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Background: Antiretroviral therapy has decreased human immunodeficiency virus
related mortality. However, the incidence of diabetes mellitus is increasing among people
living with human immunodeficiency virus and adds complexity to the standards of care.
Objective: The study was aimed to determine the glycemic control and delivery of clinical
care among people living with diabetes and human immunodeficincy virus in Ethiopia.
Methods: A comparative prospective cohort study was conducted among patients living
with diabetes at follow-up clinics of Jimma Medical Center in two study arms. The first
arm was people living with diabetes and human immunodeficiency virus. The second
arm was human immunodeficiency virus negative patients living with diabetes. The
expanded English version of the summary of diabetes self-care activities scale was used
to measure self-care behaviors. In order to identify the predictors of glycemic control,
multivariable Cox regression analysis was used. Statistical significance at p-value <0.05
was considered.

Results: A total of 297 eligible participants were followed for one year, with a mean
age of 44.35+12.55 years. Males accounted for 55.9%. After one year of follow-up,
61.9% of diabetes people living with human immunodeficiency virus, and 49% of
human immunodeficiency virus-negative patients with diabetes poorly met blood glu-
cose target (p=0.037). Female gender [AHR: 2.72; 95% CI (1.21-5.72)], age >31 years
[AHR: 2.48; 95% CI (1.34-11.01)], increased waist circumference [AHR: 3.64; 95% CI
(2.57-16.12)], overweight [AHR: 3.63; 95% CI (1.65-22.42)], chronic disease comor-
bidity [AHR: 2.02; 95% CI (1.44-2.84)], human immunodeficiency virus infection
[AHR: 3.47; 95% CI (2.03-23.75)], living longer with diabetes (>5 years) [AHR:
3.67; 95% CI (3.26-4.14)] showed a higher risk of blood sugar control failure and
were independent predictors of uncontrolled glycemia. Tuberculosis infection increased
the risk of uncontrolled blood sugar among people living with diabetes and human
immunodeficency virus[AHR:3.82;95% CI(2.86-5.84].

Conclusion: Significant gaps were observed in achieving the recommended glycemic target
and involvement of patients on self-care care behavior in the study area. The co-occurrence
of tuberculosis, human immunodeficiency virus, and diabetes is triple trouble needing special
attention in their management. It is high time to leverage the clinical care of the looming co-
epidemics through chronic comprehensive care clinic.

Keywords: human immunodeficiency virus, glycemic control, treatment outcome, self-care
behavior
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Introduction

The unequivocal success of antiretroviral therapy (ART) in
the management of human immunodeficiency virus (HIV)
has been tempered by the recognition that metabolic disor-
ders, such as diabetes mellitus (DM), are increasing in inci-
dence among people living with HIV (PLHIV). Studies from
developed countries have reported that the incidence of dia-
betes in HIV-infected adults receiving ART is between 1%
and 10%' and also in other studies from European, North
American, and African cohorts showed the prevalence of
diabetes in PLHIV ranges from 2% to 14%.>* In Ethiopia
prevalence of DM and pre-diabetes (pre-DM) in HIV-
8.8% and19.6%,

respectively.” ® Traditional risk factors, such as overweight,

infected patients reach up to
age and gender, are significant determinants of diabetes.”
However, particular antiretrovirals (ARVs)'® and ARV-
related weight gain and lipodystrophy'' are known risk fac-
tors. The major contributor to hyperglycemia is thought to be
iatrogenic, with protease inhibitors being most commonly
associated with insulin resistance. High pre-ART viral
loads and low baseline CD4+ counts can also raise the risk
of insulin resistance and accelerate diabetes pathogenesis.'

As the access to ARVs increases globally and survival
improves, the main contributors to morbidity and mortality
in HIV-infected individuals are DM and other cardiometa-
bolic comorbidities.'*'* In contemporary health-care ser-
vices, a substantial proportion of PLHIV dies not from
opportunistic infections or other AIDS-defining illnesses,
but from vascular events.'> In patients with coexisting
diabetes mellitus, greater focus is important on the man-
agement of conventional risk factors for cardiovascular
diseases. In order to improve clinical treatment and per-
the World Health
Organization (WHO) includes self-management as a best

formance for chronic diseases,
practice. Programs that inform and assist patients in mana-
ging their conditions have been effective in achieving
better health outcomes.'®!'” In order to update HIV care
policies, these changes need to be considered.'®

One cohort study evaluating glycemic regulation in
HIV-infected patients and HIV-infected controls showed
that HIV-infected patients achieved a substantially lower
reduction in glycated hemoglobin (HbA1c) relative to the
overall population.'® This suggests that diabetes PLHIV
have more difficulty controlling hyperglycemia. The eva-
luation and treatment of diabetes are included in the WHO
list of priority interventions in the HIV continuum of care
in the health-care settings.”® The diagnosis criteria for

diabetes in PLHIV are the same as the general population
with one caveat. It has been reported that HbAlclevels
10% to 15% in
PLHIV.?'"%* In the absence of treatment strategies specific

underestimate glycemic levels by

to PLHIV, current international and national guidelines for
the general population served as the guiding tool for the
treatment of diabetes in PLHIV.** Recommendations spe-
cific to PLHIV relate to drug interactions between ARVs
and antidiabetics medication and the use of HbAlc for
screening and diagnosis of diabetes. In some studies, peo-
ple living with HIV have the same response to treatment as
their HIV non-infected counterparts.*>>

In patients with diabetes, the significance of glycemic
control in preventing both microvascular and macrovascular
complications are well known. While several major studies
have estimated the prevalence of poor glycemic regulation in
the general population, relatively few studies have estimated
this prevalence in HIV-infected patients.”” >° In order to
ensure that patients are screened routinely for diabetes, HIV
programs may need to adapt comprehensive patient evalua-
tion. Routine screening for complications associated with
diabetes should take place after a diagnosis of diabetes is
made, and attempts should be made to improve glycemic
control. How this is delivered depends on the number of
variables in any particular healthcare system (eg, manpower,
patient involvement into the care decision and the need for
a multidisciplinary approach).

