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ABSTRACT

Background: The emergence of isolated high blood pressure (HBP) among adolescents and its relation to obesity needs to be
investigated. Aim: This study aims to assess prevalence, underlying risk factors, and consequences of HBP among adolescents in
Egypt. Methods: We consolidated findings from three studies. The first one examined 150 adolescents (age: 16—18 years) for HBP and
obesity using body mass index (BMI); the second one studied 150 adolescents for the lifestyle risk factors in relation to depression,
anxiety, general health score, and suicidal score (SS) using relevant tools; the third one was a nested case—control study of 60 obese
versus 60 non-obese adolescents examined for HBP, BMI, lifestyles and dietary habits, biochemical markers as lipid profile, fasting
blood sugar (FBS), insulin, and homeostatic model assessment for insulin resistance (HOMA-IR). Results: In Stage I, the prevalence
of HBP was 8% of whom, 58.3% were obese. Stage II: Dietary risk behavior as junk foods (high in salt) and soft drinks was 75.3%
and 80%, respectively, and was linked with a high SS. Smoking was associated with a high anxiety score (p<0.05) and not playing sports
with a higher depression score (p<0.05). The nested case—control study for obese versus non-obese showed that HBP (both systolic and
diastolic) was significantly higher in the obese. Consumption of junk foods, sugary drinks, and inactivity was significantly higher in
the obese (p<0.05). Lipid profile, FBS, fasting insulin, and HOMA-IR were significantly higher in the obese group versus non-obese
control group (p<0.05). Conclusion: Lifestyle and unhealthy diet are the underlying cause of HBP, obesity, and mental health problems
including SS, atherosclerosis, and high FBS. Increasing awareness about risk factors and using them in clinical practice for early
detection of HBP is recommended.
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igh blood pressure (HBP) and obesity are major public
Hhealth problems throughout the world including in

Egypt [1]. Although HBP is a disease of adults, it
originally begins from early childhood and is linked to poor
life styles and dietary practices. In recent years, secondary
hypertension in children resulting from renal disease has become
far less common than that related to primary hypertension.
In the majority of cases of pediatric hypertension, the only
formidable yet preventable etiological factor is obesity [2].
The global obesity epidemic has shifted blood pressure (BP)
distribution toward childhood and adolescents [3]. It manifests
as prehypertension in childhood progressing to HBP in adults.
This is the “BP tracking” phenomenon which is used to detect
individuals at risk of HBP [4].
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High body mass index (BMI) has been reported to be
characteristically associated with HBP [5] both systolic and
diastolic BP [6]. Another study with Hispanic children showed
increase of BMI correlated significantly with increase in
systolic BP (SBP) but not with diastolic BP (DBP) [7]. This was
also shown by a study in Egypt [8] where obese children and
adolescents were 2.4 times more likely to have high DBP but
4.5 times more likely to have high SBP than their non-obese
counterparts.

The problem of obesity is multisectoral and is linked with the
sudden growth in technology of transport and communication that
encourages sedentary life and the food industry that encourages
fast food and junk food dietary patterns [6].

The aim of this study is to assess the prevalence of isolated
HBP and its relation to obesity and its consequences and risk
factors among adolescents in Egypt.
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MATERIALS AND METHODS

The current study included two cross-sectional observational
studies and one case control study conducted for Egyptian
adolescents aged 16—18 years admitted to the faculty of medicine
in Benha University, Qalyubia Governorate over the period of
2018-2019 through three thesis studies. The inclusion criteria
for the third study were age: 17-19 years, males and females,
attending the medical school of Benha. Exclusion criteria were
severe disease, handicap, or subjects with mental disorder or
on drugs or medication for a chronic disease. Ethical clearance
for all three studies was obtained from the Institutional Ethical
Committee of the Faculty of Medicine, Benha University.

