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Abstract

Background: Few studies have examined which lifestyle factors relate to the development of
fat distribution. Therefore, the identification of the determinants of changes in fat deposition
is highly relevant. Methods: The association between the change in physical activity (PA) and
the subsequent changes in regional body fat distributions was examined. In total, 1,236 men
and 1,201 women were included at baseline and participated in the Danish MONICA (MONI-
toring Trends and Determinants in CArdiovascular Disease) study. A questionnaire was used
to assess PA at 5 and 11 years after baseline examination, while waist circumference (WC) and
hip circumference (HC) were measured at both follow-ups. Results: Among men, WC in-
creased in the constant active group to a lesser extent than in the non-constant active group
(3.4 vs. 41 cm; p = 0.03) concerning leisure time physical activities (LTPA). A similar pattern
was observed for both WC and HC in relation to occupational physical activities (OPA) (p =
0.02). Among women, the results went in the same direction for LTPA, whereas the associa-
tions with OPA were in the opposite direction (p = 0.001). Conclusion: LTPA and OPA were
associated with reduced subsequent 6-year changes in regional fat distribution for men. For
women, no associations were observed in relation to WC; however, OPA seemed to increase
HC among women. © 2013 S. Karger GmbH, Freiburg
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Introduction

Obesity is generally related to an increased mortality and morbidity. In the last couple of
decades it has become clear that fat distribution is of particular importance for the general
health status [1]. Fat localized in the abdominal region is more strongly associated with
cardiovascular diseases [2-4], coronary heart diseases [5, 6], and all-cause mortality [7, 8],
whereas fat located in the gluteal-femoral region (peripheral or lower body fat) is found to
be protective against these diseases [9-16]. Itis therefore relevantto understand how changes
in body fat distribution may be modulated. A few studies have shown that physical activity
(PA) may influence both total and abdominal adiposity; however, the results from previous
studies remain conflicting [17]. Experimental studies have shown that exercise training can
reduce adipose tissue [18], and particularly abdominal fat is suggested to be more responsive
to exercise than fat in other parts of the body. Therefore, abdominal fat may be more readily
mobilized during exercise than peripheral depots [19].

To our knowledge, no previous studies have examined the relationship between PA and
lower body regional fat in population-based studies. In this present study, we therefore inves-
tigated associations between changes in PA levels over a period of 5 years as well as the
subsequent 6-year alterations in waist circumference (WC) and hip circumference (HC).

Material and Methods

Research Method and Procedures

The Danish MONICA (MONItoring Trends and Determinants in CArdiovascular Disease) was conducted
under the auspices of the World Health Organization (WHO). Random equal-sized samples of 30-, 40-, 50-,
and 60-year-old men and women living in the Copenhagen County were drawn from the National Central
Person Registry and invited to participate in the study in 1982/83 (N = 4,807). The design of the survey has
been previously described in detail [20]. After the exclusion of 226 subjects of non-Danish origin, the
remaining 4,581 individuals were found to be reasonably representative of the Danish population with
respect to sex, age, educational level, occupation, and housing [21]. Individuals who did not respond were
again invited by post. Those who still did not respond were contacted by telephone. In total, 3,802 out of
4,581 individuals participated at baseline (1982/83). Five years later (1987/88), 2,990 (79%), showed-up
for a re-examination and 2,536 (67%) participated in the third examination in 1993/94. Response and non-
response has been fully described elsewhere [22, 23]. In brief, responders did not differ from non-responders
regarding distribution of PA and changes in their regional fat distribution.

This study was approved by the local Ethics Committee for Copenhagen County and was in accordance
with the Helsinki Declaration. All individuals gave written informed consent.

