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ABSTRACT
Background: Since its emergence in 2019, patients with pre-existing comorbidities such as

diabetes mellitus (DM) have been reported to experience severe Covid-19 disease. It has been

associated with poorer outcomes among DM patients.

Objectives: This retrospective cross-sectional study aimed to determine the clinico-
laboratory characteristics, short-term outcomes, glycaemic events, and management, as well

as the predictors of adverse outcomes among hospitalised patients with Covid-19 and DM.

Methodology: 244 medical records of patients with Covid-19 and DM admitted to Kenyatta
National Hospital between March 2020- March 2022 were reviewed. The patients'
demographics, clinico-laboratory features, DM-related events and management, and
outcomes were extracted. Continuous variables were expressed as mean/standard deviation
and categorical variables as numbers or percentages. Logistic regression analysis was used to

compute the odds ratio (OR) for predictors of adverse outcome.

Results: The study participants had a median age of 58 years, with males comprising 53% of
the participants. Hypertension was the most common comorbidity, affecting 61% of all cases.
Majority (78%) had Pre-existing DM while 54 (22%) had newly diagnosed diabetes
(NDDM). Long term glycaemic control was poor in majority (82%) with mean glycated
haemoglobin of 9 % and admission hyperglycaemia in (65%). The most frequent symptoms
were Dyspnoea (60%) and cough (62%) while the average admission SPO2 was 84%.
Elevated C-reactive protein (90%) and D-dimers (70%) with lymphopenia (32%) were
among the laboratory observations. Diabetic ketoacidosis (DKA) occurred in 26% of patients,
and 11% experienced hypoglycaemia. The mean length of stay was 10 days, and 60% were
discharged within 14 days. The mortality proportion was 23%, with hypertension, NDDM,
dyspnoea, and DKA/ (hyperosmolar hyperglycaemic state) HHS identified as independent
predictors of mortality.

Conclusion: Hospitalised Covid-19 patients with DM had elevated RBS at admission with
poor overall glycaemic control and elevated inflammatory markers. Glycaemic events,
including DKA/HHS, were common during hospitalisation, and DKA/HHS was identified as
an independent predictor of mortality. Our findings underscore the importance of closely

monitoring and managing glycaemic control in patients with COVID-19 and diabetes.



CHAPTER ONE

1.0 INTRODUCTION:

Coronavirus disease 2019 (Covid-19) is a respiratory illness caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a newly emergent coronavirus, that was
first recognized in Wuhan, China, in December 2019 (1). Principally transmitted from person
to person through respiratory droplets and aerosols (2,3). As at 21% February 2023, an
estimated 757 million people had been infected globally with a death toll of 6.9 million (4).
In Africa, the cumulative number of confirmed cases stands at 9.5 million (4). The pandemic
has remained a global concern due to the numerous new strains and mutations with variable
degrees of virulence and severity, resulting in repeated surges in the global number of cases
and fatalities. (5). However, the introduction of vaccination has seen a dip in the number of

severe cases and mortality globally (6).

Severe Covid-19 disease was associated with ICU admission and mortality in those with pre-
existing comorbidities such as diabetes and hypertension. New-onset hyperglycaemia was
found to be an independent predictor of severe covid-19 and death in hospitalized Covid-19
patients (7). Furthermore, patients presenting with acute metabolic dysfunctions on admission

including hyperglycaemia, were more likely to receive intensive care services (8).

According to studies, the necessity for critical care admission, longer hospital stays, and

mortality were significantly increased in severe Covid-19 patients with diabetes (9).

Locally, there is paucity of data on the clinical course and outcomes of patients with diabetes
including those with newly diagnosed hyperglycaemia in Covid-19. Similarly, data on the
putative prevalence of hyperglycaemia in Covid-19 patients and their clinical characteristics

are also unavailable despite the country registering over 342,874 cases of Covid-19 and over
5000 deaths (4).



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Hyperglycaemia and Glycaemic events in Covid-19
Accruing evidence shows a bidirectional association between Covid-19 and diabetes (10).

New-onset diabetes has emerged as a complication of Covid-19 among patients diagnosed
and admitted with Covid-19 pneumonia and it has been observed to occur in 16-21% of
cases (11). The potential mechanism for hyperglycaemia in Covid-19 includes reduced
insulin secretion and increased resistance to insulin(12). This diabetogenic effects of

SARsCOV-2 can be summarized as follows (13);

| COVID19 INFECTION NO COVID19
INFECTION
Effects on the beta-cell Effects of systemic COVID19 l
* Direct cytopathic effect infection/ treatment

* Acute pancreatitis
* Immune-mediated destruction

* Stress response
* Cytokine storm
* Corticosteroid treatment

¥

| Beta cell damage/ destruction

i |

Impaired insulin sensitivity

Effects of lockdown

* Stress

* Lack of access to care

* Inability to comply with
medications/ lifestyle advice

* NEW ONSET HYPERGLYCEMIA/ DIABETES
* WORSENING OF GLYCEMIC CONTROL IN PRE-EXISTING DIABETES

Severity of hyperglycemia usually proportional to severity of infection

NEW ONSET HYPERGLYCEMIA/ DIABETES WITHOUT COVID19 INFECTION

1

New onset Type 2 diabetes
Higher glycemia than in new onset
diabetes prior to pandemic

New onset Type 1 diabetes
More frequent presentation in DKA
than prior to pandemic

Figure 1: Hyperglycaemia state in Covid-19 copied from(13).

Infection with SARsCov-2 virus is known to trigger diabetic ketoacidosis (DKA) in some

patients (14). This occurs both in people with established DM and in people who do not have
DM (15). In the study of 658 patients hospitalized with Covid-19, the incidence of diabetic
ketoacidosis (DKA) was found to be 6.4%. Among these patients, 35.7% had pre-existing

diabetes. On the other hand, 64.3% of the patients had no history of DM prior to contracting

covid-19 (16). Similarly, Misra et al. conducted a study that investigated emergency

admissions in the United Kingdom coded with DKA during the first two waves of the Covid-

19 pandemic. They compared these admissions to the equivalent time period three years

before the outbreak. The study revealed that during the first wave of the pandemic, the

number of DKA admissions was 6% higher compared to the corresponding time period three

2



years prior, with a (95% CI 4-9 p0.0001). Additionally, in the post-first wave period, the
number of DKA admissions remained 6% higher, and during the second wave, there was a
7% increase in DKA admissions compared to the equivalent pre-pandemic period. These
results suggest that there was a notable increase in DKA admissions during the Covid-19
pandemic compared to previous years (17). Therefore, healthcare professionals should be
aware of the potential for DKA in Covid-19 patients, regardless of their DM status (18).
Because of a decrease in insulin requirements, hospitalized Covid-19 patients were at risk of
developing hypoglycaemia, especially during the resolution stage of the infection (19).
Additionally, a decrease in caloric intake during illness can contribute to a higher risk of
hypoglycemia. Certain antidiabetic medications, such as insulin and sulfonylureas, can also
increase the risk of hypoglycemia as well as a diminished ability to recognize signs and

symptoms of low blood glucose (19).

2.2 Demographics and Clinical Characteristics
A World Health Organization (WHO) analysis of 14 African nations with data on Covid-19

and related comorbidities underscored the risk of severe disease or death among diabetics
with Covid-19, particularly those over the age of 60years (20). Carrao et al. observed a
substantial association between hyperglycaemia and Covid-19 in the elderly population with
type 2 DM (21). Diabetes mellitus on the other hand, does not increase the likelihood of
contracting SARS-COV-2 infection as compared to the general population (22).

A retrospective investigation involving 85 patients with admission hyperglycaemia by
Tacobellis ez al. demonstrated that the average age of study participants was 65 years, with the
majority of them being male; in the study, 58 patients who presented with hyperglycaemia in

Covid-19 infection had no pre-existing diabetes(23).

