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Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) and 

Type 2 Diabetes Mellitus (T2DM) are rapidly emerging as twin epidemics in Sub- 

Saharan Africa (SSA), driven by urbanization and nutritional transition. While global 

evidence links Vitamin D deficiency (VDD) to the progression of both disorders, 

data specific to African populations remains fragmented. This review explores the 

Vitamin D–MASLD–T2DM axis, contrasting global mechanistic insights with the 

unique genetic, environmental, and infectious disease landscape of SSA.

Methods: A hybrid scoping-narrative review was conducted searching PubMed/ 

MEDLINE, Scopus, and Embase for literature published up to 2025. The search 

targeted mechanistic studies, clinical trials, and regional epidemiological data. 

Out of 948 initial citations, 59 high-quality studies were prioritized for synthesis. 

The review integrates molecular evidence of Vitamin D Receptor (VDR) signaling 

with clinical outcomes and evaluates their applicability to the African context.

Results: Mechanistic evidence indicates that Vitamin D exerts potent anti- 

inflammatory and insulin-sensitizing effects via VDR activation, specifically by 

downregulating hepatic de novo lipogenesis (SREBP-1c) and suppressing NF-κB 

signaling in Kupffer cells. Epidemiological data consistently associate VDD with 

increased liver fibrosis and insulin resistance. However, randomized controlled 

trials yield conflicting results, likely due to heterogeneity in dosing and baseline 

status. Uniquely in SSA, the “Vitamin D Paradox” (low total levels with preserved 

bone health), the rarity of the PNPLA3 genetic risk variant, and the metabolic 

toxicity of antiretroviral therapy (e.g., Efavirenz) create a distinct pathophysiological 

environment where standard definitions of deficiency may be inadequate.

Conclusion: Vitamin D deficiency is a plausible, modifiable driver of the MASLD– 

T2DM axis in Sub-Saharan Africa, potentially filling the risk void left by the 

absence of major genetic drivers like PNPLA3. However, Eurocentric thresholds 

for deficiency may not apply. Future research must prioritize establishing 

ancestry-specific reference ranges and conducting region-specific trials that 

account for the “triple burden” of HIV, urbanization, and dietary transition to 

inform effective public health interventions such as fortification.
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1 Introduction

Current metabolic health trends reveal a steady global rise in 
chronic diseases fuelled by overnutrition and sedentary lifestyles. 
Metabolic dysfunction-associated steatotic liver disease 
(MASLD) has paralleled the global obesity epidemic to become 
the most common cause of chronic liver disease worldwide, 
affecting an estimated 30% of the adult population (1, 2). 
It represents a spectrum of disease severity, ranging from simple 
steatosis (accumulation of triglycerides in >5% of hepatocytes) 
to metabolic dysfunction-associated steatohepatitis (MASH), 
which is characterized by hepatocyte injury (ballooning), 
in-ammation, and varying degrees of fibrosis (2, 3). 
Concurrently, Type 2 Diabetes Mellitus (T2DM) has reached 
pandemic proportions, with the International Diabetes 
Federation (IDF) projecting that the number of adults living 
with diabetes will increase by 51% globally by 2045 (4). The 
relationship between MASLD and T2DM is causal and 
bidirectional. Evidence shows that T2DM is an independent risk 
factor for the progression of simple steatosis to MASH and 
cirrhosis, doubling the risk of hepatocellular carcinoma even in 
the absence of cirrhosis (5). Conversely, the liver plays a central 
role in glucose homeostasis, and hepatic insulin resistance is a 
primary driver of fasting hyperglycaemia in T2DM (6). These 
two disorders create a self-perpetuating cycle that contributes to 
worsening metabolic dysfunction at the population level.

Sub-Saharan Africa (SSA) represents a metabolic setting that is 
distinct from other world regions because of its rapid 
socioeconomic transition, evolving dietary patterns, and complex 
interaction between undernutrition and emerging overnutrition. 
The region is undergoing a nutrition transition in which 
traditional diets rich in legumes, whole grains, and vegetables 
are increasingly being replaced by refined carbohydrates, 
processed foods, sugary beverages, and high-fat meals (7). This 
shift, driven by urbanization and globalization, has produced a 
“double burden of malnutrition” where stunting and 
micronutrient deficiencies coexist alongside rising rates of 

overweight and obesity (8). Despite the rising prevalence of 
metabolic disease, data on MASLD in SSA remains sparse 
compared to Western regions. Recent estimates suggest a pooled 
prevalence of approximately 29.21%, with rates as high as 46% 
in obese sub-populations (9). However, the clinical presentation 
and genetic drivers may differ. For instance, the PNPLA3 I148M 
variant (rs738409 C > G), the strongest genetic risk factor for 
MASLD in Europeans and Hispanics, is rare in African 
populations, suggesting that environmental factors or other 
genetic loci play a more dominant role (10).

In the search for modifiable risk factors connecting these two 
epidemics, Vitamin D has emerged as a biologically plausible 
modulator because of its widespread actions across metabolic 
tissues. Although traditionally known for its regulation of 
calcium and bone metabolism, the discovery of the Vitamin 
D Receptor (VDR) in nearly all human tissues including the 
liver, pancreas, adipose tissue, and skeletal muscle, has unveiled 
its role as a potent pleiotropic hormone (11). The active 
metabolite, 1,25-dihydroxyvitamin D, functions as a 
transcription factor regulator. In the pancreas, it is essential for 
normal insulin secretion and beta-cell survival (11), while in the 
liver and adipose tissue, it modulates in-ammation and insulin 
sensitivity (12). Global epidemiological data consistently show 
an inverse association between serum 25-hydroxyvitamin D 
[25(OH)D] levels and the risk of developing both T2DM and 
MASLD (13–15). In the context of SSA, Vitamin D is 
particularly relevant because sunlight exposure is abundant yet 
paradoxical deficiency remains common due to skin 
pigmentation, urban indoor lifestyles, and nutritional 
inadequacies (16, 17). These biological and environmental 
factors make Vitamin D a compelling candidate modifier of the 
MASLD and T2DM relationship and a potentially important 
factor in understanding the drivers of metabolic disease in SSA.

