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Abstract

Objective: This is to evaluate risk factors associated with new onset type 2 diabetes mel-
litus and incidence of new onset type 2 diabetes mellitus in HIV clinic, including diabetic control
and diabetic complication in this population.

Methods: A single center, retrospective case control study was conducted in HIV clinic
Ratchaburi Hospital. A total of 75 HIV-infected patients with new-onset type 2 diabetes mellitus
were selected as cases and compared with 75 consecutively patients without diabetes mellitus as
controls. Data were collected from hospital electronic database from January 2009 to August 2019.

Results: During the study period, there were 1,023 patients in HIV-clinic and 91 HIV-infected
patients were newly diagnosed type 2 diabetes mellitus. Incidence rate was 6.6 per 1,000 person-
years of follow-up time. Median age was 50 years, 53.3% were male. From multivariate model, age
(adjusted OR 1.11, 95% Cl 1.04-1.18, p = .002), BMI > 25 kg/m” (adjusted OR 4.10, 95% Cl 1.44-11.63,
p = .008), statin exposure (adjusted OR 3.42, 95% Cl 1.29-9.10, p = .014), initial FBG 100-125 mg/
dL (adjusted OR 5.23, 95% Cl 1.81-15.06, p = .002), and initial CD4 cell count > 250/mm’ (adjusted
OR 3.73, 95% Cl 1.16-12.03, p = .027) were significantly associated with new-onset type 2 diabetes
mellitus. In addition, emtricitabine (FTC) exposure was associated with reduced risk of new onset
type 2 diabetes mellitus (adjusted OR 0.023, 95% Cl 0.08-0.65, p = .006).
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Conclusions: There are multiple factors associated with new onset type 2 diabetes mellitus
in HIV-infected patients including age, obesity, initial impaired fasting glucose, initial CD4 > 250 /mm’,

and statin exposure. Interestingly, emtricitabine exposure is a protective factor in this population.
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Introduction according to “Treatment as Prevention”
Human immunodeficiency virus (HIV) concept, all HIV-infected Thai patients with
infection had remained a major global public any CD4 cell count could receive antiretroviral

health concern. In 2015, Thailand, there were therapy (ART) to decrease the risk of AIDs and
276,434 HIV-infected patients who received non-AlDs related events and also risk of HIV

antiretroviral therapy. Since October 2014, transmission’.
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Life expectancy of HIV-infected patients
has increased after treatment with antiret-
roviral agents. Therefore, their comorbidities
and non-communicable diseases (NCDs) were
increased”’. Diabetes mellitus (DM), one of
important NCDs, is a major cause of morbidity
and mortality among HIV-infected patients,
especially cardiovascular diseases™.

From previous studies, people living
with HIV infection have higher incidence of
DM, Two studies in Thailand have reported
high incidence rates of DM of 5.0 to 7.6 per
1,000 person-years®’. The new cases of DM in
HIV-infected patients were associated with
several factors; for instance; age, body mass
index (BMI), and some antiretroviral agents
(stavudine, zidovudine, didanosine, and

%7 Nevertheless, didanosine,

protease inhibitors)
and stavudine were no longer use for the
treatment of HIV infection in Thailand®.

This study aims to evaluate factors
associated with new onset type 2 diabetes
mellitus (T2DM) in HIV-infected patients in
Ratchaburi Hospital, one of the tertiary care

centers in Thailand.

Objective
This is to evaluate factors associated
with new onset T2DM in HIV-infected patients,
incidence of new onset T2DM in HIV-infected
patients, diabetic control, and diabetic com-
plication in HIV clinic, Ratchaburi Hospital,
Thailand.

v

Methods

We conducted the retrospective
case-control study in HIV-infected patients
who visited in HIV Clinic, Ratchaburi Hospital
between January 2009 and August 2019. Case
was defined as HIV-infected patients with new
onset T2DM. The consecutive patients without
T2DM who followed T2DM case were included
as control.