According to studies from China, the most often reported classic Covid-19 symptoms were
fever (89%), cough (69%), dyspnoea (59%), myalgia (6%), and fatigue (9,24). Headache,
nausea, anorexia, and diarrhoea were also reported (24). DM patients had various
biochemical derangements including elevated levels of random blood sugar (RBS), glycated
haemoglobin (HBA1C), C-reactive protein (CRP), D-dimers, leucocytosis and lactate
dehydrogenase (9). Similarly, newly diagnosed diabetic (NDDM) patients reported more

severe symptoms and higher levels of inflammatory markers (25).



2.3 Prevalence of DM in Covid-19
Several studies have highlighted the prevalence of DM among Covid-19 patients (26).

Worldwide, more than 463 million people over the age of 20 were estimated to have diabetes
in 2019, with the number expected to climb in the coming years (27). This global prevalence
reflects the significant impact of diabetes on public health. According to a study conducted
by Ombajo et al. in Kenya, which involved a cohort of 787 hospitalized Covid-19 patients,
the prevalence of DM among these patients was found to be 15%. This finding highlights the
significant proportion of Covid-19 patients in Kenya who also had a pre-existing diagnosis of
diabetes (28). The overall prevalence of DM in the country as estimated by IDF in 2015 was
2.4% (29), and it is predicted to rise to approximately 4.5% by the year 2025 (30).
Additionally, the ongoing Covid-19 pandemic has generated concerns regarding a possible
link between the virus and new-onset diabetic mellitus. Emerging research suggests that
Covid-19 infection can lead to the development of new instances of diabetes or exacerbate

pre-existing diabetes.

The prevalence of diabetes in Covid-19 is estimated to be 10.04% based on pooled statistics,
and it varies across populations (31). Yang ef al. found an 8% prevalence in a meta-analysis
involving 8 trials (32). Similarly, data from the United States involving 7162 Covid-19
patients found an 11% frequency (33). On the contrary, an Italian study found DM in
approximately 36% of Covid-19 patients (34). The difference can be explained by the varied

prevalence of diabetes in certain populations (31).

In Spain, the prevalence of diabetes was 30.05% among Covid-19-related deaths (35). The
CORONADO study, conducted in France, focused on hospitalized Covid-19 patients with
DM. The study revealed that approximately 85% of the Covid-19 patients in the study had
type 2 diabetes, indicating a higher prevalence of this type of diabetes among the affected
population. Interestingly, 3.1% of the patients were diagnosed with DM upon their admission
to the hospital, suggesting that Covid-19 may contribute to the onset of diabetes in some
individuals (36). In a comparable manner, a survey of 23,804 hospital mortalities among
Covid-19 patients in the United Kingdom revealed that a considerable number of individuals
had underlying DM. 32% of the patients had type 2 DM while 1.5 % had type 1 diabetes

(37). This finding highlights the substantial burden of diabetes among Covid-19 patients in
the United Kingdom.

New-onset diabetes among Covid-19 patients is indeed a significant and relatively frequent

phenomenon, as highlighted by multiple studies (38). A systematic review and meta-analysis

4



conducted by Sathish ef al. consolidated data from ei ght separate studies involving over
3,700 individuals. The analysis reported a pooled proportion of 14.4% for NDDM among
patients with Covid-19 (39). These findings highlight the possible impact of Covid-19 on
glucose metabolism and the development of diabetes. Other meta-analyses have found a 2-4

fold greater chance of developing diabetes in severe Covid-19 vs non-severe disease (40,41).

2.4 Outcome and risk factors for mortality
A meta-analysis and systematic evaluation of the mortality among Covid-19 individuals with

DM found an overall mortality rate of 20%. According to the review, death rates differed by
population, with Europe having a greater percentage of 28% when compared to other
regions(42). In a similar vein, in the ACCREDIT study, that looked at the biochemical
parameters associated with mortality, the fatality rate among the studied p'opulation was
reported to be 24%. The findings of the study indicated a significant risk of mortality in
individuals with DM. Two key factors associated with this hi gher fatality rate were increased

levels of C-reactive protein (CRP) and advanced age (26).

The association between diabetes and a longer hospital stay is indeed notable. Studies have
consistently shown that individuals with diabetes tend to have a prolonged duration of
hospitalization compared to those without diabetes (43). The reported median duration of
hospital stay was 12 (9-16) days for individuals with DM compared to 10 (8-13) days for
those without DM.

The CORONADO study investigated the occurrence of unfavourable outcomes within 7 days
of hospitalization for COVID-19 patients. Among the findings, 410 patients required
admission to the intensive care unit (ICU), and out of those, 267 patients required intubation.
The overall mortality rate observed in the study was 10.6%. In the study, male gender and a
body mass index greater than 29.1Kg/m? were risk factors for mortality (36). Locally, the risk
for mortality in all admitted patients included age >60 years, male gender, leucocytosis and

elevated liver enzymes(28).

Current literature describes DM as a key determinant of mortality with Covid-19 worsening
glycaemic regulation in these patients (44). When compared to those without diabetes, DM
patients with Covid-19 had a greater likelihood of poor outcomes including severe acute
respiratory distress syndrome (ARDS), intensive care unit admission, mechanical ventilation,

and death (13). Similarly, during the Middle East respiratory syndrome (MERS) epidemic,



Jose et al. revealed in an observational study that diabetes was a strong predictor of mortality

among the critically ill MERS patients (45).

Admission hyperglycaemia impairs the prognosis of Covid-19 patients (36). However, it is
unclear how hyperglycaemia affects outcomes considering that persons with diabetes may
have other established risk factors such as advanced age, obesity, and cardiovascular disease
(13). Despite this, studies have linked the poorer prognosis to respiratory dysfunction,
primarily due to decreased lung capacities and insufficient gas diffusion capacity (46).
Generally, elevated HBA1C levels (>10% in type 1 DM) and (>6.7% in type 2 DM)
significantly increased the risk of Covid-19 related fatality (47). Furthermore, DM patients

are more susceptible to infections due to increased inflammatory response and lymphopenia.

Patients with new-onset diabetes had a higher likelihood of critical care admission than those
with established DM (7). Bode e al. conducted a retrospective analysis on the glycaemic and
clinical outcomes of covid-19 patients with and without diabetes. According to the findings
of the study, non-diabetic acute hyperglycaemia was associated with poor clinical outcomes
(48). Acute hyperglycaemia has been shown to increase the inflammatory response by
generating reactive oxygen species (ROS). These ROS can lead to endothelial damage and
promote thrombus formation (49). Additionally, it has been observed that acute
hyperglycemia is associated with the development and progression of radiographic findings

indicative of acute respiratory distress syndrome (ARDS) in patients with Covid-19 (23).

According to some sources, factors contributing to mortality included male gender, pre-
existing comorbidities, advanced age, elevated C-reactive protein(CRP) and
obesity(26,50,51). Likewise, the poorly controlled metabolic status among DM patients put
them at the heart of serious complications and death (52). The risk of mortality was twice
higher in Covid-19 patients with new-onset DM compared to known diabetics (53) while
hyperglycaemia was associated with higher mortality in all patients (9). Other risk factors

included pre-existing conditions like hypertension, cancer, chronic kidney disease (CKD) and
obesity (3,54).

More studies have provided evidence on the association between DM and poor outcomes in
Covid-19 patients. A study by Aisha ef al. observed a higher fatality rate among critically ill
Covid-19 patients with hyperglycaemia compared to normoglycemic patients(55).
Additionally, hyperglycaemia and age above 60 years were identified as significant predictors

of in-hospital mortality in that study. Another retrospective audit in the United States found



that diabetic patients with Covid-19 had a higher risk of ICU admission, mechanical
ventilation, and mortality, even after adjusting for various factors (56). Furthermore,
complications related to DM, such as diabetic ketoacidosis, retinopathy, chronic kidney
failure, poor glycaemic control, and multiple antidiabetic medications, were associated with

poor outcomes in Covid-19 patients (57).

