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ABSTRACT

Objectives There is an increasing trend of pre-diabetes
and diabetes mellitus (DM) among adolescents, and sub-
Saharan Africa is no exception. However, few published
data on pre-diabetes among adolescents in Sudan exist.
We aimed to investigate the prevalence of and factors
associated with pre-diabetes among adolescents in
Eastern Sudan.

Design A community-based cross-sectional study was
conducted from August to October 2023.

Settings This community-based study was conducted in
Gadarif city, the capital of Gadarif state, Eastern Sudan.
Participants Adolescents (within the ages of 10-19
years).

Main outcome measures A questionnaire was used to
collect socio-demographic information. Anthropometric
and glycated haemoglobin (HbA1c) measurements were
performed in accordance with standard procedures.
Multivariate logistic regression analysis was performed.
Results Of the 387 enrolled adolescents, 207 (53.5%)
were female and 180 (46.5%) were male. The median
(IQR) age was 14.0 (12.0-16.0) years. 39.5% of the
participants’ fathers were employed. The median (IQR)
HbA1c was 5.5% (5.2%—5.8%). One-third (32.6%) of the
adolescents had pre-diabetes or DM. Of the participants,
67.4%, 30.0% and 2.6% had no DM, pre-diabetes or
type 2 DM, respectively. In the univariate analysis, the
father’s employment (OR=1.60, 95% Cl=1.03 to 2.50)
was associated with increased odds of pre-diabetes; age,
sex, parents’ education, the mother’s occupation, body
mass index z-score, cigarette smoking and a family history
of DM were not associated with pre-diabetes. In the
multivariate analysis, the father’s employment (adjusted
0R=1.70, 95% Cl=1.03 to 2.50) was associated with
increased odds of pre-diabetes.

Conclusion Pre-diabetes is a significant public health
problem among adolescents in Eastern Sudan. The
introduction of early screening programmes for pre-
diabetes at the community level is recommended to halt
the progression of pre-diabetes to DM and to deal with
existing DM among adolescents.

INTRODUCTION
Globally, pre-diabetes and diabetes mellitus
(DM) are increasing among adolescents,

2 Ahmed Ali Hassan,®
2 Jaber Alfaifi,* Ishag Adam®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The random sample selection and the study’s
community-based nature make it powerfully repre-
sentative of the studied community (Gadarif locality).

= Due to the nature of this study (a cross-sectional
study), it could not establish a causality association
between pre-diabetes among adolescents and the
studied variables.

= Conducting a longitudinal study will clarify the asso-
ciation between pre-diabetes and the studied vari-
ables among adolescents.

= Dietary patterns, diversity or physical activity were
not assessed; these could influence adolescents’
vulnerability to pre-diabetes/diabetes mellitus.

including in sub-Saharan Africa."” According
to the International Diabetes Federation
(IDF), pre-diabetes describes people with
impaired glucose tolerance and/or impaired
fasting glucose. It is an indicator of a higher
risk of developing type 2 diabetes mellitus
(T2DM) and its complications, such as
diabetic nephropathy, microalbuminuria,
diabetic ketoacidosis and diabetic reti-
nopathy.”"" Recently, pre-diabetes among
adolescents has received more attention; this
could be attributed to several reasons. These
include the global increase of T2DM among
adolescents, including sub-Saharan Africa,Q_5
with its complications including cardiovas-
cular diseases,' the high prevalence and inci-
dence of youth-onset T2DM,"" ' the heavy
burden of pre-diabetes on health and the
economy, especially in sub-Saharan Africa*
and the possibility of slowing or halting the
progression from pre-diabetes to T2DM,"
or even reversing pre-diabetes.* '°

The prevalence of pre-diabetes among
adolescents varies in different populations,
including sub-Saharan Africa.' '° In Khartoum
state, Central Sudan, a retrospective, hospital-
based study found that out of 985 adolescent
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patients, 38 (4%) had T2DM; most were diabetic, 35
(92.1%) had an onset of T2DM between 11 and 18 years
of age and 3 patients (7.9%) were under 10 years.” A high
prevalence of pre-diabetes among adolescents has been
reported in India (16.2%)'7 and the USA 18%."' On
the other hand, a low prevalence of pre-diabetes among
adolescents has been reported in Nigeria, ranging from
4% t0 9.4%.”"® Zuniga and DeBoer reported that 8.0% of
adolescents with pre-diabetes were at risk of progression
to T2DM over 3 years."” Weiner et al reported a similar
progression rate of 2.5% from pre-diabetes to T2DM over
1 year."* In the USA, there is an increasing trend of pre-
diabetes and DM among adolescents."

Several factors, such as age,5 1 sex,11 2 Jow parental
education level,”’ parental employment,” ** cigarette
smoking,” a positive family history of DM® * and an
increased body mass index (BMI)," 2% are associated
with pre-diabetes among adolescents.

