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Abstract
Background

Metabolic dysfunction-associated steatotic liver disease (MASLD) is strongly associated with type 2
diabetes mellitus (T2DM) and is an important cause of chronic liver disease and metabolic morbidity.
However, data on MASLD among adults with T2DM in sub-Saharan Africa remain limited. This study
aimed to determine the prevalence, sonographic grading, and factors associated with MASLD among
adults with T2DM at Kayunga and Hoima Regional Referral Hospitals in Uganda.

Methods

A multicenter hospital-based cross-sectional study was conducted among 422 adults with T2DM
attending diabetes clinics at the two study hospitals. Participants underwent clinical assessment,
glycated hemoglobin (HbA1c) and triglyceride testing, and abdominal ultrasonography for detection and
grading of hepatic steatosis. Patients with known chronic liver disease, viral hepatitis, significant alcohol
consumption, or exposure to medications known to cause hepatic steatosis were excluded. Factors
independently associated with MASLD were assessed using multivariable logistic regression, with
statistical significance defined as p < 0.05.

Results

The prevalence of MASLD was 54.5% (230/422). Among participants with MASLD, grade 1 steatosis was
most common (175, 76.1%), followed by grade 2 (49, 21.3%) and grade 3 (6, 2.6%). In the multivariable
analysis, age (aOR 2.087, 95% Cl 1.243-3.504; p = 0.005 for 46—59 years; aOR 2.437,95% Cl 1.316-
4.511; p =0.005 for = 60 years), hypertension (aOR 1.982,95% Cl 1.198-3.279; p = 0.008), obesity (BMI =
30 kg/m?) (aOR 2.237,95% CI 1.177-4.252; p = 0.014), poor glycemic control based on HbA1c (aOR
2.550,95% Cl 1.467-4.434; p =0.001), and triglyceride levels = 2.3 mmol/I (aOR 2.509, 95% CI 1.470-
4.284; p =0.001) were independently associated with MASLD.

Conclusion

These findings highlight the importance of incorporating abdominal ultrasonography into the
assessment of MASLD, alongside comprehensive management of metabolic risk factors, as part of
routine diabetes care to facilitate early identification and management of patients at risk of progressive
liver disease.

Introduction
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Metabolic dysfunction-associated steatotic liver disease (MASLD) is characterized by hepatic steatosis
in the presence of cardiometabolic risk factors and is an increasingly recognized cause of chronic liver
disease worldwide. It is strongly associated with type 2 diabetes mellitus (T2DM), obesity, dyslipidemia,
and hypertension, and may progress to steatohepatitis, liver fibrosis, cirrhosis, and hepatocellular
carcinoma. MASLD is also associated with increased cardiovascular morbidity and all-cause mortality [1,
2].

T2DM is a major risk factor for MASLD, with insulin resistance, hyperglycemia, and abnormal lipid
metabolism contributing to hepatic fat accumulation [3]. Recent systematic reviews and meta-analyses
have reported a high prevalence of MASLD among people with T2DM, with pooled estimates exceeding
50% [4, 5]. Among individuals with T2DM, obesity, poor glycemic control, dyslipidemia, hypertension, and
older age have been associated with MASLD [6].

Ultrasonography is widely used to detect and grade hepatic steatosis because it is hon-invasive,
relatively inexpensive, accessible, and does not involve ionizing radiation. Sonographic hepatic steatosis
can be graded according to the degree of increased hepatic echogenicity and attenuation of the
ultrasound beam, commonly as mild, moderate, or severe [7]. Although ultrasonography has lower
sensitivity for mild steatosis than advanced imaging techniques, its accessibility makes it particularly
useful for assessing hepatic steatosis in resource-limited settings [8].

In sub-Saharan Africa, the burden of MASLD among people with T2DM is increasingly recognized,
although evidence remains limited and heterogeneous. A systematic review of African studies using the
earlier metabolic dysfunction-associated fatty liver disease (MAFLD) terminology reported a pooled
prevalence of 48.1% among individuals with T2DM [9]. In Uganda, Enriquez et al. reported MASLD among
adults from south-central Uganda, including participants with and without HIV, using the fatty liver index
rather than ultrasound-based assessment [10]. However, evidence specifically addressing MASLD
among adults with T2DM in Ugandan regional referral hospitals remains limited. Therefore, this study
aimed to determine the prevalence, sonographic grading, and factors associated with MASLD among
adults with T2DM attending Hoima and Kayunga Regional Referral Hospitals in Uganda.

