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Introduction/Aim of the Study. One way of investigating health trends at the population level is to study the physical performance
and functional ability in different birth cohorts. *e information obtained can be used to predict illness, disability, and future
needs for care. However, contradictory findings have been reported when comparing the physical performance of older adult birth
cohorts.*e aim of this study was to investigate whether the birth cohort is associated with the level of physical performance in 81-
year-old men and women born twelve years apart. Materials and Methods. Birth cohorts of both sexes drawn from the Swedish
study “Good Aging in Skåne” for the years 1920–22 and 1932–34 were compared. Walking, the step test, the chair stand test, and
the handgrip strength test were used as proxies for the physical performance. *e results were adjusted for lifestyle habits and
common chronic geriatric diseases. Results. Both men and women in the later-born cohort walked more quickly and completed
the chair stand test faster, and women were also quicker in the step test. No significant differences were found in the grip test, in
either the male or female cohorts. Discussion. Normative reference values for physical tests of subjects of different ages can be
misleading unless cohort effects are considered. Furthermore, age-related trajectories can also be misinterpreted if cohort effects
are neglected which, in the longer perspective, could affect health care planning. Conclusion. Birth cohort effects should be
considered when comparing walking speed, number of steps, chair stands, and the step test, in men and women of older age.

1. Introduction

Studies on health trends have become increasingly important
in an attempt to reduce comorbidity and the number of older
people in need of health care, especially in countries with a
rapidly growing population of older adults [1]. One way of
studying health trends at the population level is to evaluate
physical performance and functional ability in different age
cohorts. Studies in which cohorts are compared are often used
to prognostically monitor disease development or to evaluate
the results of health interventions [2]. Various physical tests,
such as walking speed [3], the chair stand test [4, 5], and the
handgrip strength test [6, 7], have been used as measures of

health or vitality. However, previous studies comparing older
age cohorts have yielded contradictory results.

Hörder et al. found no differences in slowwalking (<1m/
s) in 75-year-old male or female cohorts born 19 years apart
[8]. Christensen et al. found no differences in walking speed
or grip strength in cohorts of 95-year-old men born 10 years
apart, while in the corresponding cohorts of women the
later-born cohort exhibited higher walking speed but no
difference in grip strength [9]. Wranker et al. compared
cohorts of 60-year-old men and women born twelve years
apart and reported improvements in walking speed in the
later-born cohorts [10]. A study by Strand et al., comparing
cohorts of both sexes with a mean age of 70 years (born
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1920–1929) and 73 years (born 1931–1949), showed that the
grip strength was improved in the later-born cohorts [11].

Few studies have investigated cohort effects on physical
activity in elderly cohorts of men and women (>80 years),
taking several common geriatric conditions into account.
*e aim of this study was thus to investigate possible cohort
effects on walking speed, number of steps required to walk
15m, the step test, chair stands, and grip strength in 81-year-
old men and women born twelve years apart (1920–1922 and
1932–1934), when adjusting for lifestyle habits and common
chronic geriatric diseases.

2. Materials and Methods

2.1. Study Population. *e study sample was drawn from the
Good Aging in Skåne (GAS) project, a prospective, longitudinal
general population study, which is part of the Swedish National
Study on Ageing and Care (SNAC, http://www.snac.org)
[12, 13].*eGAS project covers both urban and rural areas and
includes five municipalities in the county of Skåne, the
southernmost region of Sweden. Participants randomized from
the National Population Register were invited to participate in
the study by letter, and written informed consent was obtained
from either the participants or, when necessary, from relatives.
*e first randomization took place between 2001 and 2004 and
included a cohort born in 1920–22; the second randomization
took place between 2012 and 2016 and included a cohort born in
1932–34. Out of 471 and 478 individuals invited to take part at
the time of the first and second randomizations, 270 (57.3%)
and 419 (87.6%) agreed to participate. *e inclusion criterion
was that the participant must have been able to perform at least
one of the walking tests without any walking aids. *is resulted
in the exclusion of 205 (29.8%) individuals: 42 and 114 indi-
viduals in the first and the second cohorts had not performed
any walking test, and 22 and 27 individuals in the first and
second cohorts were dependent on walking aids.*e final study
population thus consisted of 484 participants: 206 in the first
cohort born 1920–22, 88 (42.7%) men and 118 (57.3%)
women), and 278 in the second cohort born 1932–34, 142
(51.3%) men and 136 (48.7%) women (Figure 1).

2.2. Physical Tests. *e physical tests consisted of walking
2×15m and measuring the time taken and the number of
steps required, the step test, the chair stand test, and the
handgrip strength test. *ese physical tests were chosen with
the intention of gaining a broad idea of the participants’
physical ability in terms of mobility, muscle strength, bal-
ance, and coordination. All tests were performed at the
Department of Geriatrics at Malmö University Hospital. A
trained registered nurse gave clear instructions on how the
tests should be performed, and monitored the performance.
No verbal encouragement was given during the tests. Tests
were performed in one day, and the participants wore their
normal clothes and shoes.

