0.3%). The
numbers of observations by wave and country are provided
in Supplementary Table 1.

Socio-demographic variables

Demographic variables included age at interview, wave, sex,
European region, education and body mass index (BMI). Age
was grouped into 5-year categories from age 50 with an open-
ended category from age 90. European countries were cate-
gorized into four regions: Northern Europe (Denmark and
Sweden), Western Europe (Austria, Germany, France, the
Netherlands, Switzerland, Belgium, Ireland and Luxem-
bourg), Southern Europe (Spain, Italy, Greece and Portugal)
and Eastern Europe (Czech Republic, Poland, Hungary,
Slovenia, Estonia and Croatia). Education was measured
according to the International Standardized Classification of
Education (ISCED) (UNESCO 1997), classified into low
(ISCED groups 0-2), medium (ISCED groups 3—4) and high
(ISCED groups 5-6). In SHARE, self-reported height and
weight are converted into body mass index (BMI) and grouped
into underweight, normal, overweight and obese.

Health variables

A Comorbidity Index was constructed based on ten major
diseases available in all waves of SHARE. Information
about chronic diseases is reported in response to the
question: “Has a doctor ever told you that you had/do
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currently have one of the following conditions?” (heart
attack, stroke, lung disease, arthritis, stomach/duodenal
ulcer, diabetes, cancer, hypertension, high cholesterol and
Parkinson) (Supplementary Table 2). The Comorbidity
Index resulted in a score from O to 8 (i.e., number of
comorbidities). Categories 7 and 8 were combined due to
few observations.

We used a modified version of the Frailty Phenotype
based on five items in the SHARE questionnaire (Romero-
Ortuno et al. 2010; Santos-Eggimann et al. 2009), resulting
in a score from O to 5. The model differed from Fried’s
framework in that “weight loss” was replaced by appetite
and “slowness” was measured by questions on functional
limitation (Supplementary Table 2).

Statistical analyses

We estimated the difference in comorbidity and frailty
between women and men over the five waves of SHARE
by use of ordinal logistic regressions. This model considers
the ordinal nature of the Comorbidity Index and the Frailty
Phenotype, resulting in ORs for an increase of one in
comorbidity and frailty, respectively. Using logistic
regressions, sex differences for the specific items in the
Comorbidity Index and the Frailty Phenotype were inves-
tigated for all countries combined. The analyses were
adjusted for age, region and wave and separately investi-
gated for age and regions since significant interactions for
sex-by-age and sex-by-region were found. The models
were extended by controlling for education and BMIL.

By use of logistic regression, we investigated the asso-
ciation between the Frailty Phenotype and comorbidity and
tested whether the association differed between men and
women. In this case, comorbidity was defined as a binary
variable (<2 vs 24 diseases). Additionally, the main
model was extended by controlling for frailty in the anal-
ysis of comorbidity and vice versa. To investigate whether
repeated measurements of individuals have influenced our
results, we performed a sensitivity analysis examining sex
differences in the Comorbidity Index and the Frailty
Phenotype including participants at first intake only (i.e.,
participants were only included once, namely the first time
they took part in the survey). In all models, we used robust
standard errors from clustered analyses due to repeated
measurements from individuals participating in more than
one wave of SHARE, and we applied the calibrated cross-
sectional weights supplied by SHARE (Bo6rsch-Supan and
Jirges 2005). We evaluated the assumptions of propor-
tional odds using a generalized ordinal logistic regression
model and found that the proportional odds assumption for
gender was fulfilled except for two models of the Frailty
Phenotype, where the gender difference seemed to increase
when frailty increases (after Bonferroni correction of 18

tests). Model summary statistics for the regression models
are given in Supplementary Table 3. Stata version 14.2 was
used for all analyses.

Results

In total, 113,299 participants were included in the study
corresponding to 244,258 observations. The total sample
had an overall mean age of 66.2 years [standard deviation
(SD) 10.1], and 54.7% were women. Higher educational
attainment for men than women was found in all regions
except Northern Europe, with Southern Europe having the
highest proportion of participants with low education.
More men than women were overweight (48.1 vs 36.3%),
whereas the proportions of obesity were quite similar
(Table 1). For the Comorbidity Index, men were more
likely than women to have an index score of zero (32.8 vs
31.3%). The same pattern was found for the Frailty
Phenotype, with a higher proportion of men than women
with a score of zero (50.6 vs 41.2%). Eastern Europe had
the highest percentage of individuals with a Comorbidity
Index of two or more, whereas Southern Europe had the
highest proportion of individuals with a frailty score of
three or greater (Table 2).