Early diagnosis and prompt intervention for pre-
diabetes are crucial to control DM and its compli-
cations (morbidity and mortality). Three diagnostic
criteria are used to diagnose pre-diabetes, these are
glycated haemoglobin (HbAlc), 2-hour oral glucose
tolerance tests (OGTT) and fasting plasma glucose.”
The American Diabetes Association (ADA) and the
National Institute for Health and Care Excellence have
set differing levels of HbAlc to define pre-diabetes as
levels ranging from 5.7% to 6.4%.% * Investigating and
introducing appropriate preventive measures for pre-
diabetes cases can lead to the prevention and delay of
DM among adolescents. A preventive approach should
be followed, especially in limited-resource settings, to
prevent DM and its related complications, which have
been recognised as heavy burdens on the fragile health
systems in sub-Saharan Africa, where most countries are
low- and middle-income countries (LMICs).* Addition-
ally, the IDF has estimated that approximately 90% of
people with undiagnosed DM live in LMICs.'” Based on
WHO statistics, in Sudan, more than 20% of the popula-
tion are adolescents.”” Moreover, the present escalating
war in Sudan is having a negative impact on children’s
and adolescents’ health, especially those with DM, who
require continuous medicine supplies and optimum
insulin storage conditions.”*™’

While the existing data focus more on pre-diabetes
among Sudanese adults, pre-diabetes among adoles-
cents has received less attention.?' * Moreover, the liter-
ature shows low awareness of pre-diabetes/DM among
the public, among patients with pre-diabetes and even
among healthcare professionals, including Sudanese
professionals.” ™ Our previous studies in Eastern Sudan
reported a high prevalence of DM and its complications
among adults.” ¥ To be more proactive, pre-diabetes
and its associated factors need to be investigated among
adolescents, especially at the community level. Therefore,
the current study aimed to investigate the prevalence of
and factors associated with pre-diabetes among adoles-
cents in Gadarif state, Eastern Sudan.

METHODS

Study design and setting

This community-based cross-sectional study was conducted
among 387 adolescents. This study was conducted in Gadarif
city, the capital of Gadarif state, Eastern Sudan, from August
to October 2023. Gadarif state is located in Eastern Sudan,
which neighbours Ethiopia. According to the 2008 census,
the total population of Gadarif state was 1400000 people.%
Of the 11 localities in Gadarif state, the Gadarif locality
(where Gadarif city is) is the most populated. Gadarif state
has vast land suitable for agriculture and is home to Sudan’s
largest projects for rainfed agriculture. It consists of ethnic
groups representing different tribes (ie, a multiethnic
society).” More details about the study area were given in our
previous work.*” The present study adhered to the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology guidelines.41

Sampling technique

The Gadarif locality was chosen from the 11 localities as
it has a population mixture representative of the entire
state. Gadarif city is divided into 4 squares (mouraba)
comprising 13 blocks (hays). The total population
numbers in each block were obtained from the local
authorities. The percentage of 20% of adolescents from
the total population in each block was chosen based on
the WHOQO'’s estimation that more than 20% of the Suda-
nese population are adolescents.”” A total of 387 adoles-
cents (the desired sample size), including both males and
females, were included. The number of adolescents from
each block depended on the total estimated number of
adolescents in the specific block (ie, proportional to the
population size). Therefore, blocks with a larger popula-
tion contributed more to the sample. In each block, the
assigned sample size was selected using a simple random
technique (lottery method) from the lists of households
in the blocks. If there were no adolescents in the chosen
household or if they refused to participate in the study or
had one of the exclusion criteria of this study, the next
household was chosen as a replacement.

Inclusion and exclusion criteria

The inclusion criteria were apparently healthy adoles-
cents aged between 10 and 19 years residing in the study
area (Gadarif city). In this study, an apparently healthy
adolescent means an adolescent with no sickness during
the time of data collection and or no apparent disability.
Any participants younger than 10 or older than 19 years,
participants who did not consent to participate in the
study, those with known DM, those who were sick and
pregnant or lactating girls were excluded.

Patient and public involvement
None.

Sample size calculation

OpenEpi Menu software was used to compute the desired
sample size.* A sample of 387 adolescents was computed
for the present study. Because there had been no previous
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study in the study region, the maximum occurrence
(50.0%) of the event (pre-diabetes) was assumed to be
the optimum sample size, using the following equation:
(n=Z"pq/d?, in which q=(1-p), Z1-0a=CI interval (CI) of
95%=1.96, and d=margin of error of 5%=0.05). Thus, the
type I o (alpha) error was set at 0.05 (5%), and the type 11
(1-beta) error was set at 0.20 (20%), power=1-3 (80%).

Study variables and measures
The questionnaire was developed from previous similar
studies.” "' '* 2 #* The questionnaire collected data on
socio-demographic characteristics, including age, sex,
parental educational levels (<secondaryor >secondary),
mother’s occupational status (housewife or employed),
father’s occupational status (employed or labourer), as
well as cigarette smoking, a family history of DM, anthro-
pometric measurements, such as weight and height (later
expressed as a BMI z-score) and HbAlc. Five medical offi-
cers were trained by the investigators to collect the data.
After the participants and their guardians agreed to
participate and signed an informed consent form, the
selected adolescents were approached by the medical offi-
cers. The adolescents were informed about the study aims
and all the necessary information, including their volun-
tary participation in the study, their right to withdraw
from the study at any time without giving a reason and the
preventive measures taken to ensure the privacy, confi-
dentiality and safety of the participants, such as excluding
personal identifiers during the data collection. Weight,
height and HbAlc were measured using the following
standard procedures. The socio-demographic data and

BMI were secondary outcomes, and pre-diabetes was the
primary outcome. A few cases of newly diagnosed T2DM
(n=10) were excluded from the model.

Weight and height measurements

The adolescents’ weights were measured in kilograms
(kg) using standard procedures (ie, well-calibrated scales
adjusted to zero before each measurement). Weight
was measured to the nearest 100 grams (g). The adoles-
cents stood with minimal movement, with their hands by
their sides. In addition, shoes and excess clothing were
removed. Height was measured to the nearest 0.1cm,
with the adolescents standing straight with their backs
against the wall and their feet together. The BMI-for-age
zscore was determined based on the WHO’s standards. "’

Blood sample processing

From each adolescent, 3mlL of blood was taken in an
EDTA tube under aseptic conditions for HbAlc analysis.
HbAlc was measured using an Ichroma machine as per
the manufacturer’s instructions (Republic of Korea),
as described in our previous work.”® Based on the ADA
criteria of using HbAlc level, pre-diabetes was diag-
nosed as an HbAlc level ranging from 5.7% to 6.4% and
T2DM was diagnosed as an HbAlc level >6.5%.%° HbAlc
has been used as a diagnostic tool for pre-diabetes/DM
among children and adolescents in various studies.”" **
Moreover, this ADA criteria of using HbAlc level is suit-
able in limited-resource settings such as Sudan, where it
is difficult to perform OGTT and fasting plasma glucose
in a survey.

