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ABSTRACT

Aim: To identify adverse outcomes and factors associated with diabetes mellitus among children and youths in East Africa.
Design: This review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.

Data Sources: No date restrictions were applied to searches of the Ovid MEDLINE, Embase, PubMed, CINAHL, Scopus, Web
of Science, Cochrane Library databases and Google Scholar. The review identified and included literature published between
2007 and 2024.

Methods: Independent reviewers conducted study selection, data extraction, and quality assessment. Data were organised in
Microsoft Excel, detailing study characteristics, demographics, exposures, and outcomes. Narrative synthesis summarised the
data, while meta-analysis yielded pooled proportions.

Results: From 3797 publications, 30 studies involving 6109 children and youths with type 1 diabetes were included. Findings re-
vealed that between 39.3% and 99% did not achieve target glycaemic levels. Diabetic ketoacidosis at diagnosis ranged from 35.8%
to 78.7%. Pooled estimates indicated mortality in 6.47%, nephropathy in 15.66%, and retinopathy in 27.49% of the cases. Other
complications included decreased health-related quality of life, lipodystrophy, psychiatric disorders, and stunting.

Conclusion: This review highlights the need for context-specific, personalised diabetes care for children and youths in East
Africa. It underscores the need for healthcare professionals, particularly nurse diabetes educators, to provide personalised, holis-
tic care and education. Policies that strengthen health systems, expand health insurance, and improve access to care are critical
priorities to improve outcomes for these populations.

Abbreviations: CI, confidence interval; CINAHL, cumulative index to nursing and allied health literature; DK A, diabetic ketoacidosis; DM, diabetes mellitus;
DQOLY-SF, diabetes quality of life for youth (short form); HbA1lc, haemoglobin Alc; HRQoL, health-related quality-of-life; JBI, Joanna Briggs institute; LMICs,

low- and middle-income countries; MODY, maturity-onset diabetes of the young; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; PedsQL, paediatric quality
of life inventory; PEO, population, exposure, and outcome; POR, pooled odds ratio; PRISMA, preferred reporting items for systematic reviews and meta-analysis; SD,
standard deviation; STATA, statistical analysis software; TIDM, type 1 diabetes mellitus T2DM.
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Impact: This study provides new information on diabetes-related complications and management challenges among children and
youths in East Africa. Findings flag the urgent need for integrated care, standardised diagnostic criteria, and improved access to
resources, with implications for healthcare providers, policymakers, and researchers to enhance health outcomes and quality of life.
Patient or Public Contribution: This study did not include patient or public involvement in its design, conduct, or reporting.

1 | Introduction

Diabetes mellitus is a chronic, life-limiting condition that is
becoming more common worldwide, including in low- and
middle-income countries (LMICs) such as those in East Africa
(Libman et al. 2022). Globally, an estimated 537 million adults
aged 20-79years are currently living with diabetes, represent-
ing 10.5% of the world's population in this age group in 2021
(International Diabetes Federation 2021). Diabetes is ranked
among the top 10 leading causes of disability and in 2020/2021
was the 7th leading cause of global Disability-Adjusted Life
Years (DALYs), responsible for 76.5 million and 78.9 million
DALYs, respectively (Alene et al. 2024).

Children, adolescents, and youths can be diagnosed with type 1
diabetes (T1DM), type 2 diabetes (T2DM), gestational diabetes
mellitus (GDM) in adolescent pregnancy (though uncommon), or
other forms such as neonatal diabetes, monogenic diabetes (1%-
6% of autoantibody-negative individuals) (Libman et al. 2022),
and steroid-induced diabetes (Graham Ogle et al. 2017). TIDM
affects individuals of all ages, including children and youths.
Previously considered a condition primarily affecting adults,
the number of children and youths with T2DM has been rising
in recent years, and this pattern is expected to persist (Lawrence
et al. 2021; Libman et al. 2022).

T1DM and T2DM are becoming increasingly common in chil-
dren and youths, and their clinical and public health significance
is increasingly recognised by clinicians and researchers (Al-
Kandari et al. 2020; Lawrence et al. 2021). However, the prev-
alence of T1DM is higher and has a significantly greater impact
compared to T2DM (International Diabetes Federation 2021).
Diabetes rates and growth in these rates vary globally, with
certain regions experiencing particularly alarming increases.
In 2021, an estimated 108,300 children and adolescents under
15years were newly diagnosed with T1DM globally, with
651,700 living with the condition (Libman et al. 2022). In East
Africa, TIDM cases in those under 19 increased five-fold from
2011 to 2021, from 4 to nearly 20 per 1000 children, alongside
worsening health outcomes (Kidane et al. 2023).

Increasing rates of diabetes are being accompanied by increases
in children's and youths' risk of early complications, comor-
bidities, and mortality, attributed to multiple factors including
physiological, emotional, and social changes during these de-
velopmental stages. This increase is further exacerbated by bar-
riers such as delayed diagnosis, which may result from limited
access to healthcare, a lack of awareness about diabetes, and
inadequate care in resource-limited settings (Glaser et al. 2022;
Graham Ogle et al. 2017; Nam Hoon 2019). Onset of complica-
tions may be delayed or deterred by optimising glycaemic con-
trol, and evidence has shown that regular contact with diabetes
care providers supports this (Owusu and Doku 2024). Recent

molecular evidence also suggests a role for the anti-ageing gene
Sirtuin 1 in diabetes prevention and management, particularly
in children. For the future, early assessment of plasma Sirtuin 1
levels may provide prognostic value, and its activation through
nutritional interventions might improve metabolic regulation,
potentially reducing complications (Martins 2018a, 2018b).

