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Introduction

Abstract

Background: Evaluation of HbAlc in diabetics has been found
to be disconcerted by factitious results in anaemic diabetics. The
degree of effect has however not been well established.

Aim: The primary objective of this research was to examine how
changes in haemoglobin concentration impact HbAlc levels.

Methods: This study involved a hospital-based case-control ap-
proach, encompassing a total of 200 participants. The cohort in-
cluded 100 diabetic and 100 non-diabetic patients, all of whom
were receiving healthcare services at Pentecost Hospital. Conve-
nience sampling method was employed. A 5 mL venous blood sam-
ple was drawn from each participant under aseptic circumstances.
Following this, 2 mL of the venous blood was dispensed into fluo-
ride oxalate tubes for the assessment of glucose levels, while the
remaining 3 mL was carefully transferred into Ethylenediamine Tet-
ra Acetic acid (EDTA) tubes to facilitate a comprehensive analysis of
full blood count and HbA1c levels. The data collected was analyzed
using Microsoft Excel 365 and SPSS software version 25.

Results: In the cohort of diabetic participants, a statistically sig-
nificant linear relationship was established between the degree
of anaemia and HbAlc levels, as indicated by a p-value less than
0.001. Concurrently, non-diabetic subjects demonstrated a sta-
tistically significant linear trend in HbAlc, also evidenced by a p-
value less than 0.001. Additionally, a p-value of 0.002 indicated a
statistically significant association between glycated Haemoglobin
(HbA1c) and fasting plasma glucose levels among the diabetic sub-
group. Conversely, this correlation failed to attain statistical signifi-
cance among non-diabetic individuals, with a p-value of 0.690.

Conclusion: Monitoring diabetics solely based on HbAlc may
be deceptive. It is recommended that clinicians exercise prudence
by incorporating the anaemic status of diabetic patients into their
therapeutic decision-making processes, particularly when relying
exclusively on HbAlc assessments.
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Diabetes mellitus is on the rise globally. According to esti-
mates provided by the International Diabetes Federation (IDF),
537 million persons worldwide have diabetes in 2021.This pro-
jection indicates that the figure is expected to reach 643 mil-
lion by 2030 and escalate further to 783 million by 2045. The
glucose-haemoglobin complex known as glycated Haemoglobin
(HbA1c) is created when hemoglobin undergoes irreversible,

non-enzymatic glycation. When glucose attaches itself to the
N-terminal valine residue on the beta chain of hemoglobin, the
process known as glycation produces HbAlc. Haemoglobin Alc
(HbA1c) is a common test for diabetes diagnosis, monitoring
and management. The benefits of HbAlc over other glycemic
control monitoring parameters include its stability in samples
and the needlessness of fasting before the test Regardless of its
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advantages, HbAlc can be influenced by genetic, physiological,
haematological, and other pathological variables. Conditions
that affect haemoglobin, RBC turnover, and haemoglobin gly-
cation can affect HbAlc levels independently of blood glucose.
Since the HbA1lc value represents the portion of total haemo-
globin that is glycated, it is possible that the haemoglobin level
influences HbAlc test results separately from glycemia. Sev-
eral studies including those by [4,10,11] have been conducted
to study the correlation between haemoglobin and HbAlc in
diabetes mellitus. Nevertheless, there is inconsistent reporting
on how anemia affects HbAlc in these investigations. Anaemia
may result in an incorrect rise or fall in HbAlc concentration,
misrepresenting the state of the disease. There is also dearth of
information on the relationship between HbAlc and anaemic
status in Ghana. In this study, it was hypothesized that HbAlc
was lower in diabetic patients who are anaemic.

Materials and Methods
Study Design

This study examined the relationship between hemoglobin
levels and HbAlc concentration in individuals with and without
diabetes at the Pentecost Hospital from June 2022 to August
2022. It was a case control investigation.

Participants

The study population consisted of 100 diabetics who attend-
ed the Pentecost hospital diabetic clinic and 100 non-diabetic
patients who presented at the Outpatients’ Department of the
Pentecost Hospital between June and August 2022. The sample
size was calculated using the Cochran’s equation, with a diabe-
tes prevalence of 6.46%, a confidence level of 95% and an error
margin of 5%. Adult diabetics (type 1 and 2) who have been
managed for diabetes at the Pentecost hospital clinic for at least
two years were included in the study. Patients taking any type of
oral iron supplements, acute diabetic complications, recent his-
tory of surgery, those who have had a recent accident or trauma
leading to acute haemorrhage, those who have had a recent
blood transfusion and pregnant patients were not included in
the study.