Table 1 Socio-demographic characteristics of the studied adolescents in Eastern Sudan, 2023
Adolescents with Adolescents without
Variable Total (n=377) pre-diabetes (n=116) pre-diabetes (n=261) P value
Median (IQR)

Age, years 14.0 (12.0 to 16.0) 13.8 (12.3 to 16.0) 14.0 (12.0 to 16.1) 0.896
Body mass index z-score -0.97 (-1.97 t0 0.23) -0.98 (-1.87 t0 0.36) -95 (-1.98 to 0.16) 0.533

Frequency (percentage)
Sex Female 207 (54.4) 58 (50) 147 (56.3)

Male 172 (45.6) 58 (50) 114 (43.7) 0.255
Mother’s education >Secondary level 264 (70.0) 82 (70.7) 182 (69.7)

<Secondary level 113 (30.0) 34 (29.3) 79 (30.3) 0.851
Mother’s occupation Housewife 307 (81.4) 3(19.8) 47 (18.0)

Employed 70 (18.6) 3(80.2) 214 (82.0) 0.675
Father’s education >Secondary level 283 (75.1) 6 (74.1) 197 (75.5)

<Secondary level 94 (24.9) 0(15.9) 64 (24.5) 0.781
Father’s occupation Labourer 228 (60.5) 1 (52.6) 167 (64.0)

Employed 149 (39.5) 5 (47.4) 94 (36.0) 0.037
Family history of diabetes No 270 (71.6) 6 (74.1) 184 (70.5)
mellitus Yes 107 (28.4) 30 (25.9) 77 (29.5) 0.469
Cigarette smoking No 371 (98.4) 115 (99.1) 256 (98.1)

Yes 6 (1.6) 1(0.9) 5(1.9) 0.451
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Statistical analysis

The collected data were entered into the SPSS for
Windows (V.22.0; SPSS, New York, New York, USA)
statistical software for analysis. Adolescents with HbAlc
ranging from 5.7% to 6.4% were considered pre-diabetes
and coded as (1), and adolescents with HbAlc of <5.7%
were considered non-pre-diabetes (normal) and coded as
(0). The continuous data (age and BMI) were evaluated
for normality using the Kolmogorov-Smirnov test (a p
value of <0.05) and found not normally distributed, and
they were expressed as medians (IQRs). The median is
better than the mean to measure the central tendency
of the non-parametric (not normally distributed) group,
as exceptionally high or low characteristic values do not
skew it.

A univariate analysis was performed as pre-diabetes
status was the dependent variable, and the socio-
demographic data (age and sex), parents’ education,
parents’ occupation, cigarette smoking and a family
history of DM were the independent variables. All the
variables in the univariate analysis were entered into a
multivariate logistic regression to adjust for covariates
regardless of their p values in univariate because these
variables were shown to be predictors for pre-diabetes in
previous studies, which is a statistical practice.*” Adjusted
ORs and 95% CIs were calculated as they were applied.
A two-sided p value of <0.05 was considered statistically
significant.

RESULTS

In the present study, 387 adolescents were enrolled,
of whom 207 (53.45%) were female and 180 (46.5%)
were male. The median (IQR) age was 14.0 (12.0-16.0)

years. More than two-thirds (70.0%) of the mothers and
three-quarters (75.1%) of the fathers had secondary
school or higher education levels. Most of the mothers
were housewives (81.4%), and almost two-fifths (39.5%)
of the fathers were employed. The median (IQR) BMI
zscore was  0.97 (-1.97 to 0.23). More than one-quarter
(28.4%) of the participants had a family history of DM
in a first-degree relative. The median (IQR) HbAlc
was 5.5% (5.2%-5.8%) (table 1). One-third of the total
enrolled adolescents (n=387) (32.6%) of these adoles-
cents had pre-diabetes or T2DM. Among the 387 partic-
ipants, 67.4%, 30.0% and 2.6% had no DM, pre-diabetes
or DM, respectively.

In the univariate analysis, the father’s employment
(OR=1.60, 95% CI=1.03 to 2.50) was associated with
increased odds of pre-diabetes; age, sex, parents’ education,
mother’s occupation, the BMI zscore, cigarette smoking and
a family history of DM were not associated with pre-diabetes
(table 2). In the multivariate analysis, the father’s employ-
ment (OR=1.70, 95% CI=1.03 to 2.50) was associated with
increased odds of pre-diabetes (table 3).