2.5 Glucose control
The treatment of hyperglycaemia in patients with Covid-19 infection is the same, and it is

managed in accordance with the established standards (58). Titrated insulin infusion is the
most effective method of meeting blood sugar targets and enhancing patient outcomes (59).
The use of insulin has been associated with increased likelihood of hypoglycaemia and thus
requiring frequent point of care glucose measurements (60). Strategies that allowed patients
to self-monitor their glucose during admission via use of home based glucometers were
adopted to ease the monitoring of hospital glucose and protect the hospital staff from

contracting and transmitting the virus (61).

Escalation of anti-glycaemic therapy was necessary and more so to intravenous insulin
infusion (26). In severely ill DM patients with Covid-19, insulin requirements were high,
with daily average doses reaching 201 units (2.2w/kg/day) and longer time was required to
achieve glucose targets during the acute phase of the disease (62). Moreover, according to the
ACCREDIT study, the percentage of patients requiring insulin infusion increased to about
10% during the Covid-19 pandemic. This was a considerable increase over the 2017 National
Diabetes Inpatient Audit, which was a lower by 2 percentage (26). In the context of COVID-
19, the management of DKA can present unique challenges due to infection control measures
and the need to protect healthcare workers. To address these challenges, protocols have been
developed that included the use of subcutaneous insulin to manage mild to moderate DKA in
COVID-19 patients(63). Additionally, oral anti-glycaemic agents (OGLA) were still
considered in the management of mild DM in hospital settings but generally avoided in

severe illness (64).

Literature suggests that tighter blood sugar goals in hospitalized patients can have potential
benefits (65). Most hospitalized patients tend to benefit from maintaining an ideal glucose
range of 7.8-10 mmol/l (66). However, it is important to exercise caution as larger
fluctuations in blood sugar levels and episodes of hypoglycemia may occur, which could

have be detrimental effects (67).



Patients who maintain well-controlled blood glucose levels below 10 mmol/l have shown
better outcomes compared to those with higher levels, with a significantly lower overall in-
hospital mortality rate of 1.1% versus 11% (68). Therefore, glucose control serves as a

significant predictor of mortality within the first 10 days of hospitalization.

It is worth noting that no ideal glucose targets have been established specifically for
hospitalized patients with Covid-19 pneumonia (69). Thus, the management of blood glucose
levels in these patients requires careful consideration and individualized approaches based on

clinical judgment and monitoring,

The RECOVERY trial, a large-scale clinical trial conducted in the United Kingdom,
demonstrated that the use of dexamethasone at a dosage of 6mg per day for 10 days could
improve survival outcomes in individuals with moderate Covid-19 disease (70). The trial has
had profound effects on the management of Covid-19 patients across the world.
Dexamethasone is now considered standard therapy for people with severe COVID-19
disease who require respiratory support. However, despite the utility of steroids in the
management of several respiratory illnesses, exposure to glucocorticoids is known to cause
hyperglycaemia particularly in the presence of diabetes (71) and may contribute to insulin
resistance (65). Thus, optimal glucose control proved to be more challenging during the
management of Covid-19 due to the wide use of dexamethasone in hospitalized patients with

severe disease (65,72).

2.6 Justification of the Study:
Throughout the pandemic, it is evident that patients with severe Covid-19 and diabetes were

disproportionally affected with increased risk of hospitalization and mortality.

There have been reports of new-onset diabetes in Covid-19 infection, particularly following
the addition of dexamethasone to the standard of care for hospitalized Covid-19 patients and

its effect on worsening glycaemic control cannot be underscored.

This study highlights how patients with DM performed in our local set-up and provide insight
into their clinical characteristics, demonstrate clinical experience with in-hospital metabolic

control, and provide learning avenues for improving outcome.

It will provide us with information regarding the influence of Covid-19 on individuals with diabetes in

our population. Consequently, this will contribute data to the already existing body of knowledge.



2.7 Research Question: -
What are the clinical and laboratory characteristics and outcomes of hospitalised patients with

Covid-19 infection and DM?

2.7.1 Broad Objective:
To determine the clinical characteristics and laboratory parameters, glycaemic events and

their management, and short-term outcomes in hospitalised patients with Covid-19 and DM.

2.7.2 Primary Objectives:
1. To determine the clinico-laboratory characteristics of hospitalized patients with Covid-

19 and diabetes mellitus at Kenyatta National Hospital.

2. To determine glycaemic events in patients with Covid-19 and diabetes mellitus during
hospitalisation at Kenyatta National Hospital.

3. To determine the management of glycaemic events in hospitalised patients with Covid-
19 and diabetes mellitus at Kenyatta National Hospital.

4. To determine the short-term outcomes of hospitalised patients with Covid-19 and

diabetes mellitus at Kenyatta national hospital.

2.7.3 Secondary Objective:
1. To determine the predictors of adverse outcomes in patients with Covid-19 and DM.



CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Study Design:
A retrospective cross-sectional study that entailed review of charts (files) of patients

admitted at Kenyatta national hospital-Mbagathi infectious disease unit (KNH-Mbagathi
IDU) with Covid-19 and DM.

3.2 Study Site

The study was conducted at the Kenyatta National Hospital, a public level six hospital
located in Nairobi city and serves as the training hospital for the University of Nairobi. It has
a capacity of approximately 1800 beds and provides both medical and surgical services at
general and advanced (specialised) levels. During the Covid-19 pandemic, KNH was
designated as a covid-19 treatment centre. The annex ward was located at Mbagathi hospital
is named KNH-Mbagathi infectious disease unit (KNH-Mbagathi IDU).

The patient files are kept in the records department, situated on the ground floor of Kenyatta
National Hospital (KNH). For the specific purpose of this study, the files were obtained from

the records department and examined there.

3.3 Study population:

Medical records of patients with Covid-19 and DM admitted at the KNH-Mbagathi IDU
between the periods of 13" March 2020 to 13% March 2022.

3.4 Case definition
Covid-19 - pesitive patients: medical records of patient with a positive documentation of
SARsCOV-2 virus infection either by polymerase chain reaction (PCR) or Rapid antigen test

or disease code B34.2 (disease code for Covid-19 at KNH) and admitted at the KNH-
Mbagathi IDU.

Pre-existing DM was defined by history of known DM as evidenced by the use of anti-

diabetic medication before hospitalization.

Newly diagnosed Diabetes Mellitus was qualified based on a negative history of prior DM
but meeting the criteria for diagnosis of diabetes (HBA1C>6.5%, random blood sugar (RBS)
>11.1mmol/] or fasting blood sugar (FBS) >7.0mmol/l) (73).
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3.5. Eligibility
3.5.1 Inclusion criteria:
1. Evidence of SARSCOV-2 infection.

ii.  Diagnosis of Diabetes mellitus (pre-existing or newly diagnosed).
iii.  Above the age of 18 years and
iv.  Admitted at KNH —Mbagathi IDU

3.5.2 Exclusion criteria:
i.  Patient hospitalised for more than 3 days in another facility

ii.  Contracted Covid-19 while in hospital (The laboratory parameters and glycemic
events were to be documented at admission and within 72 hours of hospitalization)

ii.  Incomplete files- missing PCR reports, Incomplete documentation of DM status and

temporary files.
3.5.3 Ethical consideration

The study was approved by the Department of Clinical Medicine and Therapeutics, Faculty
of Health Sciences, University of Nairobi and the KNH/UON ERC. The study was registered
with the KNH Medical Research and Programs department. Access to medical records was
granted by the Health Record and Information department. Patient identifiers were not

recorded in the data extraction forms.

3.5.4 Sample size calculation
The sample size was calculated using Cochran’s formula (Cochran, 1977). We utilized a

mortality proportion of 20% based on a study by Sash et al. (42).

2
I

=
e’
Where:
*  Z-value for selected alpha level (1.96)

* p—Mortality proportion in DM was 20%

* g-1p
* e - acceptable error margin — 5%
* ne=244

Thus, a minimum of 244 files was required for the study.
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A pooled mortality proportion among DM patients was selected since mortality as an
outcome of interest, was deemed measurable hence its adoption from the above study for

sample size calculation.

