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Abstract

BACKGROUND Global evidence establishes diabetes mellitus (DM) as a significant risk factor for
severe COVID-19, but data from specific sub-Saharan African settings remain limited. AIM To
determine the independent association between DM and COVID-19 severity in western Kenya and
to investigate acute metabolic decompensation as a potential mediating pathway. METHODS A
retrospective cohort study analyzed 157 participants (44 with DM, 113 without). The primary
outcome was severe/critical COVID-19. Causal mediation analysis estimated the proportion of the
effect mediated by diabetic ketoacidosis (DKA) or hyperosmolar hyperglycemic state (HHS).
Multivariable logistic regression adjusted for age, sex, hypertension, and cardiovascular disease. The
E-value assessed robustness to unmeasured confounding. RESULTS The median age was 57 years;
57% were male. Patients with DM had significantly higher rates of severe/critical infection (50.0% vs.
23.0%, P<0.001). After adjustment, DM was independently associated with severe/critical disease
(aOR: 3.15, 95% CI: 1.52-6.54, P=0.002). While mortality was higher in the DM group (22.7% vs. 15.9%),
the study was underpowered to detect a statistically significant difference in death (aOR: 1.48,
P=0.380). Mediation analysis estimated that 38% (95% CI: 12% to 75%) of the total effect was mediated
through acute metabolic decompensation (DKA/HHS). CONCLUSION Diabetes is a strong
independent predictor of severe COVID-19 in this Kenyan cohort. A substantial portion of this risk
is statistically consistent with mediation through acute glycemic crises.

Keywords: COVID-19; diabetes mellitus; severity of illness; Kenya; Sub-Saharan Africa; mediation
analysis; health systems

Core Tip: This study from western Kenya confirms diabetes as a key risk factor for severe
COVID-19. It provides novel evidence suggesting that acute metabolic decompensation may be an
important intermediary pathway to severe disease. This highlights a direct clinical target, advocating
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for prioritized metabolic management in diabetic patients with COVID-19 within resource-
constrained environments.

Introduction

The COVID-19 pandemic, precipitated by the SARS-CoV-2 virus, has unveiled critical syndemic
interactions with non-communicable diseases (NCDs), significantly shaping global mortality patterns
[1]. Diabetes mellitus (DM) has been consistently identified as a primary comorbidity, potentiating
the risk of severe respiratory and systemic complications [2,3]. International cohorts and recent meta-
analyses have demonstrated that individuals with diabetes experience disproportionately higher
rates of intensive care admission and death [4-7]. However, the COVID-19 pandemic has also placed
immense strain on healthcare systems globally, with Sub-Saharan African (SSA) health systems
facing unique vulnerabilities, including workforce shortages, limited infrastructure, and a high
preexisting burden of communicable and non-communicable diseases [8]. This strain exacerbates the
syndemic interaction between COVID-19 and diabetes, where biological and socio-contextual factors
converge to worsen outcomes.

The pathophysiological link between DM and COVID-19 severity is multifactorial, involving
chronic inflammation, immune dysfunction, endothelial damage, and a dysregulated cytokine
response [9,10]. Chronic hyperglycemia leads to a state of low-grade inflammation and an impaired
immune response, making the host more susceptible to severe viral illness [11]. Conversely, SARS-
CoV-2 infection can directly exacerbate metabolic dysregulation through cytokine-driven insulin
resistance and potential viral injury to pancreatic p-cells [12]. Much of this evidence, however,
originates from high-income settings with older populations, advanced critical care capacity, and
different burdens of comorbid disease. The relative contribution of these chronic inflammatory
pathways versus acute, infection-induced metabolic crises in driving severe outcomes remains
unclear, particularly in regions with younger populations, constrained healthcare resources, and
potentially differing background glycemic control.

Sub-Saharan Africa faces an increasing double burden of communicable and non-communicable
diseases [13]. Kenya has an estimated diabetes prevalence of 7.1%, yet the local interaction between
DM and COVID-19 is critically understudied [14]. Within the complex landscape of a strained health
system, understanding the dominant, modifiable pathways to severe disease is critical for optimizing
scarce clinical resources [15,16]. Distinct contexts—including genetic background, age structure,
prevalence of other infections, and healthcare system resilience—may modulate the diabetes—
COVID-19 interaction in ways not captured by global models [17]. In settings where ICU beds and
ventilators are scarce, identifying the most immediate and treatable pathways to deterioration is a
clinical necessity.

