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Objective: To determine the long-term effect of a randomized controlled trial of a dairy-rich diet on
generalized and abdominal obesity, as well as on the components of the metabolic syndrome, among obese
prepubescent children.

Methods: This trial was conducted among a population-based sample of 120 obese prepubescent children
who were randomly assigned to 3 groups of equal number. In addition to attending 6 consecutive monthly
family-centered education sessions about healthy lifestyle, an isocaloric dairy-rich diet (=800 mg ca/d) was
recommended to the children of one group (DR: dairy-rich diet), the second group was placed on a caloric-
restricted regimen (ER: energy-restricted), and the third group received no additional recommendation (C:
controls). The groups were then followed-up twice a year for 3 years.

Results: The mean age of the children was 5.6 = 0.5 years. Of 120 participants, 95 (75%) completed the
study; the DR group had the highest retention rate. In all groups, body mass index-standard deviation score
(BMI-SDS) and waist circumference decreased significantly after the 6-month trial, but had a sustained
significant rise during the follow-up period to the end of the study; however, in the DR group, this rise was
significantly lower than in the 2 other groups. After the 6-month trial, in all groups, serum triglycerides (TG) and
insulin levels decreased, and serum high-density lipoprotein cholesterol (HDL-C) level and homeostasis model
assessment of insulin resistance (HOMA-R) increased. In the DR group, the TG, insulin and HOMA-R levels
remained significantly lower than baseline until the 12-month follow-up.

Conclusions: We suggest that in addition to lifestyle changes, an isocaloric diet rich in dairy products may
be a well-accepted regimen and can be a safe and practical strategy for weight control in young, overweight

children.

INTRODUCTION

Childhood obesity is a global epidemic and rising trends in
overweight and obesity are apparent in both developed and
developing countries [1,2]. Childhood malnutrition and obesity
coexist in many developing nations. The rapidly increasing
prevalence of overweight and obesity among preschool age
children in developing countries is well documented. The
Middle East is one of the regions with the highest prevalence
of such disorders [2,3]. The prevalence of overweight and
obesity in preschool-aged Iranian children is reported to be

23.5% and 10.9% in the 2-3-year-old age group, and 18.3%
and 7.5% in the 4-5-year-old age group, respectively [4].
Obesity that begins in childhood may be more closely
associated with severe obesity in adulthood than obesity that
begins later in life. Prevention and early treatment of young
children who are overweight may decrease the trajectory of
weight gain in childhood and may affect later-life weight
status. Most interventions directed to the prevention of
childhood obesity have been conducted with school-aged
children, an age at which adiposity rebound has already
occurred [5] and a time at which children have food
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preferences and have begun to determine their dietary choices
[6,7]. Therefore, prevention and control of obesity should
begin earlier, at an age when children’s lifestyle, notably
eating patterns, may be more easily influenced.

Although the early and late complications of childhood
obesity confirm the importance of weight control from early
childhood, the evidence is insufficient to provide effective and
practical guidelines for controlling obesity in young children [8].

Much effort has been devoted to studying the effect of
macronutrients on weight control; the role of micronutrients
remains controversial. Different studies have demonstrated that
dairy products, but not supplemental calcium, might play a
pivotal role in weight control [9]. It is documented that in the
absence of energy deficits, diets rich in dairy products might
result in improvements in body composition among adults
[10], but such experience is limited among young children.

A longitudinal study on the effect of dairy intake in early
childhood on the acquisition of body fat throughout childhood
showed that suboptimal dairy intake during preschool in this
cohort was associated with greater gains in body fat throughout
childhood [11]. Another study among preschool-aged children
revealed that higher longitudinal intake of calcium and
servings of dairy products were associated with lower amounts
of body fat [12]. The intake of calcium is generally low in the
Iranian population [13], including preschool-aged children,
with an intake of about 650 mg/d [14].

The objective of the current study was to determine the
short- and long-term results of a randomized controlled trial of
a dairy-rich diet on generalized and abdominal obesity, and the
components of the metabolic syndrome among obese pre-
pubescent children during a 6-month intervention and 3 years
of follow-up.

