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Abstract Diabetes in HIV infection was found to be associated with myocardial infarction and stroke. Impaired
fasting glucose (IFG) will progress to diabetes within a few years. Limited data are available on IFG status
among HIV-infected patients. We aimed to identify prevalence and define factors associated with IFG among
HIV-infected patients in a community hospital of Thailand. Medical record of HIV-infected patients attending
the HIV clinic of Bangbo hospital, Samut Prakan, Thailand, between January and December 2014 were
reviewed. IFG was defined as fasting plasma glucose level between 100 and 125 mg/dL. Logistic regression
analysis was used to define the factors associated with IFG. A total of 287 patients were enrolled. The mean age
was 42.8 (SD = 8.9) years and 54.7% of them were males. Of all, 93 patients (32.4% ) had family history
of diabetes. All patients had received antiretroviral therapy (ART); 67.9% were on nevirapine (NVP)-based,
24.0% were on efavirenz (EFV)-based, and 8.0% were on protease inhibitor (PI)-based regimens. The
median duration of taking ART was 5 years, with interquartile range (IQR) of 2-8 years. The median CD4 cell
count was 428 (IQR = 310-603) cells/mm®. The prevalence of IFG was 27.9%. In multivariate analysis,
only age (OR 1.06; 95% CI, 1.02-1.09; p=0.002) and EFV-based regimen (OR 3.26; 95% CI, 1.71-
6.21; p<0.001) were the factors significantly associated with IFG. IFG is prevalent among HIV-infected
patients in Thailand. Screening of this condition should be performed in these patients, particularly in those who

are advanced age or taking EFV-based regimen.
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Introduction ever, prolonged exposure to antiretroviral therapy

The provision of effective combined antiretroviral (ART) is associated with several metabolic syn-

(2-

therapy has been proved that decline morbidity and dromes 4), including dyslipidemia, overt diabetes, and

mortality rate in HIV-1 infected patients(l). How- insulin resistance, that ultimately increase the risk of
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cardiovascular disease
(IFG), an intermediate state of hyperglycemia, in
which glucose levels do not meet criteria for diabetes
but are too high to be considered normal, will progress
to diabetes within a few yearsm. Diabetes in HIV
infection was found to be associated with myocardial
infarction and stroke>®. Many factors have been found
to be associated with new-onset type 2 diabetes among
HIV-infected patients including protease inhibitor (PI),
nucleoside and nucleotide reverse-transcriptase inhibi-
tors (NRTIs), hepatitis co-infection, and some tradi-

tional risk factors®'?

. However, few studies have
focused on IFG in HIV infected patients. Early screen-
ing and intervention of this condition may reduce overt
diabetes and cardiovascular disease-related morbidi—
ties and mortalities in long-term care. We aimed to
identify prevalence and define factors associated with

IFG among HIV -infected patients in community hos-

pital of Thailand.

Material and Methods

Patients

Medical records from all HIV-infected patients
who attended HIV clinic from January, 2014 to De-
cember, 2014 at Bangbo hospital — a 120-bed com-
munity hospital in Samut Prakan Province, Thailand,
were reviewed. Inclusion criteria were HIV-infected
patients with (1) aged more than 18 years and (2)
having fasting plasma glucose (FPG) levels and/or
glycated hemoglobin (HbA1C) results. The records
were excluded if the patients had (1) HbA1C level of
more than 6.5%, (2) previous diagnosis of diabetes,
or (3) medical treatment of diabetes. Impaired fasting
glucose (IFG) was defined as FPG levels between
100 and 125 mg/dL<13). Demographic, behavioral,

clinical, history of HIV infection, treatment, and labo-
ratory data were retrieved from medical records. This
study was reviewed and approved the Institution Re-
view Board (Protocol number 001/58).

