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Abstract

Introduction: Hispanics, South Asians, and African American have demonstrated disproportionately
high manifestation of abnormal lipid profiles in obese adolescents and those with a family history of
Cardiovascular (CV) diseases. Results of lipid screening during routine preventive care pediatric visits
in Hispanic and Asian Indian adolescents which have not been routinely reported were analyzed.
Methods: Demographic and clinical data, including age, gender, health insurance coverage, and
anthropometric parameters at time of lipid screening were utilized. Blood sugar and lipid profile
measurements, including total cholesterol, low-density lipoprotein, triglyceride, and high-density
lipoprotein were categorized as acceptable, borderline, high, or as combined dyslipidemia by stages of
adolescence of early, middle, and late and sex-age based percentile for body mass index category of
overweight and obese adolescents. Univariate analysis using chi-square and analysis of variance
identified dyslipidemia categories between Asian Indians and Hispanic adolescents based on age stage.
Results: Overall, 428 adolescents, 244 Asian Indians and 184 Hispanics included 41.4% in early, 45.8%
in middle, and 12.8% in late age stages were studied. A significantly higher proportion of Hispanics of
any age stage had abnormal BMI. Average blood lipid concentrations of TC, LDL-C, and HDL-C were
higher in Asian Indians in early and middle age stages. Combined data of adolescents in middle and
late age stages identified a higher rate of multifactorial dyslipidemia in Asian Indians.
Conclusion: Routine lipid screening should be implemented as unidentified overweight/obese
adolescents predicted all types of dyslipidemias, irrespective of ethnicity, gender, and age.
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Introduction
The compelling evidence supports the role of racial/ethnic
differences in dyslipidemia patterns and Cardiovascular (CV)
risk in U.S. adults [1-3]. However, data concerning cultural
diversity's role in dyslipidemia occurrence in childhood is
limited. Lipids' pathological concentration has often been
detected in childhood [4]. Despite the favorable trend of lipid
levels in U.S. youth, 1 in 10 adolescents had abnormal levels of
Low-Density Lipoprotein (LDL-C) or Total Cholesterol (TC),
and 1 in 5 had one of the abnormal lipid test, including TC,
High-Density Lipoprotein (HDL-C), or non-HDL-C [5-7]. The
American heart association has recognized the association of
risk-reduction of early subclinical atherosclerosis with no
description of a pathological lipid profile in childhood [8,9].
Therefore, it could be essential to understand the role of
different factors, including ethnicity, in developing
dyslipidemia in childhood. Moreover, the U.S. Preventive
Services Task Force (USPSTF) has suggested the importance
of such knowledge for developing strategies to reduce the risk

of long-term consequences of dyslipidemias in childhood [10].
Studies have reported a high prevalence of dyslipidemias
among U.S. Hispanics and Asians, including the Asian Indian
subgroup, as well as a disproportionately high manifestation of
CV morbidity and mortality recorded in Hispanic and Asian
Indian adults [11]. Therefore, it becomes essential to analyze
the pattern of dyslipidemia in Hispanic and Asian Indian
adolescents. Although in 2011, the National Heart, Blood and
Lung Institute and the American Academy of Pediatrics (AAP)
introduced universal lipid screening for children and
adolescents, practicing universal lipid screening by primary
care pediatricians is limited [12]. Even though nearly 60% of
the pediatricians agreed with the overall idea regarding
universal lipid screening, most prescribed lipid profile testing
in obese adolescents and those with a family history of CV
diseases, which restricts the investigation of the role of cultural
diversity in the prevalence of dyslipidemias in the pediatric
population [13]. To our knowledge, only one study that used
data on selective lipid screening of children aged 3 to 19
revealed an increased prevalence of elevated TC and reduced
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HDL-C in Hispanics compared to white adolescents [14]. The 
proposed study provides analyses of new data concerning age-
based probability for dyslipidemias across two screened ethnic 
groups of Hispanic and Asian Indian adolescents from a 
pediatric practice during preventive care pediatric visits. The 
primary purpose was to identify if there is a variation in rates 
of lipid profile abnormalities between Hispanic and Asian 
Indian adolescents and to define the role of essential health 
determinants, such as age stages, gender, and childhood obesity 
on the obtained findings [15].

