ENDOCRINOLOGY

Effect of Iron Deficiency Anemia on HbA1cin Non-
Diabetics: An Analytical Study from Eastern India

ABSTRACT

Objective: Hemoglobin Alc (HbA1c), a key indicator of glycemic status over the last 3 months, is
increasingly favored by clinicians to diagnose diabetes. Iron deficiency anemia (IDA), the most preva-
lent anemia worldwide, may alter HbA1c levels. However, data from eastern India are scarce, and
existing studies offer conflicting results. This study aimed to investigate the impact of IDA on HbA1c
levels in nondiabetics and to explore the correlation of HbA1c with hemoglobin (Hb), parameters of
the iron profile, and red blood cell (RBC) indices.

Methods: This cross-sectional analytical study compared 60 euglycemic patients with IDA, aged 18 to
60, to 60 age- and sex-matched euglycemic individuals without anemia. Data analysis was performed
using SPSS version 25, with significance set at P < .05. Spearman’s rho correlation coefficients exam-
ined correlations between Hb, serum iron, serum ferritin, total iron binding capacity (TIBC), transferrin
saturation, packed cell volume (PCV), reticulocyte count, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) with HbA1c.
Multinomial logistic regression analyzed the relationships of HbA1c (dependent variable) with RBC
indices and iron profile parameters (independent variables).

Results: The mean (SD) HbA1c value for IDA patients was 6.5 (0.5)% compared to 5.13 (0.80)% for
controls (P <.001). HbA1c showed significant negative correlations with Hb, PCV, serum iron, serum
ferritin, transferrin saturation, MCV, MCH, and MCHC, while TIBC was positively correlated with HbA1c.
Each unit decrease in Hb increased the likelihood of HbA1c values in the prediabetic and diabetic
range by 2.61 times (95% Cl=1.65-3.50) and 2.40 times (95% Cl=1.81-3.77), respectively (P < 0.001).

Conclusion: The study highlights a significant increase in HbA1c levels with the worsening of IDA in
non-diabetics, indicating that IDA should be addressed before interpreting HbA1c results accurately.
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Introduction

Anemia is a significant public health issue, affecting approximately 22.8% of the global popu-
lation, and disproportionately impacts low and middle-income countries (LMICs), leading to
serious health, social, and economic burdens. Globally, iron deficiency accounts for 50% of
anemia cases."? Iron deficiency is viewed as a spectrum, ranging from iron depletion and iron-
deficient erythropoiesis to iron deficiency anemia (IDA).2 In IDA there is a gradual decline in
serum iron, serum ferritin, and transferrin saturation, while total iron-binding capacity (TIBC)
increases. Other valuable laboratory tests for diagnosing IDA include assays for serum trans-
ferrin receptor, reticulocyte hemoglobin (Hb) content, percentage of hypochromic erythro-
cytes, and erythrocyte zinc protoporphyrin.

HbA1c, the most prevalent form of glycohemoglobin, is produced by the glycation of the ter-
minal valine on the beta chain of Hb. It indicates a patient’s glycemic control over the past 3
months. HbA1cis increasingly favored for use in population-based screenings because it does
not require fasting and exhibits low inter-user variability. The American Diabetes Association
(ADA) recently endorsed HbA1c levels of >6.5% as a diagnostic marker for diabetes mellitus
and levels between 5.7% and 6.4% as indicating prediabetes.* The HbA1c level is influenced
by 3 primary factors: the Hb concentration in reticulocytes at the time of their release from the
bone marrow, the average lifespan of RBCs in circulation, and the rate at which Hb undergoes
glycation.® Therefore, conditions that reduce RBC turnover and increase the glycation rate of
Hb, such as IDA, hemoglobinopathies, and altered red cell survival, can affect HbA1c values.®
HbA1c levels are also linked to erythrocyte indices like Hb, mean corpuscular volume (MCV),
and mean corpuscular hemoglobin (MCH), independent of glucose levels, in premenopausal
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women, even if they are not anemic.” Moreover, other factors such as
age, smoking, genetics, and ethnicity were also found to influence
HbA1c levels.®

Studies have found that IDA is associated with higher HbA1c levelsin
both diabetic and non-diabetic individuals. A few studies have also
demonstrated that treating IDA can reduce HbA1c.*™" On the other
hand, other researchers have found no such significant change. In
some cases, they even reported a lower HbA1c levels in non-diabetic
individuals with IDA.”*®

Amidst these controversies and the scarcity of data from eastern
India, despite its high prevalence of IDA, our study aimed to inves-
tigate the impact of IDA on HbA1c levels in non-diabetics and to
explore the correlation of HbA1c with Hb, parameters of the iron pro-
file and RBC indices.