3.5.5 Sampling procedure:

KNH electronic Data:

Diagnosis Covid-19 and DM, >18yrs,
hospitalised (n=575)

Missing files(n=100)

Covid-19 and DM available files

(n=475)

- Developed covid-19 in
hospital = 13

- Hospitalised

Excluded elsewhere >3 days
=15

- Missing PCR/RAT =6

- No dm evidence =8

- Temporary files =8

- Suspected Covid =15

- Wrong code =7

4

Total DM and Covid-19

n=244

3.5.6 Sampling method:
Systematic random sampling was employed. From the database with the aid of excel
application, we generated the first random number from sampling frame described below:

The population size in our study was 475, and the required sample size was 244. As a result
the sampling interval was estimated as:

Population size / required sample size = sampling interval
Interval of sampling = 475 / 244
=1.9467 thus every 2™ file was chosen.

Then, while analyzing for eligibility, we chose every second file from the population, i.e.
every 1, 3, 5, 7, and so on, until we reached the desired 244 files.
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3.6 Data management and Analysis:

3.6.1 Data collection procedure

The files of Covid-19 patients with DM meeting our inclusion criteria were reviewed by the
principal researcher together with two research assistants. We extracted data with aid of a
standardized data extraction proforma created using KOBO tools. The principal investigator

rechecked at least 10% of the files to ensure accuracy of the collected data.

The study collected demographic data including age, gender; cigarette smoking; presence of
documented comorbidities (hypertension, chronic kidney disease, chronic obstructive
pulmonary disease (COPD), asthma, human immunodeficiency virus (HIV)); the presenting
complains (cough, fever, difficulty in breathing), initial SPO:, and initial/index laboratory
results (lymphocytes, admission RBS and HBA1c). The index laboratory results were
accepted/collected and documented if done within 24 hours of admission. Further, HBAlc
recorded during the course of hospitalisation was also recorded if not done at time of

admission. The laboratory values were categorized as normal, high or low where applicable.

Information on point of care glucose (POC) readings in the in-patient was collected for the
first 3 days (72 hours) of hospitalisation and where more than 1 reading was available; the
average value for each day was calculated. Data on the total daily dose (T.D.D) of insulin
was extracted for the initial 72 hours of hospitalisation. The first three days are considered the
best reflection of a patient’s glucose load and thus the overall representation of the patient’s
physiology at hospitalisation. Additionally, data on glycaemic events was obtained from
charts as blood glucose readings to evaluate for hypoglycaemia (<3.9mmol/1) or
hyperglycaemia (>10.0 mmol/l), arterial blood gas report to look at anion gap and, or
urinalysis report to look for presence of ketones to diagnose DKA (Ketonuria +++) and
serum osmolality (serum sodium levels) in the case of hyperosmolar hyperglycaemic state
(HHS). The reference time for glycaemic events was the first 72 hours following
hospitalisation. Management of glycaemic events was assessed by examination of data on
glycaemic treatment strategies during hospitalisation (insulin, oral glycaemic agents (OGLA),
dosing trends, mode of administration and discharge prescription). Finally, data on
administered co-treatment (steroids, oxygen) and outcome (discharge, ICU admission,

continued hospitalisation and death) within 14 days of hospitalisation was also extracted.
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3.6.2 Study variables
Patient variable: documented age on the chart, documented gender, documented

comorbidities (hypertension, HIV/AIDS, Asthma, COPD and others) as well as the recorded
smoking history.

Laboratory variables: recorded data on laboratory parameters collected within the first 24
hours of hospitalization. The reference laboratory values included admission random blood
sugar, markers of inflammation (CRP, D-dimers, lymphocytes count and lactate
dehydrogenase (LDH)) as well as HBA1c.

Clinical variables- documented presenting symptoms at the time of admission to include

presence of dyspnoea, cough, fever chest pain etc. the measured levels of oxygen saturation
(SPO2) as recorded.

Glycaemic events were defined as the occurrence of DKA/HHS as documented on the charts while
hypoglycaemia was defined by a single blood glucose level of <3.9mmol/l, and hyperglycaemia by
levels greater than 10mmol/l during the first 72 hrs of hospitalisation.

Management variables the treatment approach employed for managing glycemic events
during hospitalization. This included the use of insulin, which encompassed the mode of
administration and the total daily dose (T.D.D). Additionally, the use of oral glucose-

lowering agents and the treatment plan upon discharge were also taken into consideration.

Outcome variables:

v" The short-term outcome - were events occurring within 14 days of hospitalisation.
These included; discharge, admission to the ICU, continued hospitalization, or death.
v’ Adverse outcome: defined as hospitalization beyond 14 days, death or admission to

the critical care unit

Predictors of adverse outcome: The examined determinants included age, gender,
comorbidities, DM status (pre-existing vs NDDM), glycaemic events, inflammatory markers

(CRP, D-dimers, lymphocytes count), steroid use, admission RBS and HbA Ic.

3.6.3 Statistical Analysis
Data was extracted from each file by the extraction tool, assigned a study code and scrutinized.
It was then keyed into a protected database by the principal investigator for subsequent data

cleaning and analysis performed on Statistical Package for Social Sciences (SPSS) version 26

with the help of a statistician.
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The clinico-laboratory characteristics of hospitalized patients with Covid-19 and diabetes
mellitus at Kenyatta National Hospital.

Categorical clinical and laboratory characteristics were analysed using frequencies (n) and
percentages (%) while continuous clinical and laboratory characteristics were analysed using

Mean and standard deviation (Mean + SD).

Glycaemic events in patients with Covid-19 and diabetes mellitus during hospitalisation

at Kenyatta National Hospital

The glycaemic events were categorical in nature and thus they were analysed and summarized

using frequencies (n) and percentages (%).

The management of glycaemic events in hospitalised patients with Covid-19 and diabetes

mellitus at Kenyatta National Hospital

Management of glycaemic events in hospitalised patients with Covid-19 and diabetes mellitus

were analysed using frequencies (n) and percentages (%).

The short-term outcomes of hospitalised patients with Covid-19 and diabetes mellitus at
Kenyatta national hospital.

The short-term outcomes (discharge, admission to the ICU, continued hospitalization, or death)

were analysed descriptively using frequencies (n) and percentages (%).

The predictors of adverse outcomes in patients with Covid-19 pneumonia and DM,

The adverse outcomes of interest included hospitalization beyond 14 days, death or
admission to the critical care unit. Bivariable analysis was conducted using binary logistic
regression. Crude odds ratio (COR) were calculated to determine the extent of association.
Multivariable analysis was conducted to determine independent predictors of adverse
outcomes. Adjusted odds ratio (AOR) were calculated to determine the extent of association.
The findings were presented in tables and pie charts. The level of significance was setatap

value of less than 0.05.
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CHAPTER FOUR
4.0 RESULTS
575 Covid-19 patients with Diabetes mellitus were hospitalized at the KNH between the
periods of 13* March 2020 to 13% March 2022. A total of 244 patients records were analysed

as shown in figure 2 below.

KNH electronic Data:

Diagnosis Covid-19 and DM, >18yrs,
hospitalised n{575)

Missing files, n=100

Covid-19 and DM available files - Developed covid-19 in hospital = 13

(n=475) - Hospitalised elsewhere >3 days =
15

- Missing PCR/RAT = 6
Temporary file =8

Excluded - Nodm evidence =7

S S - Suspected covid-19 = 15

- Wrong disease code=7

Total n=71

Total DM and covid-19

n=244 analysed

Figure 2: Recruitment flow

4.1 Demographic characteristics of Covid-19 patients with DM at Kenyatta National
hospital

Male patients made up 129 (52.9%) of the study population. The majority of study participants
were slightly young, with those aged 45 to 59 years making up 44.7% (109) of the patients.
The median age was 58.5 years. The vast majority of study participants, 169 (69.3%), had a
comorbidity. As highlighted in Table 1, the most prevalent comorbidities were hypertension

148(60.7%) and HIV/AIDS 14(5.7%). Others at combined proportion of 51.6% included Acute
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kidney injury, pulmonary embolism, chronic kidney disease, hyperthyroidism, dementia and
osteoarthritis.