Despite strong global evidence linking Vitamin D to the 
MASLD and T2DM pathway, a substantial knowledge deficit 
exists regarding how this relationship manifests within SSA. 
Current understanding is derived almost entirely from 
Caucasian, Asian, and African American populations (18), 
which limits its relevance because SSA populations have distinct 
biological, environmental, and epidemiological characteristics. 
Genetic variations affecting Vitamin D Binding Protein and the 
VDR alter Vitamin D transport, bioavailability, and downstream 
signaling in ways that may differ from other populations (19). 
Environmental exposures also create a unique metabolic milieu, 
while high HIV prevalence and widespread use of antiretroviral 
therapy introduce metabolic alterations that are not seen in 
most global cohorts (20). Additionally, prevailing definitions of 
Vitamin D deficiency (VDD) were established using bone health 
criteria in Western populations and may not accurately re-ect 
thresholds associated with metabolic risk in Africans (21). All 
these factors make direct extrapolation of international findings 
to SSA both challenging and potentially misleading.

This review aims to address this critical gap by synthesizing 
global mechanistic and clinical insights alongside the limited but 
growing body of evidence in SSA. By examining how genetic 
diversity, environmental pressures, infectious disease burdens, 
and evolving dietary patterns interact with Vitamin D biology in 
SSA, this study seeks to clarify how Vitamin D may in-uence 
the relationship between MASLD and T2DM in this region. The 
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main goal is to provide a structured roadmap that identifies 
priority research questions, highlights regionally relevant 
determinants, and evaluates the potential for Vitamin D to serve 
as a modifiable target in the prevention and management of 
metabolic diseases like MASLD and T2DM across SSA.

2 Methods

To achieve a comprehensive analysis that captures both 
established global evidence and the unique characteristics of the 
Sub-Saharan African context, this report adopts a hybrid 
methodological approach.

2.1 Study design

The study was structured as a scoping review adhering to the 
methodological stages outlined by Arksey and O’Malley which 
includes: (1) identifying the research question, (2) identifying 
relevant studies, (3) study selection, (4) charting the data, and 
(5) collating, summarizing, and reporting the results (22). This 
approach supported the inclusion of a wide range of evidence, 
such as mechanistic studies, clinical research, and region-specific 
data from SSA, allowing the review to map key concepts, 
evidence gaps, and the breadth of available literature. In 
addition to the scoping methodology, a narrative interpretive 
component was incorporated to integrate mechanistic pathways, 
clarify the MASLD–T2DM axis, and develop emerging 
perspectives relevant to the SSA context.

2.2 Search strategy

A systematic search was executed across primary bibliographic 
databases including PubMed/MEDLINE, Scopus, Web of Science, 
and Embase. To ensure high sensitivity, the search strategy 
employed a Boolean logic combining Medical Subject Headings 
(MeSH) and free-text terms organized into three distinct clusters: 

• Cluster 1 (Metabolic Disease): “Metabolic dysfunction- 
associated steatotic liver disease” OR “MASLD” OR 
“MAFLD” OR “Non-alcoholic fatty liver disease” OR 
“NAFLD” OR “NASH” OR “Steatohepatitis” OR “Type 2 
Diabetes” OR “T2DM” OR “Insulin Resistance” OR 
“Metabolic Syndrome”.

• Cluster 2 (Vitamin D): “Vitamin D” OR “Cholecalciferol” 
OR “Ergocalciferol” OR “25-hydroxyvitamin D” OR 
“Calcitriol” OR “Vitamin D Deficiency” OR “Vitamin 
D Receptor” OR “VDR”.

• Cluster 3 (Population/Region): “Sub-Saharan Africa” OR 
“Africa” OR “West Africa” OR “East Africa” OR “South 
Africa” OR “Nigeria” OR “Kenya” OR “Ghana” OR 
“African ancestry” OR “Black population”.

In addition to the database search, reference lists of included articles 
were hand-searched, and forward citation tracking was performed 
to identify recent studies that may not yet be fully indexed.

2.3 Selection strategy

The selection of studies followed clearly defined inclusion and 
exclusion criteria to ensure relevance and rigor. Studies were 
included if they involved adult human populations aged 18 
years or older, while paediatric cohorts were considered only 
when addressing the Developmental Origins of Health and 
Disease (DOHaD) hypothesis. Eligible studies examined the 
association, mechanistic link, or therapeutic effect of Vitamin 
D on MASLD, T2DM, or related intermediate metabolic 
markers, such as HOMA-IR, liver enzyme levels, or fibrosis 
scores. Although global studies were included to provide 
mechanistic insights, priority was given to research conducted in 
Sub-Saharan Africa or involving African diaspora populations to 
enhance regional applicability. Eligible study designs comprised 
observational studies, including cross-sectional, case-control, and 
cohort studies, as well as randomized controlled trials, 
systematic reviews, and meta-analyses.