Despite the growing burden, diabetes in children and youths has
received limited attention in East Africa in terms of research,
funding, and health system response. Whilst some primary studies
have been conducted on glycaemic levels and outcomes of diabetes
mellitus, no systematic or scoping review has synthesised regional
evidence on adverse outcomes or quality of life. As a result, the
scope and scale of evidence on these issues remain poorly under-
stood. To rectify this gap, this study aimed to examine evidence for
adverse outcomes associated with T1IDM and T2DM and to iden-
tify information gaps about the acute and chronic complications
and health-related quality of life among children and youths liv-
ing with the conditions in East Africa. Such findings are essential
to inform future research, policy, and clinical practice, including
nursing care strategies aimed at improving health outcomes and
reducing healthcare costs in these populations.

Questions addressed by this review were therefore:

« What adverse outcomes are associated with TIDM and
T2DM among children and youths in East Africa?

« What factors are associated with adverse outcomes among
children and youths with TIDM and T2DM in East Africa?

2 | Methods
2.1 | Design and Protocol

A systematic review protocol was developed and registered under
the reference number CRD42023485671 in the PROSPERO da-
tabase. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guideline (Page et al. 2021) re-
quirements were followed in this review report.

2.2 | Search Methods

The search strategy was developed using the Population,
Exposure, and Outcome (PEO) framework. The population (P) in-
cluded children and youths aged < 19years with diabetes mellitus
in East Africa. The exposure (E) of interest was a diagnosis of type
1 diabetes mellitus (T1DM) or type 2 diabetes mellitus (T2DM).
The outcomes (O) focused on adverse outcomes and complica-
tions, including poor glycaemic control, diabetic ketoacidosis
(DKA), hyperglycaemic hyperosmolar state, hypoglycaemia,
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retinopathy, nephropathy, neuropathy, cardiovascular complica-
tions, psychological effects (such as stress, anxiety, and depres-
sion), gangrene, developmental delays, poor school performance,
lipodystrophy, and mortality. The search was conducted using a
combination of relevant MESH terms, keywords, and synonyms
in titles or abstracts, with Boolean operators and wildcards ap-
plied as appropriate for each database (Table S1).

2.3 | Inclusion and/or Exclusion Criteria
2.3.1 | Inclusion Criteria

2.3.1.1 | Study Setting. Health facility-based studies were
selected (for consistency of the data), conducted in East Afri-
can countries classified according to the United Nations Statis-
tics Division. This classification includes 17 countries, one de
facto state, and four overseas departments (Table S1) (United
Nations 2023).

2.3.1.2 | Study Population. Studies were required to have
been conducted among children and youths aged < 19years
with T1IDM or T2DM.

2.3.1.3 | Study Design. Longitudinal and cross-sectional
studies were included, recruiting retrospectively or prospec-
tively and published in English.

2.3.2 | Exclusion Criteria

Studies employing designs including secondary data reviews,
case reports, case series, qualitative studies, or opinion pa-
pers were excluded. However, reference lists of reviews were
searched for eligible primary sources.

2.3.2.1 | Study Population. Studies were excluded where
participants had forms of diabetes other than TIDM or T2DM;
where studies included both adult and child populations and did
not supply separate analyses for children and youths or were
not clear about participants’ ages.

2.4 | Data Sources

Searches were conducted through the Ovid MEDLINE, Excerpta
Medica (Embase), PubMed, CINAHL, Scopus, and Web of
Science databases, and the Cochrane Library by the first author
(CMT). The studies included in this review were published be-
tween 2007 and 2024, although no date restrictions were applied
during the database searches. The search was conducted from
October 4 to 28, 2023, and was updated from January 18 to 20,
2025. Additional searches were conducted using Google Scholar,
screening the first five pages to identify relevant studies pub-
lished during the same period.

2.5 | Selection Process

After searching, the results were imported into Covidence
for screening. Duplicates were removed using Covidence's

automated system and manual checks. The first author (CMT)
screened titles and abstracts against pre-specified inclusion
and exclusion criteria, followed by full-text screening of eligible
studies. To ensure rigour, 10% of the records at each stage were
independently reviewed by a second reviewer (MC, CM, or LP),
with discrepancies resolved through discussion.

2.6 | Data Collection Process

A Microsoft Excel spreadsheet was created to collect study char-
acteristics, participant characteristics, exposure, outcomes, and
other relevant data from the included studies. The first author
(CMT) extracted the data. Nine studies were randomly selected,
and data were extracted independently by a second reviewer
(MC, CM, or LP) to minimise bias and errors. In case of discrep-
ancies, findings were compared, and consensus was reached
through discussion or with a third reviewer (never required).

2.7 | Data Items

The included studies reported outcomes of T1IDM such as gly-
caemic level, DKA, mortality, health-related quality of life, mi-
crovascular complications, psychiatric disorders, and length
of hospital stay (Table S2). Dichotomous (presence/absence of
DKA, meeting/not meeting recommended target glucose levels,
mortality, presence of psychiatric disorder and microvascular
complications) and continuous data (health-related quality of
life, HbA1c values, duration of hospital stay, number of diabetes
complications) were reported. These outcomes were reported as
proportions and mean (SD) values. The effect measure used for
independent variables was the odds ratio (OR).