Methods

Five milliliters (5ml) of blood were obtained using a 5cc
21-gauge hypodermic syringe. 2ml of the blood was trans-
ferred into fluoride oxalate tubes and the remaining 3ml was
transferred into EDTA tubes. The test tube was labelled appro-
priately with the name and ID number given to the participant
during the research. The EDTA anticoagulated blood was tested
for full blood count to obtain haemoglobin concentration us-
ing Urit 5250 fully automated haematology analyzer (Medtek,
China) and HbAlc using Finecare™ FIA Meter Plus (Wondfo,
China). After centrifugation, the plasma from the fluoride oxa-
late tubes were analyzed for glucose estimation using Mindray
BS 430 chemistry analyzer (Mindray, China). Haemoglobin level
was classified as normal (males -13 to 17g/dL, females - 12 to
16g/dL), mild anaemia (males - 10 to 12.9g/dL, females — 10
to 11.9g/dL), mild anaemia (males — 8 to 9.9g/dL, females — 8
to 9.9g/dL) and extreme anaemia (males - <7.9g/dL, females -
<7.9g/dL).

Statistical Analysis

Descriptive statistics, encompassing measures such as fre-
qguency, percentage, range, mean, and standard deviation, were
employed for comprehensive data characterization of the sex-

wise distribution of anaemia in participants and the dependent
variable (HbA1c). The relationship and degree of the associa-
tion between haemoglobin level and HbAlc were examined us-
ing scatter plots, Pearson correlation and regression analysis. If
the p-value was less than 0.05, the statistical significance crite-
rion was deemed significant.

Results
General Characteristics of Study Participants

Table 1 displays the descriptive statistics for the study
sample, providing an overview of the key characteristics of
the participants. The diabetic participants were significantly
older (59.03+14.78 years) than the non-diabetic participants
(49.81+16.28 years, P<.001). No significant difference was found
between the haemoglobin level in diabetics (11.91+2.41g/dL)
and non-diabetics (12.36+2.30g/dl, P=.181), although the non-
diabetic participants had a slightly higher haemoglobin level
than the diabetics.

Comparison of Anaemia Severity by mean Haemoglobin
among Study Participants

The anaemic participants were grouped according to their
haemoglobin measures into mild anaemia (males - 10 to 12.9g/
dL, females — 10 to 11.9g/dL), mild anaemia (males — 8 to
9.9g/dL, females — 8 to 9.9g/dL) and extreme anaemia (males
- <7.9g/dL, females - <7.9g/dL). Table 2 shows the mean he-
moglobin levels for the individuals with diabetes and those
without the disease. Comparison of the mean haemoglobin
of mildly anaemic diabetic (11.1940.94g/dL) and non-diabetic
(11.38+0.72g/dL) participants showed no significant differ-
ence (P=.395). The mean haemoglobin of moderately anaemic
diabetic (9.2610.28g/dL) values did not exhibit any statistically
significant difference from non-diabetic (9.10+0.52g/dL) partici-
pants (P=.424). The mean hemoglobin of diabetic patients with
extreme anaemia did not differ significantly (6.24+1.04g/dL)
and non-diabetic (6.47+1.22g/dL) participants (P=.728).

Correlation between FBG and HbAlc Among Study Partici-
pants

Figure 1 shows the association between FBG and HbAlc in
diabetic and non-diabetic participants. From figure 1a shows no
relationship between FBG and HbAlc in the non-diabetic par-
ticipants (P=.690). Conversely, figure 1b demonstrates a statisti-
cally significant positive correlation (P=.002) between FBG and
HbAlc in the people with diabetes.
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Figure 1: Correlation between FBG in diabetic and non-diabetic
participants.
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HbA1lc Trend based on Anaemia Sseverity Among Study
Participants