Physical Activity Assessments

Leisure time physical activities (LTPA) and occupational physical activities (OPA) were assessed by
employing a self-administered questionnaire that was sent to the participants before their appointed visits
to the study centre at baseline (1982/83) as well as at the follow-ups after 5 years (1987/88) and after 11
years (1993/94). LTPA was based on answers to the following four alternatives: i) mostly sedentary such as
sitting and reading, going to the cinema, and so on; ii) light walking, bicycling, or other light activity for at
least 4 h a week; iii) jogging, demanding sports, or heavy manual work (e.g. gardening) for at least 3 h a week;
and iv) long-distance running or competitive sports several times a week. The first group was defined as
inactive and the three other groups were merged into one active group.

OPA was ranked as: i) mostly sedentary — working at desk, little walking around the office, or similar
things; ii) light activity - walking around at your place without carrying heavy items such as moderate indus-
trial work, kitchen work, or teaching work; iii) moderate activity - lots of walking such as using the stairs,
lifting different things, building houses, and moving around heavy furniture; iv) high activity - very heavy
physical work such as digging holes or working in the forest; v) no occupational work.

For the analyses involving OPA, the first and the last group were merged and considered as an inactive
group, whereas the remaining three groups were merged and considered as an active group.
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Body Measurements

Anthropometric measurements were taken at each of the two follow-up health examinations (1987/88
and 1993/94) by a trained nurse in accordance with WHO standards [24]. Body weight was measured to the
nearest 0.1 kg using a SECA balance, with individuals dressed in light clothing or underwear. Height was
measured to the nearest 0.5 cm, with individuals wearing no shoes, feet close together, and head held in the
horizontal plane. BMI was calculated as weight in kg divided by the square of the height in metres (kg/m?). WC
was measured to the nearest cm midway between lower rib margin and the iliac crest in the horizontal plane.
HC was measured to the nearest cm at the point yielding the maximum circumference using a tape measure.

Other Variables

Included in the self-administered questionnaires were lifestyle factors, and for this study, assessment
at the first follow-up examination (1987 /88) was considered. Participants were asked to state their smoking
status and current consumption of tobacco in grams per day (g/day): i) never smoker; ii) former smoker; iii)
1-14 g/day; iv) 15-24 g/day; and v) more than 24 g/day. Alcohol intake was assessed by the average number
of beers, glasses of wine, and units of spirit consumed per week and was grouped into seven categories of
drinks per week (d/w): i) less than 1 d/w; ii) between 1 and 7 d/w; iii) 7-14 d/w; iv) 14-28 d/w; v) 28-42
d/w; vi) 42-70 d/w; and vii) greater than 70 d/w. The present study used the number of years of education
as an indicator of socio-economic status. Educational attainment was assessed with questions about the
years of regular schooling as well as the highest degree achieved and was classified as: i) less than 7 years;
ii) between 8 and 11 years; and iii) 12 or more years of education. Women were asked to report whether or
not they were pre- or post-menopausal.

Statistical Method

All analyses were carried out separately for the men and women, representing those who had infor-
mation of the three points in time of PA measurements and the two points in time of the anthropometric
measurements. Statistical analyses were conducted using Stata Statistical Software 10.0 (StataCorp LP,
College Station, TX, USA). Mean and standard deviation (SD) were used to describe distribution of age, BMI
at baseline (1982/83), WC and HC at both examinations (1987/88 and 1993/94) as well as the changes in
WC and HC (AWC and AHC). The changes were calculated as the differences between the 1993/94 and the
1987/88 examinations. All PA and other categorised variables at baseline and the two follow-ups of PA were
presented by their frequencies (N) and percentages (%).

Multiple linear regressions were used to describe the statistical association between each PA measure and
each outcome change, subsequently controlled for possible confounders. In all analyses, both LTPA and OPA
levels were grouped into two as the results were essentially similar before and after the collapse of the four
groups into two (sedentary and active). Furthermore, studies have shown that regular PA seems effective in
reducing cardiovascular morbidity and mortality; this even applies to regular PA with low intensity [25]. For the
longitudinal analyses, it was also decided to group the constantactive versus the non-constantactive. The reason
for this grouping is based on the belief that PA behaviour is neither constant nor at the same level over time [26].
In addition, since we had no information about when the subjects had changed from being active to inactive and
vice versa during the 5 years of follow-up, we decided to use the simpler grouping of stable active versus others.
Finally, similar findings were observed in both analyses, i.e. whether the two groups that changed activity were
mixed with the stable inactive group, as found, or when just comparing stable active with stable inactive.

