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Background: People living with HIV (PLWH) are at increased risk for metabolic disorders, including diabetes and
prediabetes. While hemoglobin Alc (HbAlc) is widely used for glycemic assessment, its reliability in PLWH is
questioned due to altered red blood cell turnover. Glycated albumin (GA) has been proposed as an alternative,
but its diagnostic utility remains unclear in PLWH. This study aims to compare the correlations of HbAlc and GA
with fasting plasma glucose (FPG), evaluate their diagnostic performance, and identify factors influencing dis-
crepancies between them in PLWH.

Methods: This retrospective cross-sectional study included 236 PLWH with documented FPG, HbAlc, and GA
levels. Correlations between glycemic markers were assessed using Pearson’s correlation coefficients. Diagnostic
performance for prediabetes and diabetes was evaluated using receiver operating characteristic (ROC) curves,
and a GA cut-off was determined using the Youden index. Multivariable logistic regression was performed to
identify predictors of HbAlc-GA mismatch.

Results: HbAlc showed a moderate correlation with FPG (r = 0.33, p value < 0.001), while GA had a weaker
correlation (r = 0.18, p value = 0.005). The area under the ROC curve (AUC) for detecting glycemic abnor-
malities was 0.66 for HbAlc and 0.57 for GA. The optimal GA cut-off for prediabetes derived from ROC analysis
was 12.42 %, improving sensitivity but reducing specificity. Multivariable analysis identified low mean
corpuscular volume (MCV <80 fL) as an independent predictor of HbAlc-GA mismatch (odds ratio = 4.94, 95 %
confidence interval: 1.95-12.50, pvalue < 0.001).

Conclusion: HbAlc or GA alone do not reliably capture glycemic abnormalities in PLWH. A lower GA cut-off
(12.42 %) for prediabetes improves sensitivity but remains suboptimal. A combined approach incorporating
FPG is recommended to enhance prediabetes and diabetes screening accuracy in this population.

1. Introduction FPG highly specific for identifying prediabetes (94 percent) but less

sensitive because older studies used an FPG cutoff of 110-125 mg/dL

Fasting plasma glucose (FPG), a primary screening method recom-
mended by the World Health Organization (WHO) for type 2 diabetes
and prediabetes. At a cutoff of >126 mg/dL, FPG demonstrates a
sensitivity of approximately 56 % and a specificity of 98 % versus the 2-h
oral glucose tolerance test (OGTT) for diabetes.” A meta-analysis found

* Corresponding author. 100, Tzyou 1st Rd., Kaohsiung City, 807, Taiwan.
E-mail address: idchentc@kmu.edu.tw (T.-C. Chen).

https://doi.org/10.1016/j.jmii.2025.08.013

instead of the American Diabetes Association (ADA)’s updated threshold
(100-125 mg/dL).2 Hemoglobin Alc (HbAlc) is another widely used
marker, which reflects the average blood glucose levels over two to three
months. Using HbAlc > 6.5 % yields 68 % sensitivity and 96 % speci-
ficity for diabetes, whereas for prediabetes, the sensitivity is about 49 %
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and specificity 79 %.? Its accuracy can be affected when red blood cell
(RBC) turnover is abnormal, such as anemia, hemoglobinopathies, or
chronic kidney disease.® On the other hand, glycated albumin (GA) has
gained attention as an alternative marker for glycemic monitoring,
reflecting average glucose levels over two to four weeks. It remains
unaffected by RBC turnover, though its accuracy can be influenced by
conditions causing hypoalbuminemia, such as cirrhosis or nephrotic
syndrome.” Although data on the sensitivity and specificity of GA for
diagnosing diabetes mellitus are relatively limited, a Taiwanese study
suggests that a GA level of 16.5 % correlates with HbAlc cutoff of 6.5 %,
while 14.5 % aligns with the prediabetes (HbAlc cutoff of 5.7 %).° In
addition, some researchers propose a conversion formula for GA and
HbAlc: GA = (HbAlc — 2.015) x 4.°

