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Abstract
Women experience greater longevity than men, but have poorer health, although sex differences vary across health measures 
and geographical regions. We aim to examine sex differences in Activities of Daily Living (ADL) and Instrumental Activi-
ties of Daily Living (IADL) over age across European regions in a cross-sectional setting including 51,292 men and 62,007 
women aged 50+ from a pooled sample of waves 1 (2004–2005) to 6 (2015) in the Survey of Health, Ageing and Retirement 
in Europe. ADL and IADL were dichotomised into no limitations and at least one limitation. Binomial regression models 
were used to estimate absolute and relative sex differences. Women had higher risk than men of ADL limitations (RR = 1.21, 
95% CI 1.16; 1.27) and IADL limitations (RR = 1.54, 95% CI 1.48; 1.60), corresponding to risk differences of 1.3% and 
5.7%, respectively. When we stratified by age groups and regions, sex differences in ADL were found in all age groups in 
Southern Europe, in the age groups 65–79 years and 80+ years in Western and Eastern Europe, and from the age of 80 in 
Northern Europe. For IADL, sex differences were found in all age groups in the four European regions, except from ages 
50–64 in Eastern Europe. The absolute sex differences increased with age in all European regions. In conclusion, our results 
lend support for the male–female health survival paradox by showing that European women have higher risk of ADL and 
IADL limitations than European men and that sex differences increase with advancing age.

Keywords Sex differences · ADL · IADL · Age · SHARE · Europe

Introduction

The reduced mortality at older ages has led to an increased 
life expectancy and a higher proportion of the oldest people 
(Christensen et al. 2009; Oeppen and Vaupel 2002). At the 

same time, the ageing population entails a growing disease 
burden (Prince et al. 2015) with more people having physi-
cal limitations (Fedarko 2011). Women live longer than men 
(Barford et al. 2006); however, female disadvantages have 
been found for several measures of health: Women tend to 
have lower grip strength, higher prevalence of frailty and 
worse self-rated health than men (Ahrenfeldt et al. 2019; 
Crimmins et al. 2011; Herr et al. 2018; Jeune et al. 2006; 
Oksuzyan et al. 2010b). The phenomenon that women out-
live men, but at the same time suffer from more disabilities 
and are physically weaker, is denoted the male–female health 
survival paradox (Oksuzyan et al. 2010a). Proposed explana-
tions for this paradox are biological factors such as hormo-
nal, autoimmune and genetic factors as well as behavioural 
and social factors including sex differences in health-report-
ing behaviour and risk-taking behaviours, such as smoking, 
drinking and hazardous driving, between men and women 
(Oksuzyan et al. 2010a; Schünemann et al. 2017).

Due to the growing proportion of elderly, it is of major 
interest to examine how men and women differ in terms of 
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functional health. Activities of Daily Living (ADL) and 
Instrumental Activities of Daily Living (IADL) are measures 
of functional ability. ADLs are defined as routine everyday 
tasks like eating and bathing, while IADLs are defined as 
tasks that are considered important to lead an independent 
life in society, e.g. shopping and managing money (Katz 
et al. 1963; Lawton and Brody 1969; Noelker and Browdie 
2014). Even though recent years have seen divergent trends 
in the prevalence of ADL and IADL limitations in West-
ern countries (Ahrenfeldt et al. 2018a; Lin et al. 2012; Ras-
mussen et al. 2017), the previous studies suggest that ADL 
and IADL limitations increase with age (Bleijenberg et al. 
2017; Lin et al. 2012). In the literature, women are gener-
ally reported to have more limitations than men (Crimmins 
et al. 2011; Oksuzyan et al. 2010b; Wheaton and Crimmins 
2016). Explanations for sex differences in ADL and IADL 
are manifold and reflect a complex interplay between bio-
logical and environmental factors (Schon et al. 2011).

In general, sex differences vary across health measures, 
time periods and geographical regions (Crimmins et al. 
2011; Oksuzyan et al. 2010a, b; Rasmussen et al. 2017). 
Investigation of sex differences across different populations 
may provide knowledge about whether differences between 
men and women are universal or more region-specific, and 
cross-country comparisons may provide useful information 
about the generalisability of the research findings on sex 
differences in health (Crimmins et al. 2011; Wheaton and 
Crimmins 2016). To date, little is known about the direction 
and magnitude of the sex differences in disability (Wheaton 
and Crimmins 2016), and to our knowledge, no studies have 
so far investigated the absolute and relative sex differences 
in ADL and IADL across age groups and regions in a Euro-
pean setting. The aim of this study is therefore to examine 
age-related and cross-national sex differences in ADL and 
IADL among middle-aged and elderly Europeans in a large, 
pooled cross-sectional setting of people who are participated 
in the Survey of Health, Ageing and Retirement in Europe 
(SHARE) between 2004 and 2015. We hypothesise that 
women have more ADL and IADL limitations than men at 
any given age and that sex differences will increase with age 
as only the strongest men survive to older ages (Austad and 
Fischer 2016).

