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Abstract
Background: while there is a trend towards a compression of disability, secular trends in
physiological frailty have not been investigated. The aim of this paper was to report
physiological frailty in two cohorts of 75-year-olds examined in 1987 and 2005.
Methods: Repeated cross-sectional study. Two population-based birth cohorts of communitydwelling 75-year-olds from Gothenburg, Sweden born in 1911-12 (n=591) and 1930 (n=637)
were examined with identical methods in 1987 and 2005. Measures were three frailty criteria
from Fried´s frailty phenotype: low physical activity, slow gait speed and self-reported
exhaustion.
Results: Seventy-five year olds examined in 2005 were less frail according to the criteria low
physical activity compared to 75-year-olds examined in 1987 (3 % vs 18 %, p<0.001).This
was seen both in women and men, and among those with basic and more than basic
educational level. Further, men with basic education were less frail in 2005 compared to 1987
in slow gait speed (non-significant when adjusted for body height) and low self-rated fitness,
while no cohort differences were seen in men with more than basic education. Women with
more than basic education were less frail in 2005 compared to1987 in slow gait speed and
self-rated fitness, while no cohort difference were seen in women with basic education.
Conclusion: Less 75-year-olds were physiologically frail in 2005 compared to 1987, with the
exception of women with low educational level, suggesting that this is a disadvantaged group
that needs to receive particular attention with regard to physiological frailty.
Keywords: physical function, compression morbidity, postponement disability, cohort
differences, physical activity, socio-economy

Introduction
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Despite a remarkable gain in life expectancy during the last century [1], it is not clear whether
this is reflected in a healthier and more active elderly population. Three main scenarios have
been suggested. First, the compression of morbidity theory hypothesises that healthy years are
added and morbidity is being squeezed into a shorter period of life [2]. Second, the expansion
of morbidity theory hypothesises that years of poor health are added [3]. Third, the
postponement theory hypothesises that the years that are added to life are mainly healthy,
while the period with disabilities remains unchanged but postponed to a higher age [4].
Disability is commonly used as an adverse outcome among older persons. A yearly decrease
of about 1 % in disability rates has been observed in the US from the 1970s to the 1990s [5].
In Sweden, improvements were observed during the 1970s and 1980s [6, 7], but this trend
leveled off during the 1990s [8, 9]. It is unclear if the improvements seen in recent years have
reached all groups in society, as socioeconomic disparities seem to have increased [10, 11].
Trends in disability rates are influenced by environmental change and technical
developments. Therefore it is important also to analyse trends in measures that are sensitive to
changes in the capacity of the individual.
Frailty is a clinical state that increases an individual's vulnerability for developing increased
dependency and/or death when exposed to a stressor [12]. Slow gait speed, exhaustion, low
physical activity, weakness and unintentional weight loss has been suggested to constitute a
physiological frailty phenotype [13]. However, trends in physiological frailty have not been
fully investigated. Thus, the aim of this paper was to compare trends in frailty according to
Fried´s criteria in 75-year-olds using data from two birth cohorts examined in 1987 and 2005.

Methods
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Samples
Two cohorts of 75-year-olds (born 1911-12 and 1930) were examined with identical methods,
within the repeated cross-sectional Gerontological and Geriatric Population Studies in
Gothenburg, Sweden (H70). These studies were initiated in 1971 with the aim to increase
understanding of normal ageing. Samples were systematically obtained from the Swedish
Population Register based on specific birth dates, and included persons living in Gothenburg.
The details and procedure for the examination of the original sample has been described
elsewhere [14]. This paper includes only non-institutionalised persons.
The cohort born in 1911-12 comprised a sample of 1245 persons, living in Gothenburg,
selected at the age of 70 and still alive in 1987 (n=844). Among those, 649 accepted to take
part (response rate 77 %) and 591 (327 women and 264 men) attended a research clinic for
tests of their fitness. Of these, 182 had been part of a 2-year medical-social intervention in
Gothenburg [15]. Those who took part in the intervention and those who only took part in
health examinations did not differ in fitness, and only to a small extent in physical activity, at
the age of 75[16].
The cohort born in 1930 was invited to take part in health examinations in 2005-06
(n=1250). Ten died before they could be examined, two had emigrated outside Sweden, 32
could not speak Swedish and 18 could not be traced, leaving an effective sample of 1188
individuals. Among these, 758 accepted to take part (response rate 64 %), and 637 (383
women and 254 men) took part in examinations dealing with fitness.
Responders and non-responders in both samples were similar regarding gender and number
of hospitalisations during a 4-year-period preceding the examinations. In both cohorts, nonresponders, compared to responders, more often died before age 78 years (women 1911-12
cohort 42 % vs 24 %; women1930 cohort 27 % vs 17 %; men 1911-12 cohort 61 % vs 42 %;
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men 1930 cohort 44 % vs 29 %, p<0.001) and were less often married (men) (1911-12 cohort
61 % vs 72 %, p<0.05; 1930 cohort: 55 % vs 72 %, p<0.001).
The study was approved by the Regional Ethical Review Board. Written informed consent
was obtained from the participants after they had received a complete description of the study.

