Philippine Journal of Science
147 (1): 99-112, March 2018
ISSN 0031 - 7683

Date Received: 29 May 2017

Blood Iron Concentration and Status
in Pregnant Filipino Women with
Single Nucleotide Polymorphisms in HFE, TMPRSS6, and TF

Vanessa Joy A. Timoteo!”, Leslie Michelle M. Dalmacio?, Jacus S. Nacis!,
Juanita M. Marcos!, Marietta P. Rodriguez!, and Mario V. Capanzanal

'Food and Nutrition Research Institute, Department of Science and Technology,
DOST Complex, Bicutan, Taguig City 1631 Philippines
2Department of Biochemistry and Molecular Biology, College of Medicine,
University of the Philippines, 547 Pedro Gil St., Ermita, Manila 1000 Philippines

Anemia is a significant health problem in the Philippines, especially in pregnant women. Investigation
of single nucleotide polymorphisms (SNPs) that are associated with blood iron concentration and status
may identify the underlying genetic factors contributing to incidences of anemia, iron deficiency, and iron
deficiency anemia (IDA) in pregnant Filipino women. This study determined the genotype distribution
of SNPs in the hemochromatosis gene (HFE), transmembrane protease, serine 6 gene (TMPRSS6),
and transferrin gene (7F) in pregnant Filipino women and their effects on levels of hemoglobin (Hb),
hematocrit (Hct), serum ferritin (SF), serum iron (SI), total iron binding capacity (TIBC), unsaturated
iron binding capacity (UIBC), and percent transferrin saturation (TS%). Non-parametric Mann Whitney
U test and Analysis of Covariance were performed to evaluate the effect of SNPs on blood iron levels,
where maternal age, age of gestation, iron supplementation, and area of residence were considered as
covariates. The minor allele frequencies of SNPs in TMPRSS6 and TF among the 109 pregnant women
living in Quezon, Palawan are higher than previously reported values. Comparison across SNP genotypes
show that: (1) carriers of the heterozygous CG of HFE rs1799945 have significantly lower Hct levels
than carriers of the wild-type CC, (2) carriers of the homozygous risk genotypes of TMPRSS6 rs855791
(TT) and rs4820268 (GG) have significantly higher UIBC levels than carriers of the wild-type CC and
AA genotypes, (3) carriers of CT and risk TT genotypes of TMPRSS6 rs855791 and AG and risk
GG genotypes of rs4820268 have lower TS% than carriers of the wild-type genotypes, and (4)
carriers of AG and risk AA genotypes of TF rs3811647 have significantly higher TIBC and UIBC
levels than carriers of the wild-type GG genotype. These findings imply that SNPs in TMPRSS6 and TF
are potential genetic risk factors for anemia, iron deficiency, and IDA in Filipinos.
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INTRODUCTION

Anemia is a prevailing form of undernutrition in the
Philippines. It has been a moderate public health
significance based on the overall anemia prevalences

*Corresponding author: vjtimoteo@gmail.com

recorded during the 1993 and 1998 National Nutrition
Surveys (NNSs), which were at 28.9% and 30.6%,
respectively (WHO 2001; FNRI-DOST 2015). It then
became a mild public health significance in 2008 and 2013
with overall anemia prevalences of 19.5% and 11.1%,
respectively. The current prevalence rate among pregnant
Filipino women is at 25.2% (FNRI-DOST 2015). Pregnant
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women are at high risk of developing anemia because of
additional iron requirements for increased blood volume
and fetal growth (NHLBI 2014).

Certain biochemical and hematological tests are utilized
in the assessment of iron levels and concentration
in human blood, as well as in the determination of
anemia, iron deficiency, and IDA. Hemoglobin (Hb)
and hematocrit (Hct) tests measure the levels of
the iron-rich hemoglobin in red blood cells and the
volume percentage of red blood cells in whole blood,
respectively. These tests, which are commonly used
to screen individuals for anemia, are recommended
in determining the prevalence of anemia within a
population in a field setting (WHO 2011a) . In practice,
however, additional tests that are more specific
and sensitive need to be carried out to detect iron
deficiency and diagnose IDA. The serum ferritin (SF)
test measures an individual’s iron stores. Depleted iron
stores normally indicate iron deficiency while high
levels of iron stores suggest hemochromatosis or iron
overload in the body (WHO 2011b) . The serum iron
(SI) test measures the amount of iron in the blood, while
the total iron binding capacity (TIBC) test measures the
amount of transferrin protein in the blood that is void
of'iron. Reduced SI levels in combination with elevated
TIBC levels confirm iron deficiency (WHO 2001).
Levels of unsaturated iron binding capacity (UIBC) and
percent transferrin saturation (TS%) can be calculated
from SI and TIBC values. UIBC level is increased with
iron deficiency while low TS% indicate iron deficiency
(WHO 2001). Overall, the Hb, Hct, SF, SI, and TS%
levels are decreased in the presence of IDA, while TIBC
and UIBC levels are elevated (IDI 2009).

The advances in the field of biochemistry and molecular
biology paved the way for the elucidation of the
relationship between DNA sequence variations (the most
common type of which is single nucleotide polymorphism
or SNP) and susceptibility to diseases. There were reports
that investigated the association of SNPs with indicators
of blood iron concentration and status of anemia and iron
deficiency across different populations. For instance, in
a meta-analyses by Gichohi-Wainaina and co-authors
(2015), a SNP in the TMPRSS6 gene was found associated
with lower Hb and SF concentrations among Caucasians,
Asians, and African-Americans. Similarly, another SNP
in the 7F gene was associated with lower SF and body
iron concentrations. However, no data exist to date on
the association of SNPs with blood iron levels among
Filipinos despite the relatively high anemia prevalences
that were observed in this population.

Thus, this study was conducted to determine the genotype
distribution of selected candidate SNPs in a group of
pregnant women residing in Quezon, Palawan. Target
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SNPs were identified from scientific literature, where
SNPs were associated with different indices of blood
iron concentration and status across different populations.
Current data on SNP frequencies present the potential
susceptibility genes of anemia, iron deficiency, and IDA
in pregnant Filipino women. This study is also the first
to investigate the potential association of SNPs in the
hemochromatosis gene (HFE), transmembrane protease,
serine 6 gene (TMPRSS6), and transferrin gene (7F)
with levels of Hb, Hct, SF, SI, TIBC, UIBC and TS% in
Filipinos.

