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Abstract

Objective: The purpose of the present study was to analyse the lipid profile in
men and women differentiated according to energy expenditure during sports
participation (EEsport), energy expenditure during active leisure time (EE 1) and
overall energy expenditure (EErorap).

Design: The subjects were grouped by sex, age, EEsport, EEart and EErorar.
Group differences were analysed using analyses of covariance with BMI and
alcohol consumption as covariates.

Setting: Physical activity was assessed using the Flemish Physical Activity Com-
puterised Questionnaire. Fasting blood samples were taken to measure total
cholesterol (TC), TAG, HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and
the ratio TC:HDL-C.

Subjects: The study sample consisted of 1170 Flemish men and women between
18 and 75 years of age.

Results: Differences in lipid profile were observed in the younger age group (<45
years), all in favour of the most active group. More specifically, when differ-
entiating by EEarr and EErorar, men had a healthier lipid profile for TAG, HDL-C
and TC:HDL-C. Differentiation according to EEspory revealed the same significant
results except for TAG. In women significant results for HDL-C, LDL-C and
TC:HDL-C were found when differentiated by EEsporr-

Conclusions: Men and women <45 years of age with higher levels of energy
expenditure due to sport show a better lipid profile than their sedentary coun- Energy expendifure
terparts. When differentiating subjects according to energy expenditure during Physical activity
active leisure time or overall energy expenditure, only in men was a healthier Sport
lipid profile observed in favour of the most active subjects. Active leisure time
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Plasma lipoproteins play a major role in the aetiology of
atherosclerosis and CVD™?, which continue to be the
leading cause of morbidity and mortality in the indus-
trialised world®.

It has been well documented that a variety of personal
characteristics and environmental factors influence the com-
position of plasma lipids and lipoproteins, including age,
gender and the associated hormonal changes in women,
genetics, BMI, body weight, body composition, alcohol
consumption, smoking behaviour and medication use™*'?.

In addition, it has been shown that physical activity can
affect the plasma lipid profile. Most studies indicate that
regular exercise produces favourable changes in plasma

lipids and lipoproteins 2",
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Evidence from epidemiological and training studies
indicates that those who are physically active exhibit
higher levels of HDL-cholesterol (HDL-C) ¢7:18:22-30)
lower levels of TAG and a lower ratio of total choles-
terol (TC) to HDL-C than those who are less
active M2 1019213130 1yypgtine ef al® reviewed the
literature and concluded that regular exercise can raise
HDL-C levels by 2-8 mg/dl and lower TAG by 5-38 mg/dl
in men and women.

The preceding results indicate that physical activity can
positively affect the lipid profile. However, some inves-
tigators have failed to find a significant association
between physical activity and favourable changes in the

lipid proﬁle(34_36). These discrepancies probably reflect
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the differences in the literature concerning intensity of the
physical activity or energy expenditure due to physical
activity. Many investigators agree that an exercise
threshold needs to be met before favourable changes in
HDL-C can occur'>172427:3% Bor most individuals, this
threshold is associated with a physical activity-related
energy expenditure of 5:02MJ (1200kcaD™® or 8 MJ or

43 per week, or an intensity of 29-3 kJ/min (7 kcal/

more
min)"”, or 5-6 METs (metabolic energy equivalent

tasks)">.

Concerning the effect of exercise on TC and LDL-
cholesterol (LDL-C) there is inconclusive evidence in both
epidemiological and training studies. A careful evaluation
of the literature indicates that exercise training seldom
alters TC and LDL-C'%'%, However, there are a few
exceptions. In a meta-analysis of randomised controlled
trials, it was concluded that walking results in decreases
in LDL-C®”.

Obviously it is not completely clear whether in a nor-
mal population it should be advised to augment energy
expenditure by high-intensity activities (sport) or by
being more physically active in general, in order to obtain
a healthier lipid profile. Moreover, relatively few studies
have included women and their conclusions are less
consistent than in men.

Therefore, the purpose of the current study was to
investigate the lipid profile in a general population of
Flemish males and females differentiated according
to sports-related energy expenditure, energy expenditure
during active leisure time and total energy expenditure.

Methods

Subjects

The subjects included in the present study originate from
the Policy Research Centre Sport, Physical Activity and
Health. This Policy Research Centre was established to
investigate physical fitness, physical activity and sports
participation in relation to health in the Flemish
population. In order to fulfil this aim, almost 6000
subjects between 18 and 75 years of age were tested
in their home town (Theme 1), of which almost 2000
subjects also completed an extensive test battery in
the central laboratory of the Policy Research Centre
(Theme 2).

For the present study, the data of subjects originating
from Theme 2 were used. Of the total sample of almost
2000 subjects, 1632 had complete data on blood lipids,
dietary intakes and physical activity habits. It was
decided to exclude students, pensioners older than
75 years of age and those who took cholesterol-lowering
medication. Thus, a total of 1170 subjects (672 men,
mean age 46-30 (sp 10-67) years and 498 women, mean
age 44-38 (sp 8-98) years) were included in the present
study.
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Assessment of physical activity

Participation in sport and physical activity was investi-
gated using the Flemish Physical Activity Computerised
Questionnaire (FPACQ), which is extensively described
by Matton et al.®®.

