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Continuous deterioration of glucose metabolism in treatment-naive male patients
with human immunodeficiency virus and treated with tenofovir plus lamivudine

plus efavirenz for 156 weeks

Dynamic characteristics of glucose metabolism in PLWH

Abstract
BACKGROUND

Antiretroviral therapy (ART) is currently the most effective treatment for AIDS, as it
can prolong life expectancy and improve quality of life. However, non-AIDS-related
diseases, such as metabolic abnormalities, osteoporosis and cardiovascular diseases,
have become essential factors affecting the prognosis of AIDS patients. Disorders of
glucose metabolism are common metabolic diseases and risk factors for cardiovascular
disease. No reports about the long-term dynamic characteristics of glucose metabolism
after ART with a specific regimen as the efavirenz (EFV) plus lamivudine (3TC) plus
tenofovir (TDF) (EFV+3TC+TDF) regimen were found in the literature.

AIM

This study aimed at the long-term dynamic characteristics of glucose metabolism
and its contributing factors in male patients living with human immunodeficiency virus
(PLWH) who accepted primary treatment with the efavirenz (EFV) plus lamivudine
(3TC) plus tenofovir (TDF) (EFV+3TC+TDF) regimen for 156 wk.

METHODS




This study was designed using a follow-up design. Sixty-one male treatment-
naive PLWH, including 50 cases with normal glucose tolerance and 11 cases with
prediabetes, were  treated  with the EFV+3TC+TDF regimen for 156 wk.
The glucose metabolism dynamic characteristics, the main risk factors and

the differences among the three CD4+ count groups were analyzed.

RESULTS

In treatment-naive male PLWH, regardless of whether glucose metabolism disorder
was present at baseline, who accepted treatment with the EFV+3TC+TDF regimen for
156 wk, a continuous increase in the fasting plasma glucose (FPG) level, the rate of
impaired fasting glucose (IFG) and the glycosylated hemoglobin (HbAlc) level were
found. These changes were not due to insulin resistance but rather to significantly
reduced islet P cell function, according to the homeostasis model assessment of 3 cell
function (HOMA-B). Moreover, the lower the baseline CD4+ T-cell count was, the
higher the FPG level and the lower the HOMA-B wvalue. Furthermore, the main
risk factors for the FPG levels were the CD3+CD8+ cell count and viral load (VL), and
the factors contributing to the HOMA- values were the alanine aminotransferase

(ALT) level, VL and CD3+CD8+ cell count.

CONCLUSION

These findings provide guidance to clinicians who are monitoring FPG levels closely
and are concerned about IFG and decreased islet p cell function during ART with the

EFV+3TC+TDF regimen for long-term application.
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Core Tip: To our knowledge, this prospective 3-year follow-up cohort study is the first
to report the long-term dynamic effects of the tenofovir (TDF) plus lamivudine (3TC)
plus efavirenz (EFV) regimen and the baseline CD4+ T cell count on glucose
metabolism in male patients living with human immunodeficiency virus (PLWH). The
results showed that in male PLWH who were TDF plus 3TC plus EFV regimen
treatment-naive for 3 years, glucose metabolism continuously deteriorated, as shown by
gradual increases in the fasting plasma glucose (FPG) level, impaired fasting glucose
(IFG) rate and glycosylated hemoglobin (HbA1c) level, regardless of whether glucose
metabolism disorder was present at baseline, and the change was not due ﬁ insulin
resistance but rather to significantly reduced islet B cell function. Moreover, the lower
the baseline CD4+ T cell count was, the higher the FPG level and the lower the
homeostasis model assessment of B cell function (HOMA-f) value were. These findings
should encourage clinicians to monitor the FPG level closely and to be concerned apout
the IFG rate and decreased islet 3 cell function in patients who receive long-term TDF

plus 3TC plus EFV regimen treatment.

INTRODUCTION

Patients with human immune deficiency virus (HIV) infection or acquired immune
deficiency syndrome (AIDS) have sharply increased in recent years. Accogding to the
World Health Organization, since HIV was discovered in 1981, nearly 84.2 million
people have been infected worldwide, approximately 40.1 million people have died of
AIDS, and 38.4 million people are living with HIV worldwide by the end of 2021. By the
end of 2022, there were 1,053,000 people living with HIV (PLWH) and 351,000
cumulative reported deaths nationwide in China.!

Antiretroviral therapy (ART) is currently the most effective treatment

for AIDS, as it can prolong life expectancy and improve quality of life.>?