Materials and Methods

Study Design, Settings, and Population

A cross-sectional analytical study was carried out in the Department
of General Medicine at a tertiary care teaching hospital in eastern
India, spanning from January 2020 to July 2022. Sixty euglycemic
patients with IDA were selected as cases, and sixty euglycemic, age-
and sex-matched healthy individuals were chosen as controls after
considering inclusion and exclusion criteria.

Inclusion Criteria for Cases
Euglycemic individuals aged 18-60 years, diagnosed with IDA, were
selected as cases after having provided written informed consent.

Inclusion Criteria for Controls
Euglycemic, non-anemic, age- and sex-matched healthy subjects
accompanying the patients were recruited as controls after provid-
ing written informed consent.

Exclusion Criteria for Cases and Controls

Patients were excluded if they had glucose tolerance abnormalities
(impaired glucose tolerance or diabetes mellitus), hemolytic anae-
mias, hemoglobinopathies, acute blood loss, vitamin B12/folate
deficiency, infestations, chronic smoking, heavy alcohol use, chronic
renal failure, chronic obstructive pulmonary disease, or were under-
going erythropoietin therapy. Additionally, those with hypothyroid-
ism, pregnancy, or those taking medications that can affect HbA1c
levels, such as corticosteroids, antiretrovirals, and ribavirin, were also
excluded.

MAIN POINTS

« The presence of IDA elevates the HbA1c levels in euglycemic
individuals toward the prediabetic-diabetic range.

« HbA1c was negatively and significantly correlated with Hb, PCV,
serum iron, serum ferritin, transferrin saturation, MCV, MCH, and
MCHC.

- HbA1c had a positive and significant correlation with TIBC and
reticulocyte count.

- For each unit decrease in Hb below its normal level, the risk of
having an HbA1c value in the prediabetic and diabetic range
increased by about 2.4 times and 2.61 times, respectively.

« Clinicians must address IDA before interpreting HbA1c results
accurately.
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Calculation of Sample Size
The sample size (N) was calculated using the standard formula for a
comparative study:

2

N= PE

(where Z,_a,,= 1.96 at a two-sided 95% Cl, Z, #=0.84 for the power
of 80%, o=SD of the population, d=effect size, which is the mean
difference to be detected in the outcome variable).

{(N=1)5i+(N;-1)8, }
N, +N, -2

The SD (0) of the population=

(where N, and S, = sample size and SD of 1 group (based on the pre-
vious study), and N, and S,=sample size and SD of another group
(based on the previous study)).

In a similar previous study, N, and N, were 46 and 40, respectively,
and S, and S, were 0.91 and 0.6, respectively.’® Using these values,
the SD (o) was calculated to be 0.76. Applying this SD of 0.76 and a
margin of error (d) of 0.4 to the sample size (N) calculation formula,
the required sample size for each group was calculated to be 57.
Rounding off, we included 60 samples in each group.

Sampling Technique and Data Acquisition

A systematic random sampling method was employed to select cases
until the required sample size was reached, with the first sample cho-
sen using a simple random technique. Controls were randomly cho-
sen and matched with cases based on age and gender to ensure an
optimally representative sample.