In this questionnaire subjects were asked to select a
maximum of three of their most important sports out of a
list of 196 specific sports. To calculate the hours of health-
related sports participation, the sum was made of the
hours per week they spent on these three sports. This
value could amount to a maximum of 30h. Sports parti-
cipation was considered as health-related sports partici-
pation if the associated MET value®® of the sport was at
least 4-5, 4-0 and 3-5 respectively for subjects younger
than 35, between 35 and 49 and older than 50 years of
age. For each sport, the MET value was multiplied by the
time spent on this sport. The sum of these three multi-
plications results in the total energy expenditure during
health-related sports participation and was called EEgpogrr
(MET X h/week).

Furthermore, subjects were asked about time spent on
active transportation (walking and cycling) in leisure time
and time spent on light, moderate and vigorous house-
hold and garden activities. For each active leisure-time
activity, the MET value was multiplied by the time spent
on this activity. The sum of these multiplications plus the
energy expenditure during health-related sports partici-
pation resulted in EE,r (MET X h/week), an indication of
the overall energy expenditure of active leisure-time
activities.

Finally, total energy expenditure, EErorar, (MET X h/
week), was calculated by summing the energy expendi-
ture of all activities during a usual week.

Assessment of dietary intake

Dietary habits and energy intake were assessed by means
of the 3 d (two weekdays and one weekend day) food
record method. The subjects were asked to write down all
the food and drinks they consumed during those three
days. The detailed list of dietary products was processed
with the BECEL computer program version 5-0 (Hartog-
Union and Van den Bergh, Rotterdam, The Netherlands).
To control for confounding factors the relationship
between dietary intake and lipid profile was analysed by
correlation and regression analyses (results not shown).
Based on these analyses it was decided to use alcohol
consumption as covariate.

Lipid analysis

Fasting blood samples (after an overnight fast) were taken
for the measurement of TC, TAG, HDL-C, LDL-C and
TC:HDL-C ratio. The blood lipids and lipoproteins were
measured on an Olympus AU5400 analyser (Olympus
Diagnostica, Hamburg, Germany). The CV between days
were 2:0% (at 7-02 mmol/D for TC, 1-4 % (at 2-07 mmol/1)
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for TAG, 3-9% (at 2-:04 mmol/l) for HDL-C and 3+4 % (at
4-02 mmol/D) for LDL-C.

Statistical analysis

The subjects were grouped by sex, age (<45 years, =45
to <55 years and =55 years), EEsport, EEarT and EErorar
(<25th percentile ». >75th percentile). Descriptive
statistics (mean, sp, P25 and P75) were calculated for the
anthropometric characteristics, physical activity variables
and the serum lipid and lipoprotein values. Group dif-
ferences were analysed by analyses of covariance with
BMI and alcohol consumption as covariates since prior
analyses (correlation and regression analyses) showed
the importance of these factors (results not shown).

All statistical analyses were performed using the
Statistical Analysis Systems statistical software package
version 9-1 (SAS Institute, Cary, NC, USA). Statistical
significance was set at o = 0-05.

Results

Descriptive statistics of the anthropometric characteristics,
physical activity-related variables, and the serum lipid and
lipoprotein values are presented in Tables 1 and 2 for
men and women respectively.

Analyses of covariance in the younger age group dif-
ferentiated according to sex and level of energy expen-
diture (EEsport, EEarr Or EEromar) revealed significant
differences in lipid profile, all in favour of the most active
groups (Tables 3 and 4).

Concerning the comparison of young men with
different levels of EEsporr (<P25 ». >P75), significant
results were found for HDL-C (1-37 (sp 0-30) mmol/I v. 1-49
(sp 0-30) mmol/D) and TC:HDL-C (3:96 (sp 0-88) v. 3-54
(sp 0-88); Table 3). For the young women, significant
results were observed for HDL-C (1-65 (sp 0-35) mmol/] v.
1-76 (sp 0:34) mmol/1), LDL-C (3:09 (sp 0-78) mmol/l v. 2:76
(sp 0-78) mmol/l) and TC:HDL-C (3:29 (sp 0-78) v. 2:95
(sd 0-71); Table 4).

Differentiation according to EEpr and EErorap in
young men revealed significant differences for TAG
(respectively 1-20 (sp 0-49) mmol/l ». 1-04 (sp 0-49)
mmol/l and 1-22 (sp 0-52) mmol/1 v. 1-04 (sp 0-51) mmol/1),
HDL-C (respectively 1-30 (sp 0-25) mmol/1 . 1-50 (sp 0-25)
mmol/l and 1-31 (sp 0-27) mmol/1 ». 1-48 (s 0-27) mmol/D)
and TC:HDL-C (respectively 4:09 (sp 0-79) v. 353
(sp 0:79) and 4-07 (sp 0-88) v. 3-58 (sp 0-88); Table 3).
In young women no significant differences could be
observed.

In the middle-aged group (=45 to <55 years) differ-
entiated according to sex and level of energy expenditure
(EEsport, EEarr, EEroran), no significant differences
were observed except for HDL-C in men grouped by
EEsport (1:39 (sp 0-30) mmol/l ». 1-53 (sp 0-29) mmol/1;
Table 3).
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Comparison of the older age group (=55 years) differ-
entiated according to sex and level of energy expenditure
(EEsport; EEart, EErorar) did not reveal any significant
difference except for TAG in men grouped by EE,;r (1:51
(sp 0-55) mmol/l v. 1-:23 (sp 0-55) mmol/l; Table 3).