Furthermore, while age, number of years with diabetes,
dyslipidemia, body mass index (BMI) and poor self-care
have been related to inadequate glycemic control in the
general diabetes population, no study in Ethiopia has inves-
tigated these associations in HIV-infected diabetes patients.
In addition, HIV-infected patients with diabetes have parti-
cular possible co-factors for poor glycemic regulation,
including the use of specific antiretroviral drugs. Therefore,
the objective of this prospective cohort study was to deter-
mine the glycemic control, provision of diabetes-related clin-
ical service, and associated factors among HIV-negative
patients living with diabetes and diabetes PLHIV in Ethiopia.

Methods
Study Design and Setting

A facility-based prospective cohort study design was con-
ducted at chronic care (ART and diabetes) clinics of
Jimma Medical Center (JMC), Ethiopia. Adult HIV-
on HAART and HIV-negative

infected individuals
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individuals with diabetes who met the inclusion criteria
were recruited into the study. With a bed size of 660, IMC
is the only teaching and referral hospital in the South-West
part of Ethiopia. It is located 352 km south-west of Addis
Ababa, the capital. It delivers care to about 9000 inpatients
and 80,000 outpatients each year with a catchment popula-
tion of about 20 million people. The present study is in
accordance with the STROCS (strengthening the reporting

of cohort studies) criteria.*°

Study Population

This current study was a comparative prospective
cohort study assessing diabetes mellitus (DM) related
clinical care and level of glycemic control between two
groups of the diabetes adult population. The first group
was adult PLHIV and diabetes on follow-up at the JIMC
ART clinic (Arm-1). The second group was adult HIV
negative patients living with diabeteson follow-up at
JMC diabetes clinic (Arm-2). All patients were fol-
lowed for a 12-months following 3 months of enroll-
ment period. The inclusion criteria were; diabetes
(Type 1 and Type 2 DM) patients, age greater or
equal to 18 years, on follow-up for either at DM and/
or ART chronic care clinics on a monthly basis.
Pregnant women and those patients unwilling to give
participation consent were excluded from the study.

Participants Inclusion and Enrollments

The number of individuals living with HIV/AIDS and
diagnosed with DM is unknown in the study area and
had a different follow-up clinic. They have separate clinic
for prescription refill and consultation. To trace and enroll
patients with diabetes, all PLHIV coming to ART clinic for
follow-up were interviewed and their medical records
were reviewed by trained nurses. In order to enroll all
took 3
(December 2018 to February 2019) of enrollment period.
Finally, 97 adult diabetes PLHIV were included in the
study and followed for 12 months for their glycemic status

potential study participants, it months

and clinical care which was assessed at a baseline. To
increase the power of the study, we enrolled 200 HIV
negative patients living with diabetes (~ratio 1:2.06).
Finally, 297 patients with diabetes [ie, HIV negative
(HIV-) and positive (HIV+)] were included in the final
analysis. All the participants were followed for 12 months
starting from their enrollment date (Figure 1).

Data Collection Tool and Procedure

Based on the study objective, a standardized data collec-
tion questionnaire produced by the World Health
Organization (WHO) on STEPs (stepwise approach to
chronic disease risk factor surveillance) in developing
countries®’ was used. We assessed self-care behaviors
using the expanded version of the summary of diabetes
self-care activities (SDSCA).>>** The SDSCA measure
is a brief self-report questionnaire of diabetes self-
management. On  the  previous  psychometric
validation®**> SDSCA had a content validity index of
0.83 and a Cronbach’s alpha reliability of 0.69. Two
trained data collectors (both trained ART nurses) inter-
viewed the participants in the study and checked patient
charts and medical history at the ART clinic for the
pertinent information. At the JMC diabetes clinic, two
trained research assistants (nurses in the profession)
gathered specific information from HIV-negative
patients with diabetes for 12 months. All pertinent infor-
mation such as sociodemographic information, clinical
and laboratory data, and behavioral characteristics were
recorded each patient. One (1) year monthly measure-
ments of fasting blood sugar (FBS) were recorded for all
study participants. CD4+cell count of PLHIV were
recorded. Waist circumference (WC) was measured
with a flexible inelastic tape placed in a perpendicular
plane to the long axis of the body at the midpoint
between the lower rib margin and the iliac crest. Using
a portable stadiometer, height was measured without
shoes. A Tanita scale was used to measure weight;
patients were fully dressed, without heavy clothing or

shoes.

Data Processing and Analysis

Data were entered into the computer using EpiData ver-
sion 3.1 and exported to the Statistical Package for Social
Science (SPSS) version 22.0 for analysis. Differences
between mean values were evaluated using Student’s
t-test while proportions were compared using Pearson’s
Chi-square test. In order to assess the crude and adjusted
effects of factors affecting glycemic control predictors,
Cox regression analysis were used. Variables that had
p-value<0.25 on univariate analysis were eligible for mul-
tivariate Cox regression. Categorical and continuous data
were expressed as percentages and mean + standard devia-
tion, respectively. The proportion of patients, who had
good, fair, and poor self-care behaviors and practices was
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Patients on follow up at ART & diabetes clinic

= PLHIV (n=3011)*
= Patients with diabetes (n=2556)

A

Patients with diabetes at JMC (n=2556)

Three (3) months consecutive
i enrollment at the ART clinic

Diabetes HIV positive patients (n=97)

! Three (3) months of consecutive
enrollment in a diabetes clinic

Diabetes HIV negative patients (n=200)

Total patients with diabetes (n=297)

Figure | Study participants’ enrollment flow chart.

Abbreviations: *including children; JMC, Jimma Medical Center; HIV, Human immune deficiency virus; ART, Antiretroviral therapy; PLHIV, People living with Human

immune deficiency virus

calculated for the individual dimensions SDSCA and the
overall self-care practice. Significance was considered at
p-value<0.05.

