Assessment of Diabetic and inflammatory markers in HIV infected adults with and without

diabetes mellitus in NAUTH, Nnewi, Nigeria

ABSTRACT

Background and Aim of Study:To assess the levels of fasting plasma glucose, insulin, insulin
resistance, interleukin 10 (IL-10), high sensitive C - reactive protein (Hs-Crp) and tumour
necrosis factor alpha (TNF-a) in HIV infected adult individuals with and without diabetes
mellitus in NAUTH Nnewi, Nigeria.

Methodology : This was a cross-sectional study design carried out at HIV clinic, Nnamdi
Azikiwe university teaching hospital, Nnewi Nigeria. A total of 150 participants were recruited
using simple random sampling technique and comprised 50 HIV infected individuals with
diabetes mellitus, 50 HIV infected individuals without DM and 50 apparently healthy
participants without HIV nor DM (control). TNF-a, IL-10 and Hs-Crp was determined using
ELISA technique. Anthropometric parameters and blood pressure were measured using standard
laboratory methods.

Results: There was significantly higher mean level of TNF-alpha, fasting insulin, HOMA-IR,
Hs-Crp and FPG in HIV infected individuals with and without DM when compared with control
group (p<0.05) respectively. Significantly higher mean valueof BMI was observed in HIV
infected individuals with DM compared with HIV infected individuals without DM (p<0.05).BP
was significantly higher in HIV infected individuals with DM compared with their counterpart
without DM and control (P<0.05) respectively. However, the mean IL-10 level did not differ
significantly (P>0.05) between the groups studied.

Conclusion: This suggests some degree of inflammatory reaction in HIV infected individuals
without DM and this may subsequently predispose the affected individuals to type 2 DM.

Key words: HIV, Type 2 diabetes mellitus, interleukin 10, high sensitive C - reactive protein, tumour

necrosis factor alpha.

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic condition caused by decreased or absent insulin production

or possibly by decreased tissue sensitivity to insulin.%? According to recent studies, the disease is



currently on the rise in Nigeria with a prevalence of 5.77% among Nigerians3.Type 2 diabetes mellitus
(T2DM) is believed to be associated with low-grade chronic inflammation.*Both HIV and diabetes mellitus
seems to be associated with inflammation which results from dsyregulation in cytokine
release[69,70,71,72].

Changes in cytokine levels in HIV infected individuals can affect the function of the immune system and
have the potential to directly impact the course of HIV disease by enhancing or suppressing HIV
replication.’Most of these cytokines have been used as hallmarks of disease progression as well as
assessment of patient’s response to antiretroviral treatment.6lt has been previously documented that HIV
replication is the result of a balance between the effects of pro-inflammatory cytokines that increase viral
replication and those of anti-inflammatory cytokines and chemokines that inhibit viral replication.” With the
growing understanding of their roles during infections and disease progression, cytokines including IFN-y,
IL-10 and tumor necrosis factor alpha (TNF-a) have been assayed in plasma to assess the efficacy of
antiretroviral therapy during HIV infection.® For example, HAART markedly increases plasma IFN-y
levels.®and considerably lowers IL-10 systemic levels during HIV infection.1® Hence, these actions co-
operatively show that antiretroviral treatment markedly influences systemic cytokine levels. Chronic
immune activation and inflammation are consistently found in PLWH and T2D is also characterized by
similar findings.!'Low grade systemic inflammation has been hypothesized as an underlying factor for the
pathogenesis of T2D!?4when there is elevated plasma levels of C-reactive protein (CRP) and IL-
6.12CRP, an acute phase protein is synthesized by hepatocytes in response to pro-inflammatory
cytokines, in particular IL-6.15TNF- alpha is a cytokine that promotes inflammation6, and has been linked
to the development of insulin resistance, which aids in the development of type 2 diabetes.'Ingle and
Patel reported that hyperglycaemia stimulates the release of the inflammatory cytokines, tumour necrosis
factor (TNF-a) and IL-6 from various cell types and can also result in the induction and secretion of acute
phase reactants by adipocytes.'® Additionally, research by Kumar et al. has demonstrated a significant
correlation between HIV lipodystrophy and tumour necrosis factor-alphas8. This association may be due
to the function of tumour necrosis factor-alpha in insulin resistance, impaired glucose tolerance, and
possibly the development of diabetes mellitus3é. The first proinflammatory cytokine implicated in the
pathogenesis of insulin resistance and type 2 diabetes mellitus was tumour necrosis factor-alpha. The
reason for this is because TNF-a inhibits the production of GLUT-4, an insulin-regulated glucose
transporter that is mostly found in adipocytes as well as skeletal and cardiac muscles®. Furthermore,
TNF-a can function as an inhibitor of peripheral insulin action, resulting in insulin resistance, by causing
serine phosphorylation of insulin receptor substrate-1 can act as an inhibitor of peripheral insulin action
which leads to insulin resistance ®®.

