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OBJECTIVE — Insulin resistance is promoted already in childhood by obesity and possibly
by high–saturated fat intake. We examined the effect of infancy onset biannually given dietary
counseling on markers of insulin resistance in healthy 9-year-old children.

RESEARCH DESIGN AND METHODS — Healthy 7-month-old infants (n � 1,062)
were randomized to the intervention (n � 540) and control (n � 522) groups. Each year, two
individualized counseling sessions were organized to each intervention family. The purpose of
counseling was to minimize children’s exposure to known environmental atherosclerosis risk
factors. Homeostasis model assessment of insulin resistance (HOMA-IR) index, serum lipids,
blood pressure, and weight for height were determined in a random subgroup of 78 intervention
children and 89 control children at the age of 9 years.

RESULTS — Intervention children consumed less total and saturated fat than the control
children (P � 0.002 and � 0.0001, respectively). The HOMA-IR index was lower in intervention
children than in control children (P � 0.020). There was a significant association between
saturated fat intake and HOMA-IR. In multivariate analyses including saturated fat intake, study
group, and other determinants of HOMA-IR (serum triglyceride concentration, weight for
height, and systolic blood pressure), study group was, whereas saturated fat intake was not,
significantly associated with HOMA-IR. This suggests that the beneficial effect of intervention on
insulin sensitivity was largely, but not fully, explained by the decrease in saturated fat intake.

CONCLUSIONS — The long-term biannual dietary intervention decreases the intake of
total and saturated fat and has a positive effect on insulin resistance index in 9-year-old children.
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Insulin resistance, defined as an inade-
quate metabolic response to plasma in-
sulin at normal concentrations (1,2), is

promoted by obesity and high intake of

saturated fat (3–5), and up to 30% of
overweight or obese individuals develop
insulin resistance (6). Although the prev-
alence of the insulin resistance syndrome,

i.e., a cluster of metabolic abnormalities
associated with reduced insulin sensitiv-
ity, increases with age, it exists already in
childhood (7,8). In adults, the insulin re-
sistance syndrome is associated with type
2 diabetes and cardiovascular disease (1).
Preventing obesity and sedentary lifestyle
and supporting a healthy lifestyle are im-
portant preventive measures, particularly
if started in childhood.

The aim of the present study was to
evaluate the effect of individualized re-
peatedly given dietary counseling aimed
at a low–saturated fat low-cholesterol diet
from the age of 7 years on serum insulin
values and some other markers of the in-
sulin resistance syndrome in 9-year-old
healthy children.

RESEARCH DESIGN AND
METHODS — The study design of the
ongoing prospective randomized Special
Turku Coronary Risk Factor Intervention
Project for Children (STRIP) study, which
began in 1990, has been published in de-
tail (9,10). Briefly, 1,054 volunteer fami-
lies with 1,062 healthy 7-month-old
infants were recruited to the study by
nurses at the well-baby clinics in the city
of Turku, Finland. The children were ran-
domized to an intervention group (n �
540, 284 boys) or a control group (n �
522, 266 boys). At the age of 7 years, a
time-restricted subsample of 200 chil-
dren from both intervention and control
groups was taken for more detailed labo-
ratory measurements. In practice, to this
cohort, we took those consecutive chil-
dren who came to their 7-year annual
STRIP visit (50 intervention boys, 50 in-
tervention girls, 50 control boys, and 50
control girls) beginning January 1997 and
ending November 1997. Selection bias
did not occur. The participants of this
present study comprised all 167 children
of those original 200 who had blood sam-
ples available from their 9-year STRIP
visit (78 intervention children, 35 boys;
89 control children, 47 boys).

Twice a year, the intervention group

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1Research Centre of Applied and Preventive Cardiovascular Medicine, University of Turku, Turku,
Finland; the 2Department of Medicine, University of Turku, Turku, Finland; 3Clinical Physiology, Turku,
Finland; the 4National Public Health Institute, Turku, Finland; the 5Hospital for Children and Adolescents,
Helsinki, Finland; and the 6Department of Pediatrics, University of Turku, Turku, Finland.

Address correspondence and reprint requests to Tuuli Kaitosaari, MD, Research Centre of Applied and
Preventive Cardiovascular Medicine, University of Turku, Kiinamyllynkatu 10, FIN-20520 Turku, Finland.
E-mail: tuuli.kaitosaari@utu.fi.

Received for publication 15 August 2005 and accepted in revised form 4 January 2006.
Abbreviations: apo, apolipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance;

PAI-1, plasminogen activator inhibitor type 1; STRIP, Special Turku Coronary Risk Factor Intervention
Project for Children.