HIV-infected patients who aged at
least 18 years were eligible in this study. The
patients were excluded if they had T2DM prior
to diagnosis of HIV infection, type 1 DM, gesta-
tional diabetes, other type diabetes, and loss
to follow-up more than 1 year.

Sample sizes

From Samad et al.’ the year of HIV
diagnosis was one of associated factor for new
onset T2DM in HIV-infected patient with OR =
3.57, 80% power, and 0.05 type | error. When
considering 10% drop-out rate, the sample size
should be 75 cases in each group. The total
population we had to collect in this study was
150.

Data collection

The patients’ clinical and laboratory
parameters were collected from the hospital
electronic database (HOSxP). Baseline character-
istics (age, gender, weight, and height), history of
smoking and alcohol drinking, family history of
DM, date of HIV infection and T2DM diagnosis,
ART regimen, history of opportunistic infection,
diabetic nephropathy and neuropathy, type of
antidiabetic medication, CD4 cell count, fasting
blood glucose (FBG), HbA1C, LDL, HDL, serum
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triglyceride, GFR, and urine microalbumin were
also collected and analyzed. Case and control
were sorted by ascending order from hospital
numbers.

The definitions in this article are defined as:

1. HIV infection was defined as having
positive serum anti-HIV.

2. T2DMwas defined as one of the followings.

2.1 HbA1C was more than 6.5%. The test
should be performed in a laboratory using a
method that is NGSP certified and standardized
to the DCCT assay.

2.2 FBG was more than 126 mg/dL (fast-
ing is defined as no caloric intake for at least 8
hours).

2.3 Two-hour plasma glucose was more
than 200 meg/dL during an OGTT.

2.4 Random plasma glucose was more
than 200 mg/dL in patient with classic symp-
toms of hyperglycemia or hyperglycemic crisis'™.

3. Hypertension (HT) was defined as
systolic blood pressure (SBP) more than 140
mmHg or diastolic blood pressure (DBP) more
than 90 mmHg on two or more clinic visits over
a 6-month period and/or initiation of antihyper-
tensive therapy.

4. Chronic kidney disease (CKD) was defined
as two consecutive (more than 6 months apart)
estimated glomerular filtration rate (eGFR) of
less than 60 mL/min/1.73 m*'" using the CKD-
EPI formula.

5. BMIwas calculated as weight in kilograms
divided by the square of the height in meters.

6. Hepatitis C was defined as having positive

serum anti-HCV antibody.

v

7. Chronic hepatitis B virus infection was
defined as having positive for hepatitis B surface
antigen on study visits, more than 6 months

apart.

Statistical analysis

Categorical variables were reported
as frequencies and percentage. Mean + stan-
dard deviation was used for normally distrib-
uted continuous variables and median with
interquartile range (percentile 25 and 75) for
non-normally distributed variables. Normality
of distribution of variables was examined by
Kolmogorov-Smirnov test. For demographic
data, comparisons of categorical variables were
performed using chi-square or Fisher’s exact
test and continuous variables were compared
by using Student’s t test or Mann-Whitney U
test.

To determine factors associated with
new onset type 2 diabetes mellitus, univariate
analysis was performed and reported by odds
ratio and 95% confidence intervals. Logistic
regression was used to perform multivariate
analysis. For all tests performed, a two-tailed
p-value less than .05 was considered statisti-
cally significant. PASW Statistics 16.0 (SPSS
Inc., Chicago, IL, USA) was used to perform all
statistical analysis.

This study was reviewed and approved
by the Institutional Review Boards of Ratchaburi
Hospital, Thailand (COA-RBHEC 030/2023), ap-
proved date 17 Jul 2023.
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Results An incidence was 6.6 per 1,000 person-years of
From January 2009 to August 2019, follow-up.
there were 1,023 HIV-infected patients had The baseline characteristics of the 150
visits in HIV-clinic, Ratchaburi Hospital. Out of patients were shown in Table 1 and 2.

this, 91 patients were newly diagnosed T2DM.