Studies were excluded if they focused solely on Type 1 
Diabetes or alcohol-associated liver disease, involved animal 
models unless used to elucidate mechanisms not yet 
demonstrated in humans, or were published in languages other 
than English. This structured approach ensured that the review 
captured both the breadth of global evidence and the specificity 
of the SSA context.

2.4 Data extraction

Data extraction was structured to populate three analytical 
streams. The first stream focused on global mechanistic evidence, 
examining pathways linking Vitamin D receptor activation to 
hepatic lipid metabolism, insulin signaling, and in-ammatory 
processes. The second stream captured global clinical evidence, 
including epidemiological associations and outcomes from 
randomized controlled trials related to Vitamin D status and 
MASLD or T2DM progression. The third stream emphasized 
SSA-specific contextual evidence, encompassing prevalence data, 
genetic associations (VDR, DBP, PNPLA3), dietary patterns, and 
the metabolic effects of HIV and antiretroviral therapy.

2.5 Synthesis approach

Given the heterogeneity of included studies, which ranged 
from molecular biology investigations to broad epidemiological 
surveys, a meta-analysis was not feasible. Instead, a narrative 
synthesis was employed to integrate quantitative data (e.g., 
prevalence rates) with qualitative insights (e.g., hypotheses 
regarding the “Vitamin D Paradox”). The synthesis was 
organized to first establish universal biological plausibility and 
then assess how these mechanisms apply within the specific 
environmental, genetic, and epidemiological realities of SSA.

2.6 Limitations

The primary limitation of this review re-ects the broader field. 
High-quality, biopsy-confirmed MASLD studies are scarce in SSA, 
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and regional studies often rely on liver enzymes or ultrasound, 
which have limited sensitivity for mild steatosis and fibrosis, 
potentially leading to an underestimation of the true disease 
burden. Furthermore, available data are predominantly derived 
from urban and hospital-based cohorts, thereby limiting 
generalizability to rural populations where lifestyle and 
environmental exposures differ. Methodological limitations in 
the included observational studies also introduce the possibility 
of residual confounding by adiposity, lifestyle factors, and 
socioeconomic status, which were not uniformly controlled for 
across the literature. Additionally, variations in the definition of 
VDD across studies complicate direct comparisons between 
global and SSA cohorts.

3 Results

3.1 Search results and study characteristics

The systematic search strategy yielded a total of 948 citations. 
Following the removal of duplicates and articles with missing 
abstracts, 452 unique citations remained for screening. After 
reviewing titles and abstracts for relevance to the Vitamin D– 
MASLD–T2DM axis, 181 full-text articles were assessed for 
eligibility. Ultimately, 59 high-quality studies were prioritized for 
the final synthesis. These included global mechanistic reviews, 
clinical trials, and region-specific observational studies from 
Sub-Saharan Africa. The selection process is detailed in Figure 1.

3.2 Global perspectives on the Vitamin D– 
MASLD–T2DM relationship

3.2.1 Vitamin D and MASLD—mechanistic and 
epidemiological links

The liver is central to Vitamin D metabolism, converting 
cutaneous or dietary Vitamin D3 into 25(OH)D via the enzyme 
CYP2R1. However, hepatocytes and non-parenchymal liver cells 
also express the VDR, making the liver a target organ for 
Vitamin D action (23, 24) Experimental models demonstrate 
that VDR activation suppresses de novo lipogenesis. It achieves 
this by downregulating the expression of Sterol Regulatory 
Element-Binding Protein 1c (SREBP-1c), a key transcription 
factor that drives the synthesis of fatty acids and triglycerides in 
the liver (12). Simultaneously, Vitamin D promotes hepatic 
beta-oxidation of fatty acids and enhances the secretion of Very 
Low-Density Lipoprotein (VLDL), thereby reducing intrahepatic 
lipid accumulation (11, 25). Also, chronic low-grade 
in-ammation drives the progression from simple steatosis to 
MASH, and Vitamin D exerts potent anti-in-ammatory effects 
by inhibiting the Nuclear Factor kappa B (NF-κB) signaling 
pathway in Kupffer cells (26). This suppression reduces the 
production of pro-in-ammatory cytokines such as Tumour 
Necrosis Factor-alpha (TNF-α), Interleukin-6 (IL-6), and 
Interleukin-1 beta (IL-1β), which are implicated in 
hepatocellular injury and insulin resistance (27).

Epidemiological evidence reinforces these mechanistic 
insights. Several observational studies have shown that low 

Vitamin D levels are consistently associated with greater liver 
disease burden. Meta-analytic data in people with T2DM 
indicate that VDD more than doubles the risk of MASLD 
compared to individuals with adequate levels, and this 
relationship persists after accounting for common confounders 
such as age, sex, and adiposity. The association appears notably 
stronger in individuals with a BMI >23 kg/m2 (28). Importantly, 
the severity of VDD tracks closely with histologic features of 
liver injury. Furthermore, lower serum 25(OH)D levels correlate 
with greater histological severity of NAFLD, including higher 
NAFLD Activity Scores (NAS) and advanced fibrosis stages (23).

3.2.2 Vitamin D and T2DM—pathways of glucose 
regulation

Vitamin D plays a central role in pancreatic beta-cell 
physiology by supporting both insulin biosynthesis and 
secretion. Pancreatic beta-cells possess both VDR and the 
1-alpha-hydroxylase enzyme (CYP27B1), allowing them to 
locally synthesize active 1,25(OH)2D (29). Vitamin D is essential 
for the biosynthesis of insulin and facilitates the calcium in-ux 
required for insulin exocytosis (11). Deficiency leads to impaired 
glucose-stimulated insulin secretion (GSIS) and may accelerate 
beta-cell apoptosis, a hallmark of progressive T2DM (29).

