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INCREASE IN BODY FATNESS AS A MAJOR DETERMINANT
OF CHANGES IN SERUM TOTAL CHOLESTEROL AND HIGH
DENSITY LIPOPROTEIN CHOLESTEROL IN YOUNG MEN
OVER A 10-YEAR PERIOD

MONIQUE A. M. BERNS, JEANNE H. M. DE VRIES, AND MARTIIN B. KATAN

Berns, M. A. M., J. H. M. de Vries, and M. B. Katan (Dept. of Human Nutrition,
Agriculturai U., Bomenweg 2, P.O. Box 8129, 6700 EV Wageningen, The Nether-
lands). Increase in body fatness as a major determinant of changes in serum
total cholesterol and high density lipoprotein cholesterol in young men over a 10-
year period. Am J Epidemiol 1989;130:1109-22.

Serum cholesterol rises with age in most Western (and Westernized) popula-
tions. To identify causes of this rise, the authors studied 315 young Dutch men
in 1976 in the district of Utrecht, The Netherlands, when they were aged 18 or 19
years, and again in various towns in the same region 10 years later, in 1986.
These men formed the lower and upper quartiles of the distribution of changes
in body mass index (weight (kg)/height (m)?) from 1976 to 1986 in a larger cohort
of men representative of all Dutch men aged 18 or 19 years in 1976. In 10 years,
mean serum total cholesterol (+ standard deviation) had increased by 1.20 *
0.88 mmol/liter (46 £ 34 mg/100 ml), and high density lipoprotein (HDL) choles-
terol had decreased by 0.12 * 0.21 mmol/liter (4.6 £ 8.1 mg/100 mi). The mean
increase in body mass index was 2.7 £ 2.5 kg/m?, and the mean increase in body
fat percentage (assessed from skinfolds) was 3.3 % 4.6 g/100 g. The mean
subscapular:tricipital skinfold thickness ratio—an indicator of body fat distribu-
tion—had not changed. in multiple regression analysis, the change in body mass
index was the only significant (p < 0.001) determinant of changes in serum total
cholesterol; an increase of 1 kg/m? in body mass index was associated with an
increase of 0.20 mmol/liter (standard error, 0.02) in serum total cholesterol.
Changes in body mass index and in smoking habits both contributed significantly
toward explanation of changes in HDL cholesterol and in the HDL cholesterol:total
cholesterol ratio. If smoking habits were adjusted for, HDL cholesterol decreased
by 0.02 mmol/liter and the HDL cholesterol:total cholesterol ratio decreased by
0.012 (standard error, 0.001) for every 1 kg/m? increase in body mass index.
Changes in body fat distribution, as assessed by skinfold ratio, were not asso-
ciated with changes in lipids. By interpolation, the authors estimated that for the
full cohort of men, including the second and third quartile of body mass index
changes, the mean rise in cholesterol had been 1.15 mmol/liter (44 mg/100 ml),
of which 0.47 mmol/liter could be explained by the estimated rise in body mass
index of 2.4 kg/m?. An increase in body fatness between ages 19 and 29 years
is a powerful determinant of the rise in total cholesterol and the fall in HDL
cholesterol occurring over that period of time.

aging; cholesterol; diet; lipoproteins, HDL cholesterol; men; obesity; smoking

Both longitudinal and cross-sectional levels increase with age in Western (1-5.)
studies have shown that serum cholesterol and Westernized (6, 7) populations. This
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increase is the main source of the wide-
spread mild hypercholesterolemia seen in
such populations from age 40 years onward.
The causes of this change with age have
not been clarified. Changes in the nutrient
composition of the diet have not been
shown to play a major role (4). However,
the absence of a rise in serum cholesterol
with age in primitive populations does sug-
gest that the rise of cholesterol levels is not
an inexorable consequence of growing
older, and that life-style factors could be
important. One of these factors could be a
combination of high energy intake and low
energy expenditure leading to fatness. In
some studies, changes in body mass index
(weight (kg)/height (m)?) were indeed
found to explain a small proportion of the
changes in serum cholesterol in young
adults (2, 4, 5). :

Recently, it has become clear that the
lipoprotein profile and the risk of coronary
heart disease and other diseases is influ-
enced not just by the amount of fat in the
body but also by its distribution. Thus, a
change in body fat topography could be
another cause of the rise of cholesterol with
age. Indeed, both Seidell et al. (8) and Enzi
et al. (9) found that, as people age, not only
do they become fatter but the fat tends to
concentrate more in the abdominal region
at the expense of peripheral subcutaheous
fat.

Cross-sectional data (10) suggest that, as
people age, not only do total cholesterol
and low density lipoprotein (LDL) cho-
lesterol go up, but in males high density
lipoprotein (HDL) cholesterol tends to
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decrease as well. On the other hand, longi-
tudinal data of Hubert et al. (2) could not
show a significant decrease of HDL choles-
terol over a period of eight years.

