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Changes in physical activity are associated with changes
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Abstract

Aims/hypothesis. To investigate the effect of changes
in physical activity on changes in metabolic cardio-
vascular risk factors and to investigate what factors
affect the association between physical activity and
cardiovascular mortality.

Methods. Of the 1860 men who were 50 years of age
and who were without pre-existing cardiovascular
disease participating in a population-based study,
898 were re-examined 20 years later. Altogether 231
died from cardiovascular diseases during the follow-
up (mean = 22.6 years). The examinations which the
men underwent at 50 and 70 years of age included as-
sessment of physical activity (self-reported at four al-
ternative levels), anthropometry, measurements of
fasting concentrations of glucose, specific insulin,
proinsulin, split proinsulin and lipids.

Results. During the 20 years, 31% increased their
amount of physical activity while 51 % continued the
same amount of exercise. Increased physical activity
was associated with significant changes in several im-
portant metabolic variables, including fasting glu-

cose, proinsulin and HDL cholesterol, independent
of body weight changes. The risk of cardiovascular
disease for men performing moderate, regular and
athletic physical activity was 25% (p = 0.127), 34%
(p =0.022) and 71% (p =0.009) lower, respectively,
compared with sedentary men. The association was
attenuated by adjustment for baseline measurements
of insulin, proinsulin and split proinsulin. Additional
adjustment for other cardiovascular risk factors did
not further attenuate the association.
Conclusion/interpretation. Increased leisure time
physical activity between the ages of 50 and 70 years,
in the absence of active intervention, is associated
with improved glucose, insulin and lipid metabolism
in men. The concentrations of insulin, proinsulin and
split proinsulin could mediate much of the associa-
tion between a sedentary lifestyle and increased risk
of cardiovascular mortality. [Diabetologia (2001) 44:
2134-2139]
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Several studies have shown a beneficial effect of
physical activity and exercise on health. A higher de-
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gree of or an increase in physical activity or physical
fitness is associated with a lower risk of mortality or
incidence of cardiovascular diseases [1-8], indepen-
dent of several cardiovascular risk factors including
smoking, obesity, blood pressure, serum lipids, socio-
economic status and diabetes [3-5].

Physical activity also has a beneficial effect on
many cardiovascular risk factors [2]. A higher degree
of physical activity has been associated with a lower
incidence of Type-II (non-insulin-dependent) diabe-
tes mellitus [9] and a lower degree of insulin resist-
ance [10, 11]. Fasting concentrations of (immunore-
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active) insulin, often used as a proxy measurement of
insulin resistance, have been independently associat-
ed with cardiovascular mortality [12]. One previous
study investigating the role of insulin — along with
other metabolic risk factors such as serum lipids and
obesity —in the effect of physical activity on mortality
showed minor effects of metabolic factors on the as-
sociation [13].

The aims of this population-based observational
study were to assess the association between change
in amounts of physical activity, in the absence of ac-
tive intervention, and changes in metabolic factors,
and also to examine the cross-sectional relationships
between physical activity level and metabolic charac-
teristics. Furthermore, we aimed to investigate which
metabolic variables explain the possible relationship
between physical activity and cardiovascular mortali-

ty.

Subjects and methods

The subjects in this study participated in the Uppsala Longitu-
dinal Study of Adult Men (ULSAM) described previously
[14-17]. All men in Uppsala born between 1920 and 1924
(n =2841) were invited to a health investigations in 1970, in
which 2322 (82 %) participated. Participants still alive and liv-
ing in Uppsala were traced by their ten-digit social security
number and invited to another examination in 1991
(n=1681), in which 1221 men (73 %) participated. During the
intervening 20 years, 422 men had died and 219 had moved
from Uppsala. Information on medical treatment and previous
diseases was collected using a medical questionnaire. Informa-
tion on incident disease was collected from the official Swedish
in-patient, cancer, and cause-of-death registries. The study was
approved by the local ethics committee and all participants
gave their informed consent. All investigations were done after
an overnight fasting.

Study population. Of the 2322 50-year-old men, a total of 362
with cardiovascular, pulmonary or cancer diseases were ex-
cluded, based on the following exclusion criteria: previous my-
ocardial infarction or angina; current treatment with nitro-
glycerine or digitalis; presence of Q or QS patterns (Minnesota
codes 1.1-1.3) or left bundle branch block (Minnesota code
7.1) in the electrocardiogram examination at age 50 [14]; inci-
dent cardiovascular disease up to one year after baseline
(ICD-9 codes: 390-399 and 410-449); previous tuberculosis,
asthma or other chronic pulmonary problems up to one year
after baseline (ICD-9 codes 490-519); and previous or incident
malignant cancer up to two years after baseline (ICD-9 codes
140-208 and 230-239).