People living with HIV (PLWH) face a disproportionately higher risk
of developing prediabetes and diabetes mellitus compared with the
general population.” Although the advent of antiretroviral therapy
(ART) has substantially improved survival rates among PLWH, it has
also introduced new challenges, especially regarding metabolic com-
plications such as dyslipidemia and diabetes mellitus, which can in-
crease cardiovascular risk. One study found DM prevalence among
PLWH was 10.3 %. DM prevalence was 3.8 % higher in HIV-infected
adults compared with general population, which was potentially
caused by chronic immune activation, ART-induced toxicities, and
extended life expectancy.® Consequently, metabolic disorders now pose
an important public health concern in PLWH, underscoring the need for
early detection of diabetes for them.

Current guidelines for HIV care generally recommend screening for
diabetes in a manner similar to the general population—namely, by
routinely measuring FPG and, when borderline values (100-125 mg/dL)
are detected, proceeding with confirmatory testing such as HbAlc or an
OGTT.’ However, growing evidence suggests that HbAlc may under-
estimate true glycemia in PLWH.'° In one study, PLWH had glucose
levels approximately 29 mg/dL higher than expected for their measured
HbAlc.!! Proposed mechanisms include shortened RBC lifespan, medi-
cation effects (particularly nucleoside reverse transcriptase inhibitors),
and persistent inflammation.'? Because of these potential inaccuracies,
some experts recommend relying more on FPG rather than HbAlc for
both diagnosing diabetes and monitoring glycemic trends in PLWH.
The 2025 ADA guidelines still caution against using HbAlc as a diag-
nostic test in PLWH. Instead, the ADA recommends screening for dia-
betes and prediabetes with FPG before initiating or switching ART, and
again 3-6 months after any regimen change. If initial results are normal,
annual FPG monitoring is advised to detect emerging metabolic
complications.'*

Despite the frequent use of HbAlc for glycemic assessment in PLWH,
its correlation with FPG in this population remains uncertain. GA, which
reflects shorter-term glycemia and is less influenced by RBC lifespan,
could serve as an alternative marker. However, evidence on GA’s cor-
relation with FPG and its diagnostic performance for prediabetes and
diabetes in PLWH is limited. Moreover, it is unclear whether certain
clinical or laboratory factors might affect the accuracy of GA or HbAlc,
leading to a “mismatch” in which one measure is disproportionately
higher or lower than the other under similar conditions. Therefore, this
study aims to (1) compare the correlation of HbAlc and GA with FPG,
(2) evaluate their diagnostic performance in detecting glycemic abnor-
malities in PLWH, and (3) identify factors that contribute to discrep-
ancies between GA and HbAlc.

2. Method

This retrospective cross-sectional study was carried out at a regional
hospital in southern Taiwan between January 2019 and December 2020.
Our study included adult PLWH (aged 18 years or older) who attended
regular outpatient follow-ups during this period. Only patients with
documented measurements for HbAlc, GA, and FPG were included, and
we collected additional clinical and laboratory data from electronic
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medical records. Patients were excluded if they had missing glycemic
data or were on medications known to affect glucose metabolism (such
as corticosteroids or anti-diabetic drugs). We also screened for condi-
tions known to distort HbAlc or GA (cirrhosis, hemoglobinopathies,
nephrotic syndrome, overt thyroid disease, marked anemia [Hb < 10 g/
dL], and severe obesity [mean body mass index (BMI) >35 kg/mz]).
Only one patient had marked anemia and two had severe obesity; no
other such conditions were identified, so no additional exclusions were
applied.

Demographic data, including age and sex, were extracted from the
hospital’s electronic database. In addition, we collected clinical infor-
mation and laboratory parameters relevant to both metabolic and HIV-
specific assessments. Metabolic parameters included FPG, HbAlc, GA,
lipid profiles, and homeostatic model assessment of insulin resistance
(HOMA-IR). HIV-related parameters included CD4 count and HIV RNA
viral load. Additional laboratory markers, such as hemoglobin concen-
tration, mean corpuscular volume (MCV), renal function (estimated
glomerular filtration rate [eGFR], calculated using the Modification of
Diet in Renal Disease [MDRD] formula), and serum albumin levels, were
also recorded.

