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Background: Iron deficiency anemia (IDA) is the highest nutritional deficiency worldwide. It is a multifac-
torial disease, with a higher morbidity rate. TMPRSS6 polymorphisms importantly rs855791 is found to
play an essential role in iron homeostasis in the human body. The rs855791 (T > C) polymorphism is
highly associated with iron levels, and multiple blood parameters, leading to IDA. The role of TMPRSS6
rs855791 polymorphism and the significance of complete blood count (CBC) parameters in the pathogen-
esis of IDA is not yet studied in the Pakistani population.
Methods: We enrolled 113 cases and 136 controls to conduct a case control study. Complete blood count
(CBC) and iron parameters were analyzed for association studies. PCR-RFLP based genotyping was per-
formed.
Results: The TMPRSS6 rs855791 (T > C) polymorphism is significantly associated with IDA pathogenesis
as observed in the codominant model and recessive models (P < 0.05, OR: 1.5 and 95% CI: 0.9, 2.6, P < 0.05,
OR: 0.5 and 95% CI: 0.2, 0.9 respectively). Elderly women among cases (30–49 years) were found to be
more susceptible to IDA (P < 0.05, AOR: 2.1 and 95% CI: 1.0, 4.2). The most significant parameters asso-
ciated with IDA were red blood cell count (RBC) and hematocrit (Hct%) (P < 0.05, AOR: 16.5, 95% CI: 7.6,
35.9 and P < 0.05, AOR: 10.1, 95% CI: 2.5, 41.6, respectively).
Conclusion: TMPRSS6 polymorphism at rs855791 (T > C) is significantly associated with IDA susceptibil-
ity in reproductive age women in Pakistan. Age, RBC count and Hct% are found to play an important role
in IDA pathogenesis in our study population.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Iron deficiency (ID) is among the most common type of nutri-
tional deficiencies, both in developed and developing countries
and reported as the primary cause of anemia in women and chil-
dren under 5 years (Hershko, 2018). More than 50% of reproductive
age women (15–49 years) have been reported as anemic (Ritchie
and Roser, 2017). ID occurs due to disturbance of balance among
iron uptake, utilisation, and storage in the body. Iron is important
for a large number of different processes in body, most important
of which is erythropoiesis as iron is component of hemoglobin,
found in red blood cells (Abbaspour et al., 2014). Reduced iron level
due to decreased absorption from food or excessive blood loss lead
to insufficient red blood cells formation subsequently leading to
IDA (Burz et al., 2019).
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IDA occurs due to multiple factors including micronutrient defi-
ciency, genetics, infectious diseases and blood loss caused by inter-
nal or external injuries (Cappellini et al., 2020). IDA is generally
prevalent among women due to menstrual blood loss and nutri-
tional deficiency during pregnancy. IDA is associated with multiple
health conditions including heart problems, poor pregnancy out-
come, poor motor and mental performance and loss of productivity
in adults.

For the year 2011, world health organization (WHO) estimates
that nearly 38% of pregnant women, 29% of non-pregnant women
and 29% of all women of reproductive age are anemic, while 50%
among them are IDA patients (WHO, 2015). In Pakistan, 30 to
60% of women are anemic, and 90.5% of pregnant women are
reported to be anemic (Habib et al., 2018). It is proved that IDA
causes serious effects to maternal health even the iron supplemen-
tation during pregnancy is not much successful, so sufficient atten-
tion should be paid to adolescent girls and women of reproductive
age long before pregnancy (Akhtar et al., 2013).

Mostly IDA can be treated by oral iron therapy. Iron refractory
iron deficiency anemia (IRIDA) patients (1 out of 1 M) are unable
to absorb intestinal iron due to elevated hepcidin levels (Pei
et al., 2014). Hepcidin is the major hormone regulating the iron
homeostasis, controlling the Fe absorption as well as release from
macrophages. TMPRSS6 gene’s function is essential in iron defi-
ciency to allow the compensatory mechanism of increased iron
absorption (Camaschella et al., 2019). A germline mutation of
TMPRSS6 gene, which is located on chromosome 22q12-q13 and
encodes matriptase 2, inhibits hepcidin transcription leading to
IRIDA (Dopsaj et al., 2019). In TMPRSS6 gene rs855791 (T > C)
mutation at 2207 position, results in missense shift of valine to
Alanine at position 736, by the catalytic and binding sites of
matriptase 2 (Dopsaj et al., 2019). This mutation has essential
impacts on iron status leading to lower hemoglobin levels, ele-
vated serum hepcidin levels, inhibited iron absorption subse-
quently resulting in IDA. Characteristic features of IRIDA include
normal or high hepcidin levels, low transferrin saturation, and
microcytic hypochromic anemia.

