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Purpose: Obesity and prediabetes are common among adolescents; however, it is unclear
whether they jointly influence lipid levels. Hence, this study sought to assess whether obesity
and prediabetes independently or jointly influence lipid levels among adolescents.
Methods: A cross-sectional study enrolled school students aged 14-19 years (n = 1584).
Body mass index (BMI)-for-age z-scores were estimated, and glycated hemoglobin Alc
(HbA1c) and lipid profile were measured in capillary blood. Prediabetes was defined as 5.7<
HbA1c% <6.4. Geometric means of lipids were calculated, and linear regression was used to
estimate the ratio of geometric means (RoGM) and their 95% confidence intervals (CI). All
analyses were stratified by sex.

Results: Of the total study participants, 52.1% (826/1584) were females and the majority
were aged between 14.0 (5th percentile) and 18.0 (95th percentile) years. Based on BMI-for-
age categories, 356 (22.5%) and 494 (31.2%) participants were classified as overweight and
obese, respectively. Moreover, 34.3% (543/1584) of the study participants met the predia-
betes definition. Compared to those with normal BMI and no prediabetes (reference cate-
gory), participants classified as obese and having prediabetes had elevated levels of total
cholesterol (TC; RoGM=1.09, 95% CI: 1.06-1.13), low-density lipoprotein cholesterol
(LDL-C; 1.21, 1.13-1.29), non-high-density lipoprotein cholesterol (non-HDL-C; 1.20,
1.14-1.26), and triglycerides (TG; 1.18, 1.09-1.27) and reduced HDL-C (0.91, 0.88-0.95)
levels. Independent of prediabetes, obesity was associated with all the investigated lipids.
Prediabetes alone was associated with reduced levels of LDL-C and increased levels of
HDL-C only among females.

Conclusion: Obesity independently and in combination with prediabetes demonstrated
unfavorable effects on lipids among male and female adolescents, whereas prediabetes
independently influenced LDL-C and HDL-C favorably only among females.

Keywords: obesity, prediabetes, lipids, adolescents, Kuwait

Introduction

Abnormal plasma lipid levels (dyslipidemia), characterized by elevated levels of total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), non-high-density lipo-
protein cholesterol (non-HDL-C), triglycerides (TG), and/or reduced HDL-C levels, is an
established risk factor for cardiovascular diseases.' Lipid abnormalities during childhood
track into adulthood and are associated with early initiation of the atherosclerosis process,
which affects the carotid artery elasticity, intima-media thickness, and brachial flow-

mediated dilation.”* Similarly, diabetes and prediabetes (intermediate hyperglycemia),
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characterized by blood glucose levels that are above the nor-
mal but lower than the diabetes diagnostic thresholds,” are
associated with atherosclerosis and cardiovascular events;’
this increased risk is mediated by lipid abnormalities caused
by hyperglycemia.” Obesity is a major shared risk factor for
lipid abnormalities and diabetes/prediabetes,'®!! which has
been associated with several adverse health outcomes and
premature mortality.'>"?

Globally, among adolescents, the increase in obesity
prevalence is accompanied by a rise in diabetes and pre-
diabetes prevalence.'*'” For instance, among a sample of
adolescents aged 14-19 years in Kuwait, we previously
reported that 30.6% of them are classified as obese accord-
ing to their body mass index (BMI)-for-age and 33.3% of
them have prediabetes (defined as glycated hemoglobin
Alc [HbAlc] between 5.7% and 6.4%). The highest pre-
valence of prediabetes was observed among obese adoles-
cents (46.4%) and lowest (26.6%) among those with
normal BMI-for-age.'® Similarly, approximately 1 out of
5 adolescents in the United States have prediabetes, and
prediabetes was associated with an unfavorable cardiome-
tabolic risk profile.'” As demonstrated by the scientific
literature, obesity and prediabetes are common among
adolescents; however, there is a paucity of investigations
concerning the interrelationship between obesity and pre-
diabetes on lipid levels among adolescents. Hence, this
study sought to investigate the independent and joint asso-
ciations of obesity and prediabetes with lipid levels among
adolescents in Kuwait.