For another 100 of the 50-year-old men information on lei-
sure time physical activity was missing, leaving 1860 men aged
50 years in the present study population. Of these men, 998
were re-examined at 70 years of age (223 of the 1221 men ex-
amined at 70 years of age were already excluded based on dis-
ease at age 50). For 100 of the remaining men, information on
physical activity at 70 years of age was missing, leaving
898 men who were examined and who provided information
on physical activity at both ages. The only difference in meta-
bolic characteristics between men with missing information
on physical activity and men included in the study was a higher
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BMI at age 70 for men with missing information on physical
activity at that age than the men included (26.9 vs 26.1 kg/m?,
respectively; p = 0.006).

Assessment of physical activity. Leisure time physical activity
was assessed using four questions in the medical questionnaire.
These were: 1) Do you spend most of your time reading,
watching TV, going to the cinema or engaging in other, mostly
sedentary, activities?, 2) Do you often go walking or cycling
for pleasure?, 3) Do you engage in any active sport or heavy
gardening for at least 3 hours every week? and 4) Do you regu-
larly engage in hard physical training or competitive sport?
Based on these questions, four physical activity categories
were constructed: Sedentary (1), Moderate (2), Regular (3),
and Athletic (4). The questionnaire was constructed such that
each question could be answered ‘yes’ or ‘no’. For example,
to qualify for the Sedentary category, only the first question
could be answered by ‘yes’ and to qualify for the Regular cate-
gory, at least question number 3) had to be answered by ‘yes’,
but the answer to the fourth question had to be ‘no’. The phys-
ical activity categories used in this study have been used and
validated by others [5, 18].

The medical questionnaire used for the men at 50 years of
age also included questions on physical activity at work, which
was categorised as 1) sedentary, 2) mostly standing and walk-
ing, 3) heavy lifts ( > 10 kg), and 4) physically demanding work.

Clinical and metabolic investigations. Information on smoking
habits was obtained through physician’s interview; 51 %
(951 men) were regular smokers at 50 years of age. Informa-
tion on education and marital status was collected from the
Swedish census from 1970.

Investigations at 50 and 70 years of age included height
(m), weight (kg), office supine blood pressure (mmHg) and
pulse rate (beats/min), fasting glucose (measured in blood at
age 50 and in plasma at age 70) and serum lipids and lipopro-
teins, as described previously [14-17]. The BMI was calculated
as the weight divided by the squared height (kg/m?). The con-
centrations of specific insulin, proinsulin and 32-33 split proin-
sulin were analysed in serum samples stored frozen at —-70°C
until analysis was performed in 1995-98 using two-site immu-
nometric assays [19]. The serum cholesterol ester fatty acid
proportions were analysed using gas-liquid chromatography
[20, 21]. The ratio of oleic to linoleic acid (18:1/18:2 w6) was
used as a marker of saturated and polyunsaturated fat intake
[22].

Mortality follow-up. As of the end of 1996, 523 of the 1860 men
in this study had died. According to the cause of death stated in
the official Swedish cause-of-death registry, 194 deaths were
due to malignant cancers (ICD-9 codes 140-208 and 230-239)
and 231 to cardiovascular diseases (ICD-9 codes 390-459), of
which 111 were acute myocardial infarctions (ICD-9 code
410) and 44 other ischaemic heart diseases (ICD-9 codes
411-414).

Statistical analyses. Statistical analyses were performed using
Stata statistical software (Stata Corporation, College Station,
Tex., USA). Variables are presented as arithmetic means and
standard deviations (SD) and their associations with physical
activity level were tested using Spearman’s partial rank corre-
lation and adjusted for age and BMI. Group comparisons of
metabolic characteristics were performed using ANOVA. The
effect of changes in physical activity on changes in metabolic
variables was analysed using linear regression and is presented
as relative change (%) when physical activity is increased one
step between 50 and 70 years of age. The dependent variable
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Table 1. Prevalence in the physical activity categories

