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Abstract

Background: Overweight/obesity is a global public health problem in adolescents. Its frequency is increasing as similar to diabetes, hypertension, health
expenses, and poor quality of life. Thus, detecting overweight/obesity early in life promises a positive impact on the world’s health. Methods: In a cross-
sectional study, differences were explored between glycemia and blood pressure according to BMI, WHR, age, sex, number of daily meals and family
history of chronic diseases in high school students from Mexico City. Results: The prevalence of overweight and obesity in the participants (115) was 26%
and 7%, respectively. Fasting glycemia (mg/dL) was higher in students aged ,17 vs. .18 (91.45+7.96 vs 87.59+10.06, p=0.038). All hyperglycemic students
and with android adipose distribution were women. Compared to the other participants, overweight students had higher systolic (107.24+12.31 vs
115.73+15.28, p=0.003) and diastolic (70.99£10.93 vs 76.27£13.02, p=0.033) mean values (mmHg). Systolic values were higher in obesity (108.77£13.03 vs
118.63+18.38, p=0.048). Men had a higher frequency of systolic (32%, p=0.001) and diastolic (37%, p=0.023) prehypertension/hypertension than women
(8% and 17%, respectively). Systolic prehypertension/hypertension was common in overweight (47% vs 53%, p=0.008). Skipping meals was common in
students with family history of hypertension (13% vs 87%, p=0.005). Conclusion: The prevalence of overweight was higher and of obesity was lower than
the one reported in ENSANUT 2016 (22.4% and 13.9%, respectively). Sex differences in blood glucose and pressure were obtained: men had higher blood
pressures and women with abdominal fat had higher fasting glycemia. Systolic blood pressure was higher in overweight and obesity.
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City (CCM) were invited to carry out this exploratory cross-sectional
study. Students were invited to participate through a brief informative
presentation shown in different high-school classes by student
investigators where selection criteria and the process of consent was
explained, pointing out that participants should not have insulin
resistance or diabetes, and that those interested in participating,
should attend with 6-8 h fasting (only water intake was allowed) and

Introduction

The prevalence of overweight and obesity in subjects 20 years old and
older has significantly increased in the last decades in several
countries.™2 A similar trend has been observed in Mexico together with
the increase of associated morbidities.>s The presence of obesity in
children and adolescents is related to impairment of glucose tolerance,

insulin resistance, and development of type-2 diabetes (DM2) later in
life. Also, those with prehypertension have a higher possibility to
develop hypertension in adulthood, while abdominal adiposity has a
positive association with insulin resistance, dyslipidemias, DM2, and
hypertension in all age stages.¢'s Thus, describing anthropometric
characteristics, fasting glycemia, and family history of obesity-related
diseases early in life is useful to create intervention programs with
significant impact on the subject’s health and expenses in adulthood.
8 Qur hypothesis was that students from a Mexican private high school
with high Body Mass Index (BMI) and/or with high Waist-Hip Ratio
(WHR) would have a significantly higher concentration of fasting blood
glucose and blood pressure compared to students without the
mentioned characteristics.

The aim of our study was to obtain the frequency and correlation of
demographic, anthropometric (BMI, WHR), family history of common
diseases, and life-style characteristics with fasting glycemia and blood
pressure of students of a Mexican private high school.

Methods

From February to March 2016, high school students from the Instituto
Tecnoldgico y de Estudios Superiores de Monterrey (ITESM) in Mexico

without having exercised before measurements. Appointments were
scheduled before students' classes (7 am. to 8 am.) and
measurements were not made if students did not comply with the
instructions for consent, fasting and exercise.

Adult students (=18 years) and parents of under-age participants
signed a written informed consent in Spanish language. Under-age
students also signed an informed assent. All students who agreed to
participate (along with their parents' consent if they were minors)
were included in the study. Those who reported insulin resistance,
diabetes or with incomplete information were excluded. A printed
self-applied questionnaire and all measurements were identified with
the subject’s number and were taken individually at the school’s
laboratory.

While they were sitting and after having obtained consent of the
students, the participants answered a questionnaire that investigated
the following characteristics: sex, age, weekly exercise, hours of
exercise, number of daily meals, family history of cancer, cancer-type
(classified as without cancer, 3 most common types, and not specified),
overweight, obesity, insulin resistance and diabetes. When finished,
blood pressure was measured with an electronic  wrist
sphygmomanometer (Citizen®). Then, capillary blood was taken using
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a sterile lancet to measure 6 to 8-hour fasting glycemia with a digital
glucometer (Accu-check® Roche®). At the end of the session,
anthropometric measures were taken in a private section of the
laboratory. Student’s hip and waist circumference was measured with
an anthropometric measuring tape (Fiberglass©). Weight (kg) and
height (cm) were measured with a scale (Cientifica Vela Quin®). The results
were recorded by the student investigator in a section of the questionnaire.