Statistical analysis

Mean (+SD), median (inter—quartile range, IQR),
and frequencies (percentage) were used to show the
patients’ characteristics. Study patients were catego-
rized into 2 groups based on FPG status: IFG group
and normal FPG group. The mean values of continu-
ous variables with normal distribution between the 2
groups were compared by Student’s t-test. Mann-
Whitney U-test was used to compare the median val-
ues of continuous variables with non-normal distri-
bution. Categorical variables were compared by the
Chi-square test and Fisher’s exact test as appropriate.
Univariate analysis was used to define the factors as-
sociated with impaired fasting glucose. Variables with
a p-value less than 0.1 in univariate analysis were
included in the multiple logistic regression model. All
statistical analyses were performed using SPSS soft-
ware, Version 15.0 (SPSS). A p-value of less than

0.05 was considered statistically significant.

Results

Two hundred and eighty seven patients were en-
rolled, according to our protocol. The mean (SD) age
was 42.8 (8.9) years and 54.7% were males. Of all,
93 (32.4%) patients had family history of diabetes.
The mean (SD) body weight and body mass index
(BMI) was 51.2 (11.4) kg and 21.4 (3.9), re-
spectively. All patients had received ART; 67.9% were
on nevirapine (NVP)-based, 24.0% were on efavirenz
(EFV)-based, and 8.0% were on protease inhibitor
(PI)-based regimen. The median (IQR) duration of
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taking ART was 5 (2-8) years. The median (IQR)
CD4 cell count was 428 (310-603) cells/mm#u.
Twenty one (7.4%) of 287 patients had detectable
HIV viral RNA in blood. Other baseline characteris—
tics were summarized in Table 1. The prevalence of
IFG was 27.9%.

Categorized into two groups, IFG was found in
80 patients and normal FPG level in 207 patients.
Comparing the two groups, no statistically significant
differences (p>0.05) were found in gender, smoking
history, drinking history, CD4 cell count, and dura-
tion of taking ART. In univariate analysis, age
(p=0.002), body weight (p=0.039), family history
of diabetes (p=0.028), dyslipidemia (p=0.003),

Table 1 Baseline characteristics of 287 patients

EFV-based regimen (p=0.001), and PI-based regi-
men (p=0.063) were the factors that had p-values <
0.10; and were considered to be candidates for the
multivariate model. In multivariate analysis, only age
(OR 1.06; 95% CI1, 1.02-1.09; p=0.002) and EFV-
based regimen (OR 3.26; 95% CI, 1.71-6.21;
p<0.001) were significantly associated with impaired

fasting glucose (Table 2).

Discussion
The results from this study demonstrated that
prevalence of impaired fasting glucose (IFG) among
HIV-infected patients in Bangbo hospital, commu-

nity hospital in the central region of Thailand, was

Characteristics

All (n=287) IFG group (n=80) Normal FPG group (n=207) p-value

Gender, number (%)

- Male 157 (54.7)
- Female 130 (45.3)
Age, years (SD) 42.8 (8.9)
Body weight, kg (SD) 51.2 (11.4)
BMI, kg/m® (SD) 21.4 (3.9)
BMI category, number (%)
- Underweight (<18.5) 31 (11.3)
- Normal weight (18.5-25) 206 (74.9)
- Overweight (>25) 38 (13.8)
Family history of diabetes (%) 93 (32.4)
Occupation, number (%)
- Employee 250 (87.1)
- Housewife 11 (3.8)
- Business owner 17 (5.9)
- Priest 2 (0.7)
- Civil servant 5(1.7)
- Agriculture 2 (0.7)

0.187

49 (61.2) 108 (52.2)

31 (33.8) 99 (47.8)
45.5 (8.8) 41.8 (8.7) 0.001
59.4 (9.6) 56.3 (11.8) 0.037
22.0 (3.0) 21.2 (4.1) 0.072
0.110

10 (12.7) 21 (10.7)

53 (67.1) 153 (78.1)

16 (20.3) 22 (11.2)
34 (42.5) 59 (28.5) 0.025
0.882

72 (90.0) 178 (86.0)

2 (2.5) 9 (4.3)

4 (5.0) 13 (6.3)

0 (0.0) 2 (1.0)

1(1.2) 4 (1.9)

1(1.2) 1(0.5)
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Table 1 Baseline characteristics of 287 patients (cont.)