C-reactive protein (CRP), a positive acute phase reactant (protein), was first detected in the bloodstream
in response to hepatocyte inflammation.'®lt is a marker of inflammation which characterizes several
chronic disorders. One biochemical test that is very sensitive in quantifying CRP is the high-sensitivity C-

reactive protein test (Hs-CRP). The newly improved assay known as "high sensitivity" detects incredibly



low plasma levels of CRP.°Giving us a general notion of the inflammatory status, it estimates the general
amounts of inflammation in the human body.® Prior studies have demonstrated elevated levels of both
high-sensitive C-reactive protein and tumour necrosis factor-alpha in adult HIV-positive people, both with
and without diabetics mellitus®0. An increased CRP production could arise as a result many metabolic and
inflammatory factors which are associated to the development of diabetes mellitus and they are: an
increased blood pressure, adipokines and free fatty acids %2. Also, asides from an increased CRP
production leading to development of type 2 diabetes , an increased CRP could be a marker for detecting
progression of cardiovascular complication in diabetic HIV people 5354

IL-10 on the hand has powerful anti-inflammatory properties and plays a significant role in limiting an
excessive inflammatory response.?°The immune system relies on IL-10 to maintain the proper balance in

the immunological response required to defend the body and safeguard tissues from infection.?!

Plasma glucose is a metabolic fuel of the body, excess of which gives rise to hyperglycemia which
characterizes diabetes mellitus.! Reports have shown High levels of fasting blood glucose levels in non
diabetic HIV seropositive individuals and diabetic seropositive individuals 34 , High levels of fasting plasma
glucose in non-diabetic HIV seropositive individuals in combination with other glucose analytes could be
an indicative that HIV is linked to development of type 2 diabetes mellitus®’. The source of the higher
plasma glucose levels may be due to the effects of antiretroviral medication, HIV infection, or both, which
worsened the glucose metabolism in this individuals.35:36,

Insulin is a polypeptide hormone that controls blood glucose levels and is mostly secreted by beta cells in
the pancreatic islets of Langerhans.??The onset and progression of certain chronic diseases are also
influenced by insulin production and levels.?2

Insulin resistance (IR) is a common medical condition or state where normal responses require higher
than usual insulin concentrations, which subsequently results in hyperinsulinemia and impaired insulin
action in certain cases.?®Insulin resistance affects several organs, including adipose tissue, muscle, and
the liver, and impairs insulin signaling pathways.?*A person with homeostatic model assessment index
(HOMA-IR) = 2.5 is considered to be insulin resistant 23 . It appears that HOMA-IR and FPG assessments
in all models provide superiority in predicting the probability of developing diabetes mellitus; therefore,
both parameters must be evaluated in order to diagnose diabetes®¢. Reports by Hu et al. have shown that

those with diabetes mellitus had significant levels of HOMA-IR, or insulin resistance®®.

It is widely acknowledged that insulin resistance, which exacerbates dyslipidemia and dysregulated
glucose metabolism, is correlated with activation of the innate immune system.?> Patients receiving
continuous antiretroviral therapy (CART) and untreated HIV patients have both been shown to experience
varying degrees of chronic inflammation as a result of immune activation.?Nonetheless, untreated HIV

patients exhibit a heightened inflammatory state that is linked to a procoagulant condition and is marked



by elevated levels of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-a) and
interleukins (IL-6 and IL-1B).2” Insulin resistance is likely significant under these circumstances and may
affect adipose, muscle, and liver tissue. According to reports, having high levels of C-reactive protein
increases the risk of type 2 diabetes (T2DM). This is because most occurrences of T2DM are associated
with a number of additional risk factors, such as obesity, a relatively high body mass index (BMI), and
insulin resistance 5! . Research on the link between HIV duration, insulin resistance, and diabetes mellitus

has also revealed insulin resistance in adult HIV-positive persons with diabetes mellitus 4.