Body Mass Index (BMI) was calculated with the formula: weight
(kg)/height> (m2). Waist-Hip Ratio (WHR) was calculated with the
formula: waist (cm)/hip (cm). Overweight and obesity were obtained
according to the World Health Organization growth reference for 5 to 19
years (Overweight: BMI median+1 SD according to age, Obesity: BMI
median+2 SD according to age), and classified and analyzed
separately.4' Adipose distribution according to WHR was classified as
gynoid or android (gynoid: women <0.8 and men «<1.0, android: women
>0.8 and men =1.0). Glycemia was categorized as normal (70 to 100
mg/dL) and hyperglycemia (>100 mg/dL).2 Adults’ blood pressure was
classified according to the JNC7 values for systolic blood pressure as
normotensive <120 mmHg and prehypertensive/hypertensive =120
mmHg, and for diastolic blood pressure as normotensive <3ommHg and
prehypertensive/hypertensive =80 mmHg. Blood pressure of underage
students was classified as normotensive for those with systolic and/or
diastolic blood pressure <got" percentile and prehypertensive/
hypertensive with values greater than the 9ot percentile, both
according to sex, age and height.2!

The database was constructed in Microsoft Excel® and analyzed in
STATA 11 (StataCorp, TX)®. Parameters including mean, standard
deviation, median, minimum and maximum quartiles, and skewness

were calculated. Mean comparison test (t-test) was used to explore
significant differences from zero between groups of variables with
normal distribution and Kruskal-Wallis test was used to compare
differences between groups of variables with non-normal distribution.
Fisher’s exact test was performed to compare proportions. Statistical
significance was considered with p value <0.05. The post-project
registration 1D in the ITESM Clinical Research Ethics Committee is
DOFIOO0.

Results

Table 1 shows the summary of the continuous variables of 115
participants. The mean age of the students was 17.43+1.13 years, height
164.90+8.12 c¢m, hip circumference 97.95+7.67 cm, fasting glycemia
88.93+9.53 mg/dL, systolic and diastolic blood pressure 109.45+13.60
mmHg and 72.36+11.68 mmHg, respectively, and WHR of 0.81+0.06. The
median of weight was 60 (p25 55, p75 69) kg, waist circumference 78
(p25 73, p75 83) cm, weekly exercise 1 (p25 1, p75 1.5) hour and BMI
22 (p25 20, p75 24) kg/m2. Women had significantly lower (p<0.001 in
all cases) mean height (160.96+5.43 ¢cm vs 172.3+7.15 cm), systolic
pressure (106.01+12.29 mmHg vs 115.9+13.74 mmHg) and WHR
(0.79+0.05 Vs 0.84+0.05), median weight (57; p25 51, p75 64 kg vs 67.65;
p25 60, p75 78 kg) and waist circumference (77; p25 70, p75 82 cm, vs
81; p25 76.5, p75 88 cm, p=0.001) than men. There were no significant
differences between the median weight (kg) of men in our study and
the one reported by the World Health Organization (WHO) (67.65 vs 67,
p=0.749) for the age range of the participants. The same was observed
for the median weight of women (57 vs 56, p=0.154) and for median
BMI (kg/m2): men (23 vs 21.5, p=0.081) and women (22 Vs 21.1, p=0.165).4'

Table 1. Summary of quantitative characteristics of 115 students that participated in the study

Characteristic All participants Men Women p-value ¢
Normal distribution Mean=SD Skewness Mean=SD Mean=SD
Age (years) 17.43£1.13 -0.89 17.65+1.00 17.31%1.19 0.122
Height (cm) 164.90+8.12 0.29 172.3¢7.15 160.96+5.43 <0.001
Hip (cm) 97.95+7.67 0.61 99.13%7.48 97.32%7.48 0.231
Fasting glycemia (mg/dL) 88.93+9.53 -0.46 88.68+7.52 89.07+10.49 0.835
Blood pressure (mmHg)
Systolic 109.45+13.60 0.79 115.9+13.74 106.01+12.29 <0.001
Diastolic 72.36+11.68 0.37 74.95+11.76 70.98£11.45 0.083
WHR 0.81+0.06 0.48 0.84+0.05 0.79£0.05 <0.001
Non-normal distribution Median(min, max) ° Skewness Median{min, max) ° Median(min, max) ° pe
Weight (kg) 60(55,69) 1.18 67.65(60,78) 57(51,64) <0.001
Waist (cm) 78(73,83) 1.16 81(76.5,88) 77(70,82) 0.001
Exercise (h) 1(1,1.5) 1.96 1(0,1.5) 1(1,1.5) 0.593
BMI (kg/m?) 22(20,24) 1.4 23(21,25.5) 22(20,24) 0.336

Legend: SD: Standard Deviation, BMI: Body Mass Index, WHR: Waist-Hip Ratio, ® 25" percentile=p2s5,75t™ percentile=p75, ¢ p value for Student’s t test, € p value for Kruskal-Wallis

equality of populations rank test.