Methods

Study population

The data in this study came from SHARE, a representative 
survey of Europeans aged 50 and older (Börsch-Supan et al. 
2013). All data were collected in the homes of the respond-
ents through computer-assisted personal interviews (Alcser 
et al. 2005). SHARE also included nursing home interviews, 

although they were not a part of wave 1. A proxy respondent, 
usually a family member, a household member, a neigh-
bour or another person related to the social network, was 
allowed to answer if the respondent was unable to complete 
the interview due to physical or mental health limitations 
(Börsch-Supan et al. 2013). To compensate for dropouts 
and to maintain the representation of younger age cohorts, 
refreshment samples were drawn regularly (Börsch-Supan 
et al. 2013). Response rates varied considerably between 
the countries: In wave 1, Belgium had the lowest household 
response rate (40.3%) and France had the highest (97.6%) 
(Bergmann et al. 2017). To compensate for unequal selec-
tion probabilities between the countries, SHARE provides 
sampling weights (Börsch-Supan et al. 2013). For a thor-
ough review of the SHARE study design and data collection 
procedures, please see Börsch-Supan et al. (2013) and the 
SHARE Methodology (Alcser et al. 2005).

We performed a large cross-sectional analysis of men 
and women aged 50+ years from 20 European countries 
with pooled data from participants in waves 1 (2004–2005), 
2 (2006–2007), 4 (2011), 5 (2013) and 6 (2015), where 
health data were available. Because no significant sex-by-
wave interactions were found, i.e. differences between men 
and women did not differ by waves, we pooled all waves of 
SHARE. This gave us a larger sample size and enabled us 
to include a larger sample of the oldest people. We excluded 
people with missing birth dates (n = 19) and missing cross-
sectional individual weights (n = 385). Participation by wave 
for the individual countries is shown in Supplementary 
Table 1.

ADL and IADL

ADL and IADL were self-reported scores of current func-
tional limitations recorded over a period of more than 
3 months. The ADL scale by Katz et al. (1963) consisted 
of six tasks: dressing, walking, bathing, eating, getting in 
or out of bed, and using the toilet. The IADL scale, which 
originated from Lawton and Brody (1969), covered seven 
instrumental activities: using a map, preparing a hot meal, 
shopping, using a telephone, taking medications, doing 
house- or garden work, and managing money. In this study, 
ADL and IADL were dichotomised into no limitations vs. 
at least one limitation.

Covariates

Age was divided into three intervals: 50–64  years, 
65–79 years and 80+ years. The last interval, age 80+ years, 
was open ended. Based on welfare regimes as proposed by 
Ferrera (1996) and in line with the previous studies (Ahren-
feldt et al. 2018b, 2019; Eikemo et al. 2008; Horackova et al. 
2019; Jerez-Roig et al. 2018), we grouped the 20 countries 
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into four geographical regions: Northern Europe including 
Denmark and Sweden; Western Europe containing Austria, 
Germany, France, the Netherlands, Switzerland, Belgium, 
Ireland and Luxembourg; Southern Europe including Spain, 
Italy, Greece and Portugal; and Eastern Europe containing 
Czech Republic, Poland, Hungary, Slovenia, Estonia and 
Croatia. Educational level was assessed as the highest self-
reported educational achievement through the international 
comparable “International Standard Classification of Educa-
tion” (ISCED) classified into two levels: low (ISCED levels 
0, 1 and 2) and medium/high (ISCED levels 3–6.

Statistical analysis

Sex differences in ADL and IADL were investigated using 
binomial regression models with robust clustered standard 
errors to take the non-independence of multiple observations 
from the same individual into account, estimating absolute 
(presented as percentage point differences) and relative risk 
differences of having any disabilities. While the absolute 
differences are most directly interpretable with respect to 
individual risk in the investigated population, we decided to 
also report the relative risks as these might facilitate compar-
isons with future studies of populations with different risk 
profiles. When using the term sex differences in our results, 
we refer to the statistically significant differences between 
men and women. We evaluated the fit of the model by the 
specification link test as well as by examining the prob-
abilities predicted from the model and found an adequate 
model specification and reasonable, predicted probabilities. 
In all analyses, ADL and IADL were divided into no limita-
tions and at least one limitation. The overall analyses were 
adjusted for age group, European region and wave. Further-
more, we carried out separate analyses for each age group 
and region, because significant interactions for sex by age 
and sex by region were found. Moreover, we investigated 
whether sex differences differed between age groups and 
European regions. To investigate whether education could 
explain some of the sex differences, we estimated a model 
also adjusting for this variable. This rationale was chosen as 
we wanted to explore whether education was mediating the 
differences between men and women in the specific regions. 
In all analyses, the cross-sectional individual weights sup-
plied by SHARE were applied. Stata version 14.2 was used 
to analyse data.

