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OBJECTIVE

We examined whether success in achieving the key targets of an infancy-onset
20-year dietary intervention associated with insulin sensitivity and serum lipids
from early childhood to young adulthood.

RESEARCH DESIGN AND METHODS

The sample comprised 941 children participating in the prospective, randomized
Special Turku Coronary Risk Factor Intervention Project (STRIP). Dietary counseling
was given biannually based on the Nordic Nutrition Recommendations with the
main aim to improve the quality of dietary fat in children’s diets and the second-
ary aim to promote intake of vegetables, fruits, and whole-grain products. Food
records and serum lipid profile were studied annually from 1 to 20 years of age,
and HOMA of insulin resistance (HOMA-IR) was assessed between 7 and 20 years
of age. Meeting the intervention targets for quality of dietary fat was defined as
the ratio of saturated fatty acids (SAFA) to monounsaturated and polyunsatu-
rated fatty acids (MUFA + PUFA) <1:2 and intake of SAFA <10% of total energy
intake (E%). Meeting the target for intake of whole-grain products, fruits, and veg-
etables was indicated by a fiber intake ‡3 g/MJ.

RESULTS

Participants in the intervention group had a higher probability of meeting the
targets of SAFA/(PUFA +MUFA)<1:2 (risk ratio [RR] 3.91 [95%CI 3.33–4.61]), intake
of SAFA <10 E% (RR 3.33 [95% CI 2.99–3.96]), and intake of fiber >3 g/MJ (RR 1.37
[95% CI 1.04–1.80]). Participants who achieved more targets had lower HOMA-IR,
lower concentrations of fasting serum glucose, insulin, LDL cholesterol, and non-HDL
cholesterol, and a lower ratio of apolipoprotein (Apo) B/ApoA1 (P values all £0.003).

CONCLUSIONS

Achieving the key targets of an infancy-onset 20-year dietary intervention was
associated with better insulin sensitivity and serum lipid profile throughout the
early life course.

1Research Centre of Applied and Preventive
Cardiovascular Medicine, University of Turku,
Turku, Finland
2Paavo Nurmi Centre, Sports and Exercise Med-
icine Unit, Department of Physical Activity and
Health, University of Turku, Turku, Finland
3Division of Medicine, Department of Medicine,
Turku University Hospital, University of Turku,
Turku, Finland
4Department of Pediatrics and Adolescent Med-
icine, Turku University Hospital, University of
Turku, Turku, Finland
5Menzies Institute for Medical Research, Univer-
sity of Tasmania, Hobart, Tasmania, Australia
6Department of Pediatric Cardiology, Hospital
for Children and Adolescents, University of Hel-
sinki, Helsinki, Finland
7Department of Public Health, University of
Turku, Turku, Finland
8Department of Chronic Disease Prevention, In-
stitute for Health and Welfare, Turku, Finland
9Department of Clinical Physiology and Nuclear
Medicine, Turku University Hospital, University
of Turku, Turku, Finland

Corresponding author: Tomi T. Laitinen, tomi
.laitinen@utu.fi.

Received 20 April 2018 and accepted 14 July
2018.

Clinical trial reg. no. NCT00223600, clinicaltrials
.gov.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/suppl/
doi:10.2337/dc18-0869/-/DC1.

T.T.L. and J.N. contributed equally to the work.

© 2018 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered. More infor-
mation is available at http://www.diabetesjournals
.org/content/license.