Discussion

There is consolidated evidence that physical activity exerts
beneficial effects on lipid profiles. Former studies focused
on the importance of the intensity of physical activity
whereas more recently focus has shifted towards energy
expenditure. Durstine et al®® concluded in their review
that the effects of exercise on lipid and lipoprotein levels
can be initiated at low training volumes and will continue
in a dose-response fashion with increasing training
volume. However, results are not equivocal in different age
groups. Moreover, studies focusing on women often show
conflicting results and are rather sparse.

Obviously debate continues regarding the effect of
physical activity. The purpose of the present study was to
investigate the importance of energy expenditure on the
lipid profile in a general population of Flemish males and
females of different age groups. More specifically, it was
investigated whether energy expenditure in general or
sports-related energy expenditure contributes to a heal-
thier lipid profile.

The results of this study indicate that young women
(<45 years) of the highest quartile of energy expenditure
during health-related sports participation have healthier
values for HDL-C, LDL-C and TC:HDL-C than their inac-
tive counterparts. It was expected to find differences
regarding HDL-C'®72425:27729.3340) © byt finding  differ-
ences in LDL-C was rather surprising since there is little
support in the cross-sectional literature for significant
differences in LDL-C between active and inactive groups.
Even in training studies significant changes in LDL-C are
generally not observed. However, there are a few
exceptions: most frequently in studies with exercise
training programmes in which participants expended
more than 5-02MJ/week (1200 kcal/week)®®. Analysing
the energy expenditure due to health-related sports par-
ticipation of the women younger than 45 years of age, it
was observed that none of the subjects of the group <P25
and seventy-six subjects of the seventy-eight subjects of
the group >P75 had an EEgpogrr above 4-18 MJ/week
(1000 kcal/week). Of these seventy-six subjects, sixty-four
women had an EEgpogy above 5-02 MJ/week (1200 kcal/
week). It is clear that the energy expenditure due to
sports participation in the most active young women
of the present study is comparable with the energy
expenditure in training studies in which significant effects
of physical activity on the lipid profile were observed.

When the women younger than 45 years of age were
differentiated according to energy spent during active
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Table 1 Descriptive statistics (mean, sp, 25th percentile (P25) and 75th percentile (P75)) of the anthropometric characteristics, physical

activity variables and serum lipid and lipoprotein values among men

<45 years (n 310)

=45 to <55 years (n 213)

=55 years (n 149)

Mean sD P25 P75 Mean sbp P25 P75 Mean sp P25 P75
Age (years) 376 59 350 423 478 21 466 484 621 49 580 657
Weight (kgg 798 115 719 859 807 99 739 861 796 101 752 856
BMI (kg/m®) 250 30 229 268 257 31 236 273 267 29 249 287
Health-related sports participation (h/week) 3-6  4-2 0-2 5-0 34 39 0-5 5-0 51 52 0-1 7.3
EEsport (MET X h/week) 29-6 389 1-8 416 230 30 21 296 284 364 0-5 40.0
EEaLT (MET X h/week) 70-7 47-3 383 87-3 657 422 345 833 932 529 514 1237
EEtotaL (MET X h/week) 312:6 45-3 280-0 3347 3017 371 276-1 322-5 2853 40-3 256-6 302.0
TC (mmol/l) 5-26 1-05 445 598 554 099 484 619 564 080 515 6.11
TAG (mmol/l) 119 062 075 149 137 074 092 167 126 055 087 150
HDL-C (mmol/l) 140 031 119 158 145 031 122 163 150 033 124 1.71
LDL-C (mmol/l) 330 094 267 39 346 092 282 399 355 073 3.038 399
TC:HDL-C 390 1-03 314 456 401 114 325 467 392 096 3.14 464

EEsporT, €nergy expenditure during health-related sports participation; EE 1, energy expenditure during active leisure time; EErotaL, total energy
expenditure; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.

Table 2 Descriptive statistics (mean, sp, 25th percentile (P25) and 75th percentile (P75)) of the anthropometric characteristics, physical
activity variables and serum lipid and lipoprotein values among women

<45 years (n 306)

=45 to <55 years (n 123)

=55 years (n 69)

Mean sD P25 P75 Mean sp P25 P75 Mean sp P25 P75
Age (years) 389 48 375 417 489 29 463 510 609 43 573 642
Weight (kgz) 655 10-1 591 705 66:-1 11-8 578 720 651 100 573 722
BMI (kg/m?) 23-8 36 215 254 246 42 21-8 264 251 37 228 269
Health-related sports participation (h/week) 1-8 2-3 0-0 28 2:4 31 0-0 3-0 36 37 0-5 5-5
EEsporT (MET X h/week) 11-8 180 00 170 12:3 145 00 177 158 167 16 230
EEaLT (MET X h/week) 68-5 307 467 839 722 361 457 91-6 863 406 569 108-1
EEtoraL (MET X h/week) 286-4 27-9 2684 299-2 2822 23-5 265-0 300-0 2729 26-4 257-0 2827
TC (mmol/l) 5-08 084 445 559 544 094 500 6:01 610 1-09 536 6-81
TAG (mmol/l) 0-98 041 069 119 112 045 077 138 122 058 0-81 142
HDL-C (mmol/l) 171 037 145 194 1.86 047 153 215 176 042 145 1.97
LDL-C (mmol/l) 291 077 238 344 306 083 259 365 378 100 306 430
TC:HDL-C 3:09 075 256 346 310 090 248 344 365 113 297 400