A table elsewhere in this issue shows conventional and Système International (SI) units and conversion
factors for many substances.

© 2006 by the American Diabetes Association.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby

marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

C l i n i c a l C a r e / E d u c a t i o n / N u t r i t i o n
O R I G I N A L A R T I C L E

DIABETES CARE, VOLUME 29, NUMBER 4, APRIL 2006 781

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/4/781/650371/zdc00406000781.pdf by guest on 09 April 2024



received individualized dietary counsel-
ing given by a team consisting of a physi-
cian and a dietitian. The families recorded
the child’s food consumption for four op-
tional consecutive days, including at least
one weekend day, close (within 3 weeks)
to each follow-up visit (11). A dietitian
checked the food records and suggested
appropriate changes to the diet. From the
beginning of the study, the intervention
group was supported to adopt a healthy
low–saturated fat low-cholesterol diet,
which was designed to meet the Nordic
Dietary Recommendations (12). Since the
age of 3 years, the recommended intakes
comprised protein 10–15 E% (percent-
age of energy), fat 30 E% (saturated fat
�10 E%), and carbohydrate 55–60 E%.

The control children have received
the basic health education given at the
Finnish well-baby clinics. During their
STRIP visits, they received no detailed di-
etary counseling.

The study was approved by the Joint
Commission on Ethics of the Turku Uni-
versity and the Turku University Central
Hospital. Informed consent was obtained
from all parents.

Anthropometric measurements
Weight was measured with an electronic
scale (S10; Soehnle, Murrhardt, Ger-
many) to the nearest 0.1 kg. Standing
height was measured with a wall-
mounted stadiometer (Harpenden Stadi-
ometer, Holtain, Crymych, U.K.) to the
nearest 0.1 cm. Both measurements were
taken in the fasting state, with the subject
dressed in light clothing without shoes.
The weight, weight for height (deviation
of weight in percentages from the mean
weight of healthy Finnish children of the
same age, height, and sex), and height
were recorded (13). Waist (midway be-
tween iliac crest and the lowest rib at the
midaxillary line) and hip (maximum
width over the greater trochanters) cir-
cumferences were measured with a flexi-
ble measuring tape to the nearest 0.5 cm.
All children except 11 girls (4 interven-
tion and 7 control girls) were prepubertal,
i.e., at Tanner stage 1 (14). These 11 girls
were all at Tanner stage 2, and none of
them had had menarche.

Laboratory methods
Fasting serum total and HDL cholesterol,
apolipoprotein (apo)A-1, apoB, and tri-
glyceride concentrations were measured
as described (10). The Friedewald for-
mula (15) was used to calculate serum
LDL cholesterol concentration. Blood

samples for determination of serum glu-
cose and insulin concentrations were ob-
tained after an overnight fast. The samples
were centrifuged immediately, and 15 �l
of the enzyme inhibitor Antagosan was
added to the 0.5-ml serum insulin sam-
ple. Samples were stored at �20°C for 2
months at the most. Serum glucose was
measured by the glucose dehydrogenase
method (Merck Diagnostica, Darmstadt,
Germany) and serum insulin by radioim-
munoassay (Pharmacia Diagnostics, Upp-
sala, Sweden). The intra-assay of insulin
variations was 2.89% at the average con-
centration of 16.5 mU/l and 3.12% at the
level of 142 mU/l. The interassay varia-
tions were 3.89 and 3.91%, respectively.
Plasminogen activator inhibitor type 1
(PAI-1) was assessed by a chromogenic
assay kit based on two-stage indirect en-
zymatic assay (Spectrolyse/PL PAI;
Biopool International, Ventura, CA). The
intra-assay variations were 2.8% at the
concentration of 17.5 units/ml and 2.3%
at the concentration of 28.7 units/ml. The
interassay variations were 4.8 and 8.6%,
respectively. The homeostasis model as-
sessment of insulin resistance (HOMA-
IR) method was used to estimate insulin
resistance as described [(fasting insulin
mU/ml � fasting glucose mmol/l)/22.5]
(16). The analyses were performed in the
laboratory of the Research and Develop-
ment Unit of Social Insurance Institution
(Turku, Finland).

Statistical analysis
Two-way ANOVA was used to compare
the means of anthropometric measure-
ments, serum lipid values, markers of in-
sulin resistance, blood pressure, and
dietary intakes between the intervention
and control groups and between sexes.