2.8 | Risk of Bias Assessment

The quality of the included studies was critically evaluated by in-
dependent reviewers assessing methodological quality using the
JBI appraisal tools for cross-sectional or cohort studies (Moola
et al. 2020). Within the process of quality assessment, all stud-
ies were evaluated by the first author (CMT), and a randomly
selected sample of nine papers was independently critiqued by
a second reviewer (MC, CM, or LP). Any disagreements were
settled by double-checking and discussing to a consensus with
a third author (LP).

2.9 | Data Synthesis and Analysis Methods

Data from the included studies were summarised using
Microsoft Excel and synthesised narratively through texts, ta-
bles, and figures. Descriptive statistics were applied to highlight
key study characteristics and findings.

A meta-analysis of quantitative data relevant to outcomes of
interest (where possible) was conducted using random-effects
meta-analysis models. Pooled proportions and mean values
were used to estimate T1IDM outcomes, while odds ratios (OR)
with 95% confidence intervals (CI) were calculated for associ-
ated factors.
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Forest plots were generated to visually assess results and het-
erogeneity, a common challenge in meta-analyses, representing
the genuine variation in effect sizes attributed to intrinsic fac-
tors. Heterogeneity, representing the genuine variation in effect
sizes attributed to intrinsic factors among the included studies
(Borenstein et al. 2021), was evaluated using the Q test and
quantified with 1? statistics. In the presence of heterogeneity, I
was employed to measure its extent, while Galbraith plots were
used to inspect the studies contributing to the heterogeneity vi-
sually. A leave-one-out meta-analysis was conducted to inves-
tigate the source of heterogeneity. Publication bias, a potential
challenge in conducting meta-analysis (Rothstein et al. 2005),
was checked by funnel plots produced for graphical diagnosis of
small study effects. Additionally, the Begg and Egger regression
tests with a p-value <0.05, along with nonparametric trim-and-
fill analysis, were employed as the test statistics to assess the
presence of publication bias (Sterne et al. 2001).

3 | Results
3.1 | Search Outcomes

After an initial and updated search, 6968 records were imported
into Covidence. Following duplicate removal, 3797 studies un-
derwent title and abstract screening, with 177 selected for full-
text review. Of these, 30 studies were eligible for data extraction
(Figure 1). Despite a comprehensive search for both types of
diabetes, the search results yielded studies exclusively focused
on T1DM, and no studies addressing T2DM in this age group
were found.

3.2 | Risk of Bias Assessment

Included studies underwent assessment for methodological
quality or risk of bias using the appropriate JBI tool (Moola
et al. 2020). Studies were scored based on eight criteria for
cross-sectional studies and 11 criteria for cohort studies (Moola
et al. 2020). Scores ranged from 4 to 7 for cross-sectional stud-
ies (Table S3a) and from 7 to 10 for cohort studies (Table S3b).
Despite limitations in certain components of the studies, in-
cluding variability in outcome diagnostic criteria (especially
for glycaemic level and DKA), limitations in the identification
of confounding factors and oversight of important variables,
most included studies scored higher than three-fourths of the
total possible quality score. Consequently, all 30 studies were in-
cluded in the analysis (Tables S3a and S3b).

3.3 | Characteristics of Included Studies

Of the 17 countries, four overseas departments, and one de
facto state that were potential study sites, the included stud-
ies were from only six countries (Table 1). Ethiopia hosted
the highest number of studies (n=20, 66.7%) (Abrahim
et al. 2023; AlehegnAwoke et al. 2024; Alemseged et al. 2024;
Assefa et al. 2020; Atkilt et al. 2017; Bacha et al. 2022; Bekele
et al. 2022; Eshetu et al. 2024; Gebeyehu et al. 2022; Girma
et al. 2021; Habteyohans et al. 2023; Hadgu et al. 2019; Kidie
et al. 2022; Kidie et al. 2021; Meseret 2021; Meseret et al. 2022;

Shibeshi et al. 2022; Shibeshi et al. 2016; Shimelash et al. 2023;
Tsadik et al. 2018), followed by Tanzania (n=4, 13.3%)
(Majaliwa et al. 2007; Msanga et al. 2020; Mukama et al. 2013;
Noorani et al. 2016), Kenya (n=2, 6.6%) (Musoma et al. 2020;
Ngwiri et al. 2015), Rwanda (n=2, 6.7%) (Gakuba 2016;
Kayirangwa et al. 2018), Uganda (Lubwama 2022) and Malawi
(Msekandiana et al. 2020) with n=1 (3.3%) each.

Most studies used cross-sectional designs (n=22, 73.3%), while
others employed retrospective follow-up, observational surveys
and cohort studies. Ten studies extracted data from routine hos-
pital health records, while 11 combined hospital records with
surveys; others incorporated face-to-face surveys, laboratory
investigations, and anthropometric measurements (Table 1). A
total of 6109 children and youths diagnosed with T1IDM were
enrolled in the included studies. The mean age of the partici-
pants was 10.6years, and 3120 participants (51.1%) were males.