EEsporT, energy expenditure during health-related sports participation; EEa 1, energy expenditure during active leisure time; EEroraL, total energy
expenditure; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.

leisure time or overall energy expenditure during a
normal week, significant differences were no longer
observed. Weller and Corey*” showed that physical
activity was inversely associated with risk of death in
women and pointed out that the contribution of non-
leisure (household chores) energy expenditure repre-
sented, on average, 82% of women’s total activity. They
argued that when studying the effect of physical activity
on CVD in women non-leisure energy expenditure
should be taken into account. The results of the present
study suggest that sports-related energy expenditure,
rather than active leisure time-related energy expenditure
in which household activities are included, results in a
healthy lipid profile. This conclusion is supported by the
findings of O’Connor et al.“**, who stated that moderate
to vigorous sporting activity was directly related to high
HDL-C whereas total energy expenditure was uncorre-
lated with blood lipids. To illustrate: in the present study,
less than half of the young women who belonged to the
group >P75 differentiated according to energy spent
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during active leisure time had an EEsporr above 5-02 MJ/
week (1200 kcal/week). So it seems that a minimum
intensity threshold has to be met.

In young men differentiated according to energy
expenditure during health-related sports participation
significant results were observed for HDL-C and TC:
HDL-C. No significant results were observed for TAG.
This finding was unexpected since it was argued by
Durstine ef al®® that both HDL-C and TAG levels can be
changed by similar training volumes. They concluded that
training volumes that elicit energy expenditures
=5-02MJ/week (=1200kcal/week) are associated with
elevations in HDL-C levels and reduced TAG levels. When
the men younger than 45 years of age were differentiated
according to EEa;r or EErorar, significant differences
were observed for HDL-C, TC:HDL-C and also for TAG.

Analysing EEgpogy in the group >P75 differentiated
according to EEspogrt, it was observed that all seventy-
eight subjects had values exceeding the threshold of
5:02MJ/week (1200kcal/week). When differentiating
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Table 3 Comparison of serum lipid and lipoprotein values between men being part of the lowest and highest quartile of energy spent during health-related sports participation, energy spent
during active leisure time and total energy spent during a week: analyses of covariance with BMI and alcohol consumption as covariates

Men <45 years

Men =45 to <55 years

Men =55 years

EEsport <P25 (n 77)

EEsport >P75 (n 78)

EEsport <P25 (n 54)

EESPORT >P75 (n 54)

EEsport <P25 (n 38)

EEsport >P75 (n 38)

LSMean SD LSMean SD P LSMean SD LSMean SD P LSMean SD LSMean SD P
TC (mmol/l) 5-18 1-02 5-12 1-01 0-718 5-53 1-03 5-57 1-01 0-837 5-67 0-80 5-75 0-80 0643
TAG (mmol/l) 116 0-55 1-09 0-55 0-437 1:43 0-71 1.22 071 0-138 1-32 0-55 117 0-55 0-243
HDL-C (mmol/l) 1-37 0-30 1-49 0-30 0-012 1-39 0-30 1-53 029 0014 1-48 0-32 1-60 0-32 0130
LDL-C (mmol/) 3:27 0-91 3:12 0-91 0-334 3:48 0-97 3:47 095 0-957 3:57 0:70 3:61 070 0-802
TC:HDL-C 3-96 0-88 3-54 0-88 0-006 4-21 110 3-82 1-10 0-074 3-98 0-86 377 0-86 0-308

EEALT <P25 (n 78) EEALT >P75 (n 78) EEALT <P25 (n 53) EEALT >P75 (n 53) EEALT <P25 (n 37) EEALT >P75 (n 37)

LSMean SD LSMean sD LSMean SD LSMean SD LSMean SD LSMean SD
TC (mmol/l) 5-15 0-91 5-13 0-91 0-888 5-35 0-92 5-66 092 0-090 5-62 0-74 5:74 074 0-500
TAG (mmol/l) 1-20 0-49 1-04 0-49 0-036 1-33 0-68 1-38 0-67 0-718 1-51 0-55 1-23 0-55 0-036
HDL-C (mmol/l) 1-30 0-25 1-50 0-25 <0-001 1-40 0-28 1-49 0-28  0-081 1-43 0-28 1-48 0-28 0-468
LDL-C (mmol/l) 3:29 0-85 3:15 0-85 0-295 3:33 0-87 3:52 0-85 0-263 3:49 0-69 3:69 069 0-240
TC:HDL-C 4-09 0-79 3-53 0-79 <0-001 3-95 0-87 3-97 0-87 0-908 412 0-91 4-04 091 0726

EETOTAL <P25 (n 77) EETOTAL >P75 (n 78) EETOTAL <P25 (n 54) EETOTAL >P75 (n 53) EETOTAL <P25 (n 38) EETOTAL >P75 (n 37)