2.2.1. Walking Speed and Number of Steps. Walking speed
was used as a measure of functional mobility [14]. With a
dynamic start, participants were asked to walk 2×15m (with

one 180° turn) at normal (comfortable) and maximum speed.
Participants were instructed to walk 15m, turn at a marker,
return to, and pass the starting point before stopping.*e test
took place in a hospital corridor, and participants were
allowed several meters to accelerate and decelerate before and
after the test. To ensure that the participant reached the
voluntary maximum in each of the maximum speed tests, the
nurse gave clear instructions that the test was to be performed
as quickly as possible without running.*e time taken to walk
15m and 2×15mwas recorded using a digital stopwatch, and
the number of steps required to walk 2×15m at both speeds
was counted. Steps during turning were not included. Each
test (normal and maximum walking speed) was performed
once and participants were allowed to rest for one minute
between the tests. High intraclass correlation (ICC> 0.90) has
been reported for walking 15m and 2×15m at both normal
and maximum speed [15]. *e 2×15m walking test includes
turning around, which is a more complex movement which,
in addition to muscle strength, also tests the individual’s
balance [16].

2.2.2. -e Step Test. *is test is designed to test the subject’s
balance and dynamic mobility. Participants stood in front of
a 7.5 cm high block placed up against a wall, with their feet
parallel at a distance 5 cm from the block, and were asked to
place one foot completely on the block and then return it to
the floor as many times as possible in 15 seconds. *e test
was demonstrated by the nurse and the participant was
allowed to practice once before the test started. For reasons
of safety, the nurse stood close to the participant during the
test, but did not support the participant [16]. Right and left
lower extremities were tested separately, and the highest
number of steps, for either the right or left lower extremity,
was used in the analysis. *is test has been found to be
repeatable, valid, and reliable (ICC> 0.90) in older healthy
individuals [17].

2.2.3. -e Chair Stand Test. *e chair stand test is used to
test balance, muscle strength, and sensory motor ability.
Sitting on a chair with no armrests, and with the seat at a
height of 45 cm, participants were asked to stand up and sit
down as quickly as possible, with their arms folded across
their chest and their hands on their shoulders. Before the
test, and to ensure that the participants felt safe, they were
asked to try to rise without using their arms [16]. Rising and
sitting were first demonstrated by the nurse. *e time re-
quired to stand and sit five times was recorded, and the test
was performed once. High intraclass correlation has been
reported for this test, ICC� 0.84 [4].

2.2.4. Handgrip Strength. A device that measures the hand-
grip strength, Grippit®, was used for this test [18]. A standard
testing procedure was used, including sitting position and
instructions, as described previously [18, 19]. *e handgrip
device and a forearm support weremounted on a transportable
base, ensuring standard arm and grip positions. *e grip
handle used in this study was 45mm long, 27mm wide, and
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125mm in circumference. *e participants started to squeeze
the handle on command [16].*e test was carried out twice on
each hand, and the maximum force was noted. High intraclass
correlation was reported (ICC� 0.97 for both hands) [20]. *e
best result (maximum force) was used in the analysis.

2.3. Sociodemographics and Lifestyle Variables. Data on
sociodemography, lifestyle habits, and medical history were
collected frommedical and psychological examinations, self-
reported questionnaires, and interviews. To control for
medical history, reported diseases were verified through the
National Diagnosis Registry and medical records after
obtaining permission from the participants.

Sociodemographic variables included age, sex, marital
status, education, and residential area. *e three last vari-
ables were dichotomized: marital status into married/
cohabiting or single/widowed/divorced, education into el-
ementary school or secondary school/university, and type of
residential area into rural or urban.

*e lifestyle variables included were physical activity
[21], divided into three categories: mostly sedentary (mostly
sedentary or only light housework, including warming food,
dusting, or light gardening), light activities (2–4 hours per
week of housework such as cooking, vacuum cleaning,
gardening, and shopping), or strenuous activities (1–3 hours
per week of gymnastics, dancing, jogging, swimming, or
other sports). Smoking habits were categorized as never
smoked, former smoker, or current smoker, and the con-
sumption of alcohol as never/at most once a month, 2–4
times a month, or 2–3 times a week.

2.4. Health Variables. Weight (in kg) was measured with a
precision balance scale with light clothing and no shoes. *e
balance is calibrated annually by the Technical Medical

Division at Skåne University Hospital. *e precision of the
scale was ±50 g [22]. Height was measured without shoes to
the nearest 0.1 cm using a scale fixed to the wall with the
participant standing erect with heels, buttocks, and shoul-
ders against a wall and a straight fixed gaze; arms at the sides,
legs straight, feet flat and heels touching each other [22]. *e
body mass index (BMI) was then calculated (weight (kg)/
height (m2)).