Participants aged 18 to 60 attending the General Medicine depart-
ment, either as inpatients or outpatients, underwent screening for
glucose tolerance abnormalities (impaired glucose tolerance/dia-
betes mellitus) via fasting plasma glucose (FPG) and postprandial
plasma glucose (PPG) testing. Non-diabetic patients meeting the
selection criteria were included after securing informed written
consent. Detailed demographic and clinical data, including medical
history, smoking habits, alcohol consumption, exercise, and family
disease history, were recorded using a pre-designed proforma. Five
milliliters of peripheral venous blood was collected from each partici-
pant after an 8-10 hour fast. Two milliliters of blood was transferred
to an EDTA anticoagulant-containing vial for immediate analysis,
while the remaining sample was collected in additive-free clot vials,
allowed to clot for 30 minutes, and then centrifuged at 2000 rpm for
15 minutes. The serum was separated and stored at —8°C until fur-
ther analysis. Those who were found to be anemic underwent further
testing for IDA by measuring serum iron, TIBC, serum ferritin, and
transferrin saturation (Figure 1).

Laboratory Measures

The FPG and PPG levels were measured using the Hexokinase
method on the Cobas c501 analyzer to assess glycemic status. The
HbA1c levels were determined via the latex agglutination method
on the Randox Mondena platform. Serum ferritin was quantified
using an immuno-chemiluminescence assay (CLIA) on the Advia
Centaur XP system. Serum iron and TIBC were measured through
spectrophotometric analysis on the Thermo Scientific Indiko ana-
lyzer. Transferrin saturation was calculated with the formula: [(Serum
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Figure 1. Flow diagramillustrating the recruitment process for study participants.

iron / TIBC) x 100]. The Hb, PCV, MCV, MCH, and MCHC were mea-
sured by flow cytometric analysis using the Sysmex 6-part analyzer.
The reticulocyte count was performed by examining a peripheral
blood smear.

Operational Definitions
Non-diabetics: Individuals having FPG < 100 mg/dL and PPG < 140
mg/dL.*

Anemia: Hb concentration < 130g/L in men over 15 years of age,
<120g/L in non-pregnant women over 15 years of age, and <110g/L
in pregnant women.?

IDA: Anemia with iron deficiency (serum iron <30 ug/dL, serum fer-
ritin <15 pg/L, TIBC =360 pg/dL, and transferrin saturation <15%)."”

Adequate exercise: Moderate-intensity exercise of >30 minutes dura-
tion with =5 exercise sessions per week.

218/ENDx’)‘i‘,PH*JULOH\' RESEARCH AND

Statistical Analysis

Categorical variables were presented as numbers (%), while continu-
ous variables were reported as mean + SD or as median + interquar-
tile range (IQR) for non-normally distributed data, as assessed by the
Kolmogorov-Smirnov test. Statistical Package for the Social Sciences
version 25 (IBM SPSS Corp.; Armonk, NY, USA) was utilized for analy-
sis. The clinical and laboratory parameters between the 2 groups
were compared using the chi-square test for categorical variables
and either the independent t-test or Mann-Whitney U-test for con-
tinuous variables, depending on the nature and distribution of data.
Spearman Rho correlation coefficients (r) were calculated to investi-
gate the correlations between Hb, serum iron, serum ferritin, TIBC,
transferrin saturation, PCV, reticulocyte count, MCV, MCH, and MCHC
with HbA1c values. Relationships between dependent (HbA1c) and
independent variables (RBC indices and iron profile parameters)
were analyzed using a multinomial logistic regression model. No
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significant multicollinearity was detected among covariates included
in the final model (variance inflation factor < 5). All tests were -tailed,
with a P-value of less than .05 regarded as statistically significant.

Ethical Considerations

The study received approval from the Institutional Ethics
Committee of Medical College, Kolkata (approval number: IEC/
NON-SPON/508/12/2019; date: December 21, 2019). Written
informed consent was obtained from all the participants, ensuring
the confidentiality and anonymity of their responses and identity. All
procedures adhered to the principles outlined in the 1964 Helsinki
Declaration and its subsequent amendments.

Results

Among the IDA individuals, 68.33% were female. Table 1 summarizes
the demographic and clinical characteristics of the study population.
No statistically significant differences were observed regarding age,
gender, comorbidities, exercise habits, FPG, and PPG values between
the 2 groups. However, the mean (SD) value of HbA1c was 6.5 (0.5),
ranging from 5.04 to 7.30 in the IDA group, and 5.13 (0.8), ranging
from 4.03 to 7.20 in the control group (P < .001). Furthermore, indi-
viduals with IDA exhibited significantly lower median (IQR) values of
Hb and other RBC indices, serum iron, serum ferritin, and transferrin
saturation, while TIBC was significantly higher compared to the con-
trol group (P <.001).