METHODS

Study Population

This randomized controlled intervention trial was con-
ducted from October 2003 to October 2006 among 120 obese
children. By considering a power of 95%, the sample size
was calculated as 90 (30 in each group), but considering the
attrition of participants during the follow-up period, 120
children were initially included in the study. This population-
based sample was randomly selected from among children
who had been identified as obese during their routine
physical examination at preschool entry and had been
referred to the Obesity Research Clinic, Preventive Pediatric
Cardiology Department, Isfahan Cardiovascular Research
Center (ICRC), a collaborating center of the World Health
Organization (WHO) located in Isfahan, Iran. Research
assistants working with the project selected participants by
a randomization procedure from among obese children
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referred from different parts of the city, taking into
consideration the proportion of the different clusters in the
city to avoid socioeconomic bias. The random allocation was
conducted by computer-generated random numbers, using the
numbers of the children’s health records that were filled in
for school entry.

The Ethics Committee of ICRC (NIH Code: FWA
0000t8578) approved the study. After providing detailed oral
information to children and parents, we obtained written
informed consent from the parents of all eligible children.

Eligibility criteria for children’s participation included
having a body mass index (BMI) = age and sex-specific
95th percentile, according to the revised Centers for Disease
Control and Prevention (CDC) growth charts [15] and being in
the prepubertal stage (Tanner stage 1) [16,17]. Potential
subjects with pubertal stage >SMR 1, syndromal obesity,
endocrine disorders, presence of any physical disability, and/or
history of chronic medication use were excluded from the
survey.

Protocol

The age, calculated from birth until the interview date, was
recorded. Weight (Wt) and height (Ht) were measured by a
calibrated scale and stadiometer (Seca, Tokyo, Japan) with
subjects lightly clothed and barefoot to the nearest 0.1 cm and
0.1 kg, respectively. BMI was computed as Wt (kg) divided by
Ht (m) squared. BMI was calculated on the basis of the revised
CDC growth charts [15]. Because of the non-normal distribu-
tion of BMI in childhood, the LMS method was conducted to
calculate SDS-BMI as the measurement of degree of over-
weight, which summarizes the data in terms of 3 smooth, age-
specific curves called L (lambda), M (mu), and S (sigma). The
M and S curves correspond to the median and coefficient of
variation of BMI at each age and for both sexes, whereas the L
curve allows for the substantial age-dependent skewness in the
distribution of BMI by using the software package LMS Chart
Maker Pro, version 2.3, April 2006 [18]. Waist circumference
(WC) was measured at a point midway between the lower
border of the rib cage and the iliac crest at the end of normal
expiration.

A pediatrician determined the pubertal developmental stage
by careful physical examination according to the Marshall and
Tanner score [16,17]. The percentage of body fat was
determined using dual-energy absorptiometry by using Omron
body fat monitor instrument (HBF-300; Omron, Kyoto, Japan)
that was validated in our previous studies [19]. All measure-
ments were made by the same trained general physician and
under the supervision of the same pediatrician.

For the assessment of dietary intake of children, a 3-day
dietary record that was validated in this age group was filled in
by the parents [20]. Daily energy intake (kcal/d) was computed
by the means of software designed for Iranian foods [21].
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The physical activity (PA) pattern was assessed by the
questionnaire in which 9 different metabolic equivalent (MET)
levels were ranged on a scale from sleep/rest (0.9 METs) to
high-intensity physical activities (>6 METs); this instrument
was assessed by comparison with measurement of physical
activity by accelerometry and by keeping a PA diary [22]. The
questionnaire had previously been modified and validated
among Iranian children [23]. For each activity level, the MET
value was multiplied by the time spent at that particular level.
The MET time at each level was added to obtain a total over
24-hour MET time, representing the PA level on an average
weekday. Energy expenditure was estimated by multiplying
the total 24-hour MET time by the body weight.

Blood pressure (BP) was measured using mercury sphyg-
momanometers under standard protocol. The readings at the first
and fifth Korotkoff phases were taken as systolic and diastolic
BP (SBP and DBP), respectively. The average of the 2 BP
measurements was recorded and included in the analysis [24].

