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ABSTRACT... Objective: To evaluate the effect of iron deficiency anemia (IDA) on HbA1c
levels in non-diabetic Pakistani individuals. Study Design: Observational Study. Setting: Baqai
Institute of Diabetology and Endocrinology, Bagai Medical University Karachi. Period: March
2019 to May 2019. Material & Methods: After approval by the ethics committee of BMU. A
world Health Organization (WHO) criterion was used for screening normal glucose tolerance.
Subject with type 1 and 2 diabetes, and gestational diabetes were excluded. Selected subjects
were categorized into 2 groups (anemic and non-anemic). Data was collected on a structured
questionnaire. Result: Out of 139 subjects, 72 were males and 67, were females. Anemia was
more common in males as compared to females (34.7% vs 19.4%). Among males, HbA1c level
was found higher in anemic subjects with MCV <76fl than anemic subjects with MCV>76fl and
subjects without anemia. While in females, HbA1c level was similar in both anemic and non-
anemic subjects. Conclusion: HbA1c as a diagnostic marker should be assessed carefully as
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INTRODUCTION

Globally, Anemia is major health problem; about
1.62 billion people (24. 8%) are affected by
Anemia.! The prevalence of anemia is 43% in
developing countries whereas 9% in developed
nations.2 All age groups, more commonly
preschool-aged children and pregnant women
are affected by anemia.® Anemia, an unrecognized
complication of diabetes mellitus contributes to
the pathogenesis and progression of various
problems.* The most common cause of anemia is
Iron deficiency anemia (IDA).> Worldwide around
two billion population suffers from anemia from
which 50% have IDA.87

Firstly, it was assumed that HbA1C was altered
only by blood glucose levels.®2 Although many
studies reported, various other confounding
factors affects HbA1C levels, beside with diabetes
mellitus (DM), specially IDA. Christy and his
colleagues evaluated that for last three months
maintained plasma glucose levels contributing to
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controlled level of HbA1C (< 6.5%).°

Multiple studies had been conducted out to
investigate consequence on HbA1c levels of
Iron Deficiency Anemia in patient with diabetes
and non-diabetic individuals, while some of the
studies was conducted for comparing HbA1c
variation in both these groups.’ The US National
Health and Nutrition Survey found IDA has been
linked with alterations in HbA1c ranges from <5.0
to =5.5% and strongly rises in the patients of
absolute HbA1c levels 2 months after treatment
of anemia.”'? Similarly, Chinese Health and
Nutrition Survey reported iron deficiency alone or
IDA had an increased in subjects with prediabetes
using HbA1c alone when compared with using
both HbA1c and fasting blood glucose as the
diagnostic criteria.'

Alap L .,et al 2014, reported, higher HbA1c
levels in IDA subjects was reduced by following
iron therapy.' Another study, iron deficiency
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elevated the HbA1c levels in diabetic subjects
with iron-sufficient individuals harmonized for
fasting plasma glucose levels.”> On the other
hand study on anemia and non-anemia diabetic
participants with as well as without iron deficiency
shown no alterations in the association between
fasting glucose and HbA1c when examined
individually."® Due to the changes in the results
of various researches, we interested to explore
the effects of Iron Deficiency Anemia on HbA1c
levels in non-diabetics between anemic and non-
anemic subjects.

MATERIAL & METHODS

The observational study was carried out in BIDE,
Baqgai Medical University (BMU) Karachi, Pakistan,
after approved by the ethics committee of BMU
(Ref: BMU-EC/2018-03). Total 139 subjects out of
which 72 males and 67 females were included in
this study. In this study (anemic and non-anemic)
non-diabetic subject was included. Type 1 and
2 diabetes, gestational diabetes, renal disease,
any medications, effecting HbA1c/lron level,
Alcoholism (on history base), Known case of
hypo and hyperthyroidism were excluded from
the study. The selected participants visited the
hospital at least 8 hours of overnight fasting.
According to WHO measures each participant
was screened, either the fasting plasma glucose
(FPG) or the 2-hours plasma glucose (2-h PG)
value during a 759 oral glucose tolerance test
(OGTT)." A written consent agreement was
obtained from each participant and data was
collected by means of a questionnaire.