Methods

Study Setting, Design, and Participants

This cross-sectional study enrolled high school students
(n = 1959; grades 10, 11, and 12) attending public schools
across the state of Kuwait; these students are typically aged
between 14 and 19 years. A cluster random sampling method
was used in selecting schools and students as detailed by
Almari et al.'® In the current analysis, we excluded participants
who reported a history of doctor-diagnosed diabetes (n = 97),
participants with undiagnosed diabetes (ie, no prior history of
doctor-diagnosed diabetes and measured HbAlc > 6.5% [48
mmol/mol]; n= 17), and participants with missing information
for all lipid variables (ie, TC, LDL-C, HDL-C, and TG;
n = 261). Of the total enrolled study sample, 80.9% (1584/
1959) satisfied our inclusion criteria. This study was approved
by the Health Sciences Center Ethical Committee at Kuwait
University (no. VDR/EC/3067). The study was conducted in

accordance with the principles and guidelines of the
Declaration of Helsinki for medical research involving
human subjects. Written informed consent was obtained from
the parents or legal guardians to enroll the study participants.
Subsequently, self-administered questionnaires were com-
pleted by parents and students.

Biochemical Analyses and Prediabetes

Definition
The Cobas b 101
Diagnostics, Mannheim, Germany) was used to measure

point-of-care system (Roche
HbAlc and lipid profile in non-fasting capillary blood.
Two types of test discs were used: Hbl1Ac test disc and
lipid panel test disc that quantitatively determined TC,
HDL-C, and TG and provided a calculated value for
LDL-C using the Friedewald formula when the concen-
tration of TG was <4.52 mmol/L: LDL = TC — HDL —
TG/5.'® Moreover, non-HDL-C was calculated as TC
minus HDL-C. According to the manufacturer’s perfor-
mance evaluation report,'® the Cobas b 101 system met
the National Glycohemoglobin Standardization Program
(NGSP) acceptance criteria for measuring HbA1c*® and
met the National Cholesterol Education Program (NCEP)
guidelines for measuring lipids.”' We defined prediabetes
according to the diagnostic criteria of the American
Diabetes Association (ADA) as HbAlc values between
5.7% and 6.4% (39—-47 mmol/mol).*?

Anthropometric Measurements

Height was measured to the nearest 0.1 centimeter (cm)
using a stadiometer, and weight was measured to the nearest
0.1 kilogram (kg) using a digital scale. Height and weight
were measured while the participants were without shoes
and in light clothing. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared
(kg/m?). Since BMI, a measure of general adiposity, changes
markedly with growth in children and adolescents, we esti-
mated BMI-for-age z-scores (standard deviation; SD) using
the World Health Organization (WHO) growth reference for
those aged between 5 and 19 years.”” BMI-for-age was
categorized as follows: thinness: <—2 SD, normal: —2 to 1
SD, overweight: >1 to 2 SD, and obese: >2 SD.2

Ascertainment of Covariates

Detailed information on covariate ascertainment can be
found in a prior publication.'® In brief, information on
children’s nationality (Kuwaiti vs non-Kuwaiti), mode of
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birth, birth order, ever breastfed as an infant, maternal and
paternal education level, total family monthly income, and
maternal and paternal history of doctor-diagnosed diabetes
were collected through a self-administered questionnaire
that was completed by parents. Parental history of diabetes
was reported by parents by answering the following ques-
tion: “has the child’s mother/father ever been diagnosed by
a physician as having diabetes?”” The child was considered
to have a parental history of diabetes if the mother and/or
father reported a history of ever doctor-diagnosed diabetes.
Age was categorized as <15, 16, or >17 years. Statistical
adjustments for the effect of potential confounders were
carried out based on prior knowledge in the published
literature and a plausible direct/indirect association with
the outcome variable.

Statistical Analysis
Descriptive analyses were conducted to calculate the frequen-
cies and proportions of categorical variables. To assess
whether the analytical sample (n = 1584) was representative
of the total enrolled study sample (n = 1959), we compared
proportions of categorical variables across these two samples
using chi-square tests. To account for the skewed distribution
of lipid variables, geometric means were estimated by log;o-
transformation of the data and subsequently taking the antilog
of the calculated means on the transformed scale. Differences
in means of log;o-transformed lipid variables across categories
of independent variables (sex, age groups, prediabetes status,
and BMI-for-age groups) were tested using analysis of var-
iance. All statistical analyses were conducted using SAS 9.4
(SAS Institute, Cary, NC, USA). The statistical significance
level was set at a = 0.05 for all association analyses.
Moreover, independent (single) and joint (combined)
effects of prediabetes and adiposity on lipid levels were
assessed by generating a variable with six combination
categories based on prediabetes and BMI-for-age vari-
ables: (i) no prediabetes and thinness/normal BMI-for-
age group [reference category]; (ii) no prediabetes and
overweight BMI-for-age group; (iii) no prediabetes and
obese BMI-for-age group; (iv) yes prediabetes and thin-
ness/normal BMI-for-age group; (v) yes prediabetes and
overweight BMI-for-age group; and (vi) yes prediabetes
and obese BMI-for-age group. Multiple linear regression
models were evaluated to assess associations between log-
1o-transformed lipid variables (outcome variables) and the
aforementioned variables that account for prediabetes and
adiposity status (independent variable), while adjusting for
the effects of age, sex, nationality, mode of delivery, birth

order, parental history of diabetes, maternal education,

paternal education, and family monthly income.

