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Introduction: Metabolic syndrome (MetS) is a group of risk factors that together increase the chance of heart disease, stroke,
and type 2 diabetes. In MetS, especially among overweight and obese people, blood pressure and blood glucose are elevated,
excess body fat accumulates abdominally, and there is dyslipidemia — notably a low level of high-density lipoprotein (HDL)
cholesterol and a high level of triglycerides. Objectives: This study has three objectives: (i) to determine the prevalence of
dysglycemia and dyslipidaemia among Nigerian adolescents relative to gender (boys and girls), stage of adolescence (early and
late), and BMI-for-age percentile (lean and overweight/obese); (ii) to quantify the burden of lipid abnormalities (excessive
Total cholesterol (TC), Triglyceride (TG), High-density lipoprotein cholesterol (HDL), and Low-density lipoprotein (LDL)
cholesterol) among Nigerian adolescents, which have appeared as substantial covariates of coronary heart disease (CHD); and
(iii) to evaluate the association of overweight/obesity, dysglycemia, and dyslipidaemia with MetS at (=90th percentile).
Population and Methods: An institution-based, cross-sectional, descriptive, epidemiological study was conducted from October
2019 to March 2020. A multi-stage sampling approach was used to recruit 650 students aged 10-19 years in secondary schools

within Lagos State of Nigeria. Data were collected using a structured questionnaire and anthropometric measurements.
Fasting venous blood samples were collected for plasma glucose and lipid profile analysis. Systolic and diastolic blood
pressures were measured. A p-value <0.05 was taken as statistically significant. Twenty-six questionnaires were discarded
due to incomplete data. Results: A total of 650 adolescents aged between 10 and 19 years were included, but 624 were analyzed,
with 26 discarded due to incomplete data. The overall mean (+sd) age was 14.7+2.2 years, with no significant difference
between boys (14.8+2.2 years) and girls (14.7+2.1 years). Girls were significantly heavier (t-test=-2.24, P-value=0.03) than boys

(19.5:4.1 vs 18.7+4.5 kg/m?). The overall prevalence of hyperglycemia was 11.7%. The mean systolic blood pressure (SBP) of
overweight/obese subjects (113.6+11.9 mm Hg) was significantly higher (t-test=-8.81, P-value<0.00001) than that of lean
subjects. Approximately 19% and 12% of the study subjects had impaired and diabetic fasting blood glucose (FBG), especially
females, those in early-stage adolescence, and the overweight subjects. The median lipid levels were 199.4 mg/dL for TC, 180.8
mg/dL for TG, 55.9 mg/dL for HDL, and 289.6 mg/dL for LDL, respectively. Only 53 (8.3%) subjects had abnormal levels of
combined TC, TG, HDL, and LDL. Boys were 1.59 times more likely to have dyslipidemia compared to girls (*=2.66, P-
value=0.10, OR=1.59, 95% CI=0.92, 2.76), and overweight/obese subjects were 1.53 times more likely to develop dyslipidemia
compared to lean subjects (x*=0.86, P-value=0.35, OR=1.53, 95% CI=0.62, 3.77). Overweight subjects with dyslipidemia were
significantly younger (t-test=2.54, P-value=0.04). The overall prevalence of metabolic syndrome (MetS) was 8.3%, with
roughly 15%, 44%, 32%, and 9% of the study subjects having 0, 1, 2, or >3 risk factors for MetS. Conclusion: A higher proportion
of male, mid-adolescent, and overweight students had a minimum of 3 risk factors for MetS. This is likely to impose a high
burden on future health. Preventing the increasing burden of lipid abnormalities among Nigerian adolescents is essential. The
extent to which the problem might affect other areas of Nigeria needs investigation. Multivariate regression analysis shows

that the overall relationship between MetS >9
— was significant (P-value<0.00001), and all of them contributed to the observed MetS>9

subjects.
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Introduction

The alarming rise in the number of children and adolescents who are
developing symptomatic diabetes and demonstrable precursors of
cardiovascular disease calls for urgent action. Studies from the developed world
have established that obesity among adolescents is associated with unfavorable
lipid profiles (1L The increasing frequency of obesity is becoming a vital public
health issue. Globally, in 2020, 38.9 million were overweight or obese 21 Though
the prevalence of child and adolescent obesity has flattened at elevated levels in
most developed countries, it is rising in several low- and middle-income
countries Bl Health-related quality of life is reduced in those with obesity, and
comorbidities of obesity, such as type 2 diabetes mellitus, fatty liver disease, and
depression, are more probable in adolescents, especially among the obese Bl
The prevalence of obesity among adults in the 10 high-burden African countries
ranges from 13.6% to 31%, while in children and adolescents, it ranges from 5%
t0 16.5% 41, There is a variation in obesity rates across Africa, though reports
indicate that obesity on the continent is increasing [l In 2016, the average
prevalence of obesity among boys and girls in Africa was 3.2% and 4.7%,
respectively 51, Obesity in childhood and adolescence is a major risk factor for
the development of obesity, premature death, and disability in adulthood. It is
also a risk factor for breathing difficulties, hypertension, early markers of
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cardiovascular disease, insulin resistance, and psychological consequences 6l 1t
has been earlier recognized that childhood and adolescent obesity is associated
with an unfavorable lipid profile, suggesting that obese children should be
screened for hypercholesterolemia m Lipids, circulating in the blood system as
lipoproteins, are made up of unesterified cholesterol, triglycerides,
phospholipids, and protein. Abnormalities in plasma lipids (the unfavorable lipid
profile), such as (i) high total cholesterol (TC), (ii) high low-density lipoprotein
cholesterol (LDL-C), (iii) high non-high-density lipoprotein cholesterol (non-
HDL-C), (iv) high triglycerides, and (v) low HDL-C, referred to as dyslipidemia,
contribute to the occurrence of serious illnesses related to cardiovascular
diseases (CVDs) [8] Elevated serum lipid concentrations, including cholesterol
and triglycerides, termed as hyperlipidemia, lead to a higher risk of developing
atherosclerotic cardiovascular disease (ACVD). Potential reasons for the increase
in CVD rates include lifestyle changes associated with urbanization and
epidemiologic and nutritional transitions accompanying economic
development now 211011 The etiology of dyslipidemia may be multifactorial,
including sedentary life, dietary (excessive dietary intake of saturated and trans
fats - an important contributor to elevated LDL and excessive intake of refined
carbohydrates and simple sugars raises TG); secondary causes (exogenous e.g.,
alcohol, obesity, drug therapy; endocrine/metabolic eg,
hypothyroidism/hypopituitarism, diabetes mellitus types 1 and 2, Polycystic
ovarian syndrome, lipodystrophy; renal e.g., nephrotic syndrome, chronic renal
disease; Infections e.g., HIV, Hepatitis; hepatic e.g., obstructive liver disease,
biliary cirrhosis; inflammatory disease e.g., Systemic lupus erythematosus;
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Storage disease e.g., Glycogen storage disease, and others such as idiopathic
hypercalcemia Klinefelter syndrome or Kawasaki disease), and genetic causes
(monogenetic conditions such as familial hypercholesterolemia or polygenic
hypercholesterolemia 121 Thys, an abnormal lipid profile in adolescents with
dyslipidemia is like what is seen in adults with premature CVD. Elevated LDL
cholesterol levels (hypercholesterolemia) are relatively common in populations
consuming a Western diet. 1), Hypercholesterolemia is associated with the
development of atherosclerosis, coronary heart disease (CHD), myocardial
infarction (MI), and increased mortality 14l which are relatively common in the
West 23] but not well studied in Africa. Closely associated with obesity and
dyslipidemia (including hypercholesterolemia) is MetS, a subject that has
received much attention in recent times due to increasing awareness of its
association with cardiovascular morbidity and mortality. However, it is a
concept that dates back to over 5 decades now. Its existence was first observed
as clustering of hypertension, hyperglycemia, and gout as described by Kylin in
the 1920s. Later, Jean Vague in 1947 noted its association with android
obesity [6IN7IN8] pjetabolic syndrome is an important public health problem
that causes severe mortality and morbidity and is increasing all over the world
with the realization that metabolic abnormalities such as insulin resistance (IR),
obesity, dyslipidemia, and hypertension (HT) cluster in some
patients 191 strongly associated with an increased risk of developing
atherosclerotic cardiovascular disease (ACVD) 200, Although MetS is often
known as a health problem in adulthood, it has recently emerged as an essential
problem in childhood and adolescence. It is known that an increasing number of
children and adolescents are affected by MetS 21221 though a definite
consensus has yet to be reached in the definition and cutoff points for
considered risk factors in childhood/adolescent MetS as in adults (21241 Studies
have associated obesity [251026] apg dyslipidemia [271[28] 5 key features of MetS
and its risk factors for CVD and type 2 diabetes (T2DM). There is a paucity of
data on lipid profiles and on MetS among adolescent Nigerians. Isolated studies
have been conducted on some lipid profiles among Nigerian adolescents 221301
31 emphasizing mainly those with diabetes or the relationship between body
mass index and lipid profiles. However, most of these studies did not consider
the Body Mass Index-for-age percentile of their study populations. Certain
cardiovascular risk factors such as obesity, DM, and HT, as well as some severe
comorbidities and complications, are associated with dyslipidemia 21 requiring
more attention to be paid to this increasing health burden among African
adolescents. Dyslipidemia and associated disorders are once said to be rare in
children and adolescents in Africa 331 and up till now, there is a shortage of
information on this topic. There is also a scarcity of data on the triad of obesity,
dyslipidemia, and MetS among Nigerian adolescents, and thus the burden of this
syndrome is relatively unknown, leaving a vacuum in its clinical management.
It is important to study MetS in adolescents to reduce adult morbidity and
mortality due to its complications, reduce CVD, atherosclerosis, and other
comorbidities, and to increase life expectancy. The objectives of the present
study were to determine the prevalence of (i) overweight/obesity and (ii)
dyslipidemia among Nigerian adolescents relative to gender and BMI-for-age
percentile. In addition, this study determined the association of overweight,
obesity, and dyslipidemia with MetS at (>90th percentile). Early onset of
dyslipidemia may affect the later life or overall life course of an individual,
probably leading to other chronic conditions at such a young age, which might
hamper adulthood, highlighting how important it is to study this condition
even among individuals as young as 10-19-year-olds.