Characteristics All (n=287) IFG group (n=80) Normal FPG group (n=207) p-value

Smoking history, number (%) 0.524

- Current 61 (21.5) 19 (23.8) 42 (20.8)

- Ex-smoking 44 (15.3) 14 (17.5) 30 (14.5)

- Never 179 (62.4) 47 (58.8) 132 (63.8)
Drinking history, number (%) 0.696

- Current 58 (20.2) 16 (20.0) 42 (20.3)

- Ex-drinking 51 (17.8) 15 (18.8) 36 (17.4)

- Never 176 (61.3) 49 (61.2) 127 (61.4)
Duration of ART, years (IQR) 5(2-8) 5(2-7) 6 (2-8) 0.269
Nadir CD4 cell count, cell/mm® (IQR) 80 (17-193) 80 (16-193) 83 (18-193) 0.910
Current CD4, cell count, cell/mm® (IQR)428 (310-603)405 (291-566) 435 (312-630) 0.313
Detectable HIV viral load, number (%) 21 (7.4) 7 (8.8) 14 (6.9) 0.617
ART backbone, number (%) 0.350

~ d4T+3TC 128 (46.7) 35 (43.8) 93 (44.9)

~ ZDV+3TC 115 (42.0) 39 (48.8) 89 (43.0)

~ TDF+3TC 31 (11.3) 12 (15.0) 32 (15.5)

~ TDF+ZDV 13 (4.5) 6 (7.5) 7(3.4)
ART regimens, number (%) 0.002

~ NVP-based 195 (67.9) 42 (52.5) 153 (73.9)

- EFV-based 69 (24.0) 29 (36.2) 40 (19.3)

- PI-based 23 (8.0) 9 (11.2) 14 (6.8)
Dyslipidemia, number (%) 112 (39.0) 43 (53.8) 69 (33.3) 0.002
Cholesterol, mg/dL (+SD) 196 (40.0) 199 (42.0) 195 (39.0) 0.354
HDL, mg/dL (+SD) 50.4 (13.6) 48 (14.0) 51 (13.0) 0.169
LDL, mg/dL (£SD) 116 (34.0) 156 (35.0) 115 (33.0) 0.844
Triglyceride, mg/dL (IQR) 123(84-186) 143 (99-224) 117 (78-179) 0.008

IFG - Impaired fasting glucose, FPG - fasting plasma glucose, BMI - body mass index, 3TC - lamivudine, ART -
antiretroviral therapy, d4T - stavudine, EFV - efavirenz, NVP - nevirapine, PI - protease inhibitors, TDF - tenofovir,

ZDV - zidovudine
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The prevalence of IFG in our study was compa-

27.9%. Age and ART with EFV-based regimen were
significantly associated with IFG while PI-based regi-

men had a trend towards association.

rable to a study from Srivanich, et al

, which was
also conducted among Thai HIV-infected patients.
Meanwhile, the prevalence of IFG in 2009 among

Thai adults aged > 20 years was only 10.6%"%. Many

Table 2 Univariate and multivariate analyses of factors associated with impaired fasting glucose

Factors Crude OR p-value Adjusted OR p-value

Gender

- Male 1.45 (0.86-2.45) 0.167

- Female 1
Age 1.05 (1.02-1.08) 0.002 1.06 (1.02-1.09) 0.002
Body weight 1.03 (1.01-1.05) 0.039 1.02 (0.99-1.05) 0.189
Body mass index 1.06 (0.97-1.14) 0.115
Family history of diabetes 1.88 (1.07-3.32) 0.028 1.43 (0.80-2.55) 0.229
Smoking history

- Current 1.35 (0.72-2.25) 0.355

- Ex-smoking 1.35 (0.66-2.77) 0.413

- Never 1
Drinking history

- Current 0.99 (0.51-1.93) 0.989

- Ex~drinking 1.09 (0.55-2.16) 0.809

- Never 1
Duration of ART 0.95 (0.88-1.04) 0.276
Nadir CD4 cell count 1.00 (0.99-1.01) 0.998
Current CD4 cell count 0.99 (0.98-1.01) 0.297
Detectable HIV viral load 1.37 (0.50-3.80) 0.546
ART backbone

