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The prevalence of Type 2 Diabetes among people living with HIV in Georgia
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Abstract

Backround: The number of people living with human immunodeficiency virus (HIV) is increasing due to
improved screening, faster diagnosis, newer methods, availability and acceptance of treatment, but the
prevalence of non-communicable diseases, particularly metabolic disorders, has grown among HIV
infected patients.The aim of the study was to calculate the prevalence of T2D among people living with
HIV in Georgia and find the association between diabetes and other comorbidities to fill up knowledge
gap.

Materials and methods: We have conducted a prospective cohort study among PLWH receiving care at the
Infectious Diseases, AIDS and Clinical Immunology Research Center in Tbilisi, Georgia. The study
included HIV positive adults (age > 18 years) diagnosed in 2012-2018. Participants were followed-up from
AIDS diagnosis till the 1% of October 2021. American Diabetes Association (ADA) guidelines were used to
define hyperglycemia and diabetes.

Results :In total cohort 4.47% had prediabetes and 2.65% Type 2 diabetes. Our research demonstrates that
the prevalence of hyperglycemia increases by the age. In total 171 (5.87%) participants had TB .
Hyperglycemia and TB together was detected in 48.5% (83) of all TB patients. Relative risk (RR) of TB was
0.94 (95% CI : 0.85-1.56) . 32 participants had CKD, 50% (p=0.08) had hyperglycemia. CVD was detected
in 92 participants, 44.6% (p=0.07) was hyperglycemic.16 patients had a stroke, from which 11 (68.8%) had
hyperglycemia. The RR of stroke =1.8 (95% CI : 1.45-4.76) . 550 (18.9%) patients had high total cholesterol
and LDL level, 195 (35%) had hyperglycemia .

Conclusions: Prevention or early detection of T2D and timely management of metabolic disturbance,
reduces risk of morbidity and mortality during HIV. Screening and management of hyperglycemia should

be part of the routine HIV clinical services.
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Introduction

The number of people living with human immunodeficiency virus (HIV) is increasing due to improved
screening, faster diagnosis, newer methods, availability and acceptance of treatment'?, but the prevalence
of non-communicable diseases, particularly metabolic disorders, has grown among HIV infected

patients!S.

A lot of studies have found that HIV infection and ART (antiretroviral treatment) are increasing insulin
resistance, which leads Type 2 diabetes (T2D)7-1°. Risk factors of T2D are well known in the general
population, but HIV and ART are adding additional risk factors. Many factors influence the development
of hyperglycemia and T2D during HIV infection, including the duration of the infection, systematic
inflammation, the degree of immunosuppression, ARV (antiretroviral) medications, length of ART and

coinfections 7. Based on studies the prevalence of T2D ranges from 2% to 14% .

After ART has appeared the number of metabolic complications during HIV has increased® '¢*!. The
researchers thought, that metabolic complications were caused by nucleoside reverse transcriptase
inhibitors (NRTT), because of mitochondrial toxicities. Other studies connected metabolic complications
to protease inhibitors (PI). At the end researches suggested, that PIs and NRTIs have overlapping effect
and they can induce insulin resistance (IR) and diabetes ® 1218, Old age, weight gain, family history of

diabetes are risk factors for development of diabetes during PI treatment !

Insulin resistance during PI treatment is increased via GLUT4 dependent 3 !! and independent mechanisms
8.12_ PIs interfere GLUT4 translocation from the cytosol of the cell to the cell’s surface. Also, they altert

adipogenic proteins and inhibit adipocyte differentiation .

Pancreatic beta-cell lipotoxicity and lipodystrophy during ART, might be reason of glucose level elevation.
Beta-cell function and insulin secretion is decreased by 25%-50% after PI treatment initiation®. When Pls

are discontinued hyperglycemia resolves !'.

CVD (cardiovascular disease), CKD (chronic kidney disease) and metabolic disturbance have been linked
to HIV and ARV medications >0,

In the general population The Framingham Risk Score (FRS) is a widely used tool to assess cardiovascular
risk. It is used to estimate 10 years, CVD risk to the individual. Although its applicability to HIV patients
is debatable. Unlike metabolic syndrome FRS is age dependent and takes in account cigarette smoking,
LDL and total cholesterol concentrations. FRS divides individuals as low risk <10%, moderate risk 10-20%
and high risk >20% of CVD?> 2, FRS estimates that 1/3-1/4 of HIV infected adults are risk of CVD, but
some authros are thinking, that it is underestimated???*. Hyperglycemia is known to be a risk factor of

CVD. Poor glycemic control is connected to microvascular and macrovascular disease”. Stettler et al.
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conducted a study in 2006 and showed, that the risk of macrovascular disease was significantly decreased

by improving glycemic control?.