Methods
Study Design and Setting

This was a multicenter hospital-based cross-sectional study conducted at Kayunga Regional Referral
Hospital (KRRH) in central-eastern Uganda and Hoima Regional Referral Hospital (HRRH) in western
Uganda. Both hospitals provide specialist medical services to their respective catchment populations
and operate diabetes clinics under the Departments of Internal Medicine. Data collection was conducted
between April and July 2026.

Study Population and Eligibility Criteria
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The study population consisted of adults aged 18 years and above with a confirmed diagnosis of T2DM
attending the diabetes clinics at KRRH and HRRH during the study period.

Inclusion Criteria

Adults aged = 18 years with confirmed T2DM who attended the diabetes clinics during the study period,
were clinically stable, had decision-making capacity, and provided written informed consent were eligible
for participation.

Exclusion Criteria

Patients with known chronic liver disease, viral hepatitis, or significant alcohol consumption (>210
g/week for men or > 140 g/week for women) were excluded. Pregnant women and patients receiving
medications known to cause hepatic steatosis, including corticosteroids, amiodarone, methotrexate,
tamoxifen, and sodium valproate, were also excluded. Patients who were critically ill, required emergency
care or surgery, or were unable to provide informed consent were not enrolled.

Sample Size Determination

The sample size was calculated using the Daniel formula for estimating a single population proportion
[11]. A pooled prevalence of 48.1% was used, based on an African systematic review and meta-analysis
of metabolic dysfunction-associated fatty liver disease (MAFLD) among people with T2DM [9]. Using a
95% confidence level (Z = 1.96) and a 5% margin of error (d = 0.05), the minimum sample size was 384
participants. To account for potential non-response, a 10% adjustment was added, resulting in a final
sample size of 422 participants.

Sampling Procedure

Consecutive recruitment was used, whereby eligible adults presenting to the diabetes clinics during the
study period were enrolled until the target sample of 422 participants was reached.

Data Collection Procedures

Questionnaire and Clinical Assessment

A structured and pre-tested questionnaire was used to collect data on socio-demographic
characteristics (age, sex, education level, residence, and occupation), diabetes-related characteristics
(age at diabetes diagnosis, duration of diabetes, and antidiabetic medication use), and clinical and
metabolic factors, including HbA1c, body mass index, hypertension, and triglyceride levels. The
questionnaire was available in English, Luganda, and Runyoro according to participants’ preferred
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language. The translated versions were independently back-translated into English to ensure consistency
of meaning.

All participants underwent a clinical examination. Weight was measured using a digital weighing scale
and height using a stadiometer. Body mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared (kg/m?).

Alcohol consumption was assessed separately using a structured questionnaire to determine eligibility
for study participation. Weekly alcohol intake was estimated based on the reported type, quantity,
frequency, and alcohol strength of beverages consumed.

Information on hypertension was obtained from participants’ clinical records. Hypertension was defined
as a documented diagnosis of hypertension or current use of antihypertensive medication.

Laboratory Assessment

Approximately 5 mL of venous blood was collected from each participant. Serum triglycerides were
measured using an iChem-535 automated clinical chemistry analyzer with an enzymatic colorimetric
method. Glycated hemoglobin (HbA1c) was measured using high-performance liquid chromatography
(HPLC). Hepatitis B surface antigen (HBsAg) and hepatitis C virus antibody (anti-HCV) were tested using
SD Bioline HBsAg and SD Bioline HCV rapid diagnostic tests, respectively. Glycemic control was
categorized as good (HbA1c < 7%) or poor (HbA1c = 7%) according to international diabetes
management guidelines.

Abdominal Ultrasonography and MASLD Definition

Abdominal ultrasonography was performed by a qualified radiographer using a GE HealthCare LOGIQ-
series ultrasound machine with a low-frequency curvilinear probe (typically 2-5 MHz). Participants
underwent standard B-mode examination of the liver in longitudinal, transverse, and oblique planes.