3.4 | Review Question 1: Outcomes of TIDM

Fourteen studies in the review reported glycaemic levels
(Abrahim et al. 2023; Alemseged et al. 2024; Eshetu et al. 2024;
Habteyohans et al. 2023; Kayirangwa et al. 2018; Kidie et al. 2022;
Lubwama 2022; Majaliwa et al. 2007; Msekandiana et al. 2020;
Mukama et al. 2013; Ngwiri et al. 2015; Noorani et al. 2016;
Shibeshi et al. 2022; Shibeshi et al. 2016); six reported on DKA
(Assefa et al. 2020; Atkilt et al. 2017; Gebeyehu et al. 2022; Hadgu
et al. 2019; Majaliwa et al. 2007; Msekandiana et al. 2020) and
four on mortality associated with it (Gebeyehu et al. 2022;
Meseret 2021; Musoma et al. 2020; Shimelash et al. 2023). Three
studies reported on diabetic retinopathy (Majaliwa et al. 2007;
Msanga et al. 2020; Shibeshi et al. 2016) and four on nephrop-
athy (Lubwama 2022; Majaliwa et al. 2007; Msanga et al. 2020;
Msekandiana et al. 2020), while three focused on HRQoL (Bekele
et al. 2022; Gakuba 2016; Girma et al. 2021), and one reported
psychiatric disorders (AlehegnAwoke et al. 2024) (Table 2).

3.4.1 | Glycaemic Level

A total of 14 studies involving 1781 children and youths with
T1DM reported varying blood glucose levels, including the pro-
portion and mean HbA1lc values. Twelve studies reported the
percentage of participants not achieving target glycaemic levels,
and two studies provided only mean HbA1lc values. The percent-
age of children and youths who did not achieve glycaemic target
levels varied significantly, ranging from 39.3% to 99%. However,
target values varied: six studies (50%) established a glycaemic
threshold for HbAlc of 7.5% (Abrahim et al. 2023; Alemseged
et al. 2024; Eshetu et al. 2024; Habteyohans et al. 2023; Mukama
et al. 2013; Shibeshi et al. 2022); one study (10%) set the threshold
at 8% (Ngwiri et al. 2015) and one study (5%) set it at 7% (Kidie
et al. 2022). The remaining four studies (33%) did not specify
a glycaemic threshold value (Kayirangwa et al. 2018; Majaliwa
et al. 2007; Msekandiana et al. 2020; Shibeshi et al. 2016). The
other two studies in the review only reported mean HbAIc lev-
els and were not included in this threshold-based classification.

The study that applied an HbAlc level of 7% as the threshold
value found 39.3% of the participants were unable to meet this
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References removed (n = 3155)
Duplicates identified manually (n = 16)
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Studies screened (n =3797) >{ Studies excluded (n = 3620)
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0 Studies sought for retrieval (n = 177) >| Studies not retrieved (n = 0)
-
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@ ) o .| Studies excluded (n =147)
Studies assessed for eligibility (n =177) >
e  Setting outside study scope (n=14)
e Wrongoutcomes (n =34)
e Full text not available (n=9)
e Abstract/poster (n=21)
e  Study population outside study scope (n =
53)
e Wrong study design (n=4)
e Wrong patient population (n = 4)
e No separate analysis for children and
\7 adolescents (n=6)

Studies included in review (n = 30)

FIGURE1 | Preferred reporting items for systematic reviews and meta-analyses flow diagram of the review. [Colour figure can be viewed at wi-
leyonlinelibrary.com]

(Kidie et al. 2022). Of the six studies using 7.5% as the HbAlc Eshetu et al. 2024; Habteyohans et al. 2023; Mukama et al. 2013;
glycaemic target, the percentage not achieving this ranged from Shibeshi et al. 2022). One study that applied an HbA1c threshold
61.4% to 83.6% (Abrahim et al. 2023; Alemseged et al. 2024;  value of 8% reported 72% of the participants did not achieve this
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target (Ngwiri et al. 2015). Mean HbAlc values were reported
from six studies, ranging from 9.6% to 11.2% (Eshetu et al. 2024;
Habteyohans et al. 2023; Kidie et al. 2022; Lubwama 2022;
Noorani et al. 2016; Shibeshi et al. 2022) (Tables 1 and 2).

3.4.2 | Diabetic Ketoacidosis

The percentage of participants who experienced DKA was
reported in six studies, involving 1392 participants (Assefa
et al. 2020; Atkilt et al. 2017; Gebeyehu et al. 2022; Hadgu
et al. 2019; Majaliwa et al. 2007, Msekandiana et al. 2020).
Between 35.8% and 78.7% of the participants presented with
DKA at the initial diagnosis of TIDM (Hadgu et al. 2019) (Atkilt
et al. 2017). Two other studies focused on the frequency of DKA
(Kidie et al. 2021) and the average time required for its resolu-
tion (Bacha et al. 2022). However, these studies varied in their
diagnostic criteria for DKA, which could have contributed to the
differences in the reported proportions. Most studies also devi-
ated from the international standard for the diagnosis of DKA
(Glaser et al. 2022).

One study, which only adjusted the acidosis criterion, reducing
the bicarbonate threshold value to <15mmol/L instead of the
usual <18 mmol/L, reported an incidence rate of 2.27 cases of
DKA per 100 children per month. Of the 207 cases identified,
58.5% were confirmed as DKA (Assefa et al. 2020). Another
study, which did not include an acidosis criterion and relied on
detection of urine ketones at > 1+ for diagnosis of DK A, reported
that 78.7% of the participants were affected (Hadgu et al. 2019).
Two studies, which applied a higher blood glucose threshold (>
250mg/dL) and omitted acidosis markers, reported DK A rates of
35.8% and 78.3% (Atkilt et al. 2017; Gebeyehu et al. 2022).