DISCUSSION

The main finding of the present study was that one-third
(30.0% with pre-diabetes and 2.6% with T2DM) of the
adolescents had pre-diabetes or T2DM. This prevalence
(30.0%) of pre-diabetes is higher than the previously
reported prevalence in Nigeria, which ranged from 4%
t0 9.4%,° '® the United Arab Emirates (UAE) (21.9%),%
Cote d’Ivoire (14.5%), India (16.2%),'” China (8.7%)*
and the USA (18%)."" This high prevalence of pre-
diabetes/T2DM confirms the increasing global trend
of pre-diabetes and DM among adolescents, including

Table 2 Univariate analysis of the factors associated with pre-diabetes among adolescents in Eastern Sudan, 2023

Variable OR 95% CI P value
Age, years 1.01 0.92to 1.10 0.854
Body mass index z—score 1.06 0.92 to 1.21 0.434
Sex Female Reference

Male 1.29 0.83 to 1.99 0.256
Mother’s education >Secondary level Reference

<Secondary level 0.96 0.59 to 1.54 0.851
Mother’s occupation Employed Reference

Housewife 0.89 0.51 to 1.55 0.675
Father’s education >Secondary level Reference

<Secondary level 1.07 0.65to0 1.77 0.781
Father’s occupation Labourer Reference

Employed 1.60 1.03 to 2.50 0.037
Family history of diabetes mellitus No Reference

Yes 0.83 0.51 to 1.37 0.470
Cigarette smoking No Reference

Yes 0.45 0.05 to 3.85 0.462
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Table 3 Multivariate analysis of the factors associated with pre-diabetes among adolescents in Eastern Sudan, 2023

Variable OR 95% CI P value
Age, years 1.02 0.93to 1.12 0.665
Body mass index z—score 1.056 0.92to 1.22 0.462
Sex Female Reference

Male 1.42 0.90 to 2.23 0.134
Mother’s education >Secondary level Reference

<Secondary level 1.12 0.64 to 1.91 0.720
Mother’s occupation Employed Reference

Housewife 0.88 0.49 to 1.56 0.654
Father’s education >Secondary level Reference

<Secondary level 1.12 0.64 to 1.97 0.700
Father’s occupation Labourer Reference

Employed 1.70 1.06 to 2.67 0.026
Family history of diabetes mellitus No Reference

Yes 0.78 0.47 to 1.30 0.347
Cigarette smoking No Reference

Yes 0.46 0.05t0 4.10 0.484

in sub-Saharan Africa.”” This high prevalence of pre-
diabetes (30.0%) among adolescents could be attributed
to several reasons. Unhealthy dietary habits, low phys-
ical activity and sedentary behaviours among Sudanese
adolescents,47 and lack of awareness about pre-diabetes/
DM, even among Sudanese healthcare professionals,
could lead to fewer preventive measures to combat pre-
diabetes/DM among adolescents. In addition, this high
level of HbAlc could be due to some haemoglobinopa-
thies.*® Concerning the urban residency of the studied
adolescents (Gadarif city), a study conducted by Elfaki e
alin Central Sudan revealed that adolescents residing in
urban areas were at higher risk of metabolic syndrome,
including fasting plasma glucose >100mg/dL).* A recent
systematic review and meta-analysis of 48 studies revealed
that the prevalence of pre-diabetes among children and
adolescents was higher in urban areas than in rural areas
(6.78% vs 2.47%, p<0.01)." Moreover, the ongoing war in
Sudan has impacted children’s and adolescents’ mental
health (eg, depression and anxiety),” and this could lead
to increasing pre-diabetes/ DM.* Deschénes et alrevealed
that pre-diabetes, depression and anxiety interact syner-
gistically as risk factors for developing T2DM.*

This high prevalence of pre-diabetes among adoles-
cents could explain the high prevalence of T2DM among
Sudanese children and adolescents® and among adults in
different regions of Sudan, including Eastern Sudan.”' **%’
In this study, the prevalence of T2DM among adolescents
(2.6%) was high compared with other studies, such as in
Cote d’'Ivoire (0.4%),® the UAE (0.9%)%* and the USA
(1.1%)."

In this study, adolescents with employed fathers had
odds of developing pre-diabetes that were 1.7 times
higher than for the adolescents with unemployed fathers.

Various studies have shown contradictory results regarding
the association between parental employment and pre-
diabetes among adolescents.” ** In Nigeria, a school-
based cross-sectional study that included 405 adolescents
showed that adolescents with employed parents were
more likely to develop pre-diabetes compared with those
with unemployed parents.” In contrast, in the UAE,
Emirati adolescents with unemployed parents were at risk
of pre-diabetes.”® The association between the father’s
employment and pre-diabetes could be attributed to the
influence of the father’s employment on socioeconomic
class. Another study in Nigeria reported that a higher
socioeconomic class was significantly associated with pre-
diabetes.” It seems that the influence of parents’ employ-
ment on DM status can be attributed to family income,
regardless of parents’ employment status (ie, in some
countries, such as the UAE, parental unemployment
may indicate good socioeconomic status, unlike in sub-
Saharan Africa). In our context, the influence of father
employment on pre-diabetes compared with unemployed
fathers (labourers) could be explained by the less time
adolescents of employed fathers are involved in activities
such as agricultural activity, which can provide some phys-
ical activity.”

Our results showed no association between age, sex,
parents’ education, mother’s occupation, a family history
of DM and BMI z-score and pre-diabetes. Similar to this
study’s results, in Eastern Sudan, our previous study
found no significant association between education,
BMI and adults’ DM.” For example, the lack of associ-
ation between BMI z-score and pre-diabetes in this study
compared with other studies,11 1824 could raise the meta-
bolic differences between obese and non-obese people
regardless of anthropometric measurement (weight and

Alsafi WM, et al. BMJ Open 2024;14:¢086197. doi:10.1136/bmjopen-2024-086197

5



height).” Also, BMI cannot differentiate between muscle
mass and fat mass.