HFE protein is involved in the regulation of iron
homeostasis, and SNPs in HFE (rs1800562 and
1rs1799945) are responsible for familial hemochromatosis
(Barton et al. 2015). The SNP rs1800562 results in a
cys282-to-tyr (C282Y) missense substitution, with a
minor allele frequency (MAF) range of 0.030-0.090
in European populations (Rajeevan et al. 2012 ).
On the other hand, rs1799945 results in a his63-to-
asp (H63D) substitution that is observed to be less
occurring among European populations. The compound
heterozygosity for both H63D and C232Y mutations
was observed in three cases (out of 115 with familial
hemochromatosis) and four controls (out of 101) in
the UK Haemochromatosis Consortium (1997) . In
addition to the strong association of HFE SNPs with
iron overload in the body, Datz and colleagues (1998)
were able to show that the heterozygosity for these
SNPs is protective against IDA.

TMPRSS6 encodes matriptase-2 enzyme, which is required
to sense iron deficiency and promote iron absorption. The
SNP 15855791 in TMPRSS6 leads to a nonsynonymous
val736-to-ala (V736A) change, while rs4820268 results
in a synonymous asp521-to-asp (D521D) change. Both
SNPs result in decreased levels of blood iron parameters
and red blood cell indices across different populations
(Gichohi-Wainaina et al. 2015). Several candidate gene
and SNP studies and genome-wide association studies
identified TMPRSS6 to be strongly associated with red
blood cell indices or iron parameters and, therefore, the
susceptibility to anemia, iron deficiency, and IDA in
general population.

Lastly, TF encodes transferrin, which is a serum protein
that delivers iron to the cells. The SNP rs3811647 was
found along intron 11 of the 7F gene, while rs1799852 is
a non-synonymous coding SNP located in exon 17. It is
suggested that these SNPs function during transcription
or post-transcription modification at the molecular level.
Both SNPs were shown to also cause variations in blood
iron indices (Benyamin et al. 2009b; Blanco-Rojo et al.
2011; McLaren et al. 2011, 2012).
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MATERIALS AND METHODS

Ethical Considerations

The study protocol was reviewed and approved by the
Food and Nutrition Research Institute (FNRI) Institutional
Ethics Review Committee (FIERC Registry No. 2012-
09-28-0010-2). Accomplished and duly signed written
informed consents were collected prior to the conduct
of the study and all information obtained from the study
participants were treated with utmost confidentiality.
Upon completion of the study, biological samples and
derivatives were disposed of properly.

Study Population and Research Design

The study followed a cross-sectional research design and
employed a non-probability, purposive homogeneous
sampling. All identified pregnant women living in selected
barangays (districts) in Quezon, Palawan were oriented,
recruited, and screened for the study. Quezon, Palawan
was chosen as the study site because of previously reported
high prevalences of anemia within the region based on
NNSs results.

A total of 109 pregnant women satisfied the following
inclusion-exclusion criteria of the study: (1) Filipino, (2)
may or may not be taking up iron supplements and/or
multivitamins, (3) assessed as healthy at the time of data
collection, and (4) without disease or complications that
may alter blood iron concentration and status (e.g., recent
or current infection, kidney disease, chronic inflammatory
disease). Data on anthropometric, biochemical, and clinical
indices were obtained. The socio-demographic information
and obstetrical history of the respondents were also taken
through an interview using a pre-tested questionnaire.

Measurement of Anthropometric, Biochemical, and
Hematological Indices

The height and weight of study participants were measured
twice during screening using a microtoise (Seca™, USA)
and a calibrated platform beam balance weighing scale
(Detecto™, USA), respectively. Using the recommended
weight-for-height table by month of pregnancy for
Filipinos (Magbitang et al. 1988), study participants
were classified as within, below, or above the prescribed
weight-for-height values for pregnant women.

Blood samples were collected in health centers in the
morning to minimize the effect of diurnal variations
on levels of biochemical and hematological indices.
Hemoglobin was measured on-site using a portable
spectrophotometer (Odyssey DR/2800, Hach Company
USA) following the cyanmethemoglobin method (ICSH
1978). Hb concentration of an in-house quality control
blood sample was determined with the other samples
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collected in each assay day to monitor precision within
+ 2 S.D., while accuracy of the method was determined
using a tri-level control for blood samples (Liquichek
Hematology-16 Control, Bio-Rad Laboratories, Irvine,
CA 92618). Pregnant women with Hb < 11 g/dL
were considered anemic based on the World Health
Organization cut-oftf (WHO 2001). Het was determined
by filling a microhematocrit tube containing sodium
heparin (Vitrex Medical A/S, Denmark) with well-mixed
K2EDTA blood. Tubes were sealed with Sigillum wax
plate (Vitrex Medical A/S, Denmark) and were balanced
and centrifuged at 3,000 rpm for 15 min. A hematocrit
reader was used to obtain the Hct reading in percentage.
Pregnant women with Het < 33% were considered anemic
based on the WHO cut-off (WHO 2001). Hb and Hct levels
were measured in duplicate.

The quantitative measurement of SF levels was done at the
Philippine Nuclear Research Institute - Department of Science
and Technology using solid-phase immunoradiometric assay
(Coat-a-Count®, Siemens USA). The concentration of the
bound antigen in the assay supernatant was measured using
Genesys Gamma-1 single well gamma counter (Laboratory
Technologies, Inc. USA) following the recommended
manufacturer’s protocol. Controls with at least two ferritin
levels (low and high) were assayed together with the
unknown samples. Pregnant women with SF < 15 ng/mL
were considered with depleted iron stores (iron-deficient),
while pregnant women with SF > 150 ng/mL were considered
with severe risk of iron overload (WHO 2011b).

SI and TIBC levels were determined by the Philippine
General Hospital - Medical Research Laboratory
(PGH-MRL) using Ferrimat-Kit (Bio-Merieux, France).
Reference ranges for normal values of SI and TIBC were
at 0.6-1.6 mg/L and 2.51-3.63 mg/L, respectively. SI
levels < 0.60 mg/L and TIBC levels > 3.63 mg/L may
indicate IDA (CLSI 1998). Using the measured values of
SIand TIBC, UIBC level was calculated as the difference
between TIBC and SI values and TS% was calculated as:
TS% = SI/TIBC x 100%.