Populations and Methods

The present descriptive, epidemiological study was conducted by the
Department of Biochemistry and Nutrition of the Nigerian Institute of Medical
Research. Primary data were collected from recruited secondary school
students, aged 10-19 years, in Lagos State, Nigeria. Recruitment into the study,
which included 624 participants (241 boys and 383 girls), was from October 2019
to March 2020. Written informed consents were obtained from parents, and
each participating student gave verbal assent. The study protocol was approved
by the Institutional Review Board of the Nigerian Institute of Medical Research
(NIMR IRB (IRB/18/062)), and the study was conducted in accordance with the
Declaration of Helsinki (2000).

Study site

This descriptive, non-experimental, cross-sectional study was conducted in
Lagos State, Southwest Nigeria. Lagos, the most economically important city in
the country, is also the most populous and the second fastest growing city in
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Africa. The city had 616 registered public (372, 60.4%) and private (244, 39.6%)
secondary schools in the selected Local Government Areas (LGAs) of study 341

Study population

The target population was students in government-approved Secondary
Schools in Lagos State. The WHO defined the age range for adolescents to be

between 10-19 years 53],

Sample size

The sample size was calculated for a single population with a 95% confidence
interval, 54% el proportion, a margin of error of 5%, and allowing for 12%
non-response. To ensure that the results of the study are representative of all
Nigerian ethnic groups resident in Lagos State, the sample size would then be
650 students to cater for attrition and missing data.

Sampling technique and procedure

Lagos State comprises 3 Senatorial Districts (SDs) — Lagos East with 5 LGAs,
Lagos Central with 5 LGAs, and Lagos West with 10 LGAs. Using a simple
random sampling technique (SRST), 1 LGA was selected from Lagos East SD
(Ikorodu LGA with 222 secondary schools), 1 also from Lagos Central SD
(Mainland LGA with 100 secondary schools), and 2 LGAs (Ojo with 247 and
Mushin with 47 secondary schools). Using probability proportional to size (PPS),
different arms of classes — Year 1, 2, and 3 of Junior Secondary School (JSS)
(mainly aged 10-15 years) and Year 1, 2, and 3 of Senior Secondary School (SSS)
(mainly aged 16-19 years) — were selected, since there were many arms in either
JSS or SSS. Finally, a systematic sampling technique was used to select students
in selected arms of each class (Figure 1). Thus, selection was stratified by junior
and senior school years proportional to school size.

/ v \
Lagos East Lagos Central Lagos West Sentorial
Senatorial District Senatorial District District.
v v v

5 Local Government Areas 5 Local Government Areas 10 Local Government Areas

v v v
1LGA 1L 2LGAs (Ojo and Mushin)
Total number of Secondary “Total number of Sccondary selected Total number of
Schools =222 ) Schools = 100 Secondary Schools=249
+ v S A—
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\n / -
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—
Len=226.938% ] (“Leam-308.90% )

=241, 38650 \
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Obese 15.62%

mmugh,.
35,9.1%

Figure 1. Flowchart of recruitment of study participants

Eligibility criteria

Inclusion criteria. Ten- to 19-year-old secondary school students who are Black,
indigenous Nigerians were recruited into the study. The students must be
residents in the community for a minimum of 2 years in the respective Local
Government Areas of the study. They must also be regular students at the
secondary schools identified for the study. Approval by the State Government
Ministry of Education and by the parents were decisive inclusion criteria.

Exclusion criteria: Those on therapeutic diets or drugs, and those admitted to a
health facility in the previous 6 months, were excluded from the study. Thus,
students with diabetes, those taking lipid-lowering medications, or with a
history of vascular/liver/renal or other continuing illness were excluded.
Pregnancy, suspected pregnancy, breastfeeding, or use of oral contraceptives
were also exclusion criteria.

Measurements

Data on socio-demographic and economic characteristics were gathered from
both parents and students. Body weight, height, waist, and hip circumferences
were measured by trained field workers. Weight was measured with minimal
clothing (no shoes) to the nearest 0.1 kg using an electronic scale (FBS machine
Model HBF-514C and DP scale HN-283), and height was measured (without
participants wearing shoes) to the nearest millimeter using a portable stature


https://www.sciencedirect.com/topi
https://www.qeios.com/
https://doi.org/10.32388/S522VG.2

meter (SURGILAC). Waist and hip circumferences were also measured to the
nearest millimeter over light clothing, with the waist measured midway
between the lowest rib and the iliac crest, and the hip at the widest part of the
buttocks. World Health Organization (WHO) AnthroPlus V1.0.4 (Geneva,
Switzerland) was used to calculate BMI-for-age and height-for-age percentiles
for boys and girls separately, according to WHO 7, Sex-specific categorization
was used for BMI. Cut-offs available for Nigerian or African waist circumference
were 094 m for boys and 0.80 m for girls, with no Nigeria- or Africa-specific
limits being available for this age group. Blood pressure (upper arm) and pulse
rate were measured after 30 min of sitting (an aneroid sphygmomanometer for
a very thin hand {SURGILAC CE 123-HS-20C. [Germany]}, an automatic blood
pressure monitor for a moderate hand {Medical Instrument WUX], Ltd, EN-BL-
8030 [China]}, or a mercury sphygmomanometer (long cuff Medical Instrument
WUXI, Ltd, EN-BL-8030 [China]} machine for a very big hand). The average of
the three measurements was used. Participants were asked to fast overnight,
after which 5 ml of venous blood was taken. Fasting blood for glucose was
collected into fluoride oxalate tubes, while the fasting blood for lipids was
collected in lithium heparin tubes. Both were stored at -20°C before centrifuging
for the production of plasma. Randox Glucose-PAP (Randox Laboratories, UK)
reagent was used for analyzing FPG, and the lipid profile (total cholesterol, HDL,
low-density lipoprotein (LDL), and triglycerides) was measured using a photo
spectrometric analyzer (BioSystems EN ISO 13485 and EN ISO 9001 standards
(Barcelona, Spain).