Results

In the present study, 51,292 men (45.3%) and 62,007 
(54.7%) women were included, corresponding to 244,258 
observations. Mean age of the participants was 66.2 years 
(SD = 9.7) for men and 66.3 years (SD = 10.3) for women 

(Table 1). Men were slightly more dependent on help from a 
proxy than women (2.7% vs. 2.2%). Overall, more men than 
women had a medium or high education (60.9% vs. 52.7%). 
More women than men reported having ADL (12.8% vs. 
10.4%) and IADL limitations (21.1% vs. 13.4%) with South-
ern and Eastern Europe having the highest proportion of 
limitations (Table 1).

Figure 1 and Table 2 show the absolute and relative sex 
differences in ADL and IADL over age groups and Euro-
pean regions. Furthermore, Fig. 1 shows the proportion of 
people with at least one ADL and IADL limitation. As dem-
onstrated (Fig. 1a, b), the proportion of people with ADL 
and IADL limitations increased with age for both sexes. 
The proportion of ADL limitations was similar between 
men and women in the youngest age group (50–64 years), 
whereas women had more ADL limitations than men at ages 
65–79 years and 80+ years. For IADL, women had more 
limitations than men in all age groups. 

When investigating sex differences in ADL in the total 
study population, we found that 1.3% more women than 
men had at least one limitation, corresponding to a risk ratio 
(RR) of 1.21 (95% CI 1.16, 1.27) (Table 2). When investi-
gating risk differences (RD) in the three age groups sepa-
rately, we found no differences in the youngest age group 
(RD = 0.001; 95% CI − 0.005, 0.007), but in the age groups 
65–79 years (RD = 0.031; 95% CI 0.023, 0.039) and 80+ 
years (RD = 0.089; 95% CI 0.066, 0.112), respectively, 3% 
and 9% more women than men had at least one ADL limita-
tion (Fig. 1c, Table 2). The absolute sex difference in ADL 
increased between age groups (Supplementary Table 2). 
The relative differences showed a similar pattern with no 
sex difference in the age group 50–64 years (RR = 1.00, 
95% CI 0.90; 1.11), but with differences in the age groups 
65–79 years (RR = 1.29; 95% CI 1.21, 1.38) and 80+ years 
(RR = 1.29; 95% CI 1.20, 1.38) (Fig. 1e, Table 2); however, 
a significant increase in the relative sex differences in ADL 
was only found between the youngest and middle age groups 
(Supplementary Table 2).

In Southern Europe, women had more limitations than 
men in all age groups, with the largest absolute sex dif-
ference in the age group 80+ years (RD = 0.143; 95% CI 
0.104, 0.182). For Western and Eastern Europe, absolute 
sex differences were present at ages 65–79 years (Western: 
RD = 0.017; 95% CI 0.005, 0.029; Eastern: RD = 0.043; 95% 
CI 0.017, 0.069) and 80+ years (Western: RD = 0.056; 95% 
CI 0.021, 0.091; Eastern: RD = 0.098; 95% CI 0.035, 0.161), 
whereas in Northern Europe, women had higher risk of 
ADL limitations than men, but only in the oldest age group 
(RD = 0.040; 95% CI 0.003, 0.077) (Fig. 1c, Table 2). The 
absolute sex differences increased with advancing age in all 
regions with few exceptions. A similar pattern of sex differ-
ences in the four European regions was found for the rela-
tive differences (Fig. 1e, Table 2), but only with increasing 
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sex differences in ADL from the youngest to the middle 
age group in Western and Eastern Europe (Supplementary 
Table 2). When testing sex differences between European 
regions with Northern Europe as the reference group (Sup-
plementary Table 3), sex differences in ADL were overall 
significantly larger in Southern Europe both in absolute and 
in relative terms. In the age group 50–64 years, no cross-
regional difference in ADL between men and women was 
found, but in the age groups 65–79 years and 80+ years, sex 
differences in ADL between men and women in Southern 

Europe were significantly larger than in Northern Europe. At 
ages 65–79 years, differences were found between Northern 
and Eastern Europe as well (Supplementary Table 3).

When examining sex differences in IADL in the total 
study population, results showed that 5.7% more women 
than men had at least one limitation, corresponding to an 
RR of 1.54 (95% CI 1.48, 1.60) (Table 2). When investigat-
ing absolute differences in the three age groups separately, 
differences were found in all age groups, demonstrating that 
more women than men had at least one IADL limitation, 

Fig. 1  Top panel: Proportion of men and women with limitations of 
Activities of Daily Living (ADL) and Instrumental Activities of Daily 
Living (IADL) by sex and age groups. Middle and bottom panels: 

Absolute and relative sex differences in ADL and IADL with 95% 
confidence intervals by age groups and European regions