ANCOVA was used to determine cor-
relates of the HOMA-IR index. First, be-
cause of the interdependency between
various anthropometric variables, be-
tween serum lipid values, between energy
nutrient intakes, and between systolic
and diastolic blood pressure, one variable
within each of these four variable groups
was selected for the ANCOVA analyses
based on their known associations with
insulin resistance (1,2,4,7). These se-
lected variables were as follows: weight
for height, serum triglyceride concentra-
tion, saturated fat intake, and systolic
blood pressure.

Serum insulin and triglyceride con-
centrations, plasma PAI-1 concentration,
HOMA-IR values, and weight and weight
for height values were log-transformed

for the analyses. The results are presented
as means � SD unless otherwise stated. In
all tests, P � 0.05 was considered signif-
icant. Statistical analyses were performed
using SAS System for Windows, release
9.1.3 (SAS, Cary, NC).

RESULTS — Weight, height, weight
for height, waist circumference, blood
pressure, and intakes of monounsatu-
rated fat and sucrose did not differ be-
tween groups or sexes (Table 1). Intakes
of total and saturated fat were lower, and
intake of polyunsaturated fat was higher
in intervention children than in control
children. Intake of carbohydrate was
higher in the intervention group than in
the control group, but the intervention
effect was divergent in boys and girls (Ta-
ble 1). Intervention girls had a higher in-
take of carbohydrate than control girls.
Girls had greater hip circumference and
lower intakes of total energy and polyun-
saturated fat than boys.

Serum glucose concentration was
slightly higher and insulin concentration
was clearly lower in intervention children
than in control children (Table 2). Boys
had higher glucose concentrations than
girls, but their insulin and PAI-1 concen-
trations were lower than in girls.
HOMA-IR was lower in intervention chil-
dren than in control children and lower in
boys than in girls. Serum total and LDL
cholesterol and apoA-1 and apoB concen-
trations did not differ between groups.
LDL and apoB concentrations were lower
in boys than in girls. Serum HDL choles-
terol concentration did not differ between
groups but was higher in boys than in
girls. Serum triglyceride concentration
was lower in intervention children than in
control children and lower in boys than in
girls. The 11 girls who had reached Tan-
ner stage 2 did not differ in their basic
anthropometric variables, blood pres-
sure, energy nutrient intakes, insulin re-
sistance markers, or serum lipid variables
from prepubertal girls, except that apoB
concentration was slightly higher in pu-
bertal girls (0.76 vs. 0.66 mmol/l, P �
0.043).

We performed separate analyses to
examine possible factors explaining insu-
lin resistance in general and to determine
the mechanisms of how intervention
leads to decreased insulin resistance.
Study group, sex, saturated fat intake, se-
rum triglyceride concentration, weight
for height, and systolic blood pressure
were associated with HOMA-IR (Table 3).
Saturated fat intake was associated

Insulin resistance markers in 9-year-old children
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strongly with the intervention group (P �
0.0001). We included saturated fat intake
in the ANCOVA analyses including study
group and other determinants of
HOMA-IR to examine whether the effect
of intervention is so strongly explained by
reduced saturated fat intake that the dif-
ference between groups in HOMA-IR
would disappear. However, in the final
multivariate model including study
group, saturated fat intake was no more
significantly associated with HOMA-IR,
whereas study group was still signifi-
cantly related to HOMA-IR. In the final
multivariate ANCOVA model, significant
explanatory variables for the HOMA-IR
index were study group, serum triglycer-
ide concentration, weight for height, and
systolic blood pressure. The effect of
weight for height was stronger in inter-
vention children than in control children

and in girls than in boys (Table 3, final
multivariate model).

CONCLUSIONS — Insul in resis-
tance, hypertriglyceridemia, elevated
blood pressure, and obesity are closely re-
lated (1,17). The present study showed
that repeatedly given dietary counseling
with onset in infancy, aimed at perma-
nently low intake of saturated fat, seems
to improve insulin sensitivity in 9-year-
old children. At the dietary intake level,
intervention was effective because
intervention children consumed less total
and saturated fat and more carbohydrate
and polyunsaturated fat than control
children.