Hepatic echogenicity, visualization of the intrahepatic vessels and portal vein walls, visualization of the
diaphragm, and penetration of the ultrasound beam into the liver were assessed. Hepatic steatosis was
graded as grade 0 (normal), grade 1 (mild), grade 2 (moderate), or grade 3 (severe). Grade 0 was defined
as normal hepatic echogenicity with clear visualization of the portal vein walls and diaphragm. Grade 1
was defined as a minimal diffuse increase in hepatic echogenicity with preserved visualization of the
diaphragm and portal vein walls. Grade 2 was defined as a moderate increase in echogenicity with
blurring of the diaphragm and reduced visualization of intrahepatic vessels. Grade 3 was defined as
marked increase in echogenicity with poor penetration of the ultrasound beam and limited visualization
of the diaphragm and posterior right hepatic lobe.

For this study, MASLD was operationally defined as sonographically detected hepatic steatosis in an
adult with T2DM in the absence of significant alcohol consumption (> 210 g/week for men or > 140
g/week for women), viral hepatitis, known chronic liver disease, or exposure to medications known to
cause hepatic steatosis.
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Validity and Reliability of Tools

Content validity of the questionnaire was assessed by two physicians using the Content Validity Index
(CVI), with a CVI of = 0.80 considered acceptable. Prior to the main study, the questionnaire was piloted
among 10 patients attending the study clinics to assess its clarity, comprehensibility, and reliability.

Data Management and Statistical Analysis

Data were entered and cleaned in Microsoft Excel and subsequently imported into SPSS version 26.0 for
analysis. Descriptive statistics were used to summarize participant characteristics. MASLD prevalence
was presented with 95% confidence intervals, while sonographic grades were reported as frequencies
and percentages.

Associations between categorical variables were assessed using the chi-square test. Variables with p <
0.20 in the bivariate analysis were included in the multivariable logistic regression model. Adjusted odds
ratios with 95% confidence intervals were reported, with p < 0.05 considered statistically significant.

Ethical Considerations

Ethical clearance for the study was granted by the Kampala International University Research Ethics
Committee. Permission to conduct the study was obtained from the administrations of KRRH and HRRH.
Participation was voluntary, and refusal to participate or withdrawal from the study did not affect access
to routine medical care. Participant confidentiality was maintained using unique study identification
numbers, and personal identifiers were excluded from the analytical dataset. Participants with clinically
relevant abnormal findings were referred to the attending clinical team for appropriate management. All
data collection procedures were conducted in accordance with standard ethical guidelines.

Results

Characteristics of the Study Participants

The study enrolled 422 adults with T2DM. Females comprised 58.3% of the sample, while 30.1% of
participants were younger than 45 years. Most participants (63.5%) were diagnosed with T2DM after age
40 years, and 36.0% had a duration of T2DM exceeding 5 years. Metformin monotherapy was the most
commonly reported treatment regimen (59.2%). The complete baseline characteristics are presented in
Table 1.
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Table 1

Characteristics of study participants

Characteristic

Age (years)

<45
46-59
60+

Sex

Male
Female
Education level
Primary
Secondary
Tertiary
Residence
Rural

Urban

Income (monthly/Ugx)

< 250K
250-500K
> 500K

Occupation

Formal employment

Student
Business
Un-employed

Farmer

Age at diagnosis

<40 years

Frequency

127
181
114

176
246

234
173
15

302
120

331
60
31

76
47
48
53
198

154
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Percentage

30.1
42.9
27.0

41.7
58.3

55.4
41.0
3.6

71.6
28.4

78.4
14.2
7.3

18.0
11.1
11.4
12.6
46.9

36.5




Characteristic Frequency Percentage

Age (years)
> 40 years 268 63.5
DM duration
< Syears 270 64.0
> 5 years 152 36.0

Antidiabetic medication

BIG alone 250 59.2
BIG + SFU 86 20.4
BIG + Insulin 9 2.1

Insulin alone 77 18.2

Hypertension

No 275 65.2
Yes 147 34.8
BMI

18.5-24.9 165 39.1
<18.5 34 8.1
25-29.9 138 32.7
>30 85 20.1
HbA1c

<7 329 78.0
>7 93 22.0

Triglyceride levels

<1.8 165 39.1
1.8-2.2 120 28.4
2.3+ 137 32.5

BIG=Biguanide antidiabetics, SFU= sulfonylurea antidiabetics, HbA1c=Glycated hemoglobin, BMI = Body
mass index.

Prevalence of MASLD among adults with T2DM
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Among the 422 participants, 230 had MASLD, giving a prevalence of 54.5% (95% Cl 49.5-59.5). The
prevalence of MASLD among the study participants is illustrated in Fig. 1.