In contrast, other studies have shown an association
between adolescent age,” ' sex,'" * low parental educa-
tion level,”! cigarette smoking,* a family history of DM’ *’
and increased BMI'' "*#* and pre-diabetes among adoles-
cents. The results regarding the association between
BMI and pre-diabetes among adolescents are contra-
dictory: a study in Nigeria showed a positive association
between normal BMI and pre-diabetes compared with
adolescents with underweight,” and other studies found
that an increased BMI increased the odds of pre-diabetes
among adolescents,' '® ** and a study in China revealed
a U-shaped curve association between pre-diabetes and
BMI (ie, a high prevalence of pre-diabetes among under-
weight and obese adolescents).*’

The lack of association between parents’ education and
mother’s occupation and pre-diabetes could be attributed
to the quality of education. Variations in the associated
factors could have many explanations, including the low
impact of education on health knowledge due to the
poor quality of education provided to each parent, espe-
cially girls.”' Variation in the influence of maternal educa-
tion and occupation could also be explained by the low
impact of education on the workforce (ie, in the present
study, less than one-fifth of the adolescents’ mothers were
employed), and even employed women face a gender pay
gap in sub-Saharan Africa, with a consequent impact on
socioeconomic status.”

The lack of association between a positive family history
of DM and pre-diabetes in this study might implicate envi-
ronmental and lifestyle factors as risk factors rather than
genetic ones; from a public health point of view, this is
good since such factors can be modified.

Our results should be cautiously compared with the
results of other studies. First, while the present study
used the WHO’s definition (ages 10-19 years) similar
to previous studies,” * ** other studies have included
participants of different ages (early adolescents, late
adolescents or both children and adolescents).” ? * The
WHO?’s cut-off ages of 10-19 years are recommended
to tailor programmes that target adolescents precisely.
Second, this study was community-based; other studies
used different approaches (eg, school-based or hospital-
based).'® ** Third, definitions of pre-diabetes other than
HbAlc, such as impaired fasting glucose (fasting blood
glucose 110-125mg/dL) and impaired glucose tolerance
(2-hour glucose 140-199mg/dL) according to the WHO’s
definition, have been used by various studies® *’ for pre-
diabetes based on the investigation tools.”* Echouffo-
Tcheugui and Selvin have called for a consensus definition
of pre-diabetes to improve current screening and diag-
nostic practices.”” In the present study, HbAlc was used
since it is not influenced by the last meal, making it more
suitable for surveys, especially in limited-resource settings
and remote areas. Moreover, Ghaddar et al have reported
that analyses including fasting plasma glucose and HbAlc
yielded similar results in children and adolescents.*'

Contradictory data on the prevalence of pre-diabetes
and associated factors, such as age, sex, parental educa-
tional level and occupational status, have been docu-
mented on a global scale. Han et al, in their systematic
review and meta-analysis, found that the prevalence of
pre-diabetes varied according to the WHO and World
Bank regions, and the European region and high-income
countries had the lowest pooled prevalence (p<0.01).!
Such contradictory data should prompt researchers to
explore adolescents’ DM status in their countries/regions
and aim to address adolescents’ pre-diabetes/DM with
precise preventive approaches.

These study findings have implications for improving
adolescents’ health, since pre-diabetes is a preventable,
treatable and revisable health condition, by introducing
several preventive modalities, including lifestyle modifi-
cation."” The present findings can act as a foundation for
further studies; in particular, the present escalating war
in Sudan is having severe negative impacts on population
health and healthcare systems, especially among the most
vulnerable groups, such as children and adolescents.*
In Africa, where most conflicts exist, conflicts affect
adolescents’ health in various ways, such as the spread of
diseases’>™ and disturbing fragile healthcare systems.”
For instance, the deadly impacts of conflicts on the lives
of children and adolescents have been highlighted in our
neighbouring country, Ethiopia; conflicts impact children
and adolescents’ health in various ways, including massive
displacement, lack of meeting basic humanitarian needs,
extreme levels of violence, hunger and malnutrition
and lack of health services.”® The authors of this study
make certain recommendations, including interven-
tional screening in community-based and school-based
programmes for all adolescents to maintain adolescents’
health in the present and future. The recommendations
of Nwatu and Young, which include structured and inten-
sive lifestyle modifications, such as weight loss, increased
physical activity and healthy dietary habits, can be applied
in our African context to halt or slow the progression to
T2DM and even reverse pre-diabetes cases. The 10 cases
of T2DM found in this study were traced, and those
adolescents and their families were advised to attend their
nearest healthcare facility for further evaluation. Further
high-quality research is needed with more patient and
public involvement and engagement, including health-
care professionals, decision-makers and the community,
to address adolescents’ health, especially adolescents’
pre-diabetes/DM, taking into account the present study
limitations. The findings of this study and its recom-
mendations will be shared with healthcare professionals
and decision-makers for embedding in existing policies
regarding adolescents’ health.

Strengths and limitations

To the best of our knowledge, this is the first study that
addressed pre-diabetes/DM among adolescents in
Eastern Sudan. These data can add value to the limited
dataregarding pre-diabetes, especially among adolescents

6

Alsafi WM, et al. BMJ Open 2024;14:¢086197. doi:10.1136/bmjopen-2024-086197



in Sudan.’ * The results of this study can be used by
healthcare professionals and decision-makers to improve
children’s and adolescent’s health, especially during the
current war in Sudan, which has negatively impacted the
population’s health, including adolescents. However, this
study has some limitations that need to be mentioned.
Due to the nature of this study (a cross-sectional study),
it could not establish a causality association (ie, between
different variables). Therefore, a further longitudinal
study will clarify the association between pre-diabetes
and the studied variables among adolescents. It is most
important to take care of both the adolescents who already
had T2DM (2.6%) and those with pre-diabetes (30.0%)
from progressing to DM in a few years. This study was
conducted in Eastern Sudan, which limits the generali-
sation of its results to adolescents in Sudan. Only HbAlc
was used to diagnose pre-diabetes; further research is
recommended to use OGTT and fasting plasma glucose.
Moreover, in this study, no data were gathered regarding
dietary patterns and diversity’ or physical activity.” **
These data could influence the vulnerability of adoles-
cents to pre-diabetes/DM.