Table 1. Baseline characteristics of 150 study participants with and without diabetes at the time

of HIV infection diagnosis

Total DM Non DM
Factors N = 150 n=75 n=75 p-value
N (%) n (%) n (%)

Gender

® Male 80 (53.3) 39 (26.0) 41 (27.3)

® Female 70 (46.7) 36 (49.3) 34 (44.2) 527
BMI (kg/m?)

® <185 13 (8.7) 0(0) 13 (8.7) <.001

® 185-249 97 (64.7) 47 (31.3) 50 (33.3)

® )5 40 (26.7) 28 (18.7) 12 (8.0) .034
Initial CD4 cell count (/mm?)

® <100 60 (40) 26 (17.3) 34 (22.7)

® 100-250 45 (30) 19 (12.7) 26 (17.3) .909

® >250 45 (30) 28 (18.7) 17 (11.3) .057
Family history of DM 59 (39.3) 39 (26.0) 20 (13.3) .006
Alcohol used 34 (22.7) 22 (14.7) 12 (8) .036
Smoking 11 (7.3) 7(4.7) 4(2.7) .309
Initial fasting blood glucose (mg/dL)

® <100 102 (68.0) 35 (23.3) 67 (44.7)

® 100-125 48 (32.0) 40 (26.7) 10 (5.3) < .001

Abbreviation: BMI, body mass index; DM, diabetes mellitus; kg/m’, kilograms/square meter; mg/dL, milligram/

deciliter; mm?, cubic millimeters

Of 150 patients, 53.3% were male and cell count > 250 /mm?, 39.3% had family history
26.7% had BMI > 25 kg/mz. Initial CD4 cell count of diabetes, 22.7% had alcohol used, 7.3% had
< 100 /mm? were 40% and 30% had Initial CD4 smoking, and 32% were impaired FBG.
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At the time of analysis, participants had
median age of 50 (IQR 45-56) years. Median BMI
was 22.2 (IQR 19.9-25) kg/m?. Median duration
of diagnosis of HIV infection was 11 years (IQR
9-13) years. Median current CD4 cell count
was 459 (IQR 345-625) /mm’. All participants
had HIV viral load < 20 copies/mL. From all of

A%

the ART-received patients, 99.3% had exposed
to nucleoside reverse transcriptase inhibitors
(NRTIs), 90.7% non-nucleoside reverse transcrip-
tase inhibitors (NNRTIs), and 17.3% protease in-
hibitors (PIs). Cardiovascular diseases in diabetes
and non-diabetes group showed no significant

difference.

Table 2. Baseline characteristics of 150 study participants with and without diabetes at the time

of analysis
Factors Total DM Non DM p-value
N = 150 n=75 n=75
Age, years (median [IQR]) 50 (45-56) 54 (50-57) 46 (43-54) < .001
BMI, kg/m? (median [IQR]) 22.2 23 20.7 <.001
(19.9-25) (21-27.3)  (19.03-23.43)
HIV viral load <20 copies/mL, n (%) 150 (100) 75 (100) 75 (100) 1.000
Duration of HIV infection diagnosis, years [median (IQR)] 11 (9-13) 12 (10-14) 11 (7-13) .003
CD4 cell count, /mm? (median [IQR]) 459 505 402 .002
(345-625)  (389-732) (338-538)
ART regimen exposure, n (%)
NRTIs
Zidovudine (AZT) 58 (38.7) 36 (24.0) 22 (14.7) 010
Didanosine (ddl) 5(3.3) 3(2.0) 2(1.3) 609
Stavudine (d4T) 99 (66.0) 52 (34.7) 47 (31.3) 531
Tenofovir (TDF) 80 (53.3) 28 (18.7) 52 (34.7) <.001
Emtricitabine (FTC) 53 (35.3) 18 (12.0) 35(23.3) .001
Lamivudine (3TC) 138(92.0) 74 (49.3) 64 (42.7) 019
Abacavir (ABC) 2(1.3) 0(0.0) 2(1.3) <.001
NNRTIs
Efavirenz (EFV) 99 (66.0) 43 (28.7) 56 (37.3) 014
Nevirapine (NVP) 61 (40.7) 32 (21.3) 29 (19.3) 442