The distribution of subjects and their categorized characteristics
according to sex is shown in Table 2. Regarding all participants, there
was a higher participation of women (75/115; 65%) than men (40/115;
35%). Most students had normal fasting glycemia (107/115; 93%),
systolic (96/115; 83%) and diastolic blood pressure values (87/115;
76%). The frequency overweight was 26% (30/115) and of obesity 7%
(8/115). Family history of cancer was common (63/115; 55%), being
breast cancer the most frequent (14/115; 12%). Family history of insulin
resistance (41/115; 36%), diabetes (76/115; 66%), hypertension (61/115;
53%) or overweight/obesity (81/115; 70%) was common. According to
sex, significant differences were found. All students with hyperglycemia
(8) and all with android adipose distribution (33) were women (p=0.049
and p<0.001, respectively). Conversely, men had significantly higher
prehypertension/hypertension systolic (13/40; 32%) and diastolic
(15/40; 37%) frequencies (p=0.001 and p=0.023, respectively) and of
obesity (4/40; 10%, p=0.446, not significant). There were no significant

differences for age (p=0.538), overweight (p=0.510), and obesity
(p=0.446).

Table 3 shows the distribution of subjects according to obesity. The
frequency of obesity in young participants (<17 years) was significantly
higher (7/8; 88%, p=0.002) than the older ones (1/7; 12%). All students
with obesity had normal glycemia (p>0.999) and some showed systolic
(3/8; 37%, p=0.125) and/or diastolic prehypertension/hypertension (3/8;
37%, p=0.401). Most obese students (6/8; 75%, p»0.999) had gynoid
adipose distribution, family history of cancer (7/8; 88%, p=0.071), being
breast the most common type (2/8; 24%, p=0.746), without significant
differences between groups. Family history of insulin resistance was
significantly higher in obesity (6/8; 75%, p=0.024), report of diabetes
(7/8; 88%, p=0.262), overweight or obesity (6/8; 75%, p»0.999) but
without statistical significance.
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Table 2. Distribution of the participants according to sex and the categorized
characteristics

Table 3. Distribution of the student’s characteristics and obesity

L All Men Women Characteristic (115) Obesity ® pd
Characteristic o) ) (n=75) pd No (107) Yes (8)
Age (years) n (%) n (%) n (%) n (%) n (%)
<17 40 (35) 12 (30) 28 (37) 0.538 Age (years)
218 75 (65) 28 (70) 47 (63) <17 (40) 33 (31) 7 (88) 0.002
Fasting glycemia (mg/dL) 218 (75) 74 (69) 1012)
<100 107 (93) 40 (100) 67 (89) 0.049 Fasting glycemia (mg/dL)
2101 8 () 0(0) 8 (11) <100 (107) 99 (93) 8 (100) »0.999
Systolic blood pressure (mmHg) 2101 (8) 8(7) o (o)
Normal 96 (83) 27 (68) 69 (92) 0.001 Systolic blood pressure (mmHg)
Prehypertension/ Normal (96) 91 (85) 5 (63) 0.125
Hypertension 19017) 13(2) 6® Prehypertension/Hypertension (19) 16 (15) 3(37)
Diastolic blood pressure (mmHg) Diastolic blood pressure (mmHg)
Normal 87 (76) 25 (63) 62 (83) 0.023 Normal (87) 82 (77) 5 (63) 0.401
Prehypertension/ Prehypertension/Hypertension (28) 25 (23) 3(37)
Hypertension 28 (24) 15 G7) 1307) WHR®
Overweight? Gynoid (82) 76 (71) 6 (75) >0.999
No 85 (74) 28 (70) 57 (76) 0.51 Android (33) 31 (29) 2 (25)
Yes 30 (26) 12 (30) 18 (24) Family history of cancer
Obesity® No (52) 51 (48) 1(12) 0.071
No 107 (93) 36 (90) 71 (95) 0.446 Yes (63) 56 (52) 7 (88)
Yes 8(7) 4 (10) 4 (s) Family history of cancer type
WHRE None (52) 49 (46) 3(38) 0.746
Gynoid 82 (71) 40 (100) 42 (56) <0.001 Breast (14) 12 (11) 2 (24)
Android 33 (29) 0(0) 33 (44) Lung (7) 7 (6 0(0)
Family history of cancer Pancreas (4) 4 (4) 0(0)
No 52 (45) 21 (52) 31 (41) 0.326 Other (36) 33 (31) 3(38)
Yes 63 (55) 19 (48) 44 (59) Not specified (2) 2(2) 0(0)
Family history of cancer type Family history of insulin resistance
None 52 (45) 15 (37) 37 (50) 0.325 No (74) 72 (67) 2 (25) 0.024
Breast 14 (12) 7 (18) 7(9) Yes (41) 35 (33) 6 (75)
Lung 7 (6) 2 (5) 5(7) Family history of diabetes
Pancreas 4 (a) 3(7) 1(1) No (39) 38 (36) 1(12) 0.262
Other 36 (31) 12 (30) 24 (32) Yes (76) 69 (64) 7 (88)
Not specified 2(2) 1(3) 1(1) Family history of hypertension
Family history of insulin resistance No (54) 50 (47) 4 (50) »0.999
No 74 (64) 26 (65) 48 (64) 50.999 Yes (61) 57 (53) 4 (50)
Yes 41 (36) 14 (35) 27 (36) (F)irggli:lyhistory of overweight and/or
Family history of diabetes No (34) 32 (30) 2(25) 10.999
No 39 (34) 1 (27) 28 (37) 0.31 Yes (81) 75 (0) 6(75)
Yes 76 (66) 29 (73) 47 (63)
Family history of hypertension Legend: ® BMI median+2SD according to age, ¢ Gynoid: women <0.8 and men <1.0, Android:
No 54 (47) 18 (45) 36 (48) 0.845 women 20.8 and men 21.0, 4p value for Fisher’s exact test.
ves 61 (53) 22 (55) 39 (52) All hyperglycemic students were women (p=0.049) (Table 5). The
Family history of overweight and/or obesity prevalence of android adipose distribution of hyperglycemic students
No 34 (30) 13 (32) 21 (28) 0.67 was significantly higher (6/8; 75%, p=0.007) than gynoid adipose
Yes 81 (70) 27 (68) 54 (72) distribution (2/8; 25%). Other variables did not show significant