The mechanism of vascular damage during hyperglycemia is unknown, but scientists support the idea, that
it is caused by oxidative stress. Oxidative stress is the reason for micro and macrovascular complications
during T2D*. Gerich et al. suggest that inflammation, vasoconstriction and thrombosis are caused by

oxidative stress and protein kinase C activation, which are induced by hyperglycemia?.

One of the most frequent complication of HIV is a CKD. It ranges from 3.5 to 48.5%. HIV-associated
nephropathy (HIVAN) is more common in young African adults, while HIV-immune complex disease
(HIV-ICD) is more common in Europeans®®. On the other hand hyperglycemia and diabetes mellitus is a
main cause of CKD, which leads to kidney failure. Studies have shown, that one third of CKD patients
have diabetes, predominantly T2D%.

Since 20 century, researchers have tried to find a link between T2D and Tuberculosis (TB). They were
unable to distinguish whether T2D cause TB or vice versa. Some experts were discussing merging
epidemics of TB and T2D 3°. People with diabetes and hyperglycemia are more likely to develop TB,
compared to non-diabetic cohort, due to increased susceptibility to infections**3. They have 2.44 to 8.33
folds increased risk of TB compared to people without diabetes mellitus (DM)32. According to several
studies, people with hyperglycemia are more prone to acquire multiresistant TB. The risk of complications,
such as treatment failures and death are higher in people with diabetes mellitus. Furthermore, treatment

of TB, might affect glycemic control negatively30-3.

Patients should be checked annually, because of higher prevalence of hyperglycemia and T2D during HIV.
Prevention or early detection of T2D and timely management of metabolic disturbance, reduce risk of

morbidity and mortality during HIV 5.7.8.17.19.34.35,

The prevalence of T2D in PLWH is unknown in Georgia. The aim of the study was to calculate the
prevalence of T2D among people living with HIV in Georgia and find the association between diabetes

and other comorbidities to fill up knowledge gap.
Material and methods

We have conducted a prospective cohort study among PLWH receiving care at the Infectious Diseases,
AIDS and Clinical Immunology Research Center in Tbilisi, Georgia (IDACIRC). The study included HIV
positive adults (age > 18 years) diagnosed in 2012-2018 in IDACIRC. Every patient, who died or was lost
within 6 months during follow-up were excluded from statistical analysis. Participants were followed-up
from AIDS diagnosis till the 1% of October 2021. The total number of the study cohort was 2914.

The national AIDS health information system (AIDSHIS), a secure web-based database that collects data
on all confirmed HIV cases, was used to retrieve all data, including demographic, clinical, and laboratory

information.
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National HIV guidelines recommended screening for glycemia at the beginning of HIV Diagnosis and then
annually. American Diabetes Association (ADA) guidelines were used to define hyperglycemia and
diabetes. In particular a fasting blood sugar level less than 100 mg/dl (5.6 mmol/L) is normal. A fasting
blood sugar is considered as prediabetes if glucose level is from 100 to 125 mg/dl (5.6 to 6.9 mmol/L). Ifit's
126 mg/dl (7 mmol/L) or higher on two separate tests, patient has diabetes. A Postprandial blood sugar
level less than 140 mg/dl (7.8 mmol/L) is normal. A reading between 140 and 199 mg/dl (7.8 mmol/L and
11.0 mmol/L) indicates prediabetes. Blood glucose more than 200 mg/dl (11.1 mmol/L) after two hours
indicates diabetes®.

Every single patient who had hyperglycemia even once was referred to endocrinologist for further
diagnostics of diabetes. Participants were enrolled in the prospective study after giving an informed
consent. Additional diagnostic tests, In particular, Oral glucose tolerance test (OGTT) with 75g glucose,
glycated hemoglobin, HOMA Index, Lipid panel were conducted among the participants. We have
estimated the prevalence of Diabetes, TB, CVD, CKD and stroke. The association between hyperglycemia
and TB, CVD, CKD, stroke has been calculated.

For statistical analysis we have performed Descriptive and Bivariate analysis, using SAS 9.2 software (SAS
Institute Inc., Cary, NC, USA).

Ethical approval was obtained from the ethics committee of at Infectious Diseases, AIDS and Clinical

Immunology Research center (N 20-006).