Two studies did not provide diagnostic criteria for DKA based
on blood glucose levels, acidosis, and ketosis, but reported that
75% and 63.4% of the participants experienced DKA (Majaliwa
et al. 2007; Msekandiana et al. 2020). Two other studies, also not
providing diagnostic thresholds for DK A, reported a frequency
of DKA of 1.01 episodes per individual (Kidie et al. 2021) and
the mean +SD time to resolution of DKA was 48+27.8h from

admission to discontinuation of treatment (Bacha et al. 2022)
(Tables 1 and 2).

3.4.3 | Mortality

Four studies involving 897 participants reported mortality rates
among children and youths with DKA ranging from 2.5% to
10% (Gebeyehu et al. 2022; Meseret 2021; Musoma et al. 2020;
Shimelash et al. 2023) (Table 2). Including all four studies,
the pooled mortality estimate was 6.47% (95% CI: 3.17, 9.78%).
Significant heterogeneity was observed (Q=15.69, p<0.001;
I’=96.71%), indicating substantial variability across studies
(Figure 2). A Galbraith plot identified two studies as major con-
tributors to this heterogeneity (Figure S1). Sensitivity analysis
showed consistent estimates, ranging from 5.11% to 8.24% when
each study was omitted (Figure S2).

Publication bias assessment using a funnel plot revealed asym-
metry, prompting further testing (Figure S3). However, Egger's
(z=0.67, p=0.503) and Begg's (z=—0.34, p=1.000) tests showed
no significant small-study effects. A nonparametric trim-and-
fill analysis imputed one study, slightly lowering the estimate to
5.21% (95% CI: 1.70%-8.72%), revealing no substantial change in
the observed effect size. Overall, the findings were robust with
minimal influence from publication bias.

3.4.4 | Health-Related Quality of Life

Three studies assessed HRQoL in children and youths with T1IDM
(Bekele et al. 2022; Gakuba 2016; Girma et al. 2021). One study,
employing the Diabetes Quality of Life for Youth (DQOLY-SF)
questionnaire, found that 65.7% of the participants had scores
indicating good quality of life (Gakuba 2016) (Table 2). The other
two studies used child and parent versions of the Paediatric
Quality of Life inventory (PedsQL) to measure HRQoL. The first
study reported mean HRQoL scores of 88.42+10.82 from chil-
dren and 82.17 +12.65 from parents (Bekele et al. 2022). In the
second study, mean HRQoL scores were 78.8+15.6 from chil-
dren and 61+ 7.9 from parents (Girma et al. 2021) (Table 2).

Effect size Weight

Study with 95% CI (%)
Gebeyehu et al., 2022 6.90 [ 3.14, 10.66] 23.16
Meseret, 2021 —l— 2.50[0.10, 4.90] 28.14
Musoma et al., 2020 6.90[2.96, 10.84] 22.49
Shimelash et al., 2023 e 10.00 [ 7.06, 12.94] 26.21
Overall —~e 6.47 [3.17, 9.78]
Heterogeneity: 7° = 8.59, I = 76.76%, H’ = 4.30
Testof @ = 6;: Q(3) = 15.69, p = 0.00
Testof 6 =0: z=3.84, p=0.00

0 5 10 15

Random-effects REML model

FIGURE 2 | Forest plot of the pooled proportion of mortality among children with T1IDM (n=4). [Colour figure can be viewed at wileyonlineli-

brary.com]
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Pooled analysis of two studies (Bekele et al. 2022; Girma
et al. 2021) showed a mean self-reported HRQoL of 83.85 (95%
CI: 74.43-93.26) (Figure 3) and a parent-reported HRQoL of
71.74 (95% CI: 51.00-92.48) (Figure 4). However, Q tests indi-
cated significant heterogeneity in both self-reported (Q=9.62,
p<0.001) and parent-reported (Q=31.44, p<0.001) HRQoL.
Corresponding I? statistics confirmed substantial heterogeneity,
at 89.20% and 96.82%, respectively, suggesting considerable vari-
ation across the included studies (Figures 3 and 4).

3.4.5 | Other Adverse Outcomes

Beyond glycaemic levels, DK A, mortality, and HRQoL, other ad-
verse outcomes were identified. Three studies reported rates of
diabetic retinopathy, varying between 4.7% and 68% (Majaliwa
etal. 2007; Msanga et al. 2020; Shibeshi et al. 2016) (Table 2). The
applied diagnostic criteria and study designs used were suitable
for pooling in meta-analysis. The pooled proportion was 27.49%
(95% CI: —11.99 to 66.97%) (Figure S4), though substantial het-
erogeneity was detected (Q=151.32, p<0.001; I>=99.28%).
Galbraith's analysis showed two studies contributed dispropor-
tionately to this heterogeneity (Figure S5), yet sensitivity analy-
ses confirmed a persistently high estimate (Figure S6).

Similarly, nephropathy was reported in four studies, ranging
from 88% to 29.3% (Lubwama 2022; Majaliwa et al. 2007; Msanga
et al. 2020; Msekandiana et al. 2020) (Table 2), with design and
similar diagnostic criteria allowing for meta-analysis. The pooled
estimate was 14.15% (95% CI: 4.47%-23.38%) (Figure S7), with
high heterogeneity (Q=19.53, p<0.001; I>=89.55%). A Galbraith
plot indicated that two studies significantly influenced the ob-
served variability (Figure S8), but sensitivity analysis validated
that the prevalence estimates remained stable (Figure S9). One
cohort study reported that 27.4% of the participants had at least
one major microvascular complication, with an incidence rate of
83 per 1000 person-years (95% CI: 59-116) (Eshetu et al. 2024).