The purpose of this study was to investigate the associations between changes in PA levels between
baseline (1982/83) and the follow-up 5 years later (1987/88) versus changes in WC and HC between the
examinations in 1987/88 and the follow-up period 6 years later (1993/94). This study represents the clas-
sical longitudinal analysis and compares the development in fat distribution of those who constantly
remained active over a period of 5 years with those who did not maintain activity during the same time span.
Thus, the influence of remaining active over a period of 5 years on the changes in fat distribution during the
subsequent 6 years can be examined. Furthermore, in order to clearly understand the influence of remaining
active on body fat distribution over a period of time, a classical prospective analysis was also conducted,
using one-point PA measurement of 1987/88 to examine the same changes in fat distribution during the
subsequent 6 years. Specifically, we examined two groups: those who remained active at both examinations
were considered to be in the constant activity group, while the non-constant activity group was the combi-
nation of those who were inactive at either points or both points between the two examinations in 1982 /83
and 1987/88. A difference test between the groups by means of analysis of variance compared the constant
activity group and the non-constant activity group.
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General linear models were constructed to examine the associations between each APAand AWC/AHC.
Model 1 accounted only for age, the other anthropometric measures and a mutual adjustment for either LTPA
or OPA at baseline. LTPA or OPA was included to eliminate confounding from regression to the mean [27].
Model 2, in addition to model 1, considered relevant covariation from potential confounders such as smoking
status, social economic status, alcohol intake, and menopausal status (only for women). Finally, model 3
included model 2 and covariation from attained PA concurrent with the change in fat distribution. This latter
model, while deviating from a true longitudinal model, examines the influence of constantly remaining active
over 5 years on the change in fat distribution in the subsequent 6 years which is independent of both attained
activity levels.

Furthermore, in order to achieve easily interpretable estimates from multiple linear regressions, all
models were constructed by suppressing the constant term. In all models, the chosen parameterization did
not include a reference group. In the adjusted analyses, confounders were used as the differences from their
respective mean values, implying that the adjusted means were interpreted as the mean for a person with an
average value of the covariates. All analyses were adjusted for age. The results were expressed as means with
a 95% confidence interval (CI) obtained from the regression analyses, and the level of significance was 0.05.

Results

Table 1 shows the general characteristics of the population stratified by gender. In
addition, mean and standard deviation (SD) values of WC and HC as well as their changes
during the subsequent 6-year follow-up period were included. Mean age did not differ
between men and women, whereas mean changes of WC and HC were lower in men than in
women and were both significant.

Among men, this classical longitudinal analysis showed that those who remained constantly
active over the previous period of 5 years attained a smaller subsequent mean gain in WC
compared to those who were non-constantly active (3.4 vs. 4.1 cm; p = 0.03) (table 2). Among
women, a weaker association with lesser mean gain that disappeared in the final adjustment
was found (table 2); however, the results went generally in the same direction as for the men.

Unlike the result for AWC, the longitudinal analysis showed no association between
changes in the previous 5-year LTPA and the preceding 6-year changes in HC for either men
or women.

Associations between initial change in OPA and subsequent AWC were in the same
direction as for change in LTPA for men, but not for women. Among men, those who had main-
tained a constant OPA during the previous 5 years had a smaller mean gain in their WC as
compared to those who were non-constantly active in the preceding 5 years of OPA (4.0 vs.
4.7 cm; p = 0.02) (table 3). Among women, the association between changes in OPA and AWC
were non-significant.