Physical activity 50 years 70 years

category Prevalence (%) n Prevalence (%) n

Sedentary 14.6 271 3.9 35
Moderate 36.1 672 334 300
Regular 444 825 57.0 512
Athletic 49 92 5.7 51

in the regression model was the natural logarithm (due to a
skewed distribution) of the metabolic variable at 70 years of
age and independent variables were the natural logarithm of
the metabolic variable at 50 years of age, physical activity at
50 years of age and physical activity at 70 years of age. The rel-
ative change (%) of the metabolic variable was then calculated
as (e’~1), where b is the regression coefficient for physical ac-
tivity at 70 years of age from the linear regression model de-
scribed above, and e is the base of the natural logarithms. The
relations between physical activity and different mortality out-
comes were tested using Cox proportional hazard regression
analysis. The results are presented for each physical activity
category as hazard ratios (HR) and their 95 % -confidence in-
tervals (CI), using the lowest physical activity category as ref-
erence. The mean follow-up on mortality in this study was
22.6 years (min = 0.04 and max = 26.7 years). A p value of less
than 0.05 was regarded as statistically significant.

Results

The distribution of men at the age of 50 and 70, re-
spectively, in the physical activity categories, is pre-
sented in Table 1. The amount of physical activity
was inversely associated with BMI, and the relations
to the other metabolic characteristics investigated
were therefore adjusted for BMI. A higher amount
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of physical activity was associated with a more fa-
vourable metabolic profile both at 50 years of age
and at 70 years of age, independent of BMI (Table 2).

The amount of physical activity during leisure time
was not associated with the amount of physical activi-
ty done at work.

Fifty-one per cent (n =454) of the 898 men who
participated in both investigations reported no
change in the amount of physical activity during the
20 years, whereas 31 % had increased (n =282) and
18 % had decreased (n = 162) their amount of physi-
cal activity, as shown in detail in Table 3. There were
no differences between these groups regarding the
metabolic variables measured when the men were
50 years of age. The change in leisure time, but not
work time physical activity between investigations
was associated with concomitant changes in metabol-
ic variables, shown in Table 4. With each increasing
level of physical activity, body weight significantly de-
creased by one per cent, hence associations with
changes in other metabolic variables were adjusted
for weight changes. The largest relative change asso-
ciated with a change in physical activity was the con-
centrations of 32-33 split proinsulin, which decreased
by 10 % with each increasing level of physical activity.
The associations did not change after adjustment for
hospital treatment of cardiovascular diseases, treat-
ment with beta-blocking drugs or physical immobili-
ty.

Men who reported moderate physical activity had
a 25% lower risk of cardiovascular mortality com-
pared with sedentary individuals, although it was
not statistically significant (HR: 0.75, 95%-CI:
0.52-1.08). Regular physical activity was associated
with a lower risk of cardiovascular mortality of 34 %

Table 2. Means of metabolic variables and their association with physical activity, adjusted for age and BMI, in men who were 50

and 70 years of age

50 years 70 years

Mean (SEM) n r Mean (SEM) n r
Weight® (kg) 77.6 (10.9) 1860 ~0.02 79.9 (11.1) 898 ~0.06
BMI" (kg/m?) 249 (3.2) 1860 -0.06° 26.1 (3.3) 898 ~0.09°
Systolic blood pressure (mmHg) 133 (18) 1859 -0.01 147 (18) 896 -0.01
Diastolic blood pressure (mmHg) 83 (11) 1859 -0.001 84 (9) 896 0.02
Pulse rate (beats/min) 69 (11) 1860 -0.09° 65 (9) 891 -0.11*
Serum triglycerides (mmol/l) 1.91 (1.19) 1860 -0.09° 1.43 (0.73) 898 -0.08*
Total cholesterol (mmol/l) 6.89 (1.31) 1860 -0.06 5.83 (1.00) 898 0.04
HDL cholesterol (mmol/1) 1.37 (0.40) 1526 0.05* 1.29 (0.35) 897 0.09*
LDL cholesterol (mmol/l) 5.28 (1.26) 1526 -0.05° 3.90 (0.89) 894 0.05
LDL/HDL cholesterol ratio 4.21 (1.76) 1526 -0.08? 3.22 (1.06) 894 -0.03
Fasting glucose® (mmol/l) 5.0 (0.8) 1854 -0.02 5.8(1.5) 898 -0.05
Specific insulin (pmol/l) 50.1 (38.6) 1045 -0.07° 51.6 (37.9) 869 -0.09*
Proinsulin (pmol/l) 31(3.3) 1056 -0.07 8.5(8.8) 861 -0.12*
32-33 Split proinsulin (pmol/l) 7.4(7.2) 1032 -0.13* 10.9 (11.3) 861 -0.10?
s-CE-oleic/linoleic acid ratio (18:1/18:2 w6) 0.35 (0.08) 775 -0.05 0.40 (0.08) 447 -0.10?