Overall, women had slightly higher odds of comorbidity
than men (OR 1.11, 95% CI 1.07-1.15). No sex-by-wave
interaction was found (p = 0.141), i.e., the difference in
comorbidity between men and women did not differ by
wave; however, a sex-by-age interaction was found
(p < 0.001). No sex difference was found at ages 50-59,
but a female disadvantage was present from age 60,
slightly increasing from ages 60-64 to ages 85-89 and
becoming nonsignificant at age 90+ (Fig. 1a; Table 3). Sex
differences varied by regions (p < 0.001). There were
overall higher odds of comorbidity for women in Eastern
Europe (OR 1.30, 95% CI 1.18-1.44), Southern Europe
(OR 1.23, 95% CI 1.15-1.30) and Northern Europe (OR
1.08, 95% CI 1.01-1.16), but no sex difference in Western
Europe (OR 1.01, 95% CI 0.96-1.01). Sex differences
differed by age in Northern and Southern Europe. In
Northern Europe, a female disadvantage was indicated
from ages 50-59 and again from age 80 and above,
whereas in Southern Europe, a sex difference was found
from age 60 and above, but with fluctuating patterns over
age (Fig. 1b; Table 3). When investigating sex differences
for the specific diseases, we found overall higher odds of
arthritis (OR 2.08, 95% CI 1.99-2.18), hypertension (OR
1.10, 95% CI 1.06-1.15) and high cholesterol (OR 1.06,
95% CI 1.01-1.11) for women than for men, whereas
women had lower odds of heart attack (OR 0.60, 95% CI
0.56-0.63), stroke (OR 0.73, 95% CI 0.66-0.80), diabetes
(OR 0.82, 95% CI1 0.77-0.88), lung disease (OR 0.82, 95%
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Fig. 1 Sex differences in the Comorbidity Index and the Frailty
Phenotype by age groups and European regions among participants in
SHARE interviewed from 2004-2005 to 2015. a Sex differences in
comorbidity by age groups for all countries combined. b Sex
differences in comorbidity by age groups and regions. ¢ Sex

CI 0.76-0.87), stomach/duodenal ulcer (OR 0.90, 95% CI
0.83-0.98) and Parkinson disease (OR 0.75, 95% CI
0.62-0.92). For all diseases, except for ulcer and Parkin-
son, sex differences varied by age. The male disadvantage

@ Springer

differences by age groups for the specific diseases included in the
Comorbidity Index. d Sex differences in frailty by age groups for all
countries combined. e Sex differences in frailty by age groups and
regions. f Sex differences by age groups for the specific items
included in the Frailty Phenotype

in heart attack and diabetes was largest in the youngest age
groups, whereas for lung disease, hypertension and high
cholesterol, we found an increasing female advantage with
rising age (Fig. 1c, Table 4).
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For frailty, higher odds for women than for men were
found in all age groups with an overall OR of 1.56 (95% CI
1.51-1.62), but the difference was modified by age
(p = 0.025). The OR was 1.49 at ages 50-54, slightly
decreasing at age 60—64, but remaining stable from age 65
and above with ORs between 1.65 and 1.70 (Fig. 1d;
Table 3). We found no sex-by-wave interaction
(p = 0.440), but regional differences were present
(p < 0.001). Higher odds of frailty were found for women
at all ages in the four European regions, except for age 90+
in Northern Europe (Fig. le; Table 3). Overall, Southern
Europe had the largest sex difference in frailty (OR 1.84,
95% CI 1.72-1.96), followed by Eastern Europe (OR 1.58,
95% CI 1.41-1.76) and Western Europe (OR 1.43, 95% CI
1.36-1.51) with stable patterns over age. In Northern
Europe, sex differences varied by age, with the smallest sex
difference at ages 65-69 and the largest difference at ages
80-84, but decreasing thereafter. When investigating the
specific items in the Frailty Phenotype, we found higher
odds for women than for men for all items, but with fluc-
tuating patterns over age for all items except for “loss of
appetite” (Fig. 1f, Table 4).