Moreover, sex-stratified associations were evaluated.
Given that we regressed logo-transformed lipid values,
taking the antilog of the linear regression coefficients ()
yields an adjusted ratio of geometric means (RoGM), not
the difference between geometric means.”* Hence, the
related 95% confidence intervals (CIs) represent limits

for RoGM with a null value of 1.

Results

Description of the Study Sample

In total, 1959 high school students were enrolled in the
current study (899 males and 1060 females). Of the total
enrolled participants, 375 participants were excluded from
the analytical study sample (n = 1584) due to reporting a
history of doctor-diagnosed diabetes (n = 97), meeting the
criteria for undiagnosed diabetes (n = 17), or having missing
information for all lipid variables (n = 261). The analytical
study sample and the total study sample were similar in all
characteristics investigated (Table 1). In the analytical study
sample, 826 (52.1%) participants were females and the
majority aged between 14.0 (5th percentile) and 18.0 (95th
percentile) years, with a median age of 16.0 years. Based on
BMI-for-age categories, 356 (22.5%) and 494 (31.2%) parti-
cipants were classified as overweight and obese, respectively.
According to the ADA criteria, 34.3% (543/1584) of the
study participants met the prediabetes definition (Table 1).

Lipid Levels According to Participants’

Characteristics

Lipid levels according to participants’ sex, age groups, predia-
betes status, and BMI-for-age groups are presented in Table 2.
Females compared to males had higher geometric mean of TC
(3.71 mmol/L vs 3.44 mmol/L, p-value <0.001) and HDL-C
(1.33 mmol/L vs 1.11 mmol/L, p-value <0.001). The TG levels
were higher in males than in females (1.31 mmol/L vs 1.25
mmol/L; p-value = 0.046). With regard to age, HDL-C levels
showed a decreasing trend as age increased (p-trend = 0.015;
Table 2). Compared to participants with normal HbA1c levels,
those with prediabetes had higher levels of TC (3.64 mmol/L
vs 3.54 mmol/L, p-value = 0.009) and non-HDL-C (2.33
mmol/L vs 2.25 mmol/L, p-value = 0.034). Levels of TC,
LDL-C, TG, and non-HDL-C demonstrated statistically sig-
nificant increasing trends as BMI-for-age increased. In con-
trast, HDL-C levels decreased as BMI-for-age increased
(Table 2).
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Table | Characteristics of Total Enrolled Study Sample and
Analytical Study Sample

Variables Total Enrolled Analytical
Study Sample Study Sample’
(n =1959) (n = 1584)
Sex, % (n)
Male 45.9 (899) 47.9 (758)
Female 54.1 (1060) 52.1 (826)
Age groups (years), % (n)
<15 35.1 (684) 37.0 (582)
16 29.9 (583) 29.5 (465)
217 35.0 (681) 33.5 (528)
Missing, (n) (rn )
Nationality, % (n)
Kuwaiti 93.7 (1833) 94.4 (1493)
Non-Kuwaiti 6.3 (124) 5.6 (89)
Missing, (n) ) 2)
Mode of birth, % (n)
Vaginal 85.1 (1634) 85.3 (1323)
Cesarean section 14.9 (285) 14.7 (228)
Missing, (n) (40) (33)
Ever breastfed, % (n)
Yes 82.3 (1583) 82.9 (1290)
Missing, (n) (36) (27)
Birth order, % (n)
First 24.2 (470) 24.2 (380)
Second 19.7 (381) 19.3 (304)
Third 18.7 (363) 18.7 (293)
Fourth or more 37.4 (726) 37.8 (593)
Missing, (n) (19) (14)
Prediabetes, % (n)
Yes (5.7 < HbAlc % < 6.4) 33.3 (620) 34.3 (543)
Missing, (n) (114) (O]
BMI-for-age groups, % (n)
Thinness (< =2 SD) 2.2 (43) 2.4 (38)
Normal (-2 to | SD) 44.2 (866) 43.9 (695)
Overweight (> | to 2 SD) 222 (434) 22.5 (356)
Obesity (> 2 SD) 31.4 (615) 31.2 (494)
Missing, (n) ) n

Notes: TRefers to subsample after excluding participants with a history of doctor-

diagnosed diabetes (n = 97), participants with undiagnosed diabetes (no prior
history of diabetes and HbAlc = 6.5%; n = 17), and participants with missing
information for all lipid variables (ie, total cholesterol, LDL cholesterol, HDL
cholesterol, and triglycerides; n = 261).