Pain during the past month included pain in the back/
pelvis, lower extremities, or upper extremities. Previously
diagnosed diabetes included both type 1 and type 2 dia-
betes. Participants who controlled their blood sugar level
by taking insulin were designated as type 1 diabetics, and
those who controlled their blood sugar level by oral
medication and diet were designated type 2 diabetics.
Parkinson’s disease, pulmonary disease (tuberculosis,
asthma, chronic obstructive disease), heart disease (in-
farction, angina, heart failure), stroke (infarction or
hemorrhage), osteoarthritis of the back, knee or hip, and
fractures of vertebrae, pelvis, lower extremities, or upper
extremities were classified as illness or trauma in adult-
hood. To confirm the presence of chronic diseases, a de-
tailed medical examination, including records and medical
history, was made by a physician.

Depressive mood was assessed using the Montgomery-
Åsberg Depression Rating Scale (MADRS) including 10
questions about depressive symptoms [23]. MADRS was
validated for older adults [24]. *e Mini-Mental State Ex-
amination (MMSE) was used as a test of global cognitive
function, on a scale from 0–30, and a score≤ 24 was defined
as an indication of cognitive impairment [25].

Anemia was defined as a hemoglobin level <120 g/l in
women and <130 g/l in men [26]. *e use of sedatives in-
cluded regular use of any drug classified under the headings
N05 or N06 in the in the Anatomical *erapeutic Chemical

Cohort born 1920–22

471 (169 men, 302 women) invited

201 (63 men, 138 women)
declined to participate

42 (11 men, 31 women)
did not perform any

walking test

22 (7 men, 15 women)
used walking aids 

206 (88 men, 118 women)
included in the earlier-born cohort

(a)

Cohort born 1932–34

478 (213 men, 265 women) invited

59 (24 men, 35 women)
declined to participate

114 (40 men, 74 women)
did not perform any

walking test

27 (7 men, 20 women)
used walking aids

278 (142 men, 136 women)
included in the later-born cohort

(b)

Figure 1: Flow sheet explaining the enrolment of men and women in the (a) first cohort born 1920–22 and in the (b) second cohort born
1932–34.
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system, i.e., neuroleptics, tranquilizers, hypnotics, or psy-
choanaleptics [27]. Polypharmacy was defined as the use of 5
or more prescribed medications [28].

2.5. Statistical Analysis. Student’s t-test for independent
samples was applied to analyze differences between the
cohorts regarding age, height, and weight. Differences in
sociodemographic and lifestyle variables, pain, morbidity,

use of sedatives, and MMSE score were tested with the chi-
squared (χ2) test (Tables 1 and 2).

Differences in normal and maximum walking speed,
number of steps, step test, chair stands, and handgrip strength
between the cohorts were also tested with Student’s t-test for
independent samples. Effect size was calculated as Cohen’s d
for significant differences between the cohorts. Small effect
(d� 0.2), moderate effect (d� 0.5), and large effect (d� 0.8)
have been suggested as benchmarks [29] (Table 3).

Table 1: Description of the 81-year-old men in the birth cohorts 1920–22 and 1932–34 from the Good Aging in Skåne general population
study.

81-year-old men Cohort born 1920–22, n� 88 Cohort born 1932–34, n� 142 p value
Year of examination 2001–2004 2013–2015
Age (y), mean (SD) 81.1 (0.28) 81.0 (0.49) 0.264
Height (cm), mean (SD) 172.9 (6.8) 173.3 (5.5) 0.665
Weight (kg), mean (SD) 80.6 (10.9) 81.5 (11.4) 0.587
BMI
Normal/underweight, n (%) 27 (30.7) 44 (31.0
Overweight, n (%) 41 (46.6) 68 (47.9) 0.958
Obese, n (%) 20 (22.7) 30 (21.1)

Marital status
Married/cohabiting, n (%) 63 (71.6) 106 (74.6)
Single/widowed/divorced, n (%) 25 (28.4) 36 (25.4) 0.610

Education
Elementary school, n (%) 49 (55.7) 66 (46.5)
Secondary school/university, n (%) 39 (44.3) 76 (53.5) 0.175

Type of residential area
Rural, n (%) 7 (8.0) 24 (16.9)
Urban, n (%) 81 (92.0) 118 (83.1) 0.053

Smoking habits
Current smoker, n (%) 6 (6.8) 7 (4.9)
Former smoker, n (%) 52 (59.1) 76 (53.5) 0.490
Never smoked, n (%) 30 (34.1) 59 (41.5)

Alcohol consumption
Never/at most once per month, n (%) 57 (64.8) 68 (47.9)
2–4 times per month, n (%) 16 (18.2) 32 (22.3) 0.034
2-3 times per week, n (%) 15 (17.0) 42 (29.6)

Physical activity past year
Mostly sedentary, n (%) 19 (21.6) 31 (21.8)
Light activity, n (%) 49 (55.7) 73 (51.4) 0.764
Strenuous activity, n (%) 20 (22.7) 38 (26.8)

Pain
Back/pelvis, n (%) 17 (21.5) 37 (26.1) 0.452
Lower extremities, n (%) 18 (22.8) 31 (21.8) 0.870
Upper extremities, n (%) 17 (21.5) 37 (26.5) 0.452