Table 1: Demographic characteristics of Covid-19 patients with DM at Kenyatta
National hospital

Frequency (n)

: Percent(%)
Age group (Median, IQR) years 58.5(48 — 61.25)

Age

<30 years 15 6.1

30 - 44 years 35 143

45 - 59 years 109 44.7

=60 years 85 34.8
Gender

Male 129 52.9

Female 115 47.1
Cigarette smoking 10 4.1
Presence of comorbidity 169 69.3
Hypertension 148 60.7
HIV/AIDS 14 5.9
COPD 3 1.2
Asthma 9 3.7
Cancer 10 4.1
Others* 126 51.6

*AKI, Hyperthyroidism, Pulmonary embolism, CKD, Osteoarthritis, Dementia, epilepsy

4.2 Clinical characteristics of Covid-19 patients with DM hospitalised at Kenyatta
National hospital

Cough 151(61.9%) was the most common covid-19 symptom, followed by dyspnoea
147(60.2%), chest pain 30.7%, and fever 60(24.6%). Table 2 shows that other symptoms

were headache, sore throat, and broad body malaise.

Table 2: Clinical characteristics of Covid-19 patients with DM hospitalised at Kenyatta
National Hospital

Frequencies Percent
Recorded Presenting symptoms
Dyspnoea 147 60.2
Fever 60 24.6
Cough 151 61.9
Chest pain 75 30.7
Others* 173 70.9
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*Generalized body malaise, Sore throat, headache, dizziness, loose stool, diarrhoea, Joint
pain, vomiting, Abdominal distention

4.3 Baseline laboratory values of study participants at admission or hospitalisation
The median, Interquartile range (IQR) SP02 on admission was 85.5(IQR: 70.75 — 90.0)%. The

Median random blood sugar level at hospitalization was 13.8(IQR: 8.38 — 18.28)mmol/l, with
nearly two-thirds (64.8%) presenting with acute hyperglycaemia of greater than 11.1mmol/l.
HBAlc was 8.9(SD3.4) % on average. The median D-dimer level was 1.46(IQR: 0.36 —
2.44)ug/l. The median lymphocyte cell count was 1.22(IQR: 0.88 — 1.38)109/1, with only
32.4% of the records showing lymphopenia. The median CRP was 55.9(IQR:27.3 — 59.68)
mg/l. A large proportion of the patients showed increased LDH, with a median of 486(IQR:
430.3 - 577.5)U/I compared to the normal reference range (as indicated in Table 3).

4.4 Glycaemic events occurring in the first 72hrs in Covid-19 patients with diabetes
mellitus during hospitalisation at Kenyatta National Hospital
Within the first 72 hours of hospitalization, 26 patients (10.7%) experienced hypoglycaemia,

216 (88.5%) developed hyperglycaemia, and 63 (25.8%) got DKA/HHS. These events
occurred in both NDDM and pre-existing DM patients. The events were recorded from the time

of admission to first 72 hours after hospitalisation, as seen in Table 4 below.

4.5 Management of glycaemic events in hospitalised Covid-19 patients diabetes mellitus
at Kenyatta national hospital.

Subcutaneous insulin was the primary technique of insulin delivery for the management of
glycaemic events 199(81.6%). Oral glucose lowering agents (OGLA) utilized were metformin
(98.2%), sulphonylureas (SU) (13%) and dipeptidyl 4 (DPP4) inhibitor (9.7%). Insulin doses
were gradually increased during the first three days, from a mean dose of 28.7 iu on day one to
a higher level of 34.6 iu on day three. At discharge, 120 (49.2%) were on insulin and 87 (64.0%)

were discharged on metformin. The management of glycaemic events is summarized in Table
5.
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Table 3: Lab parameters at admission of Covid-19 patients with DM at Kenyatta

National hospital enrolled in the study

Frequency or

Lab parameters at admission (Median, IQR) Percent
SPO2 (Median, IQR) % (n = 223) 85.5(70.75 - 90.0)

Normal >90% 95 38.9

Low 128 52.5

Missing 21 8.6
Admission RBS (Median, IQR) mmol/l (n=231) 13.8(8.38 — 18.28)

Normal (<11.1 mmol/1) 73 29.9

High 158 64.8

Missing 13 53
HBAIc (Median, IQR) % (n =234) 8.3(6.0-11.65)

Normal (5.5-6.5%) 33 13.5

High 201 824

Missing 10 4.1
D-dimers (Median, IQR) ug/l (n =217) 1.46(0.36 — 2.44)

Normal (0.0-0.50 ug/1) 47 19.3

High 170 69.7

Missing 27 11.1
Lymphocytes (Median, IQR) 10°/1 (n =233) 1.22(0.88 — 1.38)

Low ' 79 324

Normal (1.0-3.7 *10%/1) 154 63.1

High 4 1.6

Missing 7 2.9
CRP (Median, IQR) mg/l (n =235) 55.9(27.3 - 59.68)

Normal (0.0-5.0 mg/1) 15 6.1

High 220 90.2

Missing 9 3.7
LDH (Median, IQR) U/ (n =225) 486(430.3 — 577.5)

Normal (109-254 U/) 13 5.3

High 212 86.9

Missing 19 7.8




Table 4: Glycaemic events in the first 72 hrs in hospitalised Covid-19 patients with DM

at KNH
DM status

Newly diagnosed
Glycemic events Total n(%) Pre-existing diabetes n(%) diabetes n(%)
Hypoglycemia
Yes (<3.9mmol/l 26(10.7) 22(11.6) 4(7.4)
No (>=3.9mmol/1) 218(89.3) 168(88.4) 50(92.6)
Hyperglycaemia
>10.0mmol/1 216(88.5) 169(88.9) 47(87.0)
No 28(11.5) 21(11.1) 7(13.0)
(<=10.0mmol/1)
DKA/HHS
Yes 63(25.8) 48(25.3) 15(27.8)
No 181(74.2) 142(74.7) 39(72.2)

Table 5: Management of glycaemic events in hospitalized study patients with Covid-19
and diabetes mellitus at Kenyatta national hospital

Frequency(n) or

Mean +SD of
Treatment parameter Percent
Mode of insulin administration
Subcutaneous 199 81.6
Infusion 23 9.4
Total daily dose of insulin(units)
Average insulin day 1 (Mean +SD) 28.7+15.6
Average insulin day 2 (Mean +SD) 31.9+16.5
Average insulin day 3 (Mean +SD) 34.6+16.8
Oral anti-diabetic agents administered
Metformin 98 40.2
Sulphonylureas (gliclazide, glibenclamide, etc) 13 53
DPP4 inhibitor;(sitagliptin, vildagliptin) 9 3.7
Discharge treatment
Insulin 120 63.5
Metformin 87 46.0
DPP4 inhibitor 9 4.8
SGLT?2 inhibitor 6 3.2
Sulphonylureas 17 9.0
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4.6 General management approaches among hospitalized Covid-19 patients diabetes
mellitus at Kenyatta national hospital

According to the records, 47.1% of the patients were given steroids, with the average dose
being 6.4(SD3.8) mg for an average duration of 6.4(SD3.8) days. As seen in Table 6, 146
(59.8%) patients required oxygen supplementation.

Table 6: General management approaches of the hospitalized study patients with
Covid-19 and diabetes mellitus at Kenyatta national hospital

Frequency or

Treatment Mean +SD Percent
Co-treatment

Total no of patients on Steroids 115 47.1
Mean dose mg/day (Mean +SD) 6.3+1.1

Mean duration (Mean +SD) days 6.4+3.8

Total no of patients on Oxygen 146 59.8
Mean O:flow rate per min (Mean £SD) 11+4.6

4.7 The short-term outcomes of the study patients with Covid-19 and diabetes mellitus
at Kenyatta national hospital

The average length of hospital stay was 10.37 (SD6.4) days, with 139 (57%) of patients
remaining in the hospital for 10 days or less. As shown in Table 7, discharged patients
accounted for 146 (59.8%) of the study population, whereas 55 (22.5%) died and 32 (13.1%)
were hospitalized for more than 14 days, with only 11 (4.5%) admitted to critical care.