Acknowledgements We would like to thank the participants and their guardians
for their cooperation in the present study. The Researchers would like to thank the
Deanship of Graduate Studies and Scientific Research at Qassim University for
financial support (QU-APC-2024-9/1).

Contributors WMA, AAH and IA: conception, design, acquisition of data, analysis,
interpretation of data, drafting the article. AA-N, AAE, JA and IA: conception, design,
acquisition of data, analysis, interpretation of data, revising the manuscript critically
for important intellectual content. WMA, AAH and IA: design, acquisition of data,
analysis, interpretation of data, revising the manuscript critically for important
intellectual content. AA-N, AAE, JA and IA: design, acquisition of data, analysis,
interpretation of data, revising the manuscript critically for important intellectual
content. All authors have approved the final version of this manuscript. 1A is the
guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s).

Ethics approval The present study was conducted in accordance with the
Declaration of Helsinki and good clinical research practices. This study received
ethical approval from the Research Ethics Committee of the Faculty of Medicine,
University of Gadarif, Gadarif, Sudan (Ref. #2023, 14). All the adolescents and

their guardians signed a written informed consent form. The authors followed all
measures to ensure the privacy and confidentiality of the participants, including
excluding personal identifiers during data collection. All the methods and
procedures of this study were carried out in accordance with appropriate guidelines
and regulations.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ashwagq Al Eed http://orcid.org/0000-0002-5918-2246
Abdullah Al-Nafeesah http://orcid.org/0000-0002-6822-7872

REFERENCES

1 Han C, Song Q, RenY, et al. Global prevalence of prediabetes in
children and adolescents: A systematic review and meta-analysis. J
Diabetes 2022;14:434-41.

2 Osman H, Elsadek N, Abdullah M. Type 2 diabetes in children and
adolescents. Diabetes Care 2000;23:381-9.

3 Agbre-Yace ML, Oyenusi EE, Oduwole AO, et al. Prevalence of
diabetes mellitus among children and adolescents in the district of
Abidjan in Cote d’lvoire: a population-based study. J Diabetes Metab
Disord 2015;15:38.

4 Nwatu C, Young E. Prediabetes in Sub-Saharan Africa:
Pathophysiology, Predictors, and Prevalence. Med J 2015;24:17-27.

5 Akintayo-Usman NO, Okanlawon FA, Usman SO. Prevalence of pre-
diabetes and risk factors among secondary school adolescents in
Osogbo Local Government Area, Osun State, Nigeria. Afr Health Sci
2021;21:1301-9.

6 Ma, LiS, Zhang A, et al. Association between Red Blood Cell
Distribution Width and Diabetic Retinopathy: A 5-Year Retrospective
Case-Control Study. J Ophthalmol 2021;2021:6653969.

7 Wang L, Lv Y. Construction of a Prediction Model for the Mortality
of Elderly Patients with Diabetic Nephropathy. J Healthc Eng
2022;2022:1-14.

8 Assulyn T, Khamisy-Farah R, Nseir W, et al. Neutrophil-to-lymphocyte
ratio and red blood cell distribution width as predictors of
microalbuminuria in type 2 diabetes. J Clin Lab Anal 2020;34:23259.

9 DaiH, Su X, Li H, et al. Association between red blood cell
distribution width and mortality in diabetic ketoacidosis. J Int Med
Res 2020;48:0300060520911494.

10 Magliano DJ, Boyko EJ. IDF diabetes atlas 2021. 10th edn. Brussels:
International Diabetes Federation, 2021.

11 Andes LJ, Cheng YJ, Rolka DB, et al. Prevalence of Prediabetes
Among Adolescents and Young Adults in the United States, 2005-
2016. JAMA Pediatr 2020;174:e194498.

12 Lynch JL, Barrientos-Pérez M, Hafez M, et al. Country-Specific
Prevalence and Incidence of Youth-Onset Type 2 Diabetes: A
Narrative Literature Review. Ann Nutr Metab 2021;76:289-96.

13 Esquivel Zuniga R, DeBoer MD. Prediabetes in Adolescents:
Prevalence, Management and Diabetes Prevention Strategies.
Diabetes Metab Syndr Obes 2021;14:4609-19.

14 Weiner A, Zhang M, Ren S, et al. Progression from prediabetes to
type 2 diabetes mellitus in adolescents: a real world experience.
Front Clin Diabetes Healthc 2023;4:1181729.

15 Nwosu BU. The Progression of Prediabetes to Type 2 Diabetes in
Children and Adolescents in the United States: Current Challenges
and Solutions. Endocrin 2022;3:545-51.

16 Moukhyer ME, de Vries NK, Bosma H, et al. The prevalence of
self-reported health problems and haemoglobin status of Sudanese
adolescents. J Adolesc 2006;29:613-26.

17 Kushwaha S, Srivastava R, Bhadada SK, et al. Prevalence of
pre-diabetes and diabetes among school-age children and
adolescents of India: A brief report. Diabetes Res Clin Pract
2023;202:50168-8227(23)00501-6.

18 Arigbede O, Adeoye |, Jarrett O, et al. Prediabetes among Nigerian
adolescents: A School-based study of the prevalence, risk factors
and pattern of fasting blood glucose in Ibadan, Nigeria. Int J
Diabetes Dev Ctries 2017;37:437-45.

19 Ouyang A, Hu K, Chen L. Trends and risk factors of diabetes and
prediabetes in US adolescents, 1999-2020. Diabetes Res Clin Pract
2024;207:5S0168-8227(23)00785-4.

20 Musa AZ, Umar Ul, Obiagwu PN, et al. School-based Study of
the Prevalence and Associated Factors of Prediabetes Among
Adolescents in Kano, Nigeria. Niger Med J 2023;64:43-53.