Comorbidity
Pulmonary disease: tuberculosis/asthma/COPD, n (%) 10 (11.4) 24 (16.9) 0.250
Heart disease: infarction/angina/heart failure, n (%) 48 (54.5) 74 (52.1) 0.719
Stroke: infarction/hemorrhage, n (%) 6 (6.8) 15 (10.6) 0.338
Fractures: vertebrae/pelvis/lower extremities, n (%)
Upper extremities, n (%)

3 (3.4)
12 (13.6)

12 (8.5)
21 (14.8)

0.132
0.809

Osteoarthritis: back/knee/hip, n (%) 25 (28.4) 47 (33.1) 0.456
Parkinson’s disease, n (%) 1 (1.1) 3 (2.1) 1.00
Diabetes, n (%) 5 (5.7) 24 (16.9) 0.013
Depressive mood, n (%) 6 (7.1) 1 (0.8) 0.015
MMSE score< 24, n (%) 9 (10.5) 19 (14.1) 0.432
Anemia, n (%) 13 (15.5) 21 (15.0) 0.923

Medication
Use of sedatives, n (%) 16 (18.2) 29 (20.4) 0.667
Polypharmacy, ≥5 prescribed medications, n (%) 39 (44.3) 75 (52.8) 0.210
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Linear regression models were constructed with the
results of the physical tests as the dependent variable and
birth cohort as the independent variable, including control
for confounders. Only those physical tests showing signif-
icant differences between the birth cohorts in the initial
analysis were further tested in the regression models.

To reduce the risk of type II errors, only variables in the
descriptive analysis with p values< 0.2 were included [30].
In all other analyses, p values< 0.05 indicated statistical

significance, and all tests were two-sided. Dummy variables
were constructed for BMI, smoking habits, alcohol con-
sumption, and physical activity.

Birth cohorts and all confounding variables were en-
tered simultaneously in the regression models. Con-
founders with the highest p value were removed one by one
by examining the regression coefficients and p values until
all the variables included showed a p value less than 0.1. All
regression models were tested for multicollinearity, and

Table 2: Description of the 81-year-old women in the birth cohorts 1920–22 and 1932–34 from the Good Aging in Skåne general population
study.

81-year-old women Cohort born 1920–22, n� 118 Cohort born 1932–34, n� 136 p value
Year of examination 2001–2004 2013–2015
Age (y), mean (SD) 81.0 (0.36) 81.0 (0.48) 0.839
Height (cm), mean (SD) 159.5 (5.9) 160.2 (5.3) 0.333
Weight (kg), mean (SD) 66.2 (11.7) 69.2 (11.9) 0.050
BMI
Normal/underweight, n (%) 53 (44.9) 42 (30.9)
Overweight, n (%) 44 (37.3) 66 (48.5) 0.066
Obese, n (%) 21 (17.8) 28 (20.6)

Marital status
Married/cohabiting, n (%) 39 (33.3) 55 (40.4)
Single/widowed/divorced 78 (66.7) 81 (59.6) 0.243

Education
Elementary school, n (%) 75 (64.7) 76 (55.9)
Secondary school/university, n (%) 41 (35.3) 60 (44.1) 0.157

Type of residential area
Rural, n (%) 8 (6.8) 19 (14.0)
Urban, n (%) 109 (93.2) 117 (86.0) 0.067

Smoking habits
Current smoker, n (%) 12 (10.3) 8 (5.9)
Former smoker, n (%) 20 (17.1) 53 (39.0) 0.001
Never smoked, n (%) 85 (72.6) 75 (55.1)

Alcohol consumption
Never/at most once per month, n (%) 91 (77.8) 85 (63.0)
2–4 times per month, n (%) 20 (17.1) 28 (20.7) 0.009
2-3 times per week, n (%) 6 (5.1) 22 (16.3)

Physical activity past year
Mostly sedentary, n (%) 16 (13.8) 16 (11.9)
Light activity, n (%) 70 (60.3) 83 (61.5) 0.889
Strenuous activity, n (%) 30 (25.9) 36 (26.7)

Pain
Back/pelvis, n (%) 40 (37.4) 38 (28.1) 0.127
Lower extremities, n (%) 24 (23.1) 37 (27.4) 0.446
Upper extremities, n (%) 20 (19.0) 32 (23.7) 0.385

Comorbidity
Pulmonary disease: tuberculosis, asthma/COPD, n (%) 17 (14.5) 20 (14.8) 0.949
Heart disease: infarction/angina/heart failure, n (%) 43 (36.4) 37 (27.6) 0.133
Stroke: infarction/hemorrhage, n (%) 9 (7.6) 12 (8.9) 0.717
Fractures: vertebrae/pelvis/lower extremities, n (%) 13 (11.0) 17 (12.5) 0.715
Upper extremities, n (%) 32 (27.1) 43 (31.6) 0.433
Osteoarthritis: back/knee/hip, n (%) 28 (23.7) 55 (40.4) 0.005
Parkinson’s disease, n (%)
Diabetes, n (%) 8 (6.8) 9 (6.7) 0.971
Depressive mood, n (%) 10 (8.6) 3 (2.3) 0.029
MMSE score< 24, n (%) 20 (17.1) 13 (9.7) 0.084
Anemia, n (%) 6 (5.2) 13 (9.7) 0.167