High intake of saturated fat seems to
associate with insulin resistance (3,4,18).
When saturated fatty acid intake is exces-
sive, triglycerides accumulate in many tis-

sues, e.g., in liver and muscle leading to
cellular damage and dysfunction and
eventually causing hyperinsulinemia to
compensate for insulin resistance (19). In
our study, high–saturated fat intake was a
significant explanatory variable of
HOMA-IR when children from both
study groups were analyzed together.
However, when study group was in-
cluded as a covariate in the model, the
significance of saturated fat intake disap-
peared. This indicates that our finding of
decreased HOMA-IR in intervention chil-
dren is to a large extent due to their lower
saturated fat intake. However, as the
study group remained as a significant de-
terminant of HOMA-IR after multiple ad-
justments, other unmeasured factors,
such as possible altered exercise habits,
may partly explain our intervention effect
on HOMA-IR. Hypertriglyceridemia in-

Table 1—Anthropometric variables, blood pressure, and energy nutrient intakes of intervention and control children

Intervention boys
(n � 35)

Control boys
(n � 47)

Intervention girls
(n � 43)

Control girls
(n � 42)

Two-way ANOVA

Sex Group Interaction

Weight (kg)* 31.5 � 5.7 30.3 � 4.8 31.7 � 5.7 32.3 � 6.8 NS NS NS
Height (cm) 136.8 � 6.7 135.6 � 5.6 136.3 � 6.0 136.3 � 6.6 NS NS NS
Weight for height (%)* 1.78 � 11.28 0.51 � 13.00 3.70 � 11.58 5.42 � 14.54 NS NS NS
Waist circumference (cm) 58.9 � 5.0 57.7 � 4.9 57.7 � 6.0 58.8 � 6.0 NS NS NS
Hip circumference (cm) 69.4 � 5.8 68.6 � 5.1 70.2 � 5.6 72.0 � 7.3 0.028 NS NS
Systolic blood pressure (mmHg) 100.1 � 7.3 99.8 � 7.6 100.3 � 7.0 100.5 � 8.3 NS NS NS
Diastolic blood pressure (mmHg) 58.3 � 5.4 58.7 � 5.6 58.6 � 6.5 59.1 � 6.2 NS NS NS
Total energy intake (kcal) 1,834 � 324 1,815 � 250 1,646 � 258 1,696 � 317 0.001 NS NS
Total fat intake (E%) 30.8 � 3.9 31.8 � 4.3 29.1 � 4.6 32.6 � 4.4 NS 0.002 0.07
Saturated fat intake (E%) 11.2 � 1.9 12.8 � 2.1 11.2 � 2.8 14.2 � 2.3 NS �000.1 0.07
Monounsaturated fat intake (E%) 11.59 � 1.79 10.83 � 1.75 10.39 � 1.62 11.06 � 1.95 NS NS 0.013
Polyunsaturated fat intake (E%) 6.03 � 1.12 5.39 � 1.20 5.49 � 1.19 4.80 � 1.02 0.002 0.0003 NS
Carbohydrate intake (E%) 52.8 � 4.4 53.0 � 4.4 54.5 � 4.7 51.3 � 5.0 NS 0.039 0.013
Sucrose intake (E%) 9.6 � 2.6 11.2 � 4.1 9.8 � 3.8 9.9 � 3.8 NS NS NS

Data are means � SD. *Weight and weight for height values were log-transformed for the analyses. E%, percentage of energy.

Table 2—Serum glucose and insulin, plasma PAI-1, HOMA-IR, serum lipid values, and apolipoproteins in intervention and control children

Intervention boys
(n � 35)

Control boys
(n � 47)

Intervention girls
(n � 43)

Control girls
(n � 42)

Two-way ANOVA

Sex Group Interaction

Glucose (mmol/l) 4.66 � 0.31 4.62 � 0.24 4.60 � 0.26 4.48 � 0.26 0.014 0.037 NS
Insulin (mU/l)* 3.94 � 1.33 5.00 � 1.90 5.23 � 2.00 5.76 � 2.06 0.0003 0.005 NS
PAI-1 (units/ml)* 6.79 � 2.65 8.33 � 3.46 9.84 � 5.69 9.57 � 5.13 0.017 NS NS
HOMA-IR* 0.82 � 0.29 1.03 � 0.41 1.08 � 0.45 1.15 � 0.44 0.003 0.020 NS
Total cholesterol (mmol/l) 4.30 � 0.66 4.49 � 0.85 4.55 � 0.65 4.64 � 0.65 NS NS NS
LDL cholesterol (mmol/l) 2.71 � 0.48 2.78 � 0.76 2.95 � 0.61 2.97 � 0.56 0.027 NS NS
HDL cholesterol (mmol/l) 1.33 � 0.25 1.37 � 0.28 1.24 � 0.20 1.30 � 0.24 0.037 NS NS
Triglycerides (mmol/l)* 0.57 � 0.21 0.75 � 0.38 0.79 � 0.36 0.83 � 0.29 0.001 0.018 NS
apoA-1 (g/l) 1.47 � 0.22 1.52 � 0.22 1.42 � 0.15 1.48 � 0.20 NS NS NS
apoB (g/l) 0.66 � 0.13 0.74 � 0.21 0.81 � 0.17 0.80 � 0.17 0.0002 NS NS