Children were instructed to fast for 12 hours before the
screening; compliance with fasting was determined by inter-
view on the morning of examination. While one of the parents
accompanied his/her child, blood samples were taken from the
antecubital vein between 08:00 and 09:00. Blood samples were
centrifuged for 10 minutes at 3000 rpm within 30 minutes of
venipuncture. Fasting blood sugar (FBS), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), and
triglycerides (TG) were measured by an enzymatic method
using an auto-analyzer (Model 902; Hitachi, Tokyo, Japan).
HDL-C was determined after dextran sulphate-magnesium
chloride precipitation of non-HDL-C [25]. Low-density
lipoprotein-cholesterol (LDL-C) was calculated in serum
samples with TG =400 mg/dl according to the Friedewald
equation [26]. Plasma insulin was measured by radioimmu-
noassay (LINCO Research Inc., St. Charles, MO), which is
100% specific for human insulin with less than 0.2% cross-
reactivity with human proinsulin and no cross-reactivity with
c-peptide or insulin-like growth factor. Insulin resistance (IR)
was calculated on the basis of homeostasis model assessment
of IR {HOMA-R = [fasting insuling,yy, X fasting glu-
COS€mmonn1/22.5} [27].

Laboratory tests were performed in the ICRC central
laboratory, which meets the standards of the National
Reference laboratory (WHO Collaborating Center in Tehran)
and is under the quality control of the CDC and the
Department of Epidemiology, St. Rafael University, Leuven,
Belgium.

Since no universally accepted definition of the metabolic
syndrome exists for children, we used a definition based on
criteria analogous to Adult Treatment Panel III guidelines,
which define the metabolic syndrome as =3 of the following:
(1) fasting TG =110 mg/dL; (2) HDL-C =40 mg/dL; (3) WC
=90th percentile for age and sex in the population studied; (4)

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

Dairy and Weight Control in Children

SBP/DBP >90th percentile for sex, age, and height from the
National Heart, Lung, and Blood Institute’s recommended cut-
off point; and (5) FBS =100 mg/dL [28]. This definition
included a cut-off of FBS =110 mg/dL, but we used the latest
recommendation of the American Diabetes Association [29].

Intervention Program

After baseline testing, children were randomly assigned to
3 groups of equal numbers. Research assistants working with
the project conducted random allocation by computer-
generated random numbers, using the children’s record
numbers in our clinic. All participants attended 6 consecutive
monthly family-centered education sessions about healthy
lifestyle (healthy nutrition and increasing physical activity)
that were conducted by a pediatrician and a nutritionist [20].
These sessions were organized on different days for the 3
groups under study. In addition, a dairy-rich diet (=800 mg ca/
d), with no change in energy or macronutrient intake, was
recommended to the children of this group (DR: dairy-rich diet
group). Children were advised to obtain most of their calcium
from low-fat and regular milk, cheese, and yogurt, as well as
liquid and solid curd. In addition to participating in similar
nutrition education sessions as the DR group, the children of
the other intervention group (ER: energy-restricted group)
were placed on a caloric restriction regimen with an energy
content restricted to the calorie requirement for height [20,30].
In order to ensure equal treatment intensity between these 2
groups that received specific dietary instruction, the same team
provided diet recommendations through educational sessions
of the same number, duration, and interval. The third group (C:
control group) received no dietary recommendation other than
what was discussed in the healthy lifestyle education sessions;
the 3 groups were then followed-up twice a year until 3 years
after the baseline survey.

The whole program was offered free of charge. All
participants were recalled after the baseline study. Testing
sessions, including physical examinations as well as filling out
food records and PA questionnaires, were conducted at
baseline and 6, 12, 18, 24, 30, and 36 months. Biochemical
parameters were examined at baseline, 6, 12, 24, and
36 months. In order to conceal allocation to the study group
assignments, all follow-up procedures were conducted by a
physician and a research assistant who were not included in the
intervention team. These outcome assessors and data analysts
were unaware of group allocation

Data Analysis and Statistics

One-way analysis of variance (ANOVA) and % tests were
used to determine the significance of any baseline differences
between different groups. We compared data at baseline and
each follow-up study separately for each group by using
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repeated-measurement ANOVA and Bonferroni post hoc test.
Linear regression analysis was used to assess mean changes in
anthropometric and biochemical parameters. All analyses were
conducted using SPSS version 14.0 (SPSS, Inc., Chicago, IL).