74 European Journal of Ageing (2020) 17:69–79

1 3

Ta
bl

e 
2 

 S
ex

 d
iff

er
en

ce
s i

n 
A

ct
iv

iti
es

 o
f D

ai
ly

 L
iv

in
g 

(A
D

L)
 a

nd
 In

str
um

en
ta

l A
ct

iv
iti

es
 o

f D
ai

ly
 L

iv
in

g 
(I

A
D

L)
 o

ve
r a

ge
 g

ro
up

s a
nd

 E
ur

op
ea

n 
re

gi
on

s, 
ad

ju
ste

d 
fo

r w
av

e,
 a

m
on

g 
pa

rti
ci

pa
nt

s i
n 

SH
A

R
E,

 in
te

rv
ie

w
ed

 fr
om

 2
00

4–
20

05
 to

 2
01

5

a  D
en

m
ar

k 
an

d 
Sw

ed
en

b  A
us

tri
a,

 G
er

m
an

y,
 F

ra
nc

e,
 th

e 
N

et
he

rla
nd

s, 
Sw

itz
er

la
nd

, B
el

gi
um

, I
re

la
nd

 a
nd

 L
ux

em
bo

ur
g

c  Sp
ai

n 
Ita

ly
, G

re
ec

e,
 a

nd
 P

or
tu

ga
l

d  C
ze

ch
 R

ep
ub

lic
, P

ol
an

d,
 H

un
ga

ry
, S

lo
ve

ni
a,

 E
sto

ni
a 

an
d 

C
ro

at
ia

A
D

L
A

ll 
co

un
tri

es
N

or
th

er
n 

 Eu
ro

pe
a

W
es

te
rn

  E
ur

op
eb

So
ut

he
rn

  E
ur

op
ec

Ea
ste

rn
  E

ur
op

ed

R
is

k 
di

ffe
re

nc
e 

(9
5%

 
C

I)
P 

va
lu

e
R

is
k 

di
ffe

re
nc

e 
(9

5%
 

C
I)

P 
va

lu
e

R
is

k 
di

ffe
re

nc
e 

(9
5%

 
C

I)
P 

va
lu

e
R

is
k 

di
ffe

re
nc

e 
(9

5%
 

C
I)

P 
va

lu
e

R
is

k 
di

ffe
re

nc
e 

(9
5%

 
C

I)
P 

va
lu

e

A
ge

 5
0–

64
0.

00
1 

(−
 0

.0
05

, 0
.0

07
)

0.
73

0
0.

00
7 

(−
 0

.0
05

, 0
.0

18
)

0.
26

3
−

 0
.0

06
 (−

 0
.0

15
, 0

.0
03

)
0.

17
1

0.
01

5 
(0

.0
05

, 0
.0

24
)

0.
00

3
−

 0
.0

13
 (−

 0
.0

40
, 0

.0
14

)
0.

35
3

A
ge

 6
5–

79
0.

03
1 

(0
.0

23
, 0

.0
39

)
<

 0
.0

01
0.

00
0 

(−
 0

.0
14

, 0
.0

13
)

0.
95

5
0.

01
7 

(0
.0

05
, 0

.0
29

)
0.

00
6

0.
05

3 
(0

.0
40

, 0
.0

66
)

<
 0

.0
01

0.
04

3 
(0

.0
17

, 0
.0

69
)

0.
00

1
A

ge
 8

0+
0.

08
9 

(0
.0

66
, 0

.1
12

)
<

 0
.0

01
0.

04
0 

(0
.0

03
, 0

.0
77

)
0.

03
6

0.
05

6 
(0

.0
21

, 0
.0

91
)

0.
00

2
0.

14
3 

(0
.1

04
, 0

.1
82

)
<

 0
.0

01
0.

09
8 

(0
.0

35
, 0

.1
61

)
0.

00
2

O
ve

ra
ll

0.
01

3 
(0

.0
08

, 0
.0

18
)

<
 0

.0
01

0.
00

6 
(−

 0
.0

03
, 0

.0
15

)
0.

19
7

0.
00

3 
(−

 0
.0

05
, 0

.0
10

)
0.

46
2

0.
02

9 
(0

.0
21

, 0
.0

37
)

<
 0

.0
01

0.
00

6 
(−

 0
.0

15
, 0

.0
26

)
0.

59
2

A
D

L
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

R
is

k 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

R
is

k 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

A
ge

 5
0–

64
1.

00
 (0

.9
0,

 1
.1

1)
0.

94
8

1.
13

 (0
.9

1,
 1

.3
9)

0.
26

8
0.

90
 (0

.7
8,

 1
.0

4)
0.

15
4

1.
37

 (1
.1

1,
 1

.7
0)

0.
00

4
0.

88
 (0

.6
7,

 1
.1

5)
0.

33
8

A
ge

 6
5–

79
1.

29
 (1

.2
1,

 1
.3

8)
<

 0
.0

01
1.

00
 (0

.8
5,

 1
.1

6)
0.

97
7

1.
15

 (1
.0

4,
 1

.2
8)

0.
00

8
1.

55
 (1

.3
9,

 1
.7

3)
<

 0
.0

01
1.