Outcome Measures

Glycemic Control

In the two clinics (diabetes and ART), the FBS of all
patients with diabetes [HIV (+) and HIV (-)] was
measured on a monthly basis for 12 months according
to the standard institutional treatment protocol. On the
basis of the existing American Diabetes Association

(ADA) guideline for treating diabetes mellitus,’® the
quarterly (consecutive three months) average of each
record was taken and status was categorized into good
glycemic control or poor glycemic control.

Self-Care Behavior

To assess self-care behavior and practice, the summary of
diabetes self-care practices (SDSCA) questionnaire was
used. There are 10 items in the questionnaire for five sub-
scale domains. A general diet, specific diet, physical activity,
blood glucose testing, and foot-care are the five sub-scales.
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This self-care scale measures the frequency of performing
diabetes self-care activities in the last 7 days. Responses
ranged from 0 to 7 days for each of the items in the six
domains, and responses to item-4 were reverse coded.* The
score was presented for each self-care action in terms of the
mean number of days, which was determined by summing
the number of days of self-care practice measured by the total
number of patients. We took the average of the mean values
in each of the domains (ie, diet, foot care, exercise, blood
glucose test, and medication-taking divided by the sum of the
number of questions under each scale) for the overall dia-
betes self-care practice value. As the suggested cut-off point
for SDSCA was not available in the biomedical literature, we
defined a score less than or equal to the 25th percentile as
a poor self-care behavior and practices. Values between the
25thpercentile and the 75th percentile as fair self-care beha-
vior and practices and values greater than or equal to 75th
percentile as a good self-care behavior and practices.

Definition and Explanations of Terms

e Co-morbidity: Diseases or disorders that exist
together with an index disease or co-occurrence of
two or more diseases or disorders in an individual *’

e Multi-morbidity: Living with two or more types of
chronic non-communicable diseases.’’

e Self-care practices: refer to behaviors such as follow-
ing a diet plan, increased exercise, self-blood glucose
testing, and foot care.”

e Controlled glycemia: average fasting blood glucose
measurement 80—130 mg/dl (4.4-7.2 mmol/L).>®

e Uncontrolled glycemia: average blood glucose mea-
surements on three consecutive visits is >130 mg/dL
(>7.2 mmol/L).*°

e Waist circumference: Waist circumferences >102 cm in
males and >88 cm in females were considered elevated.*®

e Underweight: Body mass index (BMI) less than
18 kg/m**°

e Normal body weight: BMI between 18 and 24.9 kg/
m2¥

e Overweight: BMI between 25 and 29.9 kg/m**°

e Obese: BMI between >30 kg/m>>°

Results
Socio-Demographic Characteristics of

Study Participants
From the total 297 participants in this study, 162 (54.5%)
were in the age group of 31-60years and the mean age was

44.35+12.55 years. The majority of the participants were
male 166 (55.9%). About 63.3% of them were residing in
a rural area. The majority (68.4%) of the study participants
attended some level of formal education. There were sta-
tistically significant differences with respect to family
support (p=0.019), marital status (p=<0.001) and body
mass index (p=<0.001) among HIV positive [HIV (+)]
and HIV negative [HIV (-)] participants. On the other
assessed socio-demographic variables, there were no sta-
tistically significant differences between the HIV (+) and
HIV (-) groups (Table 1).

Behavioral and Clinical Characteristics of
Study Participants

Concerning behavior measures, about 16.5% of diabetes
PLHIV reported taking alcohol regularly and 11.8% of
them were current smokers. Only 5.1% of HIV (+) and
7.5% of HIV (-) patients with diabetes were consuming
fruits and vegetables every day. Limited numbers (7.1%)
of participants were involved in daily physical activity.
Prevalence rates of comorbid hypertension and heart fail-
ure in our study population were 26.3%, and 8.8%,
respectively. There were no statistical differences in dia-
betes-related complications between diabetes PLHIV
compared to DM controls. However, on diabetes-related
health education and advice given by health-care provi-
ders, there was a statistically significant difference on
advice related to losing weight (p=0.012), stopping and/
or not to try smoking (p=0.037), starting or doing more
exercise (p=0.001) and eye care/ophthalmology consulta-
tion (p=0.029) (Table 2).

From a total of 97 diabetes PLHIV, about 88 (90.7%)
were actively engaged in their daily activity. About 81.4% of
them had greater than 5 cumulative years of HIV exposure.
At baseline, about 683.5% of them were within the WHO
clinical stage III and I'V. More than half (54.6%) of diabetes
PLHIV had a previous history of TB treatment. Concerning
prophylactic medication use, about 4.1% and 78.4% were on
isoniazid preventive therapy (IPT) and cotrimoxazole pre-
ventive therapy (CPT), respectively. About 31.9% of PLHIV
were diagnosed with diabetes before HIV infection. The
hepatitis infection status of 68% of HIV (+) participants
was unknown (yet not tested) (Table 3).

Glycemic Control Status
Of a total of 297 patients included in the study, 158 met
the American Diabetes Association (ADA) definition of
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Table | Baseline Socio-Demographic Characteristics of Study Participants

Variables Total (n=297) HIV(+) [n=97] HIV(-)[n=200] P-value
Gender Male 166(55.9) 59(60.8) 107(53.5) 0.285
Female 131(44.1) 38(39.2) 93(46.5)
Age (years) Mean+SD 45.35£12.55 45.13%£11.39 46.83 £ 13.57 0.259
<30 78(26.3) 27(27.9) 51(25.5) 0.601
31-60 162 (54.5) 49(50.5) 113(56.5)
261 57(19.2) 21(21.6) 36(18)
Residence Rural 188 (63.3) 67(69.1) 121(60.5) 0.190
Urban 109 (36.7) 30(30.9) 79(39.5)
Body mass index Mean+SD 23.98 +£6.57 22.39 + 459 24.77+ 6.23 <0.001
(Kg/m2) Underweight 21(7.1) 16(16.9) 5(2.5) <0.001
Normal weight 217 (73.1) 87(89.7) 130(65)
Overweight 67 (22.6) 9(9.3) 58(29)
Obesity 13 (4.3) 1(1) 12(6)
Waist Circumference MeantSD 91.8616.56 91.09+5.68 92.67+8.91 0.065
(cm) Normal 198(66.7) 62(63.9) 136 (68) 0.483
Above the normal 99(33.3) 35(36.1) 64(32)
Marital status Single 69(23.2) 27(27.8) 42(21) <0.001
Married 187(62.9) 41(42.3) 146(73)
Divorced 25(8.4) 18(18.6) 7(3.5)
Widowed 17(5.7) 11(11.3) 5(2.5)
Level of education Cannot read and write 94(31.6) 30(30.9) 64(32) 0.950
Primary school 126(42.4) 41(42.3) 85(42.5)
Secondary school 59(19.9) 19(19.6) 40(20)
College and above 18(6.1) 7(7.2) 11(5.5)
Job/Occupation Government employee 42(14.1) 13(13.4) 29(14.5) 0.937
Non- gov’t employee 16(5.4) 5(5.2) 11(5.5)
Self-employed 103(34.7) 32(32.9) 71(35.5)
Unemployed 136(45.8) 47(48.5) 89(44.5)
Have family support Yes 262(88.2) 79(81.4) 183(91.5) 0.019
No 35(11.8) 18(18.6) 17(8.5)