FPG was measured after an overnight fast (>8 h) using a standard-
ized enzymatic method on the UniCel® DxC 800 Synchron Clinical
System with GLUCm reagent (Beckman Coulter, USA). HbAlc was
determined by ion-exchange HPLC on the VARIANT™ II TURBO system
with the VARIANT II TURBO HbAlc Kit-2.0 (Bio-Rad Laboratories,
USA), and GA was quantified using the Lucica® Glycated Albumin-L
enzymatic assay (Asahi Kasei Pharma Corporation, Japan). HOMA-IR
was calculated from fasting insulin and glucose levels using the
following formula: HOMA-IR = (FPG [mg/dL] x fasting insulin [pIU/
mL])/405. To reduce daily fluctuations and obtain a more stable mea-
sure of glycemic status, each participant’s fasting plasma glucose (FPG)
was calculated as the mean of all available FPG readings from the three
months prior to the HbAlc and GA blood draw.

For diagnostic performance analysis, glycemic abnormalities were
defined using FPG measurements based on ADA criteria. An FPG of
100-125 mg/dL was considered indicative of prediabetes, while values
of >126 mg/dL defined diabetes mellitus. We then evaluated the diag-
nostic performance of HbAlc and GA using these FPG thresholds as the
reference standard. For prespecified biomarker thresholds, HbAlc fol-
lowed ADA criteria (prediabetes 5.7-6.4 %; diabetes >6.5 %). For GA,
we used population-based receiver operating characteristic (ROC) cut-
offs from a Taiwanese cohort (14.5 % for prediabetes; 16.5 % for dia-
betes), reflecting the best available local evidence.” Diagnostic
performance against FPG >100 mg/dL was therefore computed at
HbAlc > 5.7 % and GA >14.5 %; as a sensitivity analysis. A mismatch
between HbAlc and GA was defined as an absolute difference greater
than 0.5 % between the measured GA and GA estimated from measured
HbAlc using the formula GA = (HbAlc - 2.015) x 4, as described in
previous studies. Based on this criterion, participants were subsequently
categorized into mismatch and non-mismatch groups.

Statistical analyses were conducted using SPSS version 22.0. We first
summarized all demographic, clinical, and laboratory variables using
descriptive statistics. Continuous data are reported either as mean +
standard deviation (SD) or as median with interquartile range (IQR),
depending on their distribution, while categorical data are presented as
frequencies and percentages.

Pearson’s correlation analysis was used to evaluate the relationships
between HbAlc, GA, and FPG. To assess the diagnostic performance of
HbAlc and GA in detecting prediabetes and diabetes when these con-
ditions are considered together, we calculated sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and
overall accuracy. Additionally, ROC curve analyses were performed to
determine the area under the curve (AUC) for both markers. Specifically,
we used ROC analysis to evaluate GA’s diagnostic performance in PLWH
and applied the Youden index to identify a proposed optimal GA cut-off
that maximizes the sum of sensitivity and specificity.
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Mismatch between HbAlc and GA was defined as an absolute dif-
ference of |GA - estimated HbAlc| greater than 0.5, with estimated
HbAlc calculated using the conversion formula GA = (HbAlc - 2.015)
x 4. Comparative analyses between the mismatch and non-mismatch
groups were initially performed using univariate methods, with t-tests
applied for continuous variables and chi-square tests for categorical
variables. Multivariable logistic regression model was constructed by
including both variables with significant univariate associations and
clinically relevant factors (e.g., HIV RNA, serum albumin) to identify
independent predictors of HbAlc-GA mismatch. The results from the
logistic regression were expressed as odds ratios (OR) with corre-
sponding 95 % confidence intervals (CI), and a p value <0.05 was
considered statistically significant.

The study protocol was reviewed and approved by the Institutional
Review Board of Kaohsiung Medical University Hospital (approval
number KMUHIRB - SV(I)20210055). Informed consent was obtained
from all subjects involved in the study.