RESULTS

This trial was conducted on 120 obese children with a mean
age of 5.6 = 0.5 years. Of these, 95 participants (75%) completed
the 36-month period of follow-up. Fig. 1 shows the participants’
retention versus attrition throughout the study. There was no
significant difference between the baseline characteristics of
children assigned to the 3 groups under study (Table 1).

Energy and calcium intake, as well as energy expenditure
of the 3 groups during the study period, are demonstrated in
Fig. 2. Mean daily calcium intake was significantly greater in
the DR group than in the 2 other groups throughout the study.
During the 6-month interventional trial, mean daily energy
intake was lower in the ER group than the other groups, but
this difference was not sustained during the follow-up study.
Mean daily energy expenditure did not differ significantly by
group at each time period throughout the study.

Mean change of anthropometric and biochemical param-
eters over time is presented in Fig. 3. The data show that, in all
groups studied, BMI-SDS decreased significantly after the 6-
month trial. The mean (SD) changes from the baseline were
—0.6 (0.01) in the DR group (p = 0.01), —0.6 (0.01) in the ER
group (p = 0.01), and —0.5 (0.01) in the control group (p =
0.01), without significant differences between groups. These
mean changes had a sustained significant rise during the
follow-up period to the end of the study when they reached
—0.1 (0.004) in the DR group, 0.7 (0.01) in the ER group, and
0.6 (0.02) in the control group, i.e., in the DR group, this rise
was lower than in the 2 other groups (p = 0.001), and it
remained lower than the baseline value until the 12-month
follow-up (p for trend = 0.01). Similarly, in all groups, WC
decreased significantly after the trial; the mean (SD) change
was higher in the ER group (—2.5 [0.2] cm), followed by the
DR group (—2 [0.1] cm) and controls (—1.7 [0.2] cm) (p =
0.01). During the follow-up period, in the DR group, WC
remained lower than the baseline values, with a mean change
of —1.2 (0.01) cm until 12 months after the study (p = 0.04); it
then increased to 4.1 (0.3) cm to the end of the study. In the ER
and control groups, the mean WC had a sustained rise that was
significant until the 24-month follow-up study (p = 0.01).The
increase in the mean WC was significantly lower in the DR
group than in the control and ER groups (4.1 [0.3] versus 4.8
[0.2] and 5.2 [0.4] cm, respectively, p = 0.04).

After the trial, the changes in percent body fat were similar to
the changes in BMI and WC; in all groups, it decreased
significantly. The mean (SD) change was —5.2%, without a
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significant difference between groups. During the follow-up
period, in the DR group, this change remained lower than the
baseline values, until 12 months after the study (p = 0.04), with
a mean change of —0.8 (0.01)% versus baseline. Meanwhile, in
the ER and control groups, the mean change reached 1.2%
versus the baseline survey. Then, in all groups, the mean change
increased to 4.1% (0.4) at the 24-month follow-up evaluation
and had no significant change until the end of the study.

As presented in Fig. 3, in all groups, serum TG levels
decreased significantly after the 6-month trial and had a mean
(SD) change of 16.5 (2.7) mg/dL (p < 0.0001), without a
significant difference between groups. Then, the mean change
had a sustained significant rise (6-9 mg/dL) until 24 months
after the study and remained nearly constant until the end of
the study. In the DR group, the TG level remained lower than
the baseline value until the 12-month follow-up, with a mean
change of —5.7 (1.1) mg/dL versus the baseline (p = 0.01).

The serum insulin level and HOMA-R followed a trend of
changes similar to those of serum TG. In all groups, they decreased
after the 6-month trial, with a mean change of —6.4 (0.7) uU/L for
insulin and —0.7 (0.01) for HOMA-R, without significant
differences between the groups. They values then rose significantly
until the 24-month follow-up study and, thereafter, followed a
plateau pattern until the end of the study. In the DR group, the
insulin and HOMA-R levels remained lower than the baseline
values until the 12-month follow-up, when the mean changes were
—4.5 (0.8) pU/L for insulin and —0.2 (0.04) for HOMA-R.