Therefore, this study was designed to achieve two primary objectives within a tertiary care
setting in western Kenya: first, to quantify the independent association between diabetes and COVID-
19 severity and mortality; and second, to investigate the hypothesis that acute metabolic
decompensation serves as a key mediating mechanism for severe disease in this population. By doing
50, we aim to provide evidence to inform more precise clinical management and health system
preparedness.

Materials and Methods

Study Design and Setting

We conducted a retrospective cohort study at the COVID-19 isolation centre of Jaramogi Oginga
Odinga Teaching and Referral Hospital (JOOTRH), the primary tertiary care and referral facility for
Kisumu County and the wider western Kenya region. The study period (May 2020 to May 2021)
encompassed Kenya’s initial pandemic waves prior to the widespread availability of SARS-CoV-2
vaccines.
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Study Population and Data Sources

The study population included all patients aged > 18 years admitted with RT-PCR-confirmed
SARS-CoV-2 infection. Patient records were identified from hospital medical records and isolation
unit admission registries.

Sample Size and Participant Selection

A minimum sample size of 150 was calculated a priori using G*Power 3.1.9.7 software, assuming
80% power, a two-sided alpha of 0.05, a proportion of severe disease in non-diabetics of 20%, and an
odds ratio of 2.5 for patients with DM. We aimed for complete enumeration of all 214 eligible
admission records identified during the study period. After rigorous screening, 57 records were
excluded due to incomplete core data (missing exposure status, primary outcome, or essential
covariates like age). The final analytic cohort comprised 157 participants.

Data Collection and Variables

Data was extracted by two trained clinical officers using a standardized, pre-piloted electronic
data-collection tool (KoboToolbox). Inter-rater reliability was assessed on a randomly selected 10%
sample; any discrepancies were resolved through review and consensus by a third senior investigator
(E.P.O.).

Exposure variable: DM status was defined by a documented preexisting diagnosis, history of anti-
diabetic medication use, or patient self-report of a prior physician diagnosis. To ensure the stability
of the exposure group and avoid confounding by transient stress-induced hyperglycemia, only
patients with a confirmed history of diabetes were included in the DM cohort.

Primary outcome: COVID-19 disease severity at the point of worst clinical status during
admission, categorized according to the Kenyan Ministry of Health COVID-19 Clinical Management
Guidelines (3rd Edition, July 2020):

1. Mild/Moderate: Asymptomatic or symptomatic (e.g., fever, cough) without evidence of severe
pneumonia, and peripheral oxygen saturation (5pO2) 294% on room air.

2. Severe/Critical: Clinical signs of severe pneumonia (respiratory rate >30 breaths/min, severe
respiratory distress) or SpOz2 <94% on room air or requirement for supplemental oxygen to maintain
SpO2 294% or critical illness (acute respiratory distress syndrome (ARDS), sepsis, septic shock, or
requiring intensive care for mechanical ventilation or vasopressor support).

Secondary outcomes included in-hospital mortality (all-cause), development of any major COVID-
19 complication (e.g., ARDS, acute kidney injury, thromboembolism), and the occurrence of an acute
diabetic complication.

Potential mediator: Acute metabolic decompensation was defined as a physician-documented
diagnosis of DKA or HHS during the admission. Hypoglycemic crises were excluded from the
mediation model to focus specifically on the hypermetabolic pathway to deterioration.

Covariates: Extracted data included age, sex, and the presence of key comorbidities
(hypertension, cardiovascular disease, chronic kidney disease (CKD), chronic lung disease, HIV,
cancer). Data on HIV status were available, but prevalence was low (n=8, 5.1%) and did not differ
significantly between groups (P=0.99); it was therefore not included as a covariate in the primary
model. Data on body mass index (BMI) and glycated hemoglobin (HbAlc) were not consistently
available in the clinical records and are acknowledged as a key limitation.