Medication
Use of sedatives, n (%) 37 (31.4) 34 (25.0) 0.260
Polypharmacy, ≥5 prescribed medications, n (%) 48 (40.7) 64 (47.1) 0.307
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Table 3: Results of walking speed test, number of steps, step test, chair stand test, and handgrip strength test. Comparison between two
cohorts of 81-year-olds born 1920–22 and 1932–34 stratified by sex.

Physical test Cohort born 1920–22 Cohort born 1932–34
Men n Mean SD n Mean SD p value Effect sizea

Walking 15m
Normal speed (m/s) 88 1.20 0.19 142 1.35 0.24 <0.001 0.69
Maximum speed (m/s) 88 1.52 0.26 139 1.72 0.32 <0.001 0.68

Walking 2×15m
Normal speed (m/s) 88 1.14 0.17 142 1.25 0.23 <0.001 0.54
Maximum speed (m/s) 88 1.43 0.28 139 1.57 0.29 0.001 0.49

Number of steps 2×15m
Normal speed (n) 88 45.81 5.22 142 43.11 6.69 0.001 0.45
Maximum speed (n) 88 42.11 5.04 139 39.27 5.79 <0.001 0.52
Step test (n) 87 14.94 3.92 139 15.41 3.62 0.354
Chair stands (s) 87 12.81 3.90 131 10.64 3.03 <0.01 0.62
Handgrip strength (N) 88 298.0 73.9 142 302.0 71.3 0.681

Women
Walking 15m
Normal speed (m/s) 118 1.13 0.18 136 1.25 0.26 <0.001 0.53
Maximum speed (m/s) 118 1.37 0.23 130 1.55 0.32 <0.001 0.64

Walking 2×15m
Normal speed (m/s) 118 1.08 0.16 135 1.17 0.23 0.010 0.45
Maximum speed (m/s) 117 1.28 0.21 129 1.43 0.30 <0.001 0.57

Number of steps 2×15m
Normal speed (n) 118 51.74 5.26 136 48.93 8.08 0.001 0.41
Maximum speed (n) 118 48.51 6.38 130 45.37 6.90 <0.001 0.47
Step test (n) 115 13.18 3.87 129 14.73 3.47 0.001 0.42
Chair stands (s) 116 14.02 5.74 122 11.38 3.21 <0.001 0.57
Handgrip strength (N) 118 170.5 55.7 136 180.2 53.8 0.157

aCohen’s d.

Table 4: Adjusted linear regression models for 81-year-old men with the results of the physical tests as the dependent variables and birth
cohort as the independent variable.

81-year-old men, physical tests adjusted n B coefficient SE 95% CI p value
Walking 15m, normal speed (m/s) 218
Cohort 1920–22 vs. 1932–34 0.17 0.03 0.10/0.23 <0.001
Diabetes −0.10 0.05 −0.19/0.00 0.045

Walking 15m, maximum speed (m/s) 215
Cohort 1920–22 vs. 1932–34 0.22 0.04 0.14/0.31 <0.001
Education, university 0.09 0.04 0.01/0.17 0.030

Walking 2×15m, normal speed (m/s) 218
Cohort 1920–22 vs. 1932–34 0.13 0.03 0.07/0.19 <0.001
Education, university 0.07 0.03 0.01/0.13 0.028

Walking 2×15m, maximum speed (m/s) 215
Cohort 1920–22 vs. 1932–34 0.15 0.04 0.07/0.23 <0.001
Education, university 0.12 0.04 0.04/0.20 0.004
Diabetes −0.13 0.06 −0.25/0.00 0.041

Number of steps 2×15m, normal speed (n) 218
Cohort 1920–22 vs. 1932–34 −3.12 0.84 −4.65/−1.47 <0.001
Education, university −1.98 0.81 −3.57/−0.93 0.015
Diabetes 3.59 1.25 1.12/6.06 0.005

Number of steps 2×15m maximum speed (n) 215
Cohort 1920–22 vs. 1932–34 −3.31 0.73 −4.74/−1.87 <0.001
Education, university −2.08 0.70 −3.47/−0.70 0.003
Diabetes 3.45 1.11 1.29/5.63 0.002

Chair stands (s) 208
Cohort 1920–22 vs. 1932–34 −2.01 0.46 −2.92/−1.10 <0.001
Education, university −1.06 0.45 −1.96/−0.17 0.020

All regression models were initially adjusted for education, residential area, alcohol consumption, fractures of vertebrae/pelvis/lower extremities, diabetes,
and depressive mood. *e birth cohort for 1920–22 was used as the reference. Only significant confounders were included in the table.
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none of the models showed a variance inflation factor >2
[31]. Normality was controlled for by inspecting histo-
grams of the residuals, and linearity and homoscedasticity
by inspecting scatter plots of standardized predicted values

vs. standardized residuals. No unacceptable deviations
were noted (Tables 4 and 5) [32]. All analyses were carried
out using SPSS software 24 (IBM 211 Corporation,
Armonk, NY, USA).

