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ABSTRACT

Background and Aims: Acne is a major health problem among adolescents. There is little published epidemiological data on
the association between acne and body mass index (BMI) among adolescents, and no study has been conducted in Sudan. We
aimed to assess the prevalence of acne and the possible associated factors (including body mass index [BMI]) among adolescent
schoolchildren in the River Nile in Sudan.

Methods: A cross-sectional survey was conducted among adolescents (males and females) during the 3-month period
(July-September 2022). A questionnaire was used to collect sociodemographic information, and their BMIs were computed
from their weights and heights, which were measured using a standard procedure. Multivariate binary regression analysis was
conducted.

Results: Of the 384 enrolled adolescents, 177 (46.1%) were males and 297 (53.9%) were females. The median (interquartile) of
the age and BMI were 15.1 (14.0-16.3) years and 18.4 (16.4-21.5) kg/m?, respectively. One hundred and forty adolescents
(36.5%) had acne, which was mild in 109 (28.4%), moderate in 28 (7.3%), and severe in three (0.8%) adolescents. After adjusting,
age (adjusted odds ratio (AOR) = 1.21, 95% confidence interval, CI = 1.04-1.41) and BMI (AOR =1.10, 95% CI = 1.01-1.14) were
positively associated with acne. Females were at a higher risk of having acne (AOR = 2.59, 95% CI = 1.64-4.08).
Conclusion: Our results showed a high prevalence of acne among Sudanese adolescents, especially females, and its prevalence

increased with age and BMI.

1 | Introduction

Acne vulgaris is considered one of the main international
health problems among adolescents [1, 2]. In spite of all mea-
sures, there is still a constant increase in the incidence rates of
acne over the past three decades [3]. Moreover, it has been
reported that the prevalence of acne varies widely in countries/
populations and among different age groups and ethnicities
within the same country/population [4].

Infections and immunity dysregulation are the main factors behind
the pathogenesis of acne, which can lead to or are results of sebum
overproduction and hyperkeratinization of the follicles [1, 5]. The
observed lesions, namely papules, nodules, pustules, and cysts, are
the features of the inflammatory process of acne; on the other hand,
open and closed comedones present the noninflammatory process/
type of acne [6]. The site of the acne lesion varies according to age,
for example, the face is the affected area in adolescents, while the
chest or upper back is affected at a later age [6].
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Several previous studies have reported different prevalence
rates of acne in different African countries [7-14]. Likewise,
several factors, such as a family history of acne [15] or being
female [16-18], were reported as risk factors for acne. The
contribution of body mass index (BMI) as a risk factor for acne
was investigated with no conclusive results. While some studies
showed an increased risk of acne with increased BMI or obesity
[15, 18, 19], other studies showed that being overweight and
obese are inversely associated with acne [20, 21].

Unfortunately, acne is commonly considered of little clinical
importance and a transient problem that would resolve sponta-
neously. This is not the case because acne, especially the severe
form, may significantly affect adolescents' lives, especially in
social and psychological-emotional domains. The acne-attributed
effects among adolescents may be equal or not less than
problems-detected among adolescents with chronic disabling
illnesses such as asthma, arthritis, epilepsy, and diabetes mellitus
[22]. Not only psychological-emotional problems but also other
problems such as anxiety, depression, stress, low attachment to
friends, and struggle at school were also reported among ado-
lescents with acne [23, 24]. To the best of our knowledge, no
study reports the prevalence and associated factors, including the
BMI, of adolescents with acne in Sudan. However, we extra-
polated it from studies on the frequency of skin diseases in dif-
ferent urban and rural Sudanese areas, which showed a 5%
prevalence of acne, with a female predominance [25]. There were
no studies with adequate sample size reporting the prevalence
and clinical patterns of acne lesions and their severity in Suda-
nese adolescents, which led to the commencement of this study.