LSMean SD LSMean SD LSMean SD LSMean SD LSMean SD LSMean SD
TC (mmol/l) 5-11 0-89 5-12 0-89 0-975 5-52 0-91 5-38 092 0437 5-68 075 5-71 076 0-832
TAG (mmol/l) 1-22 0-52 1-04 0-51 0-028 1-39 0-66 1-21 0-67 0-171 1-29 0-56 118 0-56 0-422
HDL-C (mmol/l) 1-31 0-27 1-48 0-27 <0-001 1-41 0-29 1-48 0-30 0-245 1-53 0-34 1-60 0-33 0-362
LDL-C (mmol/l) 3:23 0-80 3:15 0-80 0-512 3:47 0-82 3:34 0-83 0436 3:55 072 3:56 072 0-931
TC:HDL-C 4.07 0-88 3-58 0-88 <0-001 4-05 0-88 3-81 0-87 0-152 3-91 0-92 3-73 0-91  0-399

EEsporT, energy expenditure during health-related sports participation; EEa T, energy expenditure during active leisure time; EEroral, total energy expenditure; LSMean, least-squares mean; TC, total cholesterol;
HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.

2011
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Table 4 Comparison of serum lipid and lipoprotein values between women being part of the lowest and highest quartile of energy spent during health-related sports participation, energy spent
during active leisure time and total energy spent during a week: analyses of covariance with BMI and alcohol consumption as covariates

Women <45 years

Women =45 to <55 years

Women =55 years

EEsport <P25 (n 94)

EEsport >P75 (n 78)

EEsport <P25 (n 33)

EEsport >P75 (n 30)

EEsport <P25 (n 17)

EEsport >P75 (n 18)

LSMean SD LSMean SD P LSMean SD LSMean SD P LSMean SD LSMean SD P
TC (mmol/l) 5-21 0-85 4-98 0-85 0-090 5-65 0-92 5-42 0-91 0-336 6-44 1-11 5-74 1-11 0-084
TAG (mmol/l) 1-00 0-39 0-98 0-39 0-854 1-26 0-46 1-07 046 0-132 1-26 0-63 1-46 063 0-375
HDL-C (mmol/l) 1-65 0-35 1-76 0-34 0-048 1-86 0-49 2-:01 0-48 0-245 1-78 0-37 1-65 0-37 0-334
LDL-C (mmol/l) 3-09 0-78 276 0-78 0-007 3:23 0-77 2:91 077 0122 4-07 0-96 3-41 0-96  0-061
TC:HDL-C 3-29 0-78 2-95 0-71 0-004 3:23 0-80 2:83 0-77 0-054 3-70 0-91 3-63 0-89 0-825

EEaLr <P25 (n77) EEa T >P75 (n 76) EEa T <P25 (n 31) EEa T >P75 (n 31) EEa T <P25 (n 18) EEaLr >P75 (n 17)

LSMean SD LSMean SD LSMean sD LSMean SD LSMean SD LSMean SD
TC (mmol/l) 5-03 0-84 5-06 0-84 0-847 5-12 0-88 5-40 0-87 0-205 6-48 1-10 5-80 110  0-089
TAG (mmol/l) 1-03 0-43 0-96 0-42 0-279 0-98 0-40 1-09 0-40 0-282 1-32 0-53 1-10 0-53 0-249
HDL-C (mmol/l) 1-67 0-36 1-73 0-36  0-340 1-86 0-45 1-91 0-43 0-708 1-73 0-44 1-76 0-45 0-871
LDL-C (mmol/l) 2-87 0-77 2:88 0-77 0-968 2:79 0-76 2-99 075 0-326 414 1-01 3-54 1-00 0-096
TC:HDL-C 3-10 0-79 3-08 0-78 0-841 2:93 0-72 2:97 0-72 0-814 4-08 1-32 3-38 1-32  0-140

EEtoraL <P25 (n76) EEtotaL >P75 (n76) EEtoraL <P25 (n31) EEqotaL >P75 (n 31) EEtoraL <P25 (n17) EEqotaL >P75 (n 17)

LSMean SD LSMean SD LSMean SD LSMean SD LSMean SD LSMean SD
TC (mmol/l) 4-96 0-88 5-07 0-88 0-406 5-19 0-95 5-67 094 0-054 6-34 1-19 5-88 119 0-277
TAG (mmol/l) 0-98 0-38 0-93 0-38 0-392 1-13 0-47 1-09 0-47 0750 1-21 0-51 1-02 0-51 0-306
HDL-C (mmol/l) 1-69 0-34 1-72 0-34 0-573 1-78 0-46 1-92 0-45 0-239 1-76 0-32 1-66 0-32 0-400
LDL-C (mmol/l) 2-81 0-81 2:92 0-81 0-391 2-89 0-81 3-:24 079 0-094 4-02 1-07 3-74 1-07 0-458
TC:HDL-C 3-04 0-70 3-05 0-70 0-950 3:18 0-95 3-10 0-89 0-742 3-91 1-20 3-57 120 0-425