The first stage was a study [9] for screening 150 adolescents
(73 males and 77 females) for obesity and HBP using the
following cutoffs of for both SBP and DBP; for pre-hypertension,
that is, normal HBP (SBP=130-139 and DBP=85-89 mmHg),
mild HBP (SBP=140-159 and DBP=90-99 mmHg), moderate
HBP (SBP=160-179 and DBP=100-109 mmHg), and severe
HBP (SBP=180 and DBP=110 mmHg). Anthropometric
measurements for standing height and weight were carried
using standard procedures for calculating BMI. Interpretation
was done using the BMI for age. BMI categories for adults
include underweight = <I18.5, normal weight = 18.5-24.9,
overweight = 25-29.9, and obesity = >30. BMI growth charts
used were those developed by the Egyptian Cairo University [10].

The second stage was a continuum of the previous study and
involved screening of 150 students (88 males and 62 females)
for risk factors and mental health [11]. The study methodology
followed the same steps as the previous one but analyzed the
risk factors in more detail related to physical activity, dictary
consumption of foods rich in calories especially sugar and salt,
fast foods, and sleep. It also analyzed the psychological status
by conducting psychometric studies for depression using the
Beck Depression Inventory (BDI) Arabic version [12] for
individuals aged >13. The standard cutoff scores are as follows:
0-9: No depression; 10-14: Borderline depression; 15-20:
Mild depression; 21-30: Moderate depression; 31-40: Severe
depression; 41-63: Extreme depression; and higher total scores
indicate more severe depressive symptoms [13]. Anxiety was
assessed by the anxiety scale by Costello and Comrey [14].
The third tool used was General Health Questionnaire-28
(GHQ- 28) [15]. The suicide score was estimated as a part of
GHQ according to the score: 0: No suicidal tendency; 1-6: Mild;
7—12: Moderate; and 13—18: Severe suicidal tendency.

The third stage was a study [15] that focused on the risk factor of
high BMI and physical health. It was a case—control study. BP and
risk factors were assessed in relation to obesity. Laboratory studies
included the lipid profile for total cholesterol, high-density lipoproteins
(HDLs), and low-density lipoproteins (LDLs), triglycerides, fasting
blood sugar (FBG), fasting insulin, and homeostatic model assessment
for insulin resistance (HOMA-IR) using standard kits.

Statistical analysis was performed using the Statistical
Package for the Social Sciences (IBM Corp. Released 2011
[IBM SPSS Statistics for Windows, Version 20.0]). Descriptive
statistics included mean with standard deviation (+SD) and range
for parametric numerical data. Student’s t-test was used to assess
the statistical significance of the difference between two study
group means. Chi-square test was used to examine the relationship
between two qualitative variables. Fisher’s exact test was used to
examine the relationship between two qualitative variables when
the expected count is <5 in more than 20% of cells. p<0.05 is
considered statistically significant.

RESULTS

The first study presents the mean weight, height, BMI, SBP,
DBP, and radial pulse and their mean centile and ranges in
Egyptian adolescents admitted to faculty of medicine in Benha
University (Table 1). This was the first stage that leads us to
perform the second study.

The second study showed more lifestyle and mental health
details about the population under study. There was no significant
relationship between obesity and depression score, anxiety, or
suicidal tendency (p>0.05). However, analysis of the risk factors
did show significant findings with depression, anxiety general
health score (GHS), and suicide tendency, as shown in Table 2.

The third study was a case control for obesity and its associated
effects on the health of these children. The same risk factors in
study 2 were present in the obese of study 3 versus non-obese
(Table 3) and there were evident alterations in lipid profile, FBS,
fasting insulin, and HOMA-IR in overweight and obese versus
non-obese adolescents (Table 4).

We extrapolated the local findings of HBP and high BMI to
the national level using the data of the Ethiopian Demographic
and Health Survey (EDHS) of 2008 [1]. We compiled the data of
obesity and overweight in this age group with HBP for the same
age group. The findings showed a strong correlation between
obesity and HBP (r0.785) at p<0.01 and overweight (r0.72) at
p<0.01, as shown in Fig. 1.

