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Abstract

Purpose The aim was to investigate whether persistent leisure-time physical activity, adjusted

for genetic liability and childhood experiences, protects against chronic diseases, early signs

of disability and loss of life satisfaction.

Methods From 5663 healthy adult twin pairs 146 pairs were identified who were discordant

for both intensity and volume of leisure physical activity in 1975 and 1981. Of them, both

members of 95 pairs were alive and participated in our follow-up study in 2005 when chronic

diseases (such as diabetes, CVD, osteoarthritis), life-satisfaction and disability were assessed

by a structured telephone interview. Mean age of the participants was 58 years (range from 47

to 79) in 2005. Paired tests were used in analyses.

Results At end of follow-up the active co-twins had a decreased risk of reporting at least one

chronic diseases, while active MZ twins had two or more chronic diseases significantly less

often than their inactive co-twins (OR=0.14, p=0.031). Overall, the risk for type 2 diabetes or

glucose intolerance (OR=0.09, p=0.022) and elevated blood pressure (OR=0.46, p=0.039)

was decreased among the active co-twins. These effects were seen clearly among DZ, but not

always among small number of MZ twins. The active co-twins reported greater life

satisfaction (p=0.047), and tended to be less likely to be hospitalized (p=0.065). Although,

active co-twins had somewhat more sports-related injuries (OR=1.9, p=0.051) than inactive

co-twins. Studied disability variables did not differ between the active and inactive co-twins.

Conclusions Physical activity reduces the risk for chronic diseases and helps in maintaining

life satisfaction. However, genetic factors may play a role in this association, as some findings

emerged more clearly among dizygotic than monozygotic twins discordant for physical

activity.

Key words: physical activity, morbidity, chronic disease, follow-up studies, twin study
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Introduction

Paragraph number 1 Observational follow-up studies have provided substantial evidence that

physical activity plays an important role in the prevention of several chronic diseases, such as

cardiovascular disease (CVD), coronary heart disease (CHD) type 2 diabetes and

hypertension (19, 23, 29, 36). Although physical activity has many positive outcomes for

health, adverse effects include an increased rate of musculoskeletal injuries (11).

Paragraph number 2 Genetic selection can also play a role in accounting for the relationship

between physical activity and chronic disease. Physical fitness and the ability to achieve high

levels of physical  activity have a genetic component (4,  17,  33).  The review by Casas et  al.

(2006 ) (7) clearly demonstrated that coronary artery disease (CAD) has a genetic component

and that different risk factors for CAD have high heritabilities. Significant genetic influences

on cholesterol levels, smoking and hypertension have repeatedly been shown (3, 7, 22). Twin

studies have shown that age at death from CAD has a strong genetic component, particularly

early onset of CAD (27). A genetic predisposition also underlies the increased tendency for

weight gain and other metabolic syndrome-related conditions (2, 25). Interestingly, some

evidence is now available that inherited biological characteristics make it easier for some

individuals to exercise and also favour them with lower morbidity and mortality (15, 17, 20).

Paragraph number 3 Despite recent progress in defining the individual genes underlying the

genetic component identified from family and twin studies, known genes account only for a

small fraction of the estimated heritabilities for common diseases and physical activity. Thus,

twin and family studies still  remain a powerful tool for investigating the role of genetic and

environmental factors in risk factor – disease relationships. Dizygotic twins (DZ) share half of
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their segregating genes, while monozygotic (MZ) pairs are genetically identical. Both kinds of

pairs nearly always have the same childhood environment. By studying outcomes in twin

pairs discordant for an exposure, such as physical activity, the possible confounding role of

genetic and early childhood experiences can be controlled for.

Paragraph number 4 We followed the Finnish Twin Cohort for 30 years to study the

associations between physical activity, chronic diseases, life satisfaction and preclinical

disability in healthy twin pairs discordant for leisure-time physical activity. Given the current

knowledge of both positive and negative effects of physical activity on some conditions we

were interested in gaining an overview of the whole spectrum of health-related conditions.