Genome wide association studies (GWAS) have reported that
TMPRSS6 SNP’s at rs855791, rs4820268 and rs3345321 positions
are in strong association with IDA (Benyamin et al., 2009;
Chambers et al., 2009). The effects of these SNPs on iron absorption
and hepcidin levels in the Pakistani population have not been
explored yet. This study is designed to determine the association
of TMPRSS6 rs855791 polymorphism in the pathogenicity of IDA
and the significance of complete blood count (CBC) parameters in
IDA diagnosis in the reproductive age female of Lahore, Punjab,
Pakistan.
2. Methods

2.1. Study population

We conducted a case-control study on females of reproductive
age group (15–49 years) including 113 cases and 136 controls.
Study subjects were recruited from multiple camps in the Univer-
sity of the Punjab, technical vocational college for women and Citi
lab research centre in Lahore. Study subjects were screened for
hematological and biochemical parameters. For hematological
parameters, complete blood count was performed, and biochemi-
cal parameters were determined to explore the iron status of the
individuals. Study subjects with hemoglobin (Hb) and ferritin
levels lower than 11 g/dL and 10 ng/ml respectively, were included
as cases (Pei et al., 2014). Study subjects with hemoglobin levels
above 11 g/dl and ferritin above 10 ng/ml were considered as con-
trols with the recommendation of consultant hematologist and
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patient history. All the subjects with any of the following compli-
cations were excluded: infectious disease, gastrointestinal bleed-
ing, thalassemia, renal insufficiency, menopause, and history of
gastrointestinal resection. A consent form with information
regarding the study was signed by each participant. Written
informed consent for the participants under 16 years was taken
from their parent or guardian. Ethical approval for the study was
obtained from the Ethical Review Board of CRC lab, Lahore, Pak-
istan (Ref# 26-17/ERB/27th date: 28-7-16).

2.2. Red blood cell parameters

A blood sample of 5 ml was collected from each subject and
equally sectioned into two aliquots for blood and serum analysis.
Hemoglobin level, haematocrit %, red blood cell count (RBC), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH)
and mean corpuscular hemoglobin concentration (MCHC) were
determined by using modern haematology analyzer (Cell Dyn
4000, Abott Laboratories, Chicago,IL) according to manufacturer
instructions.

2.3. Biochemical parameters

Biochemical parameters including serum iron, serum ferritin
and total iron-binding capacity (TIBC) were analysed. Serum fer-
ritin was determined using ferritin chemiluminescent immunoas-
say sandwich method (kit Ref 33020 supplied by Beckman
Coulter, Inc). Serum Iron was measured using colorimetric assay
(Cat. No. 03183696 122 by Roche diagnostics, Germany). TIBC
was analysed using colorimetric method (Human kit, Ref.10670,
Germany). Transferrin was calculated using measured iron and
TIBC:

Transferrin saturation ¼ ðFe=TIBCÞ � 100
2.4. Genotyping

DNA was extracted from whole blood using salting out DNA
extraction method (Iranpur-Mobarakeh and Esmailizadeh, 2010).
PCR-RFLP was used to investigate the association of rs855791 with
the susceptibility of IDA. The sequence of forward and reverse pri-
mers is 50-TAGAGAACAGGGGCTCCAGG-30 and 50-ATGTGGGCAG
CATCCTTTC-30, respectively (Nalado et al., 2019; Pei et al., 2014).
The NEB Stu1 restriction enzyme was used for digestion of PCR
product.

2.5. Statistical analysis

StataIC version15.1 was used for statistical analysis. Hardy–
Weinberg equilibrium (HWE) of the genotypic frequencies among
cases and controls was examined. Baseline and clinical characteris-
tics were compared using t-test. Logistic regression was used to
show the association of CBC and iron parameters with IDA, and
strength of association is shown by odds ratio (OR) and 95% confi-
dence interval (CI). Fischer exact test and chi square tests were
used for comparison of genotype frequencies among cases and
controls. One-way ANOVA was used for the correlation of SNP
genotypes with study variables. The P-values less than 0.05 were
considered statistically significant.