Legend: 2BMI: median+1SD according to age, "BMI median+2SD according to age,
¢Gynoid: women <0.8 and men «<1.0, Android: women 20.8 and men 1.0, ¢ p value for
Fisher’s exact test.

The difference of fasting glycemia mean values between groups is
shown in Table 4. Students <17 years had significantly higher mean
values (91.45¢7.96 mg/dL, p=0.038) than older ones (87.59%10.06
mg/dL). Sex (p=0.835), overweight (p=0.491), obesity (p=0.892) and
WHR (p=0.201) did not show significant differences between groups.

differences between groups.

The summary of students’ blood pressure is shown in Table 6. No
significant differences were found between mean blood pressure and
age (systolic p=0.628 and diastolic p=0.392). Overweight students had
significantly higher mean systolic (115.73+15.28 mmHg, p=0.003) and
diastolic blood pressure (76.27+13.02 mmHg, p=0.033) than the rest of
the participants (107.24+12.31 mmHg, 70.99£10.93 mmHg, respectively).
The mean of systolic pressure (mmHg) was significantly higher in obese
students (108.77£13.03 vs 118.63x18.38 p=0.048) and no significant
differences were found for diastolic values (p=0.210). Students with
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gynoid adipose distribution had significantly higher systolic blood
pressure (111.59+14.67 mmHg, p=0.008) than those with android
adipose distribution (104.15+8.63 mmHg). A same trend was observed
in Table 7; the prevalence overweight (10/19; 53%) or gynoid adipose

Table 5. Categorized fasting glycemia and the characteristics of the participants

Fasting glycemia (mg/dL)

