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Abstract

Background

Older women perform consistently poorer on physical performance tests compared to men.
Risk groups for this “female disadvantage” in physical performance and it's development
over successive birth cohorts are unknown. This is important information for preventive
strategies aimed to enhance healthy aging in all older women. This study aims to longitudi-
nal investigate whether there are risk groups for a more apparent female disadvantage and
study its trend over successive birth cohorts.

Methods

Data of the Longitudinal Aging Study Amsterdam (LASA) were used. All participants were
aged 55-65 years at baseline. Longitudinal data of two birth cohorts with baseline measure-
ments in 1992/1993 (n = 966, 24 year follow-up) and 2002/2003 (n = 1002, 12 year follow-
up) were included. Follow-up measurements were repeated every three/four years. Cross-
sectional data of two additional cohorts were included to compare ethnic groups: a Dutch
cohort (2012/2013, n = 1023) and a Migration cohort (2013/2014, n = 478) consisting of
migrants with a Turkish/Moroccan ethnicity.

Results

Mixed model analysis showed that women aged 55 years and older had a lower age- and
height-adjusted gait speed (-0.03 m/s; -0.063—0.001), chair stand speed (-0.05 stand/s;
-0.071—0.033), handgrip strength (-14,8 kg; -15.69—13.84) and balance (OR =0.71;
0.547-0.916) compared to men. The sex difference in handgrip strength diminished with
increasing age, but remained stable for gait speed, chair stand speed and balance. In
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general, results were consistent across different, educational levels and Turkish/Moroccan
ethnic groups and birth cohorts.

Conclusions

There is a consistent “female disadvantage” in physical performance among older adults,
which remains stable with increasing age (except for handgrip strength) and is consistent
across different educational levels, ethnic groups and successive birth cohorts. So, no spe-
cific risk groups for the female disadvantage in physical performance were identified. Pre-
ventive strategies aimed to enhance healthy aging in older women are needed and should
target all older women.

Introduction

Physical performance is an important indicator of healthy aging, since it is associated with a
wide range of adverse health outcomes among older adults [1-4]. Women have a higher life
expectancy but, paradoxically, older women perform poorer on physical performance tests
than men [5-7]. This “female disadvantage” is well established, but its longitudinal course by
age remains unclear. Furthermore, risk groups with regard to educational level and ethnic
groups and trends over birth cohorts are unknown.

Most studies investigating the sex difference in physical performance by age are limited by
a cross-sectional design or a short-term longitudinal follow-up period (five years) [5,8,9]. In
exception, the well-studied sex difference in handgrip strength diminishes by age due to a
more rapid decline in men compared with women [7,10,11]. There is some evidence from lon-
gitudinal data (ten years follow-up time) that the sex difference in gait speed remains stable
during aging [12]. However, longitudinal research with a longer follow-up time is needed to
confirm this finding, which will determine whether there is a specific age group where the
female disadvantage is most apparent.

The influence of other sociodemographic factors on the sex difference in physical perfor-
mance have not been studied so far. Low educated subgroups have a poorer physical perfor-
mance [13], which is mainly explained by a higher prevalence of common chronic disease,
obesity, smoking and though workload [14]. Since men and women differ in their lifestyle and
incidence of chronic diseases [15], the influence of education on physical performance may
differ between men and women. Indeed, more years of education seems to be a stronger and
longer protective factor at higher ages, for a decline in gait speed for men compared with
women [12]. More longitudinal research and other physical performance indications are
needed to confirm this finding.

Ethnicity also influences physical performance, where persons with a European-American
ethnicity have a higher gait and chair stand speed and better balance compared with persons
with an African-American ethnicity [16,17]. This was largely explained by differences in edu-
cation, obesity and diabetes [16]. Since men and women also differ in these factors [18], sex
differences may differ per ethnic group. So far, this has not been investigated, but it was dem-
onstrated that the sex difference in a physical performance summary score differs between
some ethnic groups [16]. However, this research was limited to Hispanic- and Mexican-Amer-
icans ethnic groups only. The three largest ethnic groups in the Netherlands; Turkish, Moroc-
can and Dutch have not been studied so far. Since we know Turkish en Moroccan ethnic
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groups in the Netherlands have a lower education, this might result in a larger sex difference
compared to a Dutch ethnic group [19].