Measures
Three out of five criteria according to Fried´s frailty phenotype were available:


Physical activity was assessed according to a 6-grade scale ranging from hardly any
physical activity to hard exercise regularly and several times a week [17]. Low
physical activity was defined as level 1-2 (mostly sitting).



Self-selected gait speed was examined for 20 meters indoors with a standing start. The
type of walking aids was recorded [18]. The walking test has good intra- and interrater
reliability [19]. A slow gait speed was defined as <1 meter/sec [20].



Exhaustion was assessed by “How would you judge your current physical fitness?”.
Response alternatives ranged from very poor to very good on a 5-point Likert scale
[17]. Exhaustion was defined as level 1-2.

Background characteristics: education was used as a proxy for socioeconomic status and
divided into basic and more than basic education (1911-12 cohort basic ≤6 years; 1930 cohort
basic ≤7 years, due to decision in Sweden in 1937 to increase elementary school by one year),
marital status, height, weight, body mass index (BMI) and smoking habits.
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Statistical Analyses
Cohort differences, stratified by gender and educational level, were tested with Fisher´s exact
test. Gender differences and differences between educational levels (basic versus higher)
within cohorts were tested with logistic regression. To test interaction effects, logistic
regression models with the interaction term gender*cohort and education*cohort (stratified by
gender) were used for each frailty indicator. Adjustments for age (in months) were made in all
analyses. This did not have any impact on the results and only unadjusted results are therefore
presented. Analyses concerning gait speed were adjusted for body height. Tests were carried
out using SPSS (Statistical Package for Social Sciences, Chicago IL for Windows, version
18). P-values were two-tailed and considered significant at p≤0.05. Non-significant p-values
are not reported except for tests of interaction where p-values ≤ 0.10 could be considered
relevant due to the lower statistical power of interaction analyses.

Results
Seventy-five year-olds examined in 2005 had higher educational level, height, weight and
BMI compared to those examined in 1987. Men examined in 2005 had lower 3-year-mortality
rate and were less often smokers compared to men examined in 1987. Among women, those
examined in 2005 were more often smokers compared to those examined in 1987 (Table 1).

Cohort differences in relation to gender
Among women, a lower proportion was physically inactive in 2005 compared to 1987, while
no cohort difference was seen for slow gait speed or low self-rated fitness.
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Among men, a lower proportion were physically inactive, had a slow gait speed (not
significant when adjusted for body height) and a low self-rated fitness in 2005 compared to
1987.
Gender differences were seen in 2005 in that fewer men than women had a slow gait speed.
No significant gender differences were found in any other frailty criteria, or in 1987, and no
interaction effects gender*cohort (Table 2).

Cohort differences in relation to educational level
Among women with more than basic education, a lower proportion had slow gait speed
(interaction education* cohort p=0.057) and low self-rated fitness (interaction
education*cohort p=0.10) in 2005 compared to 1987, while no cohort differences were seen
in these indicators in women with basic education. There were no significant differences
between educational levels in any of the frailty criteria in women in 1987. However, in 2005,
women with more than basic education less often had slow gait speed and low self-rated
fitness compared to those with basic education, indicating no effect of education in 1987 but
an effect in 2005 among women.
Among men with more than basic education, there were no cohort differences, while men
with basic education less often had a slow gait speed (interaction education* cohort p=0.18)
and low self-rated fitness (interaction education*cohort p<0.001) in 2005 compared to in
1987. Men with more than basic education less often had slow gait speed in 1987, while no
significant differences were seen between educational levels in 2005, indicating an effect of
education in 1987, but not in 2005 among men (Figure 1).
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Discussion
A lower proportion of 75-year-olds examined in 2005 were frail according to the criteria low
physical activity compared to 75-year-olds examined in 1987. This was seen in both women
and men and in both educational levels (basic and more than basic). Further, lower rates of
slow gait speed and low self-rated fitness were seen in 2005, compared to 1987, in men with
basic education and in women with more than basic education. Thus, inequalities due to
educational level increased among women and decreased among men.
Less frailty among 75-year-olds in 2005 compared to 1987 is in line with previous research
on disability rates in older persons in developed countries [1, 21]. A previous report from our
group showed that the 1911-12 cohort had better physical functioning (women) than a cohort
born 1901-02 at age 70 years [6], indicating that improvements in physical functioning
occurred already between 1971 and 1981. Our results suggest that improvements have
continued until 2005. In contrast to these findings, others have reported that both self-reported
and performance-based physical functioning deteriorated among Swedes aged 77+ between
1992 and 2002, especially among persons aged above 80 years [8]. This indicates that
improvements in physical functioning might have leveled off or even reversed after 1992, or
that the positive health trend is less evident amongst the oldest-old.
Improvements in frailty were more pronounced in men than in women. This is in contrast to
results on secular trends in disability where women have improved more [22, 23]. In addition,
the lower rates of frailty in 2005 in slow gait speed and low self-rated fitness were seen in
men with basic education and women with more than basic education. This could be seen in
light of the finding that life expectancy differs considerably by educational level. In Sweden,
this difference increased in both women and men from 1987 to 2007, but women with low
education gained less in life expectancy than any other group [24]. Increased disparities
8

