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Summary In adults hyperinsulinaemia is associated
with an atherogenic risk profile including obesity,
low levels of HDL-cholesterol, high levels of tri-
glycerides and elevated blood pressure. To examine
these associations in the young we studied the cross-
sectional relationships of insulin with obesity indices
(body mass index, subscapular skinfold thickness),
serum lipids and blood pressure in 1,865 children,
adolescents and young adults aged 6-24 years. We
also used longitudinal data to study the value of a sin-
gle insulin measurement to predict high risk factor
levels and clustering of multiple risk factors after a
6-year follow-up. In cross-sectional analyses the lev-
els of triglycerides, HDL-cholesterol, systolic blood
pressure and obesity indices were usually signifi-
cantly different across the quartiles of fasting insulin
in both sexes among children, adolescents and young
adults. In general, no associations were seen with to-
tal cholesterol or LDL-cholesterol. In prospective

analysis elevated baseline insulin was related to the
incidence of hypertriglyceridaemia (= 95th percen-
tile) at the follow-up. This relationship persisted
even after adjustments for baseline obesity or 6-year
change in obesity status. Moreover, baseline insulin
concentration was higher in subjects who subse-
quently showed clustering of high triglycerides, low
HDL-cholesterol and high systolic blood pressure
levels at the follow-up. We conclude that high fasting
insulin levels measured in children and adolescents
predict the development of hypertriglyceridaemia
years later. In addition, high insulin levels seem to
precede the development of a potentially athero-
genic risk factor profile including low HDL-choles-
terol, high triglycerides and high systolic blood pres-
sure. [Diabetologia (1995) 38: 1042-1050]
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Dyslipidaemia and high blood pressure often co-exist
within the same individual [1-5]. Both of these disor-
ders have been related to obesity and increased plas-
ma insulin levels [6-9]. Lipid abnormalities, elevated
blood pressure and high insulin levels are all risk fac-
tors for coronary heart disease [10-15]; therefore
this cluster of disorders has attracted much atten-
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tion. Recently a hypothesis has been suggested that
hyperinsulinaemia and/or insulin resistance may be
the key factor that underlies the association of serum
lipids and blood pressure [16]. However, this view
has also been challenged [17].

While the above-mentioned associations are rec-
ognized in adults, only a few studies have been
done in children and young adults, none of which
have been prospective studies [18]. The available
prospective studies in adults have been carried out
in two populations: among adults in the San Anto-
nio Heart Study [19, 20], and among elderly sub-
jects in eastern Finland [21, 22]. These studies have
shown that serum insulin level predicts the develop-
ment of multiple metabolic disorders including hy-
pertriglyceridaemia, low (HDL)-cholesterol concen-



O.T.Raitakari et al.: Role of insulin in clustering of risk factors

tration, hypertension, and non-insulin-dependent di-
abetes.

The present analysis was carried out to study the
associations of insulin with serum lipids, blood pres-
sure and obesity index variables in a representative
cohort of children and young adults. We will describe
the cross-sectional associations of insulin with these
risk -indicators, and show results from prospective
analysis aimed at testing the hypothesis that high in-
sulin levels precede the changes in lipids and blood
pressure.

Subjects and methods

Population. The Cardiovascular Risk in Young Finns Study is
an ongoing large multicentre study on the risk factors of coro-
nary heart disease and their determinants in children, adoles-
cents and young adults. A baseline cross-sectional study was
done in 1980. The initial study population consisted of
4,320 children and adolescents aged 3, 6, 9, 12, 15, and
18 years. Of those invited, 3,596 subjects (83.2%) partici-
pated. Details of the baseline study in 1980 have been pub-
lished previously [23]. Follow-up studies were carried out in
1983 and 1986 with the same protocol [24]. The loss of subjects
was approximately 20 % and 30 % after 3 and 6 years, respec-
tively. Complete data on serum fasting insulin, LDL-choles-
terol, total cholesterol, HDI-cholesterol, triglycerides and
blood pressure variables from 1980 and 1986 were available
on 1,865 subjects, who comprise the cohort in this analysis
(age at baseline 6-18 years). Children 3 years of age at base-
line were not included due to differences in methodology of
blood pressure measurements. The study protocol was ap-
proved by the Ethics Committees of each five participating
universities (medical schools of Helsinki, Kuopio, Oulu, Tam-
pere, and Turku).