- d4T+3TC 1

- ZDV+3TC 1.01 (0.58-1.77) 0.977

- TDF+3TC 0.62 (0.24-1.64) 0.334

- TDF+ZDV 2.21 (0.70-7.04) 0.178
ART regimens

- NVP-based 1

- EFV-based 2.73 (1.561-4.92) 0.001 3.26 (1.71-6.21) <0.001

- PI-based 2.36 (0.95-5.82) 0.063 2.40 (0.92-6.27) 0.074
Dyslipidemia 2.30 (1.32-4.01) 0.003 1.56 (0.88-2.79) 0.131

ART - antiretroviral therapy, d4T - stavudine, 3TC - lamivudine, ZDV - zidovudine, TDF - tenofovir,

NVP - nevirapine, EFV - efavirenz, PI - protease inhibitors
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study reported the association of hyperglycemia or
diabetes mellitus (DM) with protease inhibitors (PIs)

16-18 . .
se' ), Moreover, nucleoside and nucleotide re-

u
verse-transcriptase inhibitors (NRTIs) were found to
contribute to the disturbance of glucose metabo-
lism"**®. These could be explained by the specific
effect of Pls on the glucose transporter and of NRTIs
on mitochondrial toxicity(lg). However, the effect of
nonnucleoside reverse-transcriptase inhibitors
(NNRTIs) on hyperglycemia or DM remains contro-
versial. We found that EFV-based regimen was asso-
ciated with impaired fasting glucose while Srivanich,
et al"” found NVP was a protective factor. A study
from Manfredi, et al®” showed that EFV had more
impact on hyperglycemia than NVP. Nevertheless, the
potential mechanism of the different dysglycemic pat-
terns of these 2 NNRTI drugs was not well under-
stood. We could not demonstrate association of PI-
based regimen with IFG despite previous studies found
association of hyperglycemia with Pls use’®"®, This
might be caused by inadequate number of subjects.
Age was found to be a risk factor of IFG. This was
consistent with age is the traditional risk factor of DM.
For other traditional risks factor of DM in our study,
however, we found no association with IFG. The ex-
planation may be from small number of subjects or
that we focused only on IFG, but not DM. Nonethe-
less, IFG correlates with DM which was found to be
associated with myocardial infarction and stroke. IFG
in HIV-infected patients seems to be more prevalent
than that of non-HIV individuals. Screening of this
condition should not be performed only patients who
have traditional risk factors of DM, but also those

who are taking EFV-based regimen.

There are several limitations of this study. First,
selection bias might be occurred because we enrolled
only patients who had FPG results. Second, because
of the retrospective study design, a number of data on
duration of HIV infection were missing. Timing of
development of IFG could not be demonstrated either.
Third, generalization may be limited because of single-
centered study. Lastly, relatively small number of sub—
jects may also limit our ability to detect significance
of some factors.

In conclusions, IFG is common among HIV-in-
fected patients in Thailand. Screening of this condi-
tion should be performed in these patients, particu-
larly in those who are advanced age or taking EFV-
based regimen. Large prospective studies are war-
ranted to further evaluate the burden of IFG and DM

in Thai HIV-infected patients.

Conflicts of interest
All authors declare that they have no conflict of

interest.

Acknowledgment
The authors wish to thank Mrs. Natcha Khamkruea
as a research assistant in our study, Assistant Profes-
sor Paphon Sa-ngasoongsong, MD as a consultant,
and thank Bangbo Hospital for all of the kindly help

and permission to carry out this study.

References
1. Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO,
Fuhrer J, Satten GA, et al. Declining morbidity and mor-
tality among patients with advanced human immunode-
ficiency virus infection. HIV Outpatient Study Investi-

gators. N Engl J Med 1998;338:853-60.