Extraction of Genomic DNAs

Genomic DNAs (gDNAs) were extracted from EDTA-
treated whole blood and buffy coat samples using
QIAamp™ DNA Mini Kit (QIAGEN, Germany),
following the recommended spin purification protocol
from blood or body fluids. No additional RNase treatment
was performed. The concentration and purity of gDNAs
were determined by measuring absorbance at 260 nm
and 280 nm (A,4, and A, respectively) in triplicates
using EPOCH Micro-Volume Spectrophotometer
System (BioTek Instruments, Inc. USA), followed by
the calculation of A,,/A,g, ratio. Electrophoresis in 1%
agarose gel stained with GelRed™ (Biotium, USA) was
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performed to visualize the integrity of extracted gDNAs,
wherein a TrackIt™ 1 Kb Plus DNA ladder (Invitrogen™,
USA) was used as a molecular weight marker. gDNAs
were diluted to make a standard working concentration
of 5 ng/uL prior to real-time amplifications.

Selection of Candidate SNPs, Primer Design, and
Optimization of Amplification Reactions

The target SNPs and genes were identified from published
scientific works that presented the association of SNPs
with the biochemical and hematological indices of blood
iron concentration and status across different populations.

Sets of forward and reverse primers were synthesized
by AlTbiotech Singapore Pte Ltd and designed using
Primer3Plus (accessible at http://primer3plus.com/
cgi-bin/dev/primer3plus.cgi) according to the following
parameters: length between 20-25 bases, optimal at 23
bases; GC content of 40-60% (optimal at 50%), melting
temperature (Tm) ranging 55-65° C, optimal Tm at 60°C
(with a maximum Tm difference of five units), and length of
amplification product within 100-250 base pairs (bp). The
primers used in SNP genotyping were as follows: (1) HFE
rs1800562 forward: AATGGGGATGGGACCTACCAG,
reverse: CTCTCATCAGTCACATACCCCAG; (2) HFE
151799945 forward: ACATGGTTAAGGCCTGTTGC,
reverse: ATGTGATCCCACCCTTTCAG; (3) TMPRSS6
1855791 forward: ATCAGCAACGCTCTGCAGAAA,
reverse: ACCTGACAGGCATCCTTCTTG; (4) TMPRSS6
14820268 forward: GAAGCATGTAGCAGGCCTAGA,
reverse: CTGATTGTCTCAACGGCAGC; (5) TF
rs3811647 forward: ACACAAGTGGACCCTAAGCTG,
reverse: AATGTGCAGGCCTCATGTCA; (6) TF
rs1799852 forward: GCTTTCCCTCCCCAGAGAACTT,
reverse: CACGACGGTATGAGAAGGGAC.

Real-time amplifications were carried out in the 96-
well CFX96™ Real-Time PCR Detection System
(Bio-Rad Laboratories, Inc.) of the FNRI Nutritional

Table 1. PCR cycling conditions used in each HRM assay?.
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Genomics Laboratory, Philippines. The optimal annealing
temperature (Ta) of each primer set was determined using
gradient real-time PCR technique, where optimization
reaction mixture consisted of 20 ng (4 pL) template
gDNA, 2 pM forward and reverse primers and 5 L of 2X
SsoFast™ EvaGreen® Supermix (Bio-Rad Laboratories,
Inc. Singapore Pte Ltd) in a total reaction volume of 10
pL. In each temperature in the gradient, reactions were in
triplicate and control reactions without template (NTC)
were included in each optimization run. The specificity
of each primer set and PCR yield was visualized in 2%
agarose gels stained with GelRed™ and loaded with an EZ
Load™ 100 bp Molecular Ruler (Bio-Rad Laboratories,
Inc. USA).

Genotyping via Capillary Sequencing and High
Resolution Melt Assays

SNP genotyping was performed via capillary
electrophoresis sequencing and high resolution melt
(HRM) assays. Selected amplicons (7>50) from each
HRM assay were purified using GF-1 AmbiClean Kit (Gel
& PCR) (Vivantis, Malaysia) following the recommended
protocol for PCR clean-up of DNA bands ranging from
100 bp to 20 kilo base pairs (kb) and were submitted to
AlTbiotech for sequencing. Resulting sequences were
validated through Basic Local Alignment Search Tool
(accessible at https://blast.ncbi.nlm.nih.gov/Blast.cgi) and
aligned against the FASTA sequence spanning the SNPs-
of-interest using MultAlin (accessible at http://multalin.
toulouse.inra.fr/multalin/). SNP genotypes were identified
from resulting sequence electropherograms.

In each HRM assay, PCRs were performed in a total
reaction volume of 20 uL with 22 ng (4.4 uL) template
DNA, 2 uM forward and reverse primers, 11 pL of 2X
SsoFast™ EvaGreen® Supermix, and 3.3 pL nuclease-
free water. All PCRs were run in duplicate, which
included two PCR reactions per gDNA sample, positive
controls for all genotypes, and NTCs. Table 1 presents

Enzyme Annealing/ Extension Number of Cycles
HRM Assay . ¥ . Denaturation R & of Denaturation and Melt Curve
Activation (with plate read) .
Annealing
HFE rs1800562 59.0°C/30's
TMPRSS6 15855791 98°C/3 min 98°C/30 s 58.8°C/30's 65-95°C at
TF rs1799852 59.4°C/30 s 40 0.2°C/10's
HFE 151799945 56.3°C/30 s increments
98°C/2 min 98°C/5 s
TF rs3811647 57.5°C/30's
TMPRSS6 rs4820268 98°C/2 min 98°C/5 s 56.8°C/30 s 50

aBefore melt curve generation, denaturation was set again at 95°C/30 s followed by cooling to 60°C/1 min.
A 3-step run protocol, where an extension step at 72°C for 30 s was included during the annealing/extension step (with plate read), has been adapted to improve PCR

performance.
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the cycling conditions specific to each assay. Analyses
of characteristic melt curve profiles and genotype
discrimination were performed using Bio-Rad Precision
Melt Analysis ™ software.

Data Processing and Statistical Analyses

Data processing and statistical analyses were performed
using IBM® SPSS® Statistics 20.0 (USA). Continuous
variables such as anthropometric (height, weight, and
BMI), hematological (Hb and Hct), and biochemical
indices (SF, SI, TIBC, UIBC, and TS%) were expressed
as mean + S.D., mean ranks, or geometric means with
confidence interval (CI). A normal distribution of the
parameters was determined by the Kolmogorov-Smirnoff
test. SF and TS% values were log-transformed to account
for the non-normal distribution of SF and TS% data.

Genotype and allele frequencies were expressed as number
and percentage values. For each SNP, MAF was computed
as: MAF = minor allele count/total allele count. Deviation
from the Hardy-Weinberg principle was determined by
Chi-Square Goodness-of-Fit test.