Table 1: Mean and centile mean of the weight, height, body mass index, and systolic and diastolic blood pressure in Egyptian freshman

students of the Faculty of Medicine in Benha University (Study 1)

Range Mean+SD Centile range Centile Mean+SD
Weight (kg) 50-95 65.1+6.8 12198t 63.7421.9
Height (cm) 154-179 166+4.8 2nd_99th 38.0+£29.8
BMI 19-33 23.6+2.3 19197t 71.8+16
SBP 90-150 116+11.5
DBP 60-90 72.2+7.6

SD: Standard deviation, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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DISCUSSION

The findings of the prevalence of HBP and pre-HBP, their
prevalence as per gender as well as body weight in the first study [9],
were in accord with the national survey [1] that showed that
percent prevalence of HBP and pre-HBP among adolescents aged
1519 years was 9.6 and 4.2 in males and 7.8 and 2.9 in females,
respectively. Overall percent prevalence of HBP in adolescents
aged 15-19 years was 3.8 in females and 4.9 in males indicating a
progressive increase in HBP among adolescents in Egypt.

A study in Port-Said [16] among Egyptians aged 12—15 years
showed that SBP was significantly higher in the obese and
overweight groups versus non-obese (p<0.001). In Alexandria,
HBP prevalence among obese adolescents was 17.3% by BMI and
39% by waist circumference (WC) with an odds ratio of 3.5 and
7.3, respectively [17]. Another study among obese adolescents
showed that the metabolic syndrome was detected 5 times more
among the females [18]. This indicates that obesity and its related
risk factors are driving HBP rates among adolescents.

Astudy in Alexandria University [4] showed that the prevalence
of pre-HBP in schoolchildren was 9.5% (boys: 8.9%; girls: 9.9%)
and HBP was 5.2% (boys: 5.6%; girls: 4.8%). This shows that
the prevalence of HBP is increasing even among the school-
aged students. They also showed that obesity was significantly
higher among children with HBP (44.7%) and pre-HBP (11.6%)
than among the normotensive children (8.7%). Another study
conducted for school-aged children reported that HBP was
detected in 11.6% children (males: 6.2%; females: 5.4%) [19].
These findings support the hypothesis of this study that isolated
HBP is linked to the rising rates of obesity [4].

Diastolic HBP (DHBP) is commonly reported as more serious
and increases with age. A comparison [4] between HBP in the

early school-aged (6 and 9 years) and pre-pubertal children
(aged 9 and 12 years) showed that DHBP was more common
(62%) than systolic HBP (SHBP) (20%). The combined systolic
and diastolic HBP was 18%. This increased with age from 25.8%
at age 69 years to 74.2% at age 9—14 years of age for both SHBP
and DHBP. By gender, girls tended to have higher SHBP compared
to males while males showed higher SHBP and DHBP [4].

A review of the prevalence of HBP in developed and
developing countries reported that overall prevalence of HBP was
32.3% with the Latin America and Caribbean region reporting the
highest estimates (39.1%). Pooled prevalence estimate was also
highest across upper middle-income countries (37.8%) and lowest
across low-income countries (23.1%). There was no significant
sex difference in HBP prevalence. Overweight, obesity, lower
education, and urban settlers were at higher risk of HBP [20].

In the second study stage [11], we analyzed the factors that
were associated with obesity and HBP among a similar group
of adolescents from the same place and in the same period. The
results showed that the prevalence of unhealthy dietary risk
behaviors as consuming junk foods and intake of soft drinks was
high and linked with a high suicidal score (SS) for the former
and GHS and SS for the latter. Smoking was associated with a
high anxiety score (p<<0.05) and not playing sports with a higher
depression score (p<0.05).

On extrapolating our findings to the EDHS [1], we
found that HBP correlated significantly with obesity and
overweight. By region, HBP remained consistent, but BMI
was characteristically higher in urban region compared to their
rural counterparts. By level of education, there was a consistent
relationship between HBP and obesity but not overweight with
HBP and obesity rising in those with some primary and again

Table 2: Risk factors for hypertension and obesity, in relation to the depression score, anxiety score, GHS, and suicidal score among the
Egyptian students from the Faculty of Medicine, Benha University (Study 2)