ap < 0.05

b7 adjusted for age only

Fasting glucose was measured in blood at age 50 and in plasma
at age 70

rindicates Spearman’s partial correlation coefficient, adjusted
for age and BMI; s-CE serum cholesterol ester
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Table 3. Change in physical activity from 50 to 70 years, by physical activity category at age 50
Physical activity level at age 50 Change in physical activity (50 to 70 years), % (n)

-2 -1 0 +1 +2
Sedentary - - 7.6 (8) 45.7 (48) 46.7 (49)
Moderate - 3.2 (10) 47.1 (146) 48.4 (150) 13 (4)
Regular 3.5(15) 23.4 (101) 66.0 (285) 72 (31) -
Athletic 13.7(7) 56.9 (29) 29.4 (15) - -
Total 2.5(22) 15.6 (140) 50.6 (454) 25.5 (229) 5.9 (53)

Table 4. Relative change in metabolic variables when increasing physical activity one step between age 50 and age 70 years

Crude Adjusted for weight change

n Change (%) p Change (%) p
Weight 898 -1.1 0.018 - -
BMI 898 -1.2 0.010 - -
Pulse rate 891 -1.6 0.016 -1.5 0.019
Serum triglycerides 898 5.4 0.010 -3.5 0.078
Serum cholesterol 898 +1.2 0.143 +1.5 0.068
HDL cholesterol 726 +4.6 0.001 +42 0.002
LDL cholesterol 724 +2.4 0.064 +29 0.024
LDL/HDL cholesterol ratio 724 2.2 0.219 -12 0.463
Fasting glucose 895 23 0.017 2.0 0.040
Specific insulin 405 =72 0.072 -3.5 0.337
Proinsulin 400 -9.8 0.016 -7.4 0.057
32-33 split proinsulin 390 -14.6 0.002 -10.0 0.023
s-CE-oleic/linoleic acid ratio (18:1/18:2 w6) 418 -1.8 0.186 -14 0.319

s-CE, serum cholesterol ester

Table 5. Hazard ratios (95 % -confidence intervals) for cardiovascular mortality according to leisure time physical activity category

at baseline, adjusted for baseline characteristics

Physical activity category A B C D

HR (95 %-CI) HR (95 %-CI) HR (95 %-CI) HR (95 %-CI)
Sedentary 1.00 1.00 1.00 1.00
Moderate 0.62 (0.40-0.96) 0.67 (0.43-1.04) 0.72 (0.47-1.12) 0.67 (0.43-1.04)
Regular 0.60 (0.40-0.91) 0.68 (0.44-1.03) 0.76 (0.50-1.16) 0.72 (0.47-1.10)
Athletic 0.16 (0.04-0.66) 0.19 (0.05-0.81) 0.25 (0.06-1.04) 0.25 (0.06-1.05)

Total n = 880, n cases = 153

A, age-adjusted; B, adjusted for age, smoking, marital status,
education, physical activity at work, serum cholesterol ester
oleic/linoleic acid ratio (18:1/18:2 w6); C, adjusted for B and

(HR: 0.66, 95%-CI: 0.46-0.94) and the men in the
athletic group had a reduced risk of 71 % (HR: 0.29,
95%-CI: 0.12-0.74). Similarly, the risk of all-cause
mortality was 16 % (p =0.173), 26 % (p = 0.016) and
54% (p =0.004) lower in the moderate, regular and
athletic physical activity groups, respectively, com-
pared to the sedentary group. Additional exclusion
of men taking anti-hypertensive medication or men
with joint or lung problems did not change the associ-
ation between physical activity and mortality.
Adjustment for socio-economic and lifestyle car-
diovascular risk factors attenuated the relations be-
tween physical activity and cardiovascular mortality
somewhat (Table 5). Additional adjustment for insu-

for specific insulin, proinsulin, split proinsulin; D, adjusted for
C and for BMI, fasting blood glucose, serum triglycerides and
total, low-density lipoprotein and high-density lipoprotein
cholesterol

lin, proinsulin and split proinsulin turned the relation
non-significant. Adding other cardiovascular risk fac-
tors, including factors associated with the insulin re-
sistance syndrome and total and LDL cholesterol,
did not further change the relations.