There are evidences showing People living with HIV share common risk factors for non-communicable
diseases (NCD)%” and the underlying mechanism behind this is a complex interaction among HIV
infection, antiretroval therapy and NCD risk factors %8 and these NCD’s in HIV infected people occurs as a
result of chronic immune activation, side effects of medications or co-infections and as the HIV infection
gets old and these factors gets worse by the HIV infection and some antiretroviral drugs®°. NCD’s refer to
a complex heterogenous group of diseases such as cardiovascular diseases( hypertension and stroke)
,diabetes mellitus, renal diseases, cancer®’ etc. These are cor-mobidities that could result in very complex

disease patterns that could add and multiply hence causing some unfavourable health outcomes®°

NCD’s are the major cause of death in people living with HIV with cardiovascular disease having upto
46% of total deaths®! . Insulin resistance plays a key role in the pathophysiology of type 2 diabetes
mellitus and is linked to a number of cardiovascular and metabolic risk factors®2. Obesity has been linked
to type 2 diabetes mellitus as one of the modifiable risk factors, and this is due to its role in insulin
resistance®?. It is estimated that 300 million people worldwide will be obese by 202562, Another risk factor
for type 2 diabetes mellitus is hypertension, which is linked to the development of complications in HIV-
positive individuals®?. The presence of hypertension is one of the cardiovascular diseases that is an

NCD?%” and is defined as systolic blood pressure of = 140 mmHg and or higher.

Anthropometric parameters are non-invasive bodily measurements, and anthropometry is used to
evaluate an individual's and a child's nutritional status®®. Both growth and body measurements are
available®®., While growth measurements are used to assess a child's overall well-being, body
measurements are used to assess an adult's health, nutritional status, and diet in order to predict their
risk of developing certain diseases in the future 66.Body measuring is utilised not just to assess nutritional
status, food, and overall health, but also to assess body composition, which is crucial for diagnosing
obesity 67 and identifying any underlying nutritional issues. The most significant modifiable risk factor for
diabetes mellitus is obesity, and the diagnosis and definition of obesity are based on anthropometric

measures®’.



Waist circumference, waist to hip ratio, waist-to-height ratio, weight, height, and BMI®” are measurements
obtained from anthropometry; however, due to the historical use of BMI®?, BMI is still primarily utilised
among these anthropometric measurements in the classification of obesity®8. Elevations in anthropometric
measurements have also been linked to hyperglycemia and dyslipidemia, According to research®2
Studies have indicated a correlation between hypertension and BMI €2, Patients with type 2 diabetes
mellitus who had a BMI of more than 27 kg/M2 were more likely to have hypertension, according to
Ghulam et al.>®

Therefore, the current study is focused on determining the levels of fasting plasma glucose, insulin,
insulin resistance, IL-10, Hs-Crp and TNF-a in HIV infected adult individuals with and without diabetes

mellitus in NAUTH Nnewi, Nigeria.
MATERIALS AND METHODS

Study Design

This research was a cross-sectional study designed to assess the levels of fasting plasma glucose,
insulin, insulin resistance, IL-10, Hs-Crp and TNF-a in HIV infected adult individuals with and
without diabetes mellitus in NAUTH Nnewi, Nigeria. A total number of 150 subjects categorized
into 3 groups were recruited for the study using simple sampling technique. Group 1 comprised
50 HIV infected adult individual with diabetes mellitus, Group 2 comprised 50 HIV infected
adult individuals without diabetes mellitus while group 3 comprised 50 apparently healthy
controls that are neither diabetic nor HIV positive.

The test subjects (Groups 1 and 2) were selected from the NAUTH HIV clinic. They were both
male and female and ranged in age from 18 to 75. The control group comprised apparently
healthy individuals between the ages of 28 to 53 years and was selected from the staff and
students of the Nnamdi Azikiwe University Teaching Hospital Nnewi.Information on socio-
demographic, medical history and life styles were obtained using standard questionnaire. Also,
anthropometric parameters and blood pressure were determined using standard methods. All HIV

infected individuals were on antiretroviral therapy.

Inclusion Criteria

According to CDC and WHO HIV disease staging,only HIV stage 1l subjects and subjects who
had commenced anti-retroviral therapy were recruited. Additionally, test participants between the
ages of 18 and 75 and control subjects (apparently healthy) between the ages of 28 and 53 were

selected for this study.



Exclusion Criteria

This study excluded the following groups of people: pregnant women, HIV-positive people not
receiving antiretroviral therapy (ART), people in Stage 3 of the infection, people with
tuberculosis, people infected with malaria, people in the age range of 10 to 17 years, people with

tumors or any inflammatory disease, and people with chronic illnesses other than HIV.