A line graph in Figure 2 illustrates how the degree of ane-
mia affects HbAlc in both diabetic and non-diabetic individuals.
HbAlc was highest in the non-anaemic group (10.18+2.28%)
among the diabetic patients and declined steadily as anemia
level rose; however, this trend did not reach statistical signifi-
cance in the mild and severe anaemic groups. The group of
non-diabetic subjects with slightly anemia had the greatest
HbA1c (5.3940.73%), and it dropped as the severity of anemia
increased. The statistical significance of the trend in glycated
haemoglobin (HbA1c) levels across different degrees of anemia
across both diabetes and non-diabetic cohorts was evaluated
using a one-way Analysis of Variance (ANOVA). Among the dia-
betic patients, the HbAlc concentration significantly decreased
as the degree of anemia rose (P<.001). The HbAlc concentra-
tion significantly decreased as the degree of anemia rose in the
non-diabetic subjects as well (P<.001).
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Figure 2: HbAlc trend in anaemia severity among diabetic and
non-diabetic participants.

Table 1: General characteristics of the study participants.

Non-diabetics Diabetics
Variables P-value
(N=100) (N=100)
Sex
Male 37(37%) 36(36%) 0.883
Female 63(63) 64(64%)
Age/ years 49.81+16.28 69.03+14.78 | <.001*
FBG/ mmol/L 4.71+0.97 8.52+3.80 <.001*
HbAlc/ % 6.18+0.68 9.46+2.61 <.001*
Hb / g/dl 12.36+2.30 11.91+2.41 0.181
Red cell Indices
MCV/fL 79.88+6.05 78.01+7.28 0.051
MCH/pg 27.34+2.98 27.13£2.90 0.636
MCHC/g/dL 33.80+2.28 33.92+2.24 0.699
Anaemia classification
Normal 59(59%) 52(52%) 0.688
Mild anaemia 28(29%) 30(30%)
Moderate anaemia 7(6%) 11(11%)
Severe anaemia 6(6%) 7(7%)

For continuous data, the data was presented as mean * SD, and for categorical
data, as %. The acronyms Hb, MCV, MCH, MCHC, FBG, and HbA1c stand for he-
moglobin, mean cell volume, mean cell hemoglobin, and mean cell hemoglobin
concentration, Fasting Blood Glucose, Haemoglobin Alc. The student t test and
the Chi-squared test were used to determine the P-value, respectively.

Table 2: Comparison of anaemia severity by mean Hb among diabetic
and non-diabetic study participants.

Diabetic status
P-value
Non-diabetic Diabetic T-stat
Normal 13.82+1.07 13.67+1.15 @ 0.745 0.458
Mild 11.38+0.72 11.19+¢0.94 0.856 0.395
Moderate anaemia 9.10+0.52 9.26+0.28 | -0.821 0.424
Severe anaemia 6.47+1.22 6.24+1.04 0.357 0.728

Table 3: Multiple regression analysis with HbA1lc as the dependent
variable and Hb, FBG and age as the independent variables.

Non-diabetics Diabetics
Independent variable
B P-value B P-value
Constant 3.882 <.001 -0.064 .971
Hb/g/dL 0.099 <.001 0.572 <.001
FBG/mmol/L 0.040 .301 0.233 <.001
Age 0.008 .768 0.013 .391

a. Dependent Variable: HbAlc/%
* The variables in the model explained around 44.5% of the variability ob-
served in HbA1c levels (total R2=0.445). The estimated change in HbAlc for
a one-unit change in the independent variables is shown by the regression
coefficient (B).

Linear Regression of Study Variables Against HbAlc in

Study Participants

Using data from Hb, FBG, and age, a multiple regression
analysis was performed to predict HbAlc in study participants
who were either diabetic or not. Regression analysis showed a
positive coefficient estimate for the link between Hb and HbA1c
among the non-diabetic subjects, indicating a positive linear re-
lationship between the two variables (B=0.099, P<.001; Table
3). Regression analysis revealed non-significant relationships
in non-diabetic persons between age and glycated hemoglobin
(HbA1c) (B=0.008, P=.768) and between Fasting Blood Glucose
(FBG) and HbA1c (B=0.04, P=.301) (Table 4). Additionally, FBG
and HbAlc had a significant relationship (B=0.233, P<.001).
However, among individuals with diabetes, age did not signifi-
cantly correlate with HbA1c (B=0.013, P=.391; Table 3).