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular
filtration rate; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high density lipoprotein; kg/mz, kilograms/square
meter; LDL, low density lipoprotein; mg/dL, milligram/deciliter; mL/min/1.73 m’, milliliter/minute/1.73 cubic meter;
mm?, cubic millimeters; NNRTIs, non-nucleoside reverse transcriptase inhibitors; NRTls, nucleoside reverse transcriptase

inhibitors; Pls, protease inhibitors.
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Table 2. Baseline characteristics of 150 study participants with and without diabetes at the time

of analysis (Ext.)

Factors Total DM Non DM p-value
N = 150 n=75 n=75
Pls
Ritonavir (RTV) 26 (17.3) 14 (9.3) 14.(9.3) 78
Lopinavir (LPV) 26 (17.3) 14 (9.3) 14.(9.3) 78
Atazanavir (ATV) 1(0.7) 0(0.0) 0(0.0) 1.000
Opportunistic infection & co-infection, n (%)
Candidiasis 4.2.7) 0(0.0) 4.(2.7) 1.000
Cryptococcosis 3(2.0) 3(2.0) 0(0.0) 1.000
Histoplasmosis 4.(2.7) 0(0.0) 4.(2.7) 1.000
Tuberculosis 31(20.7) 13 (8.7) 18 (12.0) 401
Pneumocystis pneumonia 9 (6.0) 5(3.3) 4.(2.7) 350
Toxoplasmosis 2(1.3) 1(0.7) 1(0.7) 970
HBV infection 8(5.3) 4.(2.7) 4.(2.7) 938
HCV infection 6 (4.0) 4.(2.7) 2(1.3) 379
Hypertension, n (%) 43 (28.7) 31 (42.5) 12 (15.6) <.001
Dyslipidemia, n (%) 84 (56.0) 57 (38.0) 27 (18.0) <.001
Cardiovascular disease, n (%) 9 (6.0) 4.(2.7) 5(3.3) 731
Chronic kidney disease, n (%) 8(5.3) 4(2.7) 4(2.7) 1.000
Statin exposure, n (%) 65 (43.3) 46 (30.7) 19 (12.7) <.001
Fasting blood glucose, mg/dL (median [IQR]) 112 132 95 <.001
(92-132) (122-150) (88-104)
eGFR, mL/min/1.73 m*(median [IQR]) 92 (78-103) 90 (77-100) 97 (78-107) 537
Serum LDL, mg/dL (median [IQR]) 112.5 110 113 231
(95.2-134.6)  (87-136) (97-131)
Serum HDL, mg/dL (median [IQR]) 50.5 51 51 .083
(43-59.25) (41-56) (43-63)
Serum triglyceride, mg/dL (median [IQR]) 145 152 139 .025

(113.8-211) (121-212) (92-200)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; DM, diabetes mellitus; eGFR, estimated glomerular

filtration rate; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high density lipoprotein; kg/mz, kilograms/square

meter; LDL, low density lipoprotein; mg/dL, milligram/deciliter; mL/min/1.73 m’, milliliter/minute/1.73 cubic meter;

mm?, cubic millimeters; NNRTIs, non-nucleoside reverse transcriptase inhibitors; NRTls, nucleoside reverse transcriptase

inhibitors; Pls, protease inhibitors.
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In DM group, median FBG was 132 mg/
dL (IQR 122-155) with median HbA1C 6.76%
(IOR 6.43-7.79). Median current CD4 cell count
was 505 (IQR 389-732) /mm’ and median
duration of DM diagnosis was 3 years (IQR 2-5)
after diagnosis of HIV infection. In 75 cases of
new onset type 2 diabetes mellitus patients,
9 patients (6.0%) had diabetic nephropathy and
5 (3.3%) had diabetic retinopathy.