Studies have shown that a normal life expectancy will be acquired by AIDS patients
when their CD4+ count is higher than 350 cells/mm? and undetectable levels of the
viral load are  reached in one year after ART.Z3 However, non-AIDS-related
diseases, such as metabolic abnormalities, osteoporosis and cardiovascular diseases,
have become essential factors affecting the prognosis of AIDS patients.*7

Disorders of glucose metabolism, including prediabetes and diabetes mellitus (DM),
are common metabolic diseases and risk factors for cardiovascular disease. There have
been some reports in the literature about the prevalence of abnormal glucose
metabolism in patients with HIV/AIDS after ART 811 The most important risk factors
for  prediabetes and diabetes were a family history of diabetes,
aging, Hispanic heritage or black, obesity/overweight, lipodystrophy, central obesity,
metabolic syndrome, dyslipidemia, treatment with certain ART
regimens, and increased baseline FPG.'>®* No reports about the long-term dynamic
characteristics of glucose metabolism after ART with a specific regimen were found in
the literature.

As one of the first-line antiretroviral therapy (ART) programs ince the National
Twelfth Five-Year Plan in China, the efavirenz (EFV) plus lamivudine (3TC) plus
tenofovir (TDF) (EFV+3TC+TDF) regimen has beenused for more than ten
years and has a reduced effect on metabolism, and there are few reports about its effect
on glucose metabolism in the literature. Our previous study showed that the
fasting plasma glucose (FPG) level increased within four weeks and then returned to
the baseline level at 12 wk after ART with the EFV plus 3TC plus TDF regimen,
especially in patients with CD4+ counts less than 350 cells/ul. However, the long-term
dynamic characteristics of glucose metabolism and its contributing factorsin such
patients treated with the EFV+3TC+TDF regimen are unclear and warrant

further examination.

MATERIALS AND METHODS

Study Population




A prospective follow-up cohort study for three years was conducted with sixty-one
male PLWH who were treatment-naive and visited the Public and Health Clinic Centre
of Chengdu from October 1, 2012, to December 31, 2017.1%-20

The inclusion criteria were as follows: 18 to 65 years old; either
sex; HIV-1 antibody positivity according to an enzyme-linked
immunosorbent assay with confirmation by Western blotting; CD4+ T
cell count < 500 cells/pL within 30 days before enrollment; voluntary
provision of signed informed consent and agreement to receive follow-up; no plan to
relocate from the current address during the trial; no diabetes mellitus (DM), FPG<7.0
mmol/L and glycosylated hemoglobin (HbAlc) <6.5%; and no antiretroviral therapy
before the trial. 1%-20

The exclusion criteria were as follows: opportunistic infections or acute infections,
malignant tumors related to AIDS at enrollment; opportunistic infections within 3 mo of
enrollment or an unstable condition within 2 wk of enrollment; detection of any of the
following: hemoglobin lower than 9 g/dL, white blood cell count lower than 2000/ pl,
neutrophil count lower than 1000/pl, plateletcount lower than 75000/pul, serum
creatinine higher than1.5 times the wupper Ilimit of normal (ULN),
alanine aminotransferase/alkaline phosphatase /aspartate aminotransferase higher than
3 times the ULN, totalbilirubin higher than 2 times the ULN, serum creatine
phosphokinase higher than 2 times the ULN, or a creatinine clearance rate lower than
60 mL/min; DM, FPG>7.0 mmol/L, or HbAlc>6.5%; current drug use; pregnancy
or lactation; severe neurological or mental disease; severe digestive tract ulcers; and
a history of alcoholism. 19-20

The diagnostic criteria for AIDS, impaired fasting plasma glucose (IFG) and DM
were obtained from the published guidelines.2!-22

The patients were divided into three groups based on baseline CD4 counts (23, 12,
26 cases in the >350, 200-350 and <200 cells /pl groups, respectively).2-319-21