Table 7: The short-term outcomes of hospitalised patients with Covid-19 and diabetes
mellitus at Kenyatta national hospital

Percent

Frequency(n) (%)
QOutcome
Hospitalized for more than 14 days 32 13.1
Death 55 225
Discharge within 14 days 146 59.8
Transfer to critical care 11 4.5
Length of hospital (Mean +SD) days 10.37+6.4
<=10 days 139 510
>10 days 105 43.0

4.8 The predictors of adverse outcomes in Covid-19 patients with DM

4.8.1 Predictors of mortality among Covid-19 patients with diabetes mellitus
The findings from a bi-variable analysis using binary logistic regression revealed that DM

patients who had a comorbidity were 5 times more likely to die compared to the DM patients
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without any comorbidity, crude odds ratio (COR) =5 46, 95%CI:2.08 — 14.38, p=0.001.
Furthermore, DM patients who had hypertension were 11 times likely to die compared to non-
hypertensive diabetics, COR = 10.5, 95%CI:4.03 — 27.61, p<0.001. Those who presented with
dyspnoea were 3 times more likely to die compared to those who presented without dyspnoea,
COR =2.72, 95%CI:1.35 — 5.51, p =0.004. Findings also revealed that those with newly
diagnosed diabetes were twice more likely to die compared to those with pre-existing diabetes,
COR =2.06, 95%CI:1.06 -4.04, p =0.042. Patients who had DKA/HHS were 2 times likely to
die compared to those without DKA, COR =1.94, 95%CI:1.02 — 3.70, p =0.044.

Multivariable analysis was conducted including si gnificant variables (p<0.05) under bivariable
analysis using binary logistic regression. The findings showed that hypertensive diabetic
patients were six times more likely to die compared to diabetics’ patients with no pre-existing
hypertension, adjusted odds ratio (AOR)=6.12, 95%CI:1.78 — 21.05, p=0.004. Patients who
presented with dyspnoea were 2.5 times more likely to die compared to those who presented
without dyspnoea, AOR =2.51, 95%CI:1.10 -5.74, p =0.029. Patients who had DK A/HHS were
3.8 times more likely to die compared to those without, AOR =3.83, 95%CI:1.68 — 8.15,
p=0.001 as shown in Table 8.

4.8.2 Distribution of mortality based on age
The study findings indicate that a significant proportion of deaths were observed among

patients aged 40 years and above. Notably, out of the total number of patients who died, 20%
(n = 11) were aged above 60 years as illustrated in Figure 3 below. These results emphasize
the increased vulnerability of older individuals.

4.8.3 Predictors of prolonged hospitalization among Covid-19 patients with diabetes
mellitus

Individuals with dyspnoea were twice as likely to stay longer in the hospital than those without
dyspnoea, OR =2.02, 95% CI:1.02 - 4.01, p =0.033. As indicated in Table 9, those who
presented with cough were 2.5 times more likely to remain in the hospital, OR =2.50, 95%
CI:1.25 - 4.99, p =0.001. similarly, age was a significant predictor of prolonged hospitalisation.
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Table 8: Predictors of mortality among hospitalised Covid-19 patients with DM

Mortality
P- P-
0
Factors Yes n(%) No n(%) COR(95%CT) value AOR(95%CI) -
Demographic factors
Age 56.1+14 55.1x14 0.99(0.97 - 1.02) 0.576
Gender
Male 32(58.2) 97(51.3) 0.76(0.41 - 1.39) 0.443
Female 23(41.8) 92(48.7) Ref
Cigarette smoking 2(3.8) 8(4.7) 1.24(0.26-6.05)  0.787
Clinical factors
. 3.22(0.69 -
Presence of comorbidity 50(90.9) 119(64.7) 5.46(2.08 - 14.38)  0.001 15.11) 0.139
Hypertension S00.9)  92(48.7) 1054.03-27.61) <0001 3100 o004
HIV/AIDS 4(7.3) 10(5.3) 1.40(0.42-4.66)  0.525
Asthma 2(3.6) 7(3.7) 0.98(0.20-4.86)  0.981
Cancer 2(3.6) 8(4.2) 0.85(0.18 -4.14) 0.844
Dyspnoea 9082 104568) 272035-551) 0004 25,0107 g2
Fever 13(23.6) 47(25.7) 0.90(0.44 - 1.81) 0.86
Cough 32(58.2) 119(65) 0.75(0.40-1.39)  0.425
Chest pain 17(30.9) 58(31.7) 0.96(0.50-1.85)  0.527
DM status
Pre-existing diabetes 37(67.3) 153(81) Ref
Newly diagnosed 2.96(1.21 -
diabetes 18(32.7) 36(19) 2.06(1.06-4.04)  0.042 <7°U- 0.017
i 7.24)
Glycaemic events
Hypoglycaemia 7(12.7) 19(10.1) 0.77(0.30 - 1.93) 0.62
Hyperglycaemia 48(87.3)  168(88.9) 1.17(0.47-2.91) 0.81
DKA/HHS 2036.4)  43(22.8) 194(1.02-3.70)  0.044 ;.%1_53 T 0.001
Laboratory factors
fomy SOnRBS QM 504 1544736)  102079-133) 0883
HBAIc (Mean +SD) 9.3(4.2 8.9+33 0.22(0.04-1.39)  0.107
D-dimers (Mean +SD) 1.8+1.5 1.7¢1.5 0.09(0.01 - 1.24) 0.071
i’ggfh"cytes (Mean 1.240.9 1.4+0.7 0.14(0.00 - 18.91)  0.594
CRP (Mean +SD) 63.0+38.7  47.2429.2  0.88(0.74-1.03)  0.108
LDH (Mean +SD) 545.0+184.5 439.5£147.1 1.04(0.99 - 1.08) 0.106
Management
approaches
Steroid (n, %) 23(53.5) 92(68.1) 0.54(0.27-1.08)  0.082
Oxygen (n, %) 38(88.4) 108(80) 1.90(0.68-5.29)  0.219
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Distribution of mortality and age
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Figure 3: Distribution of mortality by age
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Table 9: Predictors of prolonged hospitalization among Covid-19 patients with diabetes

mellitus

Continued
Factors hospitalization

Yes n(%) Non(%) OR(95%CI) P-value
Demographic factors
Age (Mean, SD) 55.4+10 49.1+12 2.31(1.51 - 4.51) 0.024
Gender
Male 24(55.8) 105(52.2) 1.16(0.60 - 2.24) 0.738
Female 19(44.2) 96(47.8) Ref
Cigarette smoking (Yes) 6(15.4) 4(2.2) 8.27(2.21-30.92) 0.002
Clinical factors
Presence of comorbidity (Yes) 28(65.1) 141(71.9)  0.73(0.36 - 1.47) 0.363
Hypertension (Yes) 21(48.8) 81(40.3) 1.41(0.73 - 2.74) 0312
HIV/AIDS (Yes) 4(9.3) 10(5.0) 0.51(0.15-1.71) 0.279
Asthma (Yes) 1(2.3) 8(4.0) 1.74(0.21 - 14.30) 0.508
Cancer (Yes) 4(9.3) 6(3.0) 0.30(0.08-1.11) 0.079
Dyspnoea (Yes) 21(52.5) 70(35.4) 2.02(1.02 -4.01) 0.033
Fever (Yes) 31(77.5) 147(74.2) 1.20(0.53 - 2.68) 0.842
Cough (Yes) 22(55.0) 65(32.8) 2.50(1.25 - 4.99) 0.001
Chest pain (Yes) 28(70.0) 135(68.2) 1.09(0.52 - 2.28) 0.491
DM status
Pre-existing diabetes 32(74.4) 158(78.6) 0.79(0.37 - 1.70) 0.548
Newly diagnosed diabetes 11(25.6) 43(21.4) Ref
Glycaemic events
Hypoglycaemia (Yes) 7(16.3) 19(9.5) 1.86(0.73 - 4.76) 0.183
Hyperglycaemia (Yes) 39(90.7) 177(88.1) 1.32(0.43 -4.03) 0.794
DKA (Yes) 14(35.9) 49(27.5) 1.47(0.71 - 3.07) 0.332
Laboratory parameters
RBS (Mean +SD) 17.03+8.9 15.02+7.0 1.03(0.88-1.21) 0.713
HBAI1C (Mean +SD) 9.59+4.0 8.79+3.3 1.18(0.87 - 1.61) 0.290
D-Dimers (Mean +SD) 1.85:1.5 1.71£1.53  1.17(0.67 - 2.04 0.587
Lymphocytes (Mean +SD) 1.4+0.7 1.40+0.7 1.12(0.14-9.27) 0.917
CRP (Mean +SD) 55.2+34.5 55.24#34.5 1.01(0.97 - 1.05) 0.703
LDH (Mean +SD) 427.3+£167.7 470.5+162.1 0.67(0.21 - 1.31) 0.469
Management approaches
Steroid use (Yes) 17(54.8)  98(66.7)  0.61(0.28 - 1.33) 0.221
Oxygen use (Yes) 28(70) 118(72.4) 0.89(0.42 - 1.90) 0.451
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5.0 CHAPTER FIVE
5.1 DISCUSION
The impact of COVID-19 on patients with diabetes mellitus (DM) has been well-documented
in previous research, indicating a higher risk of severe disease and mortality (74). In this
retrospective cross sectional, single centre study, we sought to highlight the clinico-
laboratory characteristics and short-term outcomes of hospitalised Covid-19 patients with