The aim of the study was to see whether baseline physical activity protects broadly from

morbidity assessed using wide range of diseases and associated measures.
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Methods

Participants

Paragraph number 5 The Finnish Twin Cohort consists of all same-sex twin pairs born in

Finland before 1958 with both co-twins alive in 1967 (12). Figure 1 shows the flow of the

participants. For the present study, the initial inclusion criteria were employment in 1981 and

complete questionnaire data on leisure physical activity in 1975 and 1981. The subjects were

aged from 24 to 60 years on January 1, 1982 (n=17,968 individuals). All pairs in which at

least one co-twin did not respond to the questionnaires, had died or had a chronic disease,

except hypertension, by the end of 1982 were excluded (12, 17). The healthy cohort

comprised 5663 same sex twin pairs (17). Determination of zygosity was based on an

accurate and validated questionnaire method (32).

Paragraph number 6 For this study, 146 same-sex twin pairs were selected who were

discordant for leisure-time physical activity both for participation in vigorous activity and

volume of activity in 1975 and 1981. The final study sample at the 2005 follow-up comprised

111 twin pairs, as only those pairs were included in which both twins were still alive (24 co-

twins from 146 pairs, 16 inactive and 8 active, had died by end of 2004 (unpublished data:

Waller K, Kujala UM, Rantanen T, Kauppinen M, Silventoinen K, Koskenvuo M, Kaprio J.

Physical activity, morbidity and mortality in twins: a 22-year prospective follow-up. Under

review 2009)). In addition, we required that both were known to be living in Finland and

spoke Finnish as their mother tongue, which resulted in the exclusion of 12 pairs. An attempt

was made to contact all 222 subjects. Of these 203 subjects (95 complete pairs, 54 female)

took part in the interview as one died during the interview period and 18 did not participate.

The mean age of the subjects was 58 years (range 47 to 79) at interview.
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Assessment of exposure variables

Paragraph number 7 The questionnaires in 1975 and 1981 included identical questions on

weight, height, physical activity, occupation, alcohol use, smoking and physician-diagnosed

diseases. Among the twin pairs whose addresses could be identified (93.5 percent of subjects)

the response rate was 87.6 percent in 1975 and the re-response rate was 90.7 percent in 1981.

Paragraph number 8 Physical activity habits elicited by identical questions in 1975 and 1981

were used as the main exposure in the present study. This information is considered to be

valid on the basis of earlier studies (13, 14, 19). Participation in vigorous physical activity

was assessed by following question: Is your physical activity during leisure-time about as

strenuous on average as: 1) walking 2) alternately walking and jogging 3) jogging (light run)

4) running. Those who chose alternative 2, 3 or 4 were classified as participating in vigorous

activity. Assessment of leisure activity volume (MET index) was based on a series of

structured questions (14, 19) on leisure physical activity (monthly frequency, mean duration

and mean intensity of physical activity sessions) and physical activity during commuting to

and from work. The index was calculated by assigning a multiple of resting metabolic rate

(MET score) to each activity and by calculating the total volume of activity, using formula:

intensity x duration x frequency (19). The MET index was expressed as the sum-score of

leisure MET hours per day. Those subjects whose volume of activity was ³2 MET hours/day

(corresponding to about 30 min walking per day) and participated in vigorous activity

(alternatives 2, 3 or 4), were classified as physically active. This had to be true at both time-

points (1975 and 1981) and their co-twin had to be inactive at both time–points. Figure 2

shows the MET indices for active and inactive co-twins in 1975 and 1981.
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The MET index was validated in a previous study (35) by comparing the questions used for

calculating MET index to a 12-month detailed physical activity questionnaire conducted by

telephone interview. The intraclass correlation (ICC) between these two was relatively high:

The ICC between the MET index 2005 (same as the original questions used in 1975 and

1981) and the detailed 12-month physical activity MET index was 0.68 (p<0.001) for leisure-

time physical activity and 0.93 (p<0.001) for work journey.