Factor associated with new onset T2DM
According to baseline characteristics in

Table 1 and 2, factors associated with new onset

A%

T2DM were older age, higher BMI, higher CD4
cell count, higher serum triglyceride, exposure
to statin drugs, alcohol drinking, longer duration
of HIV infection, and family history of diabetes.

In multivariate logistic regression mod-
els (Table 3.) factors associated with new onset
T2DM were age, BMI > 25 kg/mz, statin exposure,
initial impaired FBG (100-125 mg/dL) and initial
CD4 cell count > 250 /mm?’. Emtricitabine (FTC)
exposure was associated with reduced risk of

new onset T2DM.

Table 3. Univariate and multivariate binary logistic regression model for factors associated with

new onset type 2 diabetes mellitus in HIV infected patients

Univariate analysis

Multivariate analysis

OR 95% ClI p value adjusted OR 95% ClI p value

Age 1.10  1.05-1.16 < .001 1.11 1.04-1.18 .002
BMI > 25 kg/m’ 230  1.06-4.99 034 4.10 1.44-11.63 .008
Initial FBG 101-125 mg/dL  7.27  3.24-15.31 <.001 5.23 1.81-15.06 .002
Duration of HIV infection 1.16  1.05-1.28 .003 1.064 0.92-1.23 .400
Initial CD4 cell count > 215  0.98-4.75 057 3.73 1.16-12.03 .027
250 /mm’

Emtricitabine (FTC) 0.30  0.15-0.62 .001 0.023 0.08-0.65 .006
exposure

Statin exposure 4.05 2.04-8.04 < .001 3.42 1.29-9.10 .014

Abbreviations: BMI, body mass index; kg/m’, kilograms/square meter; me/dL, millisram/deciliter; mm?, cubic

millimeters
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Discussion

In this retrospective case control study,
from January 2009 to August 2019, incidence
rate of new onset T2DM was 6.6 per 1,000
person-years of follow-up which was similar to
the previous studies in Thailand®’.

Although the usual risk factors of DM
were common in this populations (age, BMI,
impaired fasting blood glucose), there were
several factors associated with new onset T2DM.

Dyslipidemia is one of non-communica-
ble disease (NCDs) in HIV-infected patients and
statins are commonly used as lipid lowering
agents. Sixty-five (43.3%) patients had statin
exposure and 46 (30.7%) were in DM group.
This finding emphasized that statin exposure
increased risk of new onset DM (adjusted OR
3.42,95% Cl 1.29-9.10, p = .014), similar to the
previous studies in general population and HIV-

12-14

infected patients= . In contrast to the study by
Spagnuolo et al.>, statin was associated with a
non-significant increase of the risk of DM among
HIV-infected patients. The difference between
results may be from difference of incidence of
new onset T2DM. The association of statin and
new onset T2DM might be from statin itself
or from patients who were potential at risk of
metabolic syndrome.

From several previous studies'®",
the association of CD4 cell count and blood
glucose was unclear. On the other hand, in
our study, current CD4 cell count was higher
in HIV-infected patients with DM (median 505/

mm’, IQR 389-732) than without DM group

v

(p = .002) and initial CD4 level > 250/mm” was
related with increasing the risk of new onset
DM (adjusted OR = 3.73, 95% Cl 1.16-12.03,
p = .027). The design of this study makes it
difficult to specify the reasons for the relation-
ships between CD4 count and type 2 diabetes
mellitus. This issue might be an interesting topic
for further research.

According to WHO guidelines for the use
of antiretroviral drugs that published in 2016°,
emtricitabine (FTC) is one of the drugs in NRTIs
group in first-line ART regimens. TEEVIR is a fixed
drug combination, which comprises of tenofovir,
emtricitabine, and efavirenz that previously
used in Thailand as a first-line therapy. Our
study found that new onset type 2 diabetes
mellitus was significantly reduced with the use
of emtricitabine (FTC) (adjusted OR = 0.023, 95%
C10.08-0.65, p = .006). The result was consistent

8218 The mechanism of this

with previous data
protective effect was unclear.