Tomi T. Laitinen,1,2 Joel Nuotio,1

Markus Juonala,3 Harri Niinikoski,4

Suvi Rovio,1 Jorma S.A. Viikari,3

Tapani Rönnemaa,3
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Dietary composition influences cardio-
metabolic diseases such as type 2 di-
abetes, coronary heart disease, and
stroke that together pose substantial
health and economic burdens (1). Uni-
versally, dietary guidelines emphasize
consumption of unsaturated fats and
limiting saturated fat and cholesterol
intake. In addition, increased consump-
tion of fruits, vegetables, whole grains,
and dietary fiber and avoidance of added
sugar is encouraged (2,3).
The Special Turku Coronary Risk Fac-

tor Intervention Project (STRIP) study
is a globally unique human experiment
that has conducted a 20-year controlled
dietary intervention from infancy to
adulthood (4). The personalized dietary
counseling was based on Nordic Nutri-
tion Recommendations with the main
aim of improving the quality of dietary fat
(2). In addition, the counseling promoted
intake of vegetables, fruits, and whole-
grain products. In our previous reports, we
have shown that the repeated dietary
counseling provided in STRIP resulted in
a number of phenotypic changes among
intervention children in line with a re-
duced risk of atherosclerotic diseases
and diabetes (5–11). However, it is not
been identified how well study partic-
ipants met the key intervention targets
that reflected the dietary guidelines.
Importantly, it has not been explored
how meeting these targets associates
with markers of cardiometabolic risk.
In order to determine the achievability

of the key targets of the infancy-onset
dietary intervention, we rank the STRIP
study participants according to their
success in achieving the main target of
the dietary intervention based on quality
of dietary fat and the intake of fiber
reflecting consumption of whole-grain
products, vegetables, and fruit. We
then examine the association of achiev-
ing these targets, and additionally a low
intake of sucrose, on insulin sensitivity
and serum lipids from childhood to early
adulthood.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The STRIP study, a prospective, random-
ized, controlled trial to prevent athero-
sclerosis beginning in infancy, recruited
families with 5-month-old infants at
well-baby clinics in Turku, Finland from
1990 to 1992 (4). At the age of 7 months,
1,062 infants (56.5% of the eligible age

cohort) were randomly allocated to di-
etary intervention (n = 540) or control
(n = 522) groups (Supplementary Fig. 1).

The intervention group received in-
dividualized dietary counseling at least
biannually beginning at 8 months of age
until 20 years of age (4,9). The main aim
of the intervention has been to replace
saturated fat with unsaturated fat. Re-
duction in total fat intake was not tar-
geted. Breastfeeding or formula was
advised during the first year of life. After
12 months of age, 0.5–0.6 L/day of skim
milk was recommended. To maintain
adequate fat intake, the parents were
instructed to add daily two to three
teaspoons (10 g) of soft margarine or
vegetable oil to the child’s food from
12 to 24 months of age. The counseling
also promoted the intake of vegetables,
fruits, and whole-grain products. In the
early years of the intervention, low in-
take of cholesterol was also discussed
with families. The counseling was pro-
vided to the parents until the child was
7 years old. After that, more information
was gradually given directly to the child.
A fixed diet was never ordered; the
counseling was individualized, and the
child’s recent food record was used as a
basis of dietary suggestions. The dietary
recommendations were based on Nor-
dic Nutrition Recommendations avail-
able at the time.

The control group was seen biannually
until 7 years of age and annually there-
after until 20 years of age (4). Similar
measurements were performed for both
study groups, and they met the same
study personnel. Children in the control
group received only the basic health edu-
cation given at Finnish well-baby clinics
and school health care.

The STRIP study is conducted accord-
ing to the guidelines of the Declaration
of Helsinki, and the study protocol is
approved by the local ethics committee.
Written informed consent was obtained
from parents and from the children
at 15 and 18 years of age. The current
study comprised participants who pro-
vided dietary data between 1 (N = 941;
95.6% of those participating in the
study visit) and 20 years of age (N =
300; 68.5% of those participating in the
study visit).

Assessment of Dietary Intake
Food consumption was recorded using a
4-day food record (consecutive days; at

least one weekend day included) (12). A
dietitian checked the food records for
accuracy, and the food and nutrient
intakes were analyzed with a continu-
ously updated Micro-Nutrica program
(13).