Follow-up assessment and outcomes

Paragraph number 9 In 2005, after being sent an invitation letter and giving their informed

consent to participate in the study, subjects were interviewed by telephone. The study was

approved by the ethics committee of the University of Jyväskylä. All outcome assessments

(interview and data entry) were carried out by researchers blinded to the subjects’ baseline

status. Two experienced and trained interviewers interviewed each twin in a pair at random.

The average duration of the interview was 50 minutes and included questions on physical

activity habits, functional limitations, use of medications and occurrence of chronic diseases.

Paragraph number 10 The follow-up interview included a four-question dyspnea scale

concerning whether the subject became breathless during walking and performing daily tasks

(31). This scale has 5 response categories (range: 0; no breathlessness to 4: breathless during

daily tasks). A four-question scale on life satisfaction (LS) yielded a sum score ranging

between 4-20, with an increasing score indicating a decrease in life satisfaction (16). The life

satisfaction scale correlates well (r>0.6) with depressiveness on the Beck Depression

Inventory (16).
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Paragraph number 11 Subjects were asked if they had specific physician-diagnosed diseases.

For example: “Has your doctor ever told you that you have rheumatoid arthritis?”.

Information about individually asked diseases can be found from the results section.

Glucose intolerance and type 2 diabetes were assessed in the interview with a question: Has

your doctor told you that you have diabetes? Responses were classified as no, yes (type 2

diabetes) or no, but has been diagnosed as having elevated blood glucose (impaired glucose

tolerance or impaired fasting glycaemia). The latter were classified as having prediabetes.

Subjects were also asked whether they had specific musculoskeletal diseases or conditions

(rheumatoid arthritis, osteoarthritis (knee, hip or other), sports-related injuries, sciatica and

tension neck). Finally, the presence of other physician-diagnosed diseases was assessed with

an open question: “Do you have any other physician-diagnosed diseases?”.

Paragraph number 12 Recent hospitalisations were investigated with the question “How

many days have you spent in hospital during the last 3 years?” Only inpatient visits were

counted.

Paragraph number 13 Mobility was assessed with 6-12 questions ranging from preclinical

mobility limitations, such as task modification, to frank disability and inability (24, 26). This

scale is reliable (κ coefficient between 0.47 – 1.00) (24) and it has been validated against

objective measurements of muscle power and walking speed (26).

Statistical Analysis

Paragraph number 14 As we were studying occurrence of diseases among twin pairs

discordant for physical activity all the statistical analyses were based on pairwise tests. To

compare differences in outcome measurements between the inactive and active co-twins
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paired samples t-test, McNemar’s test and conditional logistic regression were used. The level

of significance was set at p<0.05 and all the p-values reported are two-sided. Data were

analyzed with SPSS 14.0 or Stata 9.0.
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Results

Paragraph number 15 Table 1 shows the baseline characteristics for 95 pairs. In 1975 a

slightly higher proportion of the active co-twins were single and a slightly higher proportion

of the inactive co-twins were married. Baseline characteristics show that the inactive subjects

smoked or had smoked more than their active co-twins. The active co-twins reported greater

life satisfaction at baseline. No other differences were seen between inactive and active co-

twins at baseline.

Paragraph number 16 The active co-twins remained more satisfied with their life at the end

of follow-up: mean life satisfaction (LS) was 6.5 for the active co-twins and 7.1 for inactive

co-twins  (paired  t-test  p=0.047).  Rather  similar  results  were  obtained  for  dizygotic  (6.4  vs.

6.9, p=0.12) and monozygotic (6.8 vs. 7.9, p=0.24) pairs. Inactive co-twins had a tendency

towards dyspnea at follow up when compared with their active co-twins (p=0.067), more so in

DZ (p=0.10) than in MZ pairs (p=1.00).