NINTINMIANTITUGY 2558 Uil 24 AVUT 6

1143



Prevalence and Factors Associated with Impaired Fasting Glucose among HIV-infected Patients in Bangbo Hospital

10.

11.

Matinez E, Domingo P, Galindo MJ, Milinkovic A, Ar-
royo J. Risk of metabolic abnormalities in patients in-
fected with HIV receiving antiretroviral therapy that con-
tains lopinavir—ritonavir. Clin Infect Dis 2004;38:1017—
23.

Wanda H, Calmyb A, Careya D, Samarasc K, Carrb A,
Lawa M. Metabolic syndrome, cardiovascular disease and
type 2 diabetes mellitus after initiation of antiretroviral
therapy in HIV infection. AIDS 2007;21:2445-53.
Pao V, Lee G, Grunfeld C. HIV therapy, metabolic syn—
drome and cardiovascular risk. Curr Atheroscler Rep
2008;10:61-70.

Friis-Mgller N, Sabin CA, Weber R, d’ Arminio Monforte
A, El-Sadr WM, Reiss P, et al. Combination antiretroviral
therapy and the risk of myocardial infarction. N Engl J
Med 2003;349:1993-2003.

Meigs JB, Rutter MK, Sullivan LM, Fox CS, D’ Agostino
RB Sr, Wilson PW. Impact of insulin resistance on risk
of type 2 diabetes and cardiovascular disease in people
with metabolic syndrome. Diabetes Care 2007;30:1219-
25.
Nichols GA, Hillier TA, Brown JB. Progression from
newly acquired impaired fasting glucose to type 2 diabe-
tes. Diabetes Care 2007;30:228-33.
Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased
acute myocardial infarction rates and cardiovascular risk
factors among patients with human immunodeficiency
virus disease. J Clin Endocrinol Metab 2007;92:2506-
12.

De Wit S, Sabin CA, Weber R, Worm SW, Reiss P,
Cazanave C, et al. Incidence and risk factors for new-
onset diabetes in HIV-infected patients: the Data Col-
lection on Adverse Events of Anti-HIV Drugs (D:A:D)
study. Diabetes Care 2008;31:1224-9.

Zhang C, Chow FC, Han Y, Xie J, Qiu Z, Guo F, et al.
Multicenter cohort study of diabetes mellitus and im-
paired fasting glucose in HIV -infected patients in China.
J Acquir Immune Defic Syndr 2015;68:298-303.
Ledergerber B, Furrer H, Rickenbach M, Lehmann R,

Elzi L, Hirschel B, et al. Factors associated with the in-

12.

15.

16.

17.

18.

19.

20.

cidence of type 2 diabetes mellitus in HI'V -infected par-
ticipants in the Swiss HIV Cohort Study. Clin Infect Dis
2007;45:111-9.
Capeau J, Bouteloup V, Katlama C, Bastard JP, Guiyedi
V, Salmon-Ceron D, et al. Ten-year diabetes incidence
in 1046 HIV-infected patients started on a combination
antiretroviral treatment. AIDS 2012;26:303-14.
American Diabetes Association. Standards of medical
care in diabetes 2013. Diabetes Care 2013;36 Suppl
1:5S11-66.

. Srivanich N, Ngarmukos C, Sungkanuparph S. Preva-

lence of and risk factors for pre-diabetes in HIV-1-
infected patients in Bangkok, Thailand. J Int Assoc Phy-
sicians AIDS Care 2010;9:358-61.

Aekplakorn W, Chariyalertsak S, Kessomboon P,
Sangthong R, Inthawong R, Putwatana P, et al. Preva-
lence and management of diabetes and metabolic risk fac-
tors in Thai adults. Diabetes Care 2011;34:1980-5.

Carr A, Samaras K, Thorisdottir A, Kaufmann GR,
Chisholm DJ, Cooper DA. Diagnosis, prediction, and
natural course of HIV-1: protease inhibitor—associated
lipodystrophy, hyperlipidaemia and diabetes mellitus: a
cohort study. Lancet 1999;353:2093-9.