Statistical Analysis

Data were analysed using Stata/MP 18.0 (StataCorp LP, College Station, TX, USA). Descriptive
statistics are presented as medians with interquartile ranges (IQR) for non-normally distributed
continuous variables and as counts with percentages for categorical variables. Group comparisons
utilized the Mann-Whitney U test, Chi-square test, or Fisher’s exact test, as appropriate.
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Multivariable logistic regression models were constructed to determine the independent
association between DM and (a) severe/critical COVID-19 and (b) in-hospital mortality. Covariate
selection followed a two-part strategy to balance clinical relevance with model stability, given the
sample size. Age and sex were included a priori. Other comorbidities were considered for inclusion if
they demonstrated an association with the primary outcome at P < 0.1 in bivariate analysis;
hypertension and cardiovascular disease met this criterion. Although CKD and chronic lung disease
were more prevalent in the DM group, they did not meet the pre-specified threshold for the primary
severity model. A sensitivity analysis was conducted to adjust for these additional comorbidities.

To investigate the secondary aim—the potential mediating role of acute metabolic
decompensation—we employed a formal causal mediation analysis framework using the paramed
command in Stata. This analysis estimates the natural direct effect (the effect of DM not operating
through the mediator) and the natural indirect effect (the effect of DM operating through the
mediator) of the total effect on the outcome. The analysis adjusted for the same confounders (age,
sex, hypertension, cardiovascular disease) and provided an estimate of the proportion mediated with
95% confidence intervals derived from 1000 non-parametric bootstrap replications. The interpretation
of these results is predicated on the assumption that there is no unmeasured confounding of the
exposure-mediator and mediator-outcome relationships.

To assess the robustness of the primary exposure-outcome association to potential unmeasured
confounding, we calculated the E-value. The E-value quantifies the minimum strength of association
that an unmeasured confounder would need to have with both the exposure and the outcome to
explain away the observed effect fully.

A two-sided P-value <0.05 was considered statistically significant. A post hoc power calculation
confirmed that the mortality analysis was underpowered.

Ethical Considerations

The Maseno University Scientific and Ethics Review Committee (MUSERC) granted ethical
approval for this study (Ref: MUSERC/01109/21). A waiver of individual informed consent was
authorised for this retrospective analysis of de-identified patient data. All research procedures were
performed in accordance with the ethical standards of the Declaration of Helsinki

Patient and Public Involvement

Due to the retrospective and urgent nature of this research conducted during a pandemic surge,
patients or the public were not involved in the design, conduct, reporting, or dissemination plans of
this study.

Results

Characteristics of the Study Cohort

Figure 1 presents the participant flow diagram. The final analytic cohort of 157 patients had a
median age of 57 years (IQR: 45, 68) and was predominantly male (89, 56.7%). Forty-four patients
(28.0%) were classified as having DM. Patients with DM were significantly older and had a higher
prevalence of cardiovascular disease, chronic kidney disease (P=0.049), and chronic lung disease
(P=0.021) (Table 1)
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Eligibiity Assessment

Group Allocation

Diabetes Melitus Cohort
n=44

Figure 1. Study participant flow diagram. This flowchart outlines the identification, screening, and inclusion
process for the retrospective cohort study, in accordance with the STROBE guidelines. It shows 214 eligible
records identified, of which 57 were excluded due to incomplete data, leaving 157 included in the analysis.

Table 1. Baseline characteristics of the study cohort.

Characteristic Total (N=157) DM (n=44) Non-DM (n=113) | p-value
Demographics

Age, years, | 57 (45, 68) 61 (52, 70) 55 (42,67) 0.023
Median
Sex
0.264

Male, n (%) 89 (56.7) 28 (63.6) 61(54.0)

Female, n (%) 68 (43.3) 16 (36.4) 52 (46.0)
Preexisting condition, n (%)

Hypertension 88 (56.1) 27 (61.4) 61 (54.0) 0.394

Cardiovascular | 65 (41.4) 25 (56.8) 40 (35.4) 0.013

disease
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Characteristic Total (N=157) DM (n=44) Non-DM (n=113) | p-value
Demographics