Abbreviations: BMI, body mass index; HIV, human immune deficiency virus; SD, standard deviation; HIV (+), HIV positive; HIV (-), HIV negative.

uncontrolled blood glucose, yielding a prevalence of
uncontrolled glycemia of 53.2%. Overall, the meantSD
fasting blood sugar (FBS) of the total participants was
142+14.64 g/dL at the baseline. One hundred twenty-
three (41.4%) of the patients reached the glycemic con-
trol target of FBS <130g/dL. After 12 months of follow-
up, the mean FBS decreased to 141.25+14.06 g/dL and
44.4% of the patients reached FBS<130g/dL. There
were statistically significant differences in the achieve-
ment of the ADA blood glucose target between HIV (+)
and HIV (-) diabetes participants during the follow-up
periods, except in the fourth quarter (Table 4).

Diabetes-Related Clinical and Self-Care

Management

On the overall self-care behaviors and practices of PLHIV,
about 31 (31.9%) had a good level, 27 (27.9%) had a fair
level, and 39 (40.2%) had a poor level of self-care prac-
tices. The difference in overall self-care practices between
HIV (+) and HIV (-) patients was not statistically signifi-
cant (p=0.097). More than 50% of diabetes PLHIV
patients had poor adherence to activities related to specific
diet management, foot care, physical exercise, and blood
glucose testing domains. There was a statistically signifi-

cant difference in foot care (p=0.0003), specific diet
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Table 2 Baseline Clinical and Behavioral Characteristics of Study Participants
Variables Total; n (%) | HIV (+); n (%) | HIV (-); n (%) | P-value
Alcohol use Never 169(56.9) 66(68) 103(51.5) 0 0.026
Occasionally 79(26.6) 19(19.6) 60(30)
Regularly 49(16.5) 12(12.4) 37(18.5)
Smoking status Non-smoker 203(68.4) 65(67) 138(69) 0.390
Current smoker 35(11.8) 9(9.3) 26(13)
Ex-smoker 59(19.8) 23(23.7) 36(18)
Chat chewer 69(23.2) 23(23.7) 46(23) 00.891
Frequently used fruits and vegetables¥ Yes 165(55.6) 49(50.5) 116(58) 0.223
No 132(44.4) 48(49.5) 84(42)
Frequently perform physical exercise® | Yes 120(40.4) 43(44.3) 77(38.5) 0.336
No 177(59.6) 54(55.7) 123(61.5)
Type of anti-diabetes medication Insulin 65(21.9) 9(9.3) 56(28) 0.001
Metformin 25(8.4) 7(7.2) 18(9)
Glibenclamide 8(2.7) 2(2.1) 6(3)
Insulin + Metformin 18(6.1) 4(4.1) 14(7)
Metformin + Glibenclamide 181(60.9) 75(77.3) 106(53)
Types of diabetes Type | 65(21.9) 9(9.3) 56(28) <0.001
Type 2 232(78.1) 88(90.7) 144(72)
Family history of diabetes 65(21.9) 13(13.4) 52(26) 0.013
Family category with diabetes First degree relatives 44(67.7) 10(76.9) 34(65.4) 0.426
Second-degree relatives 21(32.3) 3(23.1) 18(34.6)
Time since diabetes diagnosed years) <5 65(21.9) 9(9.3) 56(28) <0.001
5-10 192(64.6) 71(73.2) 121(60.5)
210 40(13.5) 17(17.5) 23(11.5)
Hospitalization/health facility visit history* 91(30.6) 38(39.2) 53(26.5) 0.026
Have chronic disease comorbidity Yes 88(29.6) 24(24.7) 64(32) 0.198
No 209(70.4) 73(75.3) 136(68)
Other co-morbidity Hypertension 78(26.3) 17(17.5) 61(30.5) 0.017
Heart failure 26(8.8) 4(4.1) 22(11) 0.049
Renal diseases/Nephropathy 20(12.8) 21(21.6) 17(8.5) 0.001
Retinopathy 42(14.1) 14(14.4) 28(14) 0.920
Neuropathy 107(36) 31(31.9) 76(38) 0.309
Other® 18(6.1) 7(7.2) 11(5.5) 0.560
The advice given by HCPs on Drugs (medication) use 297(100) 97(100) 200(100) -
Insulin usage and storage* 83(100) 13(100) 70(100) -
Lose weight 209(70.4) 59(60.8) 150(75) 00.012
Stop and/or not to try smoking 246(82.8) 74(76.3) 172(86) 0.037
Start or do more exercise 222(74.7) 61(62.9) 161(80.5) 0.001
Foot care 174(58.6) 40(41.2) 134(67) 0.554
Eyecare/ophthalmology consultation | 137(46.1) 36(37.1) 101(50.5) 0.029
Hypoglycemia® 121(40.7) 32(32.9) 89(44.5) 0.058
Hyperglycemia® 129(64.5) 35(36.1) 94(47) 00.075
(Continued)
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Table 2 (Continued).