A negative and statistically significant (P < 0.001) correlation of
HbA1c was noticed with Hb (r = —0.638), serum iron (r=-0.609),
serum ferritin (r = —0.522), transferrin saturation (r = —587), MCV
(r=-0.570), MCH (r = —0.637), and MCHC (r=-0.545). Thus, with
a decrement of these parameters, there was a significant increase
in HbA1c value. Whereas, TIBC showed a positive correlation
(r=0.524, P < .001), which denotes that with an increase in TIBC,
there was a significant increase in HbA1c values (Table 2 and
Figure 2).

With each unit of decrease in Hb value, there was 2.61 times (95%
Cl=1.65-3.50) and 2.40 times (95% Cl=1.81-3.77) higher risk of hav-
ing prediabetic and diabetic levels of HbA1C (P < .001). Similarly,
with decreasing levels of serum iron, serum ferritin, and transfer-
rin saturation, there were 1.87 (95% Cl=1.04-1.91), 1.02 (95%
Cl=1.01-1.04), and 1.24 (95% Cl=1.12-1.31) times greater odds
of having prediabetic level HbA1c; whereas 1.08 (95% Cl=1.04-
1.10), 1.01 (95% Cl=1.01-1.05) and 1.21 (95% Cl=1.12-1.30) times
higher chance of getting diabetic levels of HbA1c, respectively (P <
.001). However, with increasing levels of TIBC, there was 1.02 (95%
Cl=1.01-1.02) times and 1.01 (95% Cl=1.01-1.03) times higher risk
of having HbA1c value in the prediabetic and diabetic range (P <
.001) (Table 3).

Table 4 illustrates that decreasing levels of PCV corresponded to 1.30
(95% Cl=1.16-1.45) times and 1.21 (95% CI=1.18-1.45) times higher
risk of having prediabetic and diabetic range of HbA1c p<0.001).
Similarly, decreasing levels of MCV were associated with 1.22 (95%
Cl=1.11-1.29) times and 1.20 (95% CI=1.13-1.31) times higher risk
of having prediabetic and diabetic levels of HbA1c, respectively,
(p<0.001). Additionally, each unit decrease in MCH and MCHC was
associated with 1.76 (95% Cl: 1.41-2.22) and 1.87 (95% Cl: 1.41-2.46)
times higher odds of prediabetes, and 1.66 (95% Cl: 1.32-2.07) and
1.74 (95% Cl: 1.30-2.32) times higher odds of diabetic levels of HbA1c,
respectively (p<0.001).
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Table 1. Distribution of Clinico-Laboratory Parameters Among
the 2 Groups

Parameters Cases (n=60) Control (n=60) P
Ageinyears, 39.9(17.52) 37.02(14.88) 192*
mean (SD)

Gender, n (%)

Male 19 (31.67) 22(36.67)

Female 41(68.33) 38(63.33) 553t
Family history of 4 (6.67) 5(8.33) .788t
diabetes, n (%)

Adequate 32(53.33) 37 (61.67) 197t
exercise, n (%)

Comorbidities, n (%)

Hypertension 16 (26.67) 13 (21.67) 411t
Ischemic heart 7 (11.67) 5(8.33) 346t
disease

Others 3(5.0) 4(6.67) 551t
BMI (kg/m?), 21.4(19.2-23.3)  21.8(20.4-22.8)  .754%
median (IQR)

FPG (mg/dL), 87.4(12.2) 89(10.8) .523*
mean (SD)

PPG (mg/dL), 118.7 (9.3) 119.3(9.2) .812*
mean (SD)

HbAlc (%), mean 6.5(0.5) 5.13(0.8) <.001*
(SD)

Hemoglobin (gm/ 8.9 (79-10.1) 13.7 (13.0-14.3)  <.00"*
dL), median (IQR)

PCV (%), median  29.4(27.0-33.4) 33.8(33.4-34.2) <.00%*
(IQR)