EEsporT, €nergy expenditure during health-related sports participation; EE 1, energy expenditure during active leisure time; EEtotaL, total energy expenditure; LSMean, least-squares mean; TC, total cholesterol;
HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.
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according to EEa;r or EEtrorap most of the subjects
belonging to the group >P75 still had EEsporr values
above 5-02MJ/week (1200 kcal/week; this in contrast to
the young women). However, when looking at the mean
and sp of energy spent during active leisure time of the
group <P25 differentiated according to EE,rr, it becomes
clear that these subjects were much less active [8:35
(sp 3-09) MJ/week (1996 (sp 739) kcal/week)] than the
subjects belonging to the group <P25 differentiated
according to EEspogr [14:69 (sp 9-47) MJ/week (3511
(sp 2263) kcal/week)]. For the group >P75, when dif-
ferentiating according to EE,;r higher values were
observed for EE,;r than for EEgport When differentiating
according to EEgpogr [43°59 (sp 15-67) MJ/week (10 419
(sp 3745) kcal/week), with a minimum value of 24-33 MJ/
week (5815 kcal/week) v. 39-05 (sp 17-98) MJ/week (9333
(sp 4297) kcal/week), with a minimum value of 15-89 MJ/
week (3798 kcal/week)]. In contrast to the young women
it seems that differentiating young men according to
EEarr or EErorar, results in more contrasting groups than
when differentiating according to EEspogr-

In the middle-aged (=45 to <55 years) and older age
groups (=55 vyears) no significant differences were
observed except for HDL-C in middle-aged men grouped
by EEsporr and TAG in men older than 55 years of
age differentiated according to EE,rr. However, several
studies have shown the beneficial effect of physical
activity on the lipid profile in middle-aged and older
adults® 1012122263749 1t has already been suggested
that energy expenditure has to be above a certain
threshold®®. Fonong et al®> reported that short-time
exercise training, generating less than 3-77 MJ/week
(900 kcal/week) in exercise energy expenditure, fails to
influence HDL-C levels in healthy older men and women.
In the present study, when participants of the middle-
aged and older age groups were differentiated according
to EEsport, none of the subjects belonging to the group
<P25 and all of the subjects belonging to the group >P75
had an EEsporr exceeding 5-02MJ/week (1200 kcal/
week). It seems that the threshold suggested by Durstine
et al*® does not elicit positive effects on the lipid profile
in the present study sample older than 45 years of age.

It can be postulated that also an intensity threshold has
to be met to expect significant effects on blood lipids. For
most individuals, this threshold is associated with 5-6
METs">!” Regarding this finding it can be argued that
the criterion used to consider sports with an intensity of at
least 3-5-4-0 METs (walking) as health-related sports
participation in the older and middle-aged groups was
rather low. However, former studies have shown that
even walking has beneficial effects on the lipid profile
and lowers the risk of coronary events, especially in older
participzmts(3 74340

It should be mentioned that also in the present study
BMI and alcohol consumption were observed to be
important determinants of the lipid profile. It has
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previously been reported that greater weekly intakes of
alcohol were associated with significantly higher HDL-C
in both men and women“>. Thus, alcohol is a potentially
important confounder and studies which fail to take this
factor into account may overestimate the contribution of
physical activity to a healthy lipid profile. The same is true
for BMI. A recent study showed that high BMI was more
strongly related to adverse cardiovascular biomarker
levels than physical inactivity. However, within BMI
categories, physical activity was generally associated with
more favourable cardiovascular biomarker levels than
inactivity ™. It is clear that studies focusing on the effect
of physical activity on the lipid profile should take these
determinants into account.

It can be concluded that young men and women with
higher levels of energy expenditure due to sports activ-
ities show a better lipid profile than their sedentary
counterparts. When differentiating subjects according
to EExrr or EErorar, only for the men could a healthier
lipid profile be observed in favour of the most active
subjects. It seems that, in the present study, taking
household and garden activities into account to differ-
entiate groups obscures differences in lipid profiles in
women and amplifies differences in lipid profiles in men.
For men and women younger than 45 years of age
the conclusion of Durstine et al®, that training
volumes eliciting energy expenditures =5-02 MJ/week
(=1200 kcal/week) contribute to a healthy lipid profile,
can be confirmed.

In the middle-aged and older age groups differentiated
according to energy expenditure (EEsporr, EEarr Or
EEroran), no differences could be observed in lipid
profile except for HDL-C in middle-aged men grouped
by EEsporr and TAG in older men grouped by EE, .

Acknowledgements

The Policy Research Centre Sport, Physical Activity and
Health was supported by the Flemish government.

T.S. was involved in development and design of the
study and wrote the manuscript. L.V.L. performed the
statistical analyses and interpretation and was a significant
manuscript reviewer. R.P., W.D. and M.T. contributed to
the concept and design of the study. N.D., L.M. and K.W.
participated in the data acquisition. J.L. was involved in
development and design of the study and provided
statistical expertise. All authors assisted in revising the
manuscript. None of the authors have any interests that
might be interpreted as influencing the research.

References

1. Heiss G, Johnson NJ, Reiland S, Davis CE & Tyroler HA
(1980) The epidemiology of plasma high-density lipopro-
tein cholesterol levels. The Lipid Research Clinics Program
Prevalence Study. Summary. Circulation 62, IV116-1V136.


https://doi.org/10.1017/S1368980007001425

Lipid profile and physical activity

2.

3.

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Schaefer EJ (2002) Lipoproteins, nutrition, and heart
disease. Am J Clin Nutr 75, 191-212.