Abbreviations: BMI, body mass index; SD, standard deviation.

Independent Effects of Obesity and

Prediabetes on Lipid Levels

Analysis of the independent and joint effects of obesity
and prediabetes on lipid levels in the total analytical sam-
ple and stratified by sex are presented in Table 3.
Independent of prediabetes, obesity was significantly asso-
ciated with all the investigated lipid levels. For instance, in

the total analytical sample, compared to the “no predia-
betes and normal BMI” group, participants in the “no
prediabetes and obese” group (ie, independent effect of
obesity) had higher levels of TC (RoGM = 1.08, 95% CI:
1.05, 1.11), LDL-C (RoGM = 1.15, 95% CI: 1.08, 1.22),
TG (RoGM = 1.16, 95% CI: 1.07, 1.25), and non-HDL-C
(RoGM = 1.15, 95% CI: 1.10, 1.20), and decreased levels
of HDL-C (RoGM = 0.94, 95% CI: 0.91, 0.98). Sex-
specific associations in the aforementioned results were
observed, where the independent effects of obesity on
increased TC, LDL-C, and non-HDL-C were present
only among males. In contrast, the observed decreased
levels of HDL-C related to obesity were only present
among females (RoGM = 0.93, 95% CI: 0.88, 0.98).

The independent effects of prediabetes: compared to
the “no prediabetes and normal BMI” group, participants
in the “prediabetes and normal BMI” group had increased
levels of HDL-C in the total analytical sample (RoGM =
1.05, 95% CI: 1.01, 1.09). This increased HDL-C level
was only present among females (RoGM = 1.06, 95% CI:
1.01, 1.12). In addition, we observed that prediabetes was
independently associated with decreased LDL-C levels
among females (RoGM = 0.90, 95% CI: 0.83, 0.98;
Table 3).

Joint Effects of Obesity and Prediabetes

on Lipid Levels

Obesity and prediabetes jointly affected the levels of all
the investigated lipids. Compared to the “no prediabetes
and normal BMI” group, participants in the “prediabetes
and obese” group (ie, joint effects of prediabetes and
obesity) had higher levels of TC (RoGM = 1.09, 95%
CIL: 1.06, 1.13), LDL-C (RoGM = 1.21, 95% CI: 1.13,
1.29), TG (RoGM = 1.18, 95% CI: 1.09, 1.27), and non-
HDL-C (RoGM = 1.20, 95% CI: 1.14, 1.26), and
decreased levels of HDL-C (RoGM = 0.91, 95% CI:
0.88, 0.95) in the total analytical sample. The joint
effects of prediabetes and obesity that were associated
with increased TC and TG levels in the total analytical
sample were only present among males in the sex-strati-
fied analysis (Table 3). The observed decreased HDL-C
levels associated with the joint effects of prediabetes and
obesity in the total analytical sample were present only
among females in the sex-stratified analysis. Prediabetes
and obesity were jointly associated with increased levels
of LDL-C and non-HDL-C among both females and
males (Table 3).
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Table 2 Lipid Levels According to the Characteristics of Study Participants in the Analytical Study Sample (n = 1584)