Statistical analysis

Data were presented in the three domains of gender (boys and girls), BMI-for-
age percentile (Lean (<85th percentile), overweight/obese (zSSth percentile)), and
stage of adolescence (early=10-14.9 years of age; late=15-199 years of age).
Descriptive statistics were performed for all anthropometric and biochemical
data, and values were initially reported as mean (z) standard deviation (SD) and
95% CI for the continuous variables. Analyses were conducted using NCSS
version 22 (Kaysville, Utah, USA), and a box plot was drawn using STATA version
13.1 (College Station, Texas, USA). Analysis of variance, Chi-square with odds
ratios, bivariate, and multivariate logistic regression were performed. An
unadjusted p-value <0.05 was considered statistically significant. The
Kolmogorov-Smirnov Normality test for normality of data distribution for
continuous measures was conducted, and when the test failed, the Mann-
Whitney U-test and Kruskal-Wallis one-way ANOVA were used to determine
differences between 2 and 3 medians, respectively. Independent Student’s t-
tests were used to identify differences in anthropometric measurements. The
MetS severity calculator Iﬁ, which considers the adolescent’s height (cm),
weight (kg), sex, serum triglyceride, HDL-C, fasting glucose, systolic blood
pressure, and ethnicity (non-Hispanic, Black), was used to calculate a continuous
metabolic syndrome (cMetS) risk score for early occurrence of MetsS.

Definitions

Dyslipidemia was defined as a combination of total cholesterol >200 mg/dL,
low-density lipoprotein-cholesterol (LDL-C) > 130 mg/dL, triglycerides (TG)
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>130 mg/dL, or high-density lipoprotein cholesterol (HDL-C) < 40 mgj/dL 391401
The NHLBI criteria specific for children and adolescents were used to identify
MetS among participants aged 10 to 19 years [4], This requires three or more of
(i) BMI-for-age of >95th percentile; fasting plasma levels of (ii) TG >130 mg/dL;
(iii) HDL-cholesterol <40 mg/dL; (iv) LDL-cholesterol >130 mg/dL; (v) total
cholesterol >200 mg/dL; (vi) glucose >100mg/dL; (vi) pre-hypertension as
Systolic/Diastolic BP (SBP/SDP) 120-129/ <80 mmHg, stage 1 hypertension, BP
130-139/80-89, and stage 2 >140/90 mmHg [a2] However, for the purpose of this
study, BMI-for-age percentile, fasting plasma levels of glucose, triglycerides, and
total cholesterol were the variables taken for the assessment of MetS. Subjects
with BMI for age <85™ and >85™ percentile were classified as lean,
overweight/obese respectively using the BMI age chart %3l Fasting blood
glucose (FPG) of <70mg/dL, 70-<100 mg/dL, 100-1259 mg/dL and >126mg/dL
were taken as low, normal, impaired, pre-diabetic, and diabetic [a4]

Other Abbreviations

WHO — World Health Organization; NHLBI — National Heart, Lung, and Blood
Institute; NCEP — National Cholesterol Education Program; IDF — International
Diabetes Foundation

Results

Anthropometric and clinical characteristics of study subjects (Table 1,
Figure 2).

A total of 650 students were recruited into the study, but 624 (boys: 241, 38.6%;
girls: 383, 61.4%) were reported on after data from a negligible 26 (4.0%)
students were discarded due to incomplete entry. Overall, 300 (48.1%) and 324
(51.9%) were in early or late adolescence, 574 (92.0%) were lean, and 50 (8.0%)
were overweight/obese (boys: n=9, 3.7%; girls=21, 5.5%) or obese (boys: n=6,
2.57%; girls=14, 3.7%). There was no significant difference in the means of age
(vears), weight (kg), and height (m) of boys and girls in the study subjects,
though the mean BMI (kg/mz) of girls (19.5+4.1) was significantly higher (t-
test=-2.24, P-value=0.03) than that of boys (18.7+4.5). The mean SBP mm Hg
(109.6+12.2) of those in late adolescence was substantially higher BMI (t-
test=-24.47, P-value<0.00001) than those in early adolescence. Students with
overweight/obesity (n=50, 8.0%) were significantly younger (t-test = 4.022, P-
value=0.0002), heavier (t-test=-11.1, P-value< 0.00001), with significantly
higher BMI (kg/mz) (t-test=-24.47, P-value< 0.00001), wider WC (cm) (t-
test=-8.74, P-value< 0.00001), higher SBP (t-test=-8.74, P-value< 0.00001), and
higher DBP (t-test=-3.50, P-value< 0.00001). Figure 2 depicts a box plot
representing each lipid profile for boys and girls, for early- and late-stage
adolescence, and for lean and overweight/obese subjects. Girls had a
significantly higher LDL (Mann-Whitney U test=-3.03, P-value< 0.002) than
boys, and TG was significantly higher (Mann-Whitney U test =-2.46, P-value<
0.01) in early compared to late adolescence.
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Gender Stage of adolescence BMI-for-age
Boys Girls
All Early Late Lean Overweight/ Obese
= = t-test t-test t-test
Variable | (=620 | @b | (0383, e (0=300,48.1%) | (324,51.9%) e (n=574, 92.0%) (n=50, 8.0%) e
38.6%) 61.4%) (P-value) (P-value) (P-value)
Mean (+sd) Mean (+sd) Mean (+sd)

Age 14722) | 148@22) | 14721 | 056(057) 129 (13) 16.4 (1.2) ~34.86 14.8 (2.1) 135(2.2) 402 (0.0002)
(years) 7(2. 8 (2. 7 (2. . X 9 (1. 4 (L. (<0.00001) .8 (2. .5 (2. . X
Weight -4.58

Kg) 474(116) | 465 (125) | 48.0(11.0) | -153 (0.13) 452 (11.6) 494 (11.3) (€0.00001) 45.8 (10.1) 65.6 (12.2) 11.1 (<0.00001)
Height 156.7 -490

(cm) 123 1577 (13.0) | 156.1(11.9) 155 (0.12) 154.2 (13.4) 159.0 (10.8) (<0.00001) 156.9 (10.7) 154.6 (24.3) 0.66 (0.51)

(19262 | 18765) | 19561 | 22009 -021(14) -073(12) | 496(<0.00001) |  -0.69 (A1) 198 (07) 247

(kg/m?) .2 (4. 7 (4. .5 (4. . X .21 (L. 73 (1. : . .69 (1. X ! (<0.00001)
WC* (cm) | 65.4(6.7) | 65.0 (6.6) 65.7 (6.7) -1.28 (0.20) 649 (7.5) 66.2 (6.2) -2.35(0.02) 64.6 (5.5) 770 (99) « 0_367(1;01)
SBP (mm 108.3 -8.81

Hg) 124 108.6 (139) | 1082 (11.4) | 037 (0.71) 1069 (12.5) 109.6 (12.2) 272 (0.007) 1079 (12.4) 113.6 (11.9) (<0.00001)

DBP (mm -3.50
Hg) 66.2(95) | 651(10.3) | 67.0(9.0) -2.35 (0.02) 65.6 (9.4) 66.8 (9.7) -157(0.12) 65.8 (9.4) 70.8 (9.7) 0.00001)
Median MW U-test Median MW U-test (P- Median MW U-test (P-
(P-value) value) value)

FBG 875 897 86.3 0.66 (0.51) 65.0 873 0.45 (0.65) 876 874 0.26 (0.79)
T-Chol 199.4 2047 198.0 0.69 (0.49) 2073 1973 1.81(0.07) 1989 221.2 1.06 (0.29)

Trig 180.8 1871 1795 0.84 (0.40) 156.6 190.1 -2.46 (0.01) 180.2 1893 0.37 (0.71)

HDL 559 54.2 56.5 -0.58 (0.56) 56.8 55.5 0.95 (0.34) 55.8 574 0.04(097)

LDL 289.6 2715 295.4 -3.03 (0.002) 295.2 276.7 1.80 (0.07) 2843 303.8 0.47 (0.64)

Table 1. Anthropometric and clinical characteristics of the study subjects, 2020.