Vitamin D also acts on peripheral insulin-sensitive tissues, 
particularly skeletal muscle and adipose tissue, where it 
enhances insulin signaling through multiple pathways. It directly 
upregulates the expression of Insulin Receptor Substrate (IRS) 
proteins and facilitates the translocation of GLUT4 glucose 
transporters to the cell surface in skeletal muscle and adipose 
tissue (11, 30, 31). At the systemic level, Vitamin D suppresses 
systemic in-ammation (lowering CRP, TNF-α), and reduces the 
“metabolic noise” that interferes with insulin signaling pathways 
(32). It additionally in-uences adipokine secretion, increasing 
levels of adiponectin (an insulin-sensitizing hormone) and 
decreasing leptin, thereby improving the metabolic profile of 
adipose tissue (11, 33). Through these combined actions, 
Vitamin D contributes to improved insulin sensitivity and a 
more metabolically resilient phenotype. These tissue-specific 
molecular mechanisms are summarized in Table 1.

3.2.3 Vitamin D—modulator of the MASLD–T2DM 
interaction

The bidirectional relationship between MASLD and T2DM 
creates a “vicious cycle” of metabolic dysfunction. Hepatic 
insulin resistance (driven by liver fat) results in unchecked 
gluconeogenesis and fasting hyperglycaemia. Simultaneously, 
peripheral insulin resistance increases the -ux of free fatty acids 
to the liver, fuelling further steatosis. Within this cycle, VDD 
may act as a crucial “second hit” or disease modifier in this axis. 
In patients with established T2DM, deficiency exacerbates 
hepatic lipid deposition, accelerating the transition to MASH 
(28). Conversely, in patients with primary MASLD, deficiency 
impairs pancreatic compensation, hastening the onset of overt 
diabetes (34).

Although the mechanistic and observational data are 
compelling, results from Randomized Controlled Trials (RCTs) 
of Vitamin D supplementation have been inconsistent. Some 
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meta-analyses indicate that Vitamin D supplementation 
significantly reduces HOMA-IR (a marker of insulin 
resistance), lowers ALT/AST levels, and decreases markers of 
oxidative stress (like malondialdehyde—MDA) and 
in-ammation (hs-CRP) in patients with metabolic syndrome 
and MASLD (32). Other studies, including large trials, have 
found no significant effect on HbA1c, liver histology (steatosis 
or fibrosis), or mortality (14, 37, 38). These con-icting findings 
are likely due to heterogeneity in study designs. Most trials 
often fail to stratify by baseline Vitamin D status 
(supplementation is unlikely to help those who are already 
sufficient) or genetic variants. Furthermore, the dose and 
duration of supplementation vary widely, with daily 
physiological doses often showing different effects compared to 
massive bolus doses (32).

3.3 Evidence gaps in Sub-Saharan Africa

The global evidence provides a robust theoretical framework, 
but its application to Sub-Saharan Africa is fraught with 
uncertainty. The region exhibits specific epidemiological, 
genetic, and environmental features that may fundamentally 
alter the Vitamin D–MASLD–T2DM relationship.

3.3.1 The epidemiology of the “triple burden” in 
SSA

There is a common misconception that VDD is rare in Africa 
because of abundant sunshine, but empirical data contradicts this. 
Systematic reviews estimate the prevalence of deficiency 
(<30 nmol/L) in SSA general populations to be approximately 

FIGURE 1 

PRISMA flow diagram illustrating the literature search and selection process.
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18%–20%, with rates rising to over 50% in specific vulnerable 
groups such as women, newborns, and the elderly. It is also 
significantly more common in urban areas compared to rural 
ones, likely due to indoor lifestyles and pollution (16). In 
clinical cohorts of patients with type 2 diabetes in Nigeria and 
other African settings, studies have reported VDD rates ranging 
from 38% to 63% (39, 40). These rates are alarming given the 
established link between the vitamin deficiency and poor 
glycaemic control.

Recent meta-analyses place the pooled prevalence of MASLD 
in SSA at 29.2%, with important regional and demographic 
variation that helps explain the distribution of risk. West Africa 
shows the highest prevalence at 34.4%, a trend that may re-ect 
rapid urbanization and dietary transitions characterized by 
increased consumption of palm oil and refined carbohydrates, 
while Southern Africa follows at 26.9%, where Westernized 
dietary patterns are more firmly established (9). An additional 
feature of the SSA epidemiology is the gender disparity. Unlike 
many Western cohorts where men show higher prevalence, 
MASLD in SSA is notably more common in women, with 
estimates of 27.1% in females compared with 23.0% in males 
(9, 41), a pattern that may relate to cultural perceptions of body 
size, higher obesity rates among women, and possibly hormonal 
factors that could interact with vitamin D status.

Furthermore, the explosion of T2DM in SSA is well 
documented, but the phenotype often differs from that observed 
in Western populations. Many African patients develop diabetes 
at a relatively low BMI, a pattern often referred to as “lean 
diabetes,” which suggests that visceral and ectopic fat deposition 
in organs such as the liver and pancreas may play a 
disproportionately large role compared with subcutaneous fat 
(42). Body composition studies in African populations indicate 
that even in the absence of overt obesity, ectopic fat 
accumulation contributes to insulin resistance, beta-cell stress, 
and metabolic dysregulation. This phenotype shares features 
with the lipodystrophy-like pattern seen in HIV-infected and 

treated individuals in SSA, where subcutaneous fat storage 
capacity is impaired, leading to redistribution of fat to visceral 
and ectopic depots, which further exacerbates insulin resistance 
and organ-specific metabolic dysfunction (43). The combination 
of lean diabetes, high rates of visceral and ectopic fat, and HIV- 
related fat redistribution highlights the unique metabolic context 
of T2DM in SSA, which differs significantly from classical 
obesity-driven diabetes patterns observed elsewhere.