Sonographic grading of hepatic steatosis among adults
with T2DM

Among the 230 participants with MASLD, 175 (76.1%; 95% Cl 70.9-81.7) had grade 1 steatosis, 49
(21.3%; 95% Cl 15.7-27.0) had grade 2 steatosis, and 6 (2.6%; 95% Cl 0.9-4.8) had grade 3 steatosis.
The distribution of sonographic grades is presented in Fig. 2.

Factors associated with MASLD among adults with T2DM

Variables with p = 0.20 in the bivariate analysis were considered for inclusion in the multivariable model.
Age category, residence, duration of T2DM, hypertension, BMI, HbA1c category, and triglyceride level met
this criterion and were included in the adjusted analysis. Detailed results are shown in Table 2.

<
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Table 2

Bivariable analysis of factors associated with MASLD among adults with T2DM.

Characteristic

Age (years)

<45
46-59

60+

Sex
Male

Female

Education level

Primary

Secondary

Tertiary
Residence
Rural

Urban

Income (monthly)

< 250K

250-500K

> 500K
Occupation
Formal employment

Student

No Hepatic
steatosis, N=192

82(42.7)
74(38.5)

36(18.8)

85(44.3)
107(55.7)

127(66.1)

59(30.7)

6(3.1)

146(76.0)
46(24.0)

159(82.8)

19(9.9)

14(7.3)

38(19.8)
29(15.1)

Hepatic steatosis,

N =230

45(19.6)
107(46.5)

78(33.9)

91(39.6)
139(60.4)

107(46.5)

114(49.6)

9(3.9)

156(67.8)
74(32.2)

172(74.8)

41(17.8)

17(7.4)

38(16.5)
18(7.8)
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Bivariable analysis

cOR

Ref
2.635

3.948

Ref
1.213

0.562

1.288

Ref

Ref
1.506

0.891

1.777

Ref

Ref
0.621

95% CI

1.648-
4.212

2.308-
6.753

0.823-
1.790

0.194-
1.629

0.438-
3.792

0.978-
2.318

0.425-
1.866

0.728-
4.337

0.296-
1.301

value

<
0.001

<
0.001

0.329

0.288

0.646

0.063

0.759

0.207

0.207




Characteristic

Age (years)

Business

Un-employed

Farmer

Age at diagnosis
<40 years

> 40 years

DM duration
< Syears

> 5 years

Antidiabetic
uuuucurrently

BIG alone

BIG + SFU

BIG + Insulin

Insulin alone

Hypertension
No

Yes

BMI
18.5-24.9
<18.5

No Hepatic
steatosis, N=192

19(9.9)
21(10.9)

85(44.3)

74(38.5)
118(61.5)

138(71.9)
54(28.1)

112(58.3)
36(18.8)

4(2.1)

40(20.8)

145(75.5)
47(24.5)

85(44.3)
20(10.4)

Hepatic steatosis,
N =230

29(12.6)
32(13.9)

113(49.1)

80(34.8)
150(65.2)

132(57.4)
98(42.6)

138(60.0)
50(21.7)

5(2.2)

37(16.1)

130(56.5)
100(43.5)

80(34.8)
14(6.1)
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Bivariable analysis

cOR

1.526

1.524

1.329

Ref
1.176

Ref
1.897

Ref
1.127

1.014

0.751

Ref
2.373

Ref
0.744

95% CI

0.734-
3.176

0.749-
3.102

0.782-
2.260

0.790-
1.750

1.260-
2.856

0.687-
1.850

0.266-
3.867

0.450-
1.252

value

0.258
0.245

0.293

0.425

0.002

0.636
0.983

0.272

<
0.001

0.438




Characteristic

No Hepatic
steatosis, N=192

Hepatic steatosis,
N =230

Bivariable analysis

cOR 95% CI P
value
Age (years)
25-29.9 63(32.8) 75(32.6) 1.265 0.804- 0.310
1.990
>30 24(12.5) 61(26.5) 2.701  1.539- 0.001
4.739
HbA1c
<7 166(86.5) 163(70.9) Ref
=7 26(13.5) 67(29.1) 2.624  1.589- <
4.335 0.001
Triglyceride levels
<1.8 77(40.1) 88(38.3) Ref
1.8-2.2 78(40.6) 42(18.3) 0.471  0.290- 0.002
0.764
2.3+ 37(19.3) 100(43.5) 2.365 1.455- 0.001
3.843

cOR= Crude odds ratio, Cl= Confidence interval, BIG=Biguanide antidiabetics, SFU= sulfonylurea
antidiabetics, HbA1c=Glycated hemoglobin, BMI=Body mass index.

