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Abstract
Objective: The aims of this study were to determine metabolic
characteristics of normal weight and overweight 2-5 year old children
and to collect data pertinent to energy intake.

Design and methods: Study participants (2-5years) (n=103)
were recruited when they arrived for full mouth rehabilitation under
general anesthesia. Height and weight were measured. After induction
of anesthesia, waist circumference was measured and fasting bloods
drawn (lipids, glucose, insulin and CRP). BMI, WCHtR and HOMAIR were calculated. Metabolic and anthropometric characteristics
were compared between normal and overweight children. Statistical
comparisons were performed using two-sided t-tests or chi-square
test. Block food frequency questionnaires were completed by the
caretakers.

Results: 34.4% (n =33) of participants were overweight. WCHtR
was 0.05 units higher and both LDL and total cholesterol were high in
the overweight group. WCHtR positively correlated with BMI z-score,
WC, HOMA-IR, insulin, glucose, and CRP (r=0.75, 0.67, 0.31, 0.29, 0.25,
0.32, 0.33, respectively) and negatively correlated with HDL (r=-0.30).

Conclusions: Among 2-5 year old with poor dental health, the
prevalence of BMI ≥ 85th percentile is very high and abnormalities in
cardiovascular risk factors are already present. To our knowledge,
this is the first study demonstrating an association between waist
circumference to height ratio and CRP and insulin resistance in
children less than 5 years. Overweight preschoolers should be
screened for associated cardiovascular markers such as abnormal
lipid profile.
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Index; Obesity

Abbreviations
BMI: Body Mass Index; CRP: C -reactive protein; dmft:
decayed, missing (due to caries) and filled teeth; ELISA: EnzymeSymbiosis Group

Linked Immunosorbent Assay; HDL-C: High-Density Lipoprotein
Cholesterol; HOMA-IR: Homeostatic Model Assessment- Insulin
Resistance; LDL-C: Low-Density Lipoprotein Cholesterol; SD:
Standard Deviation; WCHtR: Waist Circumference to Height Ratio

Introduction

For the past 30 years, the prevalence of obesity in the
United States has been increasing [1]. Data from NHANES
2007-08 demonstrate that among children aged 2-19 years the
prevalence of overweight or obesity is 34.7% and in 2-5 year
olds is 21.2% [2,3]. The increase in obesity observed in children
is likely a contributing factor to the rising incidence of type 2
diabetes mellitus and related co-morbidities in youth [3,4]. It is
not known how early in life obesity may lead to increased risk
for what are traditionally considered “adult” co-morbidities
such as hypertension, cardiovascular disease, and type 2
diabetes mellitus. Obesity among American Indian children
and adolescents has been associated with increased mortality
in adulthood [5]. Despite this alarmingly high prevalence of
obesity in children, very little is known about effects of obesity
on the metabolic parameters of young children. A number of
studies have looked at parameters related to the metabolic
syndrome in children, but have all been done in children older
than the preschool age. In one study of 370 youth aged 6-14
years presenting to a lipid clinic in Rome, Italy, BMI, mid-upper
arm circumference, hip circumference and waist circumference
were all significantly higher in the hypertensive group (19.5% of
the attendees) [6]. In adults, multiple large studies have found
a direct relationship of high LDL-cholesterol or total cholesterol
and both new onset coronary heart disease and recurrent disease
[7,8]. Elevated LDL-cholesterol in children has been demonstrated
to correlate with atherosclerotic disease in children and young
adults who died in accidents [9]. Guidelines for normal lipids in
children 2-19 years of age have been published by the National
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Cholesterol Education Program Expert Panel, yet they do not take
into account the normal age-dependent differences that occur
during growth and development [10-12]. In addition, the data
driving these recommendations do not include LDL-cholesterol
or HDL-cholesterol for children under 5 years of age [13]. This
is due in part to the fact that young children rarely need routine
blood work and parents of preschoolers are unwilling to submit
their children to venipuncture for a research study. Given these
limitations, we chose a convenient sample of preschool children
for this study who required intravenous access and general
anesthesia for full mouth rehabilitation. The primary aim of
our study was to collect data in this selected sample to relate
anthropometric parameters to cardiovascular risk markers,
specifically lipid panels and insulin resistance (measured by
HOMA-IR). Since energy intake and macronutrients can affect
lipid profiles and insulin levels [14], our secondary aim was to
collect data pertinent to energy and macronutrient intake and
examine a possible association between energy/ macronutrient
intake and lipid profile and HOMA-IR.