MCV (fL), 68.0 (65.0-76.0) 90 (87-92.5) <.007*
median (IQR)

MCH (pg), 231(20.6-26.0) 311(30.2-31.8) <.00%*
median (IQR)

MCHC (gm/dL), 29.5(26.8-31.3) 33.8(33.4-34.2) <.00%*
median (IQR)

Reticulocyte 1.51(11-2.1) 1.3(1.2-1.6) 047+
count (%),

median (IQR)

Serum Iron (pg/ 32.8(19.5-43.0) 86.7(78.0-98.0) <.001*
dL), median (IQR)

Serum Ferritin 11.5(6.6-21.6) 178.5(110.0-2341) <.0071*
(ng/mL), median

(IQR)

TIBC (pg/dL), 458 (3971-520.0) 298(267.3-328.1) <.001*
median (IQR)

Transferrin 7.2(41-9.8) 28.8(261-32.0) <.00%*

saturation (%),
median (IQR)

Values in bold indicate statistical significance.

P-value was obtained by using *Independent t-test, TChi-square test,
and *Mann—Whitney U-test.BMI, body mass index; FPG, fasting plasma
glucose; IQR, interquartile range; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; MCV, mean cor-
puscular volume; PCV, packed cell volume; PPG, postprandial plasma glu-
cose; TIBC, total iron binding capacity.

Discussion

Anemia remains a concealed global pandemic, with IDA being the
most prevalent nutritional deficiency, constituting over 50% of all
anemia cases worldwide.! Diabetes, on the other hand, is rapidly
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Table 2. Correlation Matrix Showing the Correlation of HbAlc
with Hemoglobin, Iron Profile Parameters, and Red Blood Cell
(RBC) Indices

HbA1c
Correlation

Parameters coefficient (r)* P
Hemoglobin (%) -0.638 <.001
Serumiron (mcg/dl) -0.609 <.001
Serum ferritin (ng/ml) -0.522 <.001
TIBC (mcg/dl) 0.524 <.001
Transferrin saturation (%) -0.587 <.001
PCV (%) -0.592 <.001
Reticulocyte count (%) 0.216 .031
MCV (fl) -0.570 <.001
MCH (pg) -0.637 <.001
MCHC (gm/dl) -0.545 <.001

Valuesin bold indicate statistical significance.

¥Spearman Rho correlation coefficient was calculated as data was not
normally distributed (Kolmogorov—Smirnov test P value < .05).MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC,
mean corpuscular hemoglobin concentration; PCV, packed cell volume;
TIBC, total iron binding capacity.

evolving into a global health emergency, with over two-thirds of
its burden being contributed by LMICs.”® Over the past decade,
the diagnosis and severity assessment of prediabetes and diabetes
have increasingly involved the measurement of blood glycated pro-
teins and HbA1c, which are key indicators of glycemic status over

so00
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the preceding 3 months. These indicators offer the advantages of
not requiring fasting, demonstrating low inter-user variability, and
correlates well with the risk of long-term diabetes complications.*
However, emerging studies suggest that HbA1c estimation can
be influenced by factors that alter RBC lifespan and Hb structure.
Therefore, the reliability of HbA1c values should be carefully consid-
ered during the diabetes diagnosis and treatment process (Table 3).

The current study found that patients with IDA have higher HbA1c
levels as compared to non-anemic patients and the levels of HbA1c
have a strong negative correlation with Hb, serum iron, serum fer-
ritin, and transferrin saturation (Table 4).