between educational levels have been reported among older persons in the US between 1982
and 2002 [10], while they seem to be persistent in older persons from 1968 to 1991 in Sweden
[11]. The group we describe as low educated in the later born cohort is a substantial smaller
group compared to in the earlier born cohort. A low educational level might therefore be a
more negative selecting factor in societies with higher educational levels. Our results indicate
that older women with a low educational level need special attention in relation to
physiological frailty.

Physical activity was the frailty indicator with largest improvement between cohorts. This
was seen in both genders and both educational levels. Interestingly, this was seen in spite of
the fact that 31 % of those examined in 1987 had been part of a physical activity intervention
at age 70 years. Increased levels of physical activity in older persons during a similar time
period have also been reported by others [25-27]. Previous reports from the H70 -studies
demonstrated that the 1911-12 cohort was less physically active than the 1930 cohort also at
age 70, while no difference was seen between the 1911-12 cohort and a cohort born 1901-02
[28, 29]. Thus, increases in physical activity seem to have taken place in both 70 and 75-yearolds during the 1990s.
Several limitations need to be mentioned. Firstly, the response rate declined from 77 % in
1987 to 63 % in 2005. The three-year-mortality rate was higher in non-responders than in
responders in both samples, which indicates a healthy-population bias in both cohorts. This
bias may thus have a larger influence in the 1930 cohort, due to its higher refusal rate.
Secondly, 31 % of the participants in the 1911-12 cohort had been part of a health-promoting
intervention at age 70. This might have led to better results for this sample as compared to
other persons born that year, with a risk of underestimating real health improvements between
cohorts. However, comparisons between those who took part in the intervention and those
9

who only took part in health examinations revealed no significant differences in any frailty
criteria, which also a previous paper has shown [16]. Rather, we found a non-significant trend
towards higher rates of frailty in the intervention group among men.
Further, the mean age for “75-year-olds” at the examination in 2005 was 75.7 (range 75.076.9) years compared to 76.1 (range 75.2-77.9) years in 1987, making the 1911-12 cohort
chronologically slightly older and at a higher risk for functional decline. However, adjustment
for age in months did not change the results. Thirdly, we did not have comparable data for all
frailty indicators as suggested by Fried [13]. For example, data on unintentional weight loss
was not recorded and grip strength was measured with different instruments in 1987 and
2005. Further, critical aspects in repeated cross-sectional and longitudinal studies are the
reliability and validity of outcome measures over time and longitudinal response-shifts, i.e. a
change in the meaning of a respondent’s self-evaluation as a result of changes in the internal
standards, values in society, conceptualization of the construct, and also social desirability,
which have to be considered for self-rated health indicators. Fourthly, some of the subgroups
(e.g. education stratified by gender) might have been too small to yield statistical power. This
might have led to some false negative results. The stratifications might also have led to false
positive results as the number of tests increased. Fifthly, all studies of older persons include a
survival bias. We can thus not make any conclusions about cohort difference at younger ages.
Finally, we only examined 75-years-olds and therefore cannot generalize findings to other
ages.
In conclusion, 75-year-olds were less frail in 2005, compared to 1987, suggesting that there
is a postponement of morbidity. This might have large implications due to the increasing
number of older persons. However, women with low educational level did not improve,
suggesting that this is a disadvantaged group that needs to receive particular attention with
regard to physiological frailty.
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Keypoints


Less 75-year-olds were physiologically frail in 2005 compared to 1987



Low physical activity was the indicator with largest improvement



When stratified by gender and educational level, women with low educational level
did not have the same positive trend
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Tables and figures
Table 1. Characteristics of 75-year-olds examined in 1987 and 2005, by gender
Women