*Male Waist circumference >94 cm n=1 (04%); Mean (¢sd) = 980 (0.0) and <94 cm
n=240 (99.6%); Mean (+sd) = 649 (6.3); * Female Waist circumference >80 cm n=17
(464%); Mean (+sd) = 84.8 (4.2) and <80 cm n=366 (95.6%); Mean (zsd) = 64.8 (3.3).
Boys were 1.52 times more likely to be lean than girls (;?=1.70, P-value=0.19; OR=1.52,
95% CI=0.81, 2.84).

Median of various Lipids by gender (1=Boys; 2=Girls) Ml of vaious Lids b stagesof adolescence (1=Eaty:2=Lake)
: H

]
N )

: %%;; %—%;i

[ T_CHOLmg a1 [5] Trig_mg
[ HDL Cmgdl [ ] LDL_Cmg_dL.

.
— :
dl s 2d,=
. .
—‘l:lr,cnmmg,m ] Trig_mg
[ HDL_Cmg_dL. LDL_Cmg_dL.

TG (Early and late) MW U-test = -2.46 (0.01)

500 1.000 1,500 2000 2,500
500 1.000 1500 2,000 2,500

LDL (boys vs girls) MW U-test = -3.03 (0.002)

ELFCETIT:

[ _cHolmg_di [N Trig_mg
[ HoL_Cmg at. | LDL_Gmg_dL.

500 1000 1500 2000 2500

Figure 2. Box plot for lipid profiles by gender and stage of adolescence and BMI-
for-age percentile (Lean and Overweight/Obese) in Nigerian Secondary schools
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Proportion of study subjects with borderline and high (low for HDL)
Fasting Lipid or Blood Glucose (FBG) levels (Table 2).

Though there were no significant differences in their proportions, boys were,
however, more likely to present with impaired FBG, borderline TC, TG, and HDL
respectively (statistical inferences for these are shown in Table 2). Those in early
adolescence were also less likely to present with impaired FBG, but more likely
to have borderline TC, TG, and HDL respectively, while lean subjects were over
two times more likely to have borderline TG compared to overweight/obese
subjects. On the contrary, boys were unlikely to have diabetic FBG or high levels
of lipids (TC, TG, HDL, LDL) compared to girls; those in early adolescence were
over 1% times more likely to present with diabetic FBG and TC, slightly more
likely to have HDL compared to those in late adolescence; and lean subjects were
less likely to have diabetic FBG but nine times more likely to present with high
TC and about 1%2 times more likely to have high HDL.
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Early Late .
All (n=624) Boys (n=241) Girl (n=383) OR adolescent adolescent or | Lean (n=574) g;’:::’(:g};g)
: ? (P- = = 2 (P- = 2(P- | OR(95%
Variable ‘)I(al(ue) 5% | @300 (0329 3’a1(ue> ©5% \;/(al(ue) C(I) ’
cn cI
Freq. . Freq. . Freq. . Freq. . Freq. . Freq. . Freq. .
%) Median %) Median %) Median %) Median %) Median %) Median %) Median
Borderline (Impaired for FBG)
109 0.84
19 48 7 018 53 66 074 109 10 003 | 094 (0.45,
FBG 1098 108 1104 07 110. 109.8 0. 109.8 118
| 1°°8 | 109 > | ass) ©067) (1 62)' @7) 3 | os| %8 | 039 (1 2566)’ w0 | 1% |00 ©086) | 193
159 116
7 35 37 342 37 35 036 69 3 163 | 2.14 (065,
Tchol | o | 1726 | gl 1680 | 05 | e 097 | Sl ama |t 1680 | il o | s | S| ez | o0 706
2.60) 190)
112 110
| 193 78 115 038 9% 97 031 17 16 360 | 054 (029,
T8 | 309)| 1958 | 3209| 1% |Gogy| ™ | (054 (10'5789)‘ 620)| 1929 | 209 | 134 | (0s9) (10;;' 90| °™ |0 ¥ | ©os) 1.02)
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Table 2. Proportion of study subjects with borderline (impaired for FBG) and high (low for HDL) lipids and FBG

Triglyceride: Kolmogorov-Smirnov Normality test value =0.093, Decision (Alpha =5%)
Reject normality; Total cholesterol: Kolmogorov-Smirnov Normality test value =0.055,
Decision (Alpha =5%) Reject normality; Low-density lipoprotein: Kolmogorov-
Smirnov Normality test value =0.204, Decision (Alpha =5%) Reject normality; High-
density lipoprotein: Kolmogorov-Smirnov Normality test value =0.153, Decision
(Alpha =5%) Reject normality. * (;>=4.70, P-value=0.03, O0R=2.48, 95% CI=1.08, 5.69). *
!'In the “high” category, T-Chol and Trig. were significantly higher (Mann-Whitney
U=197, 2.36; P-value=0.04, 0.02 respectively) in boys than girls, but ** LDL was
significantly higher (Mann-Whitney U=-2.80, P-value=0.005) among girls than boys

Comparative analysis of presence or absence of dyslipidemia relative
to gender, BMI-for-age, and stage of adolescence of study participants
(Table 3).

The overall prevalence of dyslipidemia among the study subjects was 8.5%
(53/624) — higher among boys (10.8%) than girls (7.1%), higher in late-stage
(8.6%) than in early-stage (83%) adolescence, and higher among
overweight/obese (12.0%) than among those who were lean (8.2%). When the
median of various lipids among those with and without dyslipidemia were
compared, significant variations were apparent in the levels of TC (243.5 vs