The changes of serum total cholesterol
and HDL g¢holesterol with age and their
determinants clearly require further study.
Therefore, we examined the impact of
changes in various measures of obésity and
of changes in smoking habits on serum total
cholesterol and HDL cholesterol over a
period of 10 years in a cohort of 315 men
initially aged 18 or 19 years.

MATERIALS AND METHODS
Selection of the subjects

In the Netherlands, all males aged 18
years are submitted to a one-day medical
examination to determine their fitness for
military service. In 1976, Bos (11) used the
occasion of the medical examination to
carry out an ancillary study concerning cor-
onary risk factors in men examined in one
of the nation’s seven army examination
districts, Utrecht (11). Of the 3,066 men
approached by Bos, 3,058 were willing to
participate; between August 30 and Decem-
ber 3, 1976, data were collected on 3,017 Qf
them (table 1). The district of Utrecht is
located in the central Netherlands. It con-
tains two cities with more than IOO,QOO
inhabitants and another two cities with
50,000 to 100,000 inhabitants; about half of
the subjects were living in one of these four
cities. The other half came from smaller
villages in the same region. In 1986, we
were able to trace 1,970 of the 3,017 original
subjects, and we approached them by letter.
We asked them if they would be willing to
participate in a new study, and we inqui.l'ed
about their present weight. Of the 1,159
subjects (59 percent) who were willing to
participate, 242 were dropped by us because
they lived too far away, leaving 917 sub-
jects.

Because our resources did not allow us to
study all of these subjects in depth, we
decided to select subjects with extreme val-
ues of the variables of interest, because in
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TABLE 1

Numbers ?f subjects at various stages of a study on body fatness and serum cholesterol, and selection procedure
for subjects reexamined at follow-up: men aged 18 or 19 years in 1976 living in the district of Utrecht, the

Netherlands
No. No
. .
Stage of study excluded included
Examined for army service in the district of Utrecht, 1976 3,066
Examined in ancillary examination for coronary risk factors, 1976,

and data still available in 1986 3,017

Traced and approached in 1986 1,970

Replies 1,463
Refusals 185
Reply incomplete or received too late for processing +119
304

Willing to be reexamined, and present weight reported 1,159

Living close enough to examination centers 917

Change in body mass index (weight (kg)/beight (m)?) inside ranges

of interest (—1.16 to 1.25 kg/m? and >8.50 kg/m?) 476
No reply to final invitation 54
Medications or diseases affecting lipoproteins 33
IIl at time of follow-up examination 26
Could not be fitted into examination schedule +48
Not reexamined at follow-up 161

315

Reexamined at follow-up, 1986

a linear model this would allow the most
a.ccurate estimation of regression coeffi-
cients for the number of subjects investi-
gated. Because we were interested in the
impact of longitudinal changes in body fat-
ness and body fat distribution on serum
total cholesterol and HDL cholesterol, we
pnade an estimate of the present body mass
index and of the change in body mass index
over the previous 10 years using the re-
ported present weight and the height and
weight measured 10 years earlier. Then we
ranked subjects by their change in body
mass index and selected the two extreme
quartiles for further study. This produced
two. groups: One group consisted of 235
subjects whose change in body mass index
over the 10 years of follow-up ranged from
~1.16 to 1.25 kg/m? (mean = 0.45 kg/m?).
They represented the lowest 26 percent of
the total distribution. In the other group of
241 subjects, the change ranged from 3.51
to 11.08 kg/m? (mean = 4.89 kg/m?); they
represented the highest 26 percent of the
distribution of body mass index changes.

These 476 persons were invited to partic-
ipate in the present study. The letter of
invitation also contained a standard medi-
cal questionnaire used by us in screening
subjects for participation in dietary trials
(12). A total of 54 subjects did not answer
this second invitation, 38 were dropped for
medical reasons (i.e., use of medications,
the presence of diseases which can affect
serum lipoproteins, or reported changes in
body weight of more than 5 kg in the past
few weeks), another 26 because of illness at
the time of the examination, and the other
48 because they could not be fitted into the
examination schedules. The remaining 315
persons (166 from the “constant weight”
group and 149 from the “weight increase”
group) were investigated twice at a one-
week interval. The full selection scheme is
presented in table 1.

Anthropometric measurements

In 1976, the baseline measurements took
place in the Knoop barracks in Utrecht.
Body weight and height were measured in
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a standardized manner, with the examinees
dressed in their underwear. Body weight
was measured to the nearest 0.1 kg with a
beam balance, which was calibrated before
the study. The bicipital (front of the upper
arm), tricipital (back of the upper arm),
subscapular (back, below the shoulder
blade), and suprailiac (side, just above the
hipbone) skinfolds were measured with a
Harpenden skinfold caliper by one member
of the team (11).

