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Abstract

The COVID-19 pandemic has significantly impacted adolescents' unhealthy eating habits and sedentary lifestyles, leading to an increase in blood pressure
and obesity rate. High blood pressure among adolescents is an early indicator of adult hypertension, but this condition has received less attention recently.
Therefore, this study aimed to determine the differences in dietary changes among high school students with normal and high blood pressure before and
during the COVID-19 pandemic in West Lampung District, Indonesia. A cross-sectional design was used, and the sample population consisted of 167 students
aged 14-19 years. The results showed that 43 participants had elevated blood pressure and stage 1 hypertension, accounting for 25.7% of the total population.
Among these participants, 14 (32.6%) were found to be overweight and obese. Based on the results, students with high blood pressure were less likely to im-
prove their dietary choices during the COVID-19 pandemic than those with normal blood pressure.
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Introduction

High blood pressure (BP) among adolescents is a sig-
nificant health problem that has received less attention,
specifically in developing countries.! Furthermore, high
BP during childhood and adolescence can be an early in-
dicator of hypertension and cardiovascular diseases later
in life.2 Several risk factors, such as obesity, high sodium
intake, low vegetable and fruit consumption, and seden-
tary lifestyles, have been reported to contribute to the
rising incidence rate of this condition.3 The global preva-
lence of hypertension in children and adolescents stands
at 4%, with 9.7% exhibiting prehypertension (elevated
BP).# In Indonesia, the prevalence among adolescents
aged 15-17 years was 5.3%, based on the 2013
Indonesian Basic Health Research.>

The COVID-19 pandemic has significantly impacted
the younger population, leading to lifestyle changes that
increase the risk of cardiometabolic disease.® Social re-
strictions, such as school closure and social distancing,
have caused an increase in sedentary activities associated
with screen time,” decreased physical activity,8 and di-
etary changes, thereby increasing the risk of obesity and
metabolic syndrome.9 Furthermore, obesity has been rec-
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ognized as a risk factor for hypertension,!0 and its preva-
lence has continued to increase during the COVID-19
pandemic.!!

Maintaining a normal nutritional status is essential,
specifically during the COVID-19 pandemic. Several
studies have been carried out in international and
Indonesian settings to identify changes in the dietary pat-
terns of adolescents due to the viral outbreak.!2-21
However, no study has specifically identified these
changes among adolescents with different BP categories.
Eating habits have been reported to be one of the poten-
tially modifiable risk factors for non-communicable dis-
eases, specifically hypertension and obesity.22

According to the 2018 Indonesian Basic Health
Research, there has been an increase in the prevalence of
hypertension among individuals aged 18 years in
Lampung Province from 2013 to 2018.23 In West
Lampung, the prevalence was recorded at 29.1%, there-
by ranking as one of the top 5 in the province, according
to the Lampung Province Health Profile.24 Therefore,
this study aimed to determine the differences in dietary
changes among adolescents with normal and high BP be-
fore and during the COVID-19 pandemic among selected
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high school students in the West Lampung District,
Indonesia. The results had the potential to contribute
valuable insights into the dietary habits of high school
students with and without hypertension. They could also
highlight the importance of promoting healthy eating
habits among adolescents as a preventive measure against
hypertension and other non-communicable diseases later
in life.

Method

This study used a cross-sectional design, which in-
volved the collection of primary data from students
grades 10-12 attending selected high schools in the West
Lampung District, Indonesia. Furthermore, the sample
population comprised all the students at Senior High
School A during the 2020 academic year. This particular
school was selected based on its exceptional performance
in the national exam in Liwa (the capital city of West
Lampung District), as high-achieving academic institu-
tions often exerted more pressure and stress. Emotional
eating habits among students were known to be associat-
ed with academic stress, which could impact their blood
pressure. A total of two senior high schools were initially
selected for the process—Schools A and B. However, due
to the increased COVID-19 cases, learning activities were
relocated online, and blood pressure measurements could
not be completed in School B. The minimum sample size
of 46 was calculated using an alpha level of 0.05 (95%
CI) and a power of 90%.2> Purposive sampling was uti-
lized to select the total sample size of 167 students who
met the inclusion criteria of being healthy and willing to
participate.