3. Results

This study is conducted to find out a potential association
between IDA susceptibility and TMPRSS6 gene polymorphism at
rs855791. A total of 249 subjects were enrolled in the study. The
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genotyping was performed using PCR–RFLP technique. The PCR
product (249 bp) was digested with stu1 restriction enzyme to
detect T > C polymorphism (Fig. 1). The genotype frequencies of
patients and control subjects were in Hardy–Weinberg equilibrium
for both SNPs (Data not shown).
3.1. Baseline and clinical characteristics of participants

The baseline and clinical characteristics were compared for the
study participants (Table 1). All the baseline characteristics were
significantly different between cases and controls. The mean age
of cases vs controls was 30.1 vs 27.2 years, showing cases were
of higher age group than controls. Hb level in cases vs control
was 9.3 g /dl vs 13.1 g/dl (P < 0.001; MD �3.8). As anticipated fer-
ritin, serum iron (Fe) and transferrin percentage were lower in
cases vs controls (P < 0.001). In addition, MCV in cases was lower
as compared to controls 78.4 vs 82.8 (P < 0.001; MD: �4.4). MCH
and MCHC levels were also low in controls with a P < 0.001, MD:
�2.6 and P < 0.001, MD: �1.4, respectively.
3.2. Association of CBC with the pathogenesis of IDA

CBC is evaluated to find out the cause of anaemia. IDA severity
depends on hemoglobin and hematocrit levels. MCV level is also
used for diagnosis of the Iron deficiency anemia (Johnson-
Wimbley and Graham, 2011). We compared key variables of CBC
in cases and controls to find out their association with IDA in our
study population (Table 2). Multivariate analysis was done only
for the variables that were found significant with univariate anal-
ysis (P < 0.05). Cases with the upper age range (30 to 49 years)
were found to be at high risk of developing IDA, (P < 0.05, AOR:
2.1 and 95% CI: 1.0, 4.2). Red blood cell count (RBC) and hematocrit
(Hct%) were directly associated with IDA (P < 0.05, AOR: 16.5, 95%
CI: 7.6, 35.9 and P < 0.05, AOR: 10.1, 95% CI: 2.5, 41.6, respectively).
Furthermore, MCV, MCH, MCHC and TLC were not significantly dif-
ferent between cases and controls on multivariate analysis
(P > 0.05).
3.3. Association of TMPRSS6 rs855791 (V736A) with IDA

The rs855791 (V736A) genotype frequencies were in HWE for
both cases and controls. We assessed the association of rs855791
with the pathogenicity of IDA in co-dominant, additive, dominant,
and recessive models (Table 3). We found that rs855791 (V736A) is
significantly associated with IDA as observed in codominant model
(P < 0.05, OR: 1.5 and 95% CI: 0.9, 2.6). Similarly, significant associ-
ation was found in recessive model (P < 0.05, OR: 0.5 and 95% CI:
0.2, 0.9). However, non-significant P-values were obtained in addi-
tive and dominant models (P > 0.05). Among the four studied
genetic model’s, significant P-values (0.0394, and 0.0208 respec-
tively) were observed in co-dominance and recessive models, con-
firming that rs855791 is significantly associated with IDA. We did
Fig. 1. (a) Genotyping of TMPRSS6 by PCR (PCR product = 249 bp). (b) Genotyping of TMP
homozygous C and single band at 125 bp represented homozygous T. Two bands repres
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not find significant correlation between blood and Fe parameters
with TMPRSS6 rs855791 genotypes (Supplementary Table 1).
4. Discussion

Reproductive age women and children under 5 years are at high
risk of developing IDA in Pakistan (Akhtar et al., 2013). The GWAS
studies in European and Indian Asian populations and in Chianti
(Italy) and Baltimore (Washington DC) populations proved that
TMPRSS6 SNPs are strongly associated with low hemoglobin and
lower serum iron concentrations (Chambers et al., 2009; Jallow
et al., 2019; Tanaka et al., 2010). This study was designed to inves-
tigate role of TMPRSS6 gene rs855791 mutation in reproductive-
age women with IDA in Pakistan. We found that TMPRSS6
rs855791 is significantly associated with IDA in our study subjects.
Similar results were observed from the association studies con-
ducted on Taiwani reproductive age women diagnosed with IDA,
elderly Chinese women who were anemia patients, persistent
IDA patients of (4-47yrs) from Italy and Indonesian children of
12–17 months (An et al., 2012; Pei et al., 2014; Poggiali et al.,
2015).