Variables Total; n (%) | HIV (+); n (%) | HIV (-); n (%) | P-value
Cardiovascular medication ACEI 152(51.2) 31(31.9) 121(60.5) <0.001
Beta-blockers 18(6.2) 3.1 15(7.5)
Diuretics 122(41.1) 42(43.3) 80(40)
Statin 95(31.9) 7(7.2) 86(43)
Aspirin 94(31.6) 11(11.3)) 83(41.5)

Notes: *Including on injection site/rotation among insulin user; r:Including on signs, symptoms, self-management and causes; ¥Hospitalized and/or visit clinics during the

follow-up for acute case; TDyslipidemia, epilepsy and asthma.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; HCPs, health care providers; HIV, human immune deficiency virus; HIV (+), HIV positive; HIV (-), HIV

negative; TIA, transient ischemic attack.

(p=0.008), medication adherence (p=0.016) between HIV
(-), and HIV (+) patients with diabetes (Figure 2).

Predictors of Poor Glycemic Control

Sex, age, job/occupation, waist circumference, body mass
index, smoking history, consumption of fruits and vegeta-
bles, physical activity, chronic disease comorbidity, seros-
tatus, family history of diabetes, a period after the
diagnosis of diabetes was found to be associated with
uncontrolled glycemia in bivariable Cox regression.
These variables were entered into the multivariate Cox
with
a p-value of less than 0.25. Univariate analysis showed
the female gender [CHR: 3.67; 95% CI (1.16-6.17);
p<0.001], older patients (61 years) [CHR: 2.07; 95% CI
(1.03-9.43); p=0.003], increased waist circumference
[CHR: 4.14; 95% CI (1.11-32.19); p<0.001] and appeared
to have higher risks of uncontrolled glycemia. In addition,
self-employed employees [CHR: 1.68; 95% CI (1.52,
5.34); p<0.001], unemployed person [CHR: 1.13; 95%
CI (1.04-11.40); p=0.003] had marginally higher potential
for failure in glycemic control.

regression analysis, in addition to variables

Blood glucose control was more likely to fail in over-
[CHR: 2.62; 95% CI (1.20-5.72);
p<0.001]. In terms of health behavior, active smokers

weight patients

were more likely to fail in glycemic control than non-
smokers and ex-smokers [CHR: 1.76; 95% CI (1.09-9.68);
p=0.044]. In addition, those who did not participate in
frequent exercise [CHR: 2.60; 95% CI (1.96-7.45);
p=0.022] and regularly did not consume fruit and vegeta-
bles [CHR: 2.17; 95% CI (1.79-8.63); p<0.001] showed
a higher risk of uncontrolled blood sugar.

Participants with a family history of diabetes [CHR:
1.59; 95% CI (1.06-2.38); p=0.047], with a longer history
of diabetes [greater than 5 years] [CHR: 4.21; 95% CI
(1.54-8.19) p=<0.001] and chronic disease comorbidity

[CHR: 1.63; 95% CI (1.19—4.24); p=0.037] had a greater
risk of uncontrolled glycaemia. In this study, patients with
diabetes living with HIV had a greater risk of failure to
meet the ADA blood sugar goal [CHR: 4.36; 95% CI
(1.16-22.19); p=0.039]. However, there was no statistical
significance for the impact of other health habits (alcohol
consumption, chat chewing), diabetes types, and antidia-
betic regimes on glycemic control.

On multivariable model, female gender [AHR: 2.72;
95% CI (1.21-5.72); p=0.036], age between 31 and 60
years [AHR: 2.48; 95% CI (1.34-11.01); p=0.047], age
>61 years [AHR: 3.13; 95% CI (1.71-9.51); p=0.026];
self-employed [AHR: 2.19; 95% CI (1.84,11.60);
p=0.014], unemployed [AHR: 1.04; 95% CI (1.01-7.01);
p=0.036]; waist circumference above the normal [AHR:
3.64; 95% CI (2.57-16.12); p=0.007], overweight [AHR:
3.63; 95% CI (1.65-22.42); p<0.001], chronic disease
comorbidity [AHR: 2.02;95% CI (1.44-2.84); p=0.047];
HIV infection [AHR: 3.47; 95% CI (2.03-23.75); p=
0.021]; living longer with diabetes (0.5 years) [AHR:
3.67; 95% CI (3.26-4.14); p<0.001] showed higher
hazards of failure in blood sugar control and were inde-
pendent predictor of uncontrolled glycaemia (Table 5).

Subgroup Analysis

We performed a subgroup analysis for factors associated with
poor glycemic control for participants living with human
immune deficiency virus. On the univariate Cox regression,
female gender (p=0.001), age of participants (p=0.001), body
mass index, baseline WHO clinical stage of HIV (p=0.028),
nadir baseline CD4+ cell count (p=0.020), tuberculosis (TB)
co-infection (p=0.009) were found to be associated with
uncontrolled glycemia. The risk of uncontrolled glycemia
was about 3.24 times more likely to occur in female patients
as compared to male counterparts (p=0.029) (Table 6).
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Table 3 Baseline Clinical Characteristics of Diabetes Human
Immune Deficiency Virus-Positive Participants

Variables Frequency | Percentage
Functional status Working 88 90.7
Ambulatory 9 9.3
Cumulative years of | <2 5 52
HIV exposure 2-5 13 13.4
>5 79 81.4
WHO clinical stage | | +lI 16 16.5
n+ v 8l 83.5
CDC, stage |+l 87 89.7
n+v 10 10.3
Nadir CD4+ cell <200 46 47.4
count (mm?)
Current CD4+ cell | <200 11 1.3
count (mm?) 200-500 25 25.8
>500 6l 62.9
Previously treated for TB** 53 54.6
Isoniazid preventive therapy user 4 4.1
Cotrimoxazole preventive therapy 76 784
user
Time diagnosed Before HIV 31 319
with diabetes infection
mellitus After HIV, but | 5 5.2
not started
HAART
After HIV, but | 17 17.5
started
HAART
Not sure 44 45.4
HAART regimen TDF/3TC/EFV | 53 54.6
type TDF/3TC/NVP | 17 17.5
AZT/3TC/EFV | 12 12.4
AZT/3TC/ 7 72
NVP
TDF/3TC/ 5 5.2
ATVIr
AZT/3TC/ 3 3.
ATVIr
Viral hepatitis Positive 3 3.1
infection (HBV and/ | Negative 28 289
or HCV)® Not known 66 68