Targets of the Dietary Intervention
and the Success Score
According to the nutritional targets of
the dietary intervention given in the
study, reflecting dietary guidelines, the tar-
geted quality of dietary fat was defined
in the current study as two separate
targets: the ratio of saturated fatty acids
(SAFA) to monounsaturated and polyun-
saturated fatty acids (MUFA + PUFA),1:2
and as the intake of SAFA ,10% of total
energy intake (E%). Intake of fiber was
chosen to indicate the success of achiev-
ing the other key intervention target,
favoring whole-grain products, and con-
sumption of fruits and vegetables. The
targeted intake of dietary fiber was de-
fined in twoways: 1)$3 g/MJ (2,3) or 2)
being at the top age-specific quintile
($80th age-specific percentile). In the
absence of a consensus recommenda-
tion on sucrose intake, we used the
lowest age-specific quintile (,20th age-
specific percentile) as the definition of
desired sucrose intake in this study.
Participants were given one point for
meeting each of the four targets: SAFA/
(MUFA + PUFA) ,1:2, SAFA ,10 E%,
dietary fiber $80th age-specific per-
centile, and sucrose#20th age-specific
percentile. The range of the score was
0–4 points. Because of the low preva-
lence of participants meeting all four
targets, participants meeting three or
four targets were combined for the
analyses.

Sensitivity Analyses
The current Nordic Nutrition Recom-
mendation does not set an upper intake
level for dietary cholesterol (2). How-
ever, low dietary cholesterol was one
of the targets of the intervention when
the study was launched in 1990 (5). In
sensitivity analyses of the current study,
we used an additional target of dietary
cholesterol ,300 mg/day, as recom-
mended in the Dietary Guidelines for
Americans in 2010 (14). In the sensitiv-
ity analyses, we also used the cutoff
point of sucrose ,10 E%, mirroring
the recommendation for added sugar
intake (14).
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Anthropometric Measurements
Weight was measured to the nearest
0.1 kg with an electronic scale (S10;
Soehnle, Murrhardt, Germany) and height
to the nearest 0.1 cm with a Harpenden
stadiometer (Holtain, Crymych,U.K.). BMI
was calculated as weight in kilograms
divided by height in meters squared.

Laboratory Methods
The blood samples drawn before 5 years
of age were nonfasting. From 5 years of
age, fasting blood samples were drawn.
Serum total cholesterol and triglyceride
concentrations were analyzed using a
fully enzymatic cholesterol oxidase-p-
aminophenazone method (Merck, Darm-
stadt, Germany) with an automatic
Olympus AU400 analyzer (8). Serum HDL-
cholesterol concentration was measured
after precipitation of LDL and very LDL
with dextran sulfate 500,000 (8). Non-
HDL cholesterol was calculated as total
cholesterol 2 HDL cholesterol concentra-
tion. The Friedewald formula was used
to calculate the LDL cholesterol con-
centrations (15). None of the partici-
pants had triglycerides .4.52 mmol/L
(.400 mg/dL). Apolipoprotein (Apo) A1
and ApoB were determined immunotur-
bidimetrically (Orion Diagnostica, Espoo,
Finland). At 7 years of age, a time-
restricted subsample of 200 children
equally from both the intervention and
control groups was chosen for more
detailed laboratory measurements, in-
cluding determination of serum glucose
and insulin concentrations. This cohort
comprised those consecutive children
who came to their 7-year annual STRIP
visit between January 1997 and Novem-
ber 1997. Selection bias did not occur (16).
From 15 years of age onwards, annual
glucose and insulin concentrations were
obtained from all participants. Serum
glucose was measured by the glucose
dehydrogenase method (Merck Diagnos-
tica) between 7 and 13 years of age and
by a hexokinase method (Glucose Olym-
pus System Reagent; Olympus, Ireland)
from 15 years of age onwards (10,16).
Serum insulin was measured with a mi-
croparticle enzyme immunoassay (Insulin
IMX system reagent; Abbott, Chicago, IL),
or chemiluminescent microparticle im-
munoassay (ARCHITECT insulin assay; Ab-
bott) between 7 and 13 years of age (16).
From 15 years of age onwards, serum
insulin was measured by radioimmuno-
assay (Pharmacia Diagnostics, Uppsala,