The codominant (additive) model was used in comparing
differences across the SNP genotypes. Analysis of variance
(ANOVA) with Tukey post-hoc test was used to initially
compare variables among groups. Analysis of covariance
(ANCOVA) with a Sidak correction was used to assess
differences in levels of blood iron concentration and
status across SNP genotypes in TMPRSS6 and TF, where
maternal age, gestational age, daily iron supplementation,
and area of residence were treated as covariates. On the
other hand, the non-parametric Mann Whitney U test was
used in determining differences in blood iron levels based
on HFE 151799945 genotypes, since there were only two
genotype groups observed among the participants. All
computations used 95% CI and a p value of < 0.05 was
considered statistically significant.

RESULTS

Characteristics of Study Participants

Table 2 presents the general characteristics of the study
population (N=109) as well as the mean levels of the
biochemical and hematological parameters based
on maternal age grouping. There was no significant
difference observed in the anthropometric, biochemical,
and hematological profiles among age groups.

Based on the weight-for-weight table by month of
pregnancy, only one-third of the participants had the
desired weight based on gestational age. Majority were
observed to be underweight (i.e., weight below the
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recommended values), while a few were overweight (i.e.,
weight above the recommended values).

Based on the cut-offs used in the study to define iron
concentration and status, the mean levels of the biochemical
and hematological parameters of the study population were
found normal except for the TIBC. However, stratification
based on maternal age showed that participants in early (i.e.,
adolescent) and late (i.e., old-age) pregnancies had lower
mean Hb, Het, SF, SI, and TS% levels and higher mean TIBC
and UIBC levels. Additionally, the mean Hb and Hct levels
were lowest among women at late pregnancies while mean
SF, SI, and TS% levels were lowest at early pregnancies. The
mean TIBC and UIBC levels were found to be highest at early
pregnancies. It was also observed that the mean Hb and Het
levels of study participants at late pregnancies were below the
cut-offs set by the WHO (2001), while the mean TIBC levels
for all maternal age groups exceeded the normal reference
range defined by the PGH-MRL. In terms of anthropometric
measurements, the study participants at early pregnancies
have the lowest mean weight and BMI values.

Among the 109 study participants, only 59 (accounting
for 54% of the study population) had their daily source of
exogenous iron from supplements and/or multivitamins
for pregnant women (i.e., ferrous sulfate, Usanatal,
Martham, etc.). Despite iron supplementation, 22 pregnant
women were found anemic while 28 pregnant women
were iron-deficient based on Hb and SF cut-offs set by
the WHO, respectively. The overall incidences of anemia
and iron deficiency in the study population was 37.6%
(n=41) and 47.7% (n=52), respectively.

Table 3 shows the biochemical and hematological profiles
of the study participants after grouping based on trimester
of pregnancy. The mean levels of Hb, Hct, SF, log SF,
TS%, and log TS% of pregnant women who were in their
first trimester of pregnancy were significantly higher than
the pregnant women who were in their second and third
trimesters of pregnancy. The mean UIBC and TIBC levels
of the pregnant women who were in their first trimester of
pregnancy were significantly lower than those in their second
and their trimesters of pregnancy. There was no significant
difference in SI levels in terms of trimester of pregnancy, but
it was shown to decrease towards the end of pregnancy. These
trends were similarly observed even after further grouping the
participants based on maternal age groups. The differences
observed were, however, not statistically significant.

SNP Genotypes and Association with Levels of Blood
Iron Concentration and Status

The genotype and allele frequencies of SNPs among the
study participants are presented in Table 4. More than
30% of the study participants carry the homozygous minor
(risk) genotypes of TMPRSS6 rs855791 and rs4820268,
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Table 2. Characteristics of the study population?.

Maternal age (years)

Parameters Total (N=109)
<19 (n=10) 20-34 (n=72) > 35 (n=27)
Age (yr)* 17.7+1.42 25.8 +4.09 37.48 +2.26 28.0 + 6.94
(15-19)b (20-34)c (35-42)d
Height (cm) 150.20 +£ 6.57 150.76 + 5.13 148.86 +4.63 150.24 +5.17
(142.20-161.50) (141.00-164.00) (142.25-161.55)
Weight (kg) 49.62 +11.14 52.09 +8.36 51.97+£9.84 51.83 +£8.95
(35.55-70.00) (36.30-75.10) (37.10-70.30)
Within prescribed weight-for-height 3(2.8) 28 (25.7) 5(4.6) 36 (33.0)
Below prescribed weight-for-height 5(4.6) 25(22.9) 11 (10.1) 41 (37.6)
Above prescribed weight-for-height 2(1.8) 19 (17.4) 11 (10.1) 32(29.4)
Hb (g/dL) 11.22 +0.54 11.30 + 1.08 10.86 + 1.19 11.18 + 1.08
(10.4-12.2) (8.7-14.6) (8.6-12.9)
Hct (%) 33.40+2.22 3422 +3.35 32.85+3.52 33.81+3.33
(30-38) (27-45) (28-40)
SF (ng/mL) 26.50 +27.09 31.92 +31.90 27.81 +£36.07 30.40 £32.37
(5-86) (3-177) (3-142)
SI (mg/L) 0.88 +0.40 1.05 +0.44 1.02+0.32 1.02 +0.41
(0.54-1.92) (0.26-2.69) (0.40-1.79)
TIBC (mg/L) 4.60+1.16 433+1.02 442+1.08 438+ 1.04
(2.70-6.46) (2.60-6.38) (2.69-6.25)
UIBC (mg/L) 3.72+£1.38 3.29+1.08 340+ 1.16 335+1.12
(1.93-5.65) (1.37-5.38) (1.76-5.39)
TS% (%) 21.27 +12.65 2535+11.23 24.65+10.26 24.80 + 11.09
(9.87-49.87) (5.84-47.89) (9.28-43.21)
Without iron supplementation 9 (8.3) 30 (27.5) 11 (10.1) 50 (45.9)
With daily iron supplementation 1(0.9) 42 (38.5) 16 (14.7) 59 (54.1)

aData are presented as mean + S.D., where the minimum and maximum values were also presented per parameter in each maternal age group. Data on weigh-for-height
by month of pregnancy and iron supplementation of study participants were presented as n (% based on N).
*Different alphabets for the superscript indicate significant differences observed between age groups using ANOVA with Tukey post-hoc test, p<0.001.

Table 3. Biochemical and hematological profiles of study participants based on trimester of pregnancy per maternal age group?.