Materials and Methods
In this retrospective study, our previously collected and 
published data on universal lipid screening of Asian Indian 
adolescents were compared to those in Hispanic pediatric 
patients that also underwent universal lipid screening at the 
same primary care pediatric practice, but in another location 
[16]. This location provides care mostly for Hispanic children 
because of the predominance of Hispanic population in the 
region. The procedure for identifying potential study subjects 
and the type of collected data were uniformly applied because 
the same electronic system connects two locations. We used 
the Current Procedural Terminology (CPT) codes for 
preventive care office visits (99393, 99394, 99395, 99383, 
99384, and 99385) to identify medical records of patients aged 
10 to 20-year-old who underwent lipid screening. The selected 
medical records were reviewed to collect demographic and 
clinical data, including age (years), gender, health insurance 
coverage (government, commercial), and anthropometric 
parameters (weight, height) at the time of lipid screening. The 
laboratory reports of blood sugar and lipid profile 
measurements, including Total Cholesterol (TC), Low-Density 
Lipoprotein (LDL-C), Triglyceride (TG), and High-Density 
Lipoprotein (HDL-C), were collected.

Definition of types of dyslipidemia, age-stages, and Body 
Mass Index (BMI)

We used cutoff points of TC, LDL-C, TG, and HDL-C to 
categorize acceptable, borderline, or high levels. We identified 
adolescents with normal lipid profiles if all measures were at 
acceptable levels. Borderline dyslipidemia was classified if a 
single or combination of TC was from 170 to 199 mg/dL, 
LDL-C from 110 to 129 mg/dL, or TG from 90 to129 mg/dL. 
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<40 mg/dL were detected. The threshold points 
represented 95th and 75th percentiles for high and borderline 
and 10th percentile for low threshold points for HDL-C. We 
also calculated the TG/HDL-C ratio to classify Combined

Dyslipidemia (CD) using the cutoff point of 3, which suggested 
the definition of CD in whites. In addition, patients with 
multifactorial dyslipidemia were identified if TC level was ≥ 
200 mg/dL and/or LDL-C level was ≥ 130 mg/dL. Stages of 
adolescence life 15 were classified as follows: Early (10 to 13 
years), middle (14 to 17 years), and late (18-21 years) stages. 
Sex-age based percentile for Body Mass Index (BMI) from 85th 
to below 95th and 95th and above percentile categorized 
overweight and obese adolescents.

Statistical analysis

The univariate analysis compared gender, BMI-defined 
abnormalities, average blood lipid quantities, and classified 
dyslipidemia categories between Asian Indians (group 1) and 
Hispanics (group 2) adolescents based on age stage using chi-
square and Analysis of Variance (ANOVA). We constructed a 
stepwise logistic regression model to define the independent 
association of different types of dyslipidemias with ethnicity 
(Hispanic vs. Asian Indian) after controlling for age, gender, 
and overweight/obesity. Data presented as a rate (%), mean 
with standard deviation (+/- SD), and Odds Ratios (OR) with a 
95% Confidence Interval (95% CI). We used STATISTICA 
13.3 (StatSoft Inc., Tulsa, OK, USA). All statistical tests were 
2-sided, with the significance level set at a P-value of <.05.