In 1986, the measurements took place in
hospitals in the central Netherlands or at
our department at Agricultural University.
Four thoroughly trained nutrition students
and two members of the department staff
carried out the measurements. Weight and
height were measured twice at a one-week
interval, with the subjects wearing their
underwear only. The electronic balances
used were checked regularly with 60-kg cal-
ibration weights. The thickness of skinfolds
was measured in triplicate with a Harpen-
den skinfold caliper; if subjects were right-
handed, they were measured at the left
hand side, and if they were left-handed,
they were measured at the right hand side
of the body. The circumferences of the
waist and hip were measured with a mea-
suring tape in duplicate at the first of the
two examinations.

In both 1976 and 1986, body fat percent-
age was estimated from the sum of the
thicknesses of the bicipital, tricipital,
subscapular, and suprailiac skinfolds ac-
cording to the method of Durnin and
Womersley (13).

Smoking, physical activity, and
socioeconomic status

In 1976, the subjects filled out a ques-
tionnaire concerning their smoking habits
and socioeconomic status, Socioeconomic
status was derived from the socioeconomic
status of the parents (11). In 1986, the same
questionnaire as in 1976 was used to deter-
mine smoking habits (11). Socioeconomic
status was now derived from the level of
education and the occupation of the partic-
ipants themselves; they were graded into
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three categories—low, middle, and high
(14). The participants’ level of physical ac-
tivily was also now determined using a
published questionnaire developed in our
department (15). Three aspects were mea-
sured: physical activity at work, sports ac-
tivities, and other physical activity dur'ing
leisure time. The level of activity was coded
on a scale ranging from 1 (low) to 5 (high)
for each of these three dimensions of phys-
ical activity (15).

Diet

Diet was assessed in 1986 but not in 197.6.
At the first of the two appointments in
1986, subjects were given a dietary history
questionnaire which they filled out at
home. At the second appointment, t.he
questionnaire was discussed point by point
with the subject, and a food frequency list
was also obtained. The dietary history and
the food frequency list were combined, and
a mean daily diet was calculated using the
1985 release of the Dutch national nutrient
data base UCV (16).

Blood sampling and analysis

In 1976, nonfasting blood was sampled
from an antecubital vein into an evacuated
tube and was allowed to clot. Serum was
obtained by low-speed centrifugation for 10
minutes; the sera were stored at 4 C and
were transported within one week to our
laboratory in Wageningen, where they
were stored for a maximum of two weeks
at —20 C before analysis. Cholesterol was
analyzed with a method equivalent to !;hat
of Abell et al. (17) as previously described
(18). At that time, our laboratory was cer-
tified by the Centers for Disease Control,
Atlanta, Georgia, as meeting the Centers
for Disease Control/World Health Organt-
zation criteria for accuracy and precision
in cholesterol analysis; bias for control sera
provided by the Centers for Disease Control
was within 1.1 percent of the target value
for total cholesterol. HDL cholesterol was
determined in a rigidly standardized man-
ner by manganese-heparin precipitation as
described earlier (19).
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In 1986, nonfasting blood was sampled
at both examinations from an antecubital
vein using evacuated tubes. Serum was ob-
tained by low-speed centrifugation. The
serum samples were stored in the hospitals
at —20 C, transported within one week in
the frozen state to Wageningen, and kept
at —80 C until analysis. Serum total cho-
lesterol and HDL cholesterol were deter-
mined in the same rigidly standardized lab-
oratory that had performed the baseline
analyses in 1976. Sera were analyzed for
total cholesterol and HDL cholesterol and
for triglycerides using enzymatic methods
and strict quality control (18, 20-22). The
maximum interval between collection of
sera and analysis was three months. After
introduction of the enzymatic cholesterol
method into our laboratory in 1983, rean-
alysis of serum pools prepared and first
analyzed in 1975 showed that the analytic
drift of the absolute level of serum total
cholesterol in those pools had been less
than 1.7 percent over the eight-year period
o.f storage from 1976 to 1983 (4). At the
time of the follow-up analyses in 1986, the
Cf)mbined within- and between-run coeffi-
cient of variation for control sera was 0.8
percent for total cholesterol, 1.7 percent for
HDL cholesterol, and 0.3 percent for tri-
glycerides. As in 1976, accuracy was
checked by analysis of serum pools pro-
vided by the Centers for Disease Control.
Mean bias with regard to target values was
=0.7 percent for total cholesterol, —4.4 per-
cent for HDL cholesterol, and 0.9 percent
for triglycerides.

Cholesterol values are expressed here in
mmol/liter; 1 mmol/liter equals 38.7 mg/
100 ml.

REsSULTS
Characteristics of the subjects

The 1,159 subjects who said in 1986 that
they were willing to be reexamined reported
Present weights ranging from 48.5 to 120
kg (mean =+ standard deviation = 76.5 =*
10.6 kg). These reported weights allowed us
to calculate hypothetical changes in body
mass index over the previous 10 years and
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to select subjects at the upper and lower
ends of the distribution of body mass index
for further investigation.