Hospital admission due to T1DM-related complications was
also common and can itself be considered an adverse outcome
(Tomic et al. 2022; Zhong et al. 2018). Three studies reported
the length of stay due to T1DM-related complications: one
study reported a mean stay of 7days (range: 2-20days) (Bacha
et al. 2022); another found 9.5 + 6.2 days, with 59.3% staying over
7days (Meseret 2021), and the third reported a median stay of
8days (Mukama et al. 2013) (Table 2).

Two studies reported the prevalence of lipodystrophy: 58.5% in
one study (Tsadik et al. 2018) and 49.2% in another (Alemseged

Effect size Weight
Study with 95% Cl (%)
Bekele et al., 2022 ———88.42[85.20, 91.64] 52.48
Girma et al., 2021 B 78.80[ 73.51, 84.09] 47.52

Overall

Heterogeneity: 1° = 41.27, I* = 89.20%, H’ = 9.26
Testof 6 =0 Q(1) =9.26, p=0.00

Testof 6=0:z=17.45,p=0.00

e ———8 3 85 [ 74.43, 93.26]

75
Random-effects REML model

80 85 90

FIGURE 3 | Forest plot of the pooled mean score of self-reported HRQoL among children and youths with T1IDM (n=2). [Colour figure can be

viewed at wileyonlinelibrary.com]

Study

Effect size Weight
with 95% Cl (%)

Bekele et al., 2022
Girma et al., 2021

Overall

Heterogeneity: T° = 216.96, I* = 96.82%, H’ = 31.44
Test of 8 = 6;: Q(1) = 31.44, p = 0.00
Testof8=0:z=6.78, p=0.00

——- 8217[7832, 86.02] 50.73

61.00 [ 54.68, 67.32] 49.27

_._

e ——T 1 74 [ 51.00, 92.48]

50

Random-effects REML model

FIGURE 4 |
be viewed at wileyonlinelibrary.com]

T T T 1

60 70 80 90

Forest plot of the pooled mean scores of parent-reported HRQoL among children and youths with TIDM (n =2). [Colour figure can
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et al. 2024). Other reported outcomes included psychiatric dis-
orders, affecting 11.7% (AlehegnAwoke et al. 2024); stunting
at 30.9% (Kayirangwa et al. 2018), and metabolic complica-
tions such as hypoglycaemia (23.7%) and hypokalaemia (4.3%)
(Msekandiana et al. 2020) (Table 2).

3.5 | Review Question 2. Factors Associated With
Outcomes of TIDM

Several included studies identified factors significantly asso-
ciated with not achieving target glycaemic levels in children
and adolescents with T1DM. These factors included poor ad-
herence to insulin therapy, inadequate glucose monitoring,
and socioeconomic barriers, such as a family's inability to
afford insulin. Other associated factors were older children,
particularly those aged > 12years, having a father as the pri-
mary caregiver, having a caregiver unable to read and write
or having a lower level of education, minimal involvement of
the caregiver in insulin administration, having families with a
financial strain for insulin purchase, poor adherence to blood
glucose monitoring, challenges at health facilities, hospital
admissions in the past six months, meal frequency of fewer
than three times a day, consumption of forbidden foods, insu-
lin dosage, and the presence of lipodystrophy at injection sites.
All these factors were independently linked to the achieve-
ment of glycaemic targets, demonstrated through multivar-
iate regression analyses (Abrahim et al. 2023; Habteyohans
et al. 2023; Kidie et al. 2022; Ngwiri et al. 2015; Shibeshi
et al. 2022).

Studies reported several factors significantly associated with
DKA among children and youths with newly diagnosed T1DM,
including younger age, particularly in children under five years
old, non-adherence to insulin therapy, improper storage of insu-
lin, low socioeconomic status, delayed diagnosis of TIDM, and
insufficient diabetes education. Limited parental knowledge of
DKA signs and symptoms, insulin omission, and a family his-
tory of diabetes also increased vulnerability. Infections such as
gastroenteritis occurring prior to the occurrence of DKA also
played an important role (Assefa et al. 2020; Atkilt et al. 2017;
Gebeyehu et al. 2022; Hadgu et al. 2019).

Various factors were significantly associated with HRQoL in
children and adolescents with TIDM. These included children
whose mothers had no formal education, children with unem-
ployed fathers, children receiving insulin injections three times
per day, blood glucose monitoring done only during hospital
follow-ups, increased age of the child, a higher number of chil-
dren in the family, female gender, frequent hospital admissions,
and those with longer diabetes duration being linked to reduced
HRQoL (Bekele et al. 2022; Girma et al. 2021). On the other
hand, well-controlled glycaemic levels and receiving diabetic
education were positively linked with better HRQoL (Girma
et al. 2021).

Several factors were identified as significantly associated with
mortality in children and youths with TIDM. Clinical features
such as cerebral oedema, infection, electrolyte imbalance,
and renal failure conferred a higher risk of death (Gebeyehu
et al. 2022). High serum creatinine, decreased urine output, and

altered levels of consciousness were strongly linked to mortality
(Musoma et al. 2020). Additionally, hypoglycaemia occurring
due to mistreatment in children admitted with DKA, along with
rural residence, younger age (particularly under 5years), and fe-
male gender, were reported as contributing to higher mortality
risk (Shimelash et al. 2023).