Geometric Mean (95% CI)
Total Cholesterol LDL Cholesterol HDL Cholesterol Triglycerides Non-HDL
(mmol/L) (mmol/L) (mmol/L) (mmol/L) Cholesterol (mmol/L)
Overall 3.58 (3.54, 3.61) 1.66 (1.63, 1.69) 1.22 (1.20, 1.24) 1.28 (1.25, 1.31) 2.28 (2.24,2.32)
Sex
Male 3.44 (3.39, 3.49) 1.65 (1.61, 1.70) 11T (109, 1.13) 1.31 (1.27, 1.36) 2.25 (2.19, 2.30)
Female 3.71 (3.66, 3.75) 1.67 (1.62, 1.71) 1.33 (1.31, 1.36) 1.25 (1.21, 1.29) 231 (2.27, 2.36)
P-value* < 0.001 0.724 < 0.001 0.046 0.069
Age groups (years)
<15 3.61 (3.56, 3.67) 1.68 (1.62, 1.74) 1.25 (1.22, 1.27) 1.25 (1.20, 1.30) 2.29 (2.23, 2.35)
16 3.58 (3.52, 3.64) 1.65 (1.60, 1.71) 1.22 (1.19, 1.25) 1.32 (1.26, 1.38) 2.28 (2.22, 2.35)
=17 3.53 (3.47, 3.59) 1.64 (1.58, 1.69) 1.19 (1.16, 1.22) 1.29 (1.23, 1.35) 2.26 (2.20, 2.33)
P-value* 0.127 0.567 0.015 0.171 0.808
Prediabetes
No (HbAlc % < 5.7) 3.54 (3.50, 3.59) 1.65 (1.61, 1.68) 1.22 (1.20, 1.24) 1.26 (1.22, 1.30) 225 (2.21,2.29)
Yes (5.7 < HbAlc % < 6.4) 3.64 (3.58, 3.70) 1.68 (1.62, 1.75) 1.22 (1.19, 1.25) 1.32 (1.26, 1.37) 2.33 (2.27, 2.40)
P-value* 0.009 0.350 0913 0.096 0.034
BMI-for-age groups
Thinness (< —2 SD) 3.30 (3.12, 3.50) 1.44 (1.29, 1.61) 1.30 (1.22, 1.39) 1.13 (0.97, 1.33) 1.97 (1.83, 2.13)
Normal (-2 to | SD) 3.50 (3.44, 3.55) 1.55 (1.50, 1.59) 1.29 (1.27, 1.31) 1.19 (1.14, 1.23) 2.14 (2.09, 2.19)
Overweight (> | to 2 SD) 3.57 (3.50, 3.65) 1.68 (1.61, 1.76) 1.20 (l.16, 1.23) 1.32 (1.25, 1.38) 2.30 (2.22, 2.38)
Obese (> 2 SD) 3.72 (3.66, 3.78) 1.83 (1.77, 1.89) 114 (111, 1.17) 1.41 (1.35, 1.47) 2.50 (2.44, 2.57)
P-value* < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Note: *p -values comparing geometric means of the respective lipid profile across categories of the independent variables using analysis of variance tests.
Abbreviations: Cl, confidence interval; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Discussion
The current study investigated the independent and joint effects
of obesity and prediabetes on lipid levels among adolescents.
Obesity independently showed associations with all investi-
gated lipid indicators, which were associated with increased
levels of TC, LDL-C, TG, and non-HDL-C and decreased
HDL-C levels. Prediabetes was independently associated
with increased HDL-C levels and decreased LDL-C levels
only among females. In addition, obesity and prediabetes
were jointly associated with unfavorable lipid profiles charac-
terized by elevated levels of TC, LDL-C, TG, and non-HDL-C,
and lower levels of HDL-C. Overall, obesity independently
and in combination with prediabetes demonstrated strong unfa-
vorable effects on lipids. Interestingly, prediabetes indepen-
dently influenced LDL-C and HDL-C only among females in a
favorable manner. These results also indicate that the effects of
obesity and prediabetes on lipid levels are sex-specific.
Approximately one in three adolescents in the current
study sample were classified as obese according to their
BMI-for-age z-scores. This high prevalence estimate is in
agreement with a previous study in Kuwait, where the
reported prevalence of obesity was 30.5% among school

children aged 6-18 years.”® Such findings demonstrate an
alarmingly high prevalence of obesity among the pediatric
population in Kuwait, which exceeds prevalence estimates
of most parts of the world.'> Similarly, we estimated that
34.3% of adolescents in our study sample met the ADA-
HbAlc criteria for prediabetes. This estimate of predia-
betes prevalence exceeds most regional and international
estimates. For instance, among obese/overweight Emirati
children and adolescents (aged 11 to 17 years), prediabetes
prevalence was estimated to be 21.9% according to the
ADA-HbAIc criteria.”® Among an adolescent sample in
the United States, the prevalence of prediabetes was esti-
mated to be 18.0%, defined by having impaired fasting
glucose (IFG), impaired glucose tolerance (IGT), or
increased HbAlc level according to the ADA criteria.'’
Therefore, the high estimates of obesity and prediabetes
observed in our study indicate that a significant proportion
of adolescents in Kuwait are predisposed to the early risk
of cardiometabolic disorders.