Notes: **Within the past three years. *From the past one-year laboratory record.
Abbreviations: CD4, a cluster of differentiation; HAART, highly active antiretro-
viral therapy; HIV, human immune deficiency virus; TB, tuberculosis; WHO, World
Health Organization, CDC, center of disease control and prevention; AZT, zidovu-
dine; TDF, tenofovir; EFV, efavirenz; NVP, nevirapine; ATV/r, atazanavir-boosted
ritonavir; 3TC, lamivudine; HBV, hepatitis B virus; HCV, hepatitis C virus.

Discussion

Treatment of diabetes mellitus (DM) is now an increas-
ingly essential part of the long-term management of
PLHIV. Among PLHIV, metabolic disorders, such as
DM, are likely to evolve at the intersection of typical
risk factors and HIV and ART-specific contributors, such
as chronic inflammation and immune activation. To our
knowledge, this is the first study examining differences in
phenotype, glycemic control, and clinical care delivery
between diabetes mellitus patients with and without HIV
in sub-Saharan Africa.

More than half [158 (53.2%)] of the study participants
were not at the target glycemic control level. This higher
than the study done by the National Health and Nutrition
Examination Survey (NHANES) (44%).>” The follow-up
glycemic control status in our study finding was lower
than the findings from Jordan,* Malaysia,41 and India*?
ranging from 65.1% to 78.6%. The difference is maybe
related to a large number of participants who were older in
those studies and live longer with diabetes than in our
study.

HIV infection and diabetes mellitus (DM) represent
a collision of deadly chronic conditions. Within the diabetes
PLHIV, about 61.9% of them did not achieve the glycemic
target set at fasting blood sugar (FBS) of <130mg/dL,
which was higher than previous reports from the
USA,?#* Netherlands,” and Chicago®® ranging from
33% to 46%. These three research studies reported the
rates of glycemic control using HbA1C. However, we
used the three months average of the fasting blood sugar
measurement in this study. There was the involvement of
clinical pharmacists who will provide patient-focused dia-
betes education and screening recommendations for provi-
ders on the latter study. However, a study from South
Africa*® showed that about 85.23% of patients with diabetes
living HIV displayed suboptimal glycemic control, which
was higher than the current study. Our study was nearly
equivalent to a report from the USA*’ and Australia,*®
where (54% and 59%, respectively) of diabetes PLHIV
did not achieve the ADA glycemic target. There are multi-
ple risk factors for the occurrence of diabetes and uncon-
trolled blood sugar among PLHIV. These are ART
medications, the HIV itself, pill burden, multiple opportu-
nistic infections, which will increase oxidative stress, insu-
lin resistance, from lipodystrophy, non-comprehensive
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Figure 2 Domain-specific and the overall diabetes self-care behaviors and practices of study participants.

Abbreviations: HIV (+), HIV positive; HIV (-), HIV negative

clinical care for both patients with diabetes only and
patients with diabetes living with HIV.'”*'>*° Indeed,
HIV-infected patients are mostly treated in most settings
by infectious disease clinicians or HIV treatment qualified
professionals with less expertise in endocrinology or diabe-
tology, who may be more focused on HIV control rather
than metabolic sequelae.

In this study, we found that the hazard of uncontrolled
glycemia in diabetes PLHIV was more than three-time
higher than HIV-negative patients with diabetes
(AHR=3.47; p=0.021). As from the records of our follow-
up blood glucose data, the average quarterly blood glucose
measurement showed a statistically significant difference,
when compared with HIV-negative patients with diabetes.
Owing to the high incidence of diabetes in HIV-infected
patients, the European Aids Clinical Society recommends
that all patients be tested for elevated glucose levels at the

time of HIV diagnosis, prior to and periodically following
initiation of therapy.”® Infection-related disorders, the
combined influence of ART on lipid metabolism, seem to
stand out.’’ From different epidemiological studies, the
incidence of metabolic syndrome in HIV-infected people
reaches up to 50%,°>>* which will affect the glycemic
outcome. In our study also the prevalence of hypertension,
abnormal waist circumference, and increased body weight
were seen. These will have a significant impact on the
glycemic outcome of study participants.

In the body of biomedical literature, there were no
researches done on self-care behavior and practices of
diabetes PLHIV using the SDSCA scale. Therefore, we
used researches done on the general diabetes population
for comparison. Self-care practices are main components
of DM care and help to regulate blood sugar levels effec-
tively and avoid risks associated with diabetes. About
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Table 4 Follow-Up Glycemic Status of Study Participants

Follow-Up Period Total [n=297] HIV(+) [n=97] HIV(-) [n=200] P-value

Baseline MeanxSD(g/dL) 142+14.64 144+16.87 140£12.41 0.039
Controlled glycaemia [n (%)] 123(41.4) 31(32) 92(46) 0.029
Uncontrolled glycemia [n (%)] 174(58.6) 66(68) 108(54)

Ql Mean%SD(g/dL) 141.49£13.43 143.67+15.44 139.31£11.41 0.015
Controlled glycaemia [n (%)] 120(40.4) 30(30.9) 90(45) 0.028
Uncontrolled glycemia [n (%)] 177(59.6) 67(69.1) 110(55)

Q2 MeanxSD(g/dL) 142.27+13.54 144.09+15.39 140.44+11.69 0.041
Controlled glycaemia [n (%)] 128(43.1) 33(34) 95(47.5) 0.037
Uncontrolled glycemia [n (%)] 169(56.9) 64(66) 105(52.5)