21 Ghaddar R, Hudson EA, Jeans MR, et al. Ethnicity/race, parent
educational attainment, and obesity associated with prediabetes in
children. Nutr Diabetes 2023;13:15.

22 Al Amiri E, Abdullatif M, Abdulle A, et al. The prevalence, risk factors,
and screening measure for prediabetes and diabetes among Emirati
overweight/obese children and adolescents. BMC Public Health
2015;15:1298.

23 Barakat C, Yousufzai SJ, Booth A, et al. Prevalence of and risk
factors for diabetes mellitus in the school-attending adolescent
population of the United Arab Emirates: a large cross-sectional
study. BMJ Open 2021;11:e046956.

24 Kumar P, Srivastava S, Mishra PS, et al. Prevalence of pre-diabetes/
type 2 diabetes among adolescents (10-19 years) and its association
with different measures of overweight/obesity in India: a gendered
perspective. BMIC Endocr Disord 2021;21:146.

25 WHO. Definition and diagnosis of diabetes mellitus and intermediate
hyperglycaemia: report of a WHO/IDF consultation. 2006.

26 American Diabetes Association. Standards of Care in Diabetes-2024.
J Clin Appl Res Educ 2024;47:1-322.

Alsafi WM, et al. BMJ Open 2024;14:¢086197. doi:10.1136/bmjopen-2024-086197


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5918-2246
http://orcid.org/0000-0002-6822-7872
http://dx.doi.org/10.1111/1753-0407.13291
http://dx.doi.org/10.1111/1753-0407.13291
http://dx.doi.org/10.2337/diacare.23.3.381
http://dx.doi.org/10.1186/s40200-016-0261-7
http://dx.doi.org/10.1186/s40200-016-0261-7
http://dx.doi.org/10.4103/NJM.NJM
http://dx.doi.org/10.4314/ahs.v21i3.41
http://dx.doi.org/10.1155/2021/6653969
http://dx.doi.org/10.1155/2022/5724050
http://dx.doi.org/10.1002/jcla.23259
http://dx.doi.org/10.1177/0300060520911494
http://dx.doi.org/10.1177/0300060520911494
http://dx.doi.org/10.1001/jamapediatrics.2019.4498
http://dx.doi.org/10.1159/000510499
http://dx.doi.org/10.2147/DMSO.S284401
http://dx.doi.org/10.3389/fcdhc.2023.1181729
http://dx.doi.org/10.3390/endocrines3030045
http://dx.doi.org/10.1016/j.adolescence.2005.05.009
http://dx.doi.org/10.1016/j.diabres.2023.110738
http://dx.doi.org/10.1007/s13410-016-0505-6
http://dx.doi.org/10.1007/s13410-016-0505-6
http://dx.doi.org/10.1016/j.diabres.2023.111022
https://pubmed.ncbi.nlm.nih.gov/38887445
http://dx.doi.org/10.1038/s41387-023-00244-4
http://dx.doi.org/10.1186/s12889-015-2649-6
http://dx.doi.org/10.1136/bmjopen-2020-046956
http://dx.doi.org/10.1186/s12902-021-00802-w
http://dx.doi.org/10.2337/dc24-SDIS

27

28

29

30

World Health Organization. Sudan takes action to improve the health
of its youth AA-HA. 2019.

Siddig EE, Eltigani HF, Ahmed A. Urgent call to protect children and
their health in Sudan. BMJ 2023;382:1799.

Osman SHM, Nashwan AJ. Prioritizing children’s mental health
amidst Sudan’s humanitarian crisis: policy recommendations for
immediate action. Child Adolesc Psychiatry Ment Health 2023;17:97.
Khan Y, Albache N, Almasri |, et al. The Management of Diabetes

in Conflict Settings: Focus on the Syrian Crisis. Diabetes Spectr
2019;32:264-9.

42

43

44

45

Dean AG, Sullivan KM, Soe MM. OpenEpi: open source
epidemiologic statistics for public health, version. n.d. Available:
www.OpenEpi.com

BMl-for-age (5-19 years), Available: https://www.who.int/toolkits/
growth-reference-data-for-5to19-years/indicators/bmi-for-age
Spurr S, Bally J, Bullin C, et al. The prevalence of undiagnosed
Prediabetes/type 2 diabetes, prehypertension/hypertension and
obesity among ethnic groups of adolescents in Western Canada.
BMC Pedliatr 2020;20:31.

Lo SK, Li IT, Tsou TS, et al. Non-significant in univariate but

31 Eltom MA, Babiker Mohamed AH, Elrayah-Eliadarous H, et al. significant in multivariate analysis: a discussion with examples.
Increasing prevalence of type 2 diabetes mellitus and impact of Chang Yi Xue Za Zhi 1995;18:95-101.
ethnicity in north Sudan. Diabetes Res Clin Pract 2018;136:93-9. 46 Yang C, Li S, Wu L, et al. Prevalence of prediabetes by the fasting

32 Elfaki FA, Mukhayer AlG, Moukhyer ME, et al. Prevalence of plasma glucose and HbA1c screening criteria among the children
Metabolic Syndrome among Early Adolescents in Khartoum State, and adolescents of Shenzhen, China. Front Endocrinol 2024;15:1-12.
Sudan. Int J Environ Res Public Health 2022;19:14876. 47 Musaiger AO, Nabag FO, Al-Mannai M. Obesity, Dietary Habits,

33 Hyder K M, Balasubrmaniam V, Mg R, et al. Prediabetes awareness and Sedentary Behaviors Among Adolescents in Sudan: Alarming
among different specialities of physicians: A review. j app pharm sci Risk Factors for Chronic Diseases in a Poor Country. Food Nutr Bull
2022;12:173-7. 2016;37:65-72.

