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Abstract
Introduction: This study was designed to evaluate results of lipid screening of American
Asian Indian adolescents in a primary care setting to define prevalence and factors associated
with development of dyslipidemias. Methods: An administrative database was used to select
American Asian Indian adolescents (10-20 years) whose lipid profiles were measured during
2013. Demographics, obesity/overweight, and summary of lipid measures defined as acceptable,
borderline, and high were analyzed. Dyslipidemia was defined as combined if triglyceride to the
high-density lipoprotein cholesterol ratio was more than 3 and multifactorial if total cholesterol
was 200 mg/dL or more and/or low-density lipoprotein cholesterol was 130 mg/dL or more.
Statistical analysis included analysis of variance, chi-square, and multivariate regression. Data
presented as proportion, mean and odd ratios (OR) with a 95% confidence interval (95% CI).
Results: Of 244 American Asian Indian adolescents studied (55.7% males), dyslipidemia borderline
and high was classified in 151 (61.9%), and between 75 adolescents with high dyslipidemia, 32
(42.7%) had combined and 20 (26.7%) multifactorial dyslipidemia. The increased risk for
overweight and obesity was associated with high dyslipidemia (OR 1.48, 95% CI 1.03, 2.11) and
(OR 1.78, 95% CI 1.10, 2.87), respectively. Moreover, 65.5% of patients with combined and
55% with multifactorial were overweight or obese. Conclusions: Lipid profiles were abnormal
in most American Asian Indian adolescents, including one-third with high dyslipidemia, defined
as combined and/or multifactorial, and significantly associated with overweight/obesity. Study
findings allow for better understanding of the prevalence of dyslipidemia in this population,
and therefore, increase parental and pediatricians’ responsiveness to reduce the risk for further
progression to cardio-vascular diseases in Asian Indian adults.
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Introduction
Dyslipidemia is a generally accepted risk factor for
cardiovascular morbidity that could be initiating and progressing
early in life [1,2]. Longitudinal data has shown direct
association of low-density lipoprotein cholesterol (LDL-C)
levels above the 80th percentile in adolescents and subclinical
atherosclerosis in adulthood [3]. Dyslipidemia in younger
ages is one of the modifiable risk factors for development of
cardio-vascular diseases (CVD) in adulthood [4]. As such, in
2011, the National Heart Blood and Lung Institute (NHBLI)
and American Academy of Pediatrics (AAP) endorsed
universal lipid screening for the general children and adolescent
population [5]. However, US Preventive Services Task Force
implied insufficiency of evidence regarding balance between
benefit and harms for screening of lipid abnormality in the
pediatric population [6]. Moreover, most AAP members do not
identify universal lipid screening as a high practicing priority
[7]. Selective approach in assessment of lipid profile in children
used previously influenced research focused on dyslipidemia in
overweight/obese children and adolescents. Only a few studies
have presented epidemiology of lipid abnormalities in the
general pediatric population using data from the National Health
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and Nutrition Examination Survey (NHANES) or the Centers
for Disease Control and Prevention (CDC). NHANES reported
total cholesterol (TC) of ≥ 200 mg/dL in 10% youths aged 6 to
19 years [8] and CDC in 43% of overweight/obese American
adolescents [9]. Furthermore, NHANES identified TC ≥ 200
mg/dL, high-density lipoprotein cholesterol (HDL-C) of <40
mg/dL and non-HDL-C of ≥145 mg/dL in 20% of children
aged 8 to 17 years-old [10]. A US-based large study performed
prior to 2011 reported a comparable prevalence of TC ≥ 200
mg/dL, a higher prevalence of TG ≥ 130 mg/dL in white and
Asian/Pacific Islanders than black adolescents and a lower
prevalence of HDL-C (<40 mg/dL) in Asian/Pacific Islander
and black adolescents than in whites [11]. Although prevalence
of dyslipidemia in culturally diverse populations of US children
and adolescents has been explored in a few epidemiological
reports [8-11], the Asian Indian American ethnicity of studied
youth has not been specified. Americans of Asian Indian
descents show a disproportionately higher prevalence of CVD
[12] as well as CVD- related risk factors, including dyslipidemia,
diabetes, obesity, and unhealthy diet [13]. In addition, a higher
prevalence of low HDL-C and preponderance of dysfunctional
HDL particles has been identified in Asian Indian American
men compared to their white counterparts [14]. This study
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was designed to identify the prevalence and factors associated
with dyslipidemia in Asian Indian American adolescents who
underwent the universal cholesterol screening in the primary
care pediatric setting. We believe that study findings allow
for better understanding of risk for dyslipidemia at an earlylife stage and help to develop strategies to prevent further
progression to CVD in adulthood in American adolescents from
Asian Indian families.