By using sterilized disposable vacutainer tubes
containing EDTA K2 (for haemoglobin A1C;
HbA1c), gel (for lipids) and sodium fluoride (for
glucose) blood samples were collected. Complete
blood count, HbA1c (%), Hb electrophoresis,
Serum Iron /TIBC, Ferritin were also performed
by using standard method. Plasma glucose
glucose oxidase peroxidase, total cholesterol
cholesterol oxidase phenol 4-amino antipyrine
peroxidase (CHOD-PAP), glycerolphosphate
oxidase-P-aminophenzone (GPOPA) was
obtained by triglycerides. Enzymatic calorimetry,
high-performance liquid chromatography by
low-density lipoprotein cholesterol (LDL-C) by

CHOD-PAP, and HbA1c.'” CBCs were performed
using an automated hematology analyzer (MEK-
6450). Celltac a Nihon Kohden).'® The results of
the plasma glucose test were as follows: Isolated
IFG was defined as the daily fasting plasma
glucose level from 110 mg / dL to 125 mg / dL
with PGL -140 mg / dL. dL."® Using the World
Health Organization definition of anemia, there
are different restrictions for men and women;
High hemoglobin (-16 g / dl in men and -15 g /
dl in women), common hemoglobin (-13 g / dl in
men and -12 g / dl in women).2°

Statistical Package for Social Sciences (SPSS)
Version 20 was used to perform statistical
analysis. While categorical variables were
presented as n (%) whereas continuous variables
were presented as mean =SD.

RESULT

Table-I shows that in male group, anemic subjects
with MCV<76fL had strong family history of
diabetes and higher cholesterol and random
blood sugar level as compared to anemic
subjects with MCV>76fL and subjects without
anemia. Figure-1 reveals that mean HbA1c level
was also found higher in anemic subjects with
MCV<76fl than anemic subjects with MCV>76fl
and subjects without anemia.

Table-Il shows that in female group, family history
of diabetes and blood sugar levels were almost
similar among all subjects. HbA1c level was also
found similar in anemic and non-anemic females
(Figure-2).
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Figure-1. HbA1c level according to anemia in males.
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: Anemia q
LR MCV<76 76<MCV<96 MCV>96 N
n(%) 2(2.8%) 22(30.5%) 1(1.4%) 47(65.3%)
Age (years) 35=0 37.24+13.19 26=+0 40.3+13.15
BMI (kg/m?) 28.15+2.73 26.17+3.9 22.14+0 25.67+3.22
Marital status
Single 0(0%) 2(9.1%) 1(100%) 10(21.3%)
Married 2(100%) 20(90.9%) 0(0%) 37(78.7%)
Blood Pressure
Systolic BP 120+0 109.44+16.97 110+0 111.49+12.3
Diastolic BP 80+0 72.22+10.6 80+0 74.46+7.71
Tobacco
No 2(100%) 17(77.3%) 1(100%) 43(91.5%)
Yes 0(0%) 5(22.7%) 0(0%) 4(8.5%)
Smoking
No 2(100%) 19(86.4%) 1(100%) 44(93.6%)
Yes 0(0%) 3(13.6%) 0(0%) 3(6.4%)
Alcohol
No 2(100%) 22(100%) 1(100%) 46(100%)
Yes 0(0%) 0(0%) 0(0%) 0(0%)
Dyslipidemia
No 1(50%) 4(18.2%) 0(0%) 17(36.2%)
Yes 1(50%) 18(81.8%) 1(100%) 30(63.8%)
Hypertension
No 2(100%) 19(86.4%) 1(100%) 39(83%)
Yes 0(0%) 3(13.6%) 0(0%) 8(17%)
Stroke
No 2(100%) 21(95.5%) 1(100%) 47(100%)
Yes 0(0%) 1(100%) 0(0%) 0(0%)
Family history of DM
No 0(0%) 13(59.1%) 1(100%) 28(59.6%)
Yes 2(100%) 9(40.9%) 0(0%) 19(40.4%)
Table-l. Prevalence of different variables in Anemia and non-anemia Male Subjects.
. Anemia :
Variables MCV<76 76<MCV<96 Non-Anemia
n(%) 6(8.9%) 7(10.5%) 54(80.6%)
Age (years) 36.17+10.52 31.14+8.57 36.6+12.45
BMI (kg/m?) 28.07+9.71 27.5+6.22 26.49+5.92
Marital Status
Single 2(33.3%) 3(42.9%) 11(20.4%)
Married 4(66.7%) 4(57.1%) 43(79.6%)
Blood Pressure
Systolic BP 112+13.04 105.71+£12.72 108.75+18.56
Diastolic BP 72+8.37 68.57+9 71.84+9.7
Tobacco
No 6(100%) 7(100%) 52(96.3%)
Yes 0(0%) 0(0%) 2(3.7%)
Smoking
No 6(100%) 7(100%) 53(100%)
Yes 0(0%) 0(0%) 0(0%)
Alcohol
No 6(100%) 7(100%) 54(100%)
Yes 0(0%) 0(0%) 0(0%)
Dyslipidemia
No 1(16.7%) 1(14.3%) 27(50%)
Yes 5(83.3%) 6(85.7%) 27(50%)
Hypertension
No 6(100%) 7(100%) 48(88.9%)
Yes 0(0%) 0(0%) 6(11.1%)
Stroke
No 6(100%) 7(100%) 54(100%)
Yes 0(0%) 0(0%) 0(0%)
Family History of DM
No 3(50%) 5(71.4%) 29(53.7%)
Yes 3(50%) 2(28.6%) 25(46.3%)