3.3.2 The “Vitamin D paradox” and genetic 
bioavailability

A critical scientific gap is the definition of “deficiency” itself. 
The “Vitamin D Paradox” refers to the observation that 
individuals of African ancestry consistently present with lower 
total serum 25(OH)D levels than Caucasians, yet paradoxically 
have superior bone mineral density and lower fracture rates (19, 
44) In this context, Vitamin D Binding Protein (DBP) 
polymorphisms become particularly important. Approximately 
85–90 percent of circulating Vitamin D is bound to DBP (GC 
globulin), while 10–15 percent is bound to albumin, and less 
than 1 percent is “free.” Moreover, African populations 
predominantly carry the Gc1f allele of the DBP gene, whereas 
Caucasians carry the Gc1s or Gc2 alleles (19). Early studies 
suggested that the African DBP variant had a lower affinity for 
Vitamin D, resulting in a higher percentage of free 
(bioavailable) hormone despite lower total levels, a concept 
referred to as the “Bioavailability Hypothesis,” and this would 
explain the bone health paradox (45).

However, more recent studies using direct measurement 
assays have challenged this, finding that free Vitamin D levels 
track with total levels and are indeed lower in Africans (21). 
This implies that the “deficiency” is real and that physiological 
adaptation, such as PTH resistance, or other mechanisms may 
be preserving bone. Consequently, if African tissues are adapted 
to lower intracellular Vitamin D levels, standard “insufficiency” 

TABLE 1 Comparative mechanisms of Vitamin D in the MASLD–T2DM axis.

Target Tissue Molecular Mechanism (VDR 

Activation)

Physiological Outcome Relevance to MASLD/T2DM 

Pathophysiology

Hepatocyte (11, 12, 23) ↓ SREBP-1c expression; Reduced de novo lipogenesis Prevents Steatosis (Liver Fat Accumulation) and 

lipotoxicity↑ Beta-oxidation enzymes Enhanced VLDL secretion

Kupffer Cell (12) ↓ NF-κB signaling; Reduced cytokine release (TNF-α, IL-6) Prevents progression to MASH (In-ammation)

↓ TLR expression

Hepatic Stellate Cell 

(11, 12, 23)

↓ TGF-β/SMAD signaling Reduced myofibroblast activation and 

collagen deposition

Prevents Liver Fibrosis

Pancreatic Beta-Cell 

(11, 34)

↑ Insulin gene transcription Improved Insulin Biosynthesis & Secretion; 

Reduced Apoptosis

Prevents Beta-cell failure (T2DM onset)

Regulates Ca2 + -ux

Skeletal Muscle (30) ↑ IRS-1 expression; Increased Glucose Uptake Improves peripheral insulin sensitivity

↑ GLUT4 translocation

Adipose Tissue (33) ↑ Adiponectin secretion; Improved Insulin Sensitivity Reduces peripheral lipotoxicity (FFA -ux to 

liver)↓ Leptin secretion Reduced systemic in-ammation

Gut Microbiome 

(35, 36)

↑ Tight Junction proteins (Claudins) Improved Gut Barrier Function Reduces Metabolic Endotoxemia (LPS 

translocation)Modulates -ora composition

Basil                                                                                                                                                                       10.3389/fepid.2026.1765215

Frontiers in Epidemiology 06 frontiersin.org

https://doi.org/10.3389/fepid.2026.1765215


cut-offs (e.g., <30 ng/mL) might be inappropriate for assessing 
metabolic risk; conversely, if the free hormone is truly low, then 
the widespread deficiency is a genuine emergency driving the 
metabolic epidemic, and this remains a massive research gap.

Furthermore, VDR polymorphisms add another layer of 
complexity. Genetic variations in the VDR gene (FokI, BsmI, 
TaqI) modulate receptor sensitivity, and the frequency of these 
alleles differs significantly in African populations. For example, 
the TaqI polymorphism has been associated with Vitamin 
D insufficiency in South African populations, while FokI has 
been linked to cancer risk in African Americans (46). The 
specific impact of these variants on hepatic lipid metabolism in 
Africans is unknown, and this represents an additional gap 
requiring focused investigation.

3.3.3 The “protective” genetic profile—PNPLA3

In European and Hispanic populations, the PNPLA3 I148M 
variant (G allele) is the single strongest genetic predictor of 
MASLD, driving liver fat accumulation even in the absence of 
obesity. However, the African anomaly becomes immediately 
apparent, as this risk allele is rare in African populations (allele 
frequency ∼19 percent vs. ∼49 percent in Hispanics) (47). Yet the 
paradox is that despite possessing a “protective” genetic profile 
regarding PNPLA3, SSA populations are experiencing a surge in 
MASLD. Taken together, this strongly suggests that environmental 
factors, including diet and physical activity, as well as other genetic 
modifiers, are driving the epidemic in SSA. Consequently, it creates 
a compelling niche for VDD to act as a primary driver, because in 
the absence of strong genetic susceptibility such as PNPLA3, 
environmental insults like VDD may have a higher attributable risk 
fraction for MASLD in Africans than in other groups (48).