Unlike the association with change in LTPA, change in OPA was associated with subse-
quent 6-year changes in HC for both men and women. Among men, those who were constantly
active in their workplaces over 5 years showed a significantly (p = 0.02) smaller mean gain
in HC, whereas among women, associations were in the opposite direction (table 3). For
women, a mean increase in HC over the 6-year follow-up period was greater for those who
remained active at work during the previous 5 years.

Furthermore, in the final model for men, the prospective analysis of using each activity
measurement at the 5-year follow-up to assess the changes at the follow-up 6 years later
showed that the association between LTPA and AWC had a tendency towards a larger mean
gain among subjects from the inactive group than among those from the active group (4.2 vs.
3.4 cm; p = 0.06). Among the women, the association between OPA and AHC showed a larger
mean gain in the active group compared to the inactive group (3.8 vs. 3.1 cm; p=0.01) (results
not shown).
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Table 1. Descriptive statistics at baseline and follow-up variables by gender (mean, SD)

Variables Men Women p value

Age, years (1987/88) 49.0 (10.7) 48.6 (10.9) 0.189

1987/88

WC, cm 91.6 (9.9) 78.4 (10.0) 0.0001

HC, cm 98.5 (6.2) 98.1 (8.2) 0.0001

BMI, kg/m? 25.7 (3.5) 24.4 (4.5) 0.0001

1993/94

WC, cm 93.7 (10.4) 81.3 (11.0) 0.0001

HC, cm 99.3 (6.6) 99.4 (9.1) 0.0001

BMI, kg/m? 26.5(3.7) 25.3 (4.5) 0.0001
Changes, A (1987/88 to 1993/94)

WC, cm 2.1 (5.2) 2.9 (6.3) 0.001

HC, cm 0.8 (3.3) 1.3 (4.3) 0.0001

BMI, kg/m> 0.8 (1.5) 0.9 (1.6) 0.0001

A LTPA, N (%) (1982/83 to 1987/88)

Constant high activity 1,040 (68.6) 852 (58.4)

Constant low activity 168 (11.1) 242 (16.6)

Increases activity 140 (9.2) 204 (14.0) 0.0001 (overall
Decrease activity 169 (11.1) 160 (11.0)

A OPA, N (%) (1982/83 to 1987/88)

Constant high activity 801 (52.9) 578 (40.0)

Constant low activity 365 (24.1) 506 (35.0)

Increases activity 134 (8.8) 170 (11.7) 0.0001 (overall
Decrease activity 213 (14.1) 193 (13.3)

Smoking status g/day, N (%) (1987/88)

Never smokers 251 (16.5) 443 (30.4)

Ever smokers 439 (29.0) 322 (22.1) 0.0001 (overall)
Current smokers 826 (54.4) 692 (42.5)

Alcoholic drink/week, N (%) (1987/88)

<1 129 (8.5) 382 (26.1)

1-7 480 (31.5) 707 (48.4) 0.0001 (overall)
>7 915 (60.0) 373 (25.5)

Education, years, N (%) (1982/83)

0-7 689 (35.6) 669 (36.3)

8-11 1,037 (53.6) 1,011 (54.9) 0.0950 (overall)
12 or more 210 (10.8) 161 (8.8)

Menopausal status, N (%) (1993/94)

Yes - 691 (47.6)

No - 510 (52.4)

Activity, N (%) (1993/94)

LTPA

Inactive 232 (18.3) 289 (23.3) 0.002 (overall)
Active 1,035 (81.7) 952 (76.7)

OPA

Inactive 640 (49.7) 720 (57.1) 0.0002 (overall)
Active 647 (50.3) 540 (42.9)

WC = Waist circumference; HC = hip circumference; LTPA = leisure time physical activity; OPA = occupa-

tional physical activity.
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Table 2. Subsequent 6-year changes in WC and HC among men and women with non-constant and constant
previous 5-year leisure activity

Models N AWC, cm (95% CI)? AHC, cm (95% CI)?
non-constant constant active pvalue non-constant constantactive p value
active & inactive active