Laboratory indicator tests




At 8:00 am, venous blood was drawn from the patients who fasted overnight for at
least 12 h for FPG, fasting serum insulin (FINS), HbAlc, T lymphocyte subsets, and
HIV viral nucleic acid (HIVRNA). All blood samples were collected and analyzed in the
same central laboratory. The glucose oxidase method was wused for glucose
measurement by the semiautomatic Dias STAT Model 550 analyzer (Bio-Rad) with a kit
purchased from Zhejiang Eastern European Biological Products Company. Insulin was
tested by electrochemiluminescence immunoassay using an automatic Elecsys2010
analyzer (Roche); HbAlc was tested by high-pressure liquid chromatography using a
glycosylated hemoglobin (G7) analyzer (Tosoh Company) with a kit purchased from
Bio-Rad. HIV RNA was tested by fluorescence quantitative PCR. A flow cytometer from
Beckman Coulter was used to measure the lymphocyte subset parameters (including
the CD8+ count, CD4+ count, CD3+ count, CD8+%, CD4+%, and CD3+%). The
formulas for calculating the homeostasis model assessment of P cell function (HOMA-[)
value and the homeostasis model assessment of insulin resistance (HOMA-IR) value
were as follows: HOMA-B=20*FINS/ (FPG-3.5) and HOMA-IR= (FPG*FINS)/22.5).

Before and after accepting ART for 4, 8, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144
and 156 wk were the follow-up time points (Figure 1). The FPG levels were measured at
each follow-up time point, and the FINS and HbAlc levels were detected at 0, 12, 24, 36,
48,72, 96,120 and 144 weeks (Figure 1).!

Two researchers simultaneously collected, entered and checked the data to ensure data
accuracy, authenticity, and integrity.

Patient and Public Involvement

Patients and the public were not involved in the development of the
research questions or in the design of the study. Patients received verbal and
written information about the study; however, they were not involved in
the recruitment of subjects or the conduct of the study. In addition, the burden of the
intervention was assessed by the investigators. After signing an informed consent form,

the participants were assessed for eligibility, and data collection was performed.




Dissemination of the general results (without personally identifying data) will occur on
demand.
Statistical Methods

GraphPad Prism version 8 (GraphPad Inc. US) and Social Sciences software version
17.0 (IBM Inc., Armonk, NY, USA) were used. The FPG and FINS levels, HOMA-IR
values and HOMA- values had normal distributions, and the statistical analyses were
conducted directly. The natural viral load, as indicated by the HIV RNA level, was
logarithmically transformed because of abnormal distributions. The measured data are
expressed as the x+SD for measurement data, and ANOVA was used for multigroup
comparisons. SNK analysis was used for further comparison of two
groups. Independent-sample t tests were used for comparisonof two groups. The
comparison for the enumerated data expressed asrates used the chi-square test. A
p value <0.05 was considered statistically significant.
Ethical considerations

The study was approved by the hospital ethics committee of the Public and Health
Clinic Centre of Chengdu (PJ-K2012-012-01). All patients gave written informed

consent.

RESULTS
Bageline conditions

At the Public and Health Clinic Centre of Chengdu from October 1, 2012, to
December 31, 2017, sixty-one male PLWH who were treatment-naive were enrolled into
three groups based on baseline CD4+ counts (23, 12, 26 cases in the >350, 200 to 350, and
<200 cells/pl groups, respectively). Of them, 13 were infected by heterosexual contact,
42 were infected by homosexual contact, and 5 were infected by both types of sexual
contact. The  baseline virological and ~ immunological indicators,  glucose
metabolism indicators and general information of 61 cases are shown in Table 1.19-20
At baseline, the HOMA- values in the male PLWH were significantly reduced, with an
average of 52.37 mIU/mmol. The HOMA-IR values were slightly elevated, and




the average FPG, average FINS and average HbAlc levels were normal (Table 11%-20). Of
them, the IFG percentage was 18.03% (11/61), and there was no patient with DM.
Dynamic changes in glucose metabolism after ART

The FPG level in 61 patients (Figure 2A) continuously and gradually increased with
prolonged ART, comparing each follow-up time point from 84 wk and at baseline, and
a significant difference was found (all P<0.05), especially at 108, 144 and 156 wk (all
P<0.0001). The HbA1c levels in 61 patients (Figure 2B) slightly decreased over the first
48 wk and then continuously and gradually increased with prolonged ART. A
significant difference was found between each follow-up time point from 48 wk and at
baseline (all P<0.05), especially from 84 to 156 wk (all P<0.0001). The percentage of IFG
(Figure 2C) initially quickly increased, peaked at 4 wk, gradually fell until the trough
was reached at 36 wk, and then increased again until it was measured at 156 wk,
especially from 132 to 156 wk (P<0.01). There were seven cases with newly diagnosed
DM, including two cases with prediabetes and five cases with normal glucose tolerance
at baseline, and of them, 1, 1, 2, 1, and 2 cases were diagnosed with DM after 4, 8, 12, 72
and 96 wk, respectively. The patients with prediabetes received diet prescriptions and
exercise prescriptions and did not use hypoglycemic drugs. Patients with diabetes
received metformin for hypoglycemia with FPG controlled within 7.0 mmol/L and
HbA1c controlled within 6.5%.