Table-ll. Prevalence of different variables in Anemia and non-anemia Female Subjects.
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Anemia

Parameters MCV<76 76<MCV<96 MCV>96 Non-Anemia
FBS (mg/d) Males 93.5+6.36 92.5+5.64 99+0 90.83+8.08
Females 90.83+7.17 89.14+4.41 89.28+6
RBS (mg/dl) Males 134.5+0.71 99.32+20.45 113+0 101.62+19.82
Females 98.17+20.88 99.14+12.93 104.52+16.31
Cholesterol (mg/dl) Males 200=+0 161.59+36.15 142+0 190.72+44.24
Females 168.6+38.23 164+29.77 195.14+45.33
Triglyceride (mg/dl) Males 175+0 142.59+91.21 74+0 184.93+100.55
Females 138.4+78.98 119.17+88.46 115.9+51.92
HDL (mg/dl) Males 25+0 27.82+4.25 33+0 29.72+4.52
Females 33.8+7.98 33.17+6.11 36.45+8.43
LDL (mg/dl) Males 115+0 100.18+32.22 94+0 124.17+38.09
Females 112.4+20.01 99.83+27.58 123.79+36.16
VLDL (mg/dl) Males 350 28.52+18.24 14.8+0 36.95+20.13
Females 27.72+15.76 23.83+17.69 23.18+10.41
Non-HDL-C (mg/dl) Males 175+0 133.76+33.27 109+0 161+43.53
Females 134.8+32.27 130.83+26.69 158.69+41.75
HbA1c (%) Males 6.5+0.71 5.84+0.51 5.3+0 5.36+0.92
Females 5.6+0.44 5.57+0.5 5.34+0.49
Iron (ug/dl) Males 70x0 83.45+9.97 750 -
Females 73.33+9.16 81.71+10.59

Table-ll. Comparison of Biochemical parameters between anemia and non-anemia subjects.
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Figure-2. HbA1c level according to anemia in females.

DISCUSSION

Anemia can affect erythropoiesis; RBC
production, Hb synthesis, and RBC volume or
surface area may decrease. Anemia increases the
level of RBC blood circulation, which affects the
value of HbA1c. The results of our study indicate
that IDA is associated with high concentrations
of HbA1c. In addition, iron replacement therapy
causes a decrease in HbA1c. Similarly, high
levels of HbA1c in iron-deficient adults, diabetes
is abnormal after iron replacement.?’ One

previous study observed HbA1c concentrations
of normal iron deficiency and reduced them to
abnormal levels after taking iron supplements.??
In contrast, there was no change in HbA1c
concentration in diabetic patients with diabetes
before and after iron therapy.?® They noted that
the reported differences in pre- and post-iron
HbA1c concentrations were due to differences in
laboratory methods used to measure HbA1c.

Because HbA1c levels predict the risk of many
chronic diabetic complications, HbA1c is often
used to assess long-term blood glucose control in
people with diabetes.?*? The results of our study
indicate that iron deficiency is associated with
high HbA1c levels, which can be a problem in the
uncontrolled diagnosis of diabetes in patients with
iron deficiency. Iron status should be considered
when interpreting HbA1c concentrations in
diabetes. Iron replacement therapy is particularly
important in patients with iron deficiency, which
increases the reliability of HbA1c determination.

A Japanese study of diabetic and non-diabetic
pregnant women found a positive correlation
between HbA1C and MCV and a negative
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correlation between red blood cell counts.?
Similarly, another study from Japan documented
a relatively inverse relationship with MCH in
assessing pregnant women with conditions such
as diabetes.?® Several studies in diabetics have
shown a negative correlation between red blood
cell and HbA1C indices: HB, MCV, and MCH .72
Similar results were obtained by Hardikar et al.
Diabetes populations were assessed to show an
inverse relationship between HbA1c and MCV,
MCH, and MCHC.*®

Anemia was more common in males as compared
to females (34.7% vs 19.4%). Among males, 2.8%
had anemia with MCV <76fL, 30.5% had anemia
with MCV between 76 to 96 fL, 1.4 % had anemia
which MCV> 96fL while 65.3% had no anemia.
Among females, 8.9% had anemia with MCV<76
fL, and 10.5 % had anemia with MCV between 76
to 96 fL while majority (80.6%) had no anemia.