Characteristic (11
distribution (18/19; 95%) was significantly higher in those with systolic (115) e o pd
prehypertension/hypertension (p=0.008 and p=0.012, respectively). The (n=107) (n=8)
other variables explored had no significant differences between groups. n (%) n (%)
Age (years)
The dlst_rlbutlon of students according to the numper of dally_ meals is <17 (40) 36 (34) 4 (50) 0.446
shown in Table 8. Most students reported having =3 daily meals S
(100/115; 87%). Among students that skipped meals, the higher 218 (75) 71 (66) 4 (50)
frequency was found in women (13/15; 87%, p=0.082), in Sex
normqglycemic_ parti.cipants (14/15; 93%, p>0.999), in those with normal Male (40) 40 (37) 0 (0) 0.049
systolic and dlagtollc pressure (14/15; 93%, p=0.459 and 12/15; 80%, Female (5) 67 (63) 8 (100)
p>0.999, respectively), in those without overweight (12/15; 80%, Systoli (mmH
p=0.756) or who were not obese (14/15; 93%, p>0.999) and in those with ystolic pressure (mmeg)
gynoid adipose distribution (9/15; 60%, p=0.361). All these differences Normal (96) 89 (83) 7(88)  »0.999
were not significant. Also, the higher frequency of students that Prehypertension/Hypertension {19) 18 (17) 1(13)
skipped meals was found in those with family history of cancer (10/15; Diastolic pressure (mmHg)
67%, pfo.409), diabetes (_12/_1_5; 80%, p=0.259), (_)verwelght./obesny_(10/15; Normal (87) 80 (75) 5 (88) 0.677
67%, p=0.765), and was significant for hypertension (13/15; 87%, p=0.005). . )
Prehypertension/Hypertension (28) 27 (25) 1(12)
Discussion Overweight!
The aim of our study was to describe and correlate the demographic No (85) 78 (73) 7(88) 0.678
and anthropometric characteristics of the participants. Similar Yes (30) 29 (27) 1(12)
information has been analyzed worldwide where the description of the Obesity®
frequency and tendency of the increase of high BMI has been useful to No (107) 99(03)  8(100)  »0.999
justify prevention programs in youngsters.8'3s The increase in the
. . : Yes (8) 8(7) o (0)
prevalence of overweight and obesity has been registered from 1999 to :
2016 in Mexican teenagers (between 12 and 19 years old) from general WHR
population.3¢ In 2016, the combined prevalence of overweight and Gynoid (82) 80 (75) 2 (25) 0.007
obescyity(reached 32.3‘2;. In tdhis report, ;gg pre\éalfence t())f o';/erweight wal]s Android (33) 27 (25) 6 (75)
22.4% (women 26.4% and men 19.6%) and for obesity was 13.9% Family hist ¢
(women 12.8% and men 14.5%).5 According to our results (Table 2), the S e e
prevalence of overweight students was higher (30/115; 26%, p=0.172) No (52) 50 (47) 2(25) 0.29
and for obesity was significantly lower (8/115; 7%, p=0.016) than the Yes (63) 57 (53) 6 (75)
reported for teenagers in 2016 (data not in table). Men showed a higher Family history of cancer type
frequeqcy of.bo.th paramgters than women, being the prevalence of None (52) 49 (46) 3(37) 0.503
overweight significantly higher (12/40; 30%, p=0.049) than the one of Breast (1) 12 (1) 2 (25)
2016; obesity was less frequent, but without statistical significance 5
(4/40; 10%, p=0.219, data not in table). In contrast, the prevalence of Lung (7) 6 (5) 1(13)
overweight and obesity in women was higher in 2016 (26.4% and 12.8%) Pancreas (4) 4 (a) 0 (0)
R , » ) _ Other (36) 34 (32) 2 (25)
Table 4. Distribution of the student’s characteristics and the fasting glycemia Not specified (2) 2(2) 0 ()
T e | ia (mg/dL) Family history of insulin resistance
aracteristic astin cemia (m
v gSgDy & . No (74) 70 (65) 4(50)  0.453
ean= P Yes (41) 37G5) 450
Age (years) Family history of diabetes
<17 91.45+7.96 0.038 No (39) 38 (36) 1(12) 0.262
218 87.59+10.06 Yes (76) 69 (64) 7 (88)
Sex Family history of hypertension
Male 88.68+7.52 0.835 No (54) 50 (47) 4(50)  »0.999
Female 89.07+10.49 Yes (61) 57 (53) 4 (50)
Overweight® Family history of overweight and/or obesity
No 88.5610.65 0.491 No (34) 33 (31) 1(13)  0.433
Yes 89.97+9.28 Yes (81) 74 (69) 7(87)
Obesity® Legend: 2BMI: median+1SD according to age, ®BMI median+2SD according to age,  Gynoid: women
No 88.900.64 0.802 <0.8 and men <1.0, Android: women 20.8 and men 21.0, 4 p value for Fisher's exact test.
Yes 89.38:8.48 than in our study (18/75; 24% and 4/75; 5%, respectively), being
WHR® significant for obesity (p=0.027, data not in table).5 Most obese
Gynoid 88.2148.78 0.201 students (Table 3) were <17 years (7/8; 88%, p=0.002), which represents
Android 50.73411.14 a risk of early onset of insulin resistance. In high-income countries like

Legend: SD: Standard Deviation, 2BMI: median+15D according to age, " BMI median+2SD according to age,
¢Gynoid: women <«0.8 and men <1.0, Android: women 0.8 and men 1.0, ¢ p value for Student’s t test.

the United States (U.S.), the risk of overweight in white adolescent girls
increases as socioeconomic status decreases, whereas in black
population the opposite occurs.4
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Table 6. Summary of the student’s blood pressure according to their characteristics

Characteristic Systolic (mmHg) Diastolic (mmHg)

Mean+SD pd Mean=SD pd
Age (years)
<17 110.3+16.93 0.628 73.65+12.40 0.392
=18 109.0+11.55 71.68+£11.31
Overweight?
No 107.24£12.31 0.003 70.99+10.93 0.033
Yes 115.73+15.28 76.27£13.02
Obesity®
No 108.77+13.03 0.048 71.99+11.62 0.21
Yes 118.63+18.38 77.38+12.18
WHR®
Gynoid 111.59+14.67 0.008 73.65+12.08 0.064
Android 104.15+8.63 69.18+10.12

Legend: SD: Standard Deviation, 2BMI: median+1SD according to age, BMI median+25D according to age,
¢Gynoid: women <«0.8 and men <1.0, Android: women 20.8 and men 1.0, 4 p value for Student’s t test.