30
 (1

.1
2,

 1
.5

0)
0.

00
1

A
ge

 8
0+

1.
29

 (1
.2

0,
 1

.3
8)

<
 0

.0
01

1.
17

 (1
.0

1,
 1

.3
5)

0.
03

8
1.

18
 (1

.0
7,

 1
.3

1)
0.

00
2

1.
47

 (1
.3

2,
 1

.6
4)

<
 0

.0
01

1.
28

 (1
.0

8,
 1

.5
2)

0.
00

5
O

ve
ra

ll
1.

21
 (1

.1
6,

 1
.2

7)
<

 0
.0

01
1.

10
 (0

.9
9,

 1
.2

1)
0.

06
7

1.
09

 (1
.0

2,
 1

.1
7)

0.
01

0
1.

48
 (1

.3
7,

 1
.6

0)
<

 0
.0

01
1.

14
 (1

.0
1,

 1
.2

8)
0.

02
9

IA
D

L
R

is
k 

di
ffe

re
nc

e 
(9

5%
 

C
I)

P 
va

lu
e

R
is

k 
di

ffe
re

nc
e 

(9
5%

 
C

I)
P 

va
lu

e
R

is
k 

di
ffe

re
nc

e 
(9

5%
 

C
I)

P 
va

lu
e

R
is

k 
di

ffe
re

nc
e 

(9
5%

 
C

I)
P 

va
lu

e
R

is
k 

di
ffe

re
nc

e 
(9

5%
 

C
I)

P 
va

lu
e

A
ge

 5
0–

64
0.

03
5 

(0
.0

29
, 0

.0
42

)
<

 0
.0

01
0.

05
1 

(0
.0

34
, 0

.0
68

)
<

 0
.0

01
0.

03
5 

(0
.0

25
, 0

.0
45

)
<

 0
.0

01
0.

03
7 

(0
.0

26
, 0

.0
47

)
<

 0
.0

01
0.

01
8 

(−
 0

.0
10

, 0
.0

46
)

0.
20

5
A

ge
 6

5–
79

0.
09

2 
(0

.0
83

, 0
.1

02
)

<
 0

.0
01

0.
05

3 
(0

.0
37

, 0
.0

69
)

<
 0

.0
01

0.
07

1 
(0

.0
57

, 0
.0

85
)

<
 0

.0
01

0.
12

3 
(0

.1
07

, 0
.1

40
)

<
 0

.0
01

0.
11

3 
(0

.0
84

, 0
.1

42
)

<
 0

.0
01

A
ge

 8
0+

0.
17

2 
(0

.1
49

, 0
.1

95
)

<
 0

.0
01

0.
11

2 
(0

.0
71

, 0
.1

52
)

<
 0

.0
01

0.
14

8 
(0

.1
15

, 0
.1

82
)

<
 0

.0
01

0.
21

6 
(0

.1
77

, 0
.2

56
)

<
 0

.0
01

0.
16

3 
(0

.0
95

, 0
.2

30
)

<
 0

.0
01

O
ve

ra
ll

0.
05

7 
(0

.0
51

, 0
.0

62
)

<
 0

.0
01

0.
05

5 
(0

.0
42

, 0
.0

67
)

<
 0

.0
01

0.
05

0 
(0

.0
43

, 0
.0

58
)

<
 0

.0
01

0.
06

6 
(0

.0
57

, 0
.0

75
)

<
 0

.0
01

0.
04

7 
(0

.0
25

, 0
.0

69
)

<
 0

.0
01

IA
D

L
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

R
is

k 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

R
is

k 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
R

is
k 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

A
ge

 5
0–

64
1.

55
 (1

.4
1,

 1
.6

9)
<

 0
.0

01
1.

97
 (1

.5
5,

 2
.5

0)
<

 0
.0

01
1.

53
 (1

.3
5,

 1
.7

3)
<

 0
.0

01
1.

82
 (1

.5
3,

 2
.1

7)
<

 0
.0

01
1.

18
 (0

.9
3,

 1
.4

9)
0.

17
6

A
ge

 6
5–

79
1.

69
 (1

.6
0,

 1
.7

8)
<

 0
.0

01
1.

49
 (1

.3
2,

 1
.6

9)
<

 0
.0

01
1.

56
 (1

.4
3,

 1
.7

0)
<

 0
.0

01
1.

91
 (1

.7
5,

 2
.0

9)
<

 0
.0

01
1.

56
 (1

.3
9,

 1
.7

5)
<

 0
.0

01
A

ge
 8

0+
1.

43
 (1

.3
6,

 1
.5

0)
<

 0
.0

01
1.

32
 (1

.2
0,

 1
.4

7)
<

 0
.0

01
1.

39
 (1

.2
8,

 1
.5

0)
<

 0
.0

01
1.

53
 (1

.4
1,

 1
.6

7)
<

 0
.0

01
1.

32
 (1

.1
6,

 1
.5

1)
<

 0
.0

01
O

ve
ra

ll
1.