In the adjusted model, increasing age, hypertension, obesity (BMI = 30 kg/m?), poor glycemic control, and
triglyceride levels = 2.3 mmol/L were independently associated with MASLD. Participants aged 46—59
years had higher odds of MASLD (aOR 2.087, 95% Cl 1.243-3.504; p = 0.005), as did those aged = 60
years (aOR 2.437,95% Cl 1.316-4.511; p = 0.005). Hypertension (aOR 1.982, 95% Cl 1.198-3.279;p =
0.008), obesity (aOR 2.237,95% CI 1.177-4.252; p = 0.014), poor glycemic control (aOR 2.550, 95% ClI
1.467-4.434; p =0.001), and triglyceride levels = 2.3 mmol/L (aOR 2.509, 95% CI 1.470-4.284; p =0.001)
were also associated with MASLD. Detailed results are presented in Table 3.
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Table 3
Multivariable analysis of factors associated with MASLD among adults with T2DM.

Characteristic

Age (years)

<45

46-59

60+
Residence
Rural

Urban

DM duration
< Syears

> 5 years
Hypertension
No

Yes

BMI
18.5-24.9
<18.5
25-29.9

=30

HbA1c

<7

27

Triglyceride levels

<1.8
1.8-2.2
2.3+

Bivariable analysis

cOR

Ref
2.635
3.948

Ref
1.506

Ref
1.897

Ref
2.373

Ref

0.744
1.265
2.701

Ref
2.624

Ref
0.471
2.365

95% CI

1.648-4.212
2.308-6.753

0.978-2.318

1.260-2.856

1.560-3.611

0.352-1.572
0.804-1.990
1.539-4.739

1.589-4.335

0.290-0.764
1.455-3.843

P value

<0.001
<0.001

0.063

0.002

<0.001

0.438
0.310
0.001

<0.001

0.002
0.001

Multivariable analysis

aOR

2.087
2.437

0.981

1.372

1.982

0.791
1.345
2.237

2.550

0.602
2.509

95% CI

1.243-3.504
1.316-4.511

0.572-1.682

0.841-2.236

1.198-3.279

0.332-1.880
0.807-2.241
1.177-4.252

1.467-4.434

0.351-1.034
1.470-4.284

P value

0.005
0.005

0.945

0.202

0.008

0.595
0.256
0.014

0.001

0.066
0.001
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cOR= Crude odds ratio, aOR= adjusted odds ratio, Cl= Confidence interval, HbA1c=Glycated hemoglobin,
BMI=Body mass index.

Discussion

Prevalence of MASLD

In this study, the prevalence of MASLD among adults with T2DM at KRRH and HRRH was 54.5%. This is
comparable to a study from Saudi Arabia, where MASLD was identified in 54.5% of adults with T2DM
using abdominal ultrasonography [12]. Similarly, a recent systematic review and meta-analysis from
India reported a pooled MASLD prevalence of 56.9% among adults with T2DM, with a prevalence of
55.6% among studies using ultrasonography [4]. In Tanzania, MASLD was identified in 51.6% of adults
with T2DM using transient elastography [13]. Despite the use of a different imaging modality, this
prevalence was also comparable to our findings.

Conversely, the prevalence observed in our study was lower than that reported in another study from
Saudi Arabia, where 68.4% of adults with T2DM had MASLD diagnosed by ultrasonography [14]. It was
also lower than the global pooled prevalence of 65.33% reported in a systematic review and meta-
analysis involving more than 2.2 million patients with T2DM [5]. These differences may reflect variations
in the age and metabolic characteristics of study populations, study settings, and diagnostic
approaches.

The prevalence in our study was higher than the 48.1% pooled prevalence reported in an African
systematic review and meta-analysis of MAFLD among people with T2DM. The pooled prevalence was
44.7% in sub-Saharan Africa and 47.0% among studies using ultrasonography [9]. The prevalence was
also higher than the 34% reported in an Indian study of adults with T2DM and BMI = 25 kg/m?, in which
MASLD was diagnosed using abdominal ultrasonography [15]. Differences in participant characteristics,
metabolic risk profiles, sampling methods, and diagnostic criteria may explain the observed variation in
prevalence estimates.