In England and in other developed countries, white teenagers with less
than median income, have a higher prevalence of overweight and
obesity, a marked trend in girls.448 The correlation between high BMI
and socioeconomic status in developing countries is not clear; in those
with low-income is positive for men and women and in middle-income
countries de association is mixed for men and mainly negative for
women. 37 The participants in our study belong to a socioeconomic
group in Mexico that live in the city, is highly educated, with medium-
high household income, and has access to health and food services.3¢
In  Mexico, well-off adolescents (attending to private school,
remunerated job, and mother’s higher level of education) had a higher
probability of overweight or obesity.3® Also, those that live in urban
areas have a higher prevalence of overweight or obesity, being the
latter more frequent in adolescents of the highest quintile of Household
Living Condition Index (income per capita, literacy rate, and life
expectancy).# The higher frequency of overweight found in male
participants in our study may reflect trend of this parameter in high
income Mexican population.

We were unable to detect significant differences between glycemia and
BMI: all students with obesity were normoglycemic (Table 3) and no
significant differences between mean values of fasting glycemia and
high BMI were found (Table 4). On the other hand, significant
differences were found for sex (all students with hyperglycemia were
women, p=0.049, Table 2) and age (mean values were significantly
higher in participants <=17 years, p=0.038, Table 4). Studies have
reported no correlation between mean fasting glycemia in Mexican
teenagers (between 12 and 15 years) and overweight or obesity. Other
reports show a significant correlation of overweight and obesity and
insulin resistance and with high systolic and diastolic blood pressure
in Mexican adolescents.® Students with obesity in our study had a
significantly higher prevalence of family history of insulin resistance
(6/8; 75%, p=0.024), suggesting a trend of family unhealthy lifestyle or
inherited biological risk factors. In relation to this, obesity is associated
to breast, colon, endometrial, esophageal, gall bladder and renal
cancer, mainly because of insulin resistance and DM2, events that
produce chronic inflammation and tolerance, sustaining proliferative
signals (through IGF-1 axis, leptin and adipokines) and low levels of
glucagon and of adiponectin.43-4s Related to the above, we did not find
a significant correlation between family history of cancer and student’s
obesity (p=0.071, Table 3). Also, we did not explore BMI of the reported
cases to analyze correlations, including those for the current student’s BMI.

We observed that students with hyperglycemia had significantly higher
frequency of android adipose distribution (p=0.007, Table 5), confirming
our hypothesis for high WHR. Women had significantly higher frequency
of android adipose distribution (44%, p<0.001) and all men had gynoid
adipose distribution (Table 2). Android adipose distribution comprises

excess fat in the upper body region (particularly in the abdomen) that
has been associated to DM2, deficient cardiac mechanics, systolic
dysfunction and hypertension.’>2 In teenagers from 9 to 17 years,
android adipose distribution has been associated to dyslipidemia and
systolic blood pressure.' Thus, the hyperglycemic women with android
adipose distribution found in our study may be at risk of developing
DM2 and/or cardiovascular diseases in the future if not promptly
treated. A contrasting result was that students with gynoid adipose
distribution showed significantly higher (p=0.008) systolic blood
pressure than those with android adipose distribution (Table 6). It has
been reported that in children and adolescents, the risk of hypertension
may not be directly associated with BMI or WHR as in adults, instead,
subscapular and triceps skinfold thickness could be more related to
it.46 In future studies, the distribution of body fat in teenagers should
be measured also taking into account these parameters to compare them.

We encountered significant correlations between high BMI and high
blood pressure. Overweight students had mean systolic and diastolic
blood pressure significantly higher (p=0.003 and p=0.033, respectively)
than the rest of the participants (Table 6). Also, students with obesity,
showed a significantly higher systolic mean value (p=0.048) than the
other participants. With categorized variables (Table 7), overweight
students showed a significantly higher prevalence of systolic
prehypertension/hypertension (p=0.008). These students are at risk of
maintaining high blood pressure values and reaching chronic diseases
like hypertension in adulthood if their high BMI is not reduced with
lifestyle changes, education and/or diet intervention.'s High BMI
accounts for 2.7 million deaths globally.2 Obesity increases the risk of
DM2, cancer and cardiovascular diseases in adolescence and
adulthood.3234 Prehypertension/high BMI in adolescence is linked to the
development of hypertension 2 years later, being more frequent in boys
(68%) than in girls (43%). 33 Coincidently, we also found that male
adolescents had a significantly higher frequency of systolic (p=0.001)
and diastolic prehypertension/ hypertension (p=0.023) than women
(Table 2). Hypertension is the most common comorbidity in overweight
adolescents; each unit of increase of BMI is associated with a higher
risk of systolic blood pressure »130 mmHg.3s Factors like age, ethnicity,
family history of hypertension and/or DMz2, genetic polymorphisms, low
birth weight, pubertal status, insufficient physical activity, poor sleep
quality, reduced adiponectin, dyslipidemia and inappropriate sodium/
potassium intake are also positively associated to the development of
hypertension in adulthood.6 Reports show that the prevalence of
prehypertension/hypertension in teenagers in the U.S. is around 10%
and the trajectory of blood pressure appears to lag 10 years behind of
BML." Thus, interventions that reduce the incidence of overweight and
obesity in teenagers may prevent the development of hypertension and
cardiovascular complications as adults.