Justman JE, Benning L, Danoff A, Minkoff H, Levine
A, Greenblatt RM, et al. Protease inhibitor use and the
incidence of diabetes mellitus in a large cohort of HIV-
infected women. J Acquir Immune Defic Syndr
2003;32:298-302.

Brown TT, Cole SR, Li X, Kingsley LA, Palella FJ,
Riddler SA, et al. Antiretroviral therapy and the preva-
lence and incidence of diabetes mellitus in the multicenter
AIDS cohort study. Arch Intern Med 2005;165:1179-
84.

Ledergerber B, Furrer H, Rickenbach M, Lehmann R,
Elzi L, Hirschel B, et al. Factors associated with the in-
cidence of type 2 diabetes mellitus in HI'V -infected par-
ticipants in the Swiss HIV cohort study. Clin Infect Dis
2007;45:111-9.

Brown TT, Li X, Cole SR, Kingsley LA, Palella FJ,

Riddler SA, et al. Cumulative exposure to nucleoside

1144

Journal of Health Science 2015 Vol. 24 No. 6



anugnuazdadeiinedasiunmzunwsasaanhmaludsavasaaomslugihedadaianle? Tlsawenuauais

analogue reverse transcriptase inhibitors is associated with ~ 21. Manfredi R, Calza L, Chiodo F. An extremely different
insulin resistance markers in the multicenter AIDS cohort dysmetabolic profile between the two available
study. AIDS 2005;19:1375-83. nonnucleoside reverse transcriptase inhibitors: efavirenz

and nevirapine. J Acquir Immune Defic Syndr

2005;38:236-8.

unAnga: mwquuasﬂﬁ'ﬂﬁl,ﬁm?i"mn"umawnws’awmﬁwmzﬂ,mﬁamwa”mmmm*fluréj”ﬂmaml,%maw'la‘i
NHAMNNITINE & TSaNeIUIaUNUD winaymIlNNs

aYINT ALINFUNT W.U.*; qsﬁ'né yenAne Wy

* Isawegnaunva Wndnaynsnns; = gouthnaungs nsumvgulse nsensnesIsugy
WNIAUUNYS

N391TINNIINGIINGY 2558;24:1138-45.

amzunwiasranihmaluideandieasmaliuamsimninsadsuwlaniulsannmn
Tuowaald msdnwiliiaszasdiiemanugnuaztadeiiiedasiumaianmzillugihedoa
wrlaTlulssmenagmululszmalng fnwideuuudounds Tosmumunysadsuiheaeeyle
nsnwlueaiinerled Tsanenunawnaie Saiviammatnms ssvhadounnmaniesunan wa. 2557
waAenzdenuduiudswihadadose quazamzunndawanimaludaandanamslanls logistc
regression analysis ﬁjﬂ’;ﬂﬁwm 287 98 ﬁmqméﬂ 42.8 U (SD = 8.9) Wlume 54.7%, 93 18 (32.4%)
fiauluaseuauulsanmu gihanmualdsuandubsa sssaguesssasnmiundulvari
5 1 (interquartile range (IQR) = 2-8) ﬂ'nﬁ"ﬁﬂgmﬂmﬂ%mm CD4 tMnU 428 (IQR = 310-603) cells/
mm® wummqnwaqmaznnw%ammﬁymwa“luLﬁaw&aﬂmmsagiﬁ 27.9% WoLAN multivariate analysis
WuN 818 (OR 1.06; 95%CI=1.02-1.09; p=0.002) 8z efavirenz (EFV)-based regimen (OR 3.26;
95%CI=1.71-6.21; p<0.001) Jutadeiifedastuamzunniosesuihmaludaandienarms
athaiifaddymeadd ansunwisssenhmaluideaniseaarmawuldveslugihedadaayled
wazmaiimsdansasameillasawzlugtheiognnvialdendlsagasii EFV

MaAy: Mzunwsasranimaludaanatanams, fihefodaiaglal

NINTINMINBI5UGY 2558 Ui 24 AUT 6 1145