Sweden) (10). To correct for differences
in analytical level between the methods,
a correlation equation obtained by stan-
dardized principal component analysis
of results of samples analyzed with
both methods was used. To estimate
insulin resistance, HOMA-IR (fasting in-
sulinmU/mL3 [fastingglucose (mmol/L)/
22.5]) was calculated (17).

Statistical Analyses
HOMA-IR, serum insulin, and triglyceride
values were log-transformed for the anal-
yses due to right-skewed distributions.
Participants with fasting glucose .7
mmol/L (126 mg/dL) and/or fasting in-
sulin .100 mU/L were excluded from
analyses concerning fasting glucose, in-
sulin, and HOMA-IR. Differences be-
tween participants who had and had
not provided dietary data at 20 years of
age were examined using the Student t
test for continuous variables and x2 test
for categorical variables. Association of
the STRIP study group (intervention/
control) with the probability of meeting
the dietary targets was studied with a
modified Poisson regression model with
generalized estimating equation for re-
peated measures (risk ratios calculated
for STRIP intervention vs. control group,
adjusted for age and sex). Association of
the STRIP study group with the score and
association of the score with risk factor
levels were studied with a linear mixed-
effects model for repeated measures using
compound symmetry covariance struc-
ture. All models included age and sex
as covariates. In the repeated measure-
ments model, the compound symmetric
covariance structure for each individual
was specified. The decision was based on
the variance-covariance and correlation
matrices, which indicated that correlation
was not dependent on the value of lag and
that observations from same individ-
ual had homogeneous variance and co-
variance. Sex 3 score interactions were
studied to investigate if the associations
with risk factor levels were similar in
males and females. In the case of sig-
nificant sex interactions, sex-stratified
analyses were conducted. Statistical sig-
nificance was inferred at a two-tailed
P value ,0.05. The statistical analyses
were performed with SAS version 9.4.

RESULTS

Characteristics of the study participants
are shown in Supplementary Table 1.

Comparisons between participants who
provided dietary data and those who
did not at 20 years of age are shown
in Supplementary Table 2. Males re-
ported dietary data less often than fe-
males, and males with dietary data had
lower BMIs than males who did not
provide dietary data.

Intervention Effect
Participants in the intervention group
had a higher probability of meeting the
targets of SAFA/(PUFA + MUFA) ,1:2,
intake of SAFA ,10 E%, and intake of
dietary fiber .3 g/MJ between 1 and
20 years of age (Fig. 1). The mean pro-
portion of participants who succeeded in
achieving an individual dietary target
between 1 and 20 years of age in the
intervention and control groups was
19.9% vs. 5.0% for SAFA/(PUFA + MUFA)
,1:2, 31.8% vs. 9.8% for SAFA ,10 E%,
and 5.4% vs. 4.0% for dietary fiber .3
g/MJ. Participants in the intervention
group also had a higher probability of
meeting the additional targets of dietary
fiber $80th age-specific percentile, in-
take of sucrose #20th age-specific per-
centile, and intake of dietary cholesterol
,300 mg/day (Supplementary Fig. 2).

Because of the low proportion of par-
ticipants meeting the target of dietary
fiber $3 g/MJ, we used the criterion
of $80th age-specific percentile to de-
fine the targeted dietary fiber in the
score. Participants were given one point
for meeting each of the four targets:
SAFA/(MUFA + PUFA) ,1:2, SAFA
,10 E%, dietary fiber $80th age-specific
percentile, and sucrose #20th age-
specific percentile. Furthermore, the in-
tervention group had higher score levels
(P , 0.001, adjusted for age and sex,
data not shown).