In table 2, baseline characteristics of
these 315 participants are compared with
those of nonparticipants, that is, those
2,702 subjects examined in 1976 but not in
1986 (cf. table 1). No differences were found
between participants and nonparticipants
in initial HDL cholesterol or in socioeco-
nomic status. The initial body mass index
and serum total cholesterol and the per-
centage of subjects smoking at baseline
were lower in participants than in nonpar-
ticipants, but the extent of the differences
was very slight.

In table 3, baseline characteristics are
presented for subgroups of participants cat-
egorized according to the increase in their
body mass index over the 10-year follow-
up period. The middle group of 58 subjects
arose because the self-reported weights of
these subjects did not equal their weights
as actually measured, so that their true
change in body mass index fell between 1.25
and 3.5 kg/m® No differences were found
in baseline total cholesterol or HDL cho-
lesterol, body mass index, or socioeconomic
status between subjects who had subse-
quently gained an appreciable amount of
weight and those whose weight had re-
mained stable. Only the percentage of sub-
jects who smoked at baseline was larger in
the group that subsequently was to gain a
large amount of weight.

Table 3 also presents the changes in
serum lipids and body fatness from baseline
to follow-up for all subjects combined and
for the various categories of weight gain
separately. The mean total cholesterol level
for all 315 participants combined had in-
creased by 1.20 mmol/liter (46 mg/100 ml)
or 28 percent, while the mean HDL choles-
terol level had decreased by 0.12 mmol/liter
(4.6 mg/100 ml) or 10 percent. The HDL
cholesterol:total cholesterol ratio had de-
creased by 0.09 or 29 percent. On average, -
all body fat indices had risen except for the
subscapular:tricipital skinfold thickness ra-
tio, which equalled 1.15 mm/mm in 1976
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TABLE 2
Baseline (1976) characteristics (mean + standard deviation) of subjects in a study on body fatness and serum
cholesterol, by whether or not they were reexamined at follow-up (1986): men aged 18 or 19 years at baseline
living in the district of Utrecht, the Netherlands

Not reexamined in 1986
Reexamined

in 1986 All subjects Sﬁgigs*
No. 315 2,701 161
Age on October 16, 1976 (years) - 18.5 = 0.5 18.5 £ 0.5 184 £ 0.5
Height (cm) 180.6 =+ 6.7 180.2 = 6.9 179.6 £ 6.3
Weight (kg) 68.1+82 68.6 + 9.8 68.9 = 9.0
Body mass index (weight (kg)/height (m)?) 20.8 + 2.0 21.2 + 2.7% 21.4 + 2.6
Body fat % (g/100 g) 14.1+39 14.2 + 4.6 14.8 + 4.7
Subscapular:tricipital skinfold thickness
ratio 1.14 £ 0.28 1.18 + 0.28% 1.17 = 0.26
Serum cholesterol (mmol/liter)
Total cholesterol 4.23 £ 0.74 4.33 £ 0.79% 4.44 = 0.79
High density lipoprotein (HDL)
cholesterol 1.30 £ 0.27 1.29 £+ 0.28 1.29 + 0.27
HDL cholesterol:total cholesterol ratio 0.31 +0.08 0.30 + 0.08% 0.30 £ 0.07
' Cigarette smokers (%) 47 53% 47
No. of cigarettes smoked per day$§ 12 £ 6.3 14 +8.3| 140% 7.5
Socioeconomic status 2.7 +0.7 2.8 £ 0.7 29x0.7

* Subjects were eligible for reexamination if their body mass index had changed by less than 1.25 kg/m? or
more than 3.5 kg/m? in 10 years.

T Significantly different between the two categories (p < 0.05, two-tailed ¢ test).
1 Significantly different between the two categories (chi-square test).
§ Smokers only.

| Significantly different between the two categories (p < 0.01, two-tailed ¢ test).

and 1.14 mm/mm in 1986. The mean
weight reported by these 815 subjects in
their answer to our first letter was, on
average, 0.8 kg (range, —6.6-7.1 kg) lower
then the actual weight measured by us. The
difference between actual and reported
weight was 0.8 £ 2.0 kg for the subgroup
with little weight change and 0.9 + 2.6 kg
for those 241 subjects who had become
appreciably fatter over the previous 10
years.