Since a female disadvantage in physical performance in older adults has been reported by
different studies over the past three decades, it may be a consistent phenomenon throughout
time. However, factors affecting healthy aging change over time, were recent cohorts of older
adults have a healthier lifestyle, higher socio-economic status, self-reported health and life
expectancy but more chronic diseases [20-22]. These birth cohort effects may differ between
men and women, since older women of a recent cohort have a better health profile related to
cardiovascular diseases and diabetes mellitus and their average educational level becomes
higher compared to men [23]. Since these are known protective factors for a decline in physical
performance, we expect a decrease in the female disadvantage over successive birth cohorts.
However, longitudinal research is needed to confirm this hypothesis.

A more detailed understanding of the sex difference in physical performance with regard to
the longitudinal course by age, educational level and ethnic groups may identify potential risk
groups for a more pronounced female disadvantage. This will help determine target groups for
preventive strategies to enhance healthy aging in all older women. Also, knowledge with regard
to the course of the sex difference over successive birth cohorts will identify the current trend
over time, informing us whether this is an increasing or decreasing phenomenon. This study
aimed to longitudinally investigate risk groups for a more apparent female disadvantage and
study its trend over successive birth cohorts, which was achieved.

Methods
Study population

Data from the prospective Longitudinal Aging Study Amsterdam (LASA) were used. This
study was initiated to determine predictors and consequences of aging and contains a nation-
ally representative sample from three culturally distinct regions in the Netherlands (Amster-
dam, Zwolle and Oss). Measurements and interviews are performed by trained interviewers,
who visit respondents at home [24]. For a more detailed description of LASA and the used
questionnaires, see Huisman et al. (2011). Ethical approval for the LASA study was given by
the Medical Ethics Committee of the VU University Medical Centre Amsterdam, and all par-
ticipants provided written informed consent.

(Birth) cohort populations

Longitudinal data of the birth cohort 1927-1937 with baseline measurements in 1992/1993

(n =966, 25 year follow-up) and the birth cohort 1937-1947 with baseline measurements in
2002/2003 (n = 1002, 12 year follow up) were used. Follow-up measurements were performed
every three to four years. Furthermore, cross-sectional data of an additional birth cohort

(n = 1023) and a migration cohort including Turkish and Moroccan migrants (n = 478) both
measured in 2012-2014 were used. All participants were aged 55-65 years at baseline.

Physical performance

Four measures of physical performance were included in this study: gait speed, chair stand
speed, handgrip strength and balance. Gait speed was measured by asking participants to walk
3 meters, turn around and walk 3 meters back as quickly as possible, recorded by trained staff
using a stopwatch. Gait speed was expressed in meters per second. Chair stand speed was mea-
sured by asking participants to fold their arms across their chest and to stand up and sit down
from a sitting position five times at usual pace. Chair stand speed was defined as the number
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of chair rises per second. Handgrip strength was measured by asking participants to perform
two maximum strength measurements for both hands in standing position with their arms
along their body, recorded in kg by a Takei TKK 5001 dynamometer. Handgrip strength was
defined as the average of the maximum measurement of each hand. In the migration cohort
only the right hand was measured twice, where handgrip strength was defined as the maxi-
mum measurement. Balance was measured by asking participants to maintain their feet in the
tandem position (heel of one foot directly in front of and touching the toes of the other foot)
for ten seconds. Balance was defined as able if the test was performed correctly for at least 10
seconds, or unable if the test could not be performed due to physical inability or if balance was
kept for less than 10 seconds.

Birth cohort, educational level and ethnic groups

Two birth cohorts were included in the longitudinal analysis: birth cohort 1927-1937 and
birth cohort 1937-1947. Educational level was categorized into: low (elementary education or
less), middle (lower vocational education and general intermediate education) and high (inter-
mediate vocational education, general secondary education, higher vocational education, col-
lege education and university). Ethnic groups were categorized as Dutch or Turkish/
Moroccan, using data of birth cohort 1947-1957 and the migration cohort. These two cohorts
are comparable with regard to age (mean, SD), year of measurement and design (cross-
sectional).