Obesity and blood pressure measurements. Height was mea-
sured by a Seca anthropometer (Vogel & Halke, Hamburg,
Germany) and weight by a Seca weighing scale. Body mass in-
dex (BMI) was calculated from the formula: weight kg/height
m?. Subscapular skinfolds, expressed as mm, were measured
in triplicate from the nondominating arm using a Harpenden
skinfolds caliper (Holtain and Bull, British Indicators Ltd., Lu-
ton, Beds., UK). Errors in subscapular skinfold measurements
were studied according to standard methods [25]. The mean
intraobserver error (coefficient of variation) in practice was
4.9 %, and the interobserver error during the field study was
14.8 %. Measurement errors were of similar magnitude as in
other studies [25]. The unadjusted Pearson’s correlation coeffi-
cient between BMI and subscapular skinfold thickness was
0.76 in 1980, and 0.72 in 1986 (both, p < 0.001).

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured with a standard mercury sphygmoma-
nometer in 1980, and in 1986 a random zero sphygmomanome-
ter was used. Readings to the nearest even number of mmHg
were performed three times on each subject. The mean value
of three measurements was used in statistical analysis. Korot-
koff’s fifth phase was used as the sign of DBP. Details of the
methods describing the measuring of blood pressure and an-
thropometric variables have been presented elsewhere [26,
27].

Blood samples. For the determination of serum lipoprotein lev-
els, venous blood samples were taken after an overnight fast.
Serum samples were stored frozen for no more than 6 months
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until analysed. All lipid determinations were done in dupli-
cate and in the same laboratory having a reference system
with the World Health Organization (WHO) Central Labora-
tory (Prague, Czech Republic). Standard enzymatic methods
were used for serum cholesterol (Boehringer CHOD-PAP
kits, Boehringer Mannheim GmbH, Mannheim, Germany)
and triglycerides (Boehringer Mannheim GmbH). Serum
HDL-cholesterol concentration was measured from the se-
rum supernatant after precipitation of (VLDL) and L.LDL with
dextran sulphate and MgCl, [28]. Details of the methods have
been presented elsewhere [29, 30]. The concentration of
LDL-cholesterol was calculated using the Friedewald formula
[31]. Serum samples for the determination of insulin were
taken after an overnight fast. Sera were separated and stored
at —20°C until assayed. Insulin was measured using a modifica-
tion of the immunoassay method of Herbert et al. [32].

Statistical analysis

The associations of insulin level with obesity indices, serum lip-
ids and blood pressure were tested with linear regression mod-
els. The cross-sectional analyses were carried out after stratifi-
cation of the study population by age and sex. In 1980, two
age groups were formed: children (6-12 years) and adoles-
cents (15-18 years). In 1986, three age groups were formed:
children (12 years), adolescents (15-18 years) and young
adults (21-24 years). Clustering of risk factors was studied by
comparing the observed number of subjects with multiple risk
factors with the expected number. The expected number was
calculated from the assumption of independence, i.e. assum-
ing that risk factors do not occur simultaneously more often
than based on their independent occurrences. Clustering was
defined as having simultaneously high triglycerides, high SBP
and low HDL-cholesterol (= 75th age- and sex-specific per-
centile for triglycerides and SBP, < 25th percentile for HDL-
cholesterol). The significance of the difference between the
observed and expected rates was tested with the chi-square
test. The independent effects of insulin and obesity levels on
clustering were studied by logistic regression models, in which
insulin and obesity indices were independent variables. In
these analyses BMI and subscapular skinfold thickness, as
well as insulin, were modelled as four-class variables (age-
and sex-specific quartiles).

Longitudinal data were used to study whether baseline in-
sulin level would predict the incidence of extreme serum lipid
or blood pressure values, or the incidence of clustering at the
follow-up. Risk factor values were defined as extreme, if they
were at or above the age- and sex-specific 95th percentile at
the follow-up (= 5th percentile for HDL-cholesterol). The
definition of clustering was similar as in the cross-sectional
analysis, i.e. simultaneous occurrence of high triglycerides,
high SBP and low HDL-cholesterol (at their extreme quar-
tiles: highest for triglycerides and SBP, and lowest for HDL-
cholesterol). Only subjects free of these particular risk factors
at baseline were included in the analysis. The effect of base-
line insulin level on these end-points was tested by logistic re-
gression models adjusted for baseline BMI and the 6-year
change in BMI. All statistical tests were performed with Statis-
tical Analysis System, SAS [33]. Data are shown as mean % SD.
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Table 1. Cross-sectional associations of insulin with obesity indices at baseline