Paragraph number 17 The results for physician-diagnosed diseases in inactive and active co-

twins are shown in table 2. Among monozygotic twin pairs the active co-twins had a reduced

risk of having at least 2 chronic diseases, (with the exception of hypertension), as 1 active MZ

and 7 inactive MZ co-twins had 2 or more chronic diseases (OR=0.14, p=0.031), although the

difference was not significant when MZ and DZ pairs were taken together (OR=0.54,

p=0.19). No differences were seen in the cumulative incidence of diagnosed hypertension

between the inactive and active co-twins, when studying new cases of hypertension since

1975. Overall, the active co-twins had a decreased risk for elevated blood pressure (OR=0.46,

p=0.039; DZ OR=0.44, 95 % CI 0.19 – 1.02; MZ OR=0.5, 95 % CI 0.09 – 2.73). The active
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co-twins also had a decreased risk for type 2 diabetes or prediabetes (OR=0.09, p=0.022; DZ

OR=0.1, 95 % CI 0.01 – 0.78; MZ no difference). Although statistically non-significant, the

active twins showed a lower prevalence of type 2 diabetes, any pulmonary disease and other

physician-diagnosed diseases.

Paragraph number 18 We observed some differences in selected musculoskeletal problems

between the inactive and active co-twins (Table 3). The active co-twins had a marginally non-

significant increased risk for at least one sports-related injury (OR=1.9, p=0.051) compared to

their inactive co-twins, the finding being more salient in DZ pairs (OR=2.2, 95 % CI 1.07 -

4.45) than in MZ pairs (OR=1, 95 % CI 0.25 – 4.0). For individual sports-related injuries the

active co-twins again had a statistically non-significant increased risk for getting an ankle

ligament injury (OR=1.8, p=0.14; DZ OR=2.17, 95 % CI 0.82 – 5.70; MZ OR=1.3, 95 % CI

0.34 – 4.66). The risk for conditions other than knee or hip osteoarthritis and sciatica did not

differ between active and inactive twins (table 3).

Paragraph number 19 Out of 95 pairs, 23 inactive and 13 active co-twins had been

hospitalised within last 3 years prior to the interview for a total of 171 and 95 nights

respectively. On average, the inactive co-twins spent 1.8 nights and the active co-twins 1

night (paired t-test p=0.16) in hospital during that period. The active co-twins had non-

significant decreased risk for having been hospitalised (OR=0.47, p=0.065) did not differ by

zygosity (DZ OR=0.54, 95 % CI 0.22 - 1.35; MZ OR=0.33, 95 % CI 0.07 – 1.65).

Paragraph number 20 The results of the preclinical disability analyses did not reach statistical

significance between inactive and active co-twins. However, there was a tendency for the

inactive co-twins to have more difficulties and to report more task modification in daily
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activities compared to their active co-twins. For example active co-twins were less likely to

have made changes in walking for 2 kilometres (OR=0.53, 95 % CI 0.22 – 1.35, p=0.19).

Discussion

Paragraph number 21 Our 30-year longitudinal follow-up study on twins discordant for

physical activity found greater life satisfaction among the active than inactive co-twins. The

inactive co-twins reported breathlessness more often than their active co-twins. Abnormalities

in glucose metabolism (diabetes or prediabetes) and elevated blood pressure were less

common among the active co-twins. The active co-twins had also been hospitalised less often

and for shorter times. In contrast, the active co-twins showed a tendency to having more

sports-related injuries at follow-up than their inactive co-twins.

Paragraph number 22 In line with our results similar effects of physical activity on a number

of different diseases, for instance diabetes/prediabetes and hypertension, has been reported in

previous studies (5, 29, 36). Although we did not find a difference in reported diagnoses of

depression between inactive and active co-twins in our study the active co-twins reported

greater life satisfaction. In their review in 2001 Rejeski and Mihalko (30) found a lack of

consistency in the results of previous studies on physical activity and life satisfaction in older

adults with only some studies reporting positive effects.