Hb, g/dL* Het, %* SF, ng/mL* SI, mg/L TIBC, mg/L*  UIBC, mg/L* TS%, %*

Age <19 yr
1st Trimester, n=2 11.85+0.50 36.00+2.83  68.50 +24.75 1.35+0.81 3.28+0.81 1.93 +0.00 39.20 £ 15.10
2nd Trimester, n=5 1096 +0.42 3200+ 1.58 21.60+17.02  0.82+0.22 4.52+0.96 371+ 1.16 19.53 +8.78
3rd Trimester, n=3 11.23£0.50  34.00 +1.00 6.67 +1.53 0.69 £0.11 5.62+0.77 4.93+0.67 12.224+0.55
Aged 20-34 yr
1st Trimester, n=14 1235+1.07 37.57+3.88  54.43 +44.35 1.12+0.36 3.70 £0.88 2.59+0.87 31.02+9.73
2nd Trimester, =37 ~ 11.09 £ 0.88 3338 +2.70  27.92 +26.85 1.03 +0.40 4.23 +1.00 320+ 1.10 25.85+11.73
3rd Trimester, n=21 1095+1.03 3348+2.66 23.30+24.63 1.03+0.57 4.94 +0.86 3.91+0.83 20.69 +9.66
Age>35yr
1st Trimester, n=5 1090+1.92 33.60+4.16 50.80+53.49  0.98+0.28 3.24+0.38 2274028 29.87 +6.95

Table 3 continued next page . . .
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Hb, g/dL* Het, %* SF, ng/mL* SI, mg/L TIBC, mg/L*  UIBC, mg/L* TS%, %*
2nd Trimester, n=11 10.96 £0.61  3227+190 32.36+4022 1.02+0.38 440+1.03 339+ 1.19 24.94 +12.40
3rd Trimester, n=11 10.75+1.35  33.09 +4.57 12.82 +9.27 1.04 +0.29 4.96+0.94 3.92 +1.06 21.99 +8.89

N=109
1st Trimester, n=21 1196+ 1.37 3648 +4.07 54.90+43.64 1.10+0.38 3.55+0.78 2.45+0.75 31.53+£9.45
2nd Trimester, n=53 11.05+0.79  33.02+2.50  28.25+28.99 1.01 +0.38 4.29+0.99 329+ 1.11 25.07 +11.58
3rd Trimester, n=35 1091 £1.09 33404323  18.97 +20.27 1.00 +0.47 5.00 £0.87 4.00 +0.92 20.38 +9.22
p-value, n=109 0.001 <0.001 <0.001 0.605 <0.001 <0.001 0.001

aData are presented as mean + S.D.

*Significant differences observed between trimesters using ANOVA with Tukey post-hoc test

Table 4. Distribution of SNPs associated with blood iron concentration and status among study participants?.

Genotype Frequencies

Allele Frequencies

Genes and SNPs Investigated

Homozygote Wild-type  Heterozygote = Homozygote Minor Major Allele Minor Allele e
HFE 151800562 GG AG AA G A
109 (100) - - 218 (100) - -
HFE 181799945 CcC CG GG C G
107 (98.2) 2(1.8) - 216 (99.1) 2(0.9) -
TMPRSS6 13855791 CcC CT TT C T
28 (25.7) 45 (41.3) 36 (33.0) 101 (46.3) 117 (53.7) 3.14
TMPRSS6 rs4820268P AA AG GG A G
27 (24.8) 43 (39.4) 39(35.8) 97 (44.5) 121 (55.5) 4.39
TF rs3811647 GG AG AA G A
38 (34.9) 46 (42.2) 25(22.9) 122 (56.0) 96 (44.0) 2.25
TF rs1799852 CcC CT TT C T
40 (36.7) 55 (50.5) 14 (12.8) 135 (61.9) 83 (38.1) 0.54

aData are presented as n (% based on N).
®SNP not in HW equilibrium

~23% carry the homozygous minor (risk) genotype of
TF rs3811647, and only ~13% carry the homozygous
minor genotype of 7F rs1799852. There were ~2% of
the study participants carrying the heterozygous genotype
of HFE 131799945, while only the major (wild-type)
genotype of HFE rs1800562 was 100% present among
the study participants. The calculated MAFs of TMPRSS6
rs855791 and rs4820268 are greater than 0.5; hence, the
T and G alleles of these SNPs are the major alleles in the
study population. TMPRSS6 rs4820268 was found to be
deviating from Hardy-Weinberg proportions.

Table 5 presents the mean levels of the biochemical and
hematological indicators of the study participants as they
were grouped according to SNP genotypes. In terms of
HFFE 151799945, carriers of the CG genotype have higher
mean levels of SF, SI, and TS% and lower mean levels of
TIBC and UIBC than the wild-type CC genotype carriers.
On the other hand, the CC carriers have higher mean Hb
and Hct levels. With TMPRSS6 rs855791, the presence of

two copies of the risk T allele (i.e., TT genotype) resulted
in more reduced mean Hb, Hct, SF, SI, and TS% levels
and higher mean TIBC and UIBC levels. No statistically
significant difference was observed, however, in the levels
of blood iron concentration and status of study participants
based on TMPRSS6 rs855791 genotypes. There were
significant differences in the mean SI and TS% levels
based on TMPRSS6 rs4820268 genotypes. Carriers of the
homozygous risk GG genotype have significantly lower
mean SI level (p=0.033) than the wild-type AA carriers.
Carriers of the risk GG and AG genotypes have also
significantly lower mean TS% levels than the wild-type
AA carriers (p=0.022, p=0.031). The study participants
carrying the homozygous risk GG of TMPRSS6 rs4820268
have the lowest mean Hb, Het, and TS% levels and highest
mean TIBC and UIBC levels. Significant differences in the
mean TIBC and UIBC levels based on 7F rs3811647 and
rs1799852 genotypes were also observed. Carriers of the
homozygous risk AA and AG genotypes of rs3811647 have
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Table 5. Biochemical and hematological profiles based on SNP genotypes of study participants?.