Results and Discussion

Our original sample consisted of 2914 HIV patients, the majority of the participants were male 2204
(75.6%). The majority of the patients represented age categories of 30-39 years old (31.3%) and 40-49 years
old (29.7%). The median age was 52 (IQR=22-80). 11 (0.4%) Patients did not enroll in the study due to
Covid-19 pandemic related situation.7.4% of the participants were lost to follow up. For the period from
2012 to 2021 153 (5.2%) died. Hyperglycemia was detected in 381(13.1%) HIV patients. The detailed

description of the sample characteristics is provided in the tables 1 and 2.
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Table 1. Sample characteristics of people living with HIV (n=2914), Georgia, 2021

Variable Total N (%) Male Female
Gender 2914 (100%) 2204 (75.6%) 710 (24.4%)
Hyperglycemia 381 (13.1 %) 326 (85.6 %) 55 (14.4 %)
Refused to participate for further 11 (0.4 %) 9 (0.4%) 2 (0.3%)
examinations

Loss to follow up 215 (7.4%) 183 (8.3%) 32 (4.5%)
(2012-2021 years)

Died during follow up 153 (5.2%) 130 (5.9%) 22 (3.1%)
(2012-2021 years)

Performed diagnostic tests (OGTT

Homa Index Lipid panel Glycated 155 (5.3%) 145 (6.6%) 10 (1.4%)
hemoglobin)

Table 2. The prevalence of hyperglycemia by the age and gender among people living with HIV (n=2914),

Georgia, 2021

Variable Total N (%) Normoglycemia Hyperglycemia
Gender 2914 (100%) 2533 (86.9%) 381 (13.1 %)
Male 2204 (75.6%) 1878 (85.2%) 326 (14.8 %)
Female 710 (24.4%) 655 (92.25%) 55 (7.75 %)
Age (years) 2914 (100%) 2533 (86.9%) 381 (13.1 %)
19-29 501 (17.2 %) 496 (99.9%) 5 (0.1%)
30-39 913 (31.3%) 856 (94.7%) 48 (5.3%)
40-49 865 (29.7%) 753 (87.0%) 112 (13.0%)
50-64 577 (19.8%) 395(68.5%) 182 (31.5%)
>65 58 (2.0%) 24 (41.4%) 34 (58.6%)
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The prevalence of hyperglycemia, was increasing with the age: 5 (1.31%) in the age group of 19-29 years,
48 (12.6%) in 30-39 years, 112 (29.4%) in 40-49 years, 182 (47.8%) in 50-64 years and 34 (8.9%) in older
than 65 years (p value < 0.0001) (Table 3).

Table 3. The prevalence and distribution of hyperglycemia by age among people living with HIV (n=2914),
Georgia, 2021

Prevalence of Total sample P value | Median
IQR
Hyperglycemia (N=381) 13.1% IQR)
by age
19-29 30-39 40-49 50-64 >65 52 (22- 80)
5 48 112 182 34 <0.0001
(1.31%) | (12.6%) | (29.4%) | (47.8%) | (8.9%)

Additional tests (OGTT, Homa Index, Lipid panel, Glycated hemoglobin) hava been conducted in 155
(5.3%) study participants. From 2914 HIV infected persons 4.47% (95% CI : 3.77 - 5.27) had metabolic
syndrome and 2.65% (95% CI: 2.11 - 3.28) T2D. From 381 hyperglycemic participants 33.7% (29.0 —
38.5) had metabolic syndrome and 19.9% (16.0 — 24.3) T2D. From examined cohort (N=155) metabolic
syndrome was detected in 82.2% (95% CI: 76.2 — 88.2) and T2D in 48.4 % (95% CI: 40.5 — 56.2) cases
(Table 4).

Table 4. The prevalence of type 2 diabetes and metabolic syndrome among people living with HIV
(n=2914), Georgia, 2021

Variable Metabolic 95 % Type 2 diabetes | 95 %
syndrome Confidence (N= 65) Confidence
(N= 130) Interval (CI) Interval (CI)

Total 4.47% 3.77 - 5.27 2.65% 2.11-3.28

(N =2194)

Hyperglycemia 33.7% 29.0-38.5 19.9 % 16.0 -24.3

(N=381)

Examined Cohort (N=155) 82.2% 76.2 - 88.2 48.4 % 40.5 -56.2

(OGTT Homa Index Lipid

panel Glycated hemoglobin)
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In total 171 (5.87%) participants had TB. Hyperglycemia and TB together was detected in 48.5% (83) of
all TB patients. Relative risk (RR) of TB was 0.94 (95% CI: 0.85-1.56). 32 participants had CKD, 50%
(p=0.08) had hyperglycemia. CVD was detected in 92 participants, 44.6% (p=0.07) was hyperglycemic.16
patients had a stroke, from which 11 (68.8%) had hyperglycemia. The RR of stroke =1.8 (95% CI: 1.45-
4.76). 550 (18.9%) patients had high total cholesterol and LDL level, 195 (35%) had hyperglycemia.