Large differences between the subgroups
were found for changes in serum total cho-
lesterol, HDL cholesterol, and the percent-
age of subjects who started or stopped
smoking. Of course, the subgroups also
showed different increments in body mass
index and body fat percentage, because that
was the criterion by which the subgroups
had been formed. Total cholesterol had in-
creased by 0.74 mmol/liter (29 mg/100 ml)
in subjects with a small change in body
mass index and by 1.69 mmol/liter (65 mg/

100 ml) in subjects with an increase in body
mass index of more than 3.5 kg/m® Tl}e
mean changes in HDL cholesterol and in
the ratio of HDL cholesterol to total cho-
lesterol were —0.06 mmol/liter (2.3 mg/100
ml) and —0.06, respectively, for subjects
with a small change in body mass index,
and —0.18 mmol/liter (7.0 mg/100 ml) and
—0.12, respectively, for subjects with an
increase in body mass index of more than
3.5 kg/m® The distribution of fat over the
body, as assessed by the thickness of. the
subscapular skinfold (on the back) divided
by the thickness of the tricipital skinfold
(at the back of the upper arm) had not
changed in either group. )
In table 4, the composition of the diet
and the level of physical activity in 1986
are given. Baseline dietary and activity .data
were, unfortunately, not available. Subjects
who had accumulated more body fat in the
previous 10 years turned out to have a
higher present intake of cholesterol (p <
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. TABLE 4
Diet and physical activity (mean = standard deviation) of 315 participants in a study on body fatness anfi serum
cholesterol in 1986, by category of change in body mass index (weight (kg)/height (m)®) over the preceding 10
years: men aged 28 or 29 years living in the district of Utrecht, the Netherlands

Change in body mass index in 10 years (1976-1986)

<1.25 1.25-3.5 >3.5
kg/m? kg/m? kg/m?
No. ‘ 123 58 134
Diet
Energy (kcal/day) 3,222 + 877 3,280 = 795 3,361 & 842
(MJ/day)* 13.5 £ 3.7 13.5 £ 3.3 14.1+35
Protein (% of energy) 134 £ 21 134+19 13.6 £ 2.2
Fat (% of energy) 39.1 +5.9 39.1+44 39.4 +5.6
Saturated fatty acids 156 £ 2.5 15.5 = 2.2 155 £ 24-
Polyunsaturated fatty acids 6.7+21 69+1.8 6.6 1.8
Carbohydrates (% of energy) 439 £ 6.3 441 %£5.2 42.3 £5.3
Mono- and disaccharides 20.9 £5.9 21.6 + 5.0 21.0x5.5
Polysaccharides 22.5 = 5.2t 22.0+ 4.0 20.7 + 3.9
Alcohol (% of energy) 4.6 £4.7 4.4+ 3.7 56+ 4.5
Cholesterol (mg/MdJ)* 29.0 + 6.6 30.2+17.0 32.6 + 7.0%
Dietary fiber (g/MJ)* 2.5 £ 0.9% 2.3+05 2.2+ 0.6
Keys score (mmol/liters)§ 5.62 + 0.22 5.62 = 0.19 5.64 % 0.18
Physical activity|)
At work 2.6 £0.8 2.7+ 0.8 2.8 0.7
Sports 2.6 £0.8 2.7+ 0.9 2.7 £0.7
Leisure time 2.7+ 0.7 2.6 £ 0.6 2.4 + 0.6
_ Total 8013 7.9+ 1.3 7912

* One megajoule (MJ) equals 239 keal.

1 Subjects with a change in body mass index of less than 1.25 kg/m? differed significantly from the other

two subgroups by one-way analysis of variance.

% Subjects with a change in body mass index of more than 3.5 kg/m? differed significantly from the other

two subgroups by one-way analysis of variance.

§ The Keys score quantitates the effect of diet on serum cholesterol. It was calculated as 168/38.7 + 1.35
(28 — P)/88.7 + 1.5 X 2°%/38.7, where S is the percentage of daily energy intake provided by saturated fatty
acids, P is the percentage provided by polyunsaturated fatty acids, and Z is the cholesterol intake in mg/1,000

keal.

|l Scored in arbitrary units on a scale from 1 (low) to 5 (high).

0.001) and a lower intake of polysaccha-
rides and dietary fiber. However, there were
no differences between subgroups in the
Keys score, a composite score of saturated
fat, polyunsaturated fat, and cholesterol in-
take that summarizes dietary influences on
serum cholesterol (23). Differences in phys-
ical activity were minimal, except for a
higher activity level during leisure time in
the group that had gained the least amount
of weight.

Relations of changes in smoking and body
fat indices to changes in serum lipids

Univariate linear regression coefficients
were calculated to examine the association

of changes in lipids (HDL cholesterol and
total cholesterol and their ratio) with the
changes in body fat indices (body mass
index, body fat percentage as calculated
from the sum of skinfolds, and the ratio of
subscapular to tricipital skinfold thicknes§)
and with changes in smoking habits. As 18
shown in table 5 and figure 1, the change
in total cholesterol was strongly associated
with changes in either of two indicators of
body fatness—body mass index or body fat
percentage. The association with t.he
change in the subscapular:tricipital skin-
fold thickness ratio was significant, but was
in the direction opposite of what we had
expected. In subjects in whom the skinfold
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TABLE 5
Univariate regression of changes in total cholesterol, high density lipoprotein (HDL) cholesterol, and the HDL
cholesterol:total cholesterol ratio on changes in body mass index (weight (kg)/height (m)%), body fat percentage,
subscapular:tricipital skinfold thickness ratio, and smoking habits over a 10-year period: 315 men examined
initially at age 18 or 19 years in 1976 in the district of Utrecht, The Netherlands, and reexamined in 1986

