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Abstract

Introduction: Diabetes mellitus (DM)isanimportant chroniccomorbid condition thatoccursin peopleliving with the humanimmunodeficiency
virus (HIV). It is associated with increased morbidity and mortality. Many cases of comorbidities with diabetes mellitus have been reported,
particularly in areas of the world where the prevalence of HIV is high. The rate of diabetes hospitalizations among HIV-infected individuals
increased from 3.9 to 8.4 per 100 hospitalizations. Although the cost of HIV care has increased, the burden of DM among people living with
HIV has economic consequences.

Objectives: This study aimed to assess the incidence of DM among HIV patients receiving ART in the Asella Referral and Teaching Hospital,
Oromia Regional State, Ethiopia.

Methods: Ten years retrospective follow-up study was conducted among 268 HIV patients receiving ART at Asella Referral and Teaching
Hospital. HIV patients receiving ART between January 01/2013 and Dec 31/2022 were enrolled in this study. A systematic sampling technique
was used to select patients’ medical charts. Data were extracted from the patients’ medical chart records from March 21 to March 23, 2023,
using a data extraction format. Data were entered into Epi Data version 4.6.0.0, and exported to STATA version 14.2 for statistical analysis.

Results: A total of 268 medical charts of HIV patients receiving ART were included in the final analysis, which provided a response rate of
98.52%. The mean age of participants was 38.17 years. Among 268 HIV patients followed for 10 years, 142 (52.99%) were female, 33(49.63%)
were aged between 30-40 years. Approximately 154 (57.46%) of them were urban residents. The incidence density rate (IDR) of DM in the
cohort of HIV patients receiving ART during 1291.33 person-year observation was 6.20 per 1000 [95% Cl: 3.10, 12.39] person-years. The
cumulative incidence proportion of DM among HIV patients receiving ART was 2.99% [95% Cl: 1.49, 5.88] within the 10 years follow-up period.

Conclusion: The incidence of DM among HIV patients receiving ART was relatively high. It is important to emphasize HIV patients receiving
ART for early screening of DM among these patients.
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Introduction

DM is a heterogeneous disturbance of metabolism, the main
finding of which is chronic hyperglycemia. DM is caused by
impaired insulin secretion, action or both [1]. The diagnosis
and management of DM in HIV patients are vital issues. This is
because more patients with HIV have chronic comorbidities.

Although there is conflicting evidence regarding HIV as an
independent risk factor for diabetes, HIV infection and its
treatment are linked to the disease [2]. The prevalence of DM
in HIV-infected patients varies depending on the makeup of
the cohort analyzed, how the diagnosis of DM is made, and
how DM risk variables are taken into consideration in the
study [3-5]. One of the HIV adult patients receiving medical
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care had DM. DM in HIV-infected individuals may develop
at an earlier age and without obesity [6]. The incidence of
DM in HIV-infected individuals is due to the type of Highly
Active Antiretroviral Therapy (HAART), study population,
HAART exposure duration, and definition of DM used [3,7-9].
The prevalence of DM among HIV patients HAART users in
different parts of countries is 4.51% in Thailand [10], 4.5 % in
Malawi [11], 2.1 to 25.5% in Africa [12].

Sex, physical inactivity, smoking, alcohol use, family history
of DM, CD4 count, viral load, body mass index, age, hepatitis
C co-infection, inadequate diet, history of hypertension, and
duration of HIV infection have been identified as contributing
factors to the development of DM in HIV-infected people [13-
15]. The risk of DM among HIV-infected patients increases with
long-term exposure to HAART [16]. The hazard of DM among
HIV patients was approximately four times higher than that
among HIV-uninfected individuals, and HAART is considered
the single determinant of DM in HIV-infected people [17].
DM is now recognized as an important chronic comorbid
condition occurring in people living with HIV and is associated
with increased morbidity and mortality, which accounting
14.5% and approximately 4.2 million people aged 20-79
years died due to DM [19]. As ART may have increased the
life expectancy of people living with HIV, diabetes may play
a larger role in chronic care and management. Among people
living with HIV, diabetes is common and associated with age
and long-term HIV or ART exposure [17,19]. The success of
ART in controlling HIV replication and restoring immunity
has been strengthened by the knowledge that the incidence
of metabolic diseases, including DM, is increasing in people
living with HIV [20].