Statistical analyses

To examine the longitudinal data of birth cohorts 1927-1937 and 1937-1947, mixed model
analysis with a random intercept for the individual was used for the continuous outcomes: gait
speed, chair stand speed and handgrip strength. Generalized estimating equations (GEE) with
an exchangeable correlation structure and robust variance estimator were used for the dichot-
omous outcome: ability to perform the tandem balance test. Here, GEE was used because the
regression coefficients are calculated as “population averaged”, which fits best for our popula-
tion study [25]. To examine the cross-sectional data of birth cohort 1947-1957 and the migra-
tion cohort, linear and logistic regression analyses were used.

The percentage missing values is similar between men and women and is relatively stable
over different measurements and outcome measures (approximately 15% on average). S1 and
S2 Tables show the number of participants included in each analysis. Mixed model analysis
and GEE include all longitudinal data of the outcome, thereby preventing the loss of data and
power [25]. Taken this into account and the fact that there are no further missing values in sex,
age and baseline height, we assume no implications due to missing values in our analysis and a
robust regression coefficient estimate.

Several analysis steps were taken: (1) The overall age- and height-adjusted sex difference in
physical performance was investigated for all longitudinal and cross-sectional cohort popula-
tions separately (“sex” in a model with “age”). (2) The longitudinal course of the sex difference
by age was investigated using the longitudinal data of the birth cohorts 1927-1937 and 1937-
1947. Therefore, the interaction term age and sex: “age*sex” was used. If “age*age” or
“age*age*sex” was significant, the quadratic regression coefficient in addition to the linear
regression coefficient was included in the models throughout the rest of the analysis steps.
This allowed a better prediction of the decline in physical performance measures during aging.
(3) The modification of the age- and height-adjusted sex difference by educational level, ethnic
groups or birth cohort was investigated for all longitudinal and cross-sectional cohort popula-
tions separately (interaction term with sex, in a model with “age” and “sex™: “birth cohort*sex”,
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“education®sex” or “ethnicity*sex”). (4) The modification of the course of the sex difference by
age, by educational level or birth cohort was investigated using the longitudinal data of birth
cohorts 1927-1937 and 1937-1947 (interaction term with “sex*age”: “birth cohort*sex*age”
and “education*sex*age”). In other words, whether the course of the sex difference by age was
different for different birth cohorts or educational levels. All analyses were adjusted for base-
line height to estimate the true unadjusted sex difference in physical performance, since it was
demonstrated that height partly explains the sex difference in physical performance measures,
but is not part of the proposed causal pathway between physical performance and various
health outcomes [26]. Body height was measured to the nearest 0.001 m using a stadiometer by
a trained interviewer.

To visually depict the longitudinal course of the sex difference by age, a trend line for gait
speed, chair rise speed and handgrip strength was plotted by age and sex, based on the regres-
sion coefficients of the full model. To depict balance, the probability to be able to perform the
tandem balance test was predicted by age and sex. All analyses were performed using SPSS
(version 26.0, SPSS inc.).

Results
(Birth) cohort populations

All (birth) cohort populations had an equal amount of men and women, with a similar mean

age at baseline (Table 1). Overall, women were lower educated, had a poorer physical perfor-

mance and were more often unable to perform the physical performance tests due to physical
problems compared to men.

Age- and height-adjusted sex difference in physical performance

Adjusted for age and height, women performed in general poorer than men in gait speed,
chair stand speed, handgrip strength and balance in both longitudinal cohorts, except for gait
speed in birth cohort 1927-1937 where no significant sex difference was observed (Table 2).
To illustrate, mean gait speed of women in birth cohort 1937-1947 was 0.05 m/s (95% confi-
dence interval:-0.069--0.021) lower than men. Also, women had about half the odds on the
ability to successfully complete the tandem balance test for 10 seconds compared to men in
birth cohort 1937-1947 (OR = 0.59, 95% confidence interval: 0.416-0.844). For birth cohort
1947-1957, women performed only significantly poorer in handgrip strength compared to
men and for the migration cohort women performed significantly poorer in gait speed, chair
stand and handgrip strength compared to men (Table 2).