54
 (1

.4
8,

 1
.6

0)
<

 0
.0

01
1.

51
 (1

.3
9,

 1
.6

5)
<

 0
.0

01
1.

47
 (1

.3
9,

 1
.5

6)
<

 0
.0

01
1.

71
 (1

.6
1,

 1
.8

2)
<

 0
.0

01
1.

37
 (1

.2
5,

 1
.5

0)
<

 0
.0

01



75European Journal of Ageing (2020) 17:69–79 

1 3

corresponding to 3.5%, 9.2% and 17.2%, respectively 
(Fig. 1d, Table 2). The absolute sex differences increased 
between age groups (Supplementary Table 2). The rela-
tive differences showed a similar pattern with sex differ-
ences at ages 50–64 years (RR = 1.55, 95% CI 1.41; 1.69), 
65–79 years (RR = 1.69; 95% CI 1.60, 1.78) and 80+ years 
(RR = 1.43; 95% CI 1.36, 1.50) (Fig. 1f, Table 2); however, 
contrary to the absolute sex differences, a decrease in the 
relative sex differences was found between the middle and 
the oldest age groups (Fig. 1f, Supplementary Table 2).

When investigating sex differences in the four Euro-
pean regions separately, we found that women had higher 
risk of IADL limitations than men in all age groups in the 
four European regions except for Eastern Europe at ages 
50–64 years (Fig. 1d, f, Table 2). The absolute sex differ-
ences increased with age in most regions with the largest sex 
difference in Southern Europe in the age group 80+ years, 
where 22% more women than men had at least one IADL 
limitation (RD = 0.216; 95% CI 0.177, 0.256). For the rela-
tive sex differences, a similar pattern was found with sex 
differences in almost all age groups in all regions (Fig. 1d, 
f, Table 2), but there was no consistent pattern over age. 
Moreover, we found that in some regions, sex differences 
were increasing with age, whereas in other regions they were 
decreasing. The cross-regional comparison of the sex differ-
ences in IADL showed overall significantly larger sex differ-
ences in Southern Europe compared with Northern Europe, 
corresponding to what was found for the sex differences in 
ADL. Also, larger sex differences in Southern than in North-
ern Europe were seen in the age groups 65–79 years and 
80+ years, while the sex differences in Eastern Europe were 
significantly larger than in Northern Europe in the age group 
50–64 years, also for the overall relative sex differences in 
IADL (Supplementary Table 3).

When taking educational level into account, we found 
that the results for both ADL and IADL were overall similar 
to the main results with some exceptions for ADL. The sex 
difference in Northern Europe in the oldest age group disap-
peared, resulting in no sex differences in any age group in 
this region. Also, for Western Europe, most of the sex differ-
ences in ADL disappeared with results showing higher risk 
for men in the youngest age group, but a higher absolute risk 
for women in the oldest age group (Supplementary Table 4).

Discussion

The present study of age-related sex differences in ADL and 
IADL demonstrated that the proportion of people with at 
least one ADL and IADL limitation increased with age for 
both sexes. In the total study population, 1.3% more women 
than men had at least one ADL limitation, corresponding 
to an RR of 1.21, whereas for IADL, 5.7% more women 

than men had at least one limitation, corresponding to an 
RR of 1.54. When stratifying by age group and region, we 
found significant sex differences in ADL in all age groups in 
Southern Europe, in age groups 65–79 and 80+ in Western 
and Eastern Europe and from age 80 in Northern Europe. 
For IADL, sex differences were present in all age groups in 
the four European regions, except from ages 50–64 in East-
ern Europe. The absolute and relative sex differences showed 
overall similar patterns; however, the absolute sex differ-
ences in ADL and IADL increased with age in all European 
regions, whereas the relative differences remained almost 
constant over age groups.

The overall female disadvantage in ADL and IADL was 
in line with the previous studies (Crimmins et al. 2011, 
2019; Murtagh and Hubert 2004; Oksuzyan et al. 2010b). 
A recent study by Crimmins et al. (2019) that compared 
results from individual-level survey data from 17 countries 
in Europe, North America and Asia found that the likelihood 
of having difficulties in IADL was about twofold higher 
for women than for men around the world. In contrast, sex 
differences in ADL limitations were found in 10 out of 17 
countries with an overall OR of 1.3. We found similar results 
with an overall RR for IADL of 1.5 and an overall RR for 
ADL of 1.2. In turn, we estimated risk differences showing 
that 5.6% more women than men had at least one IADL 
limitation and that 1.3% more women than men had at least 
one ADL limitation. These results agree with findings from 
earlier studies of sex differences in physical function show-
ing that women have lower grip strength measures, slower 
gait speed, take longer to rise from a sitting position and 
have worse balance compared with men (Ahrenfeldt et al. 
2018b; Merrill et al. 1997; Oksuzyan et al. 2010b; Wheaton 
and Crimmins 2016). ADL and IADL require a range of 
physically demanding capabilities, and in addition, IADL 
requires cognitive capacity (Barberger-Gateau and Fabrig-
oule 1997; Bleijenberg et al. 2017). Thus, women’s generally 
weaker physique compared with men might influence sex 
differences in ADL and IADL (Jeune et al. 2006; Wheaton 
and Crimmins 2016), while a more rapid loss of cognitive 
function with age for women than for men (Ahrenfeldt et al. 
2018b) may add to the explanation of why the gender gap 
is larger for IADL than for ADL in the oldest age groups.