In our study, the codominant and recessive models show that
CC genotype frequency is significantly increased in patient’s and
may have protective role in susceptibility to IDA. Similar results
were observed in a case-control study conducted on 67 women
with IDA and 107 healthy volunteers from Taiwan (Pei et al.,
2014). However, another study conducted on 260 non-dialysis
chronic kidney disease patients did not find CC genotype associa-
tion with IDA (Nalado et al., 2019). The results of our study are fur-
ther supported by an in vitro study on cells infected either with
either MT2736V or MT2736A plasmid found consistent decreases
in hepcidin levels in the cells that were infected with plasmid con-
taining 736A variant than in 736V variant. This study indicates that
CC genotype inhibits hepcidin more effectively then TT genotype,
presuming that C homozygous genotype subjects have lower hep-
cidin levels in the general population (Nai et al., 2011).

Akhtar et al., reported that majority of the pregnant women and
feeding mothers have IDA. Furthermore, another study reported
IDA prevalence in 50% of reproductive age women (Akhtar et al.,
2013; Habib et al., 2018). We selected the reproductive age women
as study population since they are highly diagnosed with general
anemia as well as IDA globally (De Benoist et al., 2008). In the pre-
sent study we showed TMPPRSS6 rs855791 polymorphism signifi-
cantly associated with IDA pathogenesis in menstruating women.

This study also showed that RBC count and Hct% are important
factors in the diagnosis of IDA as reported globally (Nagababu et al.,
2008; Pei et al., 2014). Interestingly, we observed that majority of
the RBC parameters were significantly reduced in IDA cases vs con-
trols. Similarly, reduced values of RBC’s parameters were observed
in the Iranian IDA patients (Nikzad et al., 2018).

Women of higher reproductive age are mostly anemic due to
increasing gynecological issues related to pregnancy, postpartum
bleeding, and menorrhagia. IDA cases were of higher age group
RSS6 by RFLP. PCR products were digested by stu1. Single band 249 bp represented
ented heterozygous TC.



Table 1
Baseline and clinical characteristics of study participants.

Variable Case (n = 113) Control (n = 136) Mean difference (95% CI) P-value

Age, years 30.1 (6.9) 27.2 (6.7) 2.9 (1.2, 4.6) 0.0007
Hemoglobin (Hb), g/dL 9.3 (1.5) 13.1 (0.8) �3.8 (�4.1, 3.5) <0.0001
Red blood cell count (RBC), Count � 1012/L 4.1 (0.5) 4.6 (0.5) �0.5 (�0.6, �0.4) <0.0001
Hematocrit (Hct), % 31.9 (3.2) 38.2 (4.7) �6.3 (�7.3, �5.2) <0.0001
Mean corpuscular volume (MCV), fL 78.4 (8.6) 82.8 (7.7) �4.4 (�6.5, �2.4) <0.0001
Mean corpuscular hemoglobin (MCH), pg/cell 24.0 (4.2) 26.6 (3.7) �2.6 (�3.6, �1.6) <0.0001
Mean corpuscular hemoglobin concentration (MCHC), % 29.9 (2.8) 31.4 (2.2) �1.4 (�2.0, �0.8) <0.0001
Total leucocyte count (TLC), �109/L 7.1 (2.3) 8.3 (1.9) �1.2 (�1.7, 0.7) <0.0001
Ferritin, ng/mL 4.7 (1.7) 53.2 (14.4) �48.5 (�51.2, �45.9) <0.0001
Serum Iron (Fe), IU/L 26.7 (7.8) 96.6 (26.7) �69.9 (�74.9, �64.7) <0.0001
Total iron binding capacity (TIBC), ug/dL 451.6 (27.3) 297.7 (32.9) 153.9 (146.3, 161.6) <0.0001
Transferrin, % 5.9 (1.8) 32.9 (10.2) �26.9 (�28.9, �25.0) <0.0001

Table 2
Association of complete blood count with IDA.