SNP Genotypes Hb, g/dL Hct, % SF, ng/mL SI, mg/L*  TIBC, mg/L* UIBC, mg/L* TS%*
HFE rs1799945

CC, n=107 11.19+1.09 33.90+3.29 30.37+32.66 1.02+0.41 439+ 1.05 337+1.13 24.61 +11.07
CG, n=2 10.654+0.78  29.00 £ 1.41 32.00 +£9.90 1.31+0.10 3.82+0.64 2.514+0.74 35.06 £ 8.51
TMPRSS6 rs855791

CC, n=28 11.31+£0.89 33.89+286 3536+39.27 1.16+048 422+1.01 3.05+ 1.08 29.03 +11.95
CT, n=45 1124 +1.22 34.09+3.75 28.82+25.09 0.99+0.39 4.38 +4.50 3.39+1.07 23.50 £9.54
TT, n=36 11.01 £1.04 33.39+3.17 28.53+35.02 0.96+0.36 4.50+1.07 354+ 1.21 23.15+11.65
TMPRSS6 rs4820268

AA, n=27 11.394+0.90 34.19+296 3744+39.15 120+047> 4.18+1.02 298+ 1.05 30.08 + 11.48¢
AG, n=43 11.18+1.21 33.81+3.70 25.53+2343 0.98+0.39c 4.37+0.98 3.39+1.02 23.31 +9.69f
GG, n=39 11.04 +1.05 33.54+320 30.90+35.51 0.95+0.35  452+1.13 3.57+1.24 22.80 + 11.36¢
TF rs3811647

GG, n=38 1142+1.06 3442+3.65 36.71+33.07 1.05+0.40 3.90 + 0.86h 2.85+0.91k 28.10 + 11.20
AG, n=46 11.07+1.18 33.65+3.36 2593+29.84 0.96+0.42 443 +1.01 3.47+1.08! 22.89 +10.60
AA, n=25 11.03+0.89 33.16+2.67 29.04+3546 1.09+0.40 5.00 + 1.04 391+ 1.2]m 2333 +11.10
TF rs1799852

CC, n=40 11.22+0.96 33.83+3.27 2433+2830 1.07£0.45 4.85+0091n 3.78 £ 1.054 23.06 +10.56
CT, n=55 11.07+1.22  33.64+3.54 30.29+27.22 098+040  4.11+1.00° 3.13 + 1.06r 25.12+10.77
TT, n=14 11.53+0.74 3443+279 4821+52.65 1.06+036  4.08+1.16r 3.02+1.27s 28.53 +13.46

aData are presented as mean £ S.D. Analysis of SF and TS% were based also on log-transformed values.

*Different alphabets for the superscript indicate significant differences observed using ANOVA with Tukey post-hoc test in: (1) SI levels between TMPRSS6 rs4820268
genotypes, p=0.028, (2) TS% levels between TMPRSS6 rs4820268 genotypes, p=0.016, (3) TIBC levels between 7F rs3811647 genotypes, p<0.001, (4) UIBC levels
between TF rs3811647, p=0.001, (5) TIBC levels between TF rs1799852 genotypes, p=0.001, and (6) UIBC levels between TF rs1799852 genotypes, p=0.009.

significantly higher mean TIBC (p<0.001 and p=0.037) and
UIBC (p<0.001 and p=0.022) levels than those with the
wild-type GG genotype. AA and AG carriers have lower
blood iron levels than wild-type GG carriers. With TF
151799852, the study participants carrying the homozygous
minor TT have, in general, the highest mean Hb, Hct, SF,
SI, and TS% levels and lowest mean TIBC and UIBC
levels. TT and CT carriers have significantly lower mean
TIBC levels than the CC carriers (p=0.038 and p=0.002,
respectively). Similarly, CT carriers have significantly
lower mean UIBC level (p=0.013) than CC carriers.

Table 6 presents the differences in the mean ranks and
adjusted means of blood iron levels between the two HFE
151799945 genotypes and across the TMPRSS6 and TF SNP
genotypes, respectively. Several significant differences in
levels of blood iron indices across SNP genotypes were
identified. First, carriers of the homozygous wild-type CC
genotype of HFE 151799945 was found to have significantly
higher Hct levels than the carriers of the CG genotype
(p=0.022). Second, TMPRSS6 rs855791 was significantly
associated with UIBC and TS% levels. The mean UIBC
level of the homozygous risk TT carriers was significantly
higher than the carriers of homozygous wild-type CC
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genotype (p=0.019). The mean TS% levels of risk TT and
CT genotypes were also significantly lower than the wild-
type CC carriers (p=0.031 and p=0.029). Third, TMPRSS6
1rs4820268 was also significantly associated with UIBC and
TS% levels. The mean UIBC level of the homozygous risk
GG carriers was also significantly higher than the carriers
of homozygous wild-type AA genotype (p=0.021). The
mean TS% levels of risk GG and AG genotypes were also
significantly higher than the wild-type AA carriers (p=0.020
and p=0.017). Lastly, TF rs3811647 was significantly
associated with levels of TIBC and UIBC. The mean TIBC
levels of the homozygous risk AA and AG carriers were
significantly higher than the homozygous wild-type GG
carriers (p=0.003, p=0.045). Likewise, the mean UIBC
levels of AA and AG carriers were significantly higher than
the GG carriers (p=0.009, p=0.019).

DISCUSSION

A total of 109 pregnant women aged 15-42 years old and
living in Quezon, Palawan, Philippines participated in
the study. More than half of the study participants were
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Table 6. Differences in blood iron concentration and status across HFE, TMPRSS6, and TF SNP genotypes of study participants?.

SNP Genotypes Hb, g/dL. Hct, %* SF, ng/mL SI, mg/L TIBC, mg/L* UIBC, mg/L* TS%, %*
HFE rs1799945
CC, n=107 55.39 55.87b 54.65 54.43 55.30 55.47 54.79
CG, n=2 34.00 8.50¢ 73.75 85.75 38.75 30.00 66.50
TMPRSS6 rs855791
CC, n=28 11.32 33.93 36.59 1.16 4.10 2.94 29.48
(10.9, 11.7) (32.8,35.1) (25.3,47.9) (1.0, 1.3) (3.8,4.4) (2.6,3.3)d (25.9, 33.0)
CT, n=45 11.21 33.99 27.53 0.99 4.47 3.48 23.11
(10.9, 11.5) (33.1, 34.9) (18.6, 36.5) 0.9, 1.1) (4.2,4.7) (3.2,3.7)¢ (20.3,25.9)h
TT, n=36 11.04 33.49 29.18 0.96 4.48 3.52 23.28
(10.7, 11.4) (32.5,34.5) (19.3,39.1) (0.8, 1.1) (42,47 (3.2,3.8)f (20.2,26.4)i
TMPRSS6 rs4820268
AA, n=27 11.35 34.09 36.89 1.19 4.13 2.94 29.89
(11.0, 11.7) (32.9,35.3) (25.4,48.4) (1.0, 1.3) (3.8,4.4) (2.6,3.3) (26.3, 33.5)m
AG, n=43 11.18 33.81 24.77 0.98 4.44 3.46 22.96
(10.9, 11.5) (32.9,34.7) (15.7,33.8) 0.9, 1.1) (42,47 (3.2,3.7)k (20.1,25.8)"
GG, n=39 11.06 33.62 32.13 0.96 4.48 3.52 23.31
(10.7,11.4) (32.6, 34.6) (22.6,41.6) (0.8, 1.1) (42,4.7) (3.3,3.8)! (20.3,26.3)°
TF rs3811647
GG, n=38 11.42 34.57 34.64 1.06 4.02 2.97 27.42
(11.1, 11.8) (33.6, 35.6) (24.9,44.4) 0.9,1.2) (3.8,4.3)p (2.7,3.2) (24.3, 30.5)
AG, n=46 11.07 33.65 25.28 0.97 4.48 3.52 22.73
(10.8, 11.4) (32.7,34.5) (16.5,34.1) (0.8, 1.1) (4.3,4.7) (3.3,3.8) (19.9, 25.6)
AA, n=25 11.01 32.95 33.39 1.08 4.73 3.65 24.65
(10.6, 11.4) (31.7,34.2) (20.9,45.9) 0.9,1.2) (44,5.1)y (3.3,4.0)n (20.7,28.7)
TF rs1799852
CC, n=40 11.26 33.75 27.95 1.06 4.60 3.54 24.34
(10.9, 11.6) (32.7,34.8) (18.1,37.8) 0.9,1.2) (4.3,4.9) (3.3,3.8) (21.1, 27.6)
CT, n=55 11.04 33.66 28.20 0.98 4.22 3.25 24.22
(10.8, 11.3) (32.8,34.5) (20.2,36.2) 0.9, 1.1) (4.0,4.4) (3.0,3.5) (21.6,26.9)
TT, n=14 11.54 34.55 46.11 1.11 4.36 3.25 28.41
(11.0, 12.1) (32.8,36.3) (29.7, 62.5) 0.9,1.3) (3.9,4.8) (2.8,3.7) (23.0,33.8)