Protease inhibitors and some NRTIs
(didanosine) that have well known associated
with risk factor of DM are longer widely used
in our populations. However, these agents are
non-significant association in our studly.

In our HIV clinic, 75 cases of new onset
T2DM had median HbA1C 6.76% (IQR 6.43-7.79),
however HbA1C may underestimate about
glycemic control in people with HIV*?. In DM
group, 6.0% of patients had diabetic nephropa-
thy and 3.3% had diabetic retinopathy but the
majority of patients were not evaluated for
these diabetic microvascular complications in

our clinic.
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Our study has strength that was the
complete medical record in our electronic
database had benefit for the data collection
about patients’ baseline characteristics (e.g.,
initial CD4 cell count and initial FBG).

There were some limitations in this lit-
erature. First, our study was a retrospective. Sec-
ond, small sample size (75 patients in DM group)
was a limitation for multivariate analysis, we
had studied only 7 associated factors. Third, this
was a single-center study, so our patients might
not represent general population in Thailand.
Fourth, patients with ART drug resistance and
had detectable virus were not available. Finally,
from current Thai HIV guideline 2021/2022, the
first-line ART have changed to integrase-based
regsimen and our study did not have patients
who received integrase inhibitors. Therefore,

these agents are the limitation of our study.

Conclusions

In this retrospective case control study,
there are multiple factors associated with de-
velopment of new onset T2DM in HIV-infected
patients including ages, BMI, initial impaired
fasting glucose, and initial CD4 count > 250 /
mm’. Interesting that emtricitabine exposure is
a protective factor for developing T2DM in this
population. However, the appropriate screen-
ing and control of the risk factors of T2DM are

always essential.

v

Acknowledgement
We thank Ms. Ladda Saleema for statisti-
cal consultation. All authors declare that they

have no conflict of interest.

Reference

1. Ruxrungtham K, Chokephaibulkit K, Che-
tchotisakd P, et al. Thailand National
Guidelines on HIV/AIDS Treatment and
Prevention 2021/2022. Nonthaburi: Division
of AIDS and STIs, Department of Disease
Control; 2022.

2. Antiretroviral Therapy Cohort Collaboration.
Life expectancy of individuals on combina-
tion antiretroviral therapy in high-income
countries: a collaborative analysis of 14 co-
hort studies. Lancet 2008;372(9635):293-9.
doi: 10.1016/50140-6736(08)61113-7.

3. Samad F, Harris M, Puskas CM, et al. In-
cidence of diabetes mellitus and factors
associated with its development in HIV-pos-
itive patients over the age of 50. BMJ Open
Diabetes Res Care 2017;5(1):e000457. doi:
10.1136/bmjdrc-2017-000457.

4. Kalra S, Kalra B, Agrawal N, et al. Under-
standing diabetes in patients with HIV/
AIDS. Diabetol Metab Syndr 2011;3(1):2.
doi: 10.1186/1758-5996-3-2.

5. Butt AA, McGinnis K, Rodriguez-Barradas
MC, et al. HIV infection and the risk of
diabetes mellitus. AIDS 2009(23):1227-34.
doi: 10.1097/QAD.0b013e32832bd7af



onsahsiwngiua 4-5
UR 42 aUUR 4 aanAu - SuonAu 2566

481

Uodsninowduwuscdomsinalunoustanaoosielnl
TuwaaiBoleslos Tunadnioslod Tsowenunassus

10.

11.

Paengsai N, Jourdain G, Chaiwarith R, et
al. Incidence and clinical outcomes of
diabetes mellitus in HIV-infected adults
in Thailand: a retrospective cohort study.
BMC Public Health 2018;18(1):1079. doi:
10.1186/512889-018-5967-7.