3.3.4 The confounding role of HIV/ART

The intersection of viral infection, treatment, and metabolism is 
critical in the SSA given that there are over 25 million people living 
with HIV in the region. Regarding ART and Vitamin D, 

antiretroviral therapy (ART) is a lifeline, but it comes with 
metabolic costs. For instance, Efavirenz (EFV), which is an NNRTI 
that served as the backbone of first-line therapy in SSA for 
decades, induces the hepatic enzyme CYP24A1, and this enzyme 
catabolizes 25(OH)D into inactive metabolites, leading to profound 
VDD (49). Studies have shown that HIV+ patients on EFV have 
significantly lower Vitamin D levels than those on other regimens 
(50). Furthermore, Tenofovir (TDF), often used in combination, is 
associated with secondary hyperparathyroidism and bone loss, 
further complicating the calcium–Vitamin D axis (49).

In terms of metabolic consequences, lipodystrophy is an 
important feature, as ART is associated with a redistribution of 
fat, particularly loss of subcutaneous fat (lipoatrophy) and gain 
of visceral/hepatic fat (lipohypertrophy). This visceral adiposity 
drives insulin resistance and mimics the MASLD phenotype 
(49). Additionally, in-ammation persists even with viral 
suppression because HIV is a state of chronic immune 
activation, and VDD exacerbates this in-ammatory state. 
Consequently, the “Triple Hit” of HIV in-ammation, ART 
toxicity, and traditional obesity puts this population at extreme 
risk for MASLD and T2DM. A comparison of these unique 
regional factors against the global context is presented in Table 2.

To systematically visualize the disparities in current literature 
and identify high-priority areas for future investigation, the 
contrast between established global evidence and the existing 
voids in the Sub-Saharan African context is summarized in Table 3.

3.4 Emerging perspectives and hypotheses

Synthesizing the global biology with the regional reality allows us 
to formulate specific hypotheses and emerging perspectives for SSA.

3.4.1 The gut-liver-Vitamin D axis in SSA

The gut microbiome is increasingly recognized as a metabolic 
organ, and Vitamin D plays a crucial role in maintaining gut 
barrier integrity (tight junction proteins) while also modulating 

TABLE 2 The SSA context: Key differences and implications.

Factor Global/Western Context Sub-Saharan African Context Implication for Research & Care

MASLD Genetic Risk 

(10, 48)

High prevalence of PNPLA3 I148M 

(risk allele).

Low prevalence of PNPLA3 risk allele 

(∼19%).

Environmental factors (Diet, VDD) likely have a higher 

attributable risk fraction in SSA.

Vitamin D Status 

(19, 21, 45)

Deficiency defined as <20/30 ng/mL; 

linked to bone risk.

"Vitamin D Paradox": Low total levels but 

good bone health.

Standard cut-offs may overestimate deficiency; need Free 

25(OH)D measurements.

DBP Genetics 

(19, 21, 45)

Gc1s/Gc2 alleles dominant. Gc1f allele dominant (African ancestry). May affect Vitamin D bioavailability and transport 

efficiency.

Comorbidities (20, 49) Obesity, Dyslipidaemia, 

Hypertension.

HIV (high prevalence), ART toxicity 

(Efavirenz), TB.

HIV/ART status must be stratified in all metabolic 

studies/trials.

Dietary Driver (7, 9) High Fructose Corn Syrup, Saturated 

Fat.

"Nutrition Transition": Rapid shift to 

refined carbs & seed oils.

Fortification of staples (oil/-our) is a key intervention 

point.

T2DM Phenotype 

(42, 43)

Strongly associated with high BMI 

(General Obesity).

Often presents at lower BMI (“Lean 

Diabetes”).

Visceral and Ectopic fat accumulation is more critical 

than BMI.

Early Life Programming 

(51, 52)

Focus on childhood obesity 

prevention.

High prevalence of maternal 

undernutrition & “Thrifty Phenotype.”

Maternal Vitamin D supplementation may be a critical 

long-term NCD prevention strategy.
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microbiome composition by promoting beneficial phyla like 
Akkermansia and reducing Firmicutes (35). In this context, the 
“Nutrition Transition” in SSA is driving a specific form of 
dysbiosis, as traditional diets rich in resistant starch and fibre 
are being replaced by low-fibre, high-sugar processed foods. 
Consequently, this dietary shift, combined with widespread 
VDD, may compromise the intestinal barrier.

As a result, a “leaky gut” allows the translocation of bacterial 
endotoxins (Lipopolysaccharide — LPS) into the portal circulation, 
leading to what is described as “Metabolic Endotoxemia.” These 
endotoxins then travel directly to the liver, where they activate TLR4 
on Kupffer cells, thereby triggering the in-ammatory cascade that 
drives MASH and systemic insulin resistance (53, 54). Moreover, 
emerging evidence suggests that Vitamin D supplementation in SSA 
could potentially “seal” the gut barrier and reduce the endotoxic load 
on the liver, a mechanism that might be particularly effective in 
populations with high infectious burdens (36).

3.4.2 The barker hypothesis: developmental 
origins of metabolic disease

The “Barker Hypothesis” or DOHaD suggests that the 
intrauterine environment programs the fetus’s metabolic set- 
points for life, and this framework is particularly relevant in the 
SSA scenario, where a significant proportion of the current adult 
population was born during periods of economic hardship, 
famine, or maternal undernutrition, meaning they were born 
with “thrifty” phenotypes programmed to conserve energy (55). 
As these individuals now live in an obesogenic urban 
environment, the resulting “mismatch” between early-life 
programming and current lifestyle dramatically amplifies 
metabolic risk. Within this context, Vitamin D’s role becomes 
important, as recent evidence links maternal VDD to epigenetic 
modifications (DNA methylation) in offspring that predispose 
them to adiposity and metabolic dysfunction (51, 52). 
Consequently, the high prevalence of VDD in pregnant women 
in SSA today may be programming the next generation for an 
even more severe wave of MASLD and T2DM, and addressing 

maternal Vitamin D status is thus not just an obstetric concern 
but may be a long-term NCD prevention strategy (56).