Except for 11 patients with prediabetes, the FPG level in 50 patients with NGT
(Figure 3A) also continuously and gradually increased with prolonged ART. A
significant difference was found between each follow-up time point from 96 weeks and
at baseline (all P<0.05), especially from 120 to 156 wk (all P<0.001). The HbA1c levels in
50 patients with NGT (Figure 3B) also continuously and gradually increased with
prolonged ART, comparing each follow-up time point from 96 weeks and at
baseline, and a significant difference was found (all P<0.0001). The percentage of IFG
(Figure 3C) initially quickly increased at 4 wk, gradually fell until the trough was
reached at 36 wk, and then increased again until it was measured at 156 wk, especially

from 120 to 156 wk (all P<0.0001).




In 61 patients, the FINS level (Figure 4A), HOMA-IR value (Figure 4B), and HOMA-[3
value (Figure 4C) gradually rose to peak values at 48 wk and then decreased from 48 to
156 wk. At each follow-up time point and at baseline, significant differences were
found in the FINS level at 24, 36, 48, and 60 wk, in the HOMA-IR value at 48 wk, and in
the HOMA-{ value at 36 and 48 wk (all P<0.05).

Long-term influence of the baseline CD4+ count on glucose metabolism after ART

The lower the baseline CD4+ count was, the higher the FPG levels (Figure 5A) at
baseline and at 4, 12 and 96 wk (all P<0.05). In contrast, the lower the baseline CD4+
count, the lower the FINS levels (Figure 5B) from 36 and 144 wk, the HOMA-IR value
(Figure 5C) at 36 and 48 wk, and the HOMA- value (Figure 5D) from 36 to 144 wk
were (all P<0.05), but the higher the HOMA-IR value (Figure 5C) and the HOMA-f
value (Figure 5D) at 24 wk was (all P<0.05).

Risk factors for abnormal glucose metabolism

By Spearman correlation analysis, nonalcoholic fatty liver disease (NAFLD), age,
body fat percentage, body mass index (BMI), lean body mass, body fat, aspartate
aminotransferase (AST) level, alanine aminotransferase (ALT)level, alkaline
phosphatase (ALP) level, y-glutamyl transpeptidase (GGT) level, CD3+CD8+
percentage and serum creatinine (Cr)level were all positively correlated, while
CD3+CD8+ count, CD3+ count, CD3+ percentage, CD3+CD4+ count, viral load (VL)
and immunoglobulin M (IgM) level were negatively correlated with FPG level (Table 2).
By multiple stepwise regression analysis, the CD3+CD8+ cell count and VL
were the main factors associated with the FPG level (Table 3).

According to Spearman correlation analysis, follow-up duration, ALT level, AST
level, GGT level, ALP level, CD3+CD4+ percentage, and the ratio of the CD3+CD4+
count to the CD3+CD8+ count were positively correlated, while the serum cystatin C
(Cysc) level, CD3+CD8+ count and percentage, and VL were negatively correlated with
the FINS level (Table 2). By multiple stepwise regression analysis, the ALT level, follow-
up duration, VL, and CD3+CD8+ count were the main factors associated with the FINS
level (Table 3).




According to Spearman correlation analysis, the ALP level, the Cr level, the uric acid
(UA) level and the CD3+CD4+ percentage were positively correlated, while the group
stratified by baseline CD3+CD4+ count and VL were negatively correlated with the
HOMA-IR values (Table 2). By multiple stepwise regression analysis, the ALT level and
VL were the main factors associated with the HOMA-IR value (Table 3).

According to Spearman correlation analysis, only the UA level and CD3+CD4+
percentage were positively correlated with the HOMA-B value, and none of the
anthropometric  parameters or biochemical, immunological and virological
indicators were negatively correlated with the HOMA-$ value. By multiple stepwise
regression analysis, the ALT level, VL and CD3+CD8+ count were the main factors

associated with the HOMA-P value (Table 3).