In our study, most individuals with IDA were female (68.33%), which
is consistent with the findings of other Indian studies.’®*

The current study revealed no significant difference in glycemic pro-
files based on FPG and PPG values between the 2 groups, consistent
with findings from similar studies."'* However, the level of HbA1c
was notably higher in patients with IDA compared to controls (6.5 +
0.5 vs.5.13 + 0.8, P < .001). This observation closely mirrors findings
from studies conducted by other researchers.’?'?* Studies have also
shown a significant reduction in HbA1c levels following iron replace-
ment therapy (IRT) in these patients.” Though the exact mechanisms
remain unclear, IDA-induced alteration in the quaternary structure
of Hb leads to more rapid glycation of the globin chain and reduc-
tion in RBC turnover, which is accompanied by an increase in the
glycation rate of Hb and decreased hemoglobinization results in
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Figure 2. Scatter plots displaying the correlation of HbAlc with hemoglobin, iron profile parameters, and various RBCindices
(r=Spearman’s correlation coefficient). PCV, packed cell volume; MCV, mean corpuscular volume; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
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Table 3. Multinomial Logistic Regression Showing Association of HbAlc with Hemoglobin and Iron Profile Parameters

HbA1lc Level
Normal Prediabetic Diabetic
Parameter Statistics (=5.6) (5.7-6.4) (26.5)
4 Hemoglobin (%) Median (IQR)¥* 13.7 (12.7-14.3) 9.4 (8.1-11.3) 9.0 (8.1-10.6)
OR (95% Cl) 1 2.61(1.65-3.50) 2.40 (1.81-3.77)
P _ <.001 <.001
4 Serumiiron (pg/dL) Median (IQR)¥* 85.9 (76-98) 32.1(20-65) 34 (23-45)
OR (95% Cl) 1 1.87 (1.04-1.91) 1.08 (1.04-1.10)
P _ <.001 <.001
4 Serum ferritin (ng/mL) Median (IQR)* 123.4 (98.8-230) 9.7 (6.6-57.9) 18 (7.5-66.8)
OR (95% Cl) 1 1.02 (1.01-1.04) 1.01(1.01-1.05)
P _ <.001 <.001
™ TIBC (pg/dL) Median (IQR)¥* 298 (267-332) 443 (329.5-528) 432 (379-478)
OR (95% Cl) 1 1.02 (1.01-1.02) 1.01(1.01-1.03)
P _ <.001 <.001
4 Transferrin saturation (%) Median (IQR)¥* 29 (25.6-32) 71(4.4-19.9) 8.1(5.0-10.9)
OR (95% Cl) 1 1.24 (112-1.31) 1.21(112-1.30)
P <.001 <.001

Values in bold indicate statistical significance.

The symbol (1) denotes a per unitincrease, while (1) denotes a per unit decrease.
¥Data was not normally distributed (Kolmogorov—Smirnov test P value < .05).IQR, interquartile range; OR, odds ratio; TIBC, total iron-binding

capacity.

older circulating erythrocytes. These are the most accepted hypoth-
eses for the falsely elevated HbA1c concentrations observed in IDA
patients.?>?” Conversely, a few studies have reported lower HbA1c
levels in patients with IDA,'*'> and some have shown no change to
a significant rise in HbA1c levels after IRT.® The heterogeneity of
these results may stem from various factors, including the minimal
impact of the hemolytic component on both mature and imma-
ture erythrocytes in IDA, resulting in a normal erythrocyte lifespan.
Additionally, differences in the doses, composition, and duration of
IRT, as well as variations in the methods used to estimate HbA1c,

could also contribute. To avoid misdiagnosis or missed diagnosis,
the ADA recommends performing the HbA1c test using a method
certified by the National Glycohemoglobin Standardization Program
(NGSP) and standardized to the Diabetes Control and Complications
Trial (DCCT) reference assays. The current study used the latex agglu-
tination method, which is one of the NGSP-certified methods and
standardized to DCCT references.? However, a study by Rai KB et al,*
where different biochemical techniques such as colorimetric assays,
ion-exchange chromatography, and affinity chromatography were
utilized for measuring HbA1¢, found no significant difference.?