Risk factor Number Percentage Depression score Anxiety score General health score Suicidal score
(Mean£SD) (Mean£SD) (Mean=SD) (Mean£SD)
Smoking
Yes 38 253 15.03+4.12 40.74+12.93 29.29+9.98 6.03+3.21
No 112 74.7 15.2446.00 33.61+10.87 30.94+10.72 5.78+3.18
p=0.8 (NS) p=0.3 (S) p=0.3 (NS) p=0.6 (NS)
Play competitive sports
Yes 42 28 12.34+5.78 36.75+13.94 28.37+11.44 5.38+2.86
No 108 62.7 17.69+5.41 38.66+11.55 32.20+9.95 6.12+3.33
p=0.03 (S) p=0.3 (NS) p=0.03 (S) p=0.17 (NS)
Consume junk foods
Yes 113 75.32 15.44+5.44 37.19+12.97 30.88+10.61 6.20+3.21
No 37 4.7 14.41+£5.97 40.27+10.70 29.41+10.34 4.73+2.82
p>0.05 p>0.05 p>0.05 p=0.01 (S)
Drink sugary beverages
Yes 120 80.0 15.4145.60 37.91+12.72 31.40+10.56 6.20+3.24
No 30 20.0 14.30+5.48 38.10+11.69 27.00+£9.80 4.40+2.46
p>0.05 p>0.05 p=0.04 (S) p=0.001 (HS)
Eating while watching TV
Yes 124 82.7 15.234£5.71 37.37+12.89 30.87+10.83 6.03+3.32
No 120 17.3 15.00+4.97 40.69+10.11 28.85+8.94 4.92+2.19
p>0.05 p>0.05 p>0.05 p>0.05

SD: Standard deviation, p: Probability value, NS: Non-significant, S: Significant, HS: Highly significant
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Table 3: Comparison of demographic data, lifestyle, and dietary habits in the overweight and obese versus control group (study 3)

Parameter Control group Obese group p value
(n=60) (n=60)
Age (years) 17.4£1.0 17.5+0.8 >0.05 (NS)
No. of family members 6+2 6+2 >0.05 (NS)
Mother education (percentage)
[literate 8 (13%) 17 (28%) >0.05 (NS)
Primary 11 (18%) 19 (32%) >0.05 (NS)
Secondary 21 (35%) 14 (23%) >0.05 (NS)
High 20 (33%) 10 (17%) >0.05 (NS)
Residence (percentage)
Urban 41 (68%) 28 (47%) <0.05(S)
Rural 19 (32%) 32 (53%) <0.05(S)
Sex (percentage)
Male 28 (47%) 32 (53%) >0.05 (NS)
Female 32 (53%) 28 (47%) >0.05 (NS)
Dietary habits (percentage)
Fast food
Daily 0 (0%) 36 (60%) <0.05(S)
Weekly 28 (47%) 15 (25%) <0.05(S)
Monthly 32 (53%) 9 (15%) <0.05(S)
Fruits and vegetables (percentage)
Yes 33 (55%) 26 (43%) >0.05 (NS)
No 27 (45%) 34 (57%) >0.05 (NS)
Sugary beverages (percentage)
Yes 14 (23%) 43 (72%) <0.05(S)
No 46 (77%) 17 (28%) <0.05(S)
Lifestyle habits (percentage)
Physical activity
No sport 6 (10%) 29 (48%) <0.05(S)
Some sport 25 (42%) 19 (32%) <0.05(S)
Competitive sport 29 (48%) 12 (20%) <0.05(S)
Smoking (percentage)
Yes 6 (10%) 13 (22%) >0.05 (NS)
No 54 (90%) 47 (78%) <0.05 (S)
Pattern of sleep (percentage)
Early rise 28 (47%) 23 (38%) >0.05 (NS)
Late rise 32 (53%) 37 (62%) >0.05 (NS)
Watching TV (h/day) 2+1 5+1 <0.05 (S)
Hours of sleeping (h/day) 8+1 11+1 <0.05 (S)

NS: Non-significant, S: Significant, p: Probability value

among those with higher education. Our findings are supported
by other who reported that the risk factors associated with
HBP included adding table salt, regular consumption of certain
energy dense foods, and certain types of salty foods and foods
with high sodium content (OR 2.6). Snacking and less physical
activity among children had a higher risk for HBP (OR 2.5) [4].
In Qalyubia, school-aged children with prehypertension or
HBP were 4 times less likely to practice sports [21]. HBP was
more prevalent in private than in public schools [22]. Children
with HBP and obesity were found to eat snacks, drink sugary
beverages on regular basis, and do less exercise [17,22]. HBP
was more prevalent in obese versus overweight (22% vs. 6.4%)

and WC was reported to be a good indicator of HBP, especially
Grade III [23].