DM at KNH in Kenya between the periods from 13® March 2020 to 13% March 2022.

In our study, the median age was 58.5 years, with the majority (52.9%) of the participants
being male. The study found that the most common comorbidity was hypertension (60.7%).
Majority (78%) had Pre-existing DM while 54 (22%) had NDDM. The average RBS at
admission was 15.7mmol/l with about 2/3 of the participants presenting with hyperglycaemia
and poorly controlled glycemia was observed in (82.4%) of the patients, with an average
HBAIc of 8.9 %. Cough (61.9%) and dyspnoea (60.2%) were the most common presenting
symptoms with the mean SPO at hospitalisation of 84%. Within the first 72 hours of
admission, 26.5% of patients experienced DKA, while 10.7% experienced hypoglycaemia.
The main laboratory findings included elevated CRP (90.2%), elevated D-dimers (69.7%),
elevated LDH (86.9%) while mean lymphocyte count was of 1.36 *10°/1. The average
hospital stay was 10 days, with an overall mortality proportion of 22.5% and close to 60% of
the participants were discharged within 14 days. Approximately 5% were admitted into the

critical care unit.

The study population was relatively younger, with the majority (44.7%) aged between 45-59
years, which is consistent with an earlier study in Kenya by Ombajo et al (28). This finding is
likely due to the location of KNH in the country's capital, which attracts people on transit
who could be younger. On univariable analysis, an increasing risk of mortality was observed
with advancing age, with patients over 60 having a 9% higher chance of dying than those
under 60, supporting previous reports (20,75). The study further observed a higher prevalence
of male gender among individuals who contracted and were admitted with Covid-19, which
aligns with findings reported globally (23,75,76). This difference in prevalence could be
attributed to various factors, including biological variations in immune systems between
males and females (77). Additionally, hazardous habits or behaviors, as well as potential non-
compliance with Covid-19 containment measures, may contribute to the higher incidence

among men.
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The study highlighted the presence of comorbidities such as hypertension, which was
observed in 60.7% of the study patients as an independent risk for mortality with AOR
6.12(1.78-21.05). DM often coexists with other chronic conditions particularly hypertension
(43,78). A meta-analysis conducted on hospitalized patients in the United States revealed a
prevalence of 55% for hypertension among individuals with DM (79). This finding suggests a
significant association between DM and hypertension in the hospitalized population.
Therefore, patients Covid-19 patients who have DM, especially those with pre-existing
hypertension, should receive careful and diligent monitoring. The coexistence of DM and
hypertension can potentially worsen the clinical course and outcomes of Covid-1 9,

emphasizing the need for close attention and management for this specific patient population.

At the time of presentation, cough and dyspnea were identified as the most commonly
reported symptoms among the patients. Surprisingly, fever was only reported in 24.6% of the
cases. While these symptoms align with findings from previous studies, the proportions of
each symptom varied in comparison (24,76,80). Dawei Wang et al. found that the most
common symptoms at onset of illness were fever 98.6%, fatigue 69.6%, dry cough 59.4%,
myalgia 34.8%, and dyspnoea 31.2% (76). Hu et al. in a systematic review and metanalysis
found the commonest symptoms to be fever 85 % and cough 65.7% while 21.4% of patients
presented with dyspnoea (80). Similarly, Wei-jie Guan in a retrospective study involving
1099 patients with Covid-19 found the commonest symptoms were fever and cough at 43.7%
and 67.8% respectively (24). Likewise, in the CORONADO study, the most common
symptoms and signs were fever (77.9%), cough (68.7%), fatigue (62.4%), dyspnoea (61.8%).
The variation in symptomatology at presentation could be attributed to documentation and the
reporting of presenting complains at the time hospitalisation was done. In our study,
breathlessness was found to be a significant predictor of mortality. This finding is consistent
with previous research that has demonstrated DM increased the susceptibility to severe
disease (79). Moreover, the presence of dyspnoea at admission serves as an indicator of the
severity of the condition. In a prior study, Cariou ef al. found that among covid-19 patients
with DM, dyspnoea OR 2.17 (1.34, 3.50) on admission was positively linked with death (36).
Therefore, it is important to recognize and monitor breathlessness in DM patients with Covid-

19 as a potential marker for adverse outcomes.

The current study revealed that a majority of the hospitalized patients exhibited abnormalities

in their inflammatory markers. On bivariate analysis, the observed laboratory parameters
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were not significantly associated with mortality. The elevated makers of inflammation points
to an enduring insult as well as acute nature of the disease and the resultant
hyperinflammatory state(9,26). We noted from our study a prevalence of lymphocytopenia to
be 32.4% which contrasts other studies that observed a higher proportion of patients with
lymphocytopenia ranging from 60.1% to 83.2% (24,75,81). Lymphopenia in Covid-19
patients is thought to result from either myelosuppression, infection or destruction or from
functional exhaustion of the antiviral lymphocytes (82). Low lymphocyte count is commonly
recognised as an indicator of inflammation in Covid-19 (81). Elevated D-dimers in our study
could be a result of increased thrombosis due to hyperglycaemia (83) or as a marker of

inflammation following infection with SARSCOV-2 (84).

In our study, the proportion of NDDM was found to be 22%. The rate was similar to the
20.8% recorded in Vietnam (85). The prevalence of DM in a north India study with 401
patients was reported as 47.1% for pre-existing DM and 5.2% for new-onset DM (86).
However, in a retrospective study by Li et al , the incidence of NDDM was documented as
28.4 % (7). In Wuhan China, the incidence of NDDM was 20.8 % in hospitalised patients (7).
In a meta-analysis by Sathish et.al, the incidence of NDDM was found to be 14 % (39). Stress
hyperglycaemia related to acute inflammation, as well as the use of corticosteroids, could
contribute to the observed upsurge in NDDM cases (39,87). In our cohort, we found that
47.5% of patients were given steroids for an average of 6 days. However, the diabetogenic
effect of the Sars-cov-2 virus should be considered when trying to figure out why there are so
many NDDM cases in the Covid-19 pandemic (88). Some of the cases of NDDM could be a
result of previously unrecognized DM (89). We did not continue to monitor the patients after
they were discharged to see if the hyperglycaemia continued beyond the hospital stay. An
American examination of the burden after 6 months of hospitalization revealed an 8%
increase in the risk of DM, although the long-term risk of DM with Covid-19 is still unclear
(90). After recovering from Covid-19, people were more likely to develop type 2 diabetes,
according to the primary care study (91).