We evaluated weekly hours of exercise and number of daily meals as
part of the students’ habits. We found that participants practiced
exercise (1 h median weekly exercise, Table 1) but there was no
significant difference with any of the variables evaluated. It has been
reported that interventions focused on practicing exercise, school-
health centers, healthy eating and food policies have a beneficial role
in preventing overweight and obesity in school-age children and that
would impact in adolescence.’ Most of the participants in our study
(100/115; 87%) answered they had three meals per day (Table 8), but
women had a higher frequency of skipping them, without significance
(p=0.082). We also found that 40% (6/15) of the participants that
skipped meals had android adipose distribution and all of them were
women. Skipping meals and snacking have become frequent; a difficult
distinction between typical breakfast, lunch and dinner has emerged.2
The prevalence of skipping meals in adults varies from 5 to 83%, being
males more likely to skip any meal and women to skip lunch and
dinner.z Conversely, as we found in our study, adolescent girls have a
higher frequency of skipping any meal and men tend to skip breakfast
and lunch and, in general, breakfast is the meal least consumed.232527
This behavior has an impact of the quality of the ingested food and in
the subject’s health; the odds of skipping meals decreases the daily
consumption of healthy food and increases the consumption of junk
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food (fat-rich), leading to increase the waist circumference and to
develop metabolic alterations.27.30 As a consequence, skipping breakfast
has been associated with increased prevalence of obesity, android
adipose distribution, dyslipidemia, hyperinsulinemia  and
hyperglycemia.2#25282 Even though healthy lifestyle considers the
consumption of breakfast, lunch and dinner as main meals, (1 to 3
snacks between them), skipping them is a common practice wrongly
considered a way to reduce energy intake (lose weight).3' On the other
hand, family history of hypertension was more frequent students that
skipped meals (13/15; 87%, p=0.005). In this sense, skipping meals,
especially breakfast, is related increased adiposity indicators and it is
related to metabolic changes that predispose the development of
chronic diseases.?¢ Eating in misalignment with the biological clock
(skipping breakfast and consuming copious meals in the evening or
eating late at night) has long-term effects as developing metabolic
syndrome, increased risk of obesity, DM2 and coronary heart disease.3'4

We are aware of the limitations of our exploratory cross-sectional study:
no causality can be inferred, we included all students that voluntarily
agreed to participate (self-selection of the population and low sample
size) and they don’t represent all high school students or adolescents
in Mexico. They are a subgroup of private school students with different
characteristics from the general population. We could have measured
glycosylated hemoglobin to obtain a more accurate approach of glucose
metabolism. Also, the measurement of weekly exercise could have
been more effective with a smartphone application (widely used by
youngsters) as it has been reported for walkability inequality.?2
Likewise; we need of a more detailed description of daily meals (type
and snacks) of the participants. Another point is that family reports
rely on the student’s memory and certain bias may be experienced
(close relatives are remembered better than distant ones and the
participant’s age may influence the report). All these observations could
have been adjusted if the questionnaire validation had been carried out.

Table 7. Distribution of the high school students according to their blood pressure and other characteristics

f:::?:;eristic Systolic (mmHg) Diastolic (mmHg)
Normal (n=96) Prehypertension/hypertension (n=19) pd Normal (n=87) Prehypertension/hypertension (n=28) pd
n (%) n (%) n (%) n (%)

Age (years)
<17 (40) 34 (35) 6 (32) 0.799 31 (36) 9(32) 0.822
218 (75) 62 (65) 13 (68) 56 (64) 19 (68)

Overweight?
No (85) 76 (79) 9 (47) 0.008 68 (78) 17 (61) 0.085
Yes (30) 20 (21) 10 (53) 19 (22) 11 (39)

WHR®
Gynoid (82) 64 (67) 18 (95) 0.012 59 (68) 23 (82) 0.229
Android (33) 32 (33) 1(5) 28 (32) 5 (18)

Family history of cancer
No (52) 46 (48) 6 (32) 0.217 38 (43) 14 (52) 0.509
Yes (63) 50 (52) 13 (68) 50 (57) 13 (48)