Men

Model 1° 1,232 3.5 (2.7;4.4) 2.5(1.7;3.2) 0.001¢ 0.3 (-0.2; 0.9) 0.3 (-0.5;0.5) 0.15

Model 2¢ 1,219 3.4 (2.5;4.2) 2.4 (1.5;3.2) 0.003¢ 0.2 (-0.4; 0.8) -0.1 (-0.6;0.4) 0.17

Model 3¢ 1,200 4.1 (2.9;5.4) 3.4 (2.0;4.7) 0.03¢ 0.6 (-0.2;1.4) 0.5(-0.4;1.3) 0.52
Women

Model 1° 1,197 0.5(-0.4; 1.4) -0.3(-0.6; 1.2) 0.02¢ 2.8(2.1;34) 24(18;31) 0.16

Model 2¢ 1,180 0.2 (-0.8;1.2) -0.5(-1.5; 0.4) 0.05¢ 2.6(1.9;33) 21(14;28) 0.10

Model 3¢ 1,156 0.001 (-1.4;1.5) -0.4(-2.0;1.2) 0.30 3.6(2.5;4.6) 35(23;4.6) 0.72

*The mean (95% CI) is the adjusted mean change in WC (cm) and HC (cm) in both the non-constant active
and constant active groups and different levels.

bAdjusted for age, baseline (WC or HC), BMI, and OPA.

“Adjusted for the same variables as in model 1 as well as for alcohol, smoking, education, and, in women,
menopause status.

dAdjusted for the same as in model 2 as well as for LTPA and OPA at the second follow-up.

°p value of analysis of variance (ANOVA) test < 0.05.

WC = Waist circumference; HC = hip circumference; LTPA = leisure time physical activity; OPA = occupa-
tional physical activity.

Table 3. Subsequent 6-year changes in WC and HC among men and women with non-constant and constant
previous 5-year activity during work

Models N AWC, cm (95% CI)? AHC, cm (95% CI)?
non-constant  constant active pvalue non-constant constantactive p value
active active

Men

Model 1° 1,230 4.6 (3.5;5.6) 3.8(2.8;4.9) 0.01¢ 0.8(0.1;1.5) 0.4 (-0.3;1.1) 0.02¢

Model 2¢ 1,221 4.5(3.4;5.6) 3.7(2.6;4.8) 0.01¢ 0.7 (0.03; 1.5) 0.3(-0.4;1.0) 0.02¢

Model 3¢ 1,198 4.7 (2.9;5.5) 4.0(2.6;5.3) 0.02¢ 1.0(0.1;1.8) 0.5(-0.3;1.4) 0.02¢
Women

Model 1° 1,197 1.1 (-0.1;2.2) 1.2(-0.03;2.4) 0.74 2.2(14;3.0) 3.1(2.2;4.0) 0.002¢

Model 2¢ 1,180 0.9(-0.3;2.1) 1.0(-0.3;2.3) 0.78 2.3(1.5;3.1) 3.1(2.2;4.0) 0.002¢

Model 3¢ 1,156 0.03 (-0.5;1.6) 0.6 (-1.5;1.8) 0.73 3.2(2.1;43) 4.1(29;53) 0.001°¢

*The mean (95% CI) is the adjusted mean change in WC (cm) and HC (cm) in both the non-constant active
and constant active groups and different levels.

bAdjusted for age, baseline (WC or HC), BMI, and LTPA.

“Adjusted for the same variables as in model 1 as well as alcohol, smoking, education, and, in women,
menopause status.

dAdjusted for the same as in model 2 as well as LTPA and OPA at the second follow-up.

°p value of analysis of variance (ANOVA) test < 0.05.