Paragraph number 23 When studying differences between inactive and active subjects it

would be reasonable to expect differences to be seen first in fitness and body fatness. In the

present study we documented a trend to higher frequency of breathlessness during specific

daily tasks in the inactive compared to active co-twins. In our earlier study we documented an



13

association between long-term physical activity and lower weight gain in our twin sample

(35). Next, a difference is usually seen in insulin sensitivity, as in the present study; where a

difference  was  seen  in  DZ  but  not  MZ  pairs,  suggesting  a  possible  gene-physical  activity

interaction,  such  as  documented  for  the  FTO  gene  (1)  for  physical  activity  in  BMI  and

glucose metabolism parameters. In our earlier study, among the same cohort, we found that

discordance pattern in physical activity had continued for 30 years in a subgroup of 42 pairs

(35). That study showed that adulthood physical activity habits are often maintained for a

long period of time, and thus it is possible that the continuation of physical activity habits

partly explains the difference in the occurrence of chronic diseases in the present study.

Paragraph number 24 As expected, the active co-twins seem to have more musculoskeletal

problems and sports related injuries. Hootman et al. (11) studied subjects who participated in

recreational sports and found that 25% of their subjects had sustained a musculoskeletal

injury within the 12 months preceding the survey. Over 83 % of these injuries were physical

activity-related and 66% were located in the lower extremities. Although in our study active

co-twins had slightly more injuries, the number of injuries in real life could have been even

higher as only injuries that had been diagnosed by a physician were included in our study. It is

very likely that only the more severe sports-related/musculoskeletal injuries were reported to

a physician and therefore excluding less severe injuries from our study.

Paragraph number 25 No differences  were  seen  in  the  amount  of  hip  or  knee  osteoarthritis

between the inactive and active co-twins. Although, former athletes have higher incidence

rates of osteoarthritis in the lower limb compared to controls (8, 34), this relationship has not

been confirmed among recreationally physically active people (10, 29). Our active co-twins
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were not high-level athletes and therefore the intensity and duration of their activity may not

have been high enough to cause them significantly more osteoarthritis.

Paragraph number 26 The need of hospital care can be seen as a summary measure of the

impact of morbidity on different diseases and injuries. The findings that physically active

members of the twins pairs tended to need hospital care less often and for a shorter duration

than their inactive co-twins agrees with earlier analyses of larger cohorts (18) and studies of

former athletes (21). Although no overall effect was observed on the preclinical disability

scale, there was a tendency for inactive co-twins to have more difficulties and to report more

task modification in daily activities. It seems that the benefits of a physically active lifestyle

are higher than the adverse effects.

Study strengths and limitations

Paragraph number 27 The strengths of our study were a very long follow-up period and twin

study design. We partly controlled for genetic factors and childhood environment by studying

twin pairs comprehensively selected from the large Finnish Twin Cohort. Despite the fact that

we started with a large population based twin cohort the number of twin pairs discordant for

physical activity was relatively small. The small sample size is a limitation especially when

studying diseases as outcomes. The reason for finding a low number of twin pairs discordant

for disease could be either due to diseases occurring in both co-twins for genetic reasons or to

having a relatively young and healthy study cohort at baseline (mean age of subjects was 28.5

years in 1975). Due to the small  numbers we were not able to adjust  the results of analyses

with known covariates. The study design adjusts for gender, age and shared familial factors,

and it is known that twins show similarity in their health habits more often than do unrelated
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subjects. We did adjust most conditions for smoking (results not shown), but this did not

change our results.