Men

Examined in

Examined in

Examined in

Examined in

1987

2005

1987

2005

(n=327)

(n=383)

(n=264)

(n=254)

Three-year-mortality, %

9

6

20

9***

More than basic education, %

21

43***

29

46***

Living alone, %

61

54

28

24

Current or former smoker, %

25

38***

72

65***

Height, cm, mean, (sd)

159.6 (5.7)

161.5 (6.1)**

172.4 (6.5)

175.2 (6.5)**

Weight, kg, mean, (sd)

65.6 (12.1)

69.0 (12.1)***

76.4 (11.0)

82.6 (12.6)***

BMI, kg/m², mean (sd)

25.8 (4.6)

26.6 (4.6)***

25.7 (3.4)

26.8 (3.6)***

*p<0.05, **p<0.01, *** p<0.001: cohort 1911 versus 1930
Basic education: 1911-12 cohort ≤6 years; 1930 cohort ≤7 years
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Table 2. Prevalence of frailty in 75-year-olds examined in 1987 and 2005
Examined in 1987

Examined in 2005

18 (n=106)

3 (n=19)***

Women

21 (n=69)

2 (n=8)***

Men

15 (n=40)

5 (n=13)***

19 (n=112)

16 (n=102)

Women

22 (n=72)

21 (n=80)

Men

17 (n=45)

10 (n=25)*

All

19 (n=112)

16 (n=102)

Women

18 (n=59)

17 (n=65)

Men

20 (n=53)

14 (n=36)*

Low physical activity, %
All

Slow gait speed, %
All

Low self-rated fitness, %

*p<0.05, **p<0.01, *** p<0.001: cohort 1911-12 versus 1930.
When adjusted for body height, differences in gait speed were non-significant.
Low physical activity: level 1-2 (mostly sitting) on a 6-grade scale winter, slow gait speed: < 1 m/sec, low self-rated fitness: level 1-2 on a 5grade scale,
Gender differences within cohorts (non-significant not reported)
1987: non
2005: slow gait speed <0.01
Tests of interaction effect gender* cohort: no significant interactions
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30 %
25

Women; basic education
(1911-12 n= 258, 1930 n=218)
Women: more than basic education
(1911-12 n= 69, 1930 n=165)
Men; basic education
(1911-12 n=187, 1930 n=137)
Men; more than basic education
(1911-12 n=77, 1930 n=117)

20
15
10
5
0
Examination in 1987

2005

Low physical activity (level 1-2 on 6-grade activity scale)
Cohort differences by educational levels: women basic p<0.001; women more than basic p<0.001; men basic p<0.001; men more than basic
p<0.01
Differences according to educational level within cohorts: women 1987 p>0.20; women 2005 p>0.20; men 1987 p>0.20; men 2005 p>0.20
Interaction.education*cohort: women p=0.44; men p=0.80

30 %
Women; basic education
(1911-12 n=258, 1930 n=218
Women: more than basic education
(1911-12 n=69, 1930 n=165
Men; basic education
(1911-12 n=187, 1930 n=137)
Men; more than basic education
(1911-12 n=77, 1930 n=117)

25
20
15
10
5
0
Examination in 1987

2005

Slow gait speed (< 1 m/sec)
Cohort differences by educational levels: women basic p=ns; women more than basic p<0.05; men basic p<0.05; men more than basic p<ns
Differences according to educational level within cohorts: women 1987 p=0.12; women 2005 p=0.05; men 1987 p=0.05; men 2005 p>0.20
Interaction.education*cohort: women: p=0.057; men. p=0.18

25 %

Women; basic education
(1911-12 n=258, 1930 n=218)
Women: more than basic education
(1911-12 n=69, 1930 n=165)
Men; basic education
(1911-12 n=187, 1930 n=137)
Men; more than basic education
(1911-12 n=77, 1930 n=117)

20
15
10
5
0
Examination in 1987

2005

Low self-rated fitness (level 1-2 on a 5-grade scale)
Cohort differences by educational level: women basic p=ns; women more than basic p<0.05, men basic p<0.05; men more than basic p<ns
Differences according to educational level within cohorts: women 1987 p<0.20; women 2005 p<=0.05; men 1987 p>0.20; men 2005 p=0.15
Interaction education*cohort: women p=0.10; men p<0.001

Figure 1. Prevalence of frailty (low physical activity, slow gait speed and low self-rated
fitness) among 75-year-olds examined in 1987 and 2005, by gender and educational level

19

20