Discussions

Despite ongoing discussions regarding its relevance for diag-
nosis, HbA1lc is still not an authenticated instrument for the di-
agnosis of diabetes mellitus. Anaemia can either raise or lower
HbA1c levels due to variations in RBC half-life. This investigation
was undertaken with the objective of evaluating the correlation
between hemoglobin levels and HbAlc among individuals with
diabetes, building upon this underlying premise. This current
study demonstrated a significantly lower HbAlc concentration
in anaemic diabetic and non-diabetic participants. Studies con-
ducted in 2014, 2015, and 2019 by Kalasker et al., Cavagnolli et
al., and Solomon et al., respectively, all lend credence to this.
Conversely, these three studies contradicted previous research
because the association between hemoglobin and HbAlc has
either been reversed or not detected in other studies. Nonethe-
less, these results suggest that anemia may affect HbA1lc read-
ings, which could result in inaccurate interpretations, particu-
larly in those with diabetes. The glycation process is impacted
by changes in erythrocyte lifespan and turnover, which can af-
fect HbAlc values in anemia, a disorder characterized by insuf-
ficient red blood cells or hemoglobin levels in the bloodstream.
As a result, using HbAlc alone to assess glycemic control might
not provide an accurate representation in individuals with con-
comitant anaemia, particularly in diabetic patients. According
to a 2017 study by Alsayegh et al., anemia is significantly more
common in diabetic patients (females > males), with the major-
ity of cases being related to diabetic complications. However,
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it did not show a connection between HbAlc and anemia in
either male or female. The researcher went on to say that ane-
mia in diabetics needs to be identified and treated right away
because it is associated with major complications from the dis-
ease. Higher HbA1lc readings in anemia were found in studies
conducted by [22,23].

As HbAlc is expressed as a percentage of total hemoglobin
A, [24] suggested that a decrease in hemoglobin concentration
could result in an increase in the glycated part at a constant
glucose level. According to [6], variations in the laboratory
methods used for measuring HbAlc may also be to blame for
reported variances in HbAlc concentrations between anemic
and non-anemic individuals. Research has made an effort to
clarify how the Hb level affects the HbAlc. In a specific study
conducted in 2016, [26] found that among 122 participants (67
with anemia and 67 without anemia), the HbA1c level did not
significantly change based on the measurement method (such
as High-Performance Liquid Chromatography (HPLC) method
and immunoturbidimetry method; P=0.192). Mild anemia has
little impact on HbAlc, but moderate to severe anemia has
been shown to increase it. The HbAlc test can be used to diag-
nose diabetes in people who have mild anemia. The relation-
ship between anemia and HbA1c level is not clearly defined; the
cause and effect of anemia are complex. In [28] emphasized the
significance of additional research.

Only those with diabetes had a substantial FBG-HbA1c corre-
lation; non-diabetics did not. This result is consistent with stud-
ies conducted in 2016 by [29] and 2020 by [4]. The substantial
correlation between HbA1c and fasting plasma glucose that has
only been seen in diabetics implies that the existence of anemia
may have an impact on the link between these two indicators.
The difference in the connection between fasting plasma glu-
cose and HbAlc between persons with and without diabetes
highlights the need for caution when interpreting HbAlc re-
sults, especially in cases where anemia is present. It is inter-
esting to note that across patients with and without diabetes,
age did not significantly predict HbAlc. Age is a factor that is
frequently considered when managing diabetes since glycemic
control may be predicted to fluctuate as one ages due to chang-
es in metabolic processes and the possible effects of aging on
general health. The findings of this study, however, imply that
age may not be a significant factor in determining HbA1lc levels
in those with or without diabetes. This result was similarly con-
sistent with a 1999 study conducted by [30]. To put it succinctly,
the only markers of HbAlc that were significantly correlated
with it were Hb and FBG.

Conclusion

In this study, we found that haemoglobin levels in both dia-
betic and non-diabetics were positively and significantly associ-
ated with HbAlc. With increasing degree of anaemia severity,
HbA1c decreases. This erroneous decrease in HbAlc may cause
diabetes to be underdiagnosed and may also give a false sense
of glycaemic control in known diabetics. Due to this, the study
emphasises how crucial it is to exclude anaemia before making
any clinical decisions dependent on HbAlc levels.
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