Methods

Study plan and members
Participants: Potential study participants were identified
in a sequential manner over a six month period from June –
December, 2009 by the Pediatric Dentist (PC) when they arrived
at Women and Children’s Hospital of Buffalo for full mouth
rehabilitation under general anesthesia for varying degrees of
dental decay. We included: 2-5 year old females and males, who
had an English-speaking parent/guardian. We excluded children
with Body Mass Index (BMI)<5th percentile as under nutrition
may indicate an underlying chronic disorder. The study was
approved by the Children and Youth Institutional Review Board.
Only three out of 108 potential participants refused to participate
and two could not participate due to parental language barrier.
Patients presented in early morning having fasted for 8-12
hours and underwent a physical exam performed by a nurse
practitioner. Height was measured to the nearest 0.5 cm using
a dedicated stadiometer (calibrated monthly) and weight was
measured with child in a hospital gown to the nearest 0.5 kg using
a Tanita BWB-800 scale calibrated with a 25 pound weight by
one of the investigators (KB) or a trained research assistant in the
operating room. BMI was calculated as weight (kg)/height (m2).
After induction with nitrous oxide, a blood sample was drawn and
supine waist circumference was obtained to the nearest 0.1 cm
by flexible tape at the level of the umbilicus. Waist circumference
(cm) to height (cm) ratio (WCHtR) was calculated. Blood was
spun within 30’-60’ and frozen at -70°C until assayed. Nutritional
data were collected using the Block Kids questionnaire (ages 2-7
years), filled out by the accompanying parent /guardian while
the child was in the operating room [15-17].

Materials and procedures

Laboratory analysis: Lipid profile was measured by
Kaleida Health Laboratory and CRP, insulin and blood glucose
were assayed by the Diabetes/Endocrinology Research
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Laboratory at the University at Buffalo. Glucose was measured
via glucoseoxidase-O2 electrode and insulin and CRP were
measured by ELISA (Diagnostic Systems Laboratories Inc.,
Webster, TX). Total cholesterol was determined enzymatically
with the Beckman Coulter reagent. HDL-C was determined using
a Beckman Coulter reagent via a homogenous (direct) polyanion
method using detergent and cholesterol esterase/oxidase.
Triglyceride levels were determined enzymatically using glycerol
phosphate oxidase without correction for free glycerol. LDL-C
was calculated using the Friedewald equation. HOMA-IR was
calculated; [glucose (mg/dl) x insulin (µU/ml)]/ 405 [18].

Data analysis: Statistical analyses were performed on 96
subjects. Normal weight was defined as BMI 5th to<85th percentile
and overweight or obese as BMI > 85th percentile for age and
gender. Data were expressed as mean + SD or percentage.
Statistical comparisons were performed using t-tests or chisquare test as applicable. All tests were two-sided and a p-value
less than 0.05 were considered statistically significant. The
decayed missing (due to caries) and filled teeth (dmft) score
was used. A similar scoring system (DMFT) is used to assess
permanent teeth [19], but the dmft score is used to assess caries
in the primary teeth of young children [20-25]. Patient charts
were reviewed by A. Nagai and dmft score was calculated from
the dental exam done at the time of dental surgery by a single
pediatric dentist (P. Creighton). A score of 0 indicates that none
of the teeth have damage while a maximum score of 20 indicates
that 100% of teeth are affected.