Association of the Score With BMI,
Insulin Sensitivity, and Lipids
The score indicating achievement of the
dietary targets was not associated with
BMI (Supplementary Fig. 3). As shown in
Fig. 2, meeting a higher number of dietary
targets was associated with lower con-
centrations of fasting serum glucose and
insulin and lower HOMA-IR. In Table 1,
these data are summarized by giving
the age- and sex-adjusted means across
the entire follow-up. Furthermore, partici-
pantswith a higher scorehad, on average,
lower concentrations of total choles-
terol, LDL cholesterol, HDL cholesterol, and
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Figure 1—Proportions (%) of participants meeting the dietary target ratios of SAFA to MUFA + PUFA,1:2 (A), intake of saturated fat,10% of total
energy (B), and intake of dietary fiber.3 g/MJ (C) in the intervention (solid line) and control (dashed line) groups. Risk ratio indicating the probability
ofmeeting the dietary target in the intervention group in comparisonwith the control groupwas 3.91 (95%CI 3.33–4.61; P for difference,0.0001) for
ratio of SAFA toMUFA+PUFA,1:2, 3.44 (95%CI 2.99–3.96;P for difference,0.0001) for intakeof saturated fat,10%of total energy, and1.37 (95%CI
1.04–1.80; P for difference 0.03) for intake of dietary fiber.3 g/MJ. P for difference calculated for meeting the dietary targets in the intervention and
control groups on average across all of the data points.
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non-HDL cholesterol and lower ApoB/
ApoA1 ratio (Fig. 3 and Table 1).
The association of the score with total

cholesterol, non-HDL cholesterol, and
ApoB/ApoA1 ratio was different between

sexes (sex3 score interaction: P, 0.10).
In separate analyses, the score was
associated with total cholesterol, LDL
cholesterol, and non-HDL cholesterol in
both sexes, but the association became

nonsignificant in both males and females
for ApoB/ApoA1 ratio (Supplementary
Table 3).

In sensitivity analyses, a target for
dietary cholesterol ,300 mg/day was

Figure 2—Mean levels of fasting glucose, fasting insulin, andHOMA-IR according to the dietary target score fromchildhood (7 years) to early adulthood
(20 years) in all participants of the STRIP study.
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added to the score in order to reflect the
dietary counseling given in the early
years of the study. Results remained
essentially similar (data not shown). Fur-
thermore, when sucrose ,10 E% was
used as the definition of desired sucrose
intake instead of the lowest age-specific
quintile, the results were similar with the
exception of fasting glucose and ApoB/
ApoA1 ratio, which became nonsignifi-
cant (P = 0.20 for both; data not shown).
In addition, the results remained essen-
tially unchanged when the analyses were
adjusted for total energy intake (data not
shown). Finally, the association of the
score on total cholesterol, LDL choles-
terol, non-HDL cholesterol, triglycerides,
and ApoB/ApoA1 ratio was essentially
similar when the analyses were addi-
tionally adjusted for total fat intake.
Association of the score and serum
HDL cholesterol became marginally non-
significant after adjusting for total fat in-
take (Supplementary Table 4).

CONCLUSIONS

This study is the first to report on the
success of achieving key dietary aims
since infancy and to report the associa-
tion of achieving the targets on insulin
sensitivity and serum lipids. We showed
that participants in the intervention
group had a higher probability of achiev-
ing the key dietary targets between 1
and 20 years of age compared with their
peers in the control group. Importantly,
we also observed that participants who
achieved more dietary targets had better
insulin sensitivity and a more favorable
serum lipid profile from childhood to
early adulthood. These data are unique
due to the exceptional dietary data me-
ticulously collected since infancy, the
20-year dietary intervention, and the
concurrent assessment of cardiometa-
bolic risk factors. The reported findings
are important because hyperglycemia
and insulin resistance have been shown
to associate with incident type 2 diabetes
and the development of atherosclerosis
and its complications (18). In addition,
meeting the criteria for metabolic syn-
drome in childhood is independently
associated with increased future risk of
type 2 diabetes (19).