Thom T, Haase N, Rosamond W et al. (2006) Heart disease
and stroke statistics — 2006 update: a report from the
American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation 113, e85—e151.
Hall G, Collins A, Csemiczky G & Landgren BM (2002)
Lipoproteins and BMI: a comparison between women
during transition to menopause and regularly menstruating
healthy women. Maturitas 41, 177-185.
Martinez-Gonzalez MA, Fernandez-Garcia J, Sanchez-
Izquierdo F, Lardelli-Claret P, Jimenez MJ & Galvez-Vargas
R (1998) Lifestyle factors associated with changes in serum
lipids in a follow-up study of cardiovascular risk factors.
Eur ] Epidemiol 14, 525-533.

Twisk JW, Kemper HC, Mellenbergh GJ, van Mechelen W &
Post GB (1996) Relation between the longitudinal develop-
ment of lipoprotein levels and lifestyle parameters during
adolescence and young adulthood. Ann Epidemiol 6, 246-256.
Young DR, Haskell WL, Jatulis DE & Fortmann SP (1993)
Associations between changes in physical activity and risk
factors for coronary heart disease in a community-based
sample of men and women: the Stanford Five-City Project.
Am J Epidemiol 138, 205-216.

Schubert CM, Rogers NL, Remsberg KE, Sun SS, Chumlea
WC, Demerath EW, Czerwinski SA, Towne B & Siervogel
RM (20006) Lipids, lipoproteins, lifestyle, adiposity and fat-
free mass during middle age: the Fels Longitudinal Study.
Int J Obes (Lond) 30, 251-260.

Shakir YA, Samsioe G, Nyberg P, Lidfeldt J & Nerbrand C
(2006) Does the hormonal situation modify lipid effects by
lifestyle factors in middle-aged women? Results from a
population-based study of Swedish women: the women’s
health in the Lund area study. Metabolism 55, 1060-1066.
Arquer A, Elosua R, Covas MI, Molina L & Marrugat J (2006)
Amount and intensity of physical activity, fitness, and
serum lipids in pre-menopausal women. Int J Sports Med
27, 911-918.

Ashton WD, Nanchahal K & Wood DA (2000) Leisure-time
physical activity and coronary risk factors in women.

J Cardiovasc Risk 7, 259-2060.

Durstine JL, Grandjean PW, Cox CA & Thompson PD
(2002) Lipids, lipoproteins, and exercise. J Cardiopulm
Rebabil 22, 385-398.

Hardman AE (1999) Interaction of physical activity and
diet: implications for lipoprotein metabolism. Public Health
Nutr 2, 369-376.

Kraus WE, Houmard JA, Duscha BD et al. (2002) Effects of
the amount and intensity of exercise on plasma lipopro-
teins. N Engl | Med 347, 1483-1492.

Lakka TA & Salonen JT (1992) Physical activity and serum
lipids: a cross-sectional population study in eastern Finnish
men. Am J Epidemiol 136, 806-818.

Ma J, Liu Z & Ling W (2003) Physical activity, diet and
cardiovascular disease risks in Chinese women. Public
Health Nutr 6, 139-146.

Marrugat J, Elosua R, Covas MI, Molina L & Rubies-Prat J
(1996) Amount and intensity of physical activity, physical
fitness, and serum lipids in men. The MARATHOM
Investigators. Am J Epidemiol 143, 562-569.

Marti B, Suter E, Riesen WF, Tschopp A, Wanner HU &
Gutzwiller F (1980) Effects of long-term, self-monitored
exercise on the serum lipoprotein and apolipoprotein
profile in middle-aged men. Atherosclerosis 81, 19-31.
Wei M, Macera CA, Hornung CA & Blair SN (1997) Changes
in lipids associated with change in regular exercise in free-
living men. J Clin Epidemiol 50, 1137-1142.

Kelley GA, Kelley KS & Tran ZV (2004) Aerobic exercise and
lipids and lipoproteins in women: a meta-analysis of
randomized controlled trials. ] Womens Health 13, 1148-1164.

https://doi.org/10.1017/51368980007001425 Published online by Cambridge University Press

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

306.

1105

Pescatello LS, Murphy D & Costanzo D (2000) Low-
intensity physical activity benefits blood lipids and
lipoproteins in older adults living at home. Age Ageing
29, 433-439.

Bijnen FC, Feskens EJ, Caspersen CJ, Giampaoli S, Nissinen
AM, Menotti A, Mosterd WL & Kromhout D (1996) Physical
activity and cardiovascular risk factors among elderly men
in Finland, Ttaly, and the Netherlands. Am J Epidemiol 143,
553-561.

Fung TT, Hu FB, Yu J, Chu NF, Spiegelman D, Tofler GH,
Willett WC & Rimm EB (2000) Leisure-time physical
activity, television watching, and plasma biomarkers of
obesity and cardiovascular disease risk. Am J Epidemiol
152, 1171-1178.

Kokkinos PF & Fernhall B (1999) Physical activity and high
density lipoprotein cholesterol levels: what is the relation-
ship? Sports Med 28, 307-314.

Leon AS & Sanchez OA (2001) Response of blood lipids to
exercise training alone or combined with dietary interven-
tion. Med Sci Sports Exerc 33, S502-S515.

Sunami Y, Motoyama M, Kinoshita F, Mizooka Y, Sueta K,
Matsunaga A, Sasaki J, Tanaka H & Shindo M (1999) Effects
of low-intensity aerobic training on the high-density
lipoprotein cholesterol concentration in healthy elderly
subjects. Metabolism 48, 984-988.