Results

Table 1 illustrates the demographic and anthropometric
characteristics of the participating children as a whole and
divided based on a BMI above and below the 85th percentile.
In this population with poor dental health 34.4% of study
participants were overweight or obese. As expected mean
waist circumference and WCHtR were significantly higher in
the overweight or obese versus normal weight youth. While we
did not collect specific data pertinent to socioeconomic status,
75% were covered by Medicaid, managed Medicaid and Fidelis
(New York State-sponsored health insurance) and only 25% had
commercial insurance. There was no difference in the prevalence
of overweight or obesity between children with commercial
versus state-sponsored coverage (Table 1). The dmft score did
not differ between children with normal weight or overweight
(Table 1) and did not show a correlation with BMI z-score,
anthropometric or laboratory measurements. However, the dmft
score was very high in this population with mean 10.0, median
10.0 and range 3-16.
Table 2 illustrates the results of the metabolic work-up. Total
and LDL cholesterol were higher in the overweight or obese
group (p=0.04). Total cholesterol was above 170 mg/dL in 19% of
the normal weight and 30% of the overweight or obese children.
Similarly, the LDL-cholesterol was above 110 mg/dL in 14% of
the normal weight and 36% of the overweight or obese children.
CRP did not differ between groups and ranged from 0.023 to 6.0
mg/L. While there was no significant difference in CRP, insulin,
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Table 1: Patient Demographic and Anthropometric Characteristics.
Characteristic

BMI
5th- < 85th percentile

All

n

BMI ≥ 85th
Percentile

96

Age (years)
M/F (n)

p-value

63

33

14/19

4.1 ± 1.1

4.1 ± 1.1

4.1 ± 1.1

0.9

75

71.4

75.8

0.3

49/47

Medicaid, %

Race/Ethnicity, n

Non-Hispanic White

35/28

46

African American

31

Hispanic

27

19

4

2

24

6

Other
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7

0.2

7

Height (cm)

16.5 ± 2.5

105.0±10

0.2

18.2 ± 4.2

102.6±8.2

4

Weight (kg)

103.4 ± 8.9

21.4 ± 4.9

< 0.001

BMI (kg/m2)

16.91 ± 2.5

15.63±0.87

19.34±2.84

< 0.001

BMI z-score

0.66 ± 1.2

-0.036 ± 0.68

2.00 ± 0.90

< 0.001

0.48 ± 0.050

0.46 ± 0.030

0.51 ± 0.060

< 0.001

49.2 ± 5.6

46.6 ± 2.6

54.1 ± 6.5

< 0.001

10.0 ± 2.7

10.3 ± 2.8

9.06 ± 2.7

0.3

WCHtR

Waist circumference (cm)

dmft score

3

Data are presented as mean ± SD, number (n) or % of total. Two-sided t-test or chi-square test was performed as appropriate. P-value < 0.05 was
considered significant and represented in bold. BMI = Body Mass Index, WCHtR = Waist Circumference to Height Ratio
Table 2: Metabolic Profile.
Parameter

All

BMI
5th- < 85th percentile

BMI ≥ 85th
Percentile

n

96

63

33

Blood glucose mg/dl

86.7 ± 12

85.8 ± 11

CRP mg/L
CRP level>1.0 mg/L (%)

Blood glucose ≥ 100 mg/dl (%)
Insulin uU/ml

0.73 ± 1.2
18.8
10

2.0 ± 1.5

0.71 ± 1.2
19.0
10

1.9 ± 1.3

p-value

0.75 ± 1.2
18.2

0.9
0.9

88.3 ± 13

0.3

2.1 ± 1.8

0.4

12

0.7

0.41 ± 0.30
93.6 ± 19

0.48 ± 0.43

0.4

97.4 ± 26

104.8 ± 34

0.04

Total cholesterol mg/dl

150 ± 29

146 ± 22

159 ± 37

0.04

66 ± 43

39.9 ± 11

39.3 ± 9.1

0.8

Triglycerides mg/dl

39.7 ± 10

HOMA-IR

LDL-C mg/dl

HDL-C mg/dl

0.43 ± 0.35

63 ± 36

72 ± 53

0.3

Data are presented as mean ± SD or % of total. Two-sided t-test or chi-square test was performed as appropriate. P-value < 0.05 was considered
significant and represented in bold. CRP = C - reactive protein, HOMA-IR = Homeostasis Model of Assessment- Insulin Resistance, LDL-C = LDLCholesterol, HDL-C = HDL-Cholesterol