Our present study highlights the significance of glycemic control in patients with DM,
particularly during Covid-19 infection, as it can impact disease outcomes. The majority of
patients in this study exhibited poorly controlled long-term glucose control. Additionally, a
significant proportion of patients experienced DKA within the first 72 hours of admission,
while hypoglycemia and in-hospital hyperglycemia also prevalent. Notably, a small
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percentage (5.3%) of DM patients continued to use SU during hospitalization. This
observation raises concerns about the implications of SU use on glycemic control and
treatment decisions in the context of Covid-19 infection. SU have been linked with increased
cases of hypoglycaemia among hospitalised patients (92). Furthermore, Covid-19 induced
anorexia leads to diminished oral intake which could result in hypoglycaemia (36). These
findings emphasize the critical importance of close monitoring and effective management of

blood glucose levels in DM patients with Covid-19.

Our analysis was conducted over a 2-year period and encompassed patients through all the
peaks of the pandemic, including the time when dexamethasone was introduced to the
treatment protocol. The inclusion of patients treated with dexamethasone might have
contributed to the increased frequency of hyperglycaemia observed in the study. Elevated
blood glucose is a known potential side effect of steroid use. Diabetic ketoacidosis, a life
threatening acute metabolic complication of DM has been observed following infection with
SARsCov-2 virus (16). In a New York study (93), the prevalence of DKA was greater during
pandemic 3.14% vs pre-pandemic period 0.72%. Previous studies have established the
prevalence of DKA in Covid-19 to range between 2.4 % and 13.2% (16,26,94). Viral
infections have been noted to induce acute hyperglycaemia and ketosis due to their effect on
the pancreas(95). Beta cell injury and reduced insulin secretion following infection with
SARsCOV-2 virus have been hypothesised to trigger hyperglycaemia and subsequently DKA
in Covid-19 disease (96). Other mechanisms leading to increased DKA included use of
steroids and severity of covid-19 disease (94). DKA independently enhanced the risks of
mortality in our current investigation. Diabetic ketoacidosis can be severe even in the absence
of Covid-19, although it is manageable if detected and treated promptly. Control of acute

metabolic states must therefore be a focus for persons with Dm and Covid-19

DM is closely related to worse outcomes for individuals who are hospitalized. These include
all-cause mortality, the requirement for ICU treatment and mechanical breathing, as well as
extended hospital stays (13,36,43). The average hospital stay in our study was 10 days, with
an overall mortality rate of 22.5%. This mortality rate is higher than the reported rates in
other studies (42), which could be attributed to several factors, including differences in study
populations and healthcare systems. Although the design of the current study prevented us
from comparing the covid-19 cohort to those without diabetes, our findings are consistent

with previous research that revealed diabetic patients had higher mortality and a greater need
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for intensive care unit treatment (97). There is a strong link between mortality and long-term
glucose control (47,51). However, from our study, HBA1c and admission RBS were not
significantly linked with mortality. These findings are similar to what was reported in
ACCREDIT and CORONADO studies (26,36).

Further, factors that predicted adverse outcome among DM patients with Covid-19 included,
advanced age, male gender, obesity and pre-existing comorbidities(50,51). Similarly, in our
study, several factors were found to have a significant impact on mortality. They included
hypertension, dyspnoea, NDDM, and the presence of DKA/HHS. Patients with these factors
are at a higher risk of experiencing adverse outcomes. Uncontrolled metabolic states in DM
patients increases the odds of serious complications and death (52). Across the literature, a
weighty determinant of mortality in Covid-19 is presence of comorbidities with DM
emerging as an important cog (98,99). Notably, DM often coexists with hypertension which
can adversely impact on outcome (100). With regard to hospitalization beyond 14 days, our
study inferred that smoking, age greater than 55.4 years, cough and dyspnoea were significant
determinants of prolonged hospitalization. The findings emphasize the importance of closely

monitoring and managing these factors in order to improve patient outcomes.

5.2 LIMITATIONS AND STRENGTHS
The use of discharge diagnosis code and discharge summary ensured that most if not all DM

patients were captured hence eligible for sampling. Nonetheless, our study has several
limitations, considering we centred on hospitalized Covid-19 cases, our findings cannot be
applied to all Covid-19 and diabetic subjects, primarily those with a less severe form of the
illness and having not compared DM vs Non-DM patients with Covid-19. Secondly, because
the study was retrospective in nature, we were unable to determine a causal relationship.
Some lab values contained missing data and thus could have impacted the analysis of our
secondary objectives. However, these discoveries will both bridge the current knowledge gap

and add to the existing island of knowledge, particularly with relation to Sub-Saharan (SSA)
data.

5.3 RECOMMENDATIONS

1. Emphasis should be given to the management of pre-existing comorbidities,

particularly hypertension, in Covid-19 patients with DM to prevent adverse outcomes.
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2. Health care providers should consider DKA/HHS as a predictor of mortality in Covid-
19 patients with DM, and timely interventions should be taken to prevent its
occurrence.

3. Post hoc follow up of the newly diagnosed patients to establish the DM status post
hospitalization. It remains unresolved whether the NDDM in Covid-19 was temporary

or whether it persist to chronic DM.

5.4 CONCLUSION
Hospitalised Covid-19 patients with DM had elevated RBS at admission with poor overall

glycaemic control and elevated levels inflammatory markers. Glycaemic events, including
DKA/HHS, were common during hospitalisation, and DKA/HHS was identified as an
independent predictor of mortality. Our findings underscore the importance of closely

monitoring and managing glycaemic control in patients with COVID-19 and diabetes.
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7. Appendix
7.1 Data collection tool
Code. i Extractor

Part A: Demographic data.

Alo AP (Y EAIS) v vinnnrmmsnnms {50 ] - AN U——
A2: Gender (1) Male (2) Female
A3: Smoking (1) Yes (2) No

A4: Comorbidities (documented)

a. Hypertension (1) Yes (2)No
b. HIV/AIDs (1)Yes (2)No
c. COPD (I)Yes (2)No
d. Asthma (I) Yes (2)No
e. SLE (1) Yes (2)No
f. Cancer (I)Yes (2)No

g. Other specify...............
Part B: Clinical Data

B1: Presenting symptoms: (documented in clinical notes)
a. Dyspnoea (1)Yes (2)No
b. Fever (I)Yes (2)No
c. Cough (I)Yes (2)No
d. Chestpain (1) Yes (2)No.
€. Other specify.........
B2:. Admission BPOL., cosoupmmmsmn

c. D-Dimers.....................
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Part C: Glucose Control and Glycaemic events:

Cl: Daily glucose levels/average:
Day 1 2 3
Mmol/1

C2: Daily insulin dose:
Day 1 (2 3

Units
C3: DM status (1) NDDM  (2) Pre-existing DM
C4: Hypoglycaemia (<3.9mmol/l) (1) Yes (2) No
C5: Hyperglycaemia (>10.0mmol/l) (1) Yes (2) No
C6: DKA/HHS (1) Yes (2) No
Ketones Serum Na Anion Gap

C7: Method of insulin administration
a. Subcutaneous (1) Yes (2) No
b. Infusion (1) Yes (2) No
C8: Oral anti-diabetic agents administered in the ward
a. Metformin (1) Yes (2) No
b. Sulphonylureas (1) Yes (2) No
c. SGLT2 inhibitor (1) Yes (2) No
d. DPP4 inhibitor (1)Yes  (2)No

e. Otherspecify .............cooeeeeennn...
C9: Discharge treatment

Part D: Co-treatment given during hospital stay:
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D1: Steroid (1) Yes (2) No

Dose................ Duration. ..
D2: Oxygen (1) Yes (2) No
D3: Other specify
Part E: Outcome after 14" day:
E1l: Discharge (1) Yes
E2: Continued hospitalisation (1) Yes
E3: Transfer to critical care (1) Yes
E4: Death (1) Yes

(2) No
(2) No
(2) No

(2) No
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