This study showed that sex differences in ADL and IADL 
increased with age, thus confirming findings from other 
studies (Oksuzyan et al. 2010b; Serrano-Alarcón and Perel-
man 2017). A widening of the sex gap with increasing age 
may be consistent with a survival effect, which leaves the 
healthiest men in the sample (Austad and Fischer 2016), 
and this is in line with what we hypothesised based on the 
male–female health survival paradox. We expected this sur-
vival effect to continue into the oldest age groups, which was 
also the case for the absolute sex differences. The age pattern 
for the relative sex differences, however, was less clear. In 
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the age groups 65–79 years and 80+ years, the relative sex 
difference in ADL was constant, whereas the relative dif-
ference in IADL decreased. This decrease in the risk ratio 
for IADL might be explained by an increasing proportion 
of limitations for both men and women, which may lead to 
a smaller relative risk even though a higher proportion of 
women than men had limitations in the oldest age groups 
(Noordzij et al. 2017).

In line with the previous studies on several health traits 
such as grip strength, cognitive function, comorbidity and 
self-rated health (Ahrenfeldt et al. 2018b, 2019; Dahlin and 
Härkönen 2013; Jeune et al. 2006), our results suggested a 
North–South gradient in health with the most pronounced 
sex differences in Southern Europe. In agreement with ear-
lier studies (Chatterji et al. 2015; Jerez-Roig et al. 2018; 
Wahrendorf et al. 2013), we also demonstrated the highest 
prevalence of disability in Eastern and Southern Europe. 
Jerez-Roig et al. (2018), based on wave six of SHARE, found 
that disabled older adults in Southern Europe suffer more 
commonly from psychosocial and cognitive issues includ-
ing low cognitive performance, isolation and low quality 
of life, although they had the lowest rate of hospitalisations 
perhaps due to greater family support in the Mediterranean 
countries. These studies lend support for the hypothesis that 
countries with less-developed social policies and more pro-
nounced socioeconomic inequalities have higher disability 
levels, whereas in less-developed or more traditional socie-
ties, gender roles tend to be more pronounced (Wheaton 
and Crimmins 2016). Women in these societies may be 
less likely to smoke and drink, but, on the other hand, in 
societies with high inequality and traditional gender roles, 
women tend to have lower education (Buchmann et al. 2008) 
and less attachment to the labour market (Bird and Fremont 
1991), and this may influence the sex differences in func-
tional disability. This was demonstrated by Van Oyen et al. 
(2010) who studied the relationship between life expectancy, 
activity limitations and macro-level structural indicators in 
Europe. They found that overall in Europe, sex differences 
in years lived with activity limitations were associated 
with gross domestic product, expenditure on elderly care 
and income differences between men and women. In this 
study, controlling for education slightly reduced differences 
in ADL between men and women in Northern and West-
ern Europe; however, it did not change the significance of 
the overall results. Earlier studies (Wheaton and Crimmins 
2016; Wray and Blaum 2001) have found that controlling 
for education and marital status explains some, but not all, 
of the differences in disabilities between men and women. 
This suggests that there is a disadvantage in ADL and IADL 
for women that is unrelated to socioeconomic conditions.

Two recent SHARE studies have investigated sex differ-
ences in health based on the same study population as in 
this study. The most recent study based on the Comorbidity 

Index and the Frailty Phenotype (Ahrenfeldt et al. 2019) 
found that women are more frail and have slightly more 
comorbidity than men with the most pronounced sex dif-
ferences in Southern and Eastern Europe. The other study 
(Ahrenfeldt et al. 2018b) found higher cognitive scores and 
grip strength measures in Northern than in Southern Europe, 
but with contrasting directions of sex differences in cogni-
tion between North and South. Women had better cognitive 
function than men in most age groups in Northern Europe, 
but worse cognitive function in Southern Europe in line with 
the previous literature (Weber et al. 2014). The gender gap 
in cognitive function was to some extent explained by differ-
ences in education, height and chronic diseases (Ahrenfeldt 
et al. 2018b). Although sex differences in life expectancy are 
larger in Southern than in Northern Europe (Ahrenfeldt et al. 
2019; Van Oyen et al. 2010), e.g. due to the higher preva-
lence of smokers among men than among women (Eurostat 
2019), which may result in a selection effect with the strong-
est men surviving to the oldest ages, it is likely that several 
other factors such as frailty, comorbidity, lower physical 
strength and worse cognitive function among women in 
Southern Europe also influence ADL and IADL.