Studies conducted in Zimbabwe have been reported 12%
of incidence rate of DM after nine years follow up [14,15].
Many cases of comorbidities with DM have been reported,
particularly in areas of the world where the prevalence of HIV
is high [21]. Between 1994 and 2004, the rate of hospitalization
for diabetes among HIV patients increased from 3.9 to 8.4. The
probability of hospitalization for diabetes increased among
patients between 2002-2004 [22]. The risk of death in HIV-
infected individuals was similar in those with and without DM
diagnosis but tended to increase thereafter in patients with
DM [10].

In Sub-Saharan Africa, where the burden of diabetes and
HIV is high, there is limited data on the prevalence of diabetes
among people living with HIV and the impact of diabetes
on clinical outcomes. Available data suggest people living
with HIV with diabetes may be at increased risk of active
tuberculosis and death compared to people living with
HIV without diabetes [23-25]. The economic burden of HIV
infection and DM indicates the need to design interventions
to delay the development of type 2 DM in HIV-positive
populations. Nearly US$19 billion was spent on HIV-related
burden in low- and middle-income countries in 2015 [26].

Comorbidities, including DM, in people living with HIV are of
increasing clinical concern in combination with ART [27].

HIV-infected patients on ART areata greaterrisk of developing
diabetes and thus suffer from extra morbidity and mortality
than those without the disease [17]. However, there are
limitations to studies that have addressed the incidence rate of
DM among HIV patients receiving ART in Ethiopia. This would
lead to poor insight among concerned bodies concerning this
critical and high burden issue. Therefore, this study aimed
to assess the incidence of DM among HIV patients receiving
ART at the Asella Referral and Teaching Hospital in Ethiopia.
The findings of this study would provide essential baseline
information to the government, healthcare professionals,
stakeholders, diabetic associations, HIV associations, local and
national policymakers, and implementers.

Methods
Study area and period

The study was conducted at the Asella Referral and Teaching
Hospital, which is located in Asella Town. Asella is a town
located in the Arsi Zone of the Oromia Regional State, which
is approximately 175 km from Addis Ababa and 75 km from
Adama. This hospital has about 4.5 million populations. The
hospital was established in 1964 and rebuilt in 1992 by the
Italian government with a capacity of 250 beds. The company
began providing ART services in 1993. Currently, 4,689 HIV
patients are enrolled in the ART clinics. Of these, 3,851 were
adults (obtained from the ART database of the hospital). The
study was conducted from March 21/2023 to March 23/2023.

Study design
Ten years of retrospective follow-up study was conducted.
Source population

All patients ever started ART at the Asella Referral and
Teaching Hospital, which had been followed up.

Study population

AIIHIV patients started ART at the Asella Referral and Teaching
Hospital and were followed up between January 01/2013 and
December 31/2022.

Eligibility criteria

Inclusion criteria: All adult individuals aged > 18 years who
were enrolled in the Asella Referral and Teaching Hospital ART
Clinic between January 01/2013 and December 31/2022.

Exclusion criteria:

*  Pregnant women

»  Patients who had DM at the beginning of the study
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e Patients whose dates of ART initiation and last contact
were not registered in their medical charts.

Sample size determination

A single-population proportion formula was used to
calculate the sample size of this study. The following statistical
assumptions were made for the sample size calculation.

P = proportion of failure= 22.1% [28].
Z a/2 = corresponding Z score of 95%Cl=1.96

d=margin of error= 5%

_ Z(%Z*P(l—l’) _(1.96)2+0.221(1-0.221)

- (d)2 (0.05)2 =264

The population of HIV patients receiving ART within a cohort
of ten years was 2,250, which was less than 10,000. Therefore,
a correction formula was used to adjust the sample size nf=
=2 2236,
1+N 2250

Considering  the high  possibility of incomplete
documentation, 15% was used for incomplete medical

records. The final sample size was 272.