Data were collected directly in July 2020 for age, sex,
BP, weight, height, and pre-pandemic food consumption
habits. Subsequently, data on food consumption frequen-
cy were collected online in October 2020 during the pan-
demic due to the increasing number of COVID-19 cases.
Age, sex, and food consumption frequency were obtained
through interviews, while body mass index (BMI) was
calculated by dividing weight (in kilograms) by the
square of height (in meters). Body weight was measured
using a GEA Medical Type EB9250 digital weight scale
(with an accuracy of 0.1 kg), and height was assessed us-
ing a GEA Medical microtoise (with an accuracy of 0.1
cm). Blood pressure measurements were obtained using
a mercury sphygmomanometer. Data were collected by
trained health workers with nursing academy educational
backgrounds and trained enumerators with health-related
educational backgrounds. Nutritional status was catego-
rized as thinness, normal, overweight, and obese based
on the body mass index for age (BMI/A) z-score, as indi-
cated by the Indonesian Ministry of Health regulation for
child anthropometry standards.26

The students' eating habits before and during the
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COVID-19 pandemic were collected through Food
Frequency Questionnaires (FFQ) consisting of five food
and one beverage group. The food groups included 1)
snacks, such as packaged snacks (chips/snacks/wafers),
baked goods (biscuits/bread/donuts/pastries), traditional
products (siomai/pempek/dimsum/batagor/telur gu-
lung/sausage/fishcake), tapioca-based products (cilok/
cimol/cireng), noodle dishes (ramen/udon/Indonesian
noddle topped with chicken/dumpling/meatball); 2) fast
food, such as french fries, fried chicken/nuggets/crispy
chicken, burgers/hot dogs/pizza, pasta (spaghetti/
lasagna/macaroni), instant noodles, canned foods
(corned beef/sardines/canned vegetables and fruits), co-
conut milk-based foods, fatty foods (beef rendang/in-
nards); 3) fritters, such as fried tofu (stuffed tofu/spicy
tofu and others), fried tempeh/mendoan, fried sweet po-
tatoes/breadfruit/banana/jackfruit/cassava, tempura
(vegetables fritters/potato croquette/sweetcorn frit-
ter/shrimp fritter), fried bread, and crackers/potato
chips/cassava chips/yam chips/jackfruit chips; 4) vegeta-
bles, including green leafy vegetables (spinach/morning
glory/cassava leaves/papaya leaves), colorful vegetables
(carrots/tomatoes/eggplants/beets and others), and
legumes (long beans/green beans/red beans/mung
beans); and 5) fruits, such as high water/mineral fruits
(bananas/watermelon/cantaloupe/water rose apples), vi-
tamin C-rich fruits (oranges/guavas/mangoes), and fiber-
rich fruits (papayas/apples/pears/avocados/pineapples).
While, the beverage group in the FFQ included carbonat-
ed/soda drinks and packaged sweet beverages.

The variable of food consumption frequency was ob-
tained from FFQ results, assigned by authors with five
answer options and scores of 1 = never, 2 = rarely (1-3
times/month), 3 = sometimes (1-3 times/week), 4 = fre-
quently (4-6 times/week), and 5 = daily. The BP data
were taken directly based on preexisting health protocols.
The results of blood pressure measurements were cate-
gorized based on the Clinical Practice Guideline for
Screening and Management of High Blood Pressure in
Children and Adolescents, published by the American
Academy of Pediatrics in 2017.27 Children aged >13
years were defined as having elevated BP when a value of
120/<80 or 129/<80 mmHg was obtained, and stage 1
hypertension was diagnosed when a value of 130/80 or
139/89 mmHg was recorded.

The data were then analyzed using IBM SPSS
Statistics for Windows (IBM Corp., Armonk, New York)
Version 26. The descriptive analysis was conducted to
obtain an overview of the frequency distribution of the
study variables. Furthermore, Wilcoxon-signed tests were
carried out to examine the differences in food consump-
tion frequencies in each group before and during the
COVID-19 pandemic. Changes in frequencies among
adolescents with normal BP or elevated BP and stage 1
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hypertension were considered significant at a p-value of
<0.05.

Result

Based on the data obtained, 52.1% of the participants
were aged 15 (52.1%), and 50.9% were males.
Furthermore, 6% and 19.7% of the participants had el-
evated BP and stage 1 hypertension, respectively. The re-
sults showed that most students had a normal BMI
(73.7%), and almost one-fifth were overweight and
obese, as shown in Table 1. Table 2 shows that 78.2%,
10.5%, 5.6%, and 5.6% of students with normal BP had
normal, overweight, obese, and thinness nutritional sta-
tuses, respectively. While, 60.5%, 16.3%, 16.3%, and
7% of those with elevated BP and stage 1 hypertension
had normal, overweight, obese, and thinness nutritional
statuses, respectively.