In STRIP, the main aim of dietary
counseling was to improve the quality
of dietary fat in children’s diets. In this
study, we observed that participants in
the intervention group had a higher
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probability of achieving the targeted
quality of dietary fat compared with their
peers in the control group. In addition,
we observed that participants in the
intervention group more often achieved
the target for intake of dietary fiber
(both $3 g/MJ and $80th age-specific
percentile). Although the STRIP interven-
tion was associated with an improved
achievement of the dietary targets, the
proportion of participants who suc-
ceeded in achieving the individual goals
between 1 and 20 years of age was rel-
atively low, varying from 5.4% (dietary
fiber$3 g/MJ) to 31.8% (SAFA,10 E%).
Thus, only a minority of children and
adolescents met the targets recom-
mended in dietary guidelines (2,3). Sim-
ilar results were observed in the Physical

Activity andNutrition in Children (PANIC)
Study, in which the targets of dietary
fiber $3 g/MJ and SAFA ,10 E% were
met by 9% and 24% of the participants
aged 6–8 years, respectively (20). Likewise,
intake of SAFA (mean 13 E%) was above
the recommended levels, whereas the
intake of dietary fiber (mean 1.8 g/MJ)
was below the targeted level in all time
points in participants aged 1–6 years of
a large, population-based cohort study,
the Type 1 Diabetes Prediction and Pre-
vention (DIPP) study (21). In this study,
we observed that achieving a higher
number of dietary targets was associated
with enhanced insulin sensitivity and a
more favorable lipid prolife from infancy
to early adulthood. This is important,
because prolonged exposure to lower

LDL cholesterol beginning early in life
has been associated with greater reduc-
tion in the risk of CHD than contemporary
practice of lowering LDL cholesterol with
statin use beginning later in life (22).

Our results are in line with the previous
observations from the Finnish Diabetes
Prevention Study (DPS). In the DPS, in-
dividuals in the lifestyle intervention
group were more likely to achieve the
main goals: weight reduction .5%, fat
intake ,30 E%, SAFA intake ,10 E%,
fiber intake $15 g/1,000 kcal, and exer-
cise .4 h/week after 1 year, with the
reduction in the incidence of diabetes
directly associated with the number of
achieved intervention targets (23). How-
ever, in the DPS, participants were middle-
aged and overweight with impaired

Figure 3—Mean serum lipids and lipoprotein levels according to the dietary target score from childhood (13 months or 5 years) to early adulthood
(20 years) in all participants of the STRIP study.
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glucose tolerance, whereas our sample
comprised apparently healthy children and
adolescents participating in an infancy-
onset 20-year intervention. In addition,
the intervention targets and outcome
measures were different compared with
the DPS.
Previously, we have reported a favor-

able effect of the dietary counseling in
STRIP on mean dietary SAFA intake and
serum LDL cholesterol concentration
through childhood and adolescence (8)
and that the intervention group had
enhanced insulin sensitivity at 9 years
of age (16) and in adolescence (10).
Similarly, the Dietary Intervention Study
in Children (DISC), a shorter-term inter-
vention study examining hypercholes-
terolemic school-aged children in the U.S.,
reported that the dietary intervention
led to modest lowering of LDL cholesterol
levels over 3 years (24). There are sev-
eral plausible mechanisms that may
underlie the dietary effects of such inter-
ventions. The modification of dietary fat
intake influences serum LDL cholesterol
levels through regulation of several
transcription factors, including LDL-
receptor activity and expression (25).
The association of the target score on
total cholesterol, LDL cholesterol, non-
HDL cholesterol, triglycerides, and ApoB/
ApoA1 ratio was essentially similar when
total fat intake was included in the
analyses, indicating that other factors
may be mediating the effect. However,
the inverse association of score and
serum HDL cholesterol became margin-
ally nonsignificant when total fat intake
was taken into account. Previously, it has
been reported that a low-fat diet de-
creases HDL cholesterol concentrations
by decreasing HDL Apo Tm (26). A high
triglyceride concentration is indepen-
dently associated with cardiometabolic
outcomes in adults (27). A higher fiber
intake is linked with lower concentra-
tions of serum triglycerides (1). In child-
hood, triglyceride concentrations tend
to rise as adiposity increases (28). In this
study, there was no association between
the dietary score and BMI, which might
potentially explain why we did not ob-
serve an association between the dietary
score and serum triglycerides.
Although previously shown to associ-