Variable Cases (n = 113) Control (n = 136) Univariate Analysis Multivariate Analysis

OR (95% CI) P-value OR (95% CI) P-value

Age, years 14–29 61 93 – – – –
30–49 52 43 1.8 (1.1, 3.1) 0.020 2.1 (1.0, 4.2) 0.040

RBC, Count � 1012/L �3.8 & �5.8 84 133 – – – –
< 3.8 29 3 15.3 (4.5, 51.8) 0.000 16.5 (7.6, 35.9) 0.000

Hct % �36 & �46 15 102 – – – –
<36 98 34 19.6 (10.0, 38.2) 0.000 10.1 (2.5, 41.6) 0.001

MCV, fl �76 & �96 78 113 – – – –
<76 & >96 35 23 2.2 (1.2, 4.0) 0.010 1.2 (0.5, 2.9) 0.680

MCH, pg/cell �27 & �32 40 80 – – – –
<27 & >32 73 56 2.6 (1.6, 4.4) 0.000 1.1 (0.5, 2.3) 0.895

MCHC % �30 & �37 58 109 – – – –
<30 55 27 3.8 (2.2, 6.7) 0.000 0.9 (0.4, 2.3) 0.997

TLC � 109/L �4 & �11.0 100 124 – – – –
<4 2 4 0.6 (0.1, 3.5) 0.585 0.2 (0.0, 1.1) 0.066
>11.0 11 8 1.7 (0.7, 4.4) 0.270 1.9 (0.5, 7.2) 0.336

RBC: red blood cell count, Hct%: Hematocrit%, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration,
TLC: Total leucocyte count.

Table 3
Different genetic models for TMPRSS6 rs855791 (T > C) association with IDA.

rs855791 (T > C) Patients (%) Controls (%) OR (95% CI) P-value

Codominant
CC 17 (15.0) 38 (27.9) 1.5 (0.9, 2.6) 0.0394*
TC 58 (51.3) 64 (47.1)
TT 38 (33.6) 34 (25)
Additive
C 37.5 (43.9) 51 (37.5) 0.7 (0.4, 1.3) 0.3757
T 48 (56.1) 49 (36)
Dominant
TT 38 (33.6) 34 (25) 1.5 (0.9, 2.6) 0.1606
TC + CC 75 (66.4) 102 (75)
Recessive
CC 17 (15.0) 38 (27.9) 0.5 (0.2, 0.9) 0.0208*
TC + TT 96 (84.9) 98 (72.1)

P-value obtained by Fischer exact test and chi square test.
Abbreviations: OR Odds Ratio; CI; Confidence Interval.
P-values less than 0.05 were considered statistically significant.

Nasira Munawar Lone, Syed Hasnain Sajjad Shah, M. Farooq et al. Saudi Journal of Biological Sciences 28 (2021) 748–753
than controls in our population and results remained significant in
regression analysis as well. Pei et al. reported that menstruating
women of elder age are more susceptible to IDA due to heavy men-
strual blood loss (Marret et al., 2010; Pei et al., 2014). Furthermore,
Marret et al., also reported that elderly women are more vulnerable
to IDA (Marret et al., 2010).

The limitation of our study is that we could not measure hep-
cidin levels in our study population. Hepcidin analysis is not avail-
able in any testing laboratory of Pakistan. In addition, the cost of
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hepcidin measuring Kit limits its use for research in developing
countries.

TMPRSS6 rs855791 SNP is crucial in the pathogenicity of IDA as
shown in our study as well as globally inferring that genetics is an
important factor in IDA pathogenesis. Age is also found as an
important factor for IDA onset in women. CBC factors as RBC and
Hct% are also found significantly associated with IDA. Our study
is an effort to fill the research gap in the study of the genetic basis
of IDA in the Pakistani IDA diagnosed population.
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5. Conclusion

Our research provides a way forward to broaden the study
throughout the country and implement policies to reduce IDA
leading to a healthy lifestyle. TMPRSS6 and its polymorphism can
also lead to IRIDA which still is unexplored in Pakistani population.
This study will help the health care workers, and researchers to
further work on the extrinsic and intrinsic factors of IDA in Pak-
istani reproductive age women.
6. Ethical approval and consent to participate
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