DISCUSSION

Our previous studies found that islet p cell dysfunction is common even in young
male PLWH with normal weight and normal glucose tolerance (NGT) and without
significant IR. The EFV plus 3TC plus TDF regimen can lead to glucose impairment in
the short term.2* The purpose of this study was to identify the dynamic characteristics
of glucose metabolism and its contributing factors after ART. We found that in male
PLWH after ART, glucose metabolism continuously deteriorated, as indicated by the
gradual increase in the FPG level, whereas the IFG rate increased rapidly, followed by a
gradual decrease and then another gradual increase. The average FPG level of 61 cases
was 5.50 mmol /L at baseline and increased to 5.88 mmol /L at 156 wk. The HbAlc level
was 5.35% at baseline and gradually increased to 5.90% at 156 wk, but the percentage of
IFG was 18.03% at baseline and volatically increasedto 45% at 156 wk. Of 50
patients with NGT, the average FPG level was 5.39 mmol/L at baseline and increased to
5.86 mmol /L at 156 wk, the HbA1c level was 5.25% at baseline and gradually increased
to 5.56% at 156 wk, and the percentage of IFG was 0.00% at baseline and volatically
increased to 45% at 156 wk. There were seven patients with newly diagnosed DM

within 96 wk, and the prevalence of newly diagnosed DM was 11.47% (7/61) in this




cohort, slightly higher than the 11.2% overall prevalence in the general population in
China.22 However, the proportion of PLWH with prediabetes who progressed to
diabetes reached 63.63% within two years, and the progress rate was 31.815% annually,
higher than the literature reporting that 25.00% of individuals with prediabetes
progressed to type 2 DM in three to fiye years.2* These changes reflected the continuous
deterioration of glucose metabolism in treatment-naive male patients with human
immunodeficiency virus after treatment with the tenofovir plus lamivudine plus
efavirenz regimen, especially after 96 wk, regardless of whether glucose metabolism
disorder was present at baseline.

There have been some reports in the literature about the prevalence of
abnormal glucose metabolism in patients with HIV/ AIDS after ART. There have been
no reports about the long-term dynamics in glucose metabolism after ART witha
specific regimen. One cross-sectional study on DM among ART-naive PLWH in Guinea-
Bissau showed that the prevalence of DM was 5.8% (52/893) and the prevalence of IFG
was 5.6% (50/893).8 Another cross-sectional study of risk factors for [IFG or DM among,
PLWH in Zambia receiving long-term combined antiretroviral treatment showed that
ten percent (26/270) had IFG and 5% (14/270) had DM.? A large-sample
epidemiological study showed that 24.8% of 262 PLWH and 38.2% of 1583 PLWH
receiving ART treatment had elevated FPG levels'®!! and that 2.1% of 1095 PLWH and
7.1% of 425 PLWH had DM.%>-%7 The annual increase in the prevalence of DM in PLWH
was 4.1%, with a 2.27-fold higher prevalence in 2011 than in 1999, while in the non-HIV-
positive population, the annual increase was 3.9%, which represented a 1.62-fold
increase in the prevalence.?® Follow-up cohort study results also showed that the crude
prevalence of DM ranged from 10.8 to 13.7 per 1000 patients annually,'>!*and the
pooled prevalence of prediabetes was 125 per 1000 patients annually.! The most
important risk factors for prediabetes and diabetes were a family history of diabetes,
aging, Hispanic heritage or black, obesity/overweight, lipodystrophy, central obesity,
metabolic syndrome, dyslipidemia, treatment with certain ART

regimens, and increased baseline FPG.1>® No reports about the long-term dynamic




characteristics of glucose metabolism after ART with a specific regimen were found in
the literature.

In the general population abnormal glucose metabolism is associated
with insulin resistance and impaired islet beta cell function. The results showed that in
male PLWH, the HOMA-IR value first increased to a peak of 2.03 Um*mmol/L? at 48
wk and then decreased until it was measured again at 156 wk. The HOMA-IR value
was always lower than the reference value of 2.3 Um*mmol/L?, which indicates insulin
resistance. The baseline HOMA-{ value was 52.37 Um/mmol, which was almost half of
thereference value of 100 mIU/mmol, and the peak HOMA-f value was
7430 Um/mmol at 36 wk, which was also clearly lower than the reference value.
Therefore, the continuous deterioration of glucose metabolism was not caused by
insulin resistance but rather by significantly decreased islet 3 cell function.