geios.com doi.org/10.3238

192.4, U-test=592, P-value=<0.00001), TG (2074 vs 1765, U-test=3.67, P-
value=0.0002), and HDL (28.6 vs 58.2, U-test=-9.53, P-value=<0.00001). This
was also the case when the lipid levels of boys and of girls with dyslipidemia
were compared with those without dyslipidemia. Boys and girls with
dyslipidemia presented with similar lipid and FBG profiles. Boys were 1.59 times
more likely to have dyslipidemia compared to girls (x*=2.66, P-value=0.10,
OR=1.59, 95% CI=092, 2.76). Overweight/Obese subjects were 1.53 times more
likely to develop dyslipidemia compared to lean students (x*=0.86, P-value=0.35,
OR=1.53, 95% CI=0.62, 3.77). Compared with those without dyslipidemia, the TC,
TG, and HDL of early adolescents and late adolescents with dyslipidemia were
also significantly higher, as illustrated in Table 3. Overweight subjects with
dyslipidemia were significantly younger (t-test=2.54, P-value=0.04), had higher
BMI-for-age (-10.48, P-value<0.00001), and higher WC (cm) (t-test=-4.72, P-
value= 0.004) than lean subjects with dyslipidemia. Median levels of TC, TG,
and HDL were significantly higher among lean subjects with, compared to those
without, dyslipidemia, while median LDL was marginally significant, as shown
in the Table. Only HDL was significantly higher among overweight/obese
subjects with dyslipidemia, while TG levels between the two groups were
marginally significant.
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All Boys Girls Boys vs. Girls
Dyslipidemia Dyslipidemia Dyslipidemia Dyslipidemia
; Sub- No Yes * No Yes * No
Variable | Gariable | Yes (=53, m=s7, | FESUPT a6 | (neass, | FTES =27, =356, | U5t Yes No
0 - .
8.5%) 91.5%) value) 10.8%) | 89.2%) (P-value) 7.1%) 92.9%) (p-value)
Mean (+sd) Mean (sd) Mean (+sd) t-test (P-value)
1.04 0.54
Age 14.6 (2.1) %721 | -033(074) | 149(22) | 14.8(2.2) 0.22 (0.83) 14.3 (2.0) 147 (2) -0.99(0.33) ©030) | (059
B 203 (79) 191(37) | 1.09(0.28) |200(10.8) | 185(29) 071(049) | 20639 | 195(@1) o | 0% | 340
(kg/m?) .3 (7 11 (3! A . .0 (10. 5 (2. .71 (0. .6 (3. .5 (4. 41(0. ©79 | ©0007)
-1.69 -1.03
WC (crm) 66.6 (8.3) 654 (67) | 1.02(031) | 647(@85) | 65167) -023(0.82) | 685(78) | 657(6.8) 1.81(0.08) 010 | ©30
. 108.2 0.52
SystolicBP | 109.2 (12.3) (2.4 056 (0.57) |1101(14.8) | 108.4(13.8) | 056 (0.58) | 108.4(9.6) | 108.2 (11.6) 0.15 (0.88) ©050) 0.18 (0.86)
. . -0.04 2.36
Diastolic BP 66.1(9.5) 66.2(9.6) | -0.07(094) | 66.0 (109) | 65.0 (10.2) 0.45 (0.66) 66.1(8.0) 67.0 (9.1 -0.56 (0.57) ©097) ©0.02)
All - -
Median value MW U (P Median value MWU (P Median value MW U (P-value)
and Gender value) value)
-0.22 0.80
FBG 813 88.1 -1.09 (0.27) 799 89.8 -1.12 (0.26) 829 86.7 -0.47 (0.64) 082 | ©as
TC 2435 192.4 >92 263.2 1939 4.25 (0.00002) 235.6 192.4 4.07 (0.00005) 133 0.13 (090)
§ - (<0.00001) " : e - - SO ©18) |
3.67 0.64 0.45
Trigl id 2074 176.5 2121 172.8 2.59 (0.01 2053 176.6 2.43 (0.01)
riglyeerice 0.0002) ©on O 1 052 | 066
-9.53 -6.66 -6.81 -1.48 0.20
HDL 286 58.2 (<0.00001) 21 704 (<0.00001) 295 584 (<0.00001) ©014) | (0.84)
LDL 281.0 290.0 1.04 (0.30) 276.2 269.4 1.65 (0.10) 292.4 2955 0.22 (0.82) ~0.21 316
g . 04 (0. ; . 65 (0. y - 22 (0. ©.83) | 0.002)
Early adolescent stage (10-14 years) Late adolescent stage (15-19 years) Early vs. Late adolescent stages
(:_ezss No (n=275, t-test (P- | Yes =28, | No (n=296, | t-test (P- Yes No
8.3%) 91.7%) value) 8.6%) 91.4%) value) t-test (P-value)
Age 12.8(13) 129 (12) -037(071) | 16311 | 164(12) -0.46 (0.65) -10.71 (<0.00001) -34.85 (<0.00001)
BMI
(kg/m?) 20.1 (4.6) 18.6 (3.4) 159 (0.12) |205(10.2) | 195(39) 0.52 (0.61) -0.18 (0.86) 294 (0.003)
weem) | 8 646 (71) 812 s652) | 66263 | -057(057) 093 (036) 2.84(0.005)
(10.7) T (<0.0001) R o i i i i ! :
S lic BP 1062 107.0 (12.6 033 (0.74) |112.0 (12.7) | 109.4 (12.2] 1.04 (0.31] 1.75 (0.09, 2.31(0.02
Stage of ystolic (11.4) 0 (12.6) -033 (0.74) .0 (12.7) 4 (12.2) .04 (0.31) -175 (0.09) 2.31(0.02)
adolescence
Diastolic BP | 66.3 (8.5) 65.5 (9.5) 0.45 (0.66) | 659 (10.4) | 669 (9.6) -0.49 (0.63) 0.15 (0.88) -1.75 (0.08)
Median value MW U (P- Median value MW U (P-value)
value)
FBG 79.0 89.8 -1.27 (0.20) 83.8 877 -0.26 (0.79) -0.70 (0.48) 0.67 (0.50)
TC 2539 1975 360 2411 1839 475 0.24 (0.81) 191 (0.06)
. i (0.0003) i : (<0.00001) i : i :
Triglyceride | 204.2 171.0 2.62(0.009) | 2097 185.4 2.55 (0.01) -093 (0.35) 2.34(0.02)
-6.71 -6.75
HDL 295 58.6 <0.00001) 281 572 0.00001) 0.78 (0.44) 0.88 (0.38)
LDL 2957 295.1 0.34(0.73) 280.0 2757 1.12 (0.26) 0.20 (0.84) 1.80 (0.07)

Table 3. Comparative analysis of presence or absence of dyslipidemia relative to gender, lean or overweight/obese, and stage of adolescence of the study subjects.
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Lean Overweight/Obese Lean vs. Overweight/Obese
Yes! No (n=527, Yes ! (n=6, No t-test (- Yes No
t-test (P-value)
(n=47, 8.2%) 91.8%) 12.0%) (n=44,88.0%) value) test (P-value)
Age 149 (2.0) 14.8 (2.1) 0.33 (0.74) 124 (2.3) 137 (2.2) -1.31(0.24) 2.54 (0.04) 3.20 (0.002)
BMI 195 (8.0) 18.4 (2.4) 094 (0.35) 273 (2.5) 269 (6.4) 0.29 (0.78) 503 8.756(<0.00001)
(kg/m?) (0.00005)
WC (cm) 64.5 (4.9) 64.6 (5.6) -0.13 (090) 837 (9.8) 76.1(97) 178 (0.12) -4.72(0.004) | -7:76 (<0.00001)
Systolic BP 108.5 (12.3) 107.8 12.4) 037 (0.71) 115.0 (12.3) 113.5 (11.9) 0.28 (0.79) -1.22(0.27) -3.04 (0.004)
Diastolic BP 65.4(9.3) 659 (9.5) -035 (0.73) 71.2 (9.6) 707 (99) 0.12 (0.91) -1.40 (0.21) 3.10 (0.003)
BMI-for- MW U-test (P MW U-test (P
age Median value €s Median value €s MW U-test (P-value)
value) value)
FBG 813 88.1 0.38 (0.71) 769 88.5 -0.39 (0.70) 0.08 (0.93) 0.28 (0.78)
TC 2476 191.8 2.76 (0.006) 2303 2153 0.66 (0.51) -094 (0.35) 114 (0.25)
Triglyceride 2071 1765 3.24 (0.001) 308.4 179.8 194 (0.05) 112 (0.26) -0.05 (0.96)
HDL 289 578 -4.43 (0.00001) 252 58.4 -3.22 (0.001) -1.01 (0.31) 0.50 (0.62)
LDL 281.0 2877 -0.57 (0.057) 334.2 303.8 0.27 (0.79) -0.03 (098) 0.42 (0.67)
(contd.)
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>l‘Boys were 159 more likely to have dyslipidemia compared to girls (,?=2.66, P-
value=0.10, Or=1.59, 95% CI=092, 2.76. | Overweight/Obese students were 153 more
likely to develop dyslipidemia compared to lean students (*=0.86, P-value=0.35,
OR=153,95% CI=0.62, 3.77).