In all groups, serum HDL-C levels increased after the 6-
month trial; the mean change versus the baseline value was 3.2
(0.8) mg/dL (»p = 0.01), without significant differences
between the groups. It then had a sustained decline; this
decrease was significant until 24 months after the study, when
the mean change reached —2.7 (0.8) mg/dL in the DR group,
—3.1 (0.7) mg/dL in the ER group, and —3.8 (0.9) mg/dL in
the control group, without significant differences between the
groups. In the DR group, the HDL-C level remained higher
than the baseline value, and was significantly higher than in the
ER and control groups (1.2 [0.5] versus —1.1 [0.04] and —1.4
[0.03] mg/dL, respectively, p = 0.04). There were no
significant changes in SBP, DBP, FBS, and C-reactive protein
(CRP) (data not shown).

DISCUSSION

We found that an isocaloric diet rich in dairy products may
be a safe and practical strategy for weight control and
improvement of insulin resistance and some components of
the metabolic syndrome in young, overweight children. To the
best of our knowledge, no previous similar long-term trial has
been conducted in young children, but conflicting results are
reported from studies performed among adults; while some of
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Fig. 1. Participants’ retention versus attrition.
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Table 1. Baseline Characteristics of the Participants*

Dairy-rich diet Energy-restricted diet Controls
n = 40 n = 40 n = 40
Age (years) 5.4 (0.2) 5.5(0.7) 5.7 (0.3)
Body mass index (kg/m?) 22.1 (0.9) 22.7 (0.8) 22.4 (0.5)
BMI-SDS 2.4 (0.01) 2.3 (0.04) 2.4 (0.01)
Waist circumference (cm) 68.1 (4.2) 68.4 (3.5) 68.6 (4.1)
Waist-to-height ratio 0.6 (0.09) 0.59 (0.05) 0.6 (0.07)
Percent body fat (%) 39.7 2.4) 39.2 (2.7) 38.9 (1.5)
Energy intake (kcal/d) 1570 (325) 1550 (355) 1560 (375)
Total calcium intake (mg/d) 650 (70) 670 (50) 650 (50)
Dairy calcium (mg/d) 470 (20) 480 (40) 470 (50)
Non-dairy calcium (mg/d) 180 (30) 190 (20) 180 (20)
Energy expenditure (kcal/d) 975 (140) 950 (250) 950 (220)
Fasting blood glucose (mg/dL) 82.1 (7.4) 81.2 (6.5) 82.4 (7.1)
Total cholesterol (mg/dL) 159.2 (21.4) 161.2 (17.4) 158.4 (19.1)
LDL-C (mg/dL) 90.7 (18.5) 91.5 (17.4) 91.1 (25.3)
HDL-C (mg/dL) 36.2 (4.5) 37.1 (5.4) 37.4 (5.1)
Triglycerides (mg/dL) 122.7 (17.4) 122.5 (18.1) 120.1 (15.7)
C-reactive protein (mg/L) 0.9 (0.02) 0.9 (0.01) 0.9 (0.03)
Insulin (WU/L) 17.1 (2.5) 17.5 (2.1) 17.2 (1.8)
HOMA-R 1.9 (0.5) 1.8 (0.4) 1.8 (0.6)
Systolic blood pressure (mm Hg) 108.4 (25.7) 108.1 (27.2) 108.6 (26.1)
Diastolic blood pressure (mm Hg) 65.2 (10.7) 65.7 (10.1) 65.1 (11.4)

* Values are mean * SD; no significant differences were found between the groups.

BMI-SDS = body mass index-standard deviation score, HDL-C = high-density lipoprotein cholesterol, HOMA-R = [fasting insulin (,ys,) X fasting glucose mmoi1,1/22.5,

LDL-C = low-density lipoprotein cholesterol.

the studies support the hypothesis that dairy calcium intake
might decrease body fat mass and improve metabolic risks
[31-33], others did not confirm this effect [34-36].