3. Result

From January 2019 to December 2020, a total of 318 PLWH
attending outpatient follow-up at the regional hospital were screened for
inclusion. After applying our exclusion criteria, 74 patients were
removed due to missing measurements for GA, FPG, or HbAlc, 2 were
excluded because of missing body weight data, and an additional 6
patients were excluded for receiving active diabetes treatment. Conse-
quently, 236 participants met the inclusion criteria and were included in
the final analysis.

Baseline characteristics of the 236 participants are detailed in Ta-
bles 1 and 2. In brief, the cohort had a median age of 36 years (IQR:
31-42) and was predominantly male (98.7 %). Renal function was
preserved (mean eGFR 97.70 + 23.81 mL/min/1.73 mz, with 58.5 % >
90 mL/min/1.73 mz), and serum albumin was within normal limits
(mean 3.94 + 0.59 g/dL, 96.2 % > 3.5 g/dL). Hematologic evaluation

Table 1
Baseline demographic and clinical characteristics.

Characteristics Overall (n = 236)

Age (yr) — Median (IQR)
Distribution — no. (%)

36 (31-42)

15-29 yr 45 (19.1 %)
30-44 yr 145 (61.4 %)
45-59 yr 41 (17.4 %)
>60 yr 5 (2.1 %)

Sex — no. (%)

Male 233 (98.7 %)
Female 3 (1.3 %)
eGFR (mL/min/1.73m?) — Mean + SD 97.70 + 23.81

Distribution — no. (%)

>90 138 (58.5 %)
60-89 93 (39.4 %)
30-59 5(2.1 %)
Albumin (g/dL) — Mean + SD 3.94 + 0.59

Distribution — no. (%)

>3.5 g/dL 227 (96.2 %)
<3.5 g/dL 9 (3.8 %)
MCV (fl) — Mean + SD 93.36 + 58.17

Distribution — no. (%)

80-100 fL 214 (90.7 %)
<80 fL 22 (9.3 %)
CD4 (cells/pL) — Mean =+ SD 637.6 + 326.3

Distribution — no. (%)
>200 cells/pL

<200 cells/pL

HIV RNA (copies/mL)
Distribution — no. (%)
<200 copies/mL

>200 copies/mL

218 (92.4 %)
18 (7.6 %)

211 (89.4 %)
25 (10.6 %)

Abbreviations: eGFR, estimated glomerular filtration rate; MCV, mean corpus-
cular volume.
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Table 2
Baseline metabolic characteristics.

Characteristics Overall (n = 236)
BMI(kg/m?) — Mean + SD 23.67 + 3.40
Distribution — no. (%)

<18.5 kg/m? 9 (3.8 %)

18.5-23.9 kg/m?

24.0-26.9 kg/m?

>27.0 kg/m?

FPG (mg/dL) — Mean + SD
Distribution — no. (%)

128 (54.2 %)
65 (27.5 %)
34 (14.4 %)
102.0 9.6

<100 mg/dL 102 (43.2 %)
100-125 mg/dL 128 (54.2 %)
>126 mg/dL 6 (2.5 %)
HbAlc (%) — Mean + SD 5.28 + 0.39

Distribution — no. (%)

<5.7 % 187 (79.2 %)
5.7-6.4 % 48 (20.3 %)
>6.5 % 1 (0.4 %)
GA (%) — Mean + SD 12.36 = 1.28

Distribution — no. (%)

<14.5% 224 (94.9 %)
14.5-16.4 % 11 (4.7 %)
>16.5 % 1 (0.4 %)
HOMA-IR — Mean + SD 2.65 + 4.41

Distribution — no. (%)

<2.5

>2.5

Total cholesterol (mg/dL) — Mean + SD
LDL (mg/dL)— Mean + SD
Triglycerides (mg/dL)— Mean + SD

179 (75.8 %)
57 (24.2 %)
174.06 + 34.21
106.86 + 28.36
137.77 £ 98.24

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbAlc,
hemoglobin Alc; GA, glycated albumin; HOMA-IR, homeostatic model assess-
ment of insulin resistance; LDL, low-density lipoprotein.

showed that 9.3 % of participants had an MCV <80 fL. HIV-related
parameters revealed a mean CD4 count of 637.6 + 326.3 cells/pL
(92.4 % > 200 cells/pL) and that 89.4 % had HIV RNA levels <200
copies/mL.