Independent variable

Dependent variable
Change in HDL
Change in total Change in HDL chalesterol:total
cholesterol (mmol/liter) cholesterol (mmol/liter) cholesterol ratio
b* SE* b SE p b SE p

Change in body mass index

(kg/m?) 0.191 0.017 <0.001 -—0.024 0.005 <0.001 —0,012 0.001 <0.001
Change in body fat % (g/100 g)t  0.092 0.010 <0,001 —0.007 0.003  0.005 —0.005 0.001 <0.001
Change in subscapular:tricipital

skinfold ratio -0.525 0.166 0.002 0.036 0.040 038 0032 0011 0.004
Change in smoking habits} . —0122 0.122 032 -—0.057 0.029 0.05 —0.004 0.008 0.66

* b, regression coefficient; SE, standard error.

t As caleulated from the sum of four skinfold thicknesses.
+ Changes in smoking habits were scored as follows: 0, no change; 1, started smoking; —1, stopped smoking.
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i FIGURE 1. Relation between changes in body mass

index (weight (kg)/height (m)?) and serum total cho-

!esterol over a 10-year period (1976-1986): 315 men

initially examined at age 18 or 19 years in the district
of Utrecht, the Netherlands.

t%lickness on the back had decreased rela-
tive to that on the upper arm, total cholés-
terol had risen more than in subjects in
whom fat accumulation had centered more
on the back and less on the arms.

. HDL cholesterol had decreased as either
indicator of body fatness had increased; the
?elation to the change in body mass index
is given in figure 2. HDL cholesterol had
also changed inversely with the number of
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FIGURE 2. Relation between changes in body mass
index (weight (kg)/height (m)?) and serum high den-
sity lipoprotein (HDL) cholesterol over a 10-year
period (1976-1986): 315 men initially examined at age
18 or 19 years in the district of Utrecht, the Nether-

lands.

cigarettes smoked. There was no associa-
tion between changes in HDL cholesterol
and changes in the subscapular:tricipital
skinfold thickness ratio. Changes in the
HDL cholesterol:total cholesterol ratio
were significantly associated with changes
in all three body fatness indicators. In uni-
variate analysis, the HDL cholesterol:total
cholesterol ratio did not change signifi-
cantly with changes in smoking behavior.
To correct for the interrelations between
changes in smoking behavior, body fatness,
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TABLE 6

Multiple regression of changes in total cholesterol, high density lipoprotein (HDL) cholesterol, and .the HD'L
cholesterol:total cholesterol ratio on changes in body mass index (weight (kg)/height (m)?) and smokfng habits
over a 10-year period: 315 men examined initially at age 18 or 19 years in 1976 in the district
of Utrecht, The Netherlands, and reexamined in 1986*

Dependent variable

Change in total Change in HDL Change in HDL
Independent variable cholesterol cholesterol cholesterol:totgl
(mmol/liter) (mmol/liter) cholesterol ratio

bt SEt p b SE p b SE P

Constant

0.681 0.062 <0.001 —0.055 0.017

0.001 —0.065 0.004 <0.001

Change in body mass index (kg/m? 0.195 0.017 <0.001 —-0.024 0.005 <0.001 —0.012 0.001 <0.001

Change in smoking habits}

.—0.072 0.029 0.001 -0.015 0.007 0.03

*Body fat percentage and skinfold ratio were included in the multiple regression analysis, but regression

coefficients did not differ significantly from zero.
T b, regression coefficient; SE, standard error.

} Changes in smoking habits were scored as follows: 0, no change; 1, started smoking; —1, stopped smoking.

and lipoproteins, we used stepwise multiple
regression analysis (table 6). The only in-
dependent variable that then made a sig-
nificant contribution to the explanation of
changes in total cholesterol was the change
in body mass index. An increase of 1 kg/m?
in body mass index was associated with an
increase of 0.20 mmol/liter (8 mg/100 ml)
in total cholesterol. Going by the present
weights reported by the 1,159 subjects will-
ing to be reexamined, their estimated av-
erage change in body mass index over the
follow-up period was 2.4 kg/m? This hy-
pothetical figure is probably close to the
truth, because for the 315 subjects actually
reexamined, the mean estimated change,
based on reported weight, was 2.6 kg/m?
and the actual mean change, based on mea-
sured weights, was 2.7 kg/m2 If we enter
the value of 2.4 kg/m? into the multiple
regression equation derived for the 315 sub-
jects actually reexamined, we arrive at a
hypothetical rise in total cholesterol of 1.15
mmol/liter (44 mg/100 ml) for the full
group of 1,159 subjects. Of this rise of 1.15,
0.47 mmol/liter or 41 percent can be ex-
plained by the rise in body mass index,
and 0.68 mmol/liter remains unexplained
(table 6).