ate with HOMA-IR, metabolic syndrome,
and insulin levels (16,29,30), our mea-
sures offiber intake andquality of dietary
fat might not entirely capture the effect

ofdieton insulin sensitivity. Inaddition to
diet, overweight and obesity are associ-
ated with insulin sensitivity, the meta-
bolic syndrome, and type 2 diabetes. In
this study, however, the effect of the
score on HOMA-IR and concentrations of
insulin and glucose are not explained by
these links, because there were no differ-
ences in BMI between the score groups.
Our results suggest that the observed
association of the score with HOMA-IR
between early childhood and young
adulthood is likely not only due to
changes in insulin levels, but also to small
reductions within the normoglycemic
range in serum glucose.

A potential limitation of the STRIP trial
is for selection bias in the initial recruit-
ment of the participants, in which fam-
ilies who took part in the trial might have
been more interested in health issues.
Moreover, although the control group
children did not receive dietary counsel-
ing, they were probably more aware of
their health-related factors than typical
Finnish children. The control families
completed food records similar to the
intervention peers and received their
serum cholesterol values, which could
have inadvertently caused them to mod-
ify their behavior and diet. Such potential
biases may have diluted the observed
differences between the intervention
and control groups. During an extensive
20 years of follow-up, it is inevitable
that loss to follow-up occurred (4). Attri-
tion analyses performed previously have
found body weight, BMI, serum total
cholesterol, and saturated fat intake
did not differ between participants and
nonparticipants (4,6,31). At 20 years of
age, males less often provided dietary
data compared with females, and males
who had completed the food records
had lower BMI than males who did not
complete food records, but no other
differences in cardiovascular risk factor
levels were observed. Although euglycemic-
hyperinsulinemic clamp is considered
the gold standard for measurement of
insulin resistance, HOMA-IR was used to
indicate insulin resistance in this study.
An earlier study suggests that an equa-
tion including waist circumference, triglyc-
erides, fasting glucose, and HbA1c might
perform better than HOMA-IR in estimat-
ing insulin resistance (32). Because HbA1c
was notmeasured during follow-up in our
study, wewere not able to consider other
equations to indicate insulin resistance.

As children in the STRIP study are
all Caucasian, the results may not
be generalizable to other ethnicities.
Major strengths of the study are the
uniquely long intervention and follow-
up period beginning in infancy, the large
number of repeatedly studied partici-
pants, and the use of well-established
methods.

In conclusion, individualized, family-
based dietary intervention was associ-
ated with better achievement of the
key targets of the intervention, reflect-
ing dietary guidelines, between 1 and
20 years of age. Achieving the dietary
targets was favorably associated with in-
sulin sensitivity and serum lipids through-
out the early life course. The results thus
show that dietary and cardiometabolic
risk factor changes can be introduced
from infancy to young adulthood. Nota-
bly, however, many children failed to
meet the dietary targets. The findings
also further support recent dietary rec-
ommendations (2,3) in the prevention
of future type 2 diabetes and the pro-
motion of cardiovascular health. Fu-
ture follow-ups in the STRIP participants
will show if the effects of this unique
infancy-onset 20-year dietary interven-
tion will persist into later adulthood
and if the intervention effect confers
long-term cardiometabolic risk reduction
(33).
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