Table 2 presents the metabolic profiles of the cohort. The mean body
BMI was 23.67 + 3.40 kg/m?. Based on the Taiwan adult BMI classifi-
cation,'® 3.8 % had BMI <18.5 kg/m?, 54.2 % were 18.5-23.9 kg/m?,
27.5 % were 24.0-26.9 kg/m?, and 14.4 % were >27.0 kg/m?. The mean
FPG was 102.0 £ 9.6 mg/dL; 43.2 % of subjects had FPG <100 mg/dL,
54.2 % were in the 100-125 mg/dL range, and 2.5 % had FPG >126
mg/dL. Glycemic control markers showed a mean HbAlc of 5.28 + 0.39
%, with 79.2 % of participants having HbAlc values < 5.7 %, 20.3 %
between 5.7 % and 6.4 %, and 0.4 % > 6.5 %. The mean GA was 12.36
+ 1.28 %, with 94.9 % of patients having GA <14.5 %, 4.7 % between
14.5 % and 16.4 %, and 0.4 % > 16.5 %. The mean HOMA-IR was 2.65
+ 4.41; 24.2 % had HOMA-IR >2.5.

The correlation between HbAlc and FPG was assessed using Pear-
son’s correlation coefficient. A positive correlation was observed (r =
0.33, p < 0.001). The correlation between GA and FPG was also evalu-
ated, showing a weaker positive correlation (r = 0.18, p = 0.005).
Scatter plots of HbAlc vs. FPG (Fig. 1) and GA vs. FPG (Fig. 2) illustrate
these relationships.

Using FPG >100 mg/dL as the reference standard, the diagnostic
performance of HbA1lc and GA for detecting prediabetes and diabetes is
summarized in Table 3 and depicted in Fig. 3. At a cut-off of HbAlc >
5.7 %, sensitivity was 28.0 %, specificity was 87.4 %, and the overall
accuracy reached 69.49 %. In contrast, using GA threshold of >14.5 %
yielded a sensitivity of 6.4 % and specificity of 96.4 %, with an accuracy
of 54.24 %. ROC analysis (see Fig. 3) revealed an AUC of 0.66 for HbAlc
and 0.57 for GA. Applying the Youden index to optimize GA’s perfor-
mance resulted in a revised GA cut-off of >12.42 %. This adjusted
threshold increased sensitivity to 51.2 % but reduced specificity to
64.86 %, yielding an overall accuracy of 57.63 %.

A mismatch between HbAlc and GA was defined as an absolute
difference of |GA - estimated HbAlc| greater than 0.5, with the
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y =3.917 + 0.0133x (n = 236)
r=0.33; p < 0.001
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Fasting plasma glucose (mg/dL)

Fig. 1. Correlation between HbAlc and fasting plasma glucose (FPG). A scatter plot illustrating the correlation between HbAlc (%) and fasting plasma glucose (mg/
dL). The solid line represents the linear regression model (y = 3.917 + 0.0133x), and the shaded area represents the 95 % confidence interval. The Pearson cor-

relation coefficient was r = 0.33, p < 0.001.

17|
16 |
15|
14
13}

y=9.911 + 0.0240x (n'= 236)
9 r=0.18; p = 0.005
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Fig. 2. Correlation between glycated albumin and fasting plasma glucose. A scatter plot illustrating the correlation between glycated albumin (%) and fasting plasma
glucose (mg/dL). The solid line represents the linear regression model (y = 9.911 + 0.0240x), and the shaded area represents the 95 % confidence interval. The

Pearson correlation coefficient was r = 0.18, p = 0.005.

Table 3

Diagnostic performance of HbAlc and GA with different cut-off values compared to FPG in detecting prediabetes and diabetes.