When we further adjusted the analyses for education and
BMI, the results were consistent with those of the main
analyses for both comorbidity and frailty (Supplementary
Tables 4 and 5). We found a strong association between
frailty and comorbidity, with the probability of comorbidity
increasing with more frailty, from an average of 26.1% for
people with no frailty to 76.6% for the frailest individuals
(Supplementary Figure 1). The association did not differ
between men and women (p = 0.116). When adjusting the
analysis of comorbidity for frailty, we found that the dis-
advantage for women was no longer present apart from the
age group 70-74. Adjustment for comorbidity did not
change sex differences in frailty (results not shown). When
we repeated the analyses including respondents at first
intake only (n = 113,299), results were overall consistent
with the main analyses. There were still higher odds of
comorbidity for women in Eastern Europe (OR 1.35, 95%
CI 1.18-1.55) and Southern Europe (OR 1.18, 95% CI
1.10-1.27) and no sex difference in Western Europe (OR
0.97, 95% CI 0.92-1.03), but the estimate for Northern
Europe changed slightly resulting in no significant sex
difference in comorbidity (OR 1.04, 95% CI 0.97-1.12).
The results for frailty remained unchanged (Supplementary
Table 6).

Discussion

Our results from a large sample of European men and
women confirm a sex gap in comorbidity and frailty, but
sex differences varied across age and regions. The slightly

higher odds of comorbidity were mainly caused by higher
odds of arthritis, hypertension and high cholesterol among
women aged 60+. No overall sex difference in comorbidity
was found in Western Europe, but women had more
comorbidity than men in Eastern, Southern and Northern
Europe. Women were frailer than men in all regions, with
the largest sex difference in Southern Europe.

As hypothesized, the overall sex gap in comorbidity and
frailty increased with advancing age. A widening of the
gap between the sexes may be consistent with a survival
effect, and thus, the difference between men and women in
prevalent comorbidity and frailty may have increased
because the frailest men died, leaving the healthiest men in
the sample (Austad and Fischer 2016). A survival effect
would be expected to continue into the oldest age groups,
which was also the case in this study. The findings agreed
with the literature, identifying greater comorbidity and
disability in the oldest women when compared with same-
aged men (Hazra et al. 2015; Kingston et al. 2014; Nybo
et al. 2001), and they were consistent with what would be
expected based on the male—female health survival
paradox.

In line with earlier research (Theou et al. 2012), we
found a strong association between frailty and comorbidity,
lending support to the idea that, despite different measures,
the two concepts are interdependent. Similar to a recent
review (Gordon et al. 2017), this study revealed consistent
sex differences in frailty across age and European regions,
whereas the pattern of sex differences in comorbidity was
country specific and dependent on the specific items. The
female disadvantage in comorbidity was to some degree
explained by a sex gap in self-reported arthritis, hyper-
tension and high cholesterol in agreement with earlier
research (Crimmins et al. 2011; Kingston et al. 2014;
Vasilopoulos et al. 2014). Contrarily, the women in this
study reported less heart attack, stroke, diabetes, lung
disease, stomach/duodenal ulcer and Parkinson disease
compared with the men, lending support to previous
international studies showing that women experience a
greater number of comorbidities that are disabling, but non-
fatal, whereas men experience more life-threatening con-
ditions (Case and Paxson 2005; Crimmins et al. 2011). The
incidence of coronary heart disease is reported to be about
twice as high for men than for women in middle age, but
the male excess declines after age 60 (Rich-Edwards et al.
1995). We found that self-reported heart attack had the
largest disadvantage for men in the youngest age groups,
but was on average 40% less likely to be reported by
women, with stable sex differences also after controlling
for education and BMI. In this study, women had a dis-
advantage in cancer from age 50-64, whereas a female
advantage was found from age 75 and above. This agreed
with a large study based on the Surveillance, Epidemiology

@ Springer



1034

L. J. Ahrenfeldt et al.

and End Results program, which found that rates for all
cancers combined and for cancers excluding the sex-
specific sites during the period 1975-2004 were higher
among adult women than among men below age 50 and
higher among men than among women from age 60 and
onward (Cook et al. 2009).