The results showed significant changes in the con-
sumption of snacks among the food and beverage groups
(Table 3). Furthermore, a decrease occurred in the fre-
quency of all types of snack consumption (packaged
snacks, baked goods, traditional products, tapioca-based
products, and noodle dishes). Among students with nor-
mal BP, the frequency of fast food intake generally de-
creased, including french fries (p-value = 0.004), fried

chicken/nugget (p-value = 0.011), burger/hot dog/pizza
(p-value = 0.012), pasta (spaghetti/lasagna/macaroni)
(p-value = 0.012), and fatty foods (rendang/innards) (p-
value = 0.012). In the group with elevated BP and stage
1 hypertension, there was no significant change in the
frequency of fast food, as shown in Table 4. The frequen-
cy of soft drink consumption showed a significant de-
crease among students with normal BP (p-value = 0.019)

Table 1. General Characteristics of the Participants

Variable Category n %
Sex Male 85 50.9
Female 82 49.1
Age (years) 14 6 3.6
15 87 52.1
16 56 33.5
17 15 9.0
18 2 1.2
19 1 0.6
Nutritional status based on Thinness 10 6.0
BMI/A z-score Normal 123 73.7
Overweight 20 12.0
Obese 14 8.4
Blood pressure category Normal 124 74.3
Elevated BP 10 6.0
Stage 1 hypertension 33 19.7

Notes: BMI/A = BMI-for-age, BP = Blood Pleasure

Table 2. The Distribution of Participants' Data Based on Blood Pressure

Normal BP (n = 124)

Elevated BP & Stage 1 Hypertension (n = 43)

Variable Category
n % n %
Sex Male 55 55.6 30 30.2
Female 69 44.4 13 69.8
Age (years) 14 5 4 1 2.3
15 63 50.8 24 55.8
16 42 33.9 14 32.6
17 12 9.7 3 7.0
18 1 0.8 1 2.3
19 1 0.8 0 0
Nutritional status based on Thinness 7 5.6 3 7
BMI/A z-score Normal 97 78.2 26 60.5
Overweight 13 10.5 7 16.3
Obese 7 5.6 7 16.3

Notes: BP = Blood Pressure, BMI/A = BMI-for-age, BP = Blood Pleasure

Table 3. Changes in the Frequency of Snacks Consumption before and during the COVID-19 Pandemic

Normal BP (Mean=SD)
Varian of Snack

Elevated BP & Stage 1 Hypertension (Mean+SD)

Before During p-value Before During p-value
Packaged snack 2.67+x0.917 2.47+1.008 0.002* 2.63+0.787 2.23+0.096 0.001*
Baked goods 2.71+0.872 2.51+0.879 0.005* 2.60+0.821 2.20+0.773 0.022*
Traditional snack 3.06+0.931 2.81+0.991 0.001* 2.91+0.840 2.58+0.932 0.032*
Tapioca starch-based snack 2.71£0.909 2.48+0.950 0.001* 2.58+0.698 2.37+0.817 0.048*
Noodle dishes 2.74x0.864 2.49+0.933 0.001* 2.65+1.021 2.40+0.955 0.008*

Notes: BP = Blood Pressure, SD = Standard Deviation, *p-value<0.05
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Table 4. Changes in the Frequency of Fast Food and Beverage Consumption before and during the COVID-19 Pandemic

Normal BP (Mean=SD) Elevated BP & Stage 1 Hypertension (Mean+SD)

Varian of Fast Food and Beverage

Before During p-value Before During p-value

Fast food French fries 1.86%1.143 1.68+0.771 0.004* 1.88+0.851 1.81£0.732 0.257
Fried chicken/nugget 2.10+0.811 1.98+0.836 0.011% 2.40+0.955 2.21+0.861 0.083

Burger/hot dog/pizza 1.51£0.681 1.43£0.640 0.012* 1.40£0.541 1.35+0.529 0.317

Pasta 1.71£0.844 1.65+0.807 0.012% 1.56+0.666 1.65+0.720 0.331

Instant noodle 2.98+0.865 2.89+0.921 0.131 3.05£0.754 2.95+0.815 0.384

Canned food 2.24+0.810 2.19+0.852 0.306 2.05+0.872 2.14+0.966 0.329

Foods with coconut milk 3.00£0.946 2.98+0.988 0.775 3.00£0.926 3.05+0.872 0.663

Fatty food 2.33+0.793 2.15+0.837 0.012% 2.21+0.833 2.21+0.804 1.000

Beverage Soft drink 2.17£0.740 2.04+0.800 0.019% 2.28+0.734 2.05+0.815 0.018*
Packaged sweet drink 2.43+0.861 2.29+0.951 0.002* 2.72+0.826 2.35+0.783 0.002*