In our study the prevalence of hyperglycemia was significantly higher in male HIV infected participants,
compared to the female HIV infected persons. Similar results have been reported from china (Shen et al.
2016)! in contrast to Spanish study (Alvaro-Meca et al. 2016). Spanish study outlined, that hyperglycemia

was more prevalent in female HIV patients ¥.

Our research demonstrates that the prevalence of hyperglycemia increases by the age. Results are not
surprising, because, similar results have been reported in other studies about PLWH? 1538 3and general
population®. Factors such as a family history of diabetes, weight gain, obesity and Insulin resistance can
lead increased blood glucose levels''. Furthermore, some antiretroviral drugs, such as PI's and NRTI’s were
related to the higher risk of T2D. Longer ART exposure was shown to be responsible for increased risk of
hyperglycemia and diabetes mellitus 41!, In addition, there are a lot of discussions whether or not HIV
infection alone can promote to the development of T2D. For example, a study of 2009-2012 years in China,
conducted among newly diagnosed HIV patients who were not taking antiretroviral drugs, found a
significant association between HIV and T2D, suggesting that hyperglycemia in HIV patients might be
explained by not only ART use, but by HIV infection itself “°. Unfortunately, association between ART
and diabetes or hyperglycemia could not be examined in our study as all the patients diagnosed with HIV

in our cohort received ART immediately after the diagnosis.

Our study found out that the prevalence of T2D in total cohort was 2.65%. Similar results have been
reported from Denmark (Rasmussen et al. 2012, Worm et al .2009)*"-#? in contrast to researches in China
and the USA, where prevalence of T2D was 9.7% and 10.3% respectively!>. It should be taken into account
that study cohort age was young (about 40 years old). T2D is more common in people above 40 years old,
so theoretically it’s possible, that young participants might decrease the prevalence of diabetes in the total
cohort. Age distribution of hyperglycemia proved the same as it was the highest in people aged 40-65+. A
similar association between increasing age and prevalence of T2D among PLWH found in many other

studies® 3839,

Our study found that the prevalence of tuberculosis was 5.87% among people living with HIV. Based on
our results the prevalence of TB with and without hyperglycemia did not differ significantly. Similar
results have been found in UK by Pealing et al . Other studies revealed different results and showed, that
diabetes and hyperglycemia were significantly associated with increased risk of TB3"32 3, According to,

the study in Sounth Africa by Oni et al TB in hyperglycemic patients were 2.4 fold higher, compared to
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normoglycemic cohort®. Other studies suggested, that hyperglycemia is associated with higher mortality

rates in TB patients!® 4%,

In our research, the most common complication was dyslipidemia. We found out that 1/5 of our cohort
had a high cholesterol level. As we mentioned HIV and ART are key factors in disease development? !¢ 23
34,4648 Tn addition, well know factors such as an unhealthy diet, low physical activity and cigarette smoking

increase risk of dyslipidemia. If dyslipidemia is untreated, it leads to serious health complications and CVD.

CVD was detected in 92 participants, 44.6% had hyperglycemia. Based on RR normoglycemic and
hyperglycemic cohort did not differ significantly. It might be explained by the fact, that our general cohort
was young and the risk of CVD is increasing with the age. The Higher prevalence of CVD was reported in
general population Georgia, compared to people living with HIV (15.3 vs 3.1 respectively).

Our study demonstrated that the risk of stroke was 2.2 times higher in hyperglicemic cohort, compared to
people with normoglycemia. Similar results have been reported from another study By Michael D Hill in
2014* . Nearly 30-40% of acute ischemic stroke patients have hyperglycemia. It has been reported, that

hyperglycemia increases mortality rate significantly in patients with acute ischemic stroke>°.

In our research 32 participants had CDK and half of them had hyperglycemia. It is well known, that
diabetes damages kidneys and causes diabetic nephropathy.Diabetic nephropathy is a major cause of CKD
and renal failure?5!. Additional risk factors of CKD are HIV and ART by itself?®:2%:51:52. Based on our results

the rate of CKD in hyperglycemic and normoglycemic cohort, did not differ significantly.

Hyperglycemia and other non communicable diseases should be monitored annually among people living
with HIV to decrease morbidity and mortality rate. Prevention and early detection of noncommunicable

diseases among PLWH will increase life expectancy and improve quality of life.