Qur studies have also shown that in male PLWH, the lower the baseline CD4+ count,
the lower the HOMA-IR value and HOMA-p value were during the entire 3-year
follow-up period. No reports of the impacts of the baseline CD4+ count on the HOMA-
IR value and HOMA-3 value after long-term ART with a specific regimen were found
in the literature.

In this study, it was also demonstrated that age, follow-up duration, NAFLD, most of
the biochemical indicators, and the CD3+CD8+ percentage values had positive
correlations, while the CD3+CD4+ cell count and virological indicators had negative
correlations with the FPG level. The main factors associated with the FPG level were the
CD3+CD8+ cell count and VL. Although none of the anthropometric parameters or the
biochemical, virological and immunological indicators had a direct correlation with the
HOMA-p values representing islet B cell function, the ALT level, VL and CD3+CD8+
cell count were the main factors associated with the HOMA- value.

Although CD4+ T cells arerecognized for assessing immunity, there was an
association not between glucose metabolism parameters and CD4+ count but between

glucose metabolism parameters and CD8+ count.




A previous study found that CD8+ infiltration into adipose tissue
promoted macrophage recruitment3! and resulted in local TNF-a, other inflammatory
mediators and IL-6 incrEses, which acted on adipocyte surface receptors and by other
mechanisms to reduce insulin receptor substrate-1 (IRS-1), glucose transporter type 4
(GLUT4) and phosphoinositide 3-kinase p85a expression, thereby inhibiting insulin
signaling 3 and leadingto islet beta cell dysfunction, insulin resistance, and
hyperglycemia.

Some reports have stated that FPG levels are inversely and significantly correlated
with NADH dehydrogenase (C1) enzyme activity in
oxidative phosphorylation;!® youth infected with HIVand withIR have lower
levels of markers of mitochondrial respiration than those without IR. Mitochondrial
respiration dysfunction may contribute to IR in the population.? HIV infection can
cause insulin sensitivity decline, and the replication of HIV has important effects on
accessory proteins (Tat, Vpr) and may also cause insulin resistance. Vpr affects insulin
transcription by inhibiting PPAR-gamma activity, whereas Tat activates nuclear factor-
kappa B, inhibits insulin receptor signal translocation, and reduces GLUT4 translocation
and phosphorylated insulin receptor-1 (IRS-1) expression, % which leads to insulin
resistance, islet beta cell dysfunction and elevated plasma glucose levels.

There was alack of female patients who met the inclusion criteria during the
enrollment duration of the study from October 1, 2012, to December 31, 2013. Only
sixty-one male PLWH who were treatment-naive were enrolled in this study, and the
results were only reported for males.

This study first reports the dynamic effects of the EFV plus 3TC plus TDF regimen
and the baseline CD4+ count on glucose metabolism parameters in male PLWH treated
with a specific ART regimen. The
biochemical and anthropometric parameters and virological and immunological
indicators associated with glucose metabolism parameters were identified. The results
showed that in male PLWH initially treated with the EFV plus 3TC plus TDF regimen

for 3 years, regardless of whether glucose metabolism disorder was present at baseline,




the FPG level increased continuously and gradually, the percentage of IFG and HbAlc
level also increased gradually, there was no obvious insulin resistance, and there was
significantly reduced islet B cell function. The main factors associated with the FPG
level were the CD3+CD8+ cell count and VL, while those associated with the HOMA-p
value were the ALT level, VL and CD3+CD8+ count.

The limitations of this study were small sample size, a single-center cohort study,
only male patients and only the examination of the effect of the EFV plus 3TC plus
TDF regimen. A large-sample, multicenter study of both male and female
patients treated with additional ART regimens and a randomized controlled clinical
trial are needed.

In the future, the application of more accurate and comprehensive glucose
monitoring methods, such as glucose tolerance tests at baseline and at certain follow-up
time points and a continuous glucose monitoring system (CGMS),*” are necessary for
long-term glucose monitoringto timely detect and intervene in glucose

metabolism disorders and improve the prognosis of the disease.’® The application of

more in-depth analytical methods, such as deep Convolutional Neural
Networks (CNN) Model 340 is also needed for more accurate analysis of factors

affecting glucose metabolism and timely intervention.