Longitudinal course of sex differences in physical performance by age

The sex difference in gait speed, chair stand speed and balance remained stable during aging
for both birth cohort 1927-1937 and 1937-1947 (Fig 1) (Table 3). The first exception was
handgrip strength, where the decline by age was larger in men compared to women for both
birth cohorts (age*sex; p<0.001), resulting in a decrease of the sex difference with increasing
age (Fig 1D) (Table 3). In addition, the sex difference in balance for birth cohort 1937-1947
slightly decreased by age in the exponential part of the decline in balance (sex*age*age;

p =0.001) (Table 3).

Modification by educational level

For each educational level, women had a poorer physical performance compared with men
(data not shown). In general, there was no significant difference between the educational levels

PLOS ONE | https://doi.org/10.1371/journal.pone.0226342 December 18, 2019 5/12


https://doi.org/10.1371/journal.pone.0226342

@ PLOS|ONE

Sex differences in physical aging

Table 1. Baseline characteristics for men and women of the different (birth) cohort populations.

Birth cohort 1927-37

Birth cohort 1937-47

Birth cohort 1947-57

Migration cohort 1948-58

Characteristic variables Men Women Men Women Men Women Men Women
Sociodemographic

Study population 467 [48] 499 [52] 475 [47] 527 [53] 496 (48] 527 [52] 275 [58] 203 [42]
Age in years 60 (2.8) 60 (2.8) 60 (2.9) 60 (3.0) 60 (2.9) 60 (3.0) 61(3.1) 61 (2.9)
Education

- Low education 104 [22] 202 [41] 89 [19] 124 [24] 50 [9.3] 55 [10] 179 [65] 164 [81]

- Middle education 148 [32] 191 [38] 239 [50] 334 [63] 266 [54] 328 [62] 64 [23] 26 [13]

- High education 215 [46] 106 [21] 147 [31] 69 [13] 180 [36] 144 [27] 31[11] 8 [3]
Physical performance

Gait speed (m/s) 0.96 (0.28) 0.93 (0.28) 1.0 (0.28) 0.91 (0.26) 1.1 (2.40) 1.0 (0.24) 0.76 (0.27) 0.66 (0.27)
Physically unable® 5[1.0] 12 [2.4] 6[1.3] 10 [1.9] 2 [0.4] 40.8] 3[1.1] 8 [3.9]
Chair stand speed (rise/s) 0.45 (0.14) 0.47 (0.45) 0.49 (0.14) 0.46 (0.13) 0.43 (0.11) 0.44 (0.11) 0.39 (0.16) 0.32 (0.12)
Physically unable® 19 [4.1] 22 [4.4] 11 [2.3] 29 [5.5] 8 [1.6] 15 [2.8] 20 [7.1] 19 [9.4]
Handgrip strength (kg) 40 (6.9) 24 (4.9) 45(7.9) 27 (5.8) 44 (8.5) 24 (6.2) 36 (12.3) 20 (8.2)
Physically unable® 410.9] 5[1.0] 13 [2.7] 14 [2.7] 1[0.2] 410.8] 3[L1] 2 [1.0]
Balance® 339 [73] 350 [70] 366 [77] 376 [71] 469 [95] 472 [90] 232 [84] 136 [67]
Physically unable® 58 [12.4] 100 [20.0] 48 [10.1] 80 [15.2] 24 [4.8] 51[9.5] 38 [13.8] 52 [25.6]

Birth cohort 1927-37 and 1937-47 contain longitudinal data, birth cohort 1947-57 and migration cohort contain cross-sectional data. Explanation of data: mean (SD),
n [%].
*Participants who were unable to perform the test correctly/completely or refused due to being physical unable (for example; participants in a wheelchair).