Male sex, age between 10 and 14years, longer duration of dia-
betes, and not achieving glycaemic targets were linked with mi-
crovascular complications (Eshetu et al. 2024). Insulin-induced
lipohypertrophy was significantly associated with longer du-
ration of insulin injection, inappropriate rotation of injection
sites, and not meeting glycaemic targets (Alemseged et al. 2024;
Tsadik et al. 2018).

Living with only one parent or other relatives, having larger
family sizes (more than five members), and a family history
of diabetes mellitus were linked with psychiatric disorders in
children and youths with TIDM. Additionally, better parental
education and achievement of glycaemic targets were linked to
fewer psychiatric disorders (Alehegn Awoke et al. 2024).

4 | Discussion

This review aimed to identify adverse outcomes associated with
diabetes mellitus among children and youths in East Africa,
and factors associated with these outcomes. Of 3797 publica-
tions searched across various databases for East African coun-
tries, 30 studies from only six nations were eligible for inclusion.
Findings highlighted a number of critical adverse outcomes, in-
cluding glycaemic level, DKA, mortality, microvascular compli-
cations, psychiatric disorders, and HRQoL among children and
youths with T1DM in East Africa. High proportions of children
and youths did not meet recommended blood glucose levels, and
a notable proportion of this young population presented with
DKA at their initial diagnosis of TIDM. Microvascular compli-
cations such as retinopathy and nephropathy were prevalent,
and mortality and lower HRQoL associated with DK A were also
critical concerns, underscoring the long-term risks of TIDM.

The first key finding related to the high proportions of children
and youths not meeting recommended glucose levels. Studies
applied various threshold target values, which made it challeng-
ing to consider meta-analysis. Nonetheless, even with higher
than usual HbAlc thresholds, between 39.3% and 99% of the
children and youths did not meet the recommended glucose lev-
els. Additionally, mean HbAlc values across five studies ranged
from 9.6% to 11.2%. This is important because blood glucose
levels consistently above recommended target values can lead
to complications including DKA, premature onset of microvas-
cular complications, and long-term health consequences (Bock
et al. 2022).

These findings are consistent with data from Australia (Holmes-
Walker et al. 2023; James et al. 2022) and America (Demeterco-
Berggren et al. 2023), indicating that the problem is not unique
to East Africa. These findings indicate widespread challenges in
achieving optimal glycaemic levels in this population. This may
be due to the nature of adolescence as a critical developmental
stage, requiring tailored approaches that consider their unique
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physiological, psychological, and social needs. Additionally, in
developing nations, systemic issues such as limited healthcare
access and economic constraints may further exacerbate these
challenges. This flags the urgent need for individualised, age-
appropriate strategies to address the unique challenges of this
population. Healthcare professionals specialised in diabetes,
particularly diabetes nurse educators, play a crucial role in ad-
dressing these challenges by providing personalised and holis-
tic care.

To address barriers to the achievement of recommended glycae-
mic levels, it is crucial to identify and address the factors that
contribute to these challenges. Findings addressing question
two revealed several significant barriers, including personal,
caregiver-related, socioeconomic, and healthcare system-related
factors associated with glycaemic level. Among the most prom-
inent barriers were poor adherence to insulin therapy and in-
adequate blood glucose monitoring. Socioeconomic barriers,
such as families’ inability to afford insulin, were also reported.
Caregivers' characteristics were negatively linked with glycae-
mic achievement, such as where the primary caregiver was the
father, or unable to read and write, was poorly educated, or had
minimal involvement in insulin administration. Other factors
associated with poor outcomes included older age of the child
(>12years), recent hospital admissions, and nutritional factors
like fewer than three meals a day and restricted food choices.
Health system challenges were also linked with poor outcomes,
including long wait times, lack of specialised care, and other
problems encountered at the hospital while seeking health
services (Abrahim et al. 2023; Habteyohans et al. 2023; Kidie
et al. 2022; Ngwiri et al. 2015; Shibeshi et al. 2022).

These barriers highlight the wide range of challenges that need
to be addressed to enhance outcomes for children and youths
with T1DM, related to individual behaviour, caregiver support,
socioeconomic assistance, and improvements in health service
delivery. It is important that healthcare professionals who spe-
cialise in diabetes, such as diabetic nurse educators, are avail-
able to develop effective strategies to support patients and their
families in achieving better health outcomes.

Another finding of the review was the high proportion of this
population who experienced DKA at the initial diagnosis of
T1DM, with six studies reporting rates ranging from 35.8% to
78.7% (Table 2). These figures are predominantly higher than
the findings of studies from America (Praveen et al. 2021),
European countries (Nagl et al. 2022) and Australia (Ampt
et al. 2019). This disparity likely arises from variations in access
to healthcare facilities and diagnostic resources, education and
awareness about the disease, and socioeconomic differences.