Discussion

This study shows that a higher level of physical activ-
ity is associated with both a more beneficial metabol-
ic profile and a lower risk of mortality from cardio-
vascular diseases. The study also shows that the fac-
tors that mediate much of the association between
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physical activity and mortality, i. e. insulin and proin-
sulin, are those that over time showed the greatest
improvement associated with an increase in physical
activity.

It has been shown that exercise reduces the plasma
concentrations of triglycerides and increases the con-
centrations of HDL cholesterol [11]. A change in pro-
insulin concentrations could reflect a change in insu-
lin sensitivity [23, 24]. Insulin sensitivity and glucose
disposal are improved by exercise [11].

Earlier longitudinal observational studies have
shown that changes in physical activity have an effect
on obesity and lipids [25]. No such previous study has
included measurements of all three of glucose, insulin
and proinsulin concentrations. Results from the pre-
sent investigation imply that a moderately large in-
crease in leisure time physical activity could improve
the main features of the insulin resistance syndrome,
independent of weight changes. However, as concom-
itant changes in physical activity and metabolic pa-
rameters are studied, no strict conclusions regarding
the causality can be drawn.

Changes in physical activity were not associated
with changes in the oleic-to-linoleic acid ratio of se-
rum cholesterol esters (considered a marker of satu-
rated and polyunsaturated fat intake in a typical
western diet [22, 26]). The associations between
changes in physical activity and changes in metabolic
factors were also adjusted for changes in weight. This
adjustment could take some dietary differences into
account. On the other hand, increased physical activ-
ity is in itself associated with reduced weight and
amount of intra-abdominal fat, followed by changes
in plasma lipids and insulin sensitivity [11]. Thus, the
true associations between physical activity and meta-
bolic factors could be reduced by adjustment for
weight.

Almost one-third of the men increased their physi-
cal activity between 50 and 70 years of age. Thus, age-
ing does not necessarily imply a reduced amount of
physical activity. The participants did not receive
any active recommendations about increasing their
physical activity. During the 20 years, the men in the
study reached the official age of retirement (65 years)
and the increased spare time could largely have con-
tributed to the increased physical activity. The same
men answered the same set of questions at baseline
and twenty years later, reducing the risk of assess-
ment bias. However, the categories indexing leisure
time physical activity should be regarded as reflecting
common physical activity perceptions or patterns
rather than precise measures of physical activity or
exercise [27].

To reduce confounding due to co-morbidity in the
mortality analyses, participants in the first examina-
tion with signs of cardiovascular, pulmonary or can-
cer diseases were excluded. Physical activity was in-
versely associated with mortality from cardiovascular

L.Byberg et al.: Physical activity and cardiovascular risk

diseases (and all causes). The association was weak-
ened when adjusted for insulin, proinsulin and split
proinsulin, factors related with insulin resistance [23,
24], indicating that these metabolic factors could me-
diate the higher risk of mortality among sedentary in-
dividuals.

In contrast to our results, one previous study inves-
tigating the role of insulin in the association between
physical activity and cardiovascular disease could
not show an effect of insulin or other metabolic fac-
tors [13]. Methodological differences between the
two studies include measurements of non-fasting in-
sulin compared with fasting insulin and proinsulin
and physician’s diagnosis of coronary heart disease
compared with official registry data on cardiovascu-
lar mortality in the previous compared with the pre-
sent study, respectively. The discrepant results could
also be interpreted as indicating that proinsulin, and
not insulin, is the more important factor mediating
the association between physical activity and cardio-
vascular disease.

In a preliminary report made on analyses in this
cohort, proinsulin predicts cardiovascular disease
mortality and morbidity independent of other known
cardiovascular risk factors [28]. It is not known
whether proinsulin is atherogenic in itself [29], or is
merely a better marker of insulin resistance [23, 24].

We conclude that an increased leisure time physi-
cal activity between 50 and 70 years of age, in the ab-
sence of active intervention, is associated with im-
proved glucose, insulin, proinsulin and lipid metabo-
lism in men. Insulin and proinsulin seem to be impor-
tant factors that mediate much of the association be-
tween a sedentary lifestyle and increased risk of car-
diovascular mortality.
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