Although we found a remarkable consistence in the
direction of sex differences across European regions, the
extent of the sex differences varied by regions. A recent
SHARE study of 35,453 European men and women from
Northern, Central and Southern Europe found that,
although Southern Europe had the highest improvement in
cognitive function and grip strength between 2004-2005
and 2013, they still had the lowest mean in 2013 and the
lowest average proportion of people with no limitations of
activities of daily living (Ahrenfeldt et al. 2018a). Other
studies have also documented a north—south gradient in
health for instance regarding grip strength and cognitive
function (Ahrenfeldt et al. 2018b), musculoskeletal pain
(Cimas et al. 2018), depression (Van de Velde et al. 2010)
and self-rated health (Dahlin and Harkonen 2013) with sex
gaps being largest in Eastern and Southern European
countries. Besides the widespread inequalities in health
across European countries, there are also large differences
in life expectancy (World Health Organization 2013).
When considering average remaining life expectancy at
age 50 in the Eurostat database (Eurostat 2019) between
2004 and 2015 for the four European regions (Supple-
mentary Table 7), Eastern Europe had the lowest remain-
ing life expectancy at age 50 (29.0 years), but the largest
sex difference in life expectancy (6.2 years). Southern and
Western Europe had longer remaining life expectancy
(32.8 and 32.6 years) and smaller sex differences (4.3 and
4.4 years), whereas Northern Europe had the lowest
remaining life expectancy (32.0 years) and the smallest sex
difference (3.5 years). Taking account of all waves in
SHARE, this study confirms that the extent of sex differ-
ences in comorbidity and frailty varies across regions with
the largest differences in Southern and Eastern Europe.
When also considering life expectancy, we found that the
male—female health survival paradox is most pronounced
in Eastern Europe, which is in line with the findings in an
earlier study investigating components of the paradox
between Denmark and Moscow (Oksuzyan et al. 2014).
This study suggested that potential reasons for the stronger
male—female health survival paradox in Moscow than in
Denmark could be the greater sex differences in lifestyle
behavior in Russia, differences in economic situations and
social support systems as well as sex differences in the
prevalence of various diseases (Oksuzyan et al. 2014).
Also, in agreement with that study, we found the largest
sex differences in comorbidity in Eastern Europe.
According to the World Health Organization (WHO),

@ Springer

gender equity is important and differences in mortality and
morbidity between men and women should be handled by
adopting a gender equity approach in tackling social and
economic inequities, which, for instance, includes equal
access to education and the labor market and to health
resources (World Health Organization 2013).

Notably, this study had very large sample size and
multiple waves of data, and thus good power to detect sex-
specific patterns in comorbidity and frailty over age across
European regions. Further, we included elderly and very
old individuals, for whom data are sparser (Christensen
et al. 2013). A potential concern in this study could be the
proportion of missing data for the Frailty Phenotype in
which 11.6% were missing; however, the proportion of
missing data was almost similar between men and women
(10.1 vs 12.8%). Hence, we do not expect that the com-
parison of sex differences will be biased due to the missing
data. Another limitation in this study was its considerable
reliance on self-report. In general, validation studies have
supported the accuracy of self-reports as a measure of
prevalent chronic diseases (Beckett et al. 2000; Okura et al.
2004). However, regarding medication use, a study of
15,330 Danes aged 46-102 found that both men and
women underreport the number of used medications when
compared with register data, but the degree of underre-
porting was similar between sexes (Oksuzyan et al. 2009).
We cannot exclude that underreporting of comorbidities in
SHARE might have influenced the results, but potential
misclassification is expected to be non-differential.
Another concern in this study was the low response rate in
SHARE, which may lead to sample selection bias (Borsch-
Supan et al. 2013), and the large number of participants
with unknown vital status, making it impossible to adjust
for mortality and thus to perform longitudinal analyses.
Hence, we were only able to estimate prevalence, and the
observed patterns might be influenced by sex differences in
disease survival (for instance, regarding cancer (Rad-
kiewicz et al. 2017)), as surviving women have a higher
probability for participating in SHARE, and thus to report
their experienced disease. However, in all analyses we
included the calibrated weights, which are constructed to
reduce the impact of non-response and sample attrition on
estimates (Borsch-Supan and Jiirges 2005). In this study,
we used the Frailty Phenotype as the measure of frailty,
because we aimed to investigate sex differences in frailty
and comorbidity separately, and comorbidity is a part of
the Frailty Index (Jones et al. 2004). Even though the
findings in this study are consistent with recent results
based on the Frailty Index (Gordon et al. 2017), the results
might have been slightly different if another frailty model
had been applied.

In conclusion, our results confirm that European women
are frailer and have slightly more comorbidity than
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European men with the most pronounced sex differences in
Southern and Eastern Europe. The sex gaps increased with
advancing age, which corresponds to what we expected
based on the male—female health survival paradox.
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