Changes in body mass index and in
smoking habits both contributed signifi-
cantly toward explanation of the changes
in HDL cholesterol and in the ratio of HDIL,

cholesterol to total cholesterol. When
smoking was held constant, an increase of
1 kg/m? in body mass index was associated
with a decrease of 0.02 mmol/liter in HDL
cholesterol and a decrease of 0.012 in the
HDL cholesterol:total cholesterol ratio. An
estimated decrease in HDL cholesterol fqr
all 1,159 subjects who had reported their
present weights to us by letter can be cal-
culated in the same manner as was done
above for total cholesterol. For all 1,159
subjects willing to participate, HDL choles-
terol was estimated to have decreased by
0.11 mmol/liter over the period of 10 years.
Smoking was held constant in this calcu-
lation because we had no information on
the changes in the smoking habits of the
844 subjects not reexamined in 1986. Of the
change of 0.11 mmol/liter, 0.05 mmol/liter
or 50 percent could be explained by the
estimated change in body mass index of 2.4
kg/m® In multiple regression analysis,
changes in fat distribution as assessed by
the subscapular:tricipital skinfold thick-
ness ratio were not significantly associated
with the change in either total cholesterol
or HDL cholesterol.

DISCUSSION

Representativeness of the sample

At baseline in 1976, the mean serum cho-
lesterol level of 4.23 mmol/liter (164 mg/



BODY FATNESS AND RISE OF CHOLESTEROL WITH AGE

dl) in our 315 participants was quite similar
to that in the 2,702 subjects not rescreened
and to the levels found in other studies in
young men in the Netherlands at that time
(24). The body mass index at baseline was
slightly lower in this sample than that
found by Rookus et al. (25) in a study in
1980 in Ede. They found a mean body mass
index for men aged 20-22 years of 22.6 kg/
m?, whereas we found a body mass index of
20.8 kg/m? Some of the difference can be
ascribed to differences in age; in 1976, our
study population was almost three years
younger than the population studied by
Rookus et al. (25). Values for height,
weight, and cigarette use in the original
gxaminees were also fairly similar to those
in young men in the country as a whole (26,
27). This was to be expected, because the
army examination covers almost the entire
population of 18- and 19-year-old men, and
in a population as small and homogeneous
as that of the Netherlands, regional differ-
ences in the variables of interest are small
(19). As table 2 shows, the 315 participants
in the follow-up study in 1986 had approx-
imately the same baseline characteristics
as the nonparticipants except for small dif-
ferences in body mass index and serum
total cholesterol. The mean body weight of
76.3 kg reported by our 315 participants in
19§6 was also quite similar to the mean
Yvelght of 76.5 kg reported by the 844 sub-
jects who volunteered for rescreening but
were not seen in 1986. Thus, for the major
variables of interest, the sample studied by
us at follow-up was fairly representative of
all Dutch males originally aged 18 or 19
years in 1976.

Changes over 10 years in weight and body
mass index

Over the follow-up period of 10 years, the
mean weight had increased by 9 kg and the
body mass index by 2.7 kg/m? These
changes are much higher than those that
can be derived from the study of Rookus et
al. (25), who found an increase in weight of
0.4 kg per year or in body mass index of
0.16 kg/m? in a four-year mixed longitudi-
nal study of subjects aged 19-31 years. In
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other longitudinal studies (28-33), in-
creases in weight of 0.6-0.8 kg per year
were found in subjects of the same initial
age as our participants. In the cross-
sectional Lipid Research Clinics Preva-
lence Study (10), the mean body mass index
was 22.1 for white males aged 15-19 years
and 25.6 for those aged 25-29 years, which
yields a difference similar to that found by
us longitudinally. Thus, the increase in
body fatness in our subjects was fairly typ-
ical of that experienced during early adult-
hood by men in affluent societies.

Total cholesterol. The increase in serum
total cholesterol of 0.12 mmol/liter per year
over the 10-year period is the same as that
found by Clark et al. (33). In an earlier
study, we found that alumni of our depart-
ment had experienced an increase in total
cholesterol of 0.08 mmol/liter per year over
the 6- to 10-year period that had elapsed
since their student days (4). In a longitu-
dinal study by Gillum et al. (34) spanning
a follow-up period of 20 yearsand in a study
by Hubert et al. (2) with a follow-up period
of eight years, an increase in total choles-
terol of 0.04 mmol/liter per year was found.
In both studies, the initial cholesterol levels
were higher than those in our subjects. In
the Lipid Research Clinics Prevalence
Study, mean plasma total cholesterol was
149.9 mg/dl (3.87 mmol/liter) for white
males aged 15-19 years and 182.2 mg/dl
(4.71 mmol/liter) for those aged 25-29
years, a difference of 0.84 mmol/liter (10).
Thus, the rise of total cholesterol with age
in our population was similar to that found
in other populations.