Our findings are consistent with those of a 2-year exercise
intervention among young women in showing an impact of
dairy intake on reducing body fat. However, contrary to that
study, in which total and dairy calcium had a negative impact
on change in body fat only in women with energy intakes
below the mean of the participants [37], we found an inverse
association between dairy intake and BMI in children
following an isocaloric diet. This finding confirms the
suggestion that the impact of dairy products in the absence
of energy restriction appears to result in a repartitioning of
dietary energy from adipose tissue to lean body mass, resulting
in a net reduction in fat mass [38,39].

Similar trials are limited in children, and most previous
studies have observed the association between dairy intake and
body composition. As reviewed by Heaney et al., some
longitudinal studies have documented negative associations
between calcium intake and body fat accumulation during
childhood [40]. In a longitudinal study on children aged 2-
96 months, higher intake of calcium and dairy products has
been associated with lower body fat [12]. The study of Skinner
et al. showed that increasing the calcium intake with skim milk
or yogurt each day was associated with a reduction in body fat
[41]. However, a 12-year cohort study of older children, aged
9-14 years, found that children who drank more than 3
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servings a day of milk, even 1% and skim milk, gained more in
BMI than did those who drank smaller amounts. This
association was suggested to be due to excess energy intake
[42]. The conflicting results of these longitudinal studies might
be explained in part by the large difference of the age groups
studied, as well as other differences in the energy intake and
expenditure of the children studied.

Consistent with some previous studies which demonstrated
that dietary modification may have beneficial effects on
metabolic measures related to obesity, the metabolic syn-
drome, and insulin resistance among older children, we found
improvement in components of the metabolic syndrome, i.e.,
TG and HDL-C, in young children [43,44]. However, although
studies conducted among adolescents showed that dietary
intervention might be effective in decreasing the obesity-
related pro-inflammatory state [45,46], we did not document
such improvement. The latter is suggested because CRP,
measured as the inflammatory marker, was not considerably
high in the young children studied.

Of special interest in the context of our study is the
persistent compliance of children and families in the use of
higher amounts of dairy products. Usually, one of the main
barriers for weight loss is the low compliance of children and
their families with the advice on restricted diets; we suggest
that our intervention in increasing the dairy intake of children
could promote a positive dietary behavior rather than using a
prohibitive approach.
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Fig. 2. Mean (SD) calcium and energy intake and energy expenditure
by group assignment over 36 months. DR = dairy-rich diet, ER =
energy-restricted diet, C = controls.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION

Dairy and Weight Control in Children

We advised families to encourage their children to eat
yogurt and curd, which are traditionally used in Iran by nearly
all families on a regular basis, and many families still prepare
them at home. Curd is a very nourishing food, rich in protein,
essential vitamins, and minerals that in its liquid form, is used
in numerous ways in Iranian culinary art, and its solid type is a
delicious, beloved snack for children. Moreover, we encour-
aged families to replace soft drinks with a traditional beverage
called dough, which is prepared by diluting yogurt with water.
As some types of curd and dough are prepared traditionally by
adding large amounts of salt, we advised families to consume
low-salted products. Although the role of dairy products in
controlling appetite is not confirmed [47], we suggest that by
reaffirming to families that dairy products are beneficial for
different aspects of their children’s health, one will encourage
them to increase their dairy intake even as healthy snacks and
beverages, and keep them from depending on other drinks and
snacks. All of these factors are to be considered by dietetics
professionals and pediatricians in making recommendations
for use of dairy products in the diet of young children.

Our study has some limitations; the first is the potential recall
bias in the process of recalling and recording food intake and PA.
The other limitation is that we estimated energy expenditure by
the means of a questionnaire; however, this questionnaire has
been validated against accelerometry, and its validity and
reliability were confirmed in previous studies [17,20]. In addition,
we measured the percentage of body fat with dual-energy
absorptiometry; the instruments used are reported to have results
closely correlated with an ‘‘underwater weighing method”” and
the dual-energy X-ray absorptiometry method, and this method
was used in our previous study among young children [17].

CONCLUSIONS

The compliance of children with calorie restriction was low;
however, we suggest that in addition to lifestyle modification
and improvement of dietary and physical activity habits, an
isocaloric diet rich in dairy products may be a well-accepted
regimen for children and their families. Such a diet can be
recommended as a safe and practical strategy for weight control
and improvement of insulin resistance and some components of
the metabolic syndrome in young, overweight children.
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