glucose or HOMA-IR between groups, a positive correlation was
observed between these parameters and WCHtR (Table 3). HDL
level negatively correlated with WCHtR. Moreover a strong
association was observed between BMI z-score and both waist
circumference and the WCHtR (Table 3). We observed that
WCHtR demonstrated a stronger correlation with a number of
metabolic characteristics compared to the associations between
these metabolic variables and the BMI z-score.
There was no difference in daily energy intake between the
normal weight and overweight or obese children, 1591 ± 692 and
1469 ± 561 kilocalories, respectively. Overall, 51% of the total

sample consumed more than 1400 kilocalories per day, 22%
consumed 1200-1400 kilocalories and only 27% reported eating
less than 1200 kilocalories. Total daily kilocalories, daily intake
of cholesterol, total carbohydrate, fructose, dairy and 100% juice
consumed were positively associated with dmft score (r=0.22,
0.25, 0.28, 0.24, 0.25 and 0.25, respectively, all p-values<0.050).

Discussion

Data pertinent to the cardiovascular profile of youth with
obesity are limited. Our study results show that 2-5 year old
children with a BMI ≥ 85th percentile already have higher total
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Table 3: Pearson Correlations between BMI z-score, or Waist Circumference (WC) or WC to Height Ratio (WCHtR) and Metabolic Profile.
BMI
z-score
WC

WCHtR
dmft

WC

WCHtR

dmft

HOMA-IR

Insulin

Glucose

CRP

TG

HDL

0.76**

0.75**

0.030

0.26*

0.24*

0.19

0.25*

0.22*

-0.090

-0.070

0.31

0.29

0.25

0.32

0.33

-0.30**

0.67**

0.030

0.42**
**

0.020

p < 0.05
p < 0.005
BMI = Body Mass Index, WC = Waist Circumference, WCHtR = Waist
Circumference to Height Ratio, dmft = decayed missing and filled primary
teeth score
*

**

and LDL-cholesterol levels compared to children with normal
weight. The mean total cholesterol and LDL-cholesterol in
both groups of children was in the “acceptable range” for
children [26]. However, the recommendations for “acceptable”
lipid levels in children and adolescents are largely based on
data from school-aged children and adolescents [10,12,13,27].
Therefore lower normative data may actually apply to younger
youth. In addition to increased total and LDL-cholesterol with
obesity, these young children demonstrated increased WCHtR, a
surrogate marker of increased visceral fat, which has been shown
to be associated with increased risk of cardiovascular disease in
adults [28,29]. Among children aged 5 years and older in two
separate studies from Italy and Bogalusa, LA observed a number
of cardiovascular risk factors including higher blood pressure,
triglycerides, LDL-cholesterol and fasting blood glucose in
children with higher WCHtR [30,31]. In a study of 6-14 year
old children from 14 towns in Calabria, Italy, the authors found
a correlation between waist circumference to height ratio and
triglyceride to HDL ratio [32]. In our population, the overweight
or obese children are already demonstrating a WCHtR that is 0.05
units higher (p<0.001) than the normal weight children with a
positive correlation with CRP levels and HOMA-IR and a negative
correlation with cardiovascular protective HDL. Skinner, et
al. [33] demonstrated that in 3-5 year olds in the 1999-2006
NHANES dataset that hazard ratio for an elevated CRP was
greatly increased in the very obese (BMI ≥ 99th percentile) but
did not see an increased hazard ratio in the simply obese children
(BMI ≥ 95th percentile) [33]. Mean ± SD CRP levels in our patients
was 0.73 ± 1.2 mg/L compared to a mean of 0.89 mg/L in 1-17
year olds from the 1999-2006 NHANES dataset [33]. In a smaller
NHANES dataset, the CRP at the 50th percentile for the 3-9 year
age group was 0.3 mg/L [34]. Nevertheless, comparisons with
NHANES data are made difficult by the fact that the age range
of our population was younger. Our data suggest that in a
population of 2-5 year olds with poor dental health increased
waist circumference is already correlating with an unfavorable
metabolic profile. Further, these data suggest that high WCHtR
even at a very young age may already increase risk for insulin
resistance and future cardiovascular disease. Further evidence
of a link between high BMI and markers of cardiovascular risk
are seen in data from older children that demonstrate that
even a small reduction in BMI SDS of 0.5 units reduces waist
circumference, insulin resistance, total and LDL-cholesterol [35].