2 | Methods

2.1 | Study Design, Sitting, and Eligibility Criteria

A cross-sectional survey was conducted in the Almatamah locality
on the River Nile in Sudan from July to September 2022. The details
of the methods have been mentioned in our previous study, and
part (sociodemographic) of the data sets are from the previous study
[26]. In summary, the participants were Sudanese adolescents
whose ages ranged between 11 and 19 years old who were studying
in public primary and secondary schools [27]. Almatamah locality is
about 112 km from Khartoum, the capital of Sudan. Four schools
were randomly selected from villages in the Wad Hamid area of the
Almatamah locality. Then, from the primary and secondary-level
public school lists, adolescents were selected randomly regardless of
sex. The Strengthening of the Reporting of Observational Studies in
Epidemiology (STROBE) was strictly followed [28].

Following the student's parents (or guardians) signing an in-
formed written consent form, they were interviewed using a
questionnaire containing information on socio-demographics
(e.g., age, sex, mother's and father's education and occupation,
and family history of acne).

2.2 | Outcomes and Definition

Then, each student was examined in privacy, looking for the
presence or absence of acne using the Global Acne Grading

System (GAGS). This system was used to assess the severity of
acne and its points depending on the site and type of lesion of
the acne itself [29]. In summary, “the sites/points that included
and were examined were the face, chest, and upper back and
were divided into six areas: the forehead, cheeks, nose, chin,
and torso (chest and upper back combined). Then, each acne
lesion (comedo, papule, pustule, and nodule) was considered as
having points. When there was no acne lesion in an area, a 0
score was given”. Thereafter, depending on the score, the acne
severity is graded as none (no acne) for 0 points; a mild form of
acne was considered if the points were between 1 and 18,
moderate form of the disease (acne) was considered when the
score was between 19 and 30 points, severe and very severe
form for acne was considered for 31-38 points and > 38 points,
respectively. Adolescents with acne were asked about their age
at the onset of acne.

2.2.1 | Ethical Approval and Informed Consent

This study was conducted according to the Declaration of
Helsinki. The study received ethical clearance from the Faculty
of Medicine, University of Khartoum, Sudan. The reference
number is #9, 2021. The adolescents’ parents or legal guardians
signed a witnessed informed consent form. The adolescents’
privacy and confidentiality were strictly followed, and personal
identifiers were excluded during the analysis.

2.2.2 | Sample Size

As mentioned in our previous work [26], the sample size of 384
adolescents (both male and female) was estimated using a
single proportional formula (n = Z?pq/d?). Q = (1-p), Z1—a =
confidence interval of 95%=1.96, d=margin of error of
5% = 0.05. We assumed a maximum (50%) prevalence of acne
among adolescents within the range of prevalence of acne in
Egypt (34.7%) [7] and Nigeria (64.4%) [19]. The maximum
prevalence (50.0%) of acne was assumed because there is no
data on the prevalence of acne among children in Sudan.

2.3 | Data Management and Statistical Analysis
Data were analyzed using the IBM Statistical Package for the
Social Sciences (SPSS) for Windows, version 22.0 (SPSS Inc.,
New York, United States). Adolescents’ sex and parents’ edu-
cation (categorized variables)were expressed as numbers and
proportion/percentages and were compared using the y* test.
Age and BMI, which were continuous variables, were assessed
for normality using the Shapiro-Wilk test. They were found to
be non-normally distributed and expressed as a median and
interquartile range (IQR). Univariate analysis was performed
with acne as the dependent variable, while adolescents’ age, sex,
BMI, and parents' educational level were independent variables.
Thereafter, variables with p <0.20 in univariate analysis were
entered to build up multivariate binary regression with back-
ward elimination. Adjusted odds ratios (AORs) with 95% con-
fidence intervals (CIs) were calculated. A two-sided p-value of
< 0.05 was considered statistically significant.
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3 | Results

Three hundred and eighty-four adolescents were enrolled. The
median (IQR) of adolescents was 15.1 (14.0-16.3) years, while
the median (IQR) of their BMI was 18.4 (16.421.5)kg/m>.
Thirty-seven (9.6%), 295 (76.8%), and 52 (13.5%) adolescents
were in the age group <13 years, 14-17, and > 17 years,
respectively. Of the 384 adolescents, 177 (46.1%) were male and
297 (53.9%) were female. Two hundred and fifty-three (65.9%)
of the adolescents' fathers had an education past the secondary
level, and 238 (62.0%) of the adolescents’ mothers had an edu-
cation past the secondary level (Table 1). Ninety-two (24.0%)
adolescents had a family history of acne.