Data are means � SD. *Serum insulin and triglyceride concentrations, plasma PAI-1 concentration, and HOMA-IR values were log-transformed for the analyses.
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creases the amount of free fatty acids,
which are known to promote insulin re-
sistance (20). In the KANWU Study (4),
insulin sensitivity was significantly im-
paired after a 3-month consumption of a
high–saturated fat diet, while it remained
unchanged on a monounsaturated fatty
acid diet. In the Finnish Diabetes Preven-
tion Study, a 3-year individualized life-
style intervention reduced the intake of
both total and saturated fat, and as a con-
sequence, the incidence of diabetes in
these overweight originally nondiabetic
adults diminished (21). In the present
study, study group and serum triglyceride
concentration were significant explana-
tory variables for HOMA-IR index in the
multivariate ANCOVA model study
group. This suggests that the observed
difference in HOMA-IR between inter-
vention and control groups, most proba-
bly due to reduced saturated fat intake in
intervention children, cannot solely be
explained by mechanisms related to
higher triglyceride levels in control
children.

Adiposity in childhood may be the
strongest predictor of the metabolic syn-
drome in adulthood (22), and overweight
children are at increased risk of becoming
obese adults (23,24). In a previous study
on Finnish children, fasting serum insulin

concentrations correlated positively with
BMI in 9-year-old boys and girls (25). In
accordance with that and other previous
studies (8,26–29), we also observed a
strong connection between children’s
body composition and HOMA-IR. It is
highly likely that obesity and insulin re-
sistance have adverse subclinical cardio-
vascular consequences already in
childhood. According to autopsy studies,
BMI relates to the existence of fibrous
plaques and fatty streaks in coronary ar-
teries and aorta already in young children
(30,31). A noninvasive ultrasound study
of 10-year-old children revealed that
obese girls have increased stiffness of ab-
dominal aorta (32). In the study by
Raitakari et al. (33), BMI and blood pres-
sure in childhood correlated positively
with the intima-media thickness of the
common carotid artery in adulthood.

In the present study, sex was not as-
sociated with the HOMA-IR index in the
multivariate model including study
group. However, boys had lower
HOMA-IR as well as serum triglyceride,
LDL cholesterol, and apoB concentrations
than girls. Total and saturated fat intakes
did not differ between sexes, but boys had
higher polyunsaturated fat intake than
girls. Physical exercise improves insulin
sensitivity (34) and affects serum lipid

values favorably (35). Unfortunately, the
level of physical activity was not accu-
rately measured in the present study.
However, in another Finnish study, boys
under 12 years of age were physically
more active than girls (36). Thus, it is
probable that boys in the present study
were more active than girls, which may
explain the more favorable lipid pattern
and lower HOMA-IR index in boys.

In conclusion, the 9 years of biannual
nutrition counseling aimed at diminished
intake of saturated fat seems to protect
children from the development of insulin
resistance. Clear-cut explanatory factors
for higher insulin resistance index were
(in addition to belonging to the control
group having high–saturated fat intake)
body composition, serum triglyceride
concentration, and systolic blood pres-
sure. Our results, if sustained for future
decades, thus suggest that development
of insulin resistance and subsequently
possibly also atherosclerosis may be de-
layed or prevented by introducing rele-
vant dietary and lifestyle habits already in
early childhood. Further follow-up stud-
ies with continuing counseling sessions in
our trial will show whether the observed
beneficial effects of intervention will con-
tinue over puberty into early adulthood.
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Telama R, Välimäki I, Åkerblom HK, Vi-
ikari JS: Associations between physical ac-
tivity and risk factors for coronary heart
disease: the Cardiovascular Risk in Young
Finns Study. Med Sci Sports Exerc 29:
1055–1061, 1997

36. Telama R, Yang X: Decline of physical ac-
tivity from youth to young adulthood in
Finland. Med Sci Sports Exerc 32:1617–
1622, 2000

Kaitosaari and Associates

DIABETES CARE, VOLUME 29, NUMBER 4, APRIL 2006 785

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/4/781/650371/zdc00406000781.pdf by guest on 09 April 2024