3.4.3 Fortification and the food environment

The efficacy of Vitamin D as a public health tool depends on 
delivery systems, and in terms of the fortification landscape, 
many SSA countries, including Nigeria and South Africa, have 
mandatory food fortification mandates for staples like wheat 
-our, maize meal, and cooking oil (57). However, these initiatives 
typically focus on Vitamin A, Iron, and Zinc, whereas Vitamin 
D fortification is often voluntary or absent (58). Moreover, even 
where standards exist, such as Kenya’s requirement for Vitamin 
A in fats and oils, implementation gaps are evident because 
compliance is variable (59). Furthermore, the stability of vitamins 
in cooking oils used for high-heat frying, which is common in 
West African cuisine, is questionable. In addition, the so-called 
“oil paradox” presents another challenge, as the transition to 
cheap vegetable oils, often rich in omega-6 PUFAs, may be 
promoting in-ammation, and if these oils are not fortified with 
Vitamin D, which has anti-in-ammatory properties, the dietary 
shift is doubly harmful. A comprehensive synthesis of the key 
claims, evidence strength, and supporting literature identified in 
this review is detailed in Table 4.

3.5 Future research directions

The current evidence base allows the construction of a robust 
conceptual framework, but empirical data is needed to validate it. 
The following targeted research directions for SSA are proposed.

3.5.1 Defining ancestry-specific reference ranges

There is need to move beyond the “one size fits all” definition 
of VDD. Large-scale cross-sectional studies in diverse African 
ethnic groups (e.g., Bantu, Nilotic, Khoisan) are required, 
measuring total 25(OH)D and Free 25(OH)D (directly 

TABLE 3 Research gaps in global vs. Sub-Saharan African evidence.

Research Domain Global/Western Evidence Sub-Saharan Africa Evidence Gap 

Severity

MASLD Epidemiology Robust: Prevalence and risk factors well-defined across 

large cohorts (1, 5, 22).

Emerging: Limited to hospital-based studies; population-level 

data is sparse (9, 39).

Moderate

Genetic Drivers 

(PNPLA3)

Established: PNPLA3 I148M is the dominant risk 

variant (47).

Paradoxical: Risk allele is rare; alternative genetic drivers 

undefined (10, 48).

High

Vitamin D Status 

Assessment

Standardized: Defined cut-offs (<20/30 ng/mL) based 

on bone health (15).

Controversial: “Vitamin D Paradox” complicates definition; 

lack of “Free Vit D” data (18, 21, 45).

High

Mechanistic Pathways Advanced: VDR role in insulin signaling and 

in-ammation well-mapped (12, 30, 31).

Absent: No direct mechanistic studies on African-specific cell 

lines or tissues.

Major gap

Clinical Trials (Efficacy) Inconsistent: Mixed results from numerous RCTs (13, 

14, 32).

Non-Existent: No RCTs specifically testing Vit D for MASLD/ 

T2DM in SSA (51).

Major gap

HIV/ART Interaction Low Priority: HIV is a managed chronic condition with 

lower population burden.

Critical: High burden; Efavirenz toxicity & lipodystrophy are 

major metabolic drivers (20, 51, 61).

High

Early Life Programming 

(DOHaD)

Growing: Focus on childhood obesity prevention (53). Urgent: High rates of maternal undernutrition & “thrifty 

phenotype” programming (52).

High
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measured), DBP and VDR genotypes, and markers of calcium 
homeostasis (PTH, Calcium). In this way, the goal is to establish 
“physiological” cut-offs for Vitamin D that correlate with 
metabolic risk (HOMA-IR, Liver Fat) rather than just bone 
health (21).

3.5.2 The “SSA-metabolic” randomized controlled 
trial

Global RCTs have been inconclusive, and there is need an 
SSA-specific trial design. This will involve a multi-center RCT 
(e.g., Nigeria, Kenya, South Africa) enrolling pre-diabetic 
patients with ultrasound-diagnosed MASLD and comparing 
high-dose Vitamin D supplementation with placebo. Moreover, 
participants must be stratified by baseline Vitamin D status 
(Deficient vs. Insufficient), HIV Status (On ART vs. Negative), 
and genotype (VDR variants), while the endpoints should 
include change in Liver Fat Content (via MRI-PDFF or 
FibroScan CAP), Insulin Sensitivity (HOMA-IR), and 
in-ammatory markers (hs-CRP, Cytokines).

3.5.3 Investigating the viral-metabolic interface

Given the high prevalence of HIV, specific studies are needed 
to disentangle the effects of the virus, the drugs, and the vitamin, 
leading to the key question: Can Vitamin D supplementation 
mitigate the metabolic toxicity of Efavirenz or Dolutegravir- 
based ART regimens, and does it reduce the accumulation of 
visceral/hepatic fat in this specific population (61)?

3.5.4 Longitudinal “life-course” studies

Finally, leveraging existing birth cohorts (like the Drakenstein 
study in South Africa) is essential to track the long-term metabolic 

outcomes of maternal Vitamin D status, and the goal is to test the 
DOHaD hypothesis: Does maternal VDD predict liver fat 
accumulation in the African child/adolescent? (62).