One hundred and forty adolescents (36.5%) had acne, which was
mild in 109 (28.4%), moderate in 28 (7.3%), and severe in three
(0.8%) adolescents. Age and BMI were significantly higher in
adolescents with acne. The prevalence of acne was significantly
higher in the adolescents in the age group 14-17 (39.3%) years
compared with the age group <13 years (13.5%) and > 17 years
(36.5%), p=10.009. The median (IQR) of the adolescents’ age at
the onset of acne was 14.0 years (13-15) years. A higher number
of females was detected among adolescents with acne compared
to adolescents without acne [98/140 (70.0%) vs. 109/244 (44.7%),
D <0.001]. There was no significant difference in the fathers' and
mothers' education levels. In the adjusted multivariate analysis,
increasing age (AOR=1.21, 95% CI=1.04-1.41) and BMI
(AOR =1.10, 95% CI = 1.01-1.14) were positively associated with
acne. Females were at a higher risk of having acne (AOR = 2.59,
95% CI = 1.64-4.08) (Table 2).

A significantly higher number of females had severe and
moderately severe acne. All three severe and 24/28 (85.7%)
moderately severe acne were females. None of the males had
severe acne, and 4/28 (14.3%) of the moderately severe acne
were males, p =0.028.

4 | Discussion

The main finding of this study was that 36.5% of the adolescents
had acne. The prevalence of acne in the study was almost within
the prevalence range of acne in Africa [4]. After taking a closer
look at the reported prevalence in African countries, one can see
that the prevalence in Sudan is higher than in these countries. The
prevalence of acne in the current study is higher than the reported
prevalence in Egypt (34.7%) [7], Mali (23.0%) [8], Ethiopia (19.4)
[9], Tanzania (26.0%) [30], Kenya (11.2%) [10], Ghana (5%) [11],
Cameroon (7.7%) [12], and Angola (23.6%) [13]. On the other
hand, the prevalence of acne in our study was lower than that
reported among adolescents in Ibadan, Nigeria (64.4%) [19]. Dif-
ferences in sociodemographic factors among the participants, their
nutritional status, genetic background, environmental factors in
the different regions, and hormonal and immunological differ-
ences in the different populations could explain the difference in
the prevalence of acne among African countries [31].

Most adolescents with acne have mild acne (28.4%), similar to
what has been found in the literature [31]. Acne lesions during
early adolescence are predominantly noninflammatory, but
inflammatory lesions become more prevalent after the age of 13

Univariate analysis of the factors associated with acne among adolescent schoolchildren in Sudan, 2022.

TABLE 1

Adolescents

Adolescents

without acne
(number

with acne

(number=140)

Total

(number

OR 95% CI

=244)

384)

Variable

Median (interquartile range)

<0.001
0.002

1.15-1.53
1.03-1.16

1.33
1.

15.3 (14.1-16.7) 15.0 (13.9-15.9)

15.1 (14.0-16.3)

Age, years

10

19.0 (17.5-21.8) 18.1 (16.0-21.3)

18.6 (16.6-21.4)

Body mass

index, kg/m?