Results
Overall, 428 adolescents, including 177 (41.4%) in early, 196 
(45.8%) in the middle, and 55 (12.8%) in late age stages, were 
studied. Group 1 and group 2 constituted 244 Asian Indians 
and 184 Hispanic adolescents. Because of difference in social-
economic status, all Asian Indian patients in our study were 
covered by commercial and Hispanic by government health 
insurance. Group 1 included more likely early age stage 
adolescents and less likely in the middle age stage than group 2 
(Table 1). The gender in group 1 and 2 were comparable in the 
adolescents of early and late stages, but the increased 
proportion of the middle age males in group 2. A significantly 
higher proportion of adolescents of any age stage in group 2 
had abnormal BMI than in group 1. The average blood lipid 
concentrations of TC, LDL-C, and HDL-C were higher in 
group 1 than in group 2 adolescents in early and middle age 
stages. The average fasting glucose levels were normal in 
groups 1 and 2. Only 5.5% (13/236) adolescents in group 1 and 
7.6% (14/184) in group 2 had glucose levels between 101 to 
128 mg/dL, respectively (P=0.36).

Factors

Early age stage (n=177) Middle age stage (n=196) Late age stage (n=55) 

G1 (n=133) G2 (n=44) G1 (n=89) G2 (n=107) G1 (n=22) G2 (n=33)

Male sex (%) 45.9% 54.5% 41.6% 57.9%* 45.6% 54.6%

Proportion in age 
stage (%)

54.5% 23.7%*** 36.5% 75.55** 9.0% 17.7%

2

Table 1. Ethnic groups and age stage based comparison of study participants (%, Mean ± SD).
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Normal weight 56.4% 36.4% 68.5% 45.8% 76.2% 45.4%

Overweight 31.6% 18.2% 16.9% 29.0% 23.8% 27.3%

Obese 12.0% 45.4%** 14.6% 25.2%** 0% 27.3%*

TC (mg/dL) 159.8 ± 26.1 148.6 ± 25.3* 158.8 ± 30.4 144.1 ± 25.2** 165.8 ± 39.5 156.8 ± 34.1

LDL-C (mg/dL) 88.4 ± 23.1 79.9 ± 27.2* 87.7 ± 26.3 77.7 ± 21.9** 95.4 ± 33.9 87.1 ± 29.5

HDL-C (mg/dL) 53.8 ± 12.8 48.3 ± 11.6** 51.8 ± 11.3 46.6 ± 10.2** 49.3 ± 10.9 49.2 ± 12.7

TG (mg/dL) 88.1 ± 43.1 97.7 ± 46.1 92.5 ± 42.2 99.9 ± 54.8 99.6 ± 47.1 104.9 ± 58.7

Glucose (mg/dL) 89.1 ± 7.5 91.4 ± 5.6 89.3 ± 7.6 90.0 ± 6.8 85.2 ± 9.6 88.8 ± 9.5

Note: *P<0.05-P<0.02; **P<0.01-P<0.0001 (P value based on Chi-square for comparison categorical and ANOVA for comparison continuous data). G1: Asian Indian; G2:
Hispanic

Group-based comparison of acceptable lipid levels
Asian Indians were less likely than Hispanic adolescents to
have had acceptable values of TC (66.0% vs. 82.6%, P<0.001)
and LDL-C (79.9% vs. 89.7%, P<0.01) and more likely to have
had HDL >40 mg/dL than Hispanic adolescents (69.8% vs.
53.3%, P<0.01). We recorded a comparable rate of acceptable
concentration of TG between group 1 and 2 (57.4% vs. 50.5%,

P=0.33). Age stage analysis showed a lower acceptable TC and 
LDL-C rate in Asian Indian adolescents in their middle age 
than in Hispanics. The acceptable TG and HDL rates between 
Asian Indians and Hispanics of different ages were not 
statistically significant (Table 2).