"Number of participants able to successfully complete the tandem balance test (percentage of total).

https://doi.org/10.1371/journal.pone.0226342.t001

in age- and height-adjusted sex difference or its course by age (S3 Table). In exception, for
birth cohort 1937-1947 the sex difference in gait speed was lower in high educated participants
compared to middle education persons (p = 0.017) but chair stand speed was higher in high
and middle educated participants compared to low educated persons (respectively; p = 0.046
and p = 0.001).

Modification by ethnic groups

Among older adults with a Turkish/Moroccan or Dutch ethnicity, women had a poorer physi-
cal performance compared to men (Table 2). The difference in age- and height-adjusted sex
difference between the two ethnic groups was not consistent for different physical perfor-
mance measures; the sex difference in chair stand speed was larger but in handgrip strength
was smaller and for gait speed or balance similar in persons with a Turkish/Moroccan ethnic-
ity compared to persons with a Dutch ethnicity. Noteworthy, the physical performance of both

Table 2. Age- and height-adjusted mean difference in physical performance between women and men.

Cross-sectional data
Birth cohort 1947-1957
-0.01 (-0.054-0.036)
-0.02 (-0.039-0.001)
-14.8 (-16.10--13.49)
0.97 (0.929-1.022)

Longitudinal data
Birth cohort 1927-1937
-0.03 (-0.063-0.001)
-0.05 (-0.071--0.033)
-14.8 (-15.69--13.84)
0.71 (0.547-0.916)

Birth cohort 1937-1947
-0.05 (-0.069--0.021)
-0.04 (-0.057--0.028)
-16.3 (-17.01--15.49)
0.59 (0.416-0.844)

Physical performance
Gait speed (m/s) B
Chair stand speed (rise/s) B

Migration cohort 1948-1958
-0.08 (-0.140--0.014)

-0.06 (-0.100--0.027)

-15.5 (-18.01--13.08)

0.96 (0.872-1.058)

Handgrip strength (kg) B
Balance (ability) OR

Abbreviations: B = regression coefficient, OR = odds ratio, both with 95% confidence interval. For example: the value of -0.05 means that the mean gait speed of women
in birth cohort 1937-1947 is 0.05 m/s lower than men.

https://doi.org/10.1371/journal.pone.0226342.t002
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Fig 1. Four physical performance measures by age and sex for two longitudinal birth cohorts 1927-1937 and 1937-1947. Gait speed (A), chair rise speed (B),
handgrip strength (C) and ability to perform the tandem balance test (D) by age for men and women. Handgrip strength in the 1927-1937 birth cohort was
measured only from age 60 years and older. Balance is shown by the chance to be able to perform the tandem balance test, divided by one minus the chance to be
able to perform the tandem balance test. Longitudinal data of birth cohort 1927-1937 (solid line) and 1937-1947 (dashed line).

https://doi.org/10.1371/journal.pone.0226342.9001

men and women is poorer in Turkish/Moroccan ethnicities compared to persons with a
Dutch ethnicity.

Modification by birth cohort

There was no significant difference between the birth cohorts 1927-1937 and 1937-1947 in
age- and height-adjusted sex difference in physical performance or its course by age (Fig 1) (S3
Table). The only exception was handgrip strength, where the age- and height-adjusted sex dif-
ference was slightly smaller for birth cohort 1927-1937 (-1.36 95% confidence interval;
-0.166--0.003 -, p = 0.026) and the sex difference decreased more rapidly by age compared
with birth cohort 1937-1947 (p = 0.037) (Fig 1C) (S3 Table).

Discussion

The present study confirmed a consistent age- and height- adjusted sex difference in physical
performance in persons aged 55 years and older, were women perform worse compared to
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Table 3. Multivariate model of the longitudinal course of the height-adjusted sex difference in phsyical performance.