Blood Sample Collection and Processing

Six milliliters (6 ml) of venous fasting blood samples were collected aseptically after 10-12
hours of fast by venipuncture from each subject via the antecubital vein using a plastic syringe
with minimum stasis into fluoride oxalate and plain containers. 2 ml of venous blood was
dispensed into fluoride oxalate for determination of fasting plasma glucose (FPG) level which
was assayed immediately without storage. The remaining 4 ml of the venous blood sample was
dispensed into plain container and allowed to clot and retracted. It was then centrifuged at 4000
rpm for 5 minutes and serum separated and used for analysis of biochemical markers. Serum

samples that were not analyzed immediately were stored frozen at -20°C.
Laboratory Methods

Determination of Fasting Plasma Glucose Concentration

Fasting Plasma glucose were determined by enzymatic method as described by Frank et al. 2

Determination of Fasting Insulin Using Enzyme Linked Immunosorbent Assay.

Human insulin was assayed using the sandwich enzyme linked immunosorbent assay (ELISA) as

described by Burgi et al.?®

Determination of insulin resistance index

The insulin resistance index of each subject was determined by Homeostatic model assessment

(HOMA) according to the method described by Hashemipouret al.*°The insulin resistance score

was computed with the formula: Fasting plasma glucose (mmol/L) times fasting serum insulin

(mU/L) divided by 22.5.

Determination of Human I1-10(Interlukin 10) by Enzyme linked immunosorbent assay.
Human [IL-10 level was assayed using Sandwich Enzyme linked immunosorbent

assay(ELISA)technique as described by Chiswick et al.>!



Determination of High Sensitivity C-Reactive Protein Enzyme Immunoassay Test

High sensitive C-reactive protein was assayed using the solid phase enzyme linked
immunosorbent assay(ELISA) technique as described by (Votruba and Rakosnik.*2
Determination of Tumour necrosis factor-alpha

Tumour necrosis factor-alpha was assayed using the sandwichEnzyme immunosorbent linked
method(ELISA) as described by Engelbertset al.*3

Anthropometric measurement

The weight and height of each participant were measured using a standard beam balance scale
and a stadiometer respectively.Body mass index (BMI) was calculated as weight (kg) divided by
height squared in meters.

BMI(Kg/m? = Weight(Kg)/Height? (m?:

Also, systolic blood pressure (SBP) and diastolic blood pressure (DBP) was measured using
sphygmomanometer and stethoscope.

Statistical analysis

Statistical package for social sciences version 23.0 was used for data analysis.The data obtained
were analyzed using ANOVA, Posthoc t-test and Pearson Correlation. Results were deemed
significant at p <0.05.

RESULTS

The result of analysis of variance (ANOVA) showed that the mean serum levels of TNF-a,
fasting insulin, HOMA-IR, Hs-Crp and fasting plasma glucose were significantly different
amongst the group (F=11.880, 16.222, 39.340, 7.624 and 8.312) (P<0.05) respectively, whereas,
IL-10 did not differ significantly amongst the group (F=1.388; P>0.05) (See table 1).

The mean (£SD) of serum TNF-a (pg/L) level in the HIV seropositive individuals with diabetes
mellitus (15.82+2.59) was significantly higher compared with the corresponding values in the
HIV seropositive individuals without diabetes mellitus (10.46+2.54) and control group
(5.46%2.32) respectively ( p=0.036; 0.024). Also, the mean serum TNF-a level was significantly
higher in the HIV seropositive individuals without diabetes mellitus compared with control
group (10.46+2.54 Vs 5.46%2.32; p=0.030). See table 1.

Also the mean serum IL-10 (pg/L) level in the HIV seropositive individuals with diabetes
mellitus did not differ significantly compared with the HIV seropositive individuals without



diabetes mellitus and control group (p>0.05). There was no significant difference in the mean
serum IL-10 level in the HIV seropositive individuals without diabetes mellitus compared with

control group (p=0.352). See table 1.

There was significantly higher mean serum fasting insulin (ng/ml) level in the HIV seropositive
individuals with diabetes mellitus compared with HIV seropositive individuals without diabetes
mellitus (24.79+7.69 Vs 13.10+3.35; p=0.000). Also, there was significantly higher mean serum
level of fasting insulin observed in the HIV seropositive individuals with diabetes mellitus
compared with control group (24.79£7.69 Vs 7.12+3.50; p=0.000). The mean serum insulin level
wasalso significantly higher in the HIV seropositive individuals without diabetes mellitus
compared with control group (13.10£3.35 Vs 7.12+3.50; p=higher0.028). See table 1.