Lipid category Early age stage (n=177) Middle age stage (n=196) Late age stage (n=55)  

G1 (n=133) G2 (n=44) G1 (n=89) G2 (n=107) G1 (n=22) G2 (n=33)

TC **

High 6.0% 6.8% 7.9% 2.8% 18.2% 6.1%

Borderline 26.3% 13.6% 27.0% 9.4% 22.7% 24.2%

Acceptable 67.7% 79.6% 65.1% 87.8% 59.1% 69.7%

LDL-C *

High 4.5% 4.6% 3.4% 1.9% 13.6% 12.1%

Borderline 13.5% 11.4% 16.8% 5.6% 13.6% 0%

Acceptable 82.0% 84.0% 79.8% 92.5% 72.0% 87.9%

TG

High 18.0% 18.2% 20.2% 22.4% 22.7% 36.4%

Borderline 24.1% 34.1% 22.5% 24.3% 18.2% 18.2%

Acceptable 57.9% 47.7% 57.3% 53.3% 54.6% 45.4%

HDL-C

Low 9.0% 20.5% 16.9% 27.1% 13.6% 15.2%

Borderline 20.3% 25.0% 15.7% 22.4% 13.6% 24.2%

High 70.7% 54.5% 67.4% 50.5% 72.7% 60.6%

Note: *P<0.05; **P<0.01 (P value based on Chi-square).

Group-based comparison of dyslipidemia rates
Acceptable concentration of parameters in lipid profile (TC,
LDL-C, and TG and HDL-C>40 mg/dL) had 31.6% (n=134) of

studied children, which were comparable in group 1 (30.75,
n=75) and 2 (32.1%, n=59), P=0.74. The difference in rates of
high (30.7% vs. 35.9%, P=0.71), borderline (26.6% vs. 18.3%,
P=0.09), and multifactorial (7.0% vs. 3.3%, P=0.09)
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Table 2. Ethnic group and age stage analysis of classified lipid profile abnormalities.
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dyslipidemias did not reach statistical significance. Combined
dyslipidemia had 12.9% in group 1 and 21.2% in group 2
(P<0.03). Figure 1 (A, B, C) illustrates the age stage
comparison of acceptable, high, borderline, combined, and
multifactorial dyslipidemias between groups 1 and 2. The rates
of all dyslipidemias were comparable in the early age stage
(Figure 1A). Multifactorial dyslipidemia increased in middle
age adolescents in group 1 (Figure 1B). Combined data of
adolescents in middle and late age stages identified a higher
rate of multifactorial dyslipidemia in group 1 than in group 2
(10.0% vs. 2.8%, P<0.02). Regression models showed an
increased risk for borderline and multifactorial dyslipidemia in
group 1 compared to group 2 (Table 3). Moreover, the risk for
high, borderline, combined, and multifactorial dyslipidemias
increased with overweight/obesity.

Figure 1. Group-based comparison of prevalence of 
dyslipidemia based on adolescents’ age stages as early (A), 
middle (B), and late (C). ***P<0.01; **Each study participant 
may have more than one abnormality.

Table  3. Factors associated with different types of dyslipidemias (OR, 95% CI).  

Factors Dyslipidemia

High Borderline Combine Multifactorial

Age (years) 1.09 (0.98, 1.20) 1.01 (0.91, 1.13) 1.08 (0.95, 1.24) 1.19 (0.99, 1.42)

Female (1) vs. Male (0) 1.18 (0.94, 1.49) 1.2 (0.94, 1.54) 1.16 (0.86, 1.55) 1.18 (0.74, 1.87)

Overweight/obesity (1) 
vs. Normal (0)

1.52** (1.22, 1.93) 1.31* (1.07, 1.53) 1.99** (1.48, 2.72) 1.60** (1.16, 3.35)

G1 (1) vs. G2 (0) 1.14 (0.89, 1.46) 1.34* (1.01, 1.79) 0.99 (0.72, 1.37) 2.14** (1.24, 3.70)