Sampling technique and procedure

The eligibility of patients with HIV receiving ART was
assessed using medical records. All HIV patients receiving ART
from January 01/2013 to December 31/2022 were considered
for this study. A systematic sampling technique was used to
select patients with HIV who received ART medical charts.
The regular interval, K" was calculated to be 8. The figure of
the first patient’s medical chart to be included in the sample
was chosen randomly by picking one of the first eight pieces
of paper, numbered one to eight. Then, five were selected
randomly, and the selection of the sample was performed at
regular intervals.

Variables

Dependent variables: Incidence rate of DM.
Independent variables:

Sociodemographic variables: Age, gender, and residency.

Clinical and laboratory variables: BMI, CD4 count, viral
load, WHO clinical stage, hemoglobin level, ART regimen, and
family history of DM.

Operational definition

DM: It refers to a medical diagnosis of the patients stated as
“diabetes mellitus” by the physician on the patient’s medical
record chart.

Entry date: First date for each observation within the study
period on the date of ART initiation.

End date: The last date of each observation within the study

period that the subject visited.

Survival status: Refers to either diabetes or censored that
was ascertained on the patient’s medical chart record on the
last day of contact.

Event: The occurrence of DM in HIV patients receiving ART, as
ascertained by physicians.

Censored: HIV patients receiving ART who did not develop
DM were lost to follow-up, withdrawn, transferred, or died
without developing DM until the end of the study.

A lost to follow up: HIV patients receiving ART who missed
visits for more than 2 months after the last scheduled visit.

Withdrawn: HIV patients receiving ART who missed visits for
more than three months after the last scheduled visit.

Survival time: Time from ART initiation to DM development.
This was calculated by subtracting the entry date from the end
date.

Data collection tool, procedures, and quality control

The data extraction format was developed in English by
reviewing relevant literature [28-31]. The data extraction
format was used to extract the required information from HIV
patients receiving ART medical charts. The data-extraction
format consists of three parts. Part 1: Sociodemographic
factors, Part Il: Baseline clinical and laboratory characteristics,
and Part lll: Survival status-related information.

A pre-test was conducted on 27 medical charts of patients’
receiving ART to check the consistency of the data extraction
format. Half-day training was provided for the data collectors
in the data extraction and procedures. The extracted data
were checked daily for completeness each day.

Data processing and analysis

Data were entered using Epi Data, version 4.6.0.0. Statistical
analyses were performed using STATA version 14.2 statistical
software. Patient outcomes were dichotomized into events
and censored. Continuous variables were categorized to
determine their frequencies and percentages. Descriptive
statistics were calculated for the sociodemographic, clinical,
and laboratory variables. The ten years cumulative incidence
proportion of DM among HIV patients receiving ART was
calculated and presented as 95%Cl. Survival analysis was
performed to determine the IDR of DM among HIV patients
receiving ART, which was reported per 1000-person time. The
findings of this study are presented in tables and narration.

Results
Sociodemographic characteristics of HIV patients

Among 272 enrolled into this study, 268 medical charts of
HIV patients receiving ART were included in the final analysis,
which provided a response rate of 98.52%. The mean age of
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participants was 38.17 years. Among 268 HIV patients followed
for 10 years, 142 (52.99%) were female, 33 (49.63%) were aged
between 30-40 years. Approximately 154 (57.46%) of them
were urban residents (Table 1).

Baseline clinical and laboratory characteristics of HIV
patients

The majority 96 (35.82%) and 93 (34.70%) HIV patients
receiving ART were categorized in WHO clinical stage three

and stage one, respectively. More than half of 139 (52.85%) HIV
patients receiving ART had a baseline CD4 count less than 350
cells/mm?3. The majority 117 (90%) of HIV patients receiving
ART had a baseline viral load less than 500 cells/mm?3. Most
148 (55.43%) of HIV patients receiving ART had a BMI 18.5-
24.9, which is normal weight. Approximately 105 (39.18%) HIV
patients receiving ART were presented with comorbidities.
The predominant regimen prescribed was a combination of
the DTG-based ART regimen, 223 (83.21%) (Table 2).