Q3 MeanxSD(g/dL) 140.40+14.25 142.23£14.97 138.56+13.53 0.043
Controlled glycaemia [n (%)] 135(45.5) 36(37.1) 99(49.5) 0.044
Uncontrolled glycemia [n (%)] 162(54.5) 61(62.9) 101(50.5)

Q4 Mean%SD(g/dL) 141.25+14.06 142.93+13.45 139.56+14.67 0.051
Controlled glycaemia [n (%)] 132(44.4) 35(36.1) 97(48.5) 0.058
Uncontrolled glycemia [n (%)] 165(55.6) 62(63.9) 103(51.5)

Overall** Controlled glycaemia [n (%)] 139(46.8) 37(38.1) 102(51) 0 0.037
Uncontrolled glycemia [n (%)] 158(53.2) 60(61.9) 98(49)

Note: **Patients who had uncontrolled FBS for = 6 episodes during the follow-up period.
Abbreviations: HIV, human immune deficiency virus; HIV (+), HIV positive; HIV (-), HIV negative; QI, first quarter; Q2, second quarter; Q3, third quarter; Q4, fourth

quarter.

28.5% of the diabetes PLHIV negative and 40.2% of HIV
negative patients with diabetes had poor self-care beha-
viors toward Diabetes mellitus management. This was
statistically significant between the two groups of patients.

55,56 and

As compared to other studies from Ethiopia
Kenya,”” our study showed a lower percentage of patients
in the category of poor self-care practice. The difference in
these studies may be related to the instrument used for
measuring the self-care practice. However, the reported
figure for poor self-care practice was still high and denot-
ing diabetes as a significant public health problem. From
SDSCA domains medication adherence was the most com-
monly achieved domain-for both groups, which is consis-
tent with previous reports.’®*° In the current study,
a higher percentage of patients reported a poor level of
self-care behavior in engagement in physical exercise and
self-monitoring their blood sugar which was also consis-
tent with previous study.’” This is maybe related to the
information gap on the domain and inaccessibility of self-
glucose measuring devices on a routine basis in the set-
tings. The difference across the SDSCA domains between
diabetes PLHIV and HIV-negative patients with diabetes
implicate the need to integrate between the two cares and
further research on the area.

In this study, abnormal waist circumference had
a statistically significant association with uncontrolled
blood sugar. This may be due to the influence of adipose
tissue on insulin resistance. This can be from the lipody-
strophy syndrome (increased adipose tissue), the main side
effects of ART.®® As a result, the waist circumference
increases, which will lead to insulin resistance.

Concerning a healthy eating plan, in this study, less
frequent use of fruits and vegetable use was significantly
associated with uncontrolled glycemia. The hazards of
having uncontrolled blood sugar were more than 2 times
higher among frequent users of fruits and vegetables com-
pared to their counterparts. This is supported by studies
from the United Arab Emirates,®! China,®? and the United
Kingdom® where daily intake of fresh fruit was shown to
be protective. Except for some of the studies,®* ¢ large
studies across the globe®” showed that increased fruit
intake was linked with a lower risk of diabetes, hence
blood sugar control. One randomized controlled trial
from Denmark®® showed no difference in glycemic control
among fruit consumers and non-consumers. However, they
recommended intake of fruit in patients with diabetes. The
American Diabetes Association (ADA) advises the con-
sumption of carbohydrates from whole grains, vegetables,
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fruits, legumes and dairy products, with an emphasis on
foods rich in fiber and lower in glycemic load.®® Fruits and
vegetables have antioxidants that may inhibit harmful
effects of the reactive oxygen species involved in the
development and progression of diabetes.”” There is
a fear that there are sugars in fruit (ie, glucose and fruc-
tose) that could have a detrimental effect on blood sugar.
However, sugars in fruit and vegetables are natural sugars
and will not be metabolized in the same manner as refined
sugars.”' The multitude of effects of fruits and vegetables
anti-oxidative, anti-

such  as anti-inflammatory,

hypertensive, anti-dyslipidaemic, anti-hyperglycaemic,

and modulation of the composition and metabolic activity

of gut microbiota’>"?

may be implicated in controlling the
blood sugar in patients with diabetes. Therefore, as opti-
mum nutrition has an integral role in glycemic control of
patients with diabetes decreasing the intake of fizzy drinks
and fast food, increasing daily intake of fresh fruits and
vegetables will have a clinically relevant protective effect
and aid in achieving the recommended glycemic target.
Furthermore, in terms of health behavior, this study
revealed that patients with higher body mass index (over-
weight and obese) had higher risks of uncontrolled glyce-
mia. Overweight patients had higher risks of glucose
control failure (AHR=3.63; p=<0.001). Similarly, on
a subgroup analysis of diabetes PLHIV, overweight
(AHR=1.61; p=0.043) and obesity (AHR=2.09; p=0.044)
had statistically significant hazards of uncontrolled blood
sugar. At the same time, those engaged in physical exer-
cise less frequently were less likely to meet glycemic
control than their counterparts. Our study was in line
with studies from China,”* the USA,”>¢ and Portugal.”’
Less frequent engagement in physical exercise, as in the
case of our study, will contribute to uncontrolled blood
sugar. Body mass index and infrequent engagement in
physical exercise have a direct relationship and may simi-
larly affect the blood sugar. Overweight or obesity from
a sedentary life (such as lack of physical exercise) have
a significant role in the pathophysiology of diabetes and its
macrovascular complications,” expected to affect the gly-
cemic outcome. Physical exercise increases insulin action
and sensitivity and glucose uptake by skeletal muscles and
higher BMI is highly correlated with insulin resistance.”’
While lifestyle habits, such as diet balance, physical exer-
cise, need to be maintained in patients with diabetes, it was
expected that it will often be difficult for them to improve
and maintain a healthier lifestyle. Therefore, physical exer-
cise and/or dietary education programs should become
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important diabetes management packages to prevent dia-
betes-related complications and meet the recommended
target blood sugar.