Two hypotheses: differential “exposure” and differential 
“vulnerability” have been stated to explain the role of social 
factors in gender–health associations (Kaneda et al. 2009). 
The differential exposure hypothesis suggests that due to 
the different access to material resources and other social 
conditions of life, men and women are exposed to different 
levels of risk, resulting in different health outcomes (Arber 
and Cooper 1999; Denton et al. 2004; Ross and Bird 1994). 
In a large study based on the Canadian National Popula-
tion Health Survey from 1994 to 1995, Denton et al. found 
that although women on average have more social support 
than men, they are generally more likely to live alone or 
as single parents, to carry a double day (i.e. working full- 
or part-time and caring for a family), to work in the home 
for taking care of the family and to work in lower status 
occupations (Denton et al. 2004). Furthermore, they found 
important gender differences in the psychosocial variables, 
with women experiencing more stressful life events and 
more chronic stress at the domains of, for example, child 
and family health, which may translate into poorer function-
ing and greater disability. On the other hand, men were more 
likely to smoke and drink and to be overweight compared 
with women (Denton et al. 2004). However, gender differ-
ences in health were only slightly reduced by controlling 
for structural, behavioural and psychosocial determinants 
of health lending more support for the differential vulner-
ability hypothesis (Denton et al. 2004), which states that 
men and women react differently to various conditions of 
life and therefore differs in their vulnerability to risk fac-
tors (McDonough and Walters 2001). Some evidence shows 
that the association between BMI and mobility difficulty is 
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worse for women than for men (Wray and Blaum 2001) and 
that a higher proportion of women with arthritis developed 
an ADL or IADL disability compared with men with this 
disease (Peek and Coward 1999) supporting the differen-
tial vulnerability hypothesis (Denton et al. 2004). In agree-
ment, our findings of consistently greater disabilities among 
women than among men in all European regions may sup-
port the vulnerability hypothesis, although the cross-regional 
differences with the largest female disadvantage in ADL and 
IADL in Southern Europe may also lend support for the dif-
ferential exposure hypothesis.

This study has several strengths. It included 113,299 indi-
viduals corresponding to 244,258 interviews providing great 
power to the statistical analyses, which included both abso-
lute and relative sex differences. Moreover, the strict data 
collection procedures in SHARE with an ex ante harmonised 
design permit cross-country comparisons (Börsch-Supan 
et al. 2013). Finally, we included elderly and very old indi-
viduals for whom data are sparser (Christensen et al. 2013).

A limitation in SHARE is the low participation rates, 
potentially leading to selection bias. However, the cali-
brated weights in SHARE are designed to account for this 
problem (Börsch-Supan et al. 2013). Another limitation in 
SHARE is the self-reporting, which could potentially result 
in response bias. Although self-reports generally agree with 
objective measures of common medical conditions (Berg-
mann et al. 1998; Okura et al. 2004), sex differences in ADL 
and IADL may be affected by gender-specific reporting atti-
tudes if more health-conscious women overstate their health 
deficits, while more status-concerned men underreport them 
(Schünemann et al. 2017), resulting in an overestimation 
of sex differences in self-reported measures. Among the 
IADL items are activities that are traditionally regarded 
as either male tasks (i.e. using a map) or female tasks (i.e. 
cooking). Sheehan and Tucker-Drob (2017) found that males 
were more likely not to do the IADL activities for reasons 
unrelated to health limitations, while Light and Thigpen 
(2017) found that males’ perception of a given IADL item 
was correlated with their performance of that activity. This 
could indicate that males may underreport certain tasks not 
because of actual limitations but due to a negative perception 
of the task leading to an overestimation of the sex differ-
ences in IADL. However, Case and Paxson (2005) showed 
that differences in self-assessed health between men and 
women can be explained by differences in the distribution 
of the health conditions that they face, indicating no gender 
bias in reporting. Moreover, a recent study showed over-
all similar findings across both self-reported and objective 
measures, suggesting that sex differences are not explained 
by reporting differences (Wheaton and Crimmins 2016). 
Due to the large amount of missing information on mortality 
in SHARE, longitudinal analyses would not be reliable, and 
thus, it was not possible to show the longitudinal trajectories 

of ADL and IADL. Future studies with the possibilities of 
taking mortality into account would help to better explain 
the increasing sex gap with age. However, this study con-
tributes to our understanding of sex differences in ADL and 
IADL as it is, we believe, the largest cross-sectional study of 
age-related sex differences to date with inclusion of multiple 
countries and very old participants.

In summary, our results confirm that European women 
have higher risk of ADL and IADL limitations than Euro-
pean men. Despite the cross-regional differences in ADL and 
IADL with the largest sex differences in Southern Europe, 
our results show a clear pattern of a female disadvantage that 
is increasing with advancing age in all European regions, in 
agreement with what we expected based on the male–female 
health survival paradox.
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