Note: *P<0.05; **P<0.01-0.001

In the present study, overweight/obesity predicted all types of
dyslipidemias, irrespective of ethnicity, gender, and age. The
most common components of lipid measurements related to
overweight/obesity are high TG and low HDL [19,20]. The
rate of combined dyslipidemia defined by a TG/HDL-C ratio
of 3 or more was also more likely prevalent in overweight/
obese than in average weight Hispanic (26.9% vs. 13.8%,
P<0.04) and Asian Indian (23.6% vs. 6.6%, P<0.001)
adolescents. Studies highlighted the importance of increased
TG/HDL-C ratio as a metabolic marker of insulin resistance in
the adult population, including Hispanic men and women. The
negative role of overweight/obesity has also been highlighted
in developing a multifactorial type of dyslipidemia. In our
study, the rates of multifactorial dyslipidemia in Hispanic
adolescents with and without overweight/obesity were
comparable (3.9% vs. 2.5%, P=0.86) but increased in Asian
Indians with abnormal BMI (12.1% vs. 4.0%, P<0.02).
Possible genetic variations with incomplete penetrance and
dietary practice differences that restrict consumption of
polyunsaturated fatty acids could contribute to dissimilarity in
magnitude of BMI abnormality in multifactorial dyslipidemia
occurrence between Hispanic and Asian Indian adolescents in
our study. Because of the significant role of abnormal LDL-C
in atherogenesis and the development of CV diseases, more
data will be needed to assess the cultural variation in the

4

Discussion
In our study, nearly one-third of Asian Indian and Hispanic 
adolescents in each age stage had an acceptable serum 
concentration for all lipid tests, which is lower than the nearly 
50% rate of ideal lipid levels identified in White, Black, and 
Mexican US youth in the 1999-2016 National Health and 
Nutrition Examination Survey (NHANES). We recorded no 
difference in borderline and high dyslipidemias proportions 
across age stages in Asian Indian and Hispanic adolescents. 
The overall frequency of multifactorial dyslipidemia in Asian 
Indian adolescents was 2-fold higher than in Hispanics, who 
had a comparable rate to 5% of the national estimate. The 
increased likelihood for the development of multifactorial 
dyslipidemia in Asian Indians was independent of adolescents’ 
age, gender, and overweight/obesity. No other studies 
categorized multifactorial dyslipidemia in the pediatric 
population but provide the rates of abnormal LDL-C or TC 
levels. Such as, surveillance of lipid levels during well-child 
visits conducted more than 30 years ago identified 8.5% of 
children with TC levels of more than 200 mg/dl [17].The 
NHANES (1999-2006) showed elevated LDL-C in up to 6.6%
and TC in 10.7% of 12-17 years old adolescents in the U.S., 
more likely among black than white participants [18].
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association of overweight/obesity with multifactorial
dyslipidemia. Unfortunately, the longitudinal study did not
account for race/ethnicity and BMI while reporting the
predictive value of elevated LDL-C in childhood for the LDL-
C abnormality 15-20 years later. The US Preventive Services
Task Force identified the insufficiency of existing evidence to
support direct benefits of screening for multifactorial
dyslipidemia during childhood. However, strategies to prevent
CV diseases in adults should be initiated in childhood.
Therefore, further studies will be needed to understand the
modifiable risk factors for the development of dyslipidemias in
a culturally diverse population of American adolescents.

We recognize the limitations of our study. The study used data
from universal lipid screening performed for Asian Indian and
Hispanic children at two locations of a single pediatric
practice, which could limit the external validity of obtained
findings. Moreover, the generalizability of study results could
be restricted by the homogeneity of health insurance coverage
of Hispanic (government based) and Asian Indian
(commercial) adolescents that, by proxy, characterized the
difference in the socioeconomic status of adolescents' families.
In addition, the racial diversity of adolescents of Hispanic
ethnicity and dietary intake, which is one of the critical
correlates of dyslipidemia, have not been accounted for.

Conclusion
Universal lipid screening identified acceptable levels of all of
the tested lipid parameters in only one-third of adolescents of
either Asian Indian or Hispanic origin, irrespective of their age
stage. Asian Indian are at higher than Hispanic adolescents risk
for development of multifactorial but comparable for combined
type of dyslipidemia, which risk was found to be associated
with being overweight/obese in both ethnic groups of studied
children. We believe that large multicenter studies and
extensive dietary surveys will be needed to identify ethnicity-
related behavior factors in alteration of lipid profiles in the
culturally diverse pediatric population.
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