Age (y)

+Age ™ Age
)

+ Sex (female)

+ Sex (female)

%

Age (y)

+ Sex (female)

Age* Age (yz)

Cohort

1927-
37

1937-
47
1927-
37

1937-
47

1927-
37

1937-
47

1927-
37

1937-
47

1927-
37

1937-
47

Gait speed

-0.013 [-0.0139--0.1203],
p<0.001

0.009 [-0.0102--0.0073],
p<0.001
-0.001 [-0.0003--0.0001],
p = 0.004

-0.001 [-0.0009--0.0005],
p<0.001

-0.028 [-0.0629-0.0007], p = 0.116

-0.050 [-0.0781--0.0212],
p =0.001

-0.001 [-0.0034--0.0011],

p =0.505

0.001 [-0.0021-0.0036], p = 0.616

-0.001 [-0.0003--0.0001],

p = 0.660

0.001 [-0.0003-0.0005], p = 0.555

Chair stand Handgrip strength Balance®

-0.005 [-0.0052--0.0045], -0.466 [-0.4971--0.4357], 0.914 [0.902-0.926],

Pp<0.001 p<0.001 p<0.001

-0.004 [-0.0043--0.0030], -0.581 [-0.6136--0.5548], 0.953 [0.930-0.977],

p<0.001 p<0.001 p<0.001

-0.001 [-0.0001--0.0001], -0.018 [-0.0220--0.0131], 0.967 [0.995-0.998],

p =0.003 p<0.001 p<0.001

-0.001 [-0.0002--0.0001], -0.017 [-0.0210--0.0128], 1.002 [0.994-1.002],

p =0.037 p<0.001 p=0.245

-0.052 [-0.0711--0.0330], -14.77 [-15.689--13.841], 0.708 [0.547-0.916],

p<0.001 p<0.001 p<0.001

-0.042 [-0.0569--0.0271], -16.29 [-17.079--15.492], 0.592 [0.416-0.844],

p<0.001 p<0.001 p = 0.004

-0.001 [-0.0010-0.0005], p = 0.573 | 0.156 [0.0959-0.2160], p<0.001 | 1.011 [0.986-1.037],
p=0.951

-0.001 [-0.0023-0.0003], p = 0.115 | 0.201 [0.1443-0.2571], p<0.001 | 1.018 [0.931-1.036],
p=0.516

-0.001 [-0.0035-0.0001], p = 0.476 | 0.006 [-0.0026-0.0151], p = 0.166 | 1.002 [0.999-1.006],
p=0.095

0.001 [-0.00017-0.0002], p = 0.870 | 0.005 [-0.0035-0.0127], p = 0.263 | 1.010 [1.002-1.018],
p=0.011

Longitudinal data of LASA birth cohort 1927-1937 (light grey) and LASA birth cohort 1937-1947. Beta [95% confidence interval], p-value.

*OR [95% confidence interval], p-value.

https://doi.org/10.1371/journal.pone.0226342.t003

men [1,7,27]. The sex differences for gait speed and handgrip strength are clinically relevant,
because it reaches the minimally clinical significant individual difference estimates for gait
speed (0.03-0.05 m/s) [28] and handgrip strength (5.0-6.5 kg) [29].

The female disadvantage in gait speed, chair stand speed and balance remained stable dur-
ing aging, except for handgrip strength where it reduced by increasing age, confirming previ-
ous longitudinal findings for gait speed and handgrip strength [12,30]. In contrast, previous
cross-sectional studies suggested an increase in the female disadvantage in gait speed and bal-
ance with age [7,8], demonstrating the importance of longitudinal studies.

The present study observed no consistent risk groups where the female disadvantage is
most apparent, with regard to educational level and ethnic groups. The results of this study
showed a better physical performance by participants with a Dutch ethnicity or higher educa-
tion compared with other ethnicities (Moroccan and Turkish) or lower education, which is in
line with previous research [13,16,17]. The current study demonstrated that these differences
are similar for men and women.

This study is the first to show that the sex difference in physical performance and its longi-
tudinal course by age does not significantly differ between the two investigated birth cohorts.
Although the first birth cohort 1927-1937 was born before and birth cohort 1937-1947 born
during world war two, this did not influence the sex difference in physical performance. Other
factors that changed between the two birth cohorts, also did not influence the sex difference.
This suggests that the female disadvantage is a robust phenomenon.