Paragraph number 28 A further study limitation is that the medical information was self-

reported rather than based on data gathered from medical registers or subjects’ formal medical

notes. However studies have shown that agreement between self reported medical history and

medical records is generally good, especially with respect to well-known chronic diseases (9,

28). Recall bias due to subjects not remembering all their diseases is an issue if the recall is

different between active and inactive twins; active subjects may have a better memory for

injuries and musculoskeletal disorders as these would have affected an important part of their

life more than in the case of inactive subjects, thus biasing our risk estimates upwards. Also,

subjects with severe dementia and subjects who had died did not participate. In DZ pairs, but

not in MZ pairs, a higher number of inactive than active members of twin pairs had died

before the end of our follow-up (unpublished data: Waller K et al. Physical activity, morbidity

and mortality in twins: a 22-year prospective follow-up. Under review 2009). Although,

another study limitation was self-reported physical activity data at baseline, these type

physical activity questions have been commonly used in the epidemiological studies. In a

study by Kujala et al. (19), the same physical activity questions predicted morbidity and

mortality in a fashion consistent with other studies using somewhat different measures

providing external validation to the questions.

Paragraph number 29 The ideal study method would have been to study the occurrence of

diseases in a large number of monozygotic pairs discordant for physical activity. However, as

the sample size was small and only few diseases were present it is not possible to draw

separate conclusions for monozygotic twins. Therefore we cannot totally exclude the effect of
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genetic selection bias on some of the results. The evidence on whether genetic selection

explains, for example, the association between high physical activity and low mortality is

conflicting. In a study among Swedish twins, in which no exclusion criteria regarding

baseline diseases were imposed, genetic selection did not explain this association (6) whereas

in a study of healthy twins from the Finnish Twin Cohort (17) genetic selection partially

explained the association.

Conclusion

Paragraph number 30 Our longitudinal twin pair study found that the benefits of a physically

active lifestyle outweigh the adverse effects even after taking familial effects into account.

Physical activity reduces the risk for chronic diseases and helps in maintaining life

satisfaction. However, genetic factors may play a role in explaining some of the association

between disease occurrence and physical activity, as some of the findings were more salient

among dizygotic than monozygotic twin pairs discordant for physical activity.
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Figure legends

Figure 1. Flow chart of participants.

Figure 2. Leisure-time MET indices for 146 comprehensively selected twin pairs discordant

for both intensity and volume of physical activity in 1975 and 1981. Similar results were seen

for male, female, monozygotic and dizygotic pairs.



Finnish Twin Cohort subjects (n=17 968) who
· Were at work in 1981 (including women

working at home and students)
· Complete questionnaire data on their intensity of

leisure physical activity in 1975  1981
· Were aged 24 to 60 years on January 1, 1982

®

Cohort members who had chronic disease
as of January 1983
(n=2064)

¯
Apparently healthy at the end of 1982
(n=15 904 subjects)

®

Due to diseases, deaths, non-responses to
questionnaires and the cohort selection
procedure 4578 of the subjects did not
have a co-twin

¯
The numbers of same-sex twin pairs by zygosity
(total n=5663 pairs):
· 3551 dizygotic pairs
· 1772 monozygotic pairs
· 340 pairs whose zygosity was unknown

®
Pairs not persistently discordant for
leisure physical activity (same direction;
participation in vigorous activity and
volume of activity)
(n=5517 pairs)

¯
TARGET GROUP OF THE STUDY (n=146 pairs):
Twin pairs discordant for leisure physical activity
(same member of a twin pair was more active in
both 1975 and 1981)
· 114 pairs dizygotic
· 28 pairs monozygotic
· 4 pairs unknown zygosity

®
24 subjects had died before the end of
2004.

¯
TARGET GROUP OF THE STUDY
246 subjects (123 pairs) alive end of 2004
· 94 pairs dizygotic
· 25 pairs monozygotic
· 4 pairs unknown zygosity

® · Swedish speaking twins were not
contacted (6 pairs – 4 pairs dizygotic
and 2 pairs monozygotic).

· Twins abroad were not contacted (6
pairs – 3 pairs dizygotic, 2 pairs
monozygotic and 1 pair unknown
zygosity).