Marker Cut-off Value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

HbAlc >5.7 % 28.0 87.4 71.4 51.9 69.49

Glycated albumin >14.5 %" 6.4 96.4 66.7 47.8 54.24
>12.42 % 51.2 64.86 62.14 54.14 57.63

2 The GA cut-off of >14.5 % was based on previous study,” while the GA cut-off of >12.42 % was derived from ROC curve analysis in this study as the proposed GA
threshold to optimize sensitivity and specificity. Abbreviations: GA, glycated albumin; HbA1lc, hemoglobin Alc; FPG, fasting plasma glucose; PPV, positive predictive

value; NPV, negative predictive value.
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—— HbA1C (AUC = 0.66)

—— Glycated Albumin (AUC = 0.57)
2
[ ]

GA Cut-off (14.5%)
Proposed GA Cut-off (12.42%)
=== Chance (AUC = 0.50)
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate (1 - Specificity)

Fig. 3. Receiver operating characteristic curves of HbAlc and GA for detecting prediabetes and diabetes. ROC curves comparing the diagnostic performance of
HbA1lc (black solid line) and GA (gray solid line) for detecting glycemic abnormalities. The area under the curve (AUC) was 0.66 for HbAlc and 0.57 for GA. The
diamond symbol represents the GA cut-off of 14.5 % derived from Hsu et al.,” while the square symbol represents the optimized GA cut-off (12.42 %) derived from
this study. The dashed line represents the chance level (AUC = 0.50).

Table 4

Univariate analysis of factors associated with HbAlc and glycated albumin

mismatch in PLWH.

Variables Non-mismatch (n = Mismatch (n = 62)  p value
174)

Categorical variables n (%)

BMI (kg/m?) 0.457

<18.5 8 (4.6 %) 1 (1.6 %)

18.5-23.9 96 (55.2 %) 32 (51.6 %)

24.0-26.9 48 (27.6 %) 17 (27.4 %)

>27.0 22 (12.6 %) 12 (19.4 %)

HOMA-IR 0.598

<2.5 134 (77.0 %) 45 (72.6 %)

>2.5 40 (23.0 %) 17 (27.4 %)

eGFR (mL/min/ 0.268
1.73m?)

<60 5 (2.9 %) 0 (0.0 %)

60-89 71 (40.8 %) 22 (35.5 %)

>90 98 (56.3 %) 40 (64.5 %)

Albumin (g/dL) 0.056

<3.5 4 (2.3 %) 5 (8.1 %)

>3.5 170 (97.7 %) 57 (91.9 %)

CD4 (cells/puL) 0.880
>200 161 (92.5 %) 57 (91.9 %)

<200 13 (7.5 %) 5 (8.1 %)

HIV RNA (copies/mL) 0.353

<200 158 (90.8 %) 53 (85.5 %)
>200 16 (9.2 %) 9 (14.5 %)

MCV (f1) <0.001*
>80 165 (94.8 %)[77.1 %] 49 (79.0 %)[22.9

%]
<80 9 (5.2 %)[77.1 %] 13 (21.0 %)[59.1

%]

Data are presented as n (column %) except for MCV, for which [row %] is
additionally shown in brackets. For MCV, row percentages indicate the pro-

portion of mismatch within each MCV subgroup. *indicates p < 0.05.

209

estimated HbA1c calculated using the formula GA = (HbAlc - 2.015) x
4. Using this criterion, 62 of the 236 participants (26.3 %) were classi-
fied as having a mismatch, while 174 participants (73.7 %) showed
concordant results (Table 4). Univariate analysis (Table 4) demonstrated
that a significantly higher proportion of individuals in the mismatch
group had an MCV <80 fL compared to those with concordant results
(21.0 % vs. 5.2 %; p < 0.001). Other variables, including BMI, HOMA-IR,
eGFR, serum albumin, CD4 count, and HIV RNA levels, did not differ
significantly between the groups. Subsequently, multivariable logistic
regression analysis (Table 5 and Fig. 4) was performed to identify in-
dependent predictors of the HbAlc-GA mismatch. In this analysis, an
MCV <80 fL emerged as a significant predictor, with an OR of 4.94 (95
% CI: 1.95-12.50; p < 0.001). Additionally, serum albumin <3.5 g/dL
showed a trend toward significance (OR 3.86, 95 % CIL: 0.92-16.12; p =
0.064). No significant associations were observed for BMI>27 kg/mz,
CD4 count <200 cells/pL, or HIV RNA levels >200 copies/mL. These
findings indicate that a lower MCV is independently associated with
discrepancies between HbAlc and GA in this cohort of PLWH.