4 Discussion

The evidence from this study supports a strong association 
between vitamin D deficiency and increased risk or severity of 
MASLD and T2DM, mediated by effects on insulin sensitivity, 
in-ammation, and hepatic lipid metabolism (13, 15, 23, 28, 60), 
and mechanistic studies provide a plausible biological basis for 
these associations, implicating the vitamin D–VDR axis in key 
metabolic and immune pathways (12, 24, 30, 31, 54). However, 
clinical trials of vitamin D supplementation yield inconsistent 
results, with benefits often limited to specific subgroups or mild 
disease stages (27, 32, 37, 38), and methodological heterogeneity, 
population differences, and variable dosing regimens contribute 
to these discrepancies (14, 29). Consequently, the lack of robust 
data from Sub-Saharan Africa is a significant gap, given the 
region’s unique risk factors and rapidly rising burden of 
MASLD and T2DM (4, 9, 16, 60), and addressing vitamin 
D deficiency may offer a low-cost, adjunctive strategy for 
metabolic disease prevention, although region-specific research 
is urgently needed to inform public health policies (1, 25).

In light of this, the “MASLD Spectrum” in Sub-Saharan Africa 
is emerging as a formidable public health challenge, distinct in its 
epidemiology and genetics from the disease described in Western 
literature, as it is a condition shaped by the collision of rapid 
urbanization, dietary transition, and a persistent burden of 
infectious disease (2, 7–9, 20). This scoping review positions 
Vitamin D at the center of this complex web, and the global 
evidence provides a compelling biological rationale: Vitamin 
D is a potent guardian of metabolic health, essential for insulin 
secretion, sensitivity, and the suppression of hepatic 

TABLE 4 Key findings and supporting evidence identified in the literature.

Findings Evidence 

Strength

Rationale Studies 

(Ref)

Vitamin D deficiency is associated with increased 

risk/severity of MASLD and T2DM

Strong Supported by umbrella reviews, meta-analyses, and large observational 

studies linking deficiency to insulin resistance and liver fat.

(13, 15, 23, 28, 

60)

Vitamin D exerts metabolic protection via the VDR 

axis (insulin sensitivity, anti-in-ammatory)

Strong Robust mechanistic evidence from molecular and cellular studies 

demonstrating VDR’s role in lipid metabolism and immune 

modulation.

(11, 12, 24, 30, 

31, 54)

Clinical trials of Vitamin D supplementation yield 

inconsistent results

Moderate RCTs show mixed outcomes; benefits often limited to specific 

subgroups, obscured by heterogeneity in dosing and population.

(14, 27, 32, 37, 

38)

There is a critical data gap regarding Vitamin D and 

MASLD in Sub-Saharan Africa

Strong Systematic reviews confirm a lack of region-specific data despite high 

prevalence of risk factors (urbanization, infectious disease).

(1, 4, 9, 16, 60)

MASLD in SSA is distinct due to “Triple Burden” 

(Diet, Urbanization, HIV)

Moderate Emerging evidence links rapid nutrition transition and HIV/ART to 

unique metabolic phenotypes, distinct from Western cohorts.

(2, 7–9, 20)

Genetic factors (PNPLA3, DBP) alter the risk profile 

in African populations

Strong Genetic studies consistently show low PNPLA3 risk allele frequency in 

Africans, suggesting environmental drivers (like VDD) are more 

dominant.

(10, 19, 47, 48)

Vitamin D fortification is a plausible public health 

strategy for SSA

Moderate Policy assessments suggest feasibility of fortification (e.g., cooking oil), 

though efficacy trials for metabolic outcomes are pending.

(57–59)
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in-ammation (11, 31, 33). Moreover, in SSA, the widespread 
prevalence of Vitamin D deficiency, driven by urbanization and 
potentially misunderstood due to genetic variations in binding 
proteins, represents a massive, unaddressed risk factor (16, 19, 
21, 45).

Therefore, the “Specific Gap” identified by this review is not 
merely academic but has profound implications, because if 
Vitamin D deficiency is a significant modifiable risk factor in 
the MASLD–T2DM transition in Africans, potentially filling the 
risk void left by the absence of PNPLA3 (10, 47, 48), then 
Vitamin D supplementation could represent a potential low- 
cost, scalable, and safe intervention that could be integrated into 
public health programs (for instance, via mandatory fortification 
of cooking oils) (57–59). However, realizing this potential 
requires us to shed Eurocentric assumptions about “normal” 
levels and disease mechanisms, and future research must 
embrace the complexity of the African context, accounting for 
genes, germs (HIV), and geography (43, 46, 49, 61). Only by 
rigorously investigating these SSA-specific dimensions can we 
turn the promise of Vitamin D into a tangible tool to halt the 
rising tide of cardiometabolic disease in the region.

5 Conclusion

This scoping-narrative review synthesizes a compelling body 
of evidence positioning Vitamin D as a critical pleiotropic 
hormone governing the intersection of MASLD and T2DM 
through established anti-in-ammatory, anti-fibrotic, and insulin- 
sensitizing pathways. Evidence from global clinical trials have 
yielded inconsistent results and the implications for SSA are 
distinct and urgent. In a region where the dominant genetic 
driver of hepatic steatosis (PNPLA3) is rare, widespread VDD, 
exacerbated by rapid urbanization, dietary transition, and 
infectious comorbidities, is posited as a plausible environmental 
driver for the rising metabolic crisis. Consequently, this 
hypothesis-generating review suggests that resolving the 
“Vitamin D Paradox” through ancestry-specific reference ranges 
and validating targeted supplementation strategies represents a 
high-priority public health frontier, though robust randomized 
controlled trials are required to confirm efficacy before 
clinical implementation.
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