aData are presented as mean ranks for HFE rs1799945 genotypes using non-parametric Mann-Whitney U test. Data are presented as geometric means and confidence
intervals for TMPRSS6 rs855791, TMPRSS6 rs4820268, TF rs3811647, and TF rs1799852 genotypes after adjusting and including maternal age, gestational age, iron
supplementation, and area of residence as covariates for ANCOVA. Analysis of SF and TS% were based also on log-transformed values.

*Different alphabets for the superscript indicate significant differences observed in: (1) Het levels between HFE 11799945 genotypes, p=0.022; (2) UIBC and TS%
levels across TMPRSS6 rs855791 genotypes, p=0. 015, p=0.016; (3) UIBC and TS% levels across TMPRSS6 rs4820268 genotypes, p=0.021, p=0.009, (4) TIBC and
UIBC levels across TF rs3811647 genotypes, p=0.003, p=0.004.

taking up iron supplements daily. Based on maternal
age grouping, lowest mean levels of blood iron were
detected in groups at high-risk pregnancies. Hb and
Hct as indicators of anemia were lowest in pregnant
women aged 35 yr and over (i.e., old-age), while SF as
an indicator of iron deficiency and body iron stores was

lowest in pregnant women aged 19 yr and below (i.e.,
adolescents). These findings substantiate reports on the
adverse effect of early or late pregnancies on iron status,
which increases risk for maternal anemia and ultimately
poor maternal and child health outcomes (Darnton-Hill &
Mkparu 2015; WHO 2004; Mei et al. 2011). Additionally,
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by grouping the study participants based on trimester of
pregnancy, the continuous decrease in blood iron status
(especially on hemoglobin and serum ferritin levels)
throughout pregnancy was demonstrated (Scholl 2011).
There is a continuous decrease in levels of blood iron
concentration towards the end of pregnancy, reaching its
lowest points of Hb, Het, SF, SI, and TS% during the third
trimester, while TIBC and UIBC are at its highest values.
In this study, the mean levels of blood iron indices were
found to be significantly different between trimesters,
with each indicator decreasing in levels with an increase
in trimester of pregnancy. Resulting TIBC levels in the
current study also support the reports of the CDC (1998)
and AACC (2015) in that pregnancy can raise TIBC
readings, especially at late stages.

Proportions of the study population were found anemic
(37.6%) and iron-deficient (47.7%) based on the WHO
cut-offs for Hb and SF levels in pregnant women,
respectively. Despite daily iron supplementation, there
were participants who remained anemic and iron-deficient.
Surprisingly, more than half of the anemic or iron-deficient
pregnant women were already on iron supplementation.
According to the WHO, not all pregnant women may fully
respond to oral iron supplementation and that the iron
supplement may only partially correct the hematological
deficit because of the relatively large increase in iron
requirement during pregnancy. Additionally, some
pregnant women cannot sufficiently absorb additional iron
when on treatment or supplementation (WHO 2001). Thus,
there is really a need to identify the underlying genetic
factors of anemia and iron deficiency in the Filipino
population. Identification of the candidate genes and SNPs
that are associated with blood iron levels among Filipinos
shall lead to more innovative strategies and solutions
(i.e., pharmacogenomics and personalized medicine or
nutrition) towards the reduction of prevalences of anemia,
iron deficiency, and IDA in the country (Laing 2011).

One of the most relevant findings of this study is the high
minor allele frequencies of SNPs in TMPRSS6 and TF in
the study population. The calculated MAFs in the study
population were higher than the resulting MAFs in the
1000 Genomes Project: 0.54 vs. 0.3954/1980 in rs855791,
0.56 vs. 0.4565/2286 in rs4820268, 0.44 vs. 0.340/1706
in rs3811647, and 0.38 vs. 0.1426/715 in rs1799852
(Sherry et al. 2001). Furthermore, a two-fold difference
in the MAF of TF rs1799852 from the 1000 Genomes
Project was observed. The current MAFs are close to
the reported frequency data of nearby Asian populations
(i.e., Han Chinese from the Coriell Cell Repository and
International HapMap Project and Japanese from the
HapMap phase 3) (dbSNP Short Genetic Variations 2017)
and this may support why anemia is also prevalent in
other Asian populations. It should also be noted that the

108

Timoteo et al.: SNPs and Blood Iron Levels

supposedly minor T and G alleles of TMPRSS6 1s855791
and rs4820268, respectively, are the major alleles in the
study population. Deviation from the Hardy-Weinberg
equilibrium of TMPRSS6 rs4820268 was observed to
be significant; hence, this should be further evaluated
and established using a larger population size. On the
other hand, the SNPs in HFE (rs1800562 or C282Y and
rs1799945 or H63D) were reported to be common only
among Americans and Caucasians (IDI 2009). In this
study, the absence of the minor A of rs1800562 among
the participants suggests that the minor A allele may not
be truly present in Filipinos. Additionally, there is only
a small percentage of the minor G of rs1799945 in the
study population. These replicated previous findings on
the rarity of HFE gene variants among Asians (Sherry et
al. 2001).