Table 5: Adjusted linear regression models for 81-year-old women with results of physical tests as the dependent variables and birth cohort
as the independent variable.

81-year-old women, physical tests adjusted n B coefficient SE 95% CI p value
Walking 15m, normal speed (m/s) 224
Cohort 1920–22 vs. 1932–34 0.12 0.03 0.06/0.18 <0.001
Alcohol consumption 2–4 times per month 0.12 0.04 0.05/0.19 0.001
Osteoarthritis: back/knee/hip −0.07 0.03 −0.13/0.01 0.025
Anemia −0.15 0.05 0.95/0.25 0.007

Walking 15m, maximum speed (m/s) 220
Cohort 1920–22 vs. 1932–34 0.17 0.04 0.09/0.24 <0.001
Obese −0.12 0.05 −0.22/−0.02 0.018
Stopped smoking 0.08 0.04 0.00/0.17 0.042
Alcohol consumption: 2–4 times per month 0.14 0.05 0.05/0.22 0.003
Alcohol consumption: 2-3 times per week 0.13 0.06 0.02/0.24 0.025
Osteoarthritis: back/knee/hip −0.08 0.04 −0.28/0.01 0.037
MMSE score >24 0.17 0.06 0.06/0.28 0.004

Walking 2×15m, normal speed, (m/s) 223
Cohort 1920–22 vs. 1932–34 0.08 0.03 0.03/0.14 0.003
Obese −0.08 0.04 −0.15/0.00 0.043
Alcohol consumption: 2–4 times per month 0.09 0.03 0.02/0.15 0.008
Osteoarthritis: back/knee/hip −0.07 0.03 −0.13/0.02 0.012
MMSE score >24 0.10 0.04 0.01/0.18 0.024
Anemia −0.10 0.05 −0.20/−0.01 0.038

Walking 2×15m, maximum speed (m/s) 218
Cohort 1920–22 vs. 1932–34 0.11 0.03 0.45/0.18 0.001
Obese −0.10 0.04 −0.19/−0.15 0.022
Stopped smoking 0.08 0.04 0.00/0.15 0.043
Alcohol consumption: 2–4 times per month 0.12 0.04 0.04/0.20 0.004
Osteoarthritis: back/knee/hip −0.12 0.03 −0.19/−0.05 0.001
MMSE score >24 0.18 0.05 0.08/0.20 <0.001

Number of steps 2×15m, normal speed (n) 224
Cohort 1920–22 vs. 1932–34 −3.62 0.91 −5.42/1.82 <0.001
Overweight 2.42 1.00 0.46/4.38 0.016
Obese 3.56 1.25 1.09/6.03 0.005
Alcohol consumption: 2–4 times per month −2.24 1.10 −4.40/−0.08 0.042
Osteoarthritis: back/knee/hip 2.80 0.96 0.90/4.70 0.004
MMSE score >24 −3.32 1.42 −6.12/−0.53 0.020

Number of steps 2×15m, maximum speed (n) 220
Cohort 1920–22 vs. 1932–34 −2.21 0.89 −3.97/−0.45 0.014
Obese 2.59 1.11 0.41/4.77 0.020
Alcohol consumption: 2–4 times per month −2.44 1.09 −4.58/−0.30 0.026
Alcohol consumption: 2-3 times per week −3.73 1.34 −6.48/−0.97 0.008
Pain: back/pelvis 2.57 0.92 0.75/4.38 0.006
MMSE score >24 −3.41 1.39 −6.15/−0.66 0.015

Step test (n) 215
Cohort 1920–22 vs. 1932–34 1.19 0.48 0.24/2.14 0.014
Obese −1.70 0.60 −2.88/−0.51 0.005
Stopped smoking 1.23 0.48 0.06/1.92 0.038
Education, university 1.00 0.53 0.18/2.27 0.022
MMSE score >24 3.20 0.77 1.67/4.72 <0.001

Chair stands (s) 209
Cohort 1920–22 vs. 1932–34 −2.35 0.56 −3.46/−1.24 <0.001
Obese 2.58 0.74 1.13/4.03 0.001
MMSE score >24 −2.95 0.87 −4.67/−1.24 0.001

All regression models were initially adjusted for BMI, education, residential area, smoking habits, alcohol consumption, pain back/pelvis, heart disease,
osteoarthritis in the back/knee/hip, depressive mood, MMSE score >24, and anemia. *e birth cohort for 1920–22 was used as the reference. Only significant
confounders were included in the table.
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3. Ethics

*is study, including both the earlier- and the later-born
cohort, was conducted in accordance with the Declaration of
Helsinki, and was approved by the Regional Ethics Com-
mittee at Lund University in 2002 (registration no. LU 744-
00). All participants provided written informed consent to
participate in the study, and for the retrieval of information
from the National Patient Register and medical records.
Participants were informed that they could withdraw from
the study at any time.