34 Teoh KW, Ng CM, Chong CW, et al. Knowledge, attitude, and 48 Klonoff DC. Hemoglobinopathies and Hemoglobin A1c in Diabetes
practice toward pre-diabetes among the public, patients with pre- Mellitus. J Diabetes Sci Technol 2020;14:3-7.
diabetes and healthcare professionals: a systematic review. BMJ 49 Deschénes SS, Burns RJ, Graham E, et al. Prediabetes, depressive
Open Diabetes Res Care 2023;11:1-10. and anxiety symptoms, and risk of type 2 diabetes: A community-

35 Saleh AM, Aimobarak AO, Badi S, et al. Knowledge, Attitudes based cohort study. J Psychosom Res 2016;89:85-90.
and Practice Among Primary Care Physicians in Sudan Regarding 50 Olaogun I, Farag M, Hamid P. The Pathophysiology of Type 2
Prediabetes: A Cross-Sectional Survey. Int J Prev Med 2021;12:80. Diabetes Mellitus in Non-obese Individuals: An Overview of the

36 Omar SM, Musa IR, ElSouli A, et al. Prevalence, risk factors, Current Understanding. Cureus 2020;12:e7614.
and glycaemic control of type 2 diabetes mellitus in eastern 51 Van den Broeck G, Kilic T, Pieters J. Structural transformation
Sudan: a community-based study. Ther Adv Endocrinol Metab and the gender pay gap in Sub-Saharan Africa. PLoS ONE
2019;10:2042018819860071. 2023;18:e0278188.

37 Omar SM, Musa IR, Idrees MB, et al. Prevalence of depression and 52 Echouffo-Tcheugui JB, Selvin E. Prediabetes and What It Means: The
associated factors among patients with type 2 diabetes mellitus in Epidemiological Evidence. Annu Rev Public Health 2021;42:59-77.
eastern Sudan. BMC Psychiatry 2021;21:336. 53 Biset G, Goshiye D, Gedamu S, et al. The effect of conflict on child

38 5th Sudan Population and Housing Census - 2008, 2009. Available: and adolescent health in Amhara region, Ethiopia: Cross-Sectional
https://microdata.worldbank.org/index.php/catalog/1014 Study. BMC Pediatr 2023;23:463.

39 UNICEF. Situation in Gedaref, 2022. Available: https://www.unicef. 54 Cénat JM, Dromer E, Mistry S, et al. Prevalence and determinants
org/sudan/media/8651/file/Gedarif.pdf of anxiety, depression and comorbid anxiety-depression symptoms

40 Ahmed SF, Hassan AA, Eltayeb MM, et al. Ethnicity, Age, and Gender among adolescents in Ebola-affected zones. BJPsych Open
Differences in Glycated Hemoglobin (HbA1c) Levels among Adults in 2023;9:e196.

Northern and Eastern Sudan: A Community-Based Cross-Sectional 55 Goin DE, Pearson RM, Craske MG, et al. Depression and Incident
Study. Life (Basel) 2023;13:2017. HIV in Adolescent Girls and Young Women in HIV Prevention Trials

41 Checklists - STROBE, Available: https://www.strobe-statement.org/ Network 068: Targets for Prevention and Mediating Factors. Am J
checklists/ Epidemiol 2020;189:422-32.

8 Alsafi WM, et al. BMJ Open 2024;14:086197. doi:10.1136/bmjopen-2024-086197


http://dx.doi.org/10.1136/bmj.p1799
http://dx.doi.org/10.1186/s13034-023-00640-9
http://dx.doi.org/10.2337/ds18-0070
http://dx.doi.org/10.1016/j.diabres.2017.11.034
http://dx.doi.org/10.3390/ijerph192214876
http://dx.doi.org/10.7324/JAPS.2022.120920
http://dx.doi.org/10.1136/bmjdrc-2022-003203
http://dx.doi.org/10.1136/bmjdrc-2022-003203
http://dx.doi.org/10.4103/ijpvm.IJPVM_164_20
http://dx.doi.org/10.1177/2042018819860071
http://dx.doi.org/10.1186/s12888-021-03357-1
https://microdata.worldbank.org/index.php/catalog/1014
https://www.unicef.org/sudan/media/8651/file/Gedarif.pdf
https://www.unicef.org/sudan/media/8651/file/Gedarif.pdf
http://dx.doi.org/10.3390/life13102017
https://www.strobe-statement.org/checklists/
https://www.strobe-statement.org/checklists/
www.OpenEpi.com
https://www.who.int/toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-age
http://dx.doi.org/10.1186/s12887-020-1924-6
http://dx.doi.org/10.3389/fendo.2024.1301921
http://dx.doi.org/10.1177/0379572116629244
http://dx.doi.org/10.1177/1932296819841698
http://dx.doi.org/10.1016/j.jpsychores.2016.08.011
http://dx.doi.org/10.7759/cureus.7614
http://dx.doi.org/10.1371/journal.pone.0278188
http://dx.doi.org/10.1146/annurev-publhealth-090419-102644
http://dx.doi.org/10.1186/s12887-023-04282-w
http://dx.doi.org/10.1192/bjo.2023.557
http://dx.doi.org/10.1093/aje/kwz238
http://dx.doi.org/10.1093/aje/kwz238

	Prevalence of and factors associated with pre-­diabetes among adolescents in Eastern Sudan: a community-­based cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Sampling technique
	Inclusion and exclusion criteria
	Patient and public involvement
	Sample size calculation
	Study variables and measures
	Weight and height measurements
	Blood sample processing
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	References