Materials and Methods
This retrospective study from a single primary care pediatric
setting was approved by the Institutional Review Board of Saint
Peter's University Hospital in New Jersey. Study participants
were Asian Indian American adolescents at the primary care
pediatric setting where universal blood cholesterol screening
[5] had been implemented.

Data collection
The administrative database was utilized to identify all
adolescents aged 10 to 20 years who visited the primary care
pediatric office for a preventive well visit during 2013. The
Current Procedural Terminology codes 99393, 99394, 99395,
99383, 99384, and 99385 were used as filter criteria to extract
the report of the total number of adolescent patients (10-20
years) seen during the specified time frame. The primary care
physician verified the Electronic Health Record (EHR) of selected
adolescents to identify those whose last names were reflective of
their Asian Indian origin. The data extraction included patient’s
age, gender, insurance status, weight, height, BMI, summary of
standard blood lipid measurements (TC, LDL-C, triglyceride
[TG], and HDL-C) and result of simultaneously measured
blood sugar. Collected data were entered in Excel without any
personal identifiers. Stages of adolescence life [15] were used
to classify age of studied patients as follows: early (10 to 13
years), middle (14 to 17 years), and late (18-21 years) stages.
Sex-age based percentile for BMI from 85th to below 95th and
95th and above percentile was used to categorize overweight
and obese adolescents [16].

Study outcome
We identified adolescents with borderline and high dyslipidemia,
as well as those with combined and multifactorial dyslipidemia
using results of the lipid profile. The results of lipid levels
were stratified using existing classification [17] as acceptable,
borderline, and high levels. Borderline dyslipidemia was
classified as blood lipid and lipoprotein concentrations (mg/
dL) of single or combination of TC (170-199), or LDL-C (110129), or TG (90-129). High dyslipidemia was classified if a
single or combination of TC ≥ 200 mg/dL, or LDL-C ≥ 130 mg/
dL, or TG ≥ 130 mg/dL or HDL-C <40mg/dL were detected.
We classified TG/HDL-C ratio to identify adolescents with
combined dyslipidemia (CD) using a cut-off point of 3 suggested
for definition of CD in whites, which is 0.5 point higher than
in black children and adolescents [18] as lower triglycerides
and higher HDL-C concentrations have been reported in
African-Americans adolescents [19]. In addition, patients with
multifactorial dyslipidemia were identified if TC level was ≥
200 mg/dL and/or LDL-C level was ≥ 130 mg/dL [20].
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Data presentation and statistical analysis
We describe the adolescents’ demographics and weight
characteristics as well as distribution of levels of measurements
included in the lipid profile. The level of each lipid test was
assessed with respect to the magnitude of elevation from
acceptable levels to classify patients with borderline, high,
combined, and multifactorial dyslipidemia. Descriptive analyses
of all types of dyslipidemia are presented. Univariate analysis
was conducted to identify the difference in characteristics of
adolescents classified with borderline and high dyslipidemia
using analysis of variance (ANOVA) for continuous and Chisquare statistics for categorical variables. We also performed
multivariate regression analysis to define factors associated with
development of borderline and high dyslipidemia, including age
(continuous variable), gender (male vs. female), overweight (yes
vs. no), and obesity (Yes vs. No). Categorical data are presented
as a proportion (in percent) and continuous as mean with a
95% confidence interval (95% CI). Identified associations are
expressed as odds ratios (OR) with 95% CI. Data were analyzed
statistically using STATISTICA 13.3 (StatSoft Inc., Tulsa, OK,
USA). All statistical tests were 2-sided with the significance
level set at a p value of <0.05.

Results
Of the 567 adolescents who underwent lipid screening during
the study period, 244 recognized as Asian Indian were included
in this study. Private insurance covered health care for all
adolescents in this study. Participant ages ranged from 10 to 20
years (Mean=13.2, 95% CI 13.2, 13.8). Majority were in earlymiddle stages, and only 9% were in the late stage of adolescent
life (Table 1). Half of the adolescents were overweight or obese.
As shown in Table 1, the lipid profile measurements were
widely ranged. There were correlations between lipid levels,
for instance, between TC and HDL-C (r=0.24, p<0.001) and TC
and TG (r=0.35, p<0.001) as well as TG and HDL-C (r=-0.44,
p<0.0001).