The mean (xSD) of HOMA-IR levels in the HIV seropositive participants with diabetes mellitus
was significantly compared with the corresponding values in the HIV seropositive participants
without diabetes mellitus and control group (p=0.000; 0.001) respectively. Also, the mean (xSD)
of HOMA-IR level in the HIV seropositive participants without diabetes mellitus was
significantly higher compared with the observed value in the control subjects (3.77+£2.76 Vs
0.31£1.66; p=0.036). See table 1.

There were significantly higher mean serum levels of Hs-Crp mg/dl) in the HIV seropositive
participants with diabetes mellitus compared with those without diabetes mellitus and control
subjects (p=0.023; 0.006) respectively. Also, the mean (xSD) of serum Hs-Crp level was
significantly higher in the HIV seropositive participants without diabetes mellitus than in the
control group (6.16+1.33Vs 2.28+1.35; p=0.041). See table 1.

Furthermore, the mean plasma fasting glucose was significantly higher in the HIV seropositive
participants with diabetes mellitus compared with those without diabetes mellitus (10.24+2.82
Vs 5.90+0.56; p=0.031). It was also significantly higher in the HIV seropositive participants with
diabetes mellitus compared with control group (10.24+2.82 Vs 4.17+0.67; p=0.001).
Furthermore, it was also significantly higher in the HIV seropositive participants without
diabetes mellitus than in control group (5.90£0.56 Vs 4.17+0.67; p=0.047). See table 1.

The result of analysis of variance (ANOVA) showed that the mean levels of body mass index

(kg/m?), systolic blood pressure (mmHg) and diastolic blood pressure (mmHg) were significantly



different amongst the group (F=4.065, 15.832 and 9.501) (P<0.05) respectively, whereas, the
mean age (years) did not differ significantly amongst the group (F=0.338; p=0.714) (See table 1).

The mean body mass index (BMI) was significantly higher in the HIV seropositive participants
with diabetes mellitus compared with those without diabetes mellitus (29.45+6.28 Vs
27.19+5.17; p=0.028), but it did not differ significantly when compared between the HIV
seropositive participants with diabetes mellitus and control group (p=0.232) as well as between

those without diabetes mellitus and control group (p=0.897). See table 2.

There was significantly higher mean systolic blood pressure in the HIV seropositive participants
with diabetes mellitus compared with those without diabetes mellitus (p=0.000) and control
subjects (p=0.000) respectively but it did not differ significantly when compared between the
HIV seropositive participants without diabetes mellitus and control group (p=0.462). See table 2.
There was significantly higher mean diastolic blood pressure in the HIV seropositive participants
with diabetes mellitus compared with those without diabetes mellitus (p=0.000). It was also
significantly higher in the HIV seropositive participants with diabetes mellitus compared with
control subjects (p=0.000) but it did not differ significantly when compared between the HIV
seropositive participants without diabetes mellitus and control group (p=0.078). See table 2.
There were no statistically significant correlation observed between the levels of TNF-a Vs
fasting insulin, FPG and HOMA-IR in the HIV infected individuals with diabetes mellitus
(p>0.05) respectively. See table 3.

There were no statistically significant correlation observed between the levels of IL-10 Vs
fasting insulin and HOMA-IR (p>0.05), but there was a significant negative correlation seen
between IL-10 and FPG levels in the HIV infected individuals with diabetes mellitus (r=-0.482;
p=0.011). See table 3.

Also, significant positive correlations were observed between the levels of Hs-Crp and fasting
insulin (r=0.473; p=0.013) and between Hs-Crp Vs FPG (r=0.401; p=0.038) although no
significant correlation was observed between the levels of Hs-Crp and HOMA-IR in the HIV
infected individuals with diabetes mellitus (p=0.576). See table 3.

There was no significant correlation observed between the parameters studied in the infected

individuals without diabetes mellitus (p>0.05). See table 4.



Furthermore, no significant correlation was observed between the parameters studied in the
control group (p>0.05). See table 5.

Table 1: Levels of TNF-a, IL-10, fasting insulin, HOMA-IR, Hs-Crp and FPG in HIV infected
adult individuals with diabetes mellitus, HIV infected adult individuals without diabetes mellitus

and control (Mean +SD)

Group TNF-a IL-10 Fasting HOMA-  Hs-Crp FPG




(pg/L) (pg/L) insulin IR (mg/dl) (mmol/L)

(ng/ml)
HIV 15.82+2.59 112.44+31.6 24.79+7.69 9.43+6.59 10.62+6.80 10.24+2.82
WITH
DM(A)

HIV W/O 10.46+2.54 98.48+30.41 13.10+3.35 3.77+2.76 6.16+1.33 5.90%0.56
DM (B)