4. Discussion
Our cohort consisted of 236 PLWH who were screened to ensure

complete data on glycemic markers and clinical variables. The median

Table 5
Multivariable logistic regression analysis of factors associated with HbAlc and
Glycated Albumin mismatch in PLWH.

Variable B Odds Ratio 95 % CI p value
coefficient (OR)
BMI >27.0 kg/m? 0.481 1.62 0.71-3.66 0.248
Albumin <3.5 g/dL 1.350 3.86 0.92-16.12 0.064
CD4 < 200 cells/pL —0.186 0.83 0.23-2.96 0.774
HIV RNA >200 0.584 1.79 0.65-4.95 0.260
copies/mL
MCV <80 fL 1.598 4.94 1.95-12.50  <0.001*
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Fig. 4. Forest plot of multivariable logistic regression analysis for factors associated with HbAlc and glycated albumin mismatch. Odds ratios (OR) with 95 %
confidence intervals for clinical and metabolic factors associated with HbAlc-GA mismatch. MCV <80 fL (OR = 4.94, 95 % CI: 1.95-12.50) and albumin <3.5 g/dL
(OR = 3.86, 95 % CI: 0.92-16.12) showed higher odds of mismatch, while CD4 < 200 cells/pL was not significantly associated (OR = 0.83, 95 % CI: 0.23-2.96). The

diamond represents the summary measure.

age was 36 years, and the group was predominantly male, with well-
preserved renal function and largely normal albumin levels. Our study
demonstrated that HbAlc correlated modestly with FPG (r = 0.33, p <
0.001) in PLWH, while GA showed a weaker positive correlation (r =
0.18, p = 0.005). These results indicate that, despite concerns about
potential underestimation of glycemia in PLWH, HbAlc remains a viable
marker for reflecting long-term glycemic status. Our findings of a
modest correlation between HbAlc and FPG in PLWH align with recent
evidence from Daultrey et al.,'® who demonstrated a strong association
between HbA1c and continuous glucose monitoring (CGM) mean sensor
glucose (r = 0.78) in a smaller cohort. While our correlation (r = 0.33)
appears lower, differences in study design and measurement methods
may account for this discrepancy. Notably, Daultrey et al. suggest that
HbAlc remains a viable screening tool in PLWH despite concerns about
its accuracy from previous literature; however, their study was limited
by a small sample size and a relatively short CGM monitoring period of
10 days. These limitations raise questions about the generalizability of
their conclusions. The 2025 ADA guidelines still caution against using
HbAlc as a diagnostic test in individuals with HIV and advocates using
FPG to detect prediabetes and diabetes for PLWH.

While GA was significantly correlated with FPG (r = 0.18, p =
0.005), this association was surprisingly weaker than that observed for
HbAlc. Despite that GA reflects glycemic status over a shorter term and
is not influenced by RBC turnover, one might expect it to correlate more
strongly with FPG. A possible explanation is that factors unique to
PLWH—such as chronic inflammation or alterations in albumin
metabolism—may interfere with GA levels, thereby reducing its corre-
lation with FPG. However, current literature has not yet clearly delin-
eated the underlying mechanisms for this observation.