Specific risk factors for MetS (Table 4)

The overall prevalence of MetS in this study was 8.3%, more prominent in boys
(14.%) than in girls (4.7%), in overweight/obese individuals (26.0%) than among
lean subjects (6.8%), and slightly more predominant in late (8.6%) than in early

doi.org/10.32388/S522VG.2

adolescence. BMI-for-age (kg/mz) and WC (cm) were significantly higher (t-
test=-3.05, P-value=0.00%4 and t-test=-2.16, P-value=0.04, respectively) among
girls than boys. Overweight/obese subjects with MetS were significantly
younger (t-test=3.46, P-value=0.003), with higher BMI-for-age (t-test=-9.90, P-
value<0.00001) and WC (cm) (t-test=-4.08, P-value=0.001). Among all those
with MetS, there was no significant difference in the FBG or lipid levels relative
to gender or stage of adolescence. However, the median TG level of subjects with
overweight/obese status (296.4) was significantly higher (t-test=-2.35, P-
value=0.02) than the median value (214.0) of lean subjects.
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Mets >90t" percentile
Gender BMI-for-age percentile Stage of adolescence
Variable All Lat
(n=52, 8.3%) Boys Girls t-test Lean Overweight / Obese t-test (P- Early (2_928 t-test (P-
(n=34, 14.1%) (n=18, 4.7%) (P-value) (n=39, 6.8%) (n=13, 26.0%) value) (n=24, 8.0%) 8 ;0 ” )’ value)
.6%)
Mean (+sd)
Age 1422 | 1aQ2 w524 | -015088) | 15020 2701 3460009 | 12403 | 16200 | 0’01;'3 o
BMI-for- -990
age 0.28 (1.4) -0.13 (1.4) 10(12) -3.05 (0.004) -0.30 (11) 21(0.6) (<0.00001) 078 (1.4) -014(13) | 2.44(0.02)
WC(cm) | 695 (9.0) 675 (8.1) 73.2(9.5) 2.16 (0.04) 66.3 (59) 78.8 (10.5) -4.08 (0.001) | 69.1(10.8) 697 (74) | -0.23(0.82)
Systolic
BP 113.6 (11.6) 112.4 (12.9) 115.8 (8.3) -1.15 (0.26) 113.4 (11.7) 1141 (11.5) -0.19 (0.85) 113.0 (11.8) 1141 (11.6) -0.34 (0.74)
Diastolic
BP 68.1(10.1) 674 (10.1) 69.5 (10.2) -0.71 (0.48) 669 (9.3) 719 (11.7) -1.40 (0.18) 69.6 (10.9) 669(93) | 095(0.35)
Median values (Mann-Whitney U test instead of t-test)
FBG 115.0 119 1207 0.87(0.39) 113.6 116.4 -098(0.33) 121.2 127 0.06 (0.96)
TC 164.1 165.7 161.4 0.14 (0.89) 163.2 176.1 0.61 (0.54) 1795 1511 1.49 (0.14)
Trig. 2341 2477 2341 0.18 (0.86) 2671 188.6 -1.04 (0.30) 214.0 296.4 -2.35 (0.02)
HDL 351 351 35.8 0.11(092) 349 36.8 0.00 (1.00) 32.7 351 0.39 (0.69)
LDL 325.0 3331 298.6 -1.45 (0.15) 332.8 3152 -093 (0.35) 3419 3189 191 (0.06)
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Table 4. Specific risk factors for MetS and its prevalence as demarcated by the occurrence of known potential risk factors relative to gender, stage of adolescence, and BMI-for-

age.

Frequency distribution of risk factors for MetS relative to gender, BMI-
for-age percentile, and stage of adolescence (Table 5).

i. Anthropometry
Among all the study subjects, 8.0% had BMI—for—agezSSth percentile (6.2%
in boys, 9.1% in girls; 0% in lean, 100% in overweight/obese; 11.3% in early
and 4.9% in late adolescence). Girls with BMI >85th percentile were about
1.2 times more at risk for MetS (y?=1.70, P-value =0.19, RR=1.16, 95%
CI=0.95, 1.40) than boys. In all, 0.2% (0.4% among boys alone) had WC (cm)
> 94, while 5.0% of all (5.0% among girls alone) had WC (cm) of >80. The
only boy with WC (cm) >94 was in early adolescence. Overall, 0.5% and
24.0% of lean and overweight/obese subjects were girls with WC (cm) >80,
while 3.3% and 1.5%, respectively, were in early or late-stage adolescence.
Study subjects in early adolescence were approximately 2%z times more
likely to be overweight/obese compared to those in late adolescence
(42=8.63, P-value=0.003, OR=2.46, 95% CI=1.32, 4.56).
. Pre-hypertension/Hypertension
Of the 111 (7.8%) subjects with systolic pre-hypertension/hypertension,
approximately 23% were boys, while 14% were gitls; 17% were in early-
and 28% in late-stage adolescence, and 14% were lean while 21% were
overweight/obese. Boys with pre-hypertension/hypertension were 1.40
times more likely to be at risk for MetS (x*=7.96, P-value =0.005, RR=1.40,
95% CI=1.13, 1.74) compared to girls.
iii. FBG

FBG of >100 mg/dL was more prevalent among girls (31.3%) than boys

i
=4
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(299%), among overweight/obese (34.0%) compared to lean (30.5%)
subjects, and in early (32.0%) compared to late (29.6%) adolescence. Girls
with FBG >100mg/dL were slightly more likely to be at risk for MetS
(x2=0.15, P-value =0.70, RR=1.02, 95% CI=0.90, 1.17) compared to boys.

=

HDL<40 mg/dL

A total of 43% (42.7%, and 43.1% among boys and girls; 43.4% and 38.0%
among lean and overweight/obese; 44.0% and 42.0% in early and late
adolescence) of subjects had low HDL. Boys with HDL<40 mg/dL were
about 1.2 times more likely to be at risk for MetS (;2=2.05, P-value =0.15,
RR=1.18, 95% CI=0.95, 1.46) than girls.

TG >130 mg/dL

TG level was the highest in the lipid profile, recorded by 70.5% of study
subjects, including about 71% each of boys and girls, 67%, 68% of lean and
overweight/obese, and 65%, 68% in early and in late adolescence. Boys
with TG>130 mg/dL were slightly more likely to be at risk for MetS (;2=0.14,
P-value =0.71, RR=1.04, 95% CI=0.84, 1.30) than girls.