Borderline and high dyslipidemia
Overall, 151 (61.9%) patients were classified with dyslipidemia,
including 76 (50.3%) with borderline and 75 (49.7%) with high
dyslipidemia. We found that single measurement in the borderline
Table 1. Characteristics of study participants (%, range mean, 95% CI).
Characteristics
Early adolescence age 10
-13 years
Middle adolescence 14-17
years
Late adolescence 18-20
years
Male gender
Overweight
Obese
Glucose (mg/dL)
TC (mg/dL)
LDL-L (mg/dL)
HDL-L (mg/dL)
TG (mg/dL)

Distribution (n=244)
54.9% (95% CI 48.7%, 61.0%)
36.1% (95% CI 30.3%, 42.3%)
9.0% (95% CI 6.0%, 13.3%)
55.7% (95% CI 49.5%, 61.8%)
27.5% (95% CI 22.2%, 33.4%)
11.9% (95% CI 8.4%, 16.6%)
57.0-128.0 (88.8, 95% CI 87.8, 89.8)
96-292 (160.0, 95% CI 156.3, 163.6)
16-221 (88.8, 95% CI 85.6, 92.0)
27-93 (52.7, 95% CI 51.1, 54.2)
13-288 (90.7, 95% CI 85.3, 96.2)
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or high category predominantly contributed to the diagnosis of
borderline and high dyslipidemia (Figure 1). Among patients
with borderline dyslipidemia, the TG, LDL-C, and TC were in
borderline levels in 59.2% 25.0% and 64.7% of cases. Low
HDL-C and levels of TG, LDL-C, TC in the high lipid category
contributed to classification of high dyslipidemia in 40%,
62.7%, 16.0%, and 25.3% of cases, respectively. In addition,
16.0%, 22.7%, and 20.0% of patients with high dyslipidemia
had TG, LDL-L, and TC in borderline-high levels. Patients with
acceptable lipid levels and dyslipidemia (borderline and high)
were comparable for age, gender, and blood glucose levels but
an increased number of obese adolescents among those with
high dyslipidemia were recorded (Table 2).
Overall, the prevalence of adolescents in the overweight
and obese range was significant with high but not borderline
levels as compared to adolescents with acceptable lipid levels.
Overweight/obesity was recorded in 57.9% of patients with TC
≥ 200 mg/dL, 50% of patients with LDL-C ≥ 130 mg/dL, 48.9%
of patients with TG ≥ 130 mg/dL, and in 68.0% of those with
HDL-C <40 mg/dL. Data from multivariate controlled models
confirmed increased risk for development of high dyslipidemia
in overweight (OR 1.48, 95% CI 1.03, 2.11) and obese (OR
1.78, 95% CI 1.10, 2.87) adolescents, independent of age and
gender.

Combined and multifactorial dyslipidemia
A TG/HDL-C ratio of 3 or more used to classify combined
dyslipidemia was recorded in 32 adolescents from adolescents
classified with high dyslipidemia (42.7%). Among 32 adolescents
with combined dyslipidemia, 21 (65.5%) were overweight or
obese compared to 70 of 211 (33.2%) with TG/HDL-C ratio
less than 3 (p<0.001). The magnitude of association between
combined dyslipidemia and overweight/obesity reduced after
controlling for adolescents’ gender and age (OR crude 3.9, 95%
CI 1.8, 8.4 vs. OR adjusted 2.0, 95% CI 1.3, 2.9).
Multifactorial dyslipidemia classified as TC ≥ 200 mg/dL and/
or LDL-L ≥130 mg/dL was recorded in 20 among 75 patients
with high dyslipidemia (26.7%). Among 20 adolescents with
multifactorial dyslipidemia, 11 (55%) were overweight or
obese compared to 35.9% of patients without multifactorial
dyslipidemia (p=0.09). We identified that 6 (18.8%) adolescents
among 32 with combined dyslipidemia also had multifactorial
dyslipidemia.