Taken together, these findings indicate that MASLD is common among adults with T2DM in Uganda, with
a prevalence broadly comparable to recent estimates from other diabetic populations. The consistency
of our findings with ultrasound-based estimates from Saudi Arabia and India, as well as the Tanzanian
estimate obtained using transient elastography, supports the substantial burden of MASLD among
adults with T2DM. In resource-limited settings, incorporating abdominal ultrasonography into the
assessment of MASLD as part of routine diabetes care may facilitate earlier identification and
management of patients at risk of progressive liver disease.

Sonographic grading of hepatic steatosis

In this study, grade 1 steatosis was the predominant sonographic grade, accounting for 76.1% of
participants with MASLD, followed by grade 2 (21.3%) and grade 3 (2.6%). This pattern is comparable to
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a recent study from Saudi Arabia, where grade 1 steatosis accounted for 69.6% of participants with
MASLD, followed by grade 2 (27.8%) and grade 3 (2.6%) [14]. The predominance of mild steatosis in both
studies suggests a broadly similar distribution of sonographic severity among adults with T2DM.

Conversely, our findings differ from those reported in Egypt, where among adults with T2DM and
ultrasound-diagnosed MAFLD, 30.9% had grade 1, 49.6% had grade 2, and 19.4% had grade 3 steatosis
[16]. Similarly, a study from Nigeria reported grade 1, grade 2, and grade 3 steatosis in 16.3%, 32.5%, and
20.0% respectively, among patients with T2DM and ultrasound-diagnosed non-alcoholic fatty liver
disease (NAFLD) [17]. The higher proportions of moderate and severe steatosis in these studies may
reflect differences in age distribution, obesity, duration and control of diabetes, metabolic risk profiles,
referral patterns, and ultrasound grading criteria.

The predominance of mild sonographic steatosis in our study indicates that most participants with
MASLD had detectable hepatic fat accumulation without advanced sonographic steatosis. However,
ultrasound grading reflects the extent of hepatic steatosis and does not directly assess liver fibrosis or
steatohepatitis. Therefore, the low proportion of grade 3 steatosis should not be interpreted as absence
of clinically significant liver disease. These findings highlight the potential value of abdominal
ultrasonography for identifying hepatic steatosis during routine diabetes care, followed by assessment
with additional non-invasive tools for liver fibrosis when clinically indicated.

Factors associated with MASLD

In this study, increasing age, hypertension, obesity, poor glycemic control, and elevated triglyceride levels
were independently associated with MASLD.

Increasing age was independently associated with MASLD in our study. This finding is consistent with a
study from Pakistan, where increasing age was associated with greater NAFLD severity among adults
with and without T2DM [18]. More recent MASLD-specific evidence from India also found that increasing
age was independently associated with advanced fibrosis among patients with biopsy-proven MASLD,
including those with T2DM [19]. Age-related changes in insulin sensitivity, lipid metabolism, and
mitochondrial function, together with cumulative exposure to metabolic risk factors, may contribute to
hepatic fat accumulation and disease progression [20].

Hypertension was also independently associated with MASLD, consistent with findings from a study in
Tanzania, where elevated diastolic blood pressure was independently associated with MASLD among
adults with T2DM [13]. This finding is also supported by a systematic review and meta-analysis of
observational cohort studies, which found that hypertension was independently associated with an
increased risk of incident NAFLD [21]. The relationship between hypertension and hepatic steatosis may
be explained by shared mechanisms including insulin resistance, endothelial dysfunction, chronic
inflammation, and activation of the renin—angiotensin—aldosterone system, which promote hepatic lipid
accumulation and elevated blood pressure. Hypertension may also impair hepatic microcirculation,
potentially contributing to progression of fatty liver disease [22, 23].
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Obesity (BMI = 30 kg/m?) was similarly independently associated with MASLD, consistent with findings
from studies conducted in Saudi Arabia and Egypt, where higher BMI or obesity was associated with
MASLD or MAFLD among adults with T2DM [12, 16]. Studies from Scotland, Bahrain, and Ethiopia also
reported BMI or obesity as factors independently associated with NAFLD among adults with T2DM [24-
26]. Obesity increases adipose tissue lipolysis, resulting in excessive delivery of free fatty acids to the
liver, while visceral adiposity promotes inflammatory cytokine production and reduces adiponectin,
thereby worsening insulin resistance and hepatic fat accumulation [27].