N

The proportion of boys and girls with 3 or more risk factors for MetS was
similar (9.1 vs 9.4), as was the proportion of those in early and late adolescence
(103 vs 83), but very dissimilar (57% vs 50.0%) among lean and
overweight/obese subjects, respectively. Those in early adolescence were
approximately 1% times more likely to develop >3 risk factors for MetS (x>=0.74,
P-value=0.39, OR=1.27, 95% CI=0.74, 2.18) compared to those in late adolescence.
In all, 92 (14.7%) had no risk factors (about 13% boys, 16% gitls; 16% lean, 2.0%
overweight/obese; 14% early adolescents, 15.1% late adolescents).
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Gender BMI-for-age Stage of adolescence
Risk factors for MetS All . Overweight/
Boys Girls Lean Obese Early Late
n (%) 624 (100.0) 241 (38.6) 383 (61.4) 574 (92.0) 50 (8.0) 300 (48.1) 324 (519)
BMI-for-age >g5th percentile ! 50 (8.0) 15 (6.2) 35(9.1) 0(0.0) 50 (100.0) 34 (11.3) 16 (4.9)
WC >94 cm (boys) 1(0.2) 1(0.4) - 0(0.0) 1(2.0) 1(03) 0(0.0)
WC >80 cm (girls) 19 (3.0) - 19 (5.0) 3(05) 12 (24.0) 10 33) 5(15)
Pre-HT/HT * 111 (17.8) 56 (23.2) 55 (14.4) 97 (169) 14 (28.0) 43 (14.3) 68 (21.0)
FBG glucose >100 mg/dL !! 192 (30.8) 72 (299) 120 (31.3) 175 (30.5) 17 34.0) 96 (32.0) 96 (29.6)
HDL <40 mg/dL ** 268 (43.0) 103 (42.7) 165 (43.1) 249 (43.4) 19 (38.0) 132 (44.0) 136 (42.0)
TG >130 mg/dL *** 440 (70.5) 172 (71.4) 268 (70.0) 382 (66.6) 34 (68.0) 196 (65.3) 220 (679)
>3 58(9.3) 22(9.) 36 (9.4) 33(5.7) 25 (50.0) 31(10.3) 27(823)
ber ofrisk £ . 2 202 (32.4) 77 (32.0) 125 (32.6) 187 (32.6) 15 (30.0) 93 (31.0) 109 (33.6)
Number of risk factors for MetS
1 272 (43.6) 111 (46.1) 161 (42.0) 263 (45.8) 9 (18.0) 133 (44.3) 139 (462.9)
0 92 (14.7) 31(12.9) 61 (15.9) 91 (15.9) 1(2.0) 43 (14.3) 49 (15.1)
Table 5. Frequency distribution of risk factors for MetS relative to gender, BMI-for-age percentile, and stage of adolescence.
WC=Waist circumference; HT=Hypertension, HDL=High-density lipoprotein; LDL= I - g;z‘““ysu"ilfj‘:sl e
Low-density lipoprotein; TG= Triglyceride. *Boys with Pre-hypertension and stages 1 | gependent variables Regession Standard exror 95%CL ttest | P-value
coefficient
and 2 hypertension were 140 times more likely to be at risk for MetS (*=796, P-value | Tntercept -0.128 0.042 -0.210,0.045 304 002
'BMI-for-age percentile 0.002 0.0003 0.001, 0.002 5.00 <0.00001
=0.005, RR=140, 95% CI=1.13, 1.74) than Girls;**Boys with HDL<40 mg/dL, were about Fasting Bl Eocll’(}luc:se (mg/dl) 0.002 0.0001 0.002, 0.003 10.67 | <0.00001
1.2 times more likely to be at risk for MetS (*>=2.05, P-value =0.15, RR=118, 95% ?ﬁﬂ:‘;ﬁxﬁf’ ) 00004 D001 T
CI=095, 146) than Girls; ***Boys with TG=130 mg/dL were slightly more likely to be [ tig-density lipoprotein (mg/dL) ETATR L TR A O PR T i
at risk for MetS (,?=0.14, P-value =071, RR=1.04, 95% CI=0.84, 1.30) than Girls. !Girls _ ] Boy:
Dependent variable: MetS >90 percentile R=0.3890 F-test =29.92 P-value <0.00001
with BMI =85t percentile were about 1.2 times more at risk for MetS (;?=1.70, P-value | independent variales Regression | Standard error 95% 1 tost | Povalue
=019, RR=116, 95% CI=095, 140) than Boys.! Girls with serum glucose >100mg/dL ncrcet = 17 0078 029,007 SR
BMI-for-age percentile X X 002, 0. g <0,
were slightly more likely to be at risk for MetS (y>=015, P-value =0.70, RR=1.02, 95% oty s ol T i G ER 1T
ter -0.00 X ~0.001, -0.00( B X
CI=090, 1.17) than Boys. Those in early adolescence were approximately 2% times Tigh ceri;:(l.:g/éf)g/ ] - 0.0005 0001 0.0002, 0.0007 12| 0002
more likely to be overweight/obese (y?=8.63, P-value=0.003, OR=246, 95% CI=132, [ —axdemsly lpoproicin(melll) T a—— ———
456) and were 1% times more likely to develop >3 risk factors for MetS (*=0.74, P- D:”"“Z"‘ "a"al’: MeS 295 pereentle Regisgon F'te:;dzs’sg PR DR et | P
. Independent variables N Stan error 95% CI
value=0.39, OR=1.27,95% CI=0.74, 2.18).compared to those in late adolescence Triereept cocflicient s ERTT 5w
BMI-for-age percentile 0.0009 0.0004 0.0002, 0.0017 .36 0.019
.. . . . ‘Waist ci 0.004 0.002 0.0009, 0.0079 47 0.014
Multivariate regression analysis (Table 6). Fasing Blood Glacese (ng/dl) 0.002 0.0002 0,001, 0.002 65 [ <0.00001
Triglyceride (mg/dL) 0.0003 0.0001 0.0001, 0.0004 .82 0.005

Among all the study subjects, a significant 25.5% of the variance in Mets> 9oth
percentile is explained by five predictor variables - FBG, TC, TG, HDL, and BMI-
for-age percentile after a backward elimination was conducted. The overall

relationship between MetS >g0th percentile and these five predictor variables

was significant, and all of them contributed to the observed MetS>90th
percentile among study subjects. Similarly, among boys, a significant 38.9% of

these same predictor variables explained the variations in MetS >g90th

percentile, whereas among girls, a significant 21.5% of the variance in Mets 90h
percentile is explained by four predictor variables — FBG, TG, BMI-for-age
percentile, and WC.
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Table 6. Multivariate regression analysis with MetS 9oth percentile as the
dependent variable and key predictor variables for all subjects, all boys, and
girls respectively in the study.

[

For all the study subjects, five predictor variables - Fasting blood glucose, Total
cholesterol, Triglyceride, High-density lipoprotein, and BMI-for-age percentile -
significantly (P-value<0.00001) explain 25.5% of the variance in the outcome variable -
MetS =90™ percentile. One unit change in MetS 95 percentile is associated with a
decrease in age and an increase in other predictor variables.