Discussion
In the present study, screening of blood lipid profile revealed
at least one or more abnormal measures displaying equal
proportion of borderline and high dyslipidemia in more than 60%
of the otherwise healthy American Asian Indian adolescents.
Dyslipidemia defined as combined or multifactorial have
been identified in one-fourth and one-fifth of adolescents with
high dyslipidemia, respectively. The risk for development
of high and combined dyslipidemia significantly increased
in overweight/obese adolescents independently of age and
gender, which correlates with studies showing predominance
of obesity in adolescents with hypertriglyceridemia combined
with low HDL-C [18,21] or alone [22]. It has been shown that
3

Figure 1. Number of pathological measurements in adolescents
classified with borderline and high dyslipidemia (p=0.23).
Table 2. Comparison of children with and without dyslipidemia.
Characteristics
Male, n (%)
Age, years, mean
(95% CI)
Age stages, n (%)
Early
Middle
Late adolescence
Overweight, n (%)
Obesity, n (%)
Overweight/obesity,
n (%)
Glucose, mg/dL,
mean (95% CI)

Dyslipidemia
Acceptable Borderline High p-value
(n=93)
(n=76)
(n=75)
55 (59.1)
37 (48.7) 44 (58.7) 0.32
14
13.3
13.3
(13.4,
0.1
(12.8, 13.8) (12.7, 13.9)
14.6)
54 (58.1)
34 (36.6)
5 (5.3)
18 (19.4)
7 (7.5)

47 (61.8)
22 (29.0)
7 (9.2)
23 (33.8)
7 (9.3)

33 (44.0)
32 (42.7) 0.13
10 (13.3)
21 (38.1)
0.1
15 (20.0) <0.04

25 (26.9)

30 (40.0)

36 (48.0) <0.02

n=90
n=9089.6
(88.0, 91.2)

n=75
87.6
(85.6, 89.5)

n=71
89.2
(87.5,
90.9)

0.21

inter-relationship of hypertriglyceridemia with low HDL-C is
responsible for development of atherosclerotic vascular change
and subsequent premature cardiovascular conditions [23].
Moreover, high TG/HDL-C ratio used to classify combined
dyslipidemia is an independent determinant of arterial stiffness,
especially in obese youth [24]. To the best of our knowledge,
features of dyslipidemia in American adolescents of Asian Indian
descent have not been investigated. Few reports from different
parts of India have provided information regarding lipid profiles
in adolescents with a prevalence of hypertriglyceridemia in
28% [25] and 20.4% [26] and low HDL-C in 60% [25] and
28% [26] of adolescents. Contrary to our data, only 6% of
adolescents in the Indian studies were overweight and no one
was obese [25,26]. Evaluation of lipid measures with cut
offs proposed by the National Cholesterol Education Program
(NCEP) [27] have identified 30% of Brazilian adolescents
with high dyslipidemia [28], which is similar to findings in our
study. A school-based national study from Brazil which defined
lipid abnormality if LDL-C ≥ 100 mg/dL, HDL-C <45 mg/dL,
and triglycerides (TG) ≥ 100 mg/dL [21] reported at least one
measure in 64.7% and all three in 3.7% of adolescents. We
also recorded the predominance of contribution of a single lipid
measure in definition of borderline and high dyslipidemias.
A population-based cohort of white children and adolescents
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from Denmark showed the increased risk for dyslipidemia in
28% of overweight/obese compared to 6% of participants with
normal weight [29]. The result of this study is comparable to
our findings, although the prevalence of overweight/obesity was
substantially higher in Asian Indian American adolescents.

Limitations
The potential limitations of this study include a single study site
that represents a socio-economically homogenous population
of Asian Indian American adolescents.
Furthermore, a
retrospective design limited the evaluation role of a variety of
known dyslipidemia-related factors, including nutritional habits,
level of physical activity, family history of premature CVD [30],
maternal lipid levels [31], and early breastfeeding [32]. We
recognize the risk of misclassification of adolescents’ ethnicity
because only their last name had been used as an indicator
for selection of study participants. Moreover, such selection
strategies did not ensure the homogeneity of parental ethnicity,
which could impact nutritional habits of studied adolescents
[33] and therefore, modify the risk for both dyslipidemia and
obesity. Additionally, inconsistency in reference values used
for the definition of dyslipidemia [28] reduces the ability for
comparison of our findings with other reports. We conclude
that acceptable normal levels of lipid profile measures were
identified in less than 40% of otherwise healthy Asian Indian
American adolescents [33].

Conclusion
Although development of the high type of dyslipidemia was
more likely associated with overweight/obesity, nearly onethird of adolescents with high or combined dyslipidemia
were without adiposity, which support the need for universal
screening. Further studies using a prospective design and
parental surveys will be needed to assess the role of different
factors in alteration of lipid levels in socio-economic diverse
American adolescents of Asian Indian origin.
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