Table 1. Baseline Sociodemographic Characteristics of HIV patients Receiving ART from January 01/2013 to December 31/2022 in Asella

Referral and Teaching hospital, Oromia Regional State, Ethiopia, 2023 [n=268].

Variable Category Frequency Percent

Age in years 18-29 59 22.01
30-44 133 49.63
45-64 72 26.87
=265 4 1.49

Gender Male 126 47.01
Female 142 52.99

Residency Urban 154 57.46
Rural 114 42.54

Table 2. Baseline Clinical and Laboratory Characteristics of HIV patients Receiving ART from January 01/2013 to December 31/2022 in
Asella Referral and Teaching Hospital, Oromia Regional State, Ethiopia, 2023 [n=268].

Variable Category Frequency Percent
BMI <185 104 38.95
18.5-24.9 148 5543
25-29.9 11 412
=30 4 1.50
CD4 count <350 139 52.85
>350 124 47.15
Viral load <500 117 920
=500 13 10
WHO clinical stage Stage | 93 34.70
Stagelll 57 21.27
Stage lll 96 35.82
Stage IV 22 8.21
Hemoglobin <10 18 7.7
>10 233 92.83
ART regimen DTG- based ART 223 83.21
NNRTI-based ART 40 14.93
AZT-based ART 1 0.37
Other 4 1.49
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Presence of comorbidity Yes 105 39.18
No 163 60.82
If yes, which one of the following? TB Yes 78 74.29
No 27 25.71

Heart disease Yes 7 6.67
No 98 93.33
Renal disease Yes 1 10.48
No 94 89.52
Hepatitis B infection | Yes 16 15.24
No 89 84.76

Other 8 2.99

Family history of DM Yes 2 0.75
No 266 99.25
Non-ART medication Yes 107 39.93
No 161 60.07

Note: ART regimen: DTG-based ART regimen: TDF+3TC+DTG; NNRTI-based ART regimen: TDF+3TC+EFV; AZT-based ART regimen:
AZT+3TC+EFV; Other ART regimens: ABC + 3TC + EFV, TDF+ 3TC + ATV/r.

Abbreviations: ART: Antiretroviral Therapy; AZT: Zidovudine; EFV: Efavirenz; BMI: Body Mass Index; DTG: Dolutegravir; HIV: Human Immune
Virus; NNRTIs: NonNucleoside Reverse Transcriptase Inhibitors; TDF: Tenofovir; 3TC: Lamivudine; ATV/r: Atazanavir/ritonavir.

Survival status of HIV patients

IDR of DM: A total of 268 HIV patients receiving ART were
followed for a minimum and maximum follow-up period of
0.12 to 9.96 years, respectively. The IDR of DM in the cohort
of HIV patients receiving ART during 1291.33 person-year
observation was 6.20 per 1000 [95% CI: 3.10, 12.39] person-
years.

Cumulative incidence proportion of DM

The cumulative incidence proportion of DM among HIV

patients receiving ART was 2.99% [95%Cl: 1.49, 5.88] within
the 10 years follow-up period (Figure 1).

Type of censored

A total of 260 (97.01%) of HIV patient’s received ART were
considered censored. Out Of these, 196 (75.40%) did not
develop the DM within 10 years follow up period, 31 (11.90%)
were transferred out, 21 (8.10%) had died without developing
DM, 9 (3.50%) were withdrawn, and three (1.20%) were lost to
follow up (Figure 2).

Cumulative Incidence Proportion

m Diabetes

m Censored

Figure 1. Cumulative incidence proportion of DM among HIV patients receiving ART from January 01/2013 to December 31/2022 in Asella
Referral and Teaching Hospital, Oromia Regional State, Ethiopia, 2023 [n=268].
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Figure 2. List of censored types of HIV patients receiving ART from January 01/2013 to December 31/2022 in Asella Referral and Teaching

Discussion

This study was the first to examine the study setting and
national level. This ten years retrospective follow-up study
aimed to determine the IDR for DM among HIV patients
receiving ART. The IDR of DM in the cohort of HIV patients
receiving ART during 1291.33 person-year observation was
6.20 per 1000 [95% Cl: 3.10, 12.39] person-years.