Table 4. Multinomial Logistic Regression Showing the Association of HbAlc with Red Blood Cell (RBC) Indices

HbA1lc Level
Normal Prediabetic Diabetic
Parameter Statistics (<5.6) (5.7-6.4) (26.5)
4 PCV (%) Median (IQR)¥ 43.4(41-45.4) 31.5(27.3-37.4) 30.9 (27-35)
OR(CI) 1 1.30(1.16-1.45) 1.21(118-1.45)
P _ <.001 <.001
M Reticulocyte count (%) Median (IQR)¥* 1.3(11-1.5) 1.4 (1.0-21) 1.5(1.2-2.0)
OR (CI) 1 2.74 (0.81-9.29) 4.32(1.50-12.49)
P _ 105 .007
4 MCV (fl) Median (IQR)¥ 89 (87-92.4) 76 (65.8-81.6) 69 (65.3-78)
OR (CI) 1 1.20 (111-1.29) 1.22(1.13-1.31)
P _ <.001 <.001
4 MCH (pg) Median (IQR)¥ 31(29.9-31.8) 25.3(21.6-27.7) 22.3(20.8-26.6)
OR (Cl) 1 1.76 (1.32-2.07) 1.66 (1.41-2.20)
P _ <.001 <.001
4 MCHC (gm/dl) Median (IQR)¥ 33.6(33.1-34.) 30.2(29-32.7) 30.6 (26.6-31.9)
OR (CI) 1 1.87 (1.30-2.32) 1.74 (1.41-2.46)
P <.001 <.001

Values in bold indicate statistical significance.

The symbol (1) denotes a per unitincrease, while (1) denotes a per unit decrease.
¥Data was not normally distributed (Kolmogorov—Smirnov test P value < .05).IQR, interquartile range; MCH, mean corpuscular hemoglobin; MCHC,
mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; OR, odds ratio; PCV, packed cell volume.
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The current study observed a negative, moderate, and statistically
significant correlation of HbA1c with Hb, serum iron, serum ferritin,
transferrin saturation, PCV, MCV, MCH, and MCHC, consistent with
findings from other studies.?'*2 Ferritin serves as the storage form of
iron, and lower serum ferritin concentrations indicate delays in RBC
turnover, leading to increased Hb glycation and potentially higher
HbA1c levels in these patients. However, a few studies have sporadi-
cally reported a positive correlation of HbA1c with different RBC indi-
ces and iron profile parameters.'>3* These correlations between red
cell indices and HbA1c underscore the role of erythrocyte morphol-
ogy and lifespan in elevating HbA1c levels.

In our study, for each unit decrease in Hb value, the likelihood of
obtaining HbA1cvaluesin prediabetic and diabetic ranges increased
by 2.4 times (95% Cl=1.65-3.50) and 2.61 times (95% Cl=1.81-3.77),
respectively. This observation is consistent with the findings of
Rajagopal et al** and Bhargava, S. et al,** who also noted that HbA1c
levels tend to rise proportionally as the severity of anemia increases.
However, neither of these studies addressed the clinician’s need for
a specific cutoff value of Hb below which HbA1c interpretation is
significantly affected. Although generalizing a cutoff value can be
challenging, establishing one could provide valuable guidance for
clinicians, especially in regions with high anemia prevalence, such
as India. Nevertheless, further large-scale, long-term studies with
homogeneous patient groups are necessary to draw definitive
conclusions.

This study not only highlighted the impact of IDA on HbA1c levels in
non-diabetic individuals but also explored the correlation of HbA1c
with anemia severity, RBC indices, and iron profile parameters. Few
studies from eastern India have examined these relationships, and to
the best of our knowledge, this is the first study from West Bengal to
do so. All biochemical analyses were performed on freshly collected
blood samples using globally accepted standard methods. However,
the study has a few limitations. As a single-center study with small
sample size and control subjects drawn from hospital attendees,
its findings may not be widely generalizable. Additionally, follow-
up data after IRT were not evaluated, which could have provided
new insights. Moreover, whether the severity of IDA increases the
risk of diabetes mellitus and its complications remains unexplored.
Therefore, there is a pressing need for large-scale, long-term stud-
ies with robust methodologies to establish the relationship between
IDA, HbA1c, and the effects of IRT.

In conclusion, the current study statistically demonstrates that the
presence of IDA elevates the HbA1c level towards the prediabetic or
diabetic range in euglycemic individuals. Clinicians should not rely
solely on HbA1c measurements to diagnose prediabetes or diabe-
tes in individuals with IDA. Instead, they should conduct a compre-
hensive assessment and consider and treat the IDA before planning
any further glycemic control strategies to minimize the risk of drug-
related adverse events.
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