0.41**
**

0.030

0.14

*

0.030

0.30**
**

0.15

0.35**
**

-0.16

-0.11

-0.10

Our data show that in this population of 2-5 year old
children with poor dental health the prevalence of BMI ≥ 85th
percentile was 34.4%, comparable or higher than national data
[2]. Due to the fact that these children were fasting 8-12 hours,
the percentage of overweight may have been underestimated
due to decreased food and liquid intake. Using national data,
socioeconomic status (SES) has been shown to be inversely
related to childhood and adolescent obesity [36,37]. While we
did not obtain data relative to SES, 75% of these children were
covered by Medicaid or Managed Medicaid. One could therefore
speculate that these children may have lower SES to explain the
high prevalence of overweight in the sample studied.

A limitation of our study work is that participants were part
of a selected population of children with poor dental health.
Factors known to be associated with increased risk of dental
caries include: lack of fluoride exposure, poor socioeconomic
status, enamel defects, visible plaque, presence of mutans
streptococcus, special health care needs, untreated caries in
caregiver or sibling, and frequent/ prolonged exposure to sugary
foods/ drinks [38]. Poor nutritional choices and/ or lower SES
may very well link obesity and dental caries [38-40]. Despite the
potential for an association between obesity and dental caries,
our data do not demonstrate either an association between BMI
z-score and dental score or a difference in dmft score between
normal weight and overweight or obese children. This may be
related to the fact that the degree of dental disease was severe
in this population studied with a very high mean and median
dmft score. The mean dmft score of 10.0 in this study is in fact
higher than those recorded in preschoolers both in the general
population and in populations of children with known dental
decay [20-25]. The mean dmft score of 5-6 year olds in the 22
wealthiest countries (including the United States) was 1.68 from
data collected between 1993 and 2007 [21].
Since data regarding energy and micronutrient intake and
their relationship with metabolic profile is limited in this age
group as well, we administered the Block Food Frequency
questionnaire which is validated for this age group. Our data
show that, irrespective of the “weight status”, these children’s
energy intake is inappropriately high, with 51% of these children
consuming over 1400 kilocalories per day, which is the total
energy intake recommended by the American Heart Association
for 5 year old males, who were the oldest children in the
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population studied. Alarmingly, 29% of these children consumed
more than 1800 kilocalories daily, the energy intake allotted for
an adult female. Total daily kilocalories as well as the daily intake
of cholesterol, total carbohydrate, fructose, dairy and 100% juice
consumed were positively associated with dmft score. Thus we
speculate that high energy diet with poor nutritional content
set up a milieu conducive to the development of both “at risk”
cardiovascular markers and poor dental health in these young
children, many of whom are already overweight. We do have to
acknowledge the well-known limitation of all instruments used
to assess energy intake and the fact that parental bias may exist
[41]. However, it is interesting that most of the time the bias is
towards underreporting.

Our data are important as effects of obesity on cardiovascular
risk factors have not been previously demonstrated in the under
age 5 year group to our knowledge. These data do demonstrate
a very high rate of obesity in our population of preschoolers
undergoing general anesthesia for full mouth rehabilitation. It
also demonstrated an association between increased WCHtR and
the inflammatory marker CRP as well as HOMA-IR, a measure
of insulin resistance, and significantly increased total and LDLcholesterol in overweight or obese preschool children. Our
data also show a significant correlation between WCHtR and
BMI z-score, WC, triglycerides, glucose and negative correlation
with HDL cholesterol in 2-5 year old children. These are the
same metabolic parameters that are altered in the metabolic
syndrome, which in adults has been shown to increase risk of
type 2 diabetes and increased cardiovascular morbidity and
mortality. In children, the criteria for diagnosing metabolic
syndrome are greatly debated [32,42]. However, our data
suggest that overweight preschoolers are already developing the
metabolic syndrome no matter which criteria used [32,42]. These
studies need to be replicated in a larger, more diverse population
of preschoolers.
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