4. Results

4.1. Characteristics of the Study Population. *e character-
istics of the men and women in each birth cohort are
presented in Tables 1 and 2. Among the men, those in the
later-born cohort were found to consume alcohol more
often, and the prevalence of diabetes was higher. Depressive
mood was less common than in the earlier-born cohort.

*e women in the later-born cohort had a significantly
higher weight, but no difference was found in the prevalence
of diabetes. *e consumption of alcohol was more frequent,
and smoking had become more common. A larger pro-
portion reported osteoarthritis, and the proportion with
depressive mood had decreased.

4.2. Physical Tests. Among the men, all the tests except the
step test and the handgrip test were performed better by the
later-born cohort, although the magnitude of the effect sizes
of the significant differences was moderate (d� 0.45–0.69).
*e largest differences between the cohorts were seen in the
results for walking 15m at maximum speed and in the chair
stand test (Table 3). *e results for walking 15m at maxi-
mum speed and the chair stand test also showed the largest
differences between the cohorts for the women. Handgrip
strength was the only characteristic that did not improve in
the later-born cohort, for men or women. When comparing
significant differences between the cohorts, the effect sizes
were moderate (d� 0.41–0.64) (Table 3).

*e regression models revealed that the primary results
remained unchanged after adjustment for significant con-
founders. Both men and women in the later-born cohorts
were faster in the walking tests and the chair stand test.
Women in the later-born cohort also performed more steps
in the step test, while no significant difference was seen for
the men. Handgrip strength was the only test result that did
not differ between the cohorts, in men or women. In men,
confounders found to be significantly associated with poorer
performance were lower education and diabetes, while in
women poorer performance was associated with no alcohol
consumption, osteoarthritis, anemia, and an MMSE score
≤24 (Tables 4 and 5).

4.3. Attrition Analysis. An attrition analysis (external and
internal attrition) was carried out to compare the mean age
and the proportions of men and women of the participants
and nonparticipants within each birth cohort. In the earlier-

born cohort, the mean age of the participants was 81.0 years
(SD� 0.29) and that of the nonparticipants 81.2 years
(SD� 0.54) (p � 0.005). In the later-born cohort, the mean
age of the participants was 81.0 years (SD� 0.39) and that of
nonparticipants 81.2 years (SD� 0.49) (p � 0.001).

In the earlier-born cohort, the proportions of men and
women among the participants were 42.7% (n� 88) and
57.3% (n� 118), respectively, and among the nonpartici-
pants 28.1% (n� 18) and 71.9% (n� 46), respectively
(p � 0.037). In the later-born cohort, the proportions of men
and women among the participants were 51.1% (n� 142)
and 48.9% (n� 136), respectively, and among the nonpar-
ticipants 33.3% (n� 47) and 66.7% (n� 94), respectively
(p � 0.001) (Figure 1).

5. Discussion

*e main result of the present study, in which 81-year-old
men and women in two cohorts born twelve years apart were
compared, was that the later-born cohorts performed better
than the earlier-born cohorts in most of the physical tests,
although the effect sizes were moderate. *ese results are in
line with those of our previous study, in which we compared
60-year-old birth cohorts, also born twelve years apart [10].
*e later-born cohorts thus outperformed the earlier-born
cohorts in both studies, in the case of both men and women.
More physical tests and more explanatory variables were
included in the current study, especially the number of
diseases, bearing in mind the high age of the participants in
this study. *e exception in both studies was handgrip
strength, which showed no significant differences between
the birth cohorts. Handgrip strength is less demanding in
terms of coordination and balance [16], and the tests with
greater demands on balance and coordination could have
been more decisive in discriminating between the birth
cohorts in the current study.

*e results of the initial descriptive analyses regarding
the physical tests were confirmed in the adjusted regression
models. Overall, belonging to the later-born cohort was still
associated with better performance. *e results obtained
when considering the significant confounders are somewhat
ambiguous. Among men, diabetes was associated with
poorer performance, although the proportion of diabetics
was higher in the later-born cohort. *e number of diabetics
in the earlier-born cohort was small, so this finding should
be interpreted with caution. *e difference in the prevalence
of diabetes between the two birth cohorts could perhaps be
explained by the improved survival since treatment with
insulin began in the early 1920s [33]. *e other significant
confounder, higher education, was, as might be expected,
associated with better performance, and could at least partly
explain some of the differences between the cohorts. Pre-
vious studies have also reported a positive relation between
better health in general [34] and improved results in psy-
chological tests [35], where education was shown to con-
tribute to the differences between birth cohorts.