Control(C) 5.46+2.32 119.95+29.22 7.12+#3.50 0.31+1.66 2.28+1.35 4.17+0.67

F-test 11.880 1.388 16.222 39.34 7.624 8.312
P- value 0.014* 0.255 0.001* 0.000* 0.000 0.020
AvsB 0.036* 1.000 0.000* 0.001* 0.023* 0.031
AvsC 0.024* 0.657 0.000* 0.000* 0.006* 0.001
BvsC 0.030 0.352 0.028* 0.036 0.041 0.047

Table 1 showed that the mean serum levels of TNF-q, fasting insulin, HOMA-IR, Hs-Crp and
fasting plasma glucose were significantly different amongst the group (F=11.880, 16.222,
39.340, 7.624 and 8.312) (P<0.05) respectively, whereas, IL-10 did not differ significantly
amongst the group (F=1.388; P>0.05) .

*Statistically significant at p<0.05.

TNF-0= Tumour necrosis factor-alpha, 1L-10=Interlukin-10, Hs-Crp=High sensitive C-reactive
protein, HOMA-IR= Homeostasis model assessment index, FPG= Fasting plasma glucose.
Table 2: Age, BMI, Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in HIV
infected adult individuals with diabetes mellitus, HIV infected adult individuals without diabetes

mellitus and control (Mean +SD)

Group Age Weight Height BMI SBP DBP
(Yrs) (Kg) (m) (Kg/m?)  (mmHg) (mmHg)

HIV 37.89+4.36  88.04+14.21 1.74+0.10 29.45+6.28 125.96+11.95 72.16+10.00




WITH
DM (A)

HIV
wW/O
DM

(B)

Control

(©)

F-test

P-value

AvsB

AvsC

BvsC

39.03+7.14

39.84+12.81

0.338

0.714

1.000

1.000

1.000

76.86+13.83

82.48+11.25

5.096

0.008

0.006

0.333

0.301

1.68+0.05 27.19+5.17 108.07+8.98

1.69+0.08 27.15+5.16 112.65+15.02

3.850

0.025

0.029

0.117

1.000

4.065

0.024

0.028

0.232

0.897

15.832

0.000

0.000

0.000

0.462

65.86+6.52

71.55+6.35

9.501

0.000

0.000

0.000

0.078

Table 2 showed that the mean levels of body mass index (kg/m?), systolic blood pressure

(mmHg) and diastolic blood pressure (mmHg) were significantly different amongst the group
(F=4.065, 15.832 and 9.501) (P<0.05) respectively, whereas, the mean age (years) did not differ

significantly amongst the group (F=0.338; p=0.714)

*Statistically significant at p<0.05.

Table 3: Correlation of TNF-a, IL-10, Hs-Crp, with Fasting insulin, HOMA-IR and FPG in HIV

infected adult individuals with diabetes mellitus.

Parameters Fasting insulin FPG HOMA-IR
(Ng/ml) (Mmol/L)

TNF-a

(Pg/L) r-value 0.043 0.123 0.291




P value 0.830 0.542 0.141

IL-10 r-value 0.108 -0.482 0.090
(Pg/L) P value 0.591 0.011* 0.654
Hs-Crpr-value 0.473 0.401 0.113

P value 0.013* 0.038* 0.576

Table 3 showed a significant negative correlation between IL-10 and FPG levels (r=-0.482;
p=0.011). Significant positive correlations was also observed between the levels of Hs-Crp and
fasting insulin (r=0.473; p=0.013) and between Hs-Crp Vs FPG (r=0.401; p=0.038) although no
significant correlation was observed between the levels of Hs-Crp and HOMA-IR in the HIV
infected individuals with diabetes mellitus

*Statistically significant at p<0.05.

Key: TNF-a= Tumour necrosis factor-alpha, IL-10=Interlukin-10, Hs-Crp=High sensitive C-
reactive protein, HOMA-IR= Homeostasis model assessment index, FPG= Fasting plasma

glucose.

Table 4: Correlation of TNF-a , IL-10, Hs-Crp with fasting insulin, HOMA-IR and FPG in HIV
infected adult individuals without diabetes mellitus.

Parameters Fasting insulin HOMA-IR FPG

TNF-a r-value 0.173 0.289 0.209
P value 0.929 0.129 0.287




IL-10 r-value 0.018
P value 0.926
Hs-Crpr-value 0.027
P value 0.891

0.154
0.424

0.072
0.709

0.148
0.452

0.303
0.117

Table 4 Showed no correlation between TNF-a, IL-10, Hs-Crp with fasting insulin, HOMA-IR

and FPG in HIV infected adult individuals without diabetes mellitus.