In the current analysis, we reported that obesity was
independently associated with an unfavorable lipid profile.
This adverse impact of obesity on lipid levels has been
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Table 3 Geometric Means of Lipid Levels and Ratios of Geometric Means According to Prediabetes Status and Body Mass Index (BMI)

Groups in the Total Analytical Study Sample and Stratified by Sex

No Prediabetes No Prediabetes | No Prediabetes Prediabetes Prediabetes
and Normal and Prediabetes and Normal and Overweight | and Obese
BMI Overweight and Obese BMI
Total cholesterol (mmol/L)
Total, geometric mean (95% Cl) 3.44 (335, 3.54) 3.53 (342, 3.64) 3.71 (3.59, 3.83) 3.44 (3.32, 3.57) | 3.66 (3.50, 3.81) 3.76 (3.64, 3.88)
Ratio of geometric means’® (95% Cl) | 1.00 (Ref) 1.02 (0.99, 1.06) 1.08 (1.05, 1.11)¥ | 1.00 (0.97, 1.03) | 1.06 (1.02, I.11)} 1.09 (1.06, 1.13)*
Females, geometric mean (95% CI) 3.71 (3,57, 3.85) 3.71 (3.56, 3.88) 3.78 (3.61, 3.9¢) 3.71 (3.54,3.89) | 3.76 (3.57, 3.97) 3.82 (3.66, 3.99)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 1.00 (0.97, 1.04) 1.02 (0.98, 1.06) 1.00 (0.96, 1.04) | 1.02 (0.97, 1.06) 1.03 (0.99, 1.07)
Males, geometric mean (95% CI) 3.19 (3.07, 3.33) 3.40 (3.24, 3.57) 3.62 (3.46, 3.79) 3.22 (3.04, 3.40) | 3.65 (3.41,3.91) 3.71 (3.53, 3.90)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 1.06 (1.02, 11T | 1.13 (1.09, 1.18)* | 1.01 (0.96, 1.06) | 1.14 (1.07, 1.22)¥ | 1.16 (111, 1.22)*
LDL cholesterol (mmol/L)
Total, geometric mean (95% Cl) 1.52 (1.43, 1.61) 1.67 (1.56, 1.79) 1.74 (1.63, 1.87) 1.43 (1.33, 1.54) | 1.66 (1.52, 1.81) 1.84 (1.71, 1.97)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 1.10 (1.03, 1.17) T | 1.15 (1.08, 1.22)* | 0.94 (0.88, 1.01) | 1.09 (1.01, I.19)* 1.21 (1.13, 1.29)*
Females, geometric mean (95% ClI) 1.59 (1.46, 1.72) 1.72 (1.56, 1.89) 1.64 (1.48, 1.82) 1.43 (1.29, 1.59) | 1.68 (1.50, 1.89) 1.81 (1.65, 2.00)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 1.08 (0.99, 1.17) 1.03 (0.94, 1.13) 0.90 (0.83,0.98)* | 1.06 (0.95, 1.18) 1.14 (1.04, 1.25)F
Males, geometric mean (95% Cl) 1.44 (1.33, 1.57) 1.66 (1.51, 1.83) 1.81 (1.65, 1.99) 1.46 (1.30, 1.63) | 1.65 (1.44, 1.89) 1.88 (1.71, 2.08)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 1.15 (1.05, 1.26)1 | 1.25 (1.15, 1.37)* | 1.01 (0.91, 1.12) | 1.14 (1.01, 1.31)* | 1.30 (1.19, 1.43)*
HDL cholesterol (mmol/L)
Total, geometric mean (95% Cl) 1.28 (1.24, 1.33) 1.20 (1.16, 1.26) 1.20 (1.15, 1.25) 1.34 (1.28, 1.40) | 1.23 (1.17, 1.30) 1.17 (1.12, 1.22)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 0.94 (0.91, 0.98)" 0.94 (0.91,0.98)" | 1.05(1.01, 1.09)* | 0.96 (0.92, 1.01) 0.91 (0.88, 0.95)*
Females, geometric mean (95% ClI) 1.39 (1.33, 1.46) 1.29 (1.22, 1.36) 1.30 (1.22, 1.37) 1.48 (1.39, 1.57) | 1.31 (1.22, 1.40) 1.22 (1.15, 1.29)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 0.93 (0.89, 0.97)1 0.93 (0.88, 0.98)F | 1.06 (1.01, 1.12)* | 0.94 (0.89, 0.99)* 0.88 (0.83, 0.92)*
Males, geometric mean (95% Cl) 117 (1.11, 1.24) 1.13 (1.06, 1.20) 1.12 (1.06, 1.19) 1.21 (1.13, 1.30) | 1.17 (1.07, 1.28) 111 (1.04, 1.18)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 0.96 (0.90, 1.02) 0.96 (0.90, 1.01) 1.03 (0.97, 1.11) | 1.00 (0.92, 1.09) 0.95 (0.89, 1.01)
Triglycerides (mmol/L)
Total, geometric mean (95% Cl) 1.24 (1.15, 1.33) 1.35 (1.24, 1.47) 1.43 (1.32, 1.56) 1.20 (1.10, 1.32) | 1.40 (1.25, 1.56) 1.46 (1.34, 1.59)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 1.09 (1.01, 1.17)* 1.16 (1.07, 1.25)% | 0.97 (0.90, 1.06) | 1.13 (1.02, 1.25)* 1.18 (1.09, 1.27)*
Females, geometric mean (95% Cl) 1.19 (1.07, 1.32) 1.29 (1.14, 1.45) 1.40 (1.23, 1.60) 1.24 (1.09, 1.42) | 1.30 (I.12, I.51) 1.33 (1.17, 1.50)
Ratio of geometric means® (95% Cl) | 1.00 (Ref) 1.08 (0.97, 1.20) 1.18 (1.05, 1.32)T | 1.04 (0.93, 1.16) | 1.09 (0.96, 1.25) 1.11 (0.99, 1.25)
Males, geometric mean (95% CI) 1.28 (1.16, 1.42) 1.41 (1.25, 1.59) 1.48 (1.32, 1.65) I.16 (1.01, 1.32) | 1.53 (1.30, 1.8I) 1.59 (1.41, 1.79)
Ratio of geometric means’® (95% Cl) | 1.00 (Ref) 1.10 (0.98, 1.23) 1.15 (1.04, 1.27)t | 0.90 (0.79, 1.02) | 1.19 (1.02, 1.40)* 1.24 (111, 1.38)
Non-HDL cholesterol (mmol/L)
Total, geometric mean (95% Cl) 2.09 (2.00, 2.19) 2.24 (2.13, 2.36) 241 (2.29, 2.53) 2.04 (1.93,2.16) | 231 (2.16, 2.48) 2.51 (2.38, 2.65)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 1.07 (1.02, 1.12)1 1.15 (1.10, 1.20)* | 0.97 (0.93, 1.02) | 1.10 (1.04, 1.I18)* 1.20 (1.14, 1.26)*
Females, geometric mean (95% CI) 2.26 (2.13, 2.39) 2.35 (2.20, 2.52) 2.40 (2.23, 2.58) 2.19 (2.03, 2.36) | 2.42 (2.22,2.63) 2.55 (2.38,2.74)
Ratio of geometric means® (95% Cl) | 1.00 (Ref.) 1.04 (0.98, I.11) 1.06 (0.99, 1.14) 0.97 (0.91, 1.03) | 1.07 (0.99, 1.16) 1.13 (1.06, 1.20)*
Males, geometric mean (95% CI) 1.95 (1.83, 2.08) 2.18 (2.01, 2.35) 239 (2.22, 2.57) 1.93 (1.76, 2.10) | 2.27 (2.04, 2.54) 2.49 (2.31, 2.70)
Ratio of geometric means’ (95% Cl) | 1.00 (Ref) 111 (1.03, 1.20)1 1.22 (1.14, 1.31)* | 0.99 (0.91, 1.07) | 1.16 (1.05, 1.30) 1.28 (1.19, 1.38)*