Conclusions

Noncommunicable diseases among PLWH, in particular hyperglycemia and T2D is a growing problem
around the world. Our research addressed an issue. The prevalence of T2D and metabolic syndroime has
never been calculated in Georgia before. We found out that the prevalence of T2D is 2.65% and is not
higher, than prevalence in general population in Georgia. We think that further studies are needed to
clarify an issue. Prevention or early detection of T2D and timely management of metabolic disturbance
reduces risk of morbidity and mortality during HIV. Screening and management of hyperglycemia should

be part of the routine HIV clinical services.
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0.000603m335%, 9. Jo64505dg!, m.bm3mIz0mo! , 6.AbsGEH0d30¢0!, m.390 33539

10699960290 350002¢nmg00b, Jolobs s 32¢70b0329(h0 08-9bcaeremgools bsGgzbogtrer 36s5H0329¢m0 396A®O

R OTORY T

09L535¢00: 5530560l 03MbMEIBOEOGHOL  30Mbom  (s03) IgbmzMgdms Mogbzo  0bBMEYds
3999x MdgLYdMEo  B3M0bobaol,  LHMIxRo 0sabmbBol, sbosero  FgomEgdol, d3MOMHbsgomdols
bgdolsfizomdmdols s 339Obsemdol  Bomgdol  2odm.  5M9Q5ITPOII0 Q9935000 JOOL,
396Lo3MMMgd0m  FGBHIVMWNOHO  IMPZI3900L 3930 (39Wgdsd 933000600  IM0dsds 503
0630306090 353096¢390d0.

330930l 30Bsb0s 3030 2 TodM0s60 ©0sdYEOL o3 EgIwgdol godmmzms, GodM05b0 0s0gEOLS s
0563bgd0  ©5535009090L TGOl SLME0sE00L 3m3bs, sMLYdIMMo Lszombol 0Ma3wo3 3MEbOL
23000 353900.

3309308 3900mEgd0: 06839J30MM0  350MEMmYool, JoLOLy @y Jwoboz®mo  0dMbmemaool
L5393b0gMM 3ModBHodmMw 396G®d0 BogsBHIMYm 3MML3YIGI0 3M3IMOEGHIWO 33¢0935. J3W)3530
dmbsfiorgmds dmbBOowo (s530218(gw0) 3060900, MMIWGILSE 503 ORBMDBO gz 2012-
2018 fagddo. 353063g0bg 09330603905 bmOE0gw©dms 2021 ol 1 md@mdd6msdoy.
3039600399005 5 F5dM0560 ©050gEHOL gobdst3Hgdgdobmzol godmz0ygbgom 5396030l OsdYEHOL
SbmE0s:300L (ADA) 25000¢s06d0.

090093700: 0056 3M3mOESG0 4.47% 3Jmbs 3609050930, bmem 2.65% GHodo 2 FodMosbo
©0509@0. Bggbo  33emg30L  dobgzom 30396039900l 3035w gbBHMds  0BMmYdS  Sbd3oL
353905Lmob gOms. xsdd0 171 (5.87%) dmbsfioergl 3dmbs EHvd9M3mmbo. G096 3mBol
dJmbg 48.5% (83) 3Jmbs 3039Ma0393053. GHdIMIMwmbBol RR=0.94 (95% CI: 0.85-1.56). 32
dmbsfioergls CKD 3Jmbs, dsmeb 50% (p=0.08) 3039Mper039d0ss. CVD 92 353096@L smaodlo®os,
doogob 44.6% (p=0.07) 30 30396039300 3Jmbs.16 dmbsfiorgl 0blreEo 396m300056Ms, Fo0Q6
11 (68.8%) 3565¢qevMo 3039600390053 3Jmbs. 0bbe@ol RR =1.8 (95% CI : 1.45-4.76) . 550
(18.9%) 9mbsfoegl dmdsBgdeo 3dmbos Loghmm JmerglGg®obols s LDL 3mb3gbd®agos,
Bomg6195 (35%) 303960399053 3Jmbos.

33365 B30 2 0sdYEOL 36939630, MO 458M3gbs s FYGHIOMEMMO IMN3)3JO0L
OO0 FoMmmM3d 89593060908 5350MdOLS s 1033O0E06MdOL MHOLIL 03 0689300l M.
30396039dool bL3Mmobobyo s d9bgxIBEHO 0bEIMYMHOMYOMEo MBS 0yml 503-0b HEGH0bmwo
3206037100 33wg30L 3539 80.
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