Kodama S, Tanaka S, Saito K et al. (2007) Effect of aerobic
exercise training on serum levels of high-density lipopro-
tein cholesterol: a meta-analysis. Arch Intern Med 167,
999-1008.

Panagiotakos DB, Pitsavos C, Chrysohoou C, Skoumas J,
Zeimbekis A, Papaioannou I & Stefanadis C (2003) Effect of
leisure time physical activity on blood lipid levels: the
ATTICA study. Coron Artery Dis 14, 533-539.

Fransson EI, Alfredsson LS, de Faire UH, Knutsson A &
Westerholm PJ (2003) Leisure time, occupational and
household physical activity, and risk factors for cardiovas-
cular disease in working men and women: the WOLF
study. Scand J Public Health 31, 324-333.

Barengo NC, Kastarinen M, Lakka T, Nissinen A &
Tuomilehto J (2006) Different forms of physical activity
and cardiovascular risk factors among 24—64-year-old men
and women in Finland. EurJ Cardiovasc Prev Rebabil 13,
51-59.

Lippi G, Schena F, Salvagno GL, Montagnana M, Ballestrieri
F & Guidi GC (2006) Comparison of the lipid profile and
lipoprotein(a) between sedentary and highly trained
subjects. Clin Chem Lab Med 44, 322-326.

Kobayashi J, Murase Y, Asano A, Nohara A, Kawashiri MA,
Inazu A, Yamagishi M & Mabuchi H (2006) Effect of
walking with a pedometer on serum lipid and adiponectin
levels in Japanese middle-aged men. J Atheroscler Thromb
13, 197-201.

Durstine JL, Grandjean PW, Davis PG, Ferguson MA,
Alderson NL & DuBose KD (2001) Blood lipid and
lipoprotein adaptations to exercise: a quantitative analysis.
Sports Med 31, 1033-10062.

Danielson ME, Cauley JA & Rohay JM (1993)
Physical activity and its association with plasma lipids
and lipoproteins in elderly women. Ann Epidemiol 3,
351-357.

Fonong T, Toth MJ, Ades PA, Katzel LI, Calles-Escandon J &
Poehlman ET (1996) Relationship between physical activity
and HDL-cholesterol in healthy older men and women: a
cross-sectional and exercise intervention study. Athero-
sclerosis 127, 177-183.

Ring-Dimitriou S, von Duvillard SP, Paulweber B,
Stadlmann M, Lemura LM, Peak K & Mueller E (2007) Nine
months aerobic fitness induced changes on blood lipids
and lipoproteins in untrained subjects versus controls. Eur J
Appl Physiol 99, 291-299.


https://doi.org/10.1017/S1368980007001425

1106

37.

38.

39.

40.

41.

Kelley GA, Kelley KS & Tran ZV (2004) Walking, lipids, and
lipoproteins: a meta-analysis of randomized controlled
trials. Prev Med 38, 651-661.

Matton L, Wijndaele K, Duvigneaud N, Duquet W,
Philippaerts RM, Thomis M & Lefevre J (2007) Reliability
and validity of the Flemish Physical Activity Computerized
Questionnaire (FPACQ) in adults. Res Q Exerc Sport (In the
Press).

Ainsworth BE, Haskell WL, Whitt MC et al. (2000)
Compendium of physical activities: an update of activity
codes and MET intensities. Med Sci Sports Exerc 32,
S498-S516.

Skoumas J, Pitsavos C, Panagiotakos DB, Chrysohoou C,
Zeimbekis A, Papaioannou I, Toutouza M, Toutouzas P &
Stefanadis C (2003) Physical activity, high density lipopro-
tein cholesterol and other lipids levels, in men and women
from the ATTICA study. Lipids Health Dis 2, 3.

Weller T & Corey P (1998) The impact of excluding non-
leisure energy expenditure on the relation between
physical activity and mortality in women. Epidemiology 9,
632-635.

https://doi.org/10.1017/51368980007001425 Published online by Cambridge University Press

42.

43.

44.

45.

40.

T Scheers et al.

O’Connor GT, Hennekens CH, Willett WC, Goldhaber SZ,
Paffenbarger Jr RS, Breslow JL, Lee IM & Buring JE (1995)
Physical exercise and reduced risk of nonfatal myocardial
infarction. Am J Epidemiol 142, 1147-1156.

Ainslie PN, Reilly T, Maclaren DP & Campbell IT (2005)
Changes in plasma lipids and lipoproteins following
10-days of prolonged walking: influence of age and
relationship to physical activity level. Ergonomics 48,
1352-13064.

Manson JE, Hu FB, Rich-Edwards JW, Colditz GA, Stampfer
MJ, Willett WC, Speizer FE & Hennekens CH (1999) A
prospective study of walking as compared with vigorous
exercise in the prevention of coronary heart disease in
women. N Engl ] Med 341, 650-658.

Williams PT (2004) The relationships of vigorous exercise,
alcohol, and adiposity to low and high high-density
lipoprotein-cholesterol levels. Metabolism 53, 700-709.
Mora S, Lee IM, Buring JE & Ridker PM (2006) Association
of physical activity and body mass index with novel
and traditional cardiovascular biomarkers in women.
JAMA 295, 1412-1419.


https://doi.org/10.1017/S1368980007001425