Putcharoen O, Wattanachanya L, Sophon-
phan J, et al. New-onset diabetes in HIV-
treated adults. AIDS 2017;31(11):1535-43.
doi: 10.1097/QAD.0000000000001496.
World Health Organization. Consolidated
guidelines on the use of antiretroviral
drugs for treating and preventing HIV infec-
tion recommendations for a public health
approach. 2™ ed. Geneva: World Health
Organization; 2016.

Paengsai N, Jourdain G, Salvadori N, et
al. Recommended first-line antiretroviral
therapy regimens and risk of diabetes
mellitus in HIV-infected adults in resource-
limited settings. Open Forum Infect Dis
2019;6(10):0fz298. doi: 10.1093/0fid/
ofz298.

American Diabetes Association. Standards
of medical care in diabetes-2013. Diabetes
Care 2013;36(suppl 1):S11-66. doi: 10.2337/
dc13-S011.

Levin A, Stevens P, Bilous RW, et al. Kid-
ney Disease: Improving Global Outcomes
(KDIGO) CKD Work Group. KDIGO 2012
Clinical Practice Guideline for the Evalu-
ation and Management of Chronic Kidney
Disease. Kidney inter Suppl 2013;3(1):1-150.
doi:10.1038/kisup.2012.75

12.

13.

14.

15.

16.

Ko MJ, Jo AJ, Kim YJ, et al. Time- and
Dose-Dependent Association of Statin Use
With Risk of Clinically Relevant New-Onset
Diabetes Mellitus in Primary Prevention: A
Nationwide Observational Cohort Study.
J Am Heart Assoc 2019;8(8):e011320. doi:
10.1161/JAHA.118.011320.

Lee SE, Sung JM, Cho 1J, et al. Risk of
new-onset diabetes among patients
treated with statins according to hyperten-
sion and gender: Results from a nation-
wide health-screening cohort. PLoS One
2018;13(4):e0195459. doi: 10.1371/journal.
pone.0195459.

Erlandson KM, Jiang Y, Debanne SM, et al.
Rosuvastatin Worsens Insulin Resistance in
HIV-Infected Adults on Antiretroviral Ther-
apy. Clin Infect Dis 2015;61(10):1566-72.
doi: 10.1093/cid/civ554.

Spagnuolo V, Galli L, Poli A, et al. Asso-
ciations of statins and antiretroviral drugs
with the onset of type 2 diabetes among
HIV-1-infected patients. BMC Infect Dis
2017;17(1):43. doi: 10.1186/512879-016-
2099-5.

Misra R, Chandra P, Riechman SE, et al. Re-
lationship of ethnicity and CD4 Count with
glucose metabolism among HIV patients
on Highly-Active Antiretroviral Therapy
(HAART). BMC Endocr Disord 2013;13:13.
doi: 10.1186/1472-6823-13-13.



Region 4-5 Medical Journal 482 Factors Associated with New Onset Type 2 Diabetes Mellitus
Vol. 42 No. 4 October - December 2023 in HIV-Infected Patients at HIV Clinic, Ratchaburi Hospital

v

17. El-Sadr WM, Mullin CM, Carr A, et al. Effects
of HIV disease on lipid, glucose and insulin
levels: results from a large antiretroviral-
naive cohort. HIV Med 2005;6(2):114-21.
doi: 10.1111/}.1468-1293.2005.00273 x.

18. Lake JE, Currier JS. Metabolic disease in HIV
infection. Lancet Infect Dis 2013;13(11):964—
75. doi: 10.1016/51473-3099(13)70271-8.

19. Bergman M, Abdul-Ghani M, Neves JS,
et al. Pitfalls of HbAlc in the Diagnosis
of Diabetes. J Clin Endocrinol Metab
2020;105(8):2803-11. doi: 10.1210/clinem/
dgaa3r2.

20. American Diabetes Association. Classifica-
tion and Diagnosis of Diabetes: Standards
of medical care in diabetes-2020. Diabetes
Care 2020;43(suppl 1):514-S31. doi: 10.2337/
dc20-5002.