Age, years, | 57 (45, 68) 61 (52, 70) 55 (42,67) 0.023
Median
Sex
0.264

Male, n (%) 89 (56.7) 28 (63.6) 61(54.0)

Female, n (%) 68 (43.3) 16 (36.4) 52 (46.0)

Preexisting condition, n (%)

Hypertension 88 (56.1) 27 (61.4) 61 (54.0) 0.394
Chronic kidney | 28 (17.8) 12 (27.3) 16 (14.2) 0.049
disease
Chronic lung | 15 (9.6) 8 (18.2) 7 (6.2) 0.021
disease
Cancer 10 (6.4) 3 (6.8) 7(6.2) 0.888

Data presented as n (%), or median [Interquartile Range]. P-values from Chi-square or Fisher’s exact test for
categorical variables and the Mann-Whitney U test for age. Abbreviations: DM, Diabetes Mellitus; IQR,

Interquartile Range.

Association Between DM and COVID-19 Severity and Outcomes

The primary analysis focused on disease severity. In unadjusted analysis, a significantly higher
proportion of patients with DM presented with or progressed to severe/critical COVID-19 (50.0% vs.
23.0%, P < 0.001). After adjustment for age, sex, hypertension, and cardiovascular disease, DM
remained a strong, independent predictor of severe/critical disease (adjusted Odds Ratio [aOR]: 3.15,
95% CI: 1.52-6.54, P=0.002). In a sensitivity analysis that additionally adjusted for CKD and chronic
lung disease, the association persisted (aOR: 2.97, 95% CI: 1.40-6.31, P=0.005). The E-value for the
primary aOR of 3.15 was 5.45, suggesting considerable robustness to potential unmeasured
confounding.

Regarding mortality, the unadjusted rate was higher in the DM group (22.7% vs 15.9%), but the
adjusted association was not statistically significant (aOR: 1.48). Post-hoc power analysis confirmed
the study was substantially underpowered (31.5%) to detect an effect size for mortality; therefore,
this finding is strictly exploratory and should not be interpreted as a lack of association.

Incidence of Acute Diabetic Complications and Mediating Pathway

Among the 44 patients with DM, 17 (38.6%) developed at least one acute diabetic complication
during admission: DKA (13.6%), HHS (11.4%), or hypoglycaemic crisis (11.4%). The exploratory
causal mediation analysis revealed that acute metabolic decompensation (DKA/HHS) was
statistically consistent with being a mediator of the association between DM and severe COVID-19.
The estimated proportion of the total effect mediated through this pathway was 38% (95% CI: 12% to
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75%). This confirms that a significant secondary pathway to severe COVID-19 in this population is
the occurrence of an acute glycemic crisis. The conceptual model of this mediation pathway is
illustrated in Figure 2.

Total Effect (100%)

Path C’ Natural
Direct Effect
(62%)

RI A: SARS-Cov-2 as
Metabolic Stressor

5 Acute Metabolic -
Dhlnzlileut;s | PathA Decomperation Path B Severe/Critical
— (DKA/HSS) Acidois/Dehyration ¥ COVID-19

(DMm)
Acidosis/Dehydration
— Organ Dusfnstion /

Natural Indirect Effect (38%)

Mechanism 1:
Metabolic Stress

Figure 2. Conceptual model of the mediating pathway. Figure 2 partitions the total effect of diabetes on COVID-
19 severity into a Natural Direct Effect (62%), likely driven by chronic inflammation, and a Natural Indirect Effect
(38%) mediated by acute metabolic decompensation (DKA/HHS). This framework illustrates that over one-third
of the risk is statistically consistent with a pathway triggered by acute glycemic crises, identifying metabolic
stabilization as a high-priority clinical target for preventing severe morbidity.

Specific COVID-19-Related Complications by Diabetes Status

Table 3 details organ-system complications among the 111 patients who developed any
complication. Patients with diabetes had a significantly higher incidence of ARDS (29.4% vs. 11.7%,
p=0.030). Trends suggested higher rates of acute respiratory failure and acute kidney injury, though
these were not statistically significant in this subset analysis.