The findings of this study were consistent with those of a
study conducted in 212 clinics in Europe, the U.S., Argentina,
and Australia, with an incidence rate of DM as 5.72 per 1,000
person-year of follow-up [32]. The findings of this study are
consistent with a study conducted in South Carolina, which
reported an incidence rate of DM of 11.35 [29]. The findings of
this study are consistent with a study conducted in Italy, which
reported an incidence rate of DM of 10.13 [30]. The findings
of this study are consistent with a study conducted in Britain,
which reported an incidence rate of DM of 7.4 [31].

The findings of this study were lower than those of a
multicenter AIDS cohort study by Pittsburgh, PA; Baltimore,
MD; Chicago, IL; and Los, which reported an incidence
rate of 47.4% for DM [3]. The finding of this study was also
lower than the study conducted in six United States cities
(Bronx, Brooklyn, Chicago, Los Angeles, San Francisco, and
Washington DC, which is a multicenter prospective cohort
study reported incidence rate of DM as 34.0 [7]. The findings
of this study were also lower than those of a study conducted
in France, which reported an incidence rate of 14.1 [8]. The
findings of this study were also lower than those of a study
conducted in Britain, which reported an incidence rate of 16.1
[28]. These discrepancies might be due to the differences in

the characteristics of the study population, follow-up periods,
study period, limited access to healthcare services, poor
quality health care and screening practices, longer exposure
to ART agents, use of older drugs, exposure to high levels of
first-generation drugs, and availability of new drug regimens
(Dolutegravir-containing regimen). However, the findings of
this study were higher than those of a study conducted in
Denmark, which reported an incidence rate of 3.7 [4].

The cumulative incidence proportion of DM among HIV
patients receiving ART was 2.99% [95%Cl: 1.49, 5.88] within
the 10 years follow-up period. The finding of this study was
also lower than the study conducted in six United States cities
(Bronx, Brooklyn, Chicago, Los Angeles, San Francisco, and
Washington DG; is the Women'’s Interagency HIV study, which
is multicenter prospective cohort study reported cumulative
incidence proportion of DM as 7.61% [7]. The findings of this
study were also lower than those of a study conducted in
France, which reported a cumulative incidence proportion
of DM of 10.6% [8]. The finding of this study was also lower
than that of a study conducted in Britain which reported
a cumulative incidence proportion of DM of 22.1% [28].
The findings of this study were lower than those of a study
conducted in South Carolina, which reported cumulative
incidence proportion of DM as 7.9% [29].

However, the findings of this study were consistent with
those studies conducted in Britain, which reported cumulative
incidence proportion of 4.6% [31]. The findings of this study
are consistent with the studies conducted in the 212 clinics
in Europe, the U.S., Argentina, and Australia, which reported
a cumulative incidence proportion of 2.85% [32]. The findings
of this study were consistent with the study conducted in
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Denmark, which reported a cumulative incidence proportion
of 2.97% [4]. The strength of this study was that it was ten years
retrospective follow-up study. This is the first retrospective
cohort study conducted in a country. This was performed
by reviewing the patients’ medical charts. Therefore, it was
difficult to extract all the necessary information because of
inconsistent documentation.

Conclusion

This study showed that the IDR for DM among HIV patients
receiving ART was relatively higher. This finding is particularly
important in attracting the attention of concerned bodies
towards this high-burden leading issue. Healthcare
professionals who provide care for HIV patients receiving
ART should emphasize early screening of DM among these
patients. Considering the burden of DM among HIV patients
receiving ART, all concerned bodies, the government, diabetic
association, HIV association, local and national health policy
implementers and makers, and researchers need to focus on
this critical issue.
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