CONCLUSION

HbA1c as adiagnostic marker should be assessed
carefully as the presence of IDA can lead to falsely
elevated HbA1c levels in non-diabetic subjects.
Copyright© 21 Dec, 2020.

REFERENCE

1. Ntenda PA, Chuang KY, Tiruneh FN, et al. Multilevel
analysis of the effects of individual-and community-
level factors on childhood Anemia, severe Anemia,
and hemoglobin concentration in Malawi. J Trop
Pediat.2018; 64(4):267-78. DOI: 10.1093/tropej/fmx059.

2. Al-alimi AA, Bashanfer S, Morish MA. Prevalence of
Iron deficiency anemia among university students
in Hodeida Province, Yemen. Anemia. 2018: 1-7. DOI:
https://doi.org/10.1155/2018/4157876.

3. Tahaineh LM, Khasawneh AH. A randomized control
trial to evaluate the clinical pharmacist’s role in
managing iron deficiency anemia subjects. Int J
Pharm Pract. 2018; 26(1):55-62.

4. Thomas, M.C. Anemia in diabetes: Marker or
mediator of micro vascular disease? Nat Rev
Nephrol.2007;3(1):20-30.

5. E.M.Al-Zabedi, “Prevalence and risk factors of iron deficiency
anemia among children in Yemen,” American Jourmnal of Health
Research. 2014;2(5):319.

10.

11.

12.

13.

14.

15.

16.

Pasricha SR, Drakesmith H, Black J, et al. Control of
iron deficiency anemia in low-and middle-income
countries. Blood, The Journal of the American Society
of Hematology. 2013;121(14):2607-17. DOl 10.1182/
blood2012-09-453522.

Stevens GA, Finucane MM, De-Regil LM, et al. Nutrition
impact model study group. Global, regional, and
national trends in hemoglobin concentration and
prevalence oftotal and severe anaemiain childrenand
pregnant and non-pregnant women for 1995-2011:
A systematic analysis of population-representative
data. The Lancet Global Health. 2013;1(1): e16-25.

Thomas MC, Maclsaac RJ, Tsalamandris C, et al.
Unrecognized anemia in patients with diabetes
a cross-sectional survey. Diabetes care. 2003;26
(4):1164-9.

Christy AL, Manjrekar PA, Babu RP, et al. Influence of
iron deficiency anemia on hemoglobin A1C levels in
diabetic individuals with controlled plasma glucose
levels. Iran Biomed J. 2014;18(2):88.

Rajagopal L, Arunachalam S, Ganapathy S, et al. A
comparison of effect of Iron Deficiency Anemia
on HbA1c levels in controlled diabetics and non-
diabetics: A cross sectional analysis of 300 cases.
Ann Lab Med. 2017;4(2): A212-218.DOI: 10.21276/
apalm.1276.

Kim C, Bullard KM, Herman WH, et al. Association
between iron deficiency and A1C Levels among
adults without diabetes in the National Health and
Nutrition Examination Survey, 1999-2006. Diabetes
Care. 2010; 33:780-85.

Sinha, N, MishraT, Singh T, etal. Effect of Iron Deficiency
Anemia on Hemoglobin Aic Level. Ann Lab Med.
2012; 32(1): 17-22.DOI: 10.3343/alm.2012.32.1.17.

Attard SM, Herring AH, Wang H, et al. Implications
of iron deficiency/anemia on the classification of
diabetes using HbA1c. Nutr Diabetes. 2015;5: e166.

Christy AL, Manjrekar PA, Babu PR,et al. Influence of
iron deficiency anemia on hemoglobin A1C levels in
diabetic individuals with controlled plasma glucose
levels. Iran Biomed J. 2014; 18(2): 88-93.DOI: 10.6091/
ibj.1257.2014.

Parlapally RP, Kumari KR, Srujana T. Effect of iron
deficiency anemia on glycation of hemoglobin in
non-diabetics. Int J Sci Stud. 2016; 4(5):192-6.