Mean insulin Sex Age (years)  Insulin quartiles p-value?
concentration
(mU/1) in each I I 1 v
quartﬂe Females 6-12 40 7.1 10.0 15.2
15-18 7.3 11.3 14.6 21.1
Males 6-12 32 5.6 8.0 123
15-18 5.8 9.6 12.7 184
BMI (kg/m?) Females 6-12 16.0+1.8 162%23 16.8+23 18.0+1.8 <0.001
15-18 200+1.8 20125 205+2.6 21.4+23 < 0.001
Males 6-12 158+2.0 162+1.7 16.7+£2.1 175%238 <0.001
15-18 20.5+£2.0 204£25 202+23 217+36 <0.05
Subscapular Females 6-12 72%2.9 74+3.6 8.4+43 10.6+6.3 <0.001
skinfold (mm) - 15-18 116+38 125+55 12.7+4.9 151%6.1 <0.001
Males 6-12 54+1.6 58+17 6.9+39 77+£50 <0.001
15-18 8.8+4.1 87+£32 93+3.7 11.8+7.5 <0.001

Data are mean + SD.

2 Linear trend by multiple regression analysis.

No. of subjects by quartiles of insulin: Females, age-group 6—
12 years: I = 148; II = 180; ITI = 156; IV = 190.

Results

Cross-sectional associations with obesity indices,
serum lipids and blood pressure. Table 1 shows the
mean values of BMI and subscapular skinfold thick-
ness across the age- and sex-specific quartiles of fast-
ing insulin level at baseline (1980). These obesity indi-
ces were strongly and directly associated with insulin
level in both sexes, and in both age groups, i.e. chil-
dren (612 years) and adolescents (1518 years). Sim-
ilar cross-sectional associations between obesity indi-
ces and insulin were seen at follow-up (1986) (Ta-
ble 2) in all age groups, i. e. children (12 years), adoles-
cents (15-18 years) and young adults (21-24 years).

The associations of fasting insulin with serum lip-
ids and blood pressure at baseline (1980) are shown
in Table 3. In general, in both sexes among children
and adolescents, the levels of triglycerides and SBP
became linearly greater from lowest to highest insu-
lin quartile. However, an inverse association was usu-
ally seen with HDL-cholesterol levels. No associa-
tions were seen between LDL-cholesterol or DBP
and insulin levels. In young males (6-12 years), a
weak, but significant (p <0.05) inverse association
was seen between total cholesterol concentration
and insulin level.

The cross-sectional associations of insulin and
other risk markers at the follow-up (1986) are shown
in Table 4. Again, among both sexes and in nearly all
age groups, the levels of triglycerides and SBP were
directly associated with the level of insulin, whereas
an inverse association was seen between HDL-cho-
lesterol and insulin levels. In addition, a direct associ-
ation was seen between DBP and insulin level among
females in two age groups (15-18 and 21-24 years),
and among males in the youngest age group (6—
12 years).

Females, age-group 15-18years: I=74; II=284; III=86;
IV =86. Males, age-group 6-12years: I=134; II=145;
IIT = 153; IV =167. Males, age-group 15-18 years: I=63;
II=62; 111 =641V =73

Since triglycerides, HDL-cholesterol and blood
pressure levels are known to associate with obesity
indices [34], the p-values shown in Tables 3 and 4
were adjusted for BMI (the results were identical af-
ter adjustment for subscapular skinfold thickness).
When all age groups where pooled together, the re-
sults remained essentially the same both at the base-
line and at the follow-up: in both sexes triglycerides
and SBP were directly, and HDL-cholesterol in-
versely, associated with the insulin level.

Clustering of risk factors. According to data in Ta-
bles 3 and 4 increased insulin concentrations were
most consistently related to high triglycerides and
low HDL-cholesterol levels, as well as to elevated
SBP. Next we assessed whether these three factors
showed significant clustering in the study popula-
tion. At baseline, there were 75 subjects (4.0 %) hav-
ing all these three risk factors in the extreme age-
and sex-specific quartiles (= 75th percentile for tri-
glycerides and SBP, < 25th percentile for HDL-cho-
lesterol). The expected proportion would have been
1.6 % (= 0.25%), i.e. when assuming no clustering be-
tween the study variables. Chi-square test between
the observed and expected rates did not support the
assumption of independence (x2=20.9, df=1,
p <0.001), and thus indicated significant clustering
between these three variables. Clustering was of simi-
lar magnitude among females and males, and at vari-
ous ages, data not shown.