Family history of cancer type
None (52) 43 (45) 9 (48) 0.682 41 (a7) 11 (39) 0.787
Breast (14) 1 (12) 3(16) 10 (12) 4 (1a)
Lung (7) 6 (6) 1(5) 4(5) 301
Pancreas (4) 4 () o (0) 3(3) 1(a0)
Other (36) 31 (32) 5 (26) 27 31) 9 (32)
Not specified (2) 1 (1) 1(5) 2(2) o (o)

Family history of insulin resistance
No (74) 64 (67) 10 (53) 0.297 55 (63) 19 (68) 0.821
Yes (41) 32 (33) 9 (47) 32 (37) 9 (32)

Family history of diabetes
No (39) 34 (35) 5 (26) 0.598 30 (34) 9 (32) >0.999
Yes (76) 62 (65) 14 (74) 57 (66) 19 (68)

Family history of hypertension
No (54) 46 (48) 8 (42) 0.802 42 (48) 12 (43) 0.668
Yes (61) 50 (52) 11 (58) 45 (52) 16 (57)

Family history of overweight and/or obesity
No (34) 30 (31) 4 (21) 0.426 28 (32) 6 (21) 0.346
Yes (81) 66 (69) 15 (79) 59 (68) 22 (79)

Legend: 3BMI: median+1SD according to age, "BMI median+2SD according to age, ‘Gynoid: women <0.8 and men <1.0, Android: women 20.8 and men 21.0, 4p value for Fisher’s exact test.
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Table 8. Distribution of the student’s characteristics and number of daily meals

Characteristic (115) <3 meals (n=15) 23 meals (n=100) pd
n (%) n (%)
Age (years)
<17 (40) 5(33) 35 (35) 50.999
218 (75) 10 (67) 65 (65)
Sex
Male (40) 2(13) 38 (38) 0.082
Female (75) 13 (87) 62 (62)
Fasting glycemia (mg/dL)
<100 (107) 14 (93) 93 (93) »0.999
2101 (8) 1(7) 7
Systolic blood pressure (mmHg)
Normal (96) 14 (93) 82 (82) 0.459

Prehypertension
» ) / 1(7) 18 (18)
Hypertension (19)
Diastolic blood pressure (mmHg)
Normal (87) 12 (80) 75 (75) 20.999

Prehypertension/

Hypertension (18) 3 (20) 25 (25)

Overweight?
No (85) 12 (80) 73 (73) 0.756
Yes (30) 3 (20) 27 (27)

Obesity®
No (107) 14 (93) 93 (93) »0.999
Yes (8) 1(7) 7

WHR®
Gynoid (82) 9 (60) 73 (73) 0.361
Android (33) 6 (40) 27 (27)

Family history of cancer
No (52) 5 (33) 47 (47) 0.409
Yes (63) 10 (67) 53 (53)

Family history of cancer type
None (52) 6 (40) 46 (46) 0.685
Breast (14) 1) 13 (13)
Lung (7) 2(13) 5(5)
Pancreas (4) o (0) a4 (4)
Other (36) 6 (40) 30 (30)
Not specified (2) o (o) 2(2)

Family history of insulin resistance
No (74) 10 (67) 64 (64) »0.999
Yes (41) 5 (33) 36 (36)

Family history of diabetes
No (39) 3 (20) 36 (36) 0.259
Yes (76) 12 (80) 64 (64)

Family history of hypertension
No (54) 2(13) 52 (52) 0.005
Yes (61) 13 (87) 48 (48)

Family history of overweight and/or obesity
No (34) 5 (33) 29 (29) 0.765
Yes (81) 10 (67) 71 (71)

Legend: 2 BMI: median+1SD according to age, ® BMI median+2SD according to age, ¢ Gynoid: women <0.8 and men <1.0, Android: women 20.8 and men 21.0, ¢ p value for Fisher’s exact test.
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We conclude that, the participants of this study, specifically male
students, had a higher prevalence of overweight than the one of
general population with the same age range. In contrast, the prevalence
of obesity in the studied population was lower than the one reported
for general population. Participants showed a correlation of overweight
and obesity with high blood pressure, especially men. On the other
hand, the group of younger students showed higher fasting glycemia,
especially women when android adipose distribution was present. Our
findings reinforce the idea of creating a better intervention program
than the current one in this high school (the current approach is to
address related information in health class, with infographics about
breakfast around the campus and Institute’s on-line information) in
order to reduce the number of overweight and obese students.42 Several

interventions could be created focused on public health action, which
implies changing the context of the students instead of only showing
information about the risks of high BMI. An example would be reducing
the availability of fat-rich food, salt or increasing vegetables in the
menu of the school’s cafeteria and in the products offered in vending
machines placed all around the campus, together with the need to
encourage students to consume healthier food. The results of our
study are helpful as they describe anthropometric parameters and
markers of early onset of metabolic and cardiovascular diseases in a
group of teenagers that has not been thoroughly studied. Thus, we
recommend carrying out similar studies around the country (reducing
the limitations of the present report) in order to create group-fitted
health policies/programs nationwide.
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