Notes: BP = Blood Pressure, SD = Standard Deviation, *p-value<0.05

Table 5. Changes in the Frequency of Fritters Consumption before and during the COVID-19 Pandemic

Normal BP (Mean+=SD) Elevated BP & Stage 1 Hypertension (Mean+SD)

Varian of Fritter

Before During p-value Before During p-value
Fried tofu 2.57+0.964 2.44+0.982 0.029* 2.65+0.997 2.70+£1.036 0.627
Fried tempeh 3.02+0.975 2.94+0.998 0.115 2.77+0.751 3.00+0.787 0.012*
Fried sweet potato/others 2.86+0.922 2.81+0.943 0.307 2.84+0.814 2.88+0.879 0.704
Tempura 2.85+0.852 2.88+0.852 0.672 2.84+0.871 3.02+0.831 0.101
Croquette 2.26+0.927 2.10+£0.932 0.007* 2.23+0.895 2.12+0.851 0.251
Fried bread 2.14+0.839 2.08+0.822 0.211 2.16+0.924 2.12+0.981 0.593
Chips 2.97+0.874 2.94+0.931 0.732 3.14+0.915 3.33+0.919 0.124

Notes: BP = Blood Pressure, SD = Standard Deviation, *p-value<0.05

Table 6. Changes in Frequency of Vegetable and Fruits Consumption before and during The COVID-19 Pandemic

Normal BP (Mean+SD) Elevated BP & Stage 1 Hypertension (Mean+SD)

Varian of Vegetable and Fruit

Before During p-value Before During p-value

Vegetable Green vegetables 3.82+0.875 3.78+0.889 0.585 3.86+0.804 3.65+0.897 0.020*
Colorful vegetables 3.71+0.863 3.65+0.867 0.355 3.35+0.923 3.40+0.903 0.658

Cabbage 3.40+0.855 3.40+0.834 0.981 3.07+0.856 3.21+0.888 0.156

Beans 3.32+0.851 3.27+0.877 0.248 3.09+0.840 3.12+0.823 0.782

Fruits Rich in water 3.10+0.840 3.20+0.892 0.061 3.30+£1.013 3.16x1.111 0.361
Rich in vitamin C 3.19+0.810 3.48+0.841 0.001* 3.30+0.860 3.44x0.934 0.206

Rich in fiber 3.15+0.827 3.15+£0.917 0.786 3.12+0.931 3.00+0.951 0.485

Notes: BP = Blood Pressure, SD = Standard Deviation, *p-value<0.05

and elevated BP, and stage 1 hypertension (p-value =
0.018). The results also showed a significant decrease in
the intake of packaged sweet drinks in the normal BP
group (p-value = 0.002) and the elevated BP and stage 1
hypertension group (p-value = 0.002), as shown in Table
4.

The consumption of various fritters generally de-
creased in the normal BP group (Table 5). A significant
reduction was also found in the frequency of fried tofu
(p-value = 0.029) and croquette (p-value = 0.007) intake.
While, there was a significant increase in the frequency
of fried tempeh consumption in the elevated BP and stage
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1 hypertension group (p-value = 0.012).

Based on the results, there was an insignificant de-
crease in the intake of vegetables among students with
normal BP except for those who consumed cabbage
(Table 6). In the elevated BP and stage 1 hypertension
group, there was a significant decrease in the frequency
of green vegetable consumption (p-value = 0.020). The
frequency of vitamin C-rich fruit consumption signifi-
cantly increased among students with normal BP (0.001).
While, participants with elevated BP and stage 1 hyper-
tension did not show significant changes in the frequency
of intake of all fruits.
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Discussion

This study was the first to report that dietary changes
differed between adolescents with normal and higher BP
(elevated BP and stage 1 hypertension) before and during
the COVID-19 pandemic. Furthermore, the results high-
lighted that adolescents with higher blood pressure were
less likely to change their food consumption toward a
healthier eating pattern compared to those with normal
BP during the COVID-19 pandemic. A significant de-
crease in consumption of snacks, fast food, sweet pack-
aged drinks, and soft drinks was due to limited access to
such foods, social distancing, and increased parental con-
trol.28-30

During the pandemic, people tried harder to maintain
a healthy diet and lifestyle to support their immunity and
avoid infection.3! Several studies showed contradictory
results, in which the viral outbreak caused increased
snack consumption due to loneliness, anxiety, and de-
pression during social restrictions. The COVID-19 pan-
demic has changed adolescents' lifestyles and emotions,
which could affect the intake of comfort foods, including
snacks.12-14 However, most of these studies used com-
pletely online self-reported data, indicating the possibility
of some recall bias or inaccurate data.