The effect of insulin level on clustering of these
three risk factors in 1980 is shown in Figure 1. The
number of subjects with all three risk factors became
greater across the quartiles of insulin. The indepen-
dent effect of insulin level on clustering was tested
with a logistic regression model adjusted for BMI
and subscapular skinfold thickness. According to the
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Table 2. Cross-sectional associations of insulin with obesity indices at follow-up

Mean insulin Sex Age (years) Insulin quartiles p-value?
concentration
(mU/1) in each I 1L It v
quartﬂe Females 12 5.5 9.3 12.3 18.9
15-18 6.1 9.2 11.9 18.1
21-24 4.4 7.0 9.2 144
Males 12 4.9 72 9.5 14.5
15-18 5.7 8.7 113 16.8
21-24 4.4 6.9 8.8 14.0
BMI (kg/m?) Females 12 171423 177+17 19.5£29 203+£3.1 <0.001
15-18 198123 208123 21.0+23 223+£3.7 < 0.001
21-24 21.0+21 21525 21.8+28 23.0+£32 < 0.001
Males 12 169+1.8 175£2.1 184+22 20542 < 0.001
15-18 19.7+£22 204+23 209126 221+3.6 < 0.001
21-24 22222 224122 228+£25 242+3.7 <0.001
Subscapular Females 12 8.0+3.7 8.0£2.6 104 £5.7 122+5.9 <0.001
skinfold (mm) 15-18 10.8+4.0 122+5.6 126147 153+4.5 <0.001
21-24 12.1£5.1 13.8+5.9 153+7.2 164+7.1 <0.001
Males 12 6.0£2.8 7.0+3.6 83156 11.6£8.9 < 0.001
15-18 72£20 84136 8.5%28 11.1£6.6 <0.001
21-24 105%3.8 10.7£3.3 11.8+4.5 144%7.3 <0.001

Data are mean + SD.

2 Linear trend by multiple regression analysis.

IV =118. Females, age-group 21-24 years: 1=74; II1=79;
II1 = 94; TV = 83. Males, age-group 12 years: 1=51; I = 48;

No. of subjects by quartiles of insulin: Females, age-group III = 59; IV = 58. Males, age-group 15-18 years: I = 89; II = 89;
12 years: I = 53; II = 58; Il = 58; IV = 62.
Females, age-group 15-18 years: I=104; II=107; III = 114; I=671lI=67,1V=71

III=99; IV=106. Males, age-group 21-24years: 1=57;

Table 3. Cross-sectional associations of insulin with serum lipids and blood pressure at baseline

Sex Age (years) Insulin quartiles p-value®
I I m v
Total cholesterol ~ Females 6-12 5.38+0.84 5.30+0.88 541+1.13 512+0.77 NS
(mmol/1) 15-18 5.00+0.83 5.06+£0.82 4.97£0.79 4.89 £0.79 NS
Males 6-12 5.28+0.73 526+0.79 5.19x0.83 513+£0.82 <0.05
15-18 4.61+£0.62 4.80+0.71 470+0.82 4.78 £0.73 NS
LDL-cholesterol ~ Females 6-12 3.52+0.77 3.47+0.79 3.54+1.09 331£071 NS ’
(mmol/l) 15-18 310+0.73 3.16+0.72 3.071£0.76 3.03 £0.67 NS
Males 6-12 3.33+£0.66 3.39+0.72 3.31%0.71 3.27x0.77 NS
15-18 2.93+0.55 3.07£0.68 2.941£0.72 3.03 £ 0.67 NS
HDL-cholesterol ~ Females 6-12 1.57+£0.27 1.51+£0.27 1.52+£0.26 1.45+0.27 <0.05
(mmol/I) 15-18 1.55+£0.34 1.52+0.29 1.52+£0.25 1.45+0.27 =0.08
Males 6-12 1.67+0.29 1.57+£0.28 1.56+0.29 1.51+0.29 < 0.001
15-18 135+0.24 1.36+0.27 139+0.25 1.34+0.27 NS
Triglycerides Females 6-12 0.64£0.16 0.72+0.24 0.77£0.25 0.83+031 <0.001
(mmol/I) 15-18 0.75+0.21 0.84:£0.31 0.82 £0.27 0.92£0.42 <0.05
Males 6-12 0.61+£0.22 0.66 £ 0.24 0.70+0.23 0.78 £ 0.29 <0.001
15-18 0.72+0.26 0.83+0.28 0.81 +0.30 0.88+0.32 <0.05
SBP (mmHG) Females 6-12 107.3+£9.9 108.8£9.9 108.9+9.2 113.8£9.6 <0.001
15-18 117.2+9.9 118.0+10.5 118.7£9.5 118.6 9.9 - NS
Males 6-12 107.8£ 8.1 107.7+ 83 110.1+£102 111495 <0.01
15-18 119.4 £10.7 123.6+12.6 122.7+£104 1253 +13.1 <0.05
DBP (mmHG) Females 6-12 674£98 67.0+8.6 66.0+8.8 68.2+9.6 NS
15-18 702£91 . 68.41%103 702+8.38 71.0+85 NS
Males 6-12 68.0+£9.9 68.0+8.9 67.7+£93 67.5+10.2 NS
15-18 69.0+9.7 69.8+10.6 69.8+10.3 72.3+10.5 =0.09