¯
 TARGET GROUP OF THE STUDY
Attempt to contact 222 subjects (111 pairs)
· 87 pairs dizygotic
· 21 pairs monozygotic
· 3 pairs unknown zygosity

® One twin had died during the interview
period.
18 did not participate in the interview
· 13 declined
· 1 not able to contact
· 4 could not participate due to an

illness
¯
FINAL NUMBER OF SUBJECTS
203 subjects participated (95 complete pairs)
· 76 pairs dizygotic
· 19 pairs monozygotic
Figure 1.
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Table 1. 1975 baseline characteristics for 95 twin pairs. *

Characteristics Inactive Active p-value

Age (Mean ± SD) 28.5 ± 6.9 28.5 ± 6.9

Height (Mean ± SD) 169.2 ± 8.4 169.5 ± 8.1 0.53

Weight (Mean ± SD) 63.2 ± 12.1 63.7 ± 10.2 0.65

BMI (Mean ± SD) 22.0 ± 2.8 22.1 ± 2.3 0.66

Ever regular smoker (N, %) 51 (53.7%) 43 (45.3%) 0.22

Pack-years smoked (Mean ± SD) 3.1 ± 4.8 1.9 ± 3.4 0.008

Alcohol grams/day (Mean ± SD) 7.2 ± 14.4 7.6 ± 11.8 0.74

Diagnosed hypertension (N, %) 7 (7.4%) 5 (5.3%) 0.75

Life satisfaction (Mean ± SD) † 8.8 ± 2.5 8.0 ± 2.7 0.026

Marital status (N, %) 0.027

Single 28 (29.5%) 41 (43.2%)

Married 62 (65.3%) 52 (54.7%)

Divorced 5 (5.3%) 2 (2.1%)

Work-related physical activity in 1975 (N, %) 0.19

Sedentary 28 (29.8%) 33 (34.7%)

Standing or walking at work 14 (14.9%) 20 (21.1%)

Light manual labour 46 (48.9%) 39 (41.1%)

Heavy manual labour 6 (6.4%) 3 (3.2%)

Social class (N, %) 0.26

Upper white-collar 6 (6.3%) 8 (8.4%)

Clerical work 28 (29.5%) 25 (26.3%)

Skilled workers 33 (34.7%) 39 (41.1%)

Unskilled workers 7 (7.4%) 8 (8.4%)

Farmer 14 (14.7%) 2 (2.1%)

Other (Students, conscript, retired, unknown) 7 (7.4%) 13 (13.7)

MET index ‡ 0.71 ± 0.54 4.23 ± 2.23 <0.001

* Plus-minus values are means ± SD.

† The life satisfaction index was a four-question scale with sum score ranging between 4-20, with

an increasing score indicating a decrease in life satisfaction.

‡ MET index includes leisure-time physical activity and work journey activity



Table 2. Chronic and other physician diagnosed diseases for 95 pairs

Disease Inactive

N (%)

Active

N (%)

OR 95 % CI p-

value

At least 1 chronic disease * 41 (43.2 %) 41 (43.2 %) 1.00 0.56 – 1.78 1.00

At least 2 chronic diseases * 25 (26.3 %) 19 (20.0 %) 0.7 0.35 – 1.39 0.31

At least 1 chronic diseases * except hypertension 45 (47.4 %) 42 (44.2 %) 0.88 0.49 – 1.57 0.66

At least 2 chronic diseases * except hypertension 15 (15.8 %) 9 (9.5 %) 0.54 0.21 – 1.35 0.19

Prediabetes 7 (7.4%) 1 (1.1%) 0.14 0.02 – 1.16 0.07

Type 2 diabetes 7 (7.4%) 3 (3.2%) 0.2 0.02 – 1.71 0.14

Type 2 diabetes or prediabetes 14 (14.7%) 4 (4.2%) 0.09 0.01 – 0.70 0.022

Cardiovascular disease * 5 (5.3%) 7 (7.4%) 1.67 0.40 – 6.97 0.48

CHD including MI 4 (4.2%) 5 (5.3%) 1.5 0.25 - 8.98 0.66

Stroke or intermittent claudication 1 (1.1%) 2 (2.1%) 2 0.18 – 2.06 0.57

Cardiac failure 0 2 (2.1%)