Notes: *p-value < 0.05; p-value < 0.01; p-value < 0.001; SAdjusted for age, sex, nationality, mode of delivery, breastfeeding, birth order, parental history of diabetes, maternal

education, parental education, and family income.

Abbreviations: Cl, confidence interval; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

reported in a number of studies.”’ 2 On the other hand,
emerging evidence has suggested that prediabetes is poten-
tially linked to an adverse lipid profile.’® For instance, it
has been demonstrated that HbA1c-defined prediabetes is
associated with abnormal lipid profiles (characterized by
high TG levels and low HDL-C levels) among adults.>'
However, the results of this analysis can be highly con-
founded due to the fact that the authors did not account for
participants’ body fat mass. Similarly, a study among

adolescents in the United States reported higher non-
HDL-C levels among those with prediabetes compared to
those without prediabetes; however, this analysis did not
adjust for body fat mass.'” Among a sample of Danish
children and adolescents, the prevalence of dyslipidemia
was higher among those with IFG compared to those with
normal glucose tolerance.'® On the other hand, this asso-
ciation lost statistical significance after adjusting for the
participants’ BMI. In our study, the unadjusted analysis
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indicated that adolescents with prediabetes had signifi-
cantly higher levels of TC and non-HDL-C compared to
those with normal HbAlc levels (Table 2). Nonetheless,
after adjusting for the effects of obesity degree and other
covariates, this association was negligible.