HBP and obesity increased with age. A study conducted
for primary schoolchildren in Menoufia in Egypt showed that
prehypertension was 2.8% in males and 5.2% in females who
were overweight and obese. They found that HBP was directly
proportional to the increase in age in both sexes [24].

A systematic review and meta-analysis of HBP in children
showed that prevalence rate of prehypertension was 4% and of
HBP was 4% mostly Stage I hypertension and 0.95% for Stage 11
for children below 19 years of age. The study was based on HBP
measured on three consecutive visits [25].
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Table 4: Comparison of the mean overweight and obese versus non-obese regarding lipid profile and fasting blood sugar, fasting insulin,

and HOMA-IR
Parameter Cases (n=60) p value (overweight vs. obese) Controls (n=60) p value (cases vs.
Overweight (1=26) Obese (n=34) controls)
Lipid profile
Triglycerides (mmol/1) 1.3+0.4 1.2+0.4 >0.05 (NS) 0.87+0.39 <0.05 (S)
Total 4.5£0.7 4.240.9 >0.05 (NS) 3.64+0.78 <0.05 (S)
cholesterol (mmol/l)
LDL 2.5+0.7 2.1£0.9 >0.05 (NS) 2.00+0.54 <0.05 (S)
cholesterol (mmol/l)
HDL 1.240.3 1.3£0.3 >0.05 (NS) 1.3540.31 >0.05 (NS)
cholesterol (mmol/l)
Cardiac vitals
Heart rate (BPM) 74+10 73+10 >0.05 (NS) 71+10 >0.05 (NS)
SBP (mmHg) 117+12 116+12 >0.05 (NS) 105+12 <0.05 (S)
DBP (mmHg) 62+7 6348 >0.05 (NS) 59+8 <0.05 (S)
Glycemic status
Fasting 4.6£0.6 4.840.5 >0.05 (NS) 4.4+0.5 <0.05 (S)
glucose (mmol/I)
Fasting insulin (pmol/1) 126.9+38 130.4+38.2 >0.05 (NS) 62.3+15.2 <0.05 (S)
HOMA-IR 3.9+1.2 4.0+1.1 >0.05 (NS) 1.9+0.4 <0.05 (S)

NS: Non-significant, S: Significant, p: Probability value, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LDL: Low density lipoprotein, HDL: High density lipoprotein,

HOMA-IR: Homeostatic model assessment for insulin resistance
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Figure 1: Egypt demographic health survey findings of hypertension,
overweight, and obesity by age group

In the current study, we showed that risk factors of obesity
were associated with mental health issues. Smoking increased
anxiety score. Exercise lowered depression score and improved
GHS. Eating junk foods and drinking soda were associated
with a high SS. A large-scale study [26] reported that 13% had
a baseline diagnosis of anxiety and/or depression that were
linked to HBP [26]. Research indicates that there is significant
cooccurrence of hypertension with anxiety, depression, and
chronic pain which may lead to undertreatment of both HBP
and the underlying mental health disorders [27]. The association
between mental health and HBP is complex and is modulated by
physiologic and environmental factors [27].

We found a high association between anxiety and cigarette
smoking. Smoking is a powerful cardiovascular disease (CVD)
risk factor and smoking cessation is the single most effective
lifestyle measure for the prevention of CVD. Hypertensive
smokers are more likely to develop severe forms of hypertension,

including malignant and renovascular hypertension, an effect
likely due to an accelerated atherosclerosis [28]. Smoking with
obesity jointly increase all-cause mortality from CVD [29].
Smoking, high BMI, and diabetes mellitus also increase all-cause
mortality from CVD even more [29].