*Statistically significant at p<0.05.

Key: TNF-a= Tumour necrosis factor-alpha, IL-10=Interlukin-10, Hs-Crp=High sensitive C-

reactive protein, HOMA-IR= Homeostasis model assessment index, FPG= Fasting plasma

glucose.

Table 5: Correlation between TNF-a, IL-10, Hs-Crp, with fasting insulin, HOMA-IR and FPG

in control group.

Parameters Fasting insulin HOMA-IR FPG
TNF-a r-value 0.082 0.099 0.084
P-value 0.659 0.597 0.653




IL-10 r-value -0.082 0.910 0.073

P value 0.659 0.654 0.659
Hs-Crpr-value 0.208 0.031 0.261
P value 0.262 0.867 0.156

Table 5 showed no correlation between TNF-alpha, IL-10 and Hs-Crp with fasting
insulin,HOMA-IR and FPG in control group

*Statistically significant at p<0.05.

Key: TNF-a= Tumour necrosis factor-alpha, IL-10=Interlukin-10, Hs-Crp=High sensitive C-
reactive protein, HOMA-IR= Homeostasis model assessment index, FPG= Fasting plasma

glucose.

DISCUSSION

The results of the current investigation demonstrated that, in comparison to HIV-positive
individuals without diabetes mellitus, those with diabetes had a significantly higher mean level
of FPG. Furthermore, compared to controls, adult HIV-positive persons with and without
diabetes mellitus showed significantly higher mean levels of FPG. This is in keeping with
previous similar research that shows increased blood glucose in diabetic people with and without
HIV infection.3*The source of the higher plasma glucose levels may be due to the effects of
antiretroviral medication, HIV infection, or both, which worsened the glucose metabolism in this
individuals.**According to Chukwuanukwuet al., FPG levels were likewise considerably
higher in the non-diabetic HIV seropositive group than in the non-diabetic HIV seronegative

group®’, which is consistent with the findings of the current investigation.

The study findings showed that HIV-positive people with diabetes mellitus had a significantly
higher mean serum level of fasting insulin than HIV-positive adults without diabetes mellitus or
control subjects. This study also found a significantly higher mean serum insulin level in the
HIV-positive individuals without diabetes mellitus as compared to the control group. The higher
insulin levels observed in the HIV infected individuals without diabetes mellitus in this study



may be an indication that these individuals are at risk of developing type diabetes mellitus as a
result of insulin resistance orchestrated by HIV infection and due to the effect of antiretroviral
drugs which promotes chronic inflammatory immune responses. Potential mechanisms
associated with diabetes in HIV infected persons include HIV infection itself, use of
antiretroviral drugs, insulin resistance and immune activation which induces inflammatory
responses leading to the release of heightened levels of inflammatory cytokines.®®In the event of
prevailing hyperglycemia, insulin is secreted from the beta cells of the islets of Langerhans in the
pancreas to enhance the uptake of the excess glucose into insulin-sensitive tissues, such as the
liver, muscle, or adipose tissue. Insulin is a key hormone in the regulation of plasma glucose
levels in the human body. Therefore, in cases of persistently high blood sugar, insulin-sensitive
tissues may become resistant to the effects of insulin and lose their sensitivity. In response, the
pancreas secretes more insulin than usual in an attempt to restore a normal metabolic response.

In this study, the mean insulin resistance as determined by homeostasis model assessment index
(HOMA-IR) was significantly higher in the HIV seropositive individuals with and without
diabetes mellitus than in control group respectively. This finding suggests that insulin resistance
may be the main driver of diabetes mellitus among HIV-positive adults.*®Insulin resistance in
HIV infected patients could be due to immune activation whether the patient is on HAART or
not.*> This immune activation has been observed in HIV infected patients undergoing therapy
and those not undergoing therapy.?® Several studies have reported varying degree of prevailing
insulin resistance in HIV infected with and without diabetes mellitus and this is in consonance
with the present report.*142

In this study, there was no significant difference in the mean level of IL-10 in HIV infected adult
individuals with diabetes mellitus, HIV infected adults individuals without diabetes mellitus and
control group. This could be due to highly antiretroviral therapy which suppresses viral
replication at different stages of HIV life cycle, improves immunological status of HIV infected
individuals and delays drug resistance.*** This is in keeping with the report of previous similar
study that observed no significant difference in IL-10 level in HIV infected individuals compared
to control participants after 12 months of antiretroviral therapy.®