Discussion

This hospital-based cohort study from western Kenya provides robust evidence that DM is a
powerful, independent predictor of severe or critical COVID-19, conferring a three-fold increase in
adjusted odds of severe disease. This central finding aligns with and reinforces the global evidence
base linking DM to adverse COVID-19 outcomes across diverse geographical settings [4-7,18].
However, our study extends this understanding in a manner particularly pertinent to resource-
limited healthcare systems in SSA. Our exploratory mediation analysis yielded novel evidence
statistically consistent with a substantial mediating role for acute metabolic decompensation—
specifically DKA and HHS—accounting for an estimated 38% of the observed total effect of DM on
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disease severity. This mechanistic insight, while requiring cautious interpretation, offers a crucial
perspective on a potential pathway to deterioration.

The proposition that a significant proportion of the diabetes—severe COVID-19 association is
statistically consistent with mediation by acute metabolic crises is transformative for clinical practice
in similar settings. Much of the global pathophysiological discourse has emphasized a model in
which chronic hyperglycaemia, inflammation, and immune dysfunction in DM create a substrate
predisposing to a dysregulated host response and progressive respiratory failure [9,10]. While this
chronic inflammatory pathway is undoubtedly relevant, our data suggest that in our setting, a more
immediate and clinically overt metabolic crisis may be a primary driver of rapid clinical deterioration
for a substantial subset of patients. This supports a plausible mechanistic sequence: SARS-CoV-2
infection acts as a potent metabolic stressor, inducing rapid insulin resistance and the release of
catabolic hormones [12]. In individuals with underlying beta-cell dysfunction or insulin deficiency,
this can precipitate DKA or HHS, which, in turn, induces profound physiological insults—severe
acidosis, dehydration, electrolyte imbalances, and a prothrombotic and proinflammatory state—that
can directly exacerbate respiratory decline and multiorgan dysfunction [15]. While observational, this
model positions acute metabolic decompensation not merely as a comorbidity, but as a key, clinically
actionable link in the causal pathway to severe COVID-19 within similar resource-constrained
environments.

It is critical to underscore that the analysis of in-hospital mortality was underpowered. The
observed elevated but non-significant adjusted odds ratio (aOR=1.48) should be interpreted strictly
as an exploratory finding. It should not be construed as evidence against an association between DM
and COVID-19 mortality, a link firmly established in larger, adequately powered studies [5,7]. Any
interpretation beyond the acknowledged issue of inadequate statistical power would be speculative.

The strengths of this study include its focus on an underrepresented population in the global
COVID-19 literature, the application of advanced causal mediation methods to probe a specific
mechanistic hypothesis, and the use of quantitative bias analysis (E-value) to transparently assess the
robustness of our primary finding to unmeasured confounding. The E-value of 5.45 for our primary
association indicates that an unmeasured confounder would need to be strongly associated with both
DM and severe COVID-19 (a risk ratio of ~5.45 for each) to explain the observed association fully.
However, we must acknowledge that factors such as obesity and poor long-term glycemic control
(HbAlc), which were unmeasured in our study, are strongly linked to both DM and severe COVID-
19[11,20], and could potentially have effect magnitudes in this range. Therefore, while the E-value is
reassuring, residual confounding by these factors cannot be ruled out entirely.

The study has several limitations. First, the lack of data on BMI and HbAlc is a significant gap;
these factors are potent confounders of both diabetes and COVID-19 severity. While the E-value of
5.45 suggests our findings are robust, residual confounding cannot be ruled out. Second, the modest
sample size resulted in a wide confidence interval for the mediation estimate (12%-75%), reflecting
uncertainty. Finally, the mortality analysis was explicitly underpowered and should be interpreted
with extreme caution.

Notwithstanding these limitations, our findings have direct implications for managing COVID-
19 and similar respiratory pandemics in regions with a growing DM burden but constrained critical
care resources. Clinically, they argue for a paradigm shift in the early inpatient care algorithm for
diabetic patients presenting with COVID-19. Protocols should prioritize aggressive, protocol-driven
metabolic screening (for ketosis, acidosis, and severe hyperglycemia) and proactive management of
impending or established metabolic crises. In settings where ventilators are scarce, preventing
metabolic decompensation may be as vital as managing its respiratory consequences.