In third stage of our study [30], obese and HBP adolescents
showed at risk lipid profiles of atherosclerosis and high-risk
patterns of impaired glucose homeostasis (pre-diabetes). The
EDHS survey showed that diabetes mellitus was reported in 14%
of those with prehypertension, 24.7% in mild, and 0.4% in males,
respectively. Coronary heart disease (CHD) was reported among
pre-HBP, those with mild HBP, moderate HBP, and severe HBP
in 23.4, 6.6, 28.4% and 5.6% in males and 11.5%, 12% and 2.4%
and 0.0% in females, respectively [1].

Obesity-related HBP appears to be associated with the same
hormonal substances (cytokines) produced by adipose tissue that
result in hyperinsulinemia and the frequent development of type 2
diabetes. It has been suggested that hyperinsulinemia increases
sodium absorption. Kidney abnormalities affecting sodium and
water reassertion are significantly correlated with obesity-related
HBP [8]. High salt intake is also associated with HBP as shown in
our studies for high intake of junk foods. In Egypt, the consumption
of saltis 3.7% [31]. Scaling up policies for reducing salt intake in diet
is underway in Egypt and in the Eastern Mediterranean region [32].

The national survey [1] showed that public awareness of the
consequences of HBP was poor as this makes 74% of females
and 85% of males at risk of complications of HBP in Egypt.
A cross-sectional study of pooled individual-level population-
based data from 44 low- and middle-income countries showed
that the prevalence of HBP was 17.5% of whom 75% had never
measured their BP, 39% were diagnosed as HBP, but only 10%
were controlled [33].
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A review of educational strategies to prevent diabetes, HBP,
and obesity showed that the most efficient interventions occurred
at community level, whenever the intervention was permanent
or maintained for long periods, and relied on the continuous
education of community health workers with a focus on children
and adolescents as the knowledge acquired by them could
spread to their family and to the society [34]. Early detection
and compliance to treatment have been higher in high-income
countries versus low-income countries [35].

A study in India to evaluate the impact of a school-based
health and nutritional education program on knowledge and
behavior of urban schoolchildren aged 8—18 years showed that
a significantly higher improvement was observed in younger
children (aged 8-11 years) as compared with those aged
12—-18 years and in government schools compared with private
schools (p<0.05 for all) [36].

Most studies indicate that HBP and obesity are closely related
and contribute further to the risks for CVD. Timely diagnosis
and initiation of treatment are important. First-line interventions
should aim for BP control and weight reduction. Lifestyle
modifications and antihypertensive treatment are recommended
for all hypertensive children with failure of non-pharmacological
treatment, diabetes, secondary HBP, Stage 2 HBP, or target organ
damage [3]

However, the studies included in the current article, were
conducted for a small number of adolescent students. We tried to
overcome this by supporting our study by other studies conducted
on similar populations. This is why we extrapolated this study to
national data using the EDHS [1].

CONCLUSION

Prevalence of HBP among adolescents is high and is
associated with obesity in both sexes. Risk factors include poor
dietary habits as smoking, junk foods and sugary beverages,
sedentary life, and lack of sports. These risk factors are linked
with depression, anxiety, and suicidal tendencies. Obese subjects
have HBP atherogenic lipid profile and diabetogenic tendencies.
Hence, risk behavior and obesity can be used to detect CVD and
HBP in adolescents [5].

It is recommended that countries monitor BMI and BP from
early childhood by identifying the high-risk behavior among
students, screen them for early detection of HBP, CVD, and DM,
and reverse their lifestyles and dietary habits using positive
psychology. Implementing policies and regulations to reduce
salt in processed and readymade food, and exposure to tobacco
while encouraging sports education and public sports areas are
another approach for reducing HBP and obesity. Member states
are encouraged, to exert pressure on industry to control their
marketing tactics for promoting unhealthy foods and tobacco. The
WHO should continue to play a key role in providing evidence-
based tools for the planning, implementation, and surveillance
of initiatives for tobacco control, healthy diets, and national salt
reduction.

DISCLAIMER

The authors alone are responsible for the views expressed in this
article and they do not necessarily represent the views, decisions or
policies of the World Health Organization or the other institutions
with which the authors are affiliated.
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