This study found significantly higher mean serum level of Hs-Crp in HIV infectedindividuals
with diabetes mellitus compared with HIV infected individuals without diabetes mellitus and

control group. This in line with reports of previous study which showed a significant increase in



hs-CRP levels in people living with HIV (PLWH) on HAART when compared to negative
control.*® Furthermore, in keeping with the current finding, Chukwuanukwu et al. in their study
reported significantly higher mean serum C-reactive protein levels in Diabetic HIV seropositive
subjects and non diabetic HIV seropositive subjects compared to control subjects.>’ This may
suggest that chronic inflammation in HIV seropositive individuals can predispose them to
development of diabetes mellitus. An increased CRP level can be caused by both acute
inflammation (which may then decrease) and unresolved persistent inflammation. Both resolved
and unresolved inflammation can be identified and measured using high-sensitivity C-reactive
protein.*® One of the main long-term problems for HIV patients is cardiovascular disease (CVD),
and Hs-CRP is thought to be a possible biomarker for predicting CVD risk and long-term disease
progression.*®

In this investigation, the mean serum level of TNF-o was shown to be significantly higher in
HIV-positive adults with diabetes mellitus than in HIVV-positive adults without diabetes mellitus
or control subjects. Also, there was significantly higher mean serum TNF-a level in the HIV
infected individuals without diabetes mellitus than in control group. This shows that both HIV
infection as well as diabetes mellitus is characterized by inflammation which potentiates insulin
resistance that may culminate in diabetes mellitus. Persistent cytokine activation leading to
prolonged release of TNF-a and other inflammatory cytokines can lead to development of insulin
resistance which can result in the development of diabetes mellitus.3®

This report agrees with the finding of Osuji et al. which showed significantly higher mean serum
TNF-a level in HIV infected persons even after 12 months antiretroviral therapy.® This
phenomenon may be present even in the absence of exposure to antiretroviral therapy (ARV)
medications typically associated with insulin resistance risk.

The present study showed the HIV-positive individuals with diabetes mellitus had a mean body
mass index that was significantly higher than that of those without diabetes mellitus. Notably,
when comparing HIV-positive people with and without diabetes mellitus to control subjects, no
significant changes in their mean BMI were seen. Remarkably, according to the World Health
Organization's classification of BMI, which is provided below, both the test individuals and the
control group in this study were overweight: Below 18.5 kg/m?, normal weight = 18.5 - 24.9
kg/m?, overweight = 25.0 - 29.9 kg/m?, obesity class | = 30.0 - 34.9 kg/m?, obesity class Il = 35.0
-39.9 kg/m?, and obesity class III > 40.0 kg/m2.*’ Being overweight raises insulin resistance,



which can accelerate the development of a number of chronic diseases for which it is a
significant risk factor. Ezeugwunne et al., in keeping with the present findings, found no
statistically significant changes in the mean BMI between HIV-positive subjects on antiretroviral
therapy (ART) and control subjects.*8

Also, a significantly higher mean value was observed in SBP in HIV infected adult individuals
without diabetes mellitus and control. According to a prior cross-sectional study investigating the
effect of HAART on hypertension in HIV-positive people residing in Cameroon's North West
region (NWR), 29.84% of the participants had systemic hypertension.*® This is consistent with

current findings.

IL-10 and FPG levels were found to be significantly inversely correlated in HIV-positive persons
with diabetes mellitus. Additionally, among HIV-positive persons with diabetes mellitus, there
were noteworthy positive associations found between Hs-Crp levels and fasting insulin as well as
between Hs-Crp and FPG. The nature of HAART, family history of diabetes mellitus or
metabolic syndrome, lifestyle, cardiovascular risk status, and other confirmatory tests for glucose
levels such as glucose tolerance test, 2-hour postprandial test, and CD 4 counts should all be
closely observed in HIV-positive individuals without diabetes. If adjustments to HAART are
necessary, it is because research has shown that HAART is the primary cause of insulin
resistance (IR) in relation to diabetes mellitus. This is done primarily to manage the study groups
and lower the likelihood of being burdened with additional co-morbidity. In addition to screening
for metabolic syndrome or other co-morbidities, anthropometric measurements should be
analysed for other aspects that can cause diabetes mellitus in HIV infected individuals be

considered.

Conclusion
This study showed higher levels of TNF-alpha, fasting insulin, HOMA-IR, Hs-Crp and FPG in

the HIV seropositive individuals with and without diabetes mellitus compared to the control

group. This is suggestive of ongoing inflammatory reactions which could subsequently lead to



development of insulin resistance (IR), thereby causing or predisposing the HIV infected
individuals at risk of developing type 2 diabetes mellitus.
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