Discussion

Published literature and data on severe dyslipidemia among secondary school
students in Africa, including Nigeria, are rare. This current study investigated
the prevalence of overweight/obesity, dyslipidemia, and MetS among 10-19-
year-old indigenous Black Nigerian adolescent secondary school students in
Lagos, Southwest Nigeria. The application of various criteria in the numerous
definitions of MetS has rendered the estimation of its prevalence
problematic 45, At present, there are no agreed guidelines or diagnostic criteria
for MetS in the pediatric/adolescent population [46] There are some key
findings in this study that merit discussion. First, the overall prevalence of MetS
was 83%, higher than the 5.2% reported from India “Z or 1.4% from
Tanzania 48], In consonance with a South African study [‘*—9], MetS was more
prevalent among boys than girls, but much higher than the 6.1% among boys
and 3.1% among girls reported in South Africa. Studies in different parts of
Nigeria have reported different prevalence rates for MetS among adolescents
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under different criteria such as HIV @, diabetes @, and obesity Bl ang others,
with a range from 1.9% to 23.8%. The overall 8.3% prevalence of MetS in this
study falls within the range of MetS reported in Nigeria, though it is higher than
the 2.2% among 10-17 years reported in Turkey [52] Further, the 26% prevalence
of MetS among overweight/obese subjects falls within the 3-60% range earlier
reported 123l The National Health and Nutrition Examination Survey I (NHANES
1) study (1988-1994), conducted in the USA, demonstrated that MetS features
were found in 3% to 14% of all children and adolescents. These rates were
reported as 13% to 37% in obese patients in the study [54] The exact
pathophysiology and mechanism of MetS seem complex and are yet to be
clearly elucidated. However, Celebi proposed that abdominal obesity and insulin
resistance effectively develop MetS [55] while Rochlani et al. suggested that
macrophage infiltration occurs in adipose tissue with intra-abdominal obesity,
that various cytokines such as TNF-a and IL6 released from macrophages cause
inflammation, and that this inflammation leads to lipolysis in adipose tissue,
increasing circulating free fatty acids, decreased insulin signaling, and
decreased glucose transporter (GLUT4) synthesis, resulting in insulin
resistance 56l The preponderance of impaired/diabetic FBG in this study’s
multivariate regression analysis may attest to the finding of a study which
suggested that IR is the key mechanism thought to underlie metabolic
syndrome [57158] An alternative view of the pathway in the development of
MetS is activating the renin-angiotensin system (RAS). Obesity and IR cause an
elevated production of angiotensin-2 secreted by adipose tissue 56 1t is also
suggested [59] that increased lipolysis in IR causes an elevation of free fatty acids
in the circulation. The liver produces triglycerides using the excess
concentration of fatty acids in the blood with a simultaneous increase in very
low-density lipoprotein (VLDL) production, leading to dyslipidemia 59,
Possibly, adipokines released from visceral adipose tissue may be associated
with the development of MetS and CVD [60] and stimulation of the renin-
angiotensin system (RAS) may play a vital role in the neurohumoral pathway
that promotes the development of MetS [61 The 11.7% prevalence of DM in this
study is higher than the 0.4% prevalence reported in Cote d’Ivoire [62] The
prevalence of DM, a syndrome with various linked sub-phenotypes such as
mitochondrial disorders, lipodystrophies, and inflammatory disorders involving
cytokines (631 js already recognized to increase the probability of developing
metabolic syndrome [64]  Foremost phenotypes correlated with DM are
dyslipidemias, notably hypertriglyceridemia and low HDL cholesterol levels.
Both diabetes and dyslipidemia are strongly associated with an increased risk
for atherosclerotic vascular disease 3l Dyslipidemia, recognized as a global
disease of epidemic proportion, is also known as a major risk factor for
cardiovascular disease with an enormous burden in terms of morbidity,
mortality, and medical costs 32 Atherosclerosis and cardiovascular disease
(CVD) are the major health problems associated with dyslipidemia. These
disorders are vascular problems associated with more than 17 million deaths
worldwide in 2015, a rise of 12.5% from 2005 onwards 651, The prevalences of TC
>200 mg/dL (60.6%), TG>130 mg/dL (66.7%), HDL<40 mg/dL (43.0%), and
LDL>130 mg/dL (85.9%) in this study are higher than the 2.8%, 19.1%, 58.4%, and
3.2% reported from Ethiopia [66] or the 12.1%, 4.5%, 28.4%, and 9.2% reported
from Ghana 48l The most prominent dyslipidemia in this study was LDL,
contrary to HDL reported in Ethiopia [66 Ghana 48] and in another study in
Nigeria [67] 1n variance with another study in India, LDL was significantly
higher among boys than girls in this study [©8l. High concentrations of LDL
cholesterol are presently believed to be the primary risk factor for the
emergence of atherosclerosis, coronary heart disease (ASCHD), myocardial
infarction (MI), and increased mortality. Raised LDL cholesterol levels
(hypercholesterolemia) are relatively common in populations consuming a
Western diet and are associated with the development of atherosclerotic plaque
(aP) 14 leading to life-threatening myocardial infarction 169l The precise
pathophysiology of AP - local inflammation, LDL oxidation, macrophage
activation, and necrotic core formation — has already been elucidated, though
its molecular mechanisms are still unknown 681, Hypertriglyceridemia is also
an independent risk factor for CVD [70] which occurs through (i) abnormalities
in hepatic VLDL production, and intestinal chylomicron synthesis, (ii)
dysfunctional LPL-mediated lipolysis, or (iii) impaired remnant clearance. Liang
etal. 71 suggested that hypertriglyceridemia may intensify the risk of ischemic
stroke by promoting not only atherosclerosis but also augmenting thrombosis
and blood viscosity. On the contrary, hypertriglyceridemia may have been
beneficial in patients who have already suffered a stroke M Thus, dyslipidemia,
diabetic blood glucose, and obesity are the triad for MetS, and obesity on its own
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is linked to non-alcoholic fatty liver disease (NAFLD), to abnormal lipid profiles,
and liver enzyme abnormalities 72, The overall 43.0% prevalence of abnormally
low HDL in this study is lower than the 61.2% reported from another Nigerian
study 2 but higher than the 12.8% reported from Saudi Arabia [ and the
40.6% reported from Brazil %41, The principal function of HDL, composed of
cholesterol, triglycerides, and various apolipoproteins, is to transport
cholesterol from the peripheral tissues to the liver, thus performing
biodistribution of lipids 73] and in the process, scavenge excess cholesterol
through reverse cholesterol transport (RCT) or exchange it with apoB particles
(e.g., LDL) 761 for disposal. Its anti-atherogenic and anti-inflammatory
properties serve in lowering the size of the plaque and its associated
inflammation 771, In this study, there was no significant variation in SBP or DBP
(mm Hg) among those with and without dyslipidemia. However, SBP (mm Hg)
was significantly higher among those in late compared to those in early
adolescence and among overweight/obese subjects than among lean subjects.
The relationship between hypertension and dyslipidemia, obesity, as well as
insulin resistance (MetS), further increases the overall cardiovascular risk of an
individual. Although SBP is recognized as a risk factor that increases the chance
of MetS, it was not associated with that condition in the adolescent population
of this study.

Study limitations

There are some limitations in the study that need consideration. First, the
study's main limitation is its relatively small sample size, which may restrict its
ability to fully uncover the deteriorating metabolic conditions in this
population. Blood pressures were measured with different measuring
instruments at different adolescent stages, and this could have resulted in a bias.
In the methodology, bias may have been introduced in the sample selection as
the proportion of girls outweighed that of boys, and some of the overweight or
obese students may have been left out. Also, the study was conducted in the
southwestern area bordering the Atlantic Ocean and not in the northern arid
area or the mountainous middle area of the country. For this reason, the results
may not be generalized or interpreted as national, requesting a national study
on dyslipidemia and MetS among secondary school adolescents. The NHLBI
guide for references of MetS in adults was used as a reference. While this may be
justifiable due to the lack of established cut-off values for adolescents, especially
indigenous Black Africans, the application may result in an underestimation of
the prevalence of central obesity in this population of study. In general, there is
no agreed definition of MetS among adolescents globally and hardly any clinical
guidelines or cut-off points for any of the variables for MetS among Black
Africans. For this reason, the definitions, cut-off points, and variables used for
the identification of MetS in American and European literature were used in this
study. Lastly, the nutrition, dietary, and physical exercise aspects of the
participants have not been considered in this study, though these play a role in
MetS but will be considered in a future study. This study only focused on the
quantity of lipoproteins. As such, the quality and functionality of HDL or its
dysfunctionality, such as a lower apoA-I content, lower antioxidant ability,
smaller size, and ambiguous shape, were not considered. These will be
addressed in a future study.

Conclusion and Recommendation

This study has documented the prevalence of dyslipidemia and that of MetS as
8.5% and 8.3%, respectively, among adolescents in Lagos, Nigeria. Findings
from this study suggest that appropriate and satisfactory monitoring of lipid
profiles among adolescents in Nigeria is urgently needed. The elevated
prevalence of lipid anomalies and MetS in the cohort of this study demands
decisive lifestyle intervention approaches and policies for the prevention and
control of significant cardiovascular and other risk factors. Health promotion,
especially regarding nutrition, diet, and eating habits among adolescents,
should be an integral aspect of the educational curriculum in Nigerian
secondary schools. Governments at all levels and other service providers should
not only frequently screen and instruct adolescents with diabetes and
hypertension towards adopting a healthy lifestyle but also make them recognize
the eventual outcome of lipid abnormalities and their comorbidities in their
adulthood. Decision-makers should lay stronger emphasis on establishing and
reinforcing the early detection and prevention of lipid abnormalities among
adolescents in Nigeria. Hence, periodic fasting lipid profile screening for
adolescents, especially secondary school students, is recommended to be
mandatory biennially during the students’ tenure. This will enhance early
detection and treatment and reduce the high burden of this underdiagnosed and
undertreated disease. Results from this study would be a useful contribution
towards enhancing knowledge about dyslipidemia and MetS and perhaps can be
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utilized for effective policy and program implications and in proposing
guidelines for the diagnosis of MetS in Nigerian and African children and
adolescents. Finally, healthcare providers caring for youth should adopt effective
treatment for those at highest risk.
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