This pilot study also provided relevant information on
the potential association of SNPs in HFE, TMPRSS6,
and TF with the levels of blood iron concentration and
status among pregnant Filipino women. SNPs in HFE
lead to hemochromatosis or the condition of having
too much iron in the body. Hence, the presence of the
minor A and G alleles (i.e., heterozygote) were reported
to be protective against IDA (Datz et al. 1998). In this
study, a significant association between HFE rs1799945
homozygous wild-type CC and higher Hct levels was
observed; and the participants carrying the minor G
allele of rs1799945 have lower Hb and Hct levels. If
these hematological indicators are to be considered, CG
of rs1799945 may not protect against anemia and iron
deficiency in pregnant Filipino women. But looking into
the other parameters, CG carriers were observed to have
higher levels of SF, SI, and TS% but lower TIBC and
UIBC levels. Blanco-Rojo and colleagues (2011) had
previously shown that HFE rs1799945 is associated with
higher iron status in women with the minor G allele than
those carrying the homozygous wild-type CC genotype.
HFE is known to regulate intestinal iron absorption
by modulating the expression of hepcidin, a hormone
that functions in systemic iron metabolism. Hence,
efficient means of utilizing nutritional iron, in addition
to enhanced absorption of dietary iron, may explain the
current observations. It should be noted, however, that
a very small percentage of the study participants carry
the CG genotype. This stresses the need to validate and
establish the role of HFE 151799945 in the pathogenesis
of anemia, iron deficiency, and IDA in Filipinos using a
larger study population.

Second are the significant associations of TMPRSS6
1rs855791 and rs4820268 with higher UIBC and lower TS%
after adjusting for covariates, as well as the decrease in
blood iron levels with increasing copies of the risk alleles
in both SNPs. TMPRSS6 was discovered as the strongest
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genetic link of IDA in 2009, and to date, TMPRSS6 has the
strongest reported association with indices of blood iron
concentration and status (Pei et al. 2014). Variants in this
gene have been studied across different populations since
then in order to clearly define its role in the pathogenesis
of anemia, iron deficiency, and IDA. Although the exact
mechanism by how each SNP works is yet to be fully
understood, it is suggested that TMPRSS6 SNPs function
by altering hepcidin transcription in response to systemic
iron concentrations (Gichohi-Wainaina et al. 2015).
Chambers co-workers (2009) reported through a genome-
wide association study that Hb concentration is lowered by
0.13 g/dL per copy of the risk T allele in rs855791, while
the variants of rs4820268 were also strongly associated
with lower Hb levels in a population of European and
Indian Asian ancestry. Benyamin and co-workers (2009a)
then showed that the risk T allele is also associated with
SI, TS%, and erythrocyte mean cell volume in Australian
twin families. An and co-authors (2012) also showed that
rs855791 is a genetic risk factor for both iron deficiency
and IDA in a population of elderly Chinese women, where
TMPRSS6 SNPs were also associated with lower levels
of Hb and SI in this population. A significant association
of TMPRSS6 rs4820268 with SI concentration was also
reported by Tanaka and colleagues (2010). The minor G
allele of rs4820268 was initially shown to be associated
with reduced SI levels of the study participants. Hence,
the present study replicates the association of TMPRSS6
rs855791 and rs4820268 with lowered blood iron
concentration and status in pregnant Filipino women.
The identified associations between TMPRSS6 SNPs and
indicators of blood iron status together with the computed
high MAFs among the participants may explain the high
incidences of anemia and iron deficiency in the study
population. These initial findings and the role of TMPRSS6
as a susceptibility gene of anemia and iron deficiency in
Filipinos, however, need further validation.

Lastly, this study shows the significant association of
SNPs in TF with TIBC and UIBC levels in pregnant
Filipino women. Transferrin plays an important role in
iron metabolism by carrying iron in blood plasma. Severe
mutations in the 7F gene lead to atransferrinaemia or
the absence of serum transferrin which, in turn, leads
to severe microcytic (small RBCs) and hypochromic
(pale RBCs) anemia (Gichohi-Wainaina et al. 2015). In
the current study, the homozygous wild-type GG of TF
rs3811647 was significantly associated with lower TIBC
and UIBC levels of the study participants, while the
homozygous wild-type CC of TF rs1799852 was found
to have higher TIBC and UIBC levels (indicative of IDA)
than heterozygous CT. Additionally, the study participants
with the minor allele of TF rs3811647 (AG and AA)
have lower mean levels of Hb, Hct, and SF, whereas the
carriers of the homozygous minor TT genotype of TF
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rs1799852 have the highest mean Hb, Hct, and SF levels.
McLaren and co-workers (2011) previously reported the
association of rs3811647 with levels of TIBC among
iron-deficient cases and iron-replete controls, and that
increasing values of TIBC are associated with increasing
copies of the minor A allele. Benyamin and co-authors
(2009b) had also shown that 7F rs3811647 and rs1799852
were significantly associated with serum transferrin or
TIBC level. It was also reported that the minor A allele of
rs3811647 confers risk to IDA while the minor T allele of
rs1799852 protects against IDA (Blanco-Rojo etal. 2011).
This study replicated the association of rs3811647 with
higher TIBC levels; hence, supporting previous claims
that rs3811647 minor A presents susceptibility to IDA.
This study also showed the association of rs1799852 with
decreased TIBC levels, which demonstrates the protective
role of rs1799852 minor T against IDA. Nonetheless, these
findings need to be validated using a larger population of
pregnant Filipino women.

CONCLUSION

The present study provides relevant information on the
genotype distribution of SNPs in HFE, TMPRSS6, and TF,
and their potential association with levels of blood iron
concentration and status among pregnant Filipino women.
The SNPs investigated have relatively higher MAFs in
the study population as compared to existing data, which
qualified the T allele of TMPRSS6 rs855791 and G allele
of rs482068 as the major alleles in the study population.
The SNPs in TMPRSS6 and TF 1s3811647 were shown
to be potentially associated with reduced blood iron
levels, while HFE 1s1799945 and TF rs1799852 seem to
be protective against anemia and iron deficiency. These
SNPs may potentially function as markers or genetic risk
factors for anemia, iron deficiency, and IDA in pregnant
Filipino women.

It is highly recommended to replicate the SNP genotyping
and perform association studies using a larger study
population in order to fully establish the association
of candidate SNPs with anemia and iron deficiency in
Filipinos. Other genes and SNPs that were also reported
to be associated with blood iron concentration and status
warrant further exploration among Filipinos.
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