Ford ES, Cowie CC, Li C, et al. Iron-deficiency anemia,
non-iron deficiency anemia and HbA1c among adults
in the US. J Diabetes. 2011; 3(1):67-73.

www.theprofesional.com

Professional Med J 2021;28(8):1172-1177.


https://www.hindawi.com/81530415/
https://www.hindawi.com/25861694/
https://www.hindawi.com/97675429/
https://doi.org/10.1155/2018/4157876
https://www.ncbi.nlm.nih.gov/pubmed/?term=L. Christy A%5BAuthor%5D&cauthor=true&cauthor_uid=24518549
https://www.ncbi.nlm.nih.gov/pubmed/?term=A. Manjrekar P%5BAuthor%5D&cauthor=true&cauthor_uid=24518549
https://www.ncbi.nlm.nih.gov/pubmed/?term=P. Babu R%5BAuthor%5D&cauthor=true&cauthor_uid=24518549
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933917/
https://dx.doi.org/10.6091%2Fibj.1257.2014
https://dx.doi.org/10.6091%2Fibj.1257.2014

HbA1c

6

17.

18.

19.

20.

21.

22

Fawwad A, Sabir R, Riaz M, et al. Measured versus
calculated LDL-cholesterol in subjects with type 2
diabetes. Pak J Med Sci. 2016; 32(4):955.

Chen J, Hong D, Zhai Y, et al. Meta-analysis of
associations between neutrophil-to-lymphocyte
ratio and prognosis of gastric cancer. World journal
of surgical oncology. 2015; 13(1):122.

World Health Organization. Definition and diagnosis of
diabetes mellitus and intermediate hyperglycemia:
Report of a WHO/IDF consultation, 2006. https://
apps.who.int/iris/handle/10665/43588.[Last assessed
at 11.3.2020].

Ishigami J, Grams ME, Naik RP, et al. Hemoglobin,
albuminuria, and kidney function in cardiovascular
risk: The ARIC (Atherosclerosis Risk in Communities)
Study. J Am Heart Assoc. 2018;7(2): e007209.DOI:
0.1161/JAHA.117.007209.

Cavagnolli G, Pimentel AL, Freitas PAC, Gross JL,
Camargo JL. Factors affecting A1C in non-diabetic
individuals: Review and meta-analysis. Clin Chim
Acta. 2015; 445:107-14.

Kalasker V, Madhuri S, Kodliwadmath MV, Bhat H.
Effect of iron deficiency anemia on glycosylated
hemoglobin levels in non-diabetic Indian adults. Int J
Med Health Sci. 2014; 3(1):40-3.

23.

24.

25.

26.

27.

28.

29.

Shekhar H, Mangukiya KK, Kaur A, Jadeja P. Effect of
Iron deficiency on glycation of hemoglobin in non-
diabetics. IJSN. 2014; 5(3):477-9.

Chhabra RJ, Dhadhal R, Sodvadiya K. Study of
glycated Haemoglobin (HbA1c) level in non-diabetic
Iron deficiency Anemia. IJIRR. 2015; 2(3):540-2.

Manisha G, Nitin S, Ranjana M, Singh GA, Ritu G.
Study of glycosylated hemoglobin in Iron deficiency
Anemia. Sch J App Med Sci. 2016; 4(2C):532-5.

Farah J, Husan AR, Farha AAZW. Hyperglycemic
induced variations in Hematological indices in type
2 diabetics. Int J Adv Res 2013; 1:322-34.

Hashimoto K, Osugi T, Noguchi S, et al. A1C but not
serum glycated albumin is elevated because of iron
deficiency in late pregnancy in diabetic women.
Diabetes Care 2010; 33:509-11.

Moriya T. Hemoglobin A1C but not glycated albumin
overestimates glycemic control due to iron deficiency
in pregnant women with diabetes. J Diabetes Metab
2014;5.

Hardikar PS, Joshi SM, Bhat DS, et al. Spuriously high
prevalence of prediabetes diagnosed by HbA 1c in
young Indians partly explained by hematological
factors and iron deficiency anemia. Diabetes Care
2012; 35:797-802.

AUTHORSHIP AND CONTRIBUTION DECLARATION

Sr. # Author(s) Full Name
1 Muhammad Saeed

Concept

Contribution to the paper

and

Author(s) Signature

design,

Interpretation of data and wrote
the manusript.

2 lIftikhar Ahmed Siddiqui
3 Asher Fawwad
4 Anum Butt

5 Kahkashan Perveen
edited

and

manuscript.

6 Rugaya Nangrejo

Concept and design, edited and
approved the manuscript.
Concept and design, edited and
approved the manuscript.
Interpretation of data, Wrote and
reviewed the manuscript.
Interpretation of data, Write,
reviewed

the

@wﬁ;— e

Literature search, edited and

reviewed the manuscript.

7 Abdul Basit

Concept and design, edited and

Ay ():

approved the manuscript.

Professional Med J 2021;28(8):1172-1177.

www.theprofesional.com


https://apps.who.int/iris/handle/10665/43588.%5bLast
https://apps.who.int/iris/handle/10665/43588.%5bLast