        BP medication in 2005 † 18 (21.4%) 19 (22.6%) 1.09 0.48 – 2.47 0.84

        Elevated BP or BP medication in   2005 † 43 (51.2%) 31 (36.9%) 0.46 0.22 – 0.96 0.039

Pulmonary disease * 8 (8.4%) 3 (3.2%) 0.33 0.09 – 1.23 0.099

Asthma 7 (7.4%) 2 (2.1%) 0.29 0.06 – 1.38 0.12

COPD 1 (1.1%) 0

Chronic bronchitis 2 (2.1%) 2 (2.1%) 1 1

Gastric ulcer 6 (6.3%) 6 (6.3%) 1 1

Depression 9 (9.5%) 9 (9.5%) 1 1

Other physician diagnosed chronic disease ‡ 30 (31.6%) 21 (22.1%) 0.57 0.28 – 1.16 0.12

* At least one of the following listed below

† New cases since 1975, If person had hypertension by questionnaire or medication for

hypertension in 1975 they were excluded from the analyses, 84 pairs included in the analyses

‡ Includes diseases such as cancer 8 individuals (of which breast cancer 4), different allergies 7,

osteoporosis 5, thyroid gland problem 5, eye problems 5 (glaucoma 3), migraine 3.

BP = blood pressure



Table 3. Selected musculoskeletal problems for 95 pairs

Disease Inactive

N (%)

Active

N (%)

OR 95 % CI p-

value

Arthritis * 22 (23.2%) 27 (28.4%) 1.38 0.68 – 2.83 0.37

Rheumatoid arthritis 1 (1.1%) 4 (4.2%) 4 0.45 – 35.79 0.22

Osteoarthritis * 22 (23.2%) 25 (26.3%) 1.21 0.60 – 2.46 0.59

Hip osteoarthritis 5 (5.3%) 4 (4.2%) 0.75 0.17 – 3.35 0.71

Knee osteoarthritis 10 (10.5%) 11 (11.6%) 1.13 0.43 – 2.92 0.81

             Any other osteoarthritis † 10 (10.5%) 17 (17.9%) 2.17 0.82 – 5.70 0.12

Sciatica 29 (30.5%) 22 (23.2%) 0.68 0.35 – 1.31 0.25

Tension neck 11 (11.6%) 9 (9.5%) 0.78 0.29 – 2.09 0.62

Injuries typical for athletes * 29 (30.5%) 42 (44.2%) 1.87 0.997 – 3.49 0.051

Acute injuries 24 (25.3%) 31 (32.6%) 1.44 0.76 – 2.72 0.27

Tendon  rupture (achilles or other) 6 (6.3%) 5 (5.3%) 0.8 0.22 – 2.98 0.74

Achilles tendon 2 (2.1%) 2 (2.1%) 1 1

Other tendon 4 (4.2%) 3 (3.2%) 0.67 0.11 – 4.00 0.66

Knee or ankle injury 20 (21.1%) 30 (31.6%) 1.77 0.90 – 3.49 0.10

Knee meniscus 5 (5.3%) 8 (8.4%) 1.75 0.51 - 5.98 0.37

Knee ligament 5 (5.3%) 5 (5.3%) 1 1

Ankle ligament 13 (13.7%) 21 (22.1%) 1.8 0.83 – 3.90 0.14

Stress injury/ Tendonitis (achilles or

other)

10 (10.5%) 17 (17.9%) 1.88 0.80 – 4.42 0.15

Achilles tendon inflammation 4 (4.2%) 6 (6.3%) 1.5 0.42 - 5.32 0.53

Other tendon inflammation 7 (7.4%) 12 (12.6%) 1.83 0.68 – 4.96 0.23

* At least one of the following listed below

† The other osteoarthritis includes osteoarthritis in hand (15 individuals), shoulder 6, neck 6, back

4, toes 3 and wrists 1