Poor glycemic control (HbA1c = 7%) was likewise independently associated with MASLD, consistent with
findings from studies conducted in Egypt, Nigeria and Scotland, where higher HbA1c or poor glycemic
control was associated with NAFLD or MAFLD among adults with T2DM [16, 17, 24]. A recent
prospective study of patients with biopsy-proven MASLD also found that higher mean HbA1c was
independently associated with progression of liver stiffness, particularly among individuals with T2DM
[28]. Persistent hyperglycemia may promote hepatic steatosis through increased hepatic de novo
lipogenesis, oxidative stress, and impaired mitochondrial fatty acid oxidation, while worsening insulin
resistance and triglyceride accumulation within hepatocytes [29].

Elevated triglyceride levels (= 2.3 mmol/l) were additionally independently associated with MASLD,
consistent with findings from studies conducted in Egypt and Romania, where higher triglyceride levels
were independently associated with MAFLD among adults with T2DM [16, 30]. Similarly, studies from
Scotland, China, and Ethiopia reported elevated triglycerides as independent factors associated with
NAFLD or MASLD among adults with T2DM [24, 31, 32]. Elevated circulating triglycerides reflect
underlying insulin resistance and increased hepatic lipid flux, while increased hepatic triglyceride
synthesis, reduced very-low-density lipoprotein clearance, and impaired fatty acid oxidation contribute to
hepatic lipid accumulation [33].

Strengths and Limitations

To our knowledge, this is the first multicenter study in Uganda to evaluate the prevalence, sonographic
grading, and factors associated with MASLD among adults with T2DM. The inclusion of participants
from two regional referral hospitals in different regions of Uganda provides broader geographic
representation and may enhance the generalizability of the findings. In addition, objective assessment of
hepatic steatosis by ultrasonography and measurement of key metabolic variables, including BMI,
HbA1c, and triglycerides, strengthened the validity of the findings. The use of sonographic grading also
provided information on the distribution of steatosis severity beyond overall MASLD prevalence.

Several limitations should be acknowledged. Because of the cross-sectional design, temporal or causal
relationships between the identified factors and MASLD cannot be established. The hospital-based
nature of the study introduces potential selection bias, as patients attending regional referral hospitals
may not be representative of the broader population of adults with T2DM, limiting generalizability.
Ultrasonography was used to assess hepatic steatosis rather than liver biopsy, magnetic resonance
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imaging, or elastography. Although ultrasonography is non-invasive, accessible, and suitable for
screening in resource-limited settings, it has limited sensitivity for mild steatosis and cannot assess
steatohepatitis or liver fibrosis. Furthermore, liver function tests and a complete lipid profile were not
performed because of financial constraints, limiting assessment of hepatic biochemical abnormalities
and other lipid parameters. Overall, the study provides useful multicenter data on the burden and
metabolic factors associated with MASLD among adults with T2DM in Uganda.

Conclusion

The prevalence of MASLD among adults with T2DM at KRRH and HRRH was 54.5%. Most participants
with MASLD had grade 1 (mild) sonographic steatosis. Increasing age, hypertension, obesity, poor
glycemic control (HbA1c = 7%), and elevated triglyceride levels (= 2.3 mmol/l) were independently
associated with MASLD. These findings highlight the importance of incorporating abdominal
ultrasonography into the assessment of MASLD, alongside comprehensive management of metabolic
risk factors, as part of routine diabetes care to facilitate early identification and management of patients
at risk of progressive liver disease.

Recommendations

1. Routine assessment for MASLD with abdominal ultrasonography should be considered as part of
diabetes care, particularly for patients with increasing age, obesity, hypertension, poor glycemic
control, or triglyceride levels = 2.3 mmol/I.

2. Adults with T2DM should receive counseling and regular follow-up focused on weight management,
healthy dietary practices, physical activity, and optimal glycemic and lipid control to reduce
metabolic risk and hepatic fat accumulation.

3. Regional referral hospitals should establish appropriate pathways for further assessment and
management of patients identified with MASLD, including evaluation for liver fibrosis when clinically
indicated.

4. Further multicenter, prospective studies incorporating non-invasive assessment of liver fibrosis are
needed to establish temporal relationships, assess disease progression, and guide national MASLD
screening and management strategies.

Abbreviations
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Hoima Regional Referral Hospital

KRRH
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Glycated hemoglobin
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Body mass index
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Figure 1

Prevalence of MASLD among adults with T2DM.
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Figure 2

Sonographic grading of hepatic steatosis among adults with T2DM.
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