We found that patients who had chronic disease comor-
bidity had a higher hazard of having poor glycemic con-
trol. The hazard of uncontrolled blood sugar was two times
more likely to occur among patients living with other
chronic diseases. This was similar to studies from the
USA*#%8! India,* and done by Sanal et al®* where dis-
ease comorbidity showed a significant association with
poor blood glucose control. This may be related to poor
adherence to drug regimens of HIV, diabetes, and the
comorbid disease(s) due to the cocktail of pills. At the
same time, these comorbidities will affect adherence to
healthy lifestyle modifications such as diet plan, exercise,
and quality of life.

Uncontrolled blood sugar was significantly associated
with the duration of the first diagnosis of for diabetes.
Those patients lived with diabetes for more than five (5)
years showed impaired glycemic control, which is consis-

tent with previous studies*’-54#3

that reported living long
duration with diabetes was associated with poor glycemic
control. This may be related to adherence to medication
and recommended therapeutic life changes, including diets
in early diabetes diagnosis. Residual B-cell activity can
improve glycemic regulation in the early stages of dia-
betes. In the long run due to progressive deficiency of
insulin secretion, increased insulin resistance, and result-
ing decline in insulin secretion would have a detrimental
effect on blood glucose regulation.*®®” Therefore, due
emphasis should be given to patients with longstanding
diabetes in adherence support and dose adjustments espe-
cially for patients with multiple disease conditions, such as
HIV/AIDS, as in this study.

Multiple studies showed the bidirectional relationship
between tuberculosis (TB) and diabetes. Diabetes mellitus
is increasingly recognized as an independent risk factor
for infection of tuberculosis, and both sometimes
coexist.** *? This was recognized as early as 1000AD.
Up to one-third patients with TB have co-occurring dia-
betes mellitus.”® The two are separate disease entities that
negatively affect the treatment outcome of each other™
TB can lead to, new-onset diabetes, impaired glucose
tolerance) and poor uncontrolled blood sugar.”*° In our
study, the hazard of uncontrolled blood sugar was higher
among diabetes PLHIV who had TB infection. In univari-
ate analysis, the hazard of uncontrolled glycemia was

more than four times among TB infected patients. It had

the same direction on multivariate Cox regression, with
TB infection carries almost four times the hazards of
uncontrolled blood sugar (AHR=3.82; p=0.022). This
was similar to studies from Nigeria,91 Taiwan,”®"7
China,”® Australia® and, India.'” This is linked with
some widely used antituberculosis medications, such as
rifampicin and isoniazid, which can worsen glycemic
regulation in newly diagnosed patients with diabetes.'®!
Insulin resistance from the inflammatory stress response
from TB infection, pancreatic endocrine hypofunction,
and TB involving the pancreatitis is often implicated in
hyperglycemia.®® Among the cocktail of anti-TB drugs,
rifampin stimulates the metabolism of sulphonylureas and
biguanides, lower their plasma levels and thereby contri-
buting to higher blood sugar.®® Isoniazid antagonizes the
effect of affects

regulation.®® Therefore, the treatment of diabetes with

sulphonylureas and glycemic
concomitant TB infection requires proper assessment
and choosing of anti-glycemic medications. It warrants
regular glucose monitoring, the adjustment in doses of
anti-glycemic agents, or a complete switch to insulin
therapy. This will be very critical in drug regimen optimi-
zation in the deadly looming co-epidemics of TB, dia-
betes, and HIV infection, due to polypharmacy and
significant drug—drug interaction from the HAART regi-
men too.

In this study, female patients had higher hazards of
uncontrolled blood glucose in the overall cohort
(AHR=2.72; p=0.036), and also within the diabetes
PLHIV (AHR=3.24; p=0.029). It is in agreement with
studies.?*!'9%!9 Differences in glucose and energy home-
ostasis (eg, hormones and visceral adipose distribution),
drug response (eg, side effects), and psychological influ-
ences (eg, condition acceptance) may be correlated with

the disparity.'%+'%

Strength and Limitations of the Study
The key strength of this study was the prospective nature
and the continuous monthly follow-up of each participant
for the result that would minimize bias and missing results.
The prospective collection of data helped us to gather
reliable relevant data from our participants. It is also the
first study in sub-Saharan Africa, which focuses on glyce-
mic regulation of PLHIV diabetes and HIV-negative
counterparts.

There are some limitations to this report. First, it is
small sample size study from a single university hospital.
Secondly, as an observational study with 12 months
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follows up, this follow-up time is not adequate to provide
us detailed information about health results such as macro-
vascular and microvascular problems linked to HIV infec-
tion and collision with diabetes. Thus, a multiple-year
longitudinal cohort study will be further needed. And
also, we cannot get information on TB treatment among
HIV negative patients with diabetes.

Conclusion

In summary, we found that the prevalence of uncontrolled
glycemia in this comparative cohort study was high in the
study area. Gaps were observed between real-world dia-
betes management and the recommendations for the treat-
ment targets in this study especially in the diabetes PLHIV
in achieving recommended glycemic level and involve-
ment of patients on his/her self-care care behavior and
practices. In the achievement of recommended targets, it
is high time to leverage the clinical care of chronic comor-
bid disease into HIV care packages through chronic com-
prehensive care clinic.

The co-occurrence of TB-HIV and diabetes is triple
trouble needing special attention in their clinical care.
addressing  diabetes-TB-HIV
requires a coordinated response to both diseases at all

Successfully therefore
levels of the health system—from the crafting and imple-
mentation of national policies to the management of dis-
ease control programs to the delivery of services to
individual patients. Health services for HIV and diabetes
have common features since both require health systems
that can provide for people’s chronic care needs.
Therefore, long-term care for HIV/AIDS and diabetes
present an opportunity to coordinate efforts and synergies
between both programs and their integration can be used
to strengthen health systems.

We noted that patients with higher levels of baseline
BMI, female gender, TB infection, older than 31 years of
age, patients with less frequent involvement exercise,
chronic comorbidities, those who consume fruits and vege-
tables infrequently, unemployment, self-employment, living
longer with diabetes (>5 years), concomitant HIV infection,
increased waist circumference had higher hazards of uncon-
trolled blood glucose level based on ADA recommendation
and were independent predictors of uncontrolled glycemia.
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