The observed findings raise the question whether the female disadvantage in physical per-
formance during aging is due to a sex difference in physiology or in unhealthy aging. When
the female disadvantage is present throughout the adult life course, it may suggest physiologi-
cal differences between men and women, which may provide all women with a disadvantage

PLOS ONE | https://doi.org/10.1371/journal.pone.0226342 December 18, 2019 8/12


https://doi.org/10.1371/journal.pone.0226342.t003
https://doi.org/10.1371/journal.pone.0226342

@ PLOS|ONE

Sex differences in physical aging

in physical performance. On a different note, men and women might perform at different
physical performance levels, although they have the same health status. This would suggest the
use of sex-specific cut-off points and remains to be investigated. Next to a physiological differ-
ence, the sex difference in physical performance may also arise due to differences in (un)
healthy aging such as lifestyle and chronic diseases. The present study did not identify at which
age the female disadvantage arises since it was already present at age 55, suggesting it could be
a physiological sex difference. However, there was no sex difference demonstrated in similar
physical performance tests among healthy adults aged 20 to 39 years [5,31,32], except for hand-
grip strength [33]. This may point towards sex differences in (un)healthy aging or to a ceiling
effect of these tests. Previous research supports both theories or the combination [7]. For
example, the higher body fat percentage in women has been suggested to put them at a signifi-
cant biomechanical disadvantage for greater disability at older age [34], suggesting a sex differ-
ence in (un)healthy aging. In addition, sex differences in exposure to lifestyle factors and
chronic health conditions in older adults were shown to be explanatory factors [7]. For exam-
ple, women have a higher prevalence and perceived disease burden of osteoarthritis, which
may explain the observed sex difference in physical performance [35,36]. On the other hand,
sex differences in muscle strength and exposure to sex hormones were also identified as possi-
ble explanatory factors [7,34], suggesting a sex difference in physiology. Future longitudinal
research across the adult life span investigating physiological and (un)healthy aging explana-
tions is recommended.

The present study has several strengths. First, data from a large prospective longitudinal
cohort study were used, which represents the older adult life course of the Dutch population
[37]. To note, response rate was high and drop-out was low; approximately 3% per follow-up.
Secondly, the longitudinal design made it possible to study the longitudinal course by age.
Thirdly, the use of four different objectively physical performance measures provided a broad
image but allowed the study of various aspects of physical performance separately, in contrast
to a combined physical performance score [38]. Furthermore, all measures are strongly associ-
ated with negative health outcomes [1-4] and demonstrated to be of high quality [39]. At last,
this is the first time that the influence of various sociodemographic factors are investigated in
one large longitudinal study. A possible limitation is the loss to follow-up due to mortality,
since healthy people live longer and women have a higher life expectancy then men (S2 Table)
[11]. This could have caused an overestimation of the mean age- and height-adjusted sex dif-
ference, since more unhealthy men compared with unhealthy women are lost. In contrast,
more women than men were physically unable to perform the physical performance tests,
which may have caused an underestimation. Secondly, the influence of ethnic groups could
only be tested in a cross-sectional setting.

In conclusion, this large prospective longitudinal cohort study showed that in persons aged
55 years and older there is a consistent and stable female disadvantage in physical performance
which pertains by increasing age. There are no indications for specific risk groups, with regard
to educational level and ethnic groups or for a change of this female disadvantage in the com-
ing decades. Therefore, future research on underlying mechanisms, explanations and preven-
tive healthy aging strategies aimed to reduce the female disadvantage, should target all older
adults. This novel information forms a solid basis for future research and strategies regarding
the female disadvantage in physical performance.

Supporting information

S1 Table. Number participants per follow-up (FU) measurement for longitudinal birth
cohorts 1927-1937 and 1937-1947. Percentage and number of participants for each physical
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performance measurement (percentage of total at same follow-up measurement).
(DOCX)

S2 Table. Number participants for each physical performance measurement (percentage
of total) for cross-sectional birth cohorts 1947-1957 and migration cohort.
(DOCX)

$3 Table. Effect modification of sex differences in physical performance by education, eth-
nic groups and birth cohort.
(DOCX)
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