The review further identified factors that increased vulner-
ability and influenced the onset and management of DKA in
these patients with T1DM, including a family history of dia-
betes, a younger age of the child, and a delayed diagnosis of
T1DM, low socioeconomic status, insufficient diabetes edu-
cation, and limited parental knowledge of DKA resulting in
non-adherence to insulin therapy such as improper storage
of insulin and insulin omission (Assefa et al. 2020; Atkilt
et al. 2017; Gebeyehu et al. 2022; Hadgu et al. 2019). Infections
occurring prior to the occurrence of DKA also played an

important role (Atkilt et al. 2017). Altogether, this emphasised
the role of clinical, behavioural, and social factors in the oc-
currence of DKA. Importantly, these factors, especially infec-
tions such as pneumonia, are often confused with DKA and
misdiagnosed in young children, which can delay interven-
tion, emphasising the need for a high index of suspicion and
diagnostic accuracy for DKA.

The implications of these findings are significant for practice,
particularly in resource-limited settings. Strategies such as
managing infections effectively, early diagnosis of T1DM, im-
proving education not just on DKA warning signs but daily
diabetes management to improve adherence to insulin are all
important. Addressing these multiple and complex issues will
require comprehensive interventions to improve healthcare
access, enhance education, mitigate economic disparities, and
foster culturally sensitive healthcare practices. In resource-
limited settings, targeted education and early intervention strat-
egies, such as community-based programmes and training local
healthcare providers, are key to improving DKA management
and outcomes. Such efforts are essential to support glycaemic
management in line with international target values, reduce the
incidence of DKA, and improve outcomes for individuals with
T1DM in East Africa.

Review findings also identified concerning mortality rates
among children and youths with diabetes in East Africa, with
four studies reporting rates ranging from 2.5% to 10%, with a
pooled proportion of 6.47% (95% CI: 3.17, 9.78%). Largely at-
tributed to the high proportions diagnosed with DKA, these
high rates of death may also result from delayed diagnosis,
inadequate access to healthcare services, insufficient diabetes
management programmes, and lack of patient and family educa-
tion on diabetes self-care (Beck et al. 2017). Therefore, improved
access to healthcare services, comprehensive diabetes manage-
ment programmes, and enhanced education on diabetes self-
care are crucial to save lives (Nam Hoon 2019).

Finally, significant proportions of children and youths with
T1DM were reported with microvascular complications.
Diabetic retinopathy affected a pooled proportion of 27.49%,
while nephropathy affected 14.15%. These complications, as-
sociated with longer duration of TIDM and inability to achieve
glycaemic targets, reinforce the need for early interventions
and sustained management. Not just attainment but sustained
maintenance of recommended blood glucose values, enabled by
routine screening and timely intervention, is essential to pre-
vent and delay progression of these complications (Bjornstad
et al. 2022).

4.1 | Strengths and Limitations of the Review

This review offers a comprehensive assessment of key out-
comes related to TIDM reported for children and youths in
East Africa which, where available, provide valuable insights
into diabetes management and its impacts in some of these
settings. Its strengths include a detailed examination of criti-
cal complications associated with T1DM, including glycaemic
levels, DKA, diabetic retinopathy, nephropathy, and mortal-
ity, across diverse geographical and socioeconomic settings,
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particularly in resource-limited areas. However, the review
has limitations.

First, studies only originated from six of the potential 22 na-
tions, states, and departments of East Africa. As it is impossi-
ble to determine how representative this work may be, further
work is required across other areas of this region, and future
studies should take note of the limitations revealed by this
review.

The heterogeneity of outcome measurements across studies for
glycaemic level and DK A may have impacted the comparability
of findings. Deviation of outcome diagnostic criteria from inter-
nationally agreed values, heterogeneity in outcome diagnosis
thresholds between studies, limitations in identifying and man-
aging confounding factors, and overlooking important variables
were notable limitations that precluded the conduct of meta-
analyses for glycaemic levels and DKA, hindering meaningful
data aggregation and comparison.

The review highlighted the gap in research regarding T2DM in
children and youths, an enormously important deficit consider-
ing its fast-growing prevalence and impact in other parts of the
world. Although global evidence is growing on the role of mo-
lecular markers like Sirtuin 1, no studies examined this, which
precluded consideration of any potential contribution.

Despite these limitations, the review underscores the need for
future research to address the identified gaps, to provide data to
support improvement in the quality of diabetes care, particularly
in resource-limited settings, and to expand the focus to include
T2DM for a more comprehensive understanding of diabetes-
related complications.

5 | Conclusion

This review highlights the urgent need for context-specific and
personalised care strategies to effectively address the challenges
of diabetes management in children and youths, particularly in
resource-limited regions such as those that occur in East Africa.

From a clinical practice perspective, the role of specialised
professionals, particularly diabetes nurse educators, is critical.
Their expertise in early diagnosis, glycaemic monitoring, and
development and delivery of comprehensive, locally tailored pa-
tient and family education enables the delivery of holistic care
that supports both physical and psychosocial well-being. Their
continued engagement is central to improving disease manage-
ment and mitigating adverse outcomes in this vulnerable pop-
ulation. In terms of policy implications, efforts must prioritise
the strengthening of healthcare infrastructure including the di-
abetes workforce, the expansion of health insurance schemes,
and the implementation of public health education initiatives.
Policymakers should also focus on community-based education
and social support systems to better manage the growing burden
of diabetes in this population.

Looking ahead, researchers should address the gaps identified
in this review through longitudinal, interventional, mixed-
method, and qualitative inquiries to deepen understanding of

disease trajectories and intervention effectiveness, including for
new developments such as biomarkers. Given the growing rates
in other regions, there is an urgent need for studies on type 2
diabetes in children and youths, which the review revealed as
unexplored in this region.
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