Future research should employ larger, prospective, multicenter designs with comprehensive
metabolic phenotyping (including HbAlc, C-peptide, and ketone monitoring) to validate the
potential mediating role of acute metabolic crises. Furthermore, operational research investigating
how pre-hospital diabetes management, health literacy, and health system factors (such as drug
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stock-outs) influence the risk of metabolic decompensation following viral infection would be
particularly valuable for designing effective public health interventions in this context.

Conclusion

In western Kenya, DM is a strong predictor of severe COVID-19. Our findings underscore the
importance of integrating aggressive frontline glycemic crisis management into COVID-19 care, as
preventing metabolic decompensation may be as vital as managing respiratory failure in resource-
limited settings.
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Figure 3. Spectrum of acute complications by diabetes status. This bar chart compares the prevalence of key
acute complications between patients with and without diabetes mellitus, highlighting the significant differences
in metabolic crises and ARDS. DKA: Diabetic Ketoacidosis; HHS: Hyperosmolar Hyperglycemic State; ARDS:
Acute Respiratory Distress Syndrome. Data presented as percentage within each diabetes status group (DM:
n=44; Non-DM: n=113 for DKA/HHS/Hypo; for other complications, percentages are based on the subset with
any complication: DM n=34, Non-DM n=77).

Table 2. Disease severity, complications, and outcomes by diabetes status.

Outcome Total DM (n=44) | Non-DM | p-value Adjusted | p-valuet
(N=157) (n=113) odds ratio
(95% CDt
Disease severity, (%)
<0.001
109 (69.4) |22(50.0) |87 (77.0) 1.0
Mild/moderate (Reference)
disease
Severe/critical | 48 (30.6) 22 (50.0) 26 (23.0) 3.15 (1.52- | 0.002
disease 6.54)
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Any COVID- | 111 (70.7) 34 (77.3) 77 (68.1) 0.259 142 (0.63- | 0.402
19 3.21)
complication,
n %
Acute diabetic complications n/N (%)
Diabetic 7/157 (4.5) | 6/44 (13.6) | 1/113(0.9) | 0.001 - -
ketoacidosis
Hyperosmolar | 5/157 (3.2) | 5/44 (11.4) | 0/113(0.0) | <0.001 - -
hyperglycemic
state (HHS)
Clinical outcomes, n (%)
Recovered 129 (822) |34(77.3) |95(84.1) |0.311 1.0

(Reference)
Died 28(17.8) |10(22.7) |18 (15.9) 1.48 (0.62 - | 0.380

3.55)

Notes: >t Adjusted for age, sex, hypertension, and cardiovascular disease. * Mortality Analysis: This study was
underpowered (31.5%) to detect differences in mortality; results are exploratory. Mediation Result: 38% (95%
CI: 12%-75%) of the DM effect on severity was mediated through DKA/HHS. E-value: 5.45 (for severe/critical

disease).

Table 3. Specific COVID-19-related complications by diabetes mellitus status.

Type of COVID- | Total (n=111) DM (n=34) Non-DM (n=77) | p-value*

19 complication

Severe 90 (81.1) 27 (79.4) 63 (81.8) 0.757

pneumonia, n (%)

Acute respiratory | 19 (17.1) 10 (29.4) 9 (11.7) 0.030
distress

syndrome

(ARDS), n (%)

Acute respiratory | 9 (8.1) 5(14.7) 4(5.2) 0.128

failure (%)

Acute  kidney | 3 (2.7) 2(5.9) 1(1.3) 0.202

injury, n (%)

Thromboembolic | 8 (7.2) 2(5.9) 6 (7.8) 1.000
events (DVT &
PE), n (%)
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Acute cardiac | 7 (6.3) 2(5.9) 5(6.5) 1.000

injury, n (%)

P-values calculated using Fisher’s exact test for comparisons between DM and Non-DM groups. Abbreviations:
DVT, Deep Vein Thrombosis; PE, Pulmonary Embolism.
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