HDL cholesterol. In addition to a sub-
stantial rise in total cholesterol, our sub-
jects had experienced a fall in HDL choles-
terol of, on average, 0.12 mmol/liter (4.6
mg/dl). Baseline and follow-up determina-
tions were both performed in the same rig-
idly standardized laboratory, under super-
vision of the same chief technician, and
using serum calibrators always prepared in
the same way. The duration and tempera-
ture of storage of sera were also such that
they probably did not have a material effect
on HDL levels (35). Therefore, the fall in
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HDL was probably real, and it predicts a
substantial increase in coronary heart dis-
ease risk (36, 37). Long term longitudinal
data on the development of HDL choles-
terol with aging are scarce. In the Lipid
Research Clinics Prevalence Study, HDL
in white males showed little difference be-
tween subjects aged 15-19 years (46.1 mg/
dl) and subjects aged 25-29 years (44.7 mg/
dl) (10). However, these are cross-sectional
data.

Determinants of changes in total
cholesterol and HDL cholesterol

Total cholesterol. The change in body
mass index was the major explanatory vari-
able for changes in total cholesterol. In
multiple regression analysis, its explana-
tory power was superior to that of changes
in body fatness as assessed by skinfold
thickness measurements. Possibly this is
due to the lesser precision of the measure-
ment of skinfolds as opposed to measure-
ments of height and weight.

An association between a rise in body
mass index and increases in serum choles-
terol was also found by Hubert et al. in a
longitudinal study with 379 men and 497
women who were approximately the same
age as our participants (2). In that study, a
change in body mass index of 1 kg/m? was
accompanied by a change of 0.11 mmol/
liter in total cholesterol over a period of
eight years. Our study demonstrated an
even greater impact of changes in body
mass index on total cholesterol, which in-
creased by 0.20 mmol/liter for every 1 kg/
m? gained. At the follow-up examination,
the intakes of those nutrients that influ-
ence total cholesterol did not differ between
the subgroups, as is shown by the equal
Keys scores in table 4. Although baseline
diets were also not measured, there is no
reason to assume that those who were later
to grow fatter were eating less saturated fat
and cholesterol and more unsaturated fat
at baseline than those whose weights re-
mained stable. Therefore, the association
between the rise in body mass index and
the rise in total cholesterol is probably not
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explained by a change in the composition
of the diet, except that in those subjects
who grew fatter, caloric intake exceeded
requirements. Subjects whose body mass
index had increased by more than 3.5 kg/
m? had a lower level of physical activity in
their leisure time than subjects who had
not grown fatter, the indices being 2.4 +
0.6 and 2.7 % 0.7, respectively (p < 0.01).
In the absence of baseline data, it is impos-
sible to tell which occurred first, the differ-
ence in activity or the difference in body
fatness.

Our data (reference 4 and the present
study) thus suggest that the rise in body
fatness itself rather than a change in di-
etary composition was a major cause of the
rise of serum cholesterol with age. For the
other cohorts mentioned above, no dietary
data were presented.

The rise of cholesterol with body fatness
may be due to overproduction of very low
density lipoproteins in the obese (38). Very
low density lipoproteins contain choles-
terol, and in addition, they are the precur-
sors of low density lipoproteins, the main
carriers of cholesterol in plasma.

HDL cholesterol. In our study, changes
in body mass index and in smoking habits
were the only significant determinants of
the change in HDL cholesterol. The rela-
tion of body fatness and smoking to HDL
cholesterol is known from cross-section{il
studies. The mechanism responsible for it
is essentially unknown. Shennan et al. (39)
also reported that changes in smoking hab-
its were related to changes in HDL choles-
terol. Hubert et al. (2) found that, besides
the variables already mentioned, changfs
in alcohol consumption explained a signif-
icant proportion of the variance in change
in HDL cholesterol. We could not measure
changes in alcohol consumption because no
data were available about the alcohol con-
sumption in 1976.

Although the change in the subscapu-
lar:tricipital skinfold thickness ratio was
associated with the change in serum chq-
lesterol in univariate analysis (table 5), it
did not remain significant in the multiple
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regression analysis. Thus, changes in body
fat topology did not appear to be major
determinants of changes in lipids and lip-
oproteins. Of course, the skinfold ratio that
we used is a less-than-perfect measure of
body fat distribution. In addition, it could
be that errors in the measurements of the
skinfold thicknesses obscured the real
changes in these variables. Longitudinal
assessment of changes in body fat distri-
bution by more accurate methods is there-
fore warranted. For now, our study shows
that the increase in body weight is the most
important determinant of the age-related
increase in serum total cholesterol, and that
changes in body weight and smoking habits
are important determinants of unfavorable
changes in HDL cholesterol with aging.
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