Data are mean + SD.

2 Linear trend by multiple regression analysis adjusted for

BML

Females, age-group 15-18years: I=74; 11=284; III =86,
IV =86. Males, age-group 6-12years: I=134; II= 145,
III =153; IV =167. Males, age-group 15-18 years: I=63;

No. of subjects by quartiles of insulin: Females, age-group 6— H=62;1II=64;,TV="73

12 years: I = 148; II = 180; III = 156; IV = 190.
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Table 4. Cross-sectional associations of insulin with serum lipids and blood pressure at follow up

Sex Age (years) Insulin quartiles p-value®
1 I 111 v
Total cholesterol ~ Females 12 5.03+£0.72 479 +0.68 4.75+£0.79 491 +1.25 NS
(mmol/1) 15-18 4.87+0.94 475+0.79 4.75+1.01 4.87+1.04 NS
21-24 5.11+0.89 4.85+0.82 5.07+£0.84 4.83+0.91 NS
Males 12 4.97 £0.88 4.89+0.72 4.74+0.88 5.00£0.78 NS
15-18 4.32 +0.67 4.29+0.95 4.39+0.90 4.53£0.94 NS
21-24 473+0.84 475+0.74 4.78+0.95 4.86 £ 0.95 NS
LDL-cholesterol ~ Females 12 3.20+0.67 2.98 £0.64 2.85+0.71 3.06+1.15 NS
(mmol/1) 15-18 2.99 +£0.80 291£0.72 291 +£0.94 295+1.02 NS
21-24 3.16 £0.68 2.94+0.70 3.06+£0.78 2.90+0.82 <0.05
Males 12 3.15+£0.83 3.07 £ 0.65 2.91+0.76 3.13+0.73 NS
15-18 2.61+0.64 2.63 +0.90 2.68 +0.83 2.80+£0.91 NS
21-24 2.95+0.80 3.00£0.72 2.94+0.85 3.03+£091 NS
HDL-cholesterol  Females 12 1.48 +£0.24 1.45+0.25 1.49+0.23 1.37£0.21 NS
(mmol/1) 15-18 1.53+£0.29 1.46 £0.25 1.44+£0.24 1.45+0.24 =0.09
21-24 1.60 £0.41 1.52+0.27 1.60 £ 0.27 1.48 £0.28 <0.05
Males 12 1.54 +0.27 1.51+£026 1.49+0.31 1.44 £0.29 NS
15-18 1.36 £ 0.25 1.27£0.21 1.32+£0.20 1.27+0.21 <0.001
2124 1.41£0.25 1.34+0.24 1.38£0.29 1.27+£0.23 <0.05
Triglycerides Females 12 0.78 £0.25 0.79+0.25 0.90+0.30 1.06 £0.41 < 0.001
{(mmol/1) 15-18 077+£027°  085%0.35 0.89+£0.31 1.02 £0.46 < 0.001
21-24 0.77+£0.25 0.85+0.31 0.90+0.31 1.00+041 < 0.001
Males 12 0.63+0.17 0.70+0.23 0.74+0.24 0.95+0.29 <0.001
15-18 0.77+0.33 0.85+0.42 0.84+0.27 1.01 £0.41 <0.01
2124 0.83+0.31 0.89 £ 0.40 1.01£0.59 1.22+0.75 <0.001
SBP (mmHG) Females 12 106.7+£9.2 108.0+ 8.4 109.1 £8.3 112.5+£99 NS
15-18 109.3+9.5 113.7+9.7 1143 +10.1 117.3+£10.3 < 0.001
21-24 115.0+104 116.1 £10.2 117.8 +£10.2 118.5£13.1 =0.05
Males 12 104.3+8.1 105.0+8.2 107.6+6.2 112.0+10.9 <0.01
15-18 1183 +11.8 118.6 +10.3 1224 +12.4 125.1+10.6 <0.01
21-24 126.0+£12.6 126.6 £9.7 127.7+9.2 130.5£10.2 <0.05
DBP (mmHG) Females 12 61.0+9.1 62.7+8.1 60.5+104 643177 NS
15-18 63.5+9.3 67.0+7.9 65.7+£83 68.4+9.1 <0.01
21-24 68.0+£9.0 68.7+9.8 70.2+9.1 71.9+87 <0.01
Males 12 56.5+9.6 58.0+9.9 60.7 + 8.7 62.4+8.0 <0.01
15-18 66.0+9.5 66.2+9.8 67.3+93 68.9+9.1 NS
21-24 722+114 723+103 725+9.7 74.2 +10.5 NS