WC = Waist circumference; HC = hip circumference; LTPA = leisure time physical activity; OPA = occupa-
tional physical activity.
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Discussion

In general, our analyses confirmed that subjects with a high constant PA during leisure
time, but not at the workplace, increased their WC less than subjects who were inactive or
had an unstable activity [28]. These associations were particularly evident among men while
no significant effects were observed among women. However, associations with HC, particu-
larly a high constant activity during work but not during leisure times, were related to smaller
mean gain in hip size among men. A high constant activity among women was associated with
a larger mean gain in HC. The reason for this difference between men and women remains
unknown. Also, although different hormonal factors may play a role in the different findings
in men and women, the possibility remains that the observed gender difference may simply
be a chance finding. However, gain in circumferences may be due to a gain in fat and/or
muscle, which may be gender-specific. Also, work-related high activity may be different in
intensity, duration, and velocity for men and women.

Furthermore, the gender-specific differences observed in the associations between
change in LTPA and subsequent change in WC in this study may be related to the genetic
differences in fat mobilization [29-31]. Indeed, some studies have suggested that the male fat
patterning may be more responsive to PA than female fat patterning as men tend to lose more
fat centrally in response to exercise than women [32]. This does not mean that activity is
unimportant for women, and this present study suggests that maintaining high constant
activity over 5 years may result in less waist mean gain also for the women.

Moreover, men and women tend to engage in different types of activities in general; e.g,
women are more likely to be engaged in activities with lower intensities or a more readily
reported set of activities [33, 34]. In addition, it should be noted that PA may have a specific
effect on morphological and functional parameters only under certain conditions (e.g. degree
of intensity, frequency, and duration). However, we did not have such information available.
On the one hand, the lack of such precise information may have led to an attenuation of some
of our observed associations, and we may have overlooked significant relations. On the other
hand, it may also be assumed that those associations we did identify would have been stronger
if we had such information available. LTPA associations with both WC and HC may have been
obscured by the use of crude data of PA, which was not sensitive enough to detect associations
particularly for the women. In this context, it cannot be excluded that men may perceive more
social pressure to overreport their activity levels than women.

Finally, the observed gender-specific associations may also be at least partly attributable
to differences in the self-reporting of PA levels by men and women [35]. Although it has been
found out that exercise without weight loss was associated with a substantial reduction in
total fat and fat around the waist [36], studies examining the association of a change in PA
with lower body fat or of a change in this compartment are generally absent from the liter-
ature.

Inline with our results was a twin study by Waller etal. [37] which reported that persistent
participation in LTPA was associated with reduced WC among adults. However, their study
generally investigated whether associations were independent of genes and childhood envi-
ronment and did not specifically focus on the effect of PA on regional fat distribution per se.
Also, Sternfeld et al. [38] reported, among a group of middle-aged women, that maintaining
or increasing regular activity seemed to prevent or attenuate gain in their waistlines.

The major strength of the present study includes the longitudinal design and the use of a
large homogeneous population. One limitation is the lack of information on the changes
occurring in the different tissue compartments in the waist and hip regions as we cannot
examine whether these changes occurred for fat or muscle. Furthermore, our inability to
adjust for dietary/energy intake may have influenced our results.
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However, our observations do have some important clinical implications as abdominal
body fat is closely related to metabolic and cardiovascular diseases [14, 39], and gluteo-
femoral mass may protect against the same chronic diseases [12, 16, 40]. In addition, recent
reviews have shown that a low HC seems to be associated with an increased risk of cardio-
vascular morbidity and mortality [39, 41]; thus, a large HC was considered beneficial in the
present study.

This present study supports the ongoing challenge faced by public health professionals
of developing effective strategies to promote and support maintenance of regular leisure time
activity. From the public health perspective, the strong finding to emerge from this study is
the extent to which active lifestyle at either leisure or workplace reduces WC. Therefore,
conflicting and opposite findings for HC among men and women need further examination.

In conclusion, both LTPA and OPA seem to be associated with reduced changes in regional
fat distribution in men during the subsequent 6 years. For women, the associations were
weaker, and activity at the workplaces seemed to increase HC among women. Further studies
are required to clarify the responsible factors for the gender differences.
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