Similar reasoning can be applied to the female cohorts.
In addition to belonging to the later-born cohort, modest
alcohol consumption and an MMSE score >24 were
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associated with better performance, and a higher proportion
of these variables was found in the later-born cohort. On the
other hand, more frequent alcohol consumption [36] and
osteoarthritis [37] were also more common in the later-born
cohort of women, which could contribute to a poorer
performance. Although some of the confounders seem to act
in opposite directions, participants belonging to the later-
born cohort still performed better, as in the case of the men.

Although smoking habits among women were not found
to be a significant variable in the regression models, it is
interesting to note that the proportion who never smoked
was smaller in the later-born cohort. During the 1950s, when
the women in the later-born cohort were of an age when
many started to smoke, the proportion of women who
smoked increased [38]. *is could be linked to the improved
social and economic status of women after World War II,
when more women started to work outside the home, giving
them independent incomes [39], but also as a result of the
tobacco industry’s campaigns in which smoking by women
was portrayed as a symbol of freedom and emancipation.
Women’s smoking habits thus began to become more like
men’s [38].

However, it is difficult to identify a single health-related
or sociodemographic variable that can explain the differ-
ences between the birth cohorts. *e results given in the
descriptive tables and by the regression models indicate that
there is a clear birth cohort effect, although it cannot be ruled
that other variables, individually or in combination, have
been overlooked. For example, previous investigations have
reported impaired walking ability in association with neu-
rological diseases [40], as well as low skeletal muscle mass,
and reduced walking speed and handgrip strength [41].
Reduced walking speed has also been shown to be related to
impaired balance [42] and fear of falling [43].

It should also be borne in mind that information on
lifestyle and the importance of good eating habits, reduced
alcohol and tobacco consumption, and increased physical
activity in relation to health has become increasingly
common in recent decades, both in the media and on the
Internet [44]. *e proportion of older adults using the In-
ternet is growing rapidly [45], and it cannot be ruled out that
later-born cohorts have had an advantage through their
more frequent use of the Internet to obtain information on
health issues.

5.1. Strengths. *e strengths of this study are that the
participants were randomized from a general population
including individuals living in both rural and urban areas,
and that we included a relatively large number of relevant
covariates.

5.2. Limitations. *e rate of attrition is a limitation. *e
external and internal attrition amounted to almost 56% and
42% in the earlier-born and later-born cohorts, respectively,
which could call into question the validity of the study
(Figure 1). Nevertheless, such a high dropout rate is not
uncommon in population studies targeting the very oldest.

Although we do not know the direct causes of external
attrition, deteriorating health is a likely explanation.

*e internal attrition (the attrition among those who
agreed to participate) accounted for almost 24% and 34% in
the earlier-born and later-born cohorts, respectively. *ese
were prospective participants that either had not completed
any walking test, which was an inclusion criterion, or had
used walking aids. Since it is difficult to determine the degree
to which walking aids would have affected the results of the
tests, we excluded these subjects. *e attrition analysis
comparing the mean age and the proportions of men and
women within each birth cohort revealed that nonpartici-
pants in both cohorts were slightly older (0.2 years). In both
birth cohorts, and for both participants and nonparticipants,
the proportion of women was higher than the proportion of
men, except for participants the later-born cohort where the
proportion of men was slightly higher (Figure 1). However,
since the age difference between participants and nonpar-
ticipants within both cohorts was small, and the study was
stratified based on gender, we believe that these differences
had little or no effect on the results.

Although the external and internal attrition resulted in
the most fragile individuals being excluded, and a selection
bias can, therefore, not be ruled out, we believe that it is
important to be aware of possible cohort effects in older men
and women when assessing the results of physical tests
(walking speed, number of steps, step test, chair stands, and
handgrip strength). Furthermore, a higher degree of par-
ticipation would probably not have affected our findings,
rather the opposite, as the proportion that did not participate
(the most fragile) was higher in the earlier-born cohort, 56%
(n� 265) versus 44% (n� 200) (Figure 1).

Another limitation, also related to the participation rate,
is the relatively small number of participants in the various
diagnostic groups, which could make it difficult to assess
significant differences between the cohorts. Furthermore,
one could also question whether the differences we saw were
the result of a birth cohort effect or a period effect. But what
we intend to be a cohort effect in this study are the dif-
ferences in the results of physical tests that can be seen as a
period effect but which affects the responses of different
birth cohorts, e.g., the results of current physical tests which
can be attributed the two cohorts under study [46].

6. Conclusions

*e cohort effects found in this study could have several
implications. *ere is a risk that normative reference values
for physical activities in different age groups, which are often
derived from cross-sectional studies, are incorrect. Fur-
thermore, age-related trajectories may be misinterpreted if
confounded by cohort effects [47], which may in turn lead to
uncertainties in social planning of health care, if cohort
effects are not considered. It is not unlikely that the better
results of the physical tests in the later-born cohort are
associated with better functioning and perhaps a more active
lifestyle, which could have positive effects on the general
state of health, and contribute to a better quality of life. If this
is the case, planning for, and facilitating, healthier lifestyles
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in the older population is likely to become increasingly
important for community planners, not least from a salu-
togenic perspective.
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