Data are mean = SD. :

2 Linear trend by multiple regression analysis adjusted for BMI
Number of subjects by quartiles of insulin: Females, age-group
12 years: I = 53; II = 58; III = 58; IV = 62.

Females, age-group 15-18 years: I=104; II=107; III = 114;
IV =118. Females, age-group 21-24 years: 1=74; II=79;

logistic model insulin and subscapular skinfold thick-
ness levels were both independently associated with
clustering, but the effect of subscapular skinfold
thickness became non-significant when BMI was
also introduced to the model. In this logistic model
with insulin, BMI and subscapular skinfold thickness
as independent variables the odds ratio for trend for
the effect of insulin was 1.60 (95 % confidence inter-
val 1.24-2.06; p < 0.001), for the effect of BMI: 1.79
(1.29-2.47; p < 0.001), and for the effect of subscapu-
lar skinfold thickness: 1.10 (0.81-1.47; NS).

When clustering was studied at the follow-up the
results were essentially similar. There were 71 sub-
jects (3.8 %) having all three risk factors in 1986 (ob-
served vs expected: 2 =20.9, df=1: p<0.001). In

III = 94; IV =83. Males, age-group 12 years: 1=>51; II =48;
IIT = 59; IV = 58. Males, age-group 15-18 years: I = 89; II = 89;
IMI=99; IV =106. Males, age-group 21-24years: I=357,
H=671MI=67,IV="71

the logistic model adjusted for both obesity indices,
the odds ratio for trend for the effect of insulin was
1.72 (1.30-2.26; p <0.001), for the effect of BML
2.36 (1.65-3.38; p <0.001), and for the effect of sub-
scapular skinfold thickness 0.98 (0.73-1.33; NS).

Prospective analyses. The relationships of baseline in-
sulin level to the incidence of various end-points are
shown in Table 5. The proportion of subjects who de-
veloped hypertriglyceridaemia at the follow-up
(triglyceride concentration = 95th percentile) be-
came greater across baseline quartiles of insulin. Fur-
thermore, subjects presenting clustering of risk fac-
tors at the follow-up had higher baseline insulin lev-
els. After adjustments for baseline BMI and 6-year
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p <0.001 for trend

No. of subjects at cluster in 1980 (%)

| ] i v

Quartiles of insulin (1980)

Fig.1. Proportion (%) of subjects at cluster in 1980 (baseline),
i.e. with high triglycerides (= 75th percentile), low HDL-cho-
lesterol (< 25th percentile) and high SBP (= 75th percentile)
across quartiles of insulin. Odds ratio for trend for the effect
of insulin: 1.60 (95% confidence interval 1.24 to 2.06;
p <0.001), adjusted for BMI and subscapular skinfold thick-
ness

change in BMI, high baseline insulin level remained
significantly associated with the incidence of hyper-
triglyceridaemia and clustering at the follow-up.
When the adjustments were made, in addition to
BMI, also with subscapular skinfold thickness and
the 6-year change in subscapular skinfold thickness,
the effects of insulin on the incidence of hypertriglyc-
eridaemia and clustering remained statistically signif-
icant (both p < 0.05).