The eating habits of students with elevated BP and
stage 1 hypertension showed a lack of positive changes
before and during the COVID-19 pandemic compared to
others with normal BP. For example, there was a signifi-
cant decrease in the consumption of almost all types of
fritters, particularly fried tofu, and croquettes. However,
an opposite trend was observed in the group with elevat-
ed BP and stage 1 hypertension. It was indicated by in-
creased intake of most foods in the fritters category, but
only fried tempeh significantly increased. The consump-
tion of vitamin C-rich fruits experienced a significant in-
crease only in the normal BP group. These findings indi-
cated that unhealthy eating patterns developed over a
long period were difficult to change, and these habits
contributed to the occurrence of high BP.32 However,
further studies were still needed to investigate long-term
dietary patterns and their correlation with adolescents'
blood pressure.

The descriptive analysis revealed that among the ele-
vated BP and stage 1 hypertension group, 14 students
(32.6%) were identified as overweight and obese. A pre-
vious study in Italy also showed that overweight and
obese children and adolescents had poorer eating habits
and physical activity during the COVID-19 lockdown. 15
Higher BMI was one of the risk factors that played a role
in the emergence of hypertension in adolescents. The re-
sults followed the existing theory that nutritional status
was related to blood pressure, which could be mediated
by leptin. The effect of this hormone on systolic blood

pressure occurred through the modulation of the sympa-
thetic nervous system and subsequent increase in heart
rate.33 People with food-induced obesity often experience
disrupted hormonal regulation of body weight and
hunger due to the coexistence of leptin resistance and hy-
perleptinemia. The occurrence of leptin resistance made
the hypothalamus increasingly unresponsive to this hor-
mone. This condition caused the hunger level to remain
high, and food intake did not decrease even though ener-
gy in the form of adipose was abundant.34

A previous study had shown that adolescents with an
obese nutritional status had more problematic eating pat-
terns compared to others without obesity.3> This study
showed that the proportion of adolescents consuming an
adequate amount of fruits was higher in the non-obese
group; while, the intake of fast food was higher in the
obese group.35 Obese people tended to be more sensitive
to food cues compared to others with normal-weight peo-
ple. The occurrence of obesity was reported to affect
changes in brain and peripheral responses to food cues
and disrupt the hormonal and energy balance mecha-
nism. Changes caused by obesity under homeostatic con-
ditions could increase brain responses triggered by food
cues and make people more motivated to increase their
intake level, making it difficult to lose weight or maintain
weight loss.36 Changing eating patterns was also chal-
lenging for overweight and obese individuals due to var-
ious factors, including intrapersonal, interpersonal, and
environmental factors, as shown in the study of 31 wo-
men in a low-income neighborhood of Santiago, Chile.37
Factors beyond an individual's control, such as family
and economic circumstances, could also influence the di-
etary patterns of adolescents, specifically those with an
overweight or obese nutritional status and high blood
pressure problems.

Several studies have previously examined the correla-
tion between eating habits and BP.32.38 However, this
study focused on presenting the differences in dietary
changes among normal and high BP groups of adoles-
cents during the COVID-19 pandemic. This could be
used for implementing nutrition education and non-com-
municable disease prevention among adolescents. The
limitation of this study was that the samples did not re-
present adolescent diets in other regions. Future studies
in diverse locations are advised to investigate dietary pat-
terns in high BP adolescents and the external factors as-
sociated with their difficulty developing healthier eating
habits.

Conclusion

Based on the results, there are differences in food con-
sumption changes among adolescents with normal and
high BP at a selected high school in West Lampung
District, Indonesia. Furthermore, students in the elevated
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BP and stage 1 hypertension group are less likely to adopt
healthier eating habits, such as increased consumption
of fried foods and decreased intake of vegetables. To re-
duce the risk of developing non-communicable diseases
in the future, it is important to provide nutrition educa-
tion for all adolescents, particularly those with high blood
pressure.
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