Frequency (proportion)

Male
Female

Reference

135 (55.3)
109 (44.7)
153 (62.7)

42 (30.0)
98 (70.0)
85 (60.7)
55 (39.9)
105 (89.0)

177 (46.1)
207 (53.9)

Sex

1.86-4.49 < 0.001

2.89

Reference

241 (62.8)
146 (38.0)

ry level

> Seconda

Mother's education

0.699

0.71-1.66
Reference

1.08

91 (37.3)
244 (91.7)

< Secondary level

350 (90.9)

Housewife

Mother's occupation

0.550

0.60-2.54

1.24

34 (9.1) 13 (11.0) 22 (8.3)
184 (69.2)
82 (30.8)

254 (66.1)

Employed

0. 865

Reference
0.62-1.49

0.96

70 (59.3)
48 (40.7)

130 (33.9)

ry level

> Seconda
< Secondary level

Father's education
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TABLE 2 | Adjusted multivariate binary regression analysis of the
factors associated with acne among adolescent schoolchildren in
Sudan, 2022.

Variable OR 95% CI p
Median (interquartile range)
Age, years 1.21 1.04-1.41 0.010
Body mass 1.10 1.01-1.14 0.038
index, kg/m?
Frequency (proportion)
Sex Male Reference

Female 2.59 1.64-4.08 < 0.001

[31, 32]. This could be explained by increased sebum produc-
tion under the influence of androgens and, subsequently,
increased colonization with Cutibacterium acnes that trigger an
inflammatory response [31].

Female adolescents are at a 2.59% higher risk of acne than males.
This aligns with previous studies [16, 17, 33]. Recent systemic
reviews of the epidemiology of acne suggest that the influence of
sex is controversial due to differences in sampling methods.
However, the estimated pooled odds ratio (OR) of 1.07 and the
borderline of the 95% CI, which was 0.42-2.71, suggest that the
male sex is only associated with a slight/borderline increase in
odds of acne [15]. On the other hand, a previous study reported
that males (compared with females) were at a higher risk of
having severe acne [34]. Perkins et al. compared acne among
females of different ethnicities and found that acne was more
prevalent in African and Hispanic women compared with Indian,
Caucasian, and Asian women [35]. Our study and previous studies
have shown that age is positively associated with acne risk [15, 18].
Perhaps the inflammatory process becomes more prevalent by
increasing the age [31, 32]. Moreover, sebum production increases
with age under the influence of hormones [31].

The contribution of BMI as a risk factor for acne was investigated.
The results revealed that increased BMI was positively associated
with acne. In Ibadan, Nigeria, adolescents with a high BMI were at
higher risk of facial acne vulgaris. However, the severity of their
acne was not associated with BMI [19]. Previous studies in this
regard have revealed discordant results. Rodriguez et al. found that
the median BMI percentile was higher among acne cases when
compared to control groups [18]. In a nationwide study, Snast
et al. found that being overweight and obese were significantly
associated with acne [21]. A recent systematic review estimated
the pooled odds ratio of the association between BMI and acne
risk. The pooled OR, 2.36, and the 95% CI of 1.97-2.83 suggest that
BMI significantly influences acne presentation [15]. On the other
hand, as mentioned above, other studies have shown that being
overweight or obese is inversely associated with acne [20, 21]. A
recent study showed that, although the prevalence of acne among
teenagers did not differ significantly between different BMI
groups, overweight or obese participants had inflammatory acne,
and the severity of their acne was positively associated with their
BMI [36]. There was no obvious explanation for the association
between increasing BMI and acne; however, inflammatory and
immunological factors could explain the process [37]. Several
hormones and peptides, such as androgens, growth hormones,

insulin, and insulin-like growth factor-1, which are essential for
sebaceous gland growth and differentiation, are disturbed by
obesity and can lead to the development of acne [38, 39]. Although
parents’ education was not associated with acne in the current
study, parents’ education could be a useful tool in preventing acne
by preventing other factors, such as nutritional factors, that were
reported to be associated with acne [19-21].

4.1 | Limitations

Due to the study's cross-sectional nature, cause and effect could
not be assured. A larger longitudinal study is needed. Several
hormones and peptides are associated with acne [38, 39].
However, we did not assess these peptides and hormones due to
funding constraints.

5 | Conclusion
Our results showed a high prevalence of acne among Sudanese

adolescents, especially females, and its prevalence increased
with age and BMI.
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