We also looked at the parallel models to see if the
baseline triglyceride or obesity levels would predict
the incidence of hyperinsulinaemia (i.e. testing for
causality in the opposite direction). The incidence of
hyperinsulinaemia at the follow-up did not differ sig-
nificantly across quartiles of baseline triglyceride lev-
el (data not shown). On the contrary, the incidence of
hyperinsulinaemia became greater across the
quartiles of baseline obesity levels. The incidence
of hyperinsulinaemia across quartiles of baseline BMI
was:1=35%,11=3.1%,1II=4.7%,and IV = 8.3 %.
Odds ratio for trend was 1.42 (1.16-1.73; p < 0.001).
The incidence of hyperinsulinaemia across quartiles
of Dbaseline subscapular skinfold thickness was:
1=44%, I1=3.6%, III=39%, and IV=7.5%.
Odds ratio for trend was 1.24 (1.02-1.51; p <0.05).
When both obesity indices where included in the
same logistic regression model, the effect of BMI re-
mained significant (p < 0.01), but the effect of subscap-
ular skinfold thickness became insignificant (p = 0.89).
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Discussion

The existence of an insulin resistance syndrome re-
quires that the components of this syndrome occur
together more often than would be expected by
chance alone, and that a common aetiologic factor is
associated with this clustering. We found that high in-
sulin concentration was associated with high levels of
triglycerides, low levels of HDL-cholesterol and ele-
vated SBP, and that these three conditions showed
significant clustering in the study population. More-
over, this clustering was associated with increased in-
sulin levels independent of obesity. Thus, our results
support the idea that a specific syndrome with multi-
ple metabolic disorders exists already in the young.
Furthermore, our data show that the associations be-
tween insulin, triglycerides, HDL-cholesterol and
SBP are not only limited to high levels of these fac-
tors, but are in fact present within the normal ranges
of serum lipid, blood pressure and insulin levels. This
implies that the relationship of insulin concentration
with serum lipid and blood pressure profile are fun-
damental metabolic functions. Therefore, the insulin
resistance syndrome may reflect one end of a conti-
nuum of normal physiological links rather than a
clear-cut syndrome [9]. In the present study high insu-
lin concentration was not associated with high total
cholesterol or high LDL-cholesterol concentrations.
This result is in concert with previous findings sug-
gesting that hypercholesterolaemia is not an integral
factor of the metabolic syndrome {19, 35].

Most of the studies linking hyperinsulinaemia and/
or insulin resistance to changes in serum lipids and
blood pressure have been cross-sectional and con-
ducted in adult populations [6, 9, 16, 36]. Our group
has previously studied the cross-sectional relation-
ships between insulin and other risk factors in this
population by correlation analyses [37, 38]. The
cross-sectional results in this study are in line with
these previous findings. In this study we also used lon-
gitudinal data that had been gathered during the 6-
year follow-up. Earlier prospective analyses of the in-
sulin resistance syndrome are few and none of them
have included children or adolescents. At present it
is still not certain whether hyperinsulinaemia is caus-
ally associated with worsening of the lipid or blood
pressure profile [39]. We found that high insulin level
measured 6 years earlier in children and adolescents
was predictive of hypertriglyceridaemia at the fol-
low-up. Furthermore, the opposite did not occur, i.e.
baseline triglyceride level was not associated with la-

_ter hyperinsulinaemia. This finding supports the idea

that insulin has a direct regulatory effect on triglycer-
ide concentrations. Earlier studies showing that low-
ering of triglyceride concentration with drugs does
not improve insulin sensitivity also suggest that
hypertriglyceridaemia seems to be a consequence
rather than a cause of insulin resistance [40, 41].
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Table 5. Incidence (%) of various end-points according to age- and sex-specific quartiles of insulin at baseline

End-point at follow-up Incidence % Baseline insulin quartile 0Odds ratio® Odds ratio® Odds ratiof
(incident LT I m IV [95% CI} [95 % CTI]} [95 % CT}
cases/others

High BMI 3.0(53/1723) 26 19 32 42 1.23[0.96-1.58] - -

High Subscapular skin fold 39(70/1707) 34 33 36 55 120[0.97-1.50] - -

High Total-C 3.5(62/1715) 45 34 25 36 0.92[0.73-1.15] - -

High LDIL-C 34(60/1716) 43 32 23 38 095[0.76-1.19] -~ -

Low HDL-C 4.4 (78/1701) 29 54 41 50 1.13[0.92-1.38] - -

High TG 4.8(85/1694) 39 29 44 17 1.36° [1.11-1.67]  1.33"[1.08-1.63]  1.272]1.02-1.56]

High SBP 43 (77/1710) 42 37 43 50 1.01[0.82-1.25] - -

High DBP 51(91/1701) 58 42 45 59 1.03[0.85-1.24] - -

Clustering® 3.5(63/1727) 19 28 34 57 1.44°[1.14-1.84]  1.38°[1.08-1.76]  1.30% [1.02-1.66]

4p<0.05; ®p<0.0L.