Obesity independently and in combination with predia-
betes demonstrated strong associations with an adverse
lipid profile. In general, the strength of the independent
effect of obesity was similar to the joint effects of obesity
and prediabetes on lipid profile. For instance, obesity was
independently associated with 1.15-fold higher LDL-C
levels, whereas obesity and prediabetes jointly increased
LDL-C levels by 1.21-fold. Hence, this observation indi-
cates that obesity is the major factor affecting lipid profiles
among adolescents, and prediabetes has a minimal additive
effect (Table 3).

Interestingly, we observed sex-specific associations
between obesity and prediabetes with lipid levels. For exam-
ple, obesity was independently associated with elevated
levels of TC, LDL-C, and non-HDL-C only among males,
whereas it was associated with reduced HDL-C levels only
among females. This observation of obesity having more
detrimental effects on lipid profile among males compared
to females has been corroborated in previous studies.* The
sex dimorphism in the effect of obesity on lipids has been
explained by differences in body fat distribution that is influ-
enced by sex hormones:** females have more subcutaneous
fat (pear-shaped) and males have more visceral fat (apple-
shaped), and visceral fat is more metabolically deleterious
than subcutaneous fat.*>***3 Moreover, the observed reduc-
tion in HDL-C in obese females compared to normal-weight
females in the current report is in agreement with observa-
tions from a previous report.>® Moreover, we observed lower
LDL-C levels and higher HDL-C levels among females with
prediabetes and normal BMI compared to those with no
prediabetes and normal BMI. This indicates that prediabetes
in the absence of adiposity is associated with favorable LDL-
C and HDL-C levels among females. Although a previous
investigation reported slightly, but significantly, lower mean
total LDL-C among subjects with diabetes compared to those
without diabetes,37 future studies are needed to corroborate
our new findings of favorable LDL-C and HDL-C levels that
are associated with prediabetes among females.

The strengths of our study include a large sample size
using random school-based adolescents and objective mea-
height, HbAlc,
Nevertheless, our study had some limitations. The use of

surements of weight, and lipids.

the point-of-care system to measure HbAlc and lipid

profile has been speculated to be less accurate than stan-
dardized laboratory-based analysis.'® However, studies
have shown that the Cobas b 101 system meets the
NGSP requirements and provides valid and reliable mea-
surements of HbAlc.*®* Similarly, the point-of-care sys-
tem meets the NCEP guidelines for measuring lipids and
provides valid and reliable measurements.'**® Hence, the
effect of measurement error when assessing lipid profile
and misclassification of prediabetes status, if present, is
minimal in the results of the current report. Moreover, a
further limitation is the use of non-fasting capillary blood
for measuring lipid profiles. However, emerging studies
and new recommendations indicate that fasting is not
necessary for lipid profile assessment.*! For instance, the
results of a large study (n = 12,744) conducted among
children showed minimal differences between fasting and
non-fasting lipid profiles, indicating that fasting before
lipid assessment may not be necessary.*” Additionally,
studies have shown that fasting and non-fasting lipid pro-
files similarly predict coronary events.*>** Lack of infor-
mation on the race/ethnic background of study participants
is a further limitation to our study. However, given that
94.4% of the study participants were of Kuwaiti national-
ity, we speculate that the unmeasured effect of race/ethni-
city, if any, is negligible in our results. It is also essential to
note that our analysis aimed to assess concurrent associa-
tions between obesity and prediabetes with lipid profiles,
and not to infer causal relationships.

Conclusion

Our data suggest that obesity is an important predictor of
lipid abnormalities among adolescents, and this adverse
effect of obesity was slightly augmented when coupled
with the co-occurrence of prediabetes. Overall, the effect
of obesity on lipid profile was more pronounced in males
than in females. In contrast, our data showed for the first
time that prediabetes can have favorable effects on LDL-C
and HDL-C levels only among females; this observation
needs further corroboration. Therefore, to reduce early
cardiovascular disease risk among youth, prevention of
childhood obesity should be a public health priority.
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