Our study demonstrated that both HbAlc and GA exhibit suboptimal
performance in detecting glucose abnormalities (prediabetes and dia-
betes) in PLWH. Coelho et al. demonstrated that HbAlc exhibits mark-
edly lower sensitivity for diagnosing diabetes in PLWH compared to FPG
and OGTT.!” Although research on GA is limited in this population,
current literature suggests that its primary role is in the monitoring of
glycemic control post-treatment in diabetic patients, due to its ability to
reflect short-term glycemic fluctuations.'® Nevertheless, several studies
have reported that GA’s sensitivity for diagnosing diabetes is lower than
desired, and its performance in identifying prediabetes is similarly
inadequate.'®*° Based on our ROC analysis using the Youden index, our
proposed GA cutoff is 12.42 %. This threshold is lower than the 14.5 %
reported by Hsu et al. (which corresponds to an HbAlc of 5.7 % for
prediabetes in the general population),® and it increases sensitivity from

210

6.4 % to 51.2 % at the expense of a decrease in specificity, which drops
from 96.4 % to 64.86 %. This finding aligns with a Korean study, which
reported notably lower optimal GA cutoffs of 14.3 % for diabetes and
12.5 % for prediabetes.'” However, even after we lower the GA
threshold, the diagnostic performance remains suboptimal. These re-
sults underscore the notion that, in PLWH, GA alone is insufficient to
accurately identify glucose abnormalities. Consequently, a multimodal
approach that incorporates FPG alongside GA may be necessary to
enhance diagnostic accuracy in this population.

Mismatch was defined as an absolute difference greater than 0.5
between measured GA and estimated HbAlc (using GA = (HbAlc -
2.015) x 4). This phenomenon was observed in 26.3 % of our cohort.
Notably, patients with a mismatch had a significantly higher prevalence
of MCV <80 fL (21.0 % vs. 5.2 %, p < 0.001). Previous studies have
reported that both low and high MCV, such as microcytosis due to iron
deficiency anemia (IDA) or hemolysis, may influence HbAlc measure-
ments.' %! In our cohort, no patients had MCV >100 fL. Although serum
albumin levels are known to influence GA measurements,'® our analysis
did not reach statistical significance regarding hypoalbuminemia (al-
bumin <3.5 g/dL), likely due to the low number of affected patients. In
both univariate and multivariable analyses, HIV-related factors such as
HIV RNA and CD4 count were not associated with mismatch. Thus, in
PLWH, lower MCV appears to contribute to discrepancies between GA
and HbA1lc measurements, while HIV viral load and immune status do
not seem to affect this discordance.

Our study has several limitations. It is a retrospective cross-sectional
study. FPG was calculated as the mean of readings over the three months
prior to HbAlc and GA measurements, potentially yielding lower cor-
relations than CGM. Although FPG was averaged over the prior three
months, the retrospective windows of HbAlc and GA are not fully
aligned; nevertheless, patient-level FPG variability was low, supporting
the comparability of these measures. Additionally, we used FPG as the
reference standard to assess diagnostic performance of GA and HbAlc,
although OGTT is considered a superior gold standard for diagnosing
prediabetes and diabetes. This choice may miss dysglycemia with
normal fasting glucose and underestimate abnormal glycemia.
Furthermore, the absence of a matched HIV-negative control group
precluded direct comparison of absolute GA and HbAlc values, limiting
our ability to assess biomarker distortion attributable to HIV-related
hematologic alterations. Our relatively small, single-center sample and
unmeasured confounders, such as variations in ART regimens and
nutritional status, may further limit the generalizability of our findings.

Our study provides insights that both HbAlc and GA have limitations
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in detecting prediabetes and diabetes in PLWH, with GA demonstrating
a weaker correlation with FPG and suboptimal diagnostic performance.
While a lower GA threshold for prediabetes (12.42 %) improves sensi-
tivity, its accuracy remains insufficient. A combined approach with FPG
for better identification of glycemic abnormalities in this population is
warranted. Future research should focus on validating and refining GA
thresholds specific to PLWH and using CGM to verify the performance of
HbAlc and GA in larger cohorts.

In conclusion, HbAlc or GA alone do not reliably capture glycemic
abnormalities in PLWH. A lower GA cut-off (12.42 %) for prediabetes
improves sensitivity but remains suboptimal. A combined approach
incorporating FPG is recommended to enhance prediabetes and diabetes
screening accuracy in this population.
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