CONCLUSION

These findings provide guidance for clinicians who wish to monitor FPG levels
closely and who are concerned about islet p cell dysfunction and IFG rate during long-
term ART with the EFV plus 3TC plus TDF regimen; the focus is on the avoidance of the
application of insulin secretagogues and protectingislet 3 cell function when

hypoglycemic therapy is needed.
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Research background




Antiretroviral therapy (ART) is currently the most effective treatment for AIDS, as it can
prolong life expectancy andimprove quality of life. However, non-AIDS-related
diseases, such as metabolic abnormalities, osteoporosis and cardiovascular diseases,
have become essential factors affecting the prognosis of AIDS patients. Disorders of
glucose metabolism are common metabolic diseases and risk factors for cardiovascular
disease. No reports about the long-term dynamic characteristics of glucose metabolism
after ART with a specific regimen as the efavirenz (EFV) plus lamivudine (3TC) plus
tenofovir (TDF) (EFV+3TC+TDF) regimen were found in the literature.

Research motivation

As one of the first-line antiretroviral therapy (ART) programs i.nce the National
Twelfth Five-Year Plan in China, the efavirenz (EFV) plus lamivudine (3TC) plus
tenofovir (TDF) (EFV+3TC+TDF) regimen has beenused for more than ten
years and has a reduced effect on metabolism, and there are few reports about its effect
on glucose metabolism in the literature. Our previous study showed that the
fasting plasma glucose (FPG) level increased within four weeks and then returned to
the baseline level at 12 wk after ART with the EFV plus 3TC plus TDF regimen,
especially in patients with CD4+ counts less than 350 cells/ul. However, the long-term
dynamic characteristics of glucose metabolism and its contributing factorsin such

patients treated with the EFV+3TC+TDF regimen are unclear and warrant

further examination.

Research objectives

This study aimed at the long-term dynamic characteristics of glucose metabolism
and its contributing factors in male patients living with human immunodeficiency virus
(PLWH) who accepted primary treatment with the efavirenz (EFV) plus lamivudine
(3TC) plus tenofovir (TDF) (EFV+3TC+TDF) regimen for 156 wk.

Research methods




This study was designed using a follow-up design. Sixty-one male treatment-
naive PLWH, including 50 cases with normal glucose tolerance and 11 cases with
prediabetes, were  treated  with the EFV+3TC+TDF regimen for 156 wk.
The glucose metabolism dynamic characteristics, the main risk factors and

the differences among the three CD4+ count groups were analyzed.

Research results

In treatment-naive male PLWH, regardless of whether glucose metabolism disorder
was present at baseline, who accepted treatment with the EFV+3TC+TDF regimen for
156 wk, a continuous increase in the fasting plasma glucose (FPG) level, the rate of
impaired fasting glucose (IFG) and the glycosylated hemoglobin (HbAlc) level were
found. These changes were not due to insulin resistance but rather to significantly
reduced islet p cell function, according to the homeostasis model assessment of 3 cell
function (HOMA-f). Moreover, the lower the baseline CD4+ T-cell count was, the
higher the FPG level and the lower the HOMA-B value. Furthermore, the main
risk factors for the FPG levels were the CD3+CD8+ cell count and viral load (VL), and
the factors contributing to the HOMA-B values were the alanine aminotransferase

(ALT) level, VL and CD3+CD8+ cell count.

Research conclusions
These findings provide guidance to clinicians who are monitoring FPG levels closely
and are concerned about IFG and decreased islet p cell function during ART with the

EFV+3TC+TDF regimen for long-term application.

esearch perspectives
To our knowledge, this prospective 3-year follow-up cohort study is the first to report
the long-term dynamic effects of the tenofovir (TDF) plus lamivudine (3TC)
plus efavirenz (EFV) regimen and the baseline CD4+ T cell count on glucose

metabolism in male patients living with human immunodeficiency virus (PLWH). The




results showed that in male PLWH who were TDF plus 3TC plus EFV regimen
treatment-naive for 3 years, glucose metabolism continuously deteriorated, as shown by
gradual increases in the fasting plasma glucose (FPG) level, impaired fasting glucose
(IFG) rate and glycosylated hemoglobin (HbAlc) level, , regardless of whether glucose
metabolism disorder was present at baseline, and the change was not due ﬁ insulin
resistance but rather to significantly reduced islet  cell function. Moreover, the lower
the baseline CD4+ T cell count was, the higher the FPG level and the lower the
homeostasis model assessment of p cell function (HOMA-P) value were. These findings
should encourage clinicians to monitor the FPG level closely and to be concerned
about the IFG rate and decreased islet pcell functionin patients who receive long-

term TDF plus 3TC plus EFV regimen treatment.
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