¢ Subjects free of the particular risk factor at baseline. 4 Odds
ratio for trend, non-adjusted. ° Odds ratio for trend adjusted
for baseline BML. fQdds ratio for trend adjusted for baseline

Although insulin did not predict the incidence of
low levels of HDL-cholesterol or high blood pres-
sure, it was significantly associated with clustering of
low HDL-cholesterol, high triglycerides and high
SBP at follow-up (all three risk factors at their ex-
treme quartiles). Therefore, our results suggest that
hyperinsulinaemia may be causally related with the
deterioration of lipid and blood pressure profile. Ear-
lier prospective evidence about the role of insulin in
the development of multiple metabolic disorders
comes from two adult population, namely the San
Antonio Heart Study and the study of elderly sub-
jects in eastern Finland. These data have shown that
elevation in insulin concentration precedes the devel-
opment of high levels of triglycerides and low levels
of HDL-cholesterol [19-22]. The evidence that hy-
perinsulinaemia would precede the development of
elevated blood pressure is not so consistent. In the
above-mentioned analyses from the San Antonio
Heart Study the association of insulin and blood pres-
sure elevation was only seen in certain subpopula-
tions, such as in lean subjects [19] or subjects not on
antihypertensive medication [20], but not in the
whole study population.

There are several mechanisms that would explain
the cause-and-effect relationship of insulin and other
risk factors. Hyperinsulinaemia is associated with in-
creased visceral fat and abundant availability of non-
esterified fatty acids from fat tissue may lead to in-
creased production of VLDL by the liver [42]. In ad-
dition, insulin itself may enhance the synthesis of he-
patic VLDL and thereby contribute to high levels of
triglycerides [16, 43]. Low HDL-cholesterol concen-
tration may result from increased rate of apolipopro-
tein AI/HDL degradation seen in hyperinsulinaemia
and insulin resistance [44], or alternatively it may be
secondary to elevations in triglyceride concentration
[45]. Hyperinsulinaemia or insulin resistance may
raise blood pressure by increasing the activity of the
sympathetic nervous system [46], or by promoting

BMTI and 6-year change in BMI. & Three risk factors (HDL-
cholesterol, triglycerides, SBP) at or above the age- and sex-
specific 75th percentile (lowest quartile used for HDIL-choles-
terol}

the renal reabsorption of sodium [47]. Also, cellular
deficiency of insulin may alter calcium metabolism
which leads to the increase in vascular smooth mus-
cle tone [48]. However, contradictory data also exist:
possible mechanisms have been suggested that con-
sider elevations in VLDL-triglycerides or blood pres-
sure as causes of hyperinsulinaemia. Infusion of lipids
has been shown to impair insulin action and thereby
stimulate insulin secretion [49]. Julius et al. [50] have
suggested that blood pressure elevation may induce
loss of capillary vessels in skeletal muscle, and that
this would promote local insulin resistance and subse-
quently lead to compensatory hyperinsulinaemia
[50]. Thus, the specific mechanisms involved in the
pathogenesis of the metabolic syndrome are not es-
tablished.

One limitation of this study is that we measured
only fasting insulin levels which are only a crude mea-
sure of insulin resistance. Therefore, fasting insulin
levels may underestimate the strength of association
between insulin resistance and other risk factors. An-
other limitation to our study is that we did not have a
validated measure, such as waist to hip ratio, to indi-
cate unfavourable fat distribution. Subscapular skin-
fold thickness was included in this study, since it has
been used earlier as a measure of truncal or central-
ized fat distribution in children of the Bogalusa Heart
Study [51]. In our study, subscapular skinfold thick-
ness was cross-sectionally associated with a clustering
of risk factors. Furthermore, it was prospectively asso-
ciated with the incidence of hyperinsulinaemia sug-
gesting that obesity estimated by measuring the sub-
scapular skinfold thickness is a risk factor for the de-
velopment of hyperinsulinaemia. However, these ef-
fects disappeared after BMI was also included in the
statistical models, i.e. BMI was a stronger predictor
of clustering or the incidence of hyperinsulinaemia
compared to subscapular skinfold thickness.

In summary, bearing the limitation in mind that
even prospective data cannot prove causality, these
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data demonstrate that high fasting insulin concentra-
tions measured in children and adolescents are pre-
dictive of the development of hypertriglyceridaemia
years later. Furthermore, our results suggest that hy-
perinsulinaemia precedes unfavourable changes in
the lipid and blood pressure profile including cluster-
ing of high triglycerides, low HDL-cholesterol and
high SBP.
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