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Abstract 

Background: Genome-wide-association studies have identified the TMPRSS6 polymorphism 
rs855791 has the strongest association with red blood cell indices or iron parameters in general 
population. Whether this genetic variant influences the susceptibility of iron deficiency anemia 
(IDA) in women with menstruation has not been well studied.  
Methods: In this case-control study, we enrolled 67 women with IDA and 107 healthy volunteers, 
and analyzed their complete blood counts, rs855791 genotypes, and menstrual amounts. Men-
strual blood loss was evaluated with a pictorial blood-loss assessment chart.  
Results: There were significantly fewer rs855791 C homozygotes in the IDA group than in the 
healthy group (11.9% vs. 25.2%, p = 0.03). The odds ratio (OR) of C homozygotes having IDA 
versus non-CC subjects having IDA was 0.4 (95% CI, 0.17 – 0.95, p = 0.04). When the analysis was 
confined to study subjects with menorrhagia, this difference became more prominent (9.6% vs. 
28.6%, p = 0.01; OR, 0.27, 95% CI, 0.09 – 0.77, p = 0.01). For women with non-CC genotypes, there 
was an inverse correlation between hemoglobin levels and menstrual loss (p < 0.001); however, 
this association was not found for those with genotypes CC (p = 0.15).  
Conclusions: Our study suggests homozygosity for TMPRSS6 rs855791 C genotype has a pro-
tective role against IDA in women at reproductive age, especially in those with menorrhagia. 
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Introduction 
Iron deficiency is the most common nutritional 

disorder worldwide. As well as affecting a large 
number of children and women in non-industrialized 
countries, it is the only nutrient deficiency which is 
also significant prevalent in many industrialized na-
tions [1]. Menstruating women have been recognized 

to be among the most likely individuals to develop 
iron deficiency anemia (IDA) and its prevalence is 
6–22% in developed countries [2-5]. Even though 
menorrhagia serve as a major contributing factor of 
IDA in this population, it is not uncommon that 
women with heavy menstrual loss have normal he-
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moglobin (Hb) levels and adequate iron stores [2]. 
Individual susceptibility to IDA varies. However, 
whether genetic variants play a role in IDA patho-
genesis remains unclear.  

 Hepcidin is the core of iron metabolism and is 
tightly regulated by several mediators [6]. Matrip-
tase-2 is an important one and down regulates hep-
cidin expression through cleaving membrane-bound 
hemojuvelin, which can enhance hepcidin transcrip-
tion [6]. Complete loss of function mutation of 
matriptase-2 leads to a rare disease, iron-refractory 
iron deficiency anemia (IRIDA) [7, 8]. Patients with 
IRIDA have high serum hepcidin levels and cannot 
absorb iron from intestine. It is of interest that 
whether genetic variants with incomplete loss of 
function of matriptase-2 will be associated with IDA 
in general population.  

Recently, several genome-wide association 
studies identified several single nucleotide polymor-
phisms (SNPs) that influence blood cell phenotypes 
[9-13]. Among these SNPs, rs855791 has the strongest 
association with red blood cell indices and iron pa-
rameters in general population [12, 13]. This SNP is 
located in the functional part of TMPRSS6 and the 
rs855791 (2321 C>T) causes a nonsynonymous sub-
stitution that reduces the ability of the enzyme to in-
hibit hepcidin transcription [14]. To investigate the 
role of this genetic variant rs855791 on the suscepti-
bility of IDA in menstruating women, we conducted 
this case-control study.  

Materials and Methods 
Study population  

Female patients with microcytic anemia were 
screened at hematologic clinics for IDA. IDA was de-
fined as a hemoglobin level < 12 g/dL and a ferritin 
level < 10 ng/mL [2, 15]. The evaluation for IDA in-
cluded a physical examination, history taking, renal 
function test, and stool occult blood test. For those 
without an adequate response to iron replacement 
(oral elemental iron 300 mg/day for 2-4 weeks), Hb 
electrophoresis and brilliant cresyl blue staining tests 
were used to exclude thalassemia. Healthy women 
with regular menstruation were enrolled as the con-
trol group; most of them were staff in our institute. 
Complete blood counts and ferritin levels were 
measured and only those with normal Hb and ferritin 
levels were included in the analysis. An in-person 
questionnaire was administered to every subject in 
this study, which included information on menstrual, 
medical and surgical history. The exclusion criteria for 
both groups included gastrointestinal bleeding, tha-
lassemia, renal insufficiency, menopause, and history 
of gastrointestinal resection. This study was per-

formed in accordance with the declaration of Helsinki, 
and approved by the Ethics Committee of 
Chang-Gung Memorial Hospital (99-0482B) and in-
formed consent was obtained from all participants.  

Assessment of menstrual bleeding 
Menstrual blood loss was evaluated with the 

pictorial blood-loss assessment chart (PBAC) [16], a 
semi-quantitative method used to estimate menstrual 
amount and has been validated in many studies 
[17-19]. Menorrhagia was defined as a PBAC score of 
more than 100 during one menstrual period, which 
corresponds to a blood loss of more than 80 mL [16]. 

Red blood cell parameters and ferritin levels 
Red blood cell numbers, Hb, hematocrit, mean 

corpuscular volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, red cell 
distribution width and platelet counts were deter-
mined by the XE-2100 system (Sysmex Co, Kobe, Ja-
pan). Serum ferritin levels were determined using a 
commercial EIA kit (Advia Centaur, Siemens, NY).  

Genotyping 
Genomic DNA was extracted from peripheral 

leukocytes using the Genomic DNA Purification Kit 
(Gentra Systems, Inc. Chicago, IL, USA). The 
TMPRSS6 rs855791 C>T polymorphism was deter-
mined by polymerase chain reaction (PCR) and re-
striction fragment length polymorphism 
(RFLP)(Figure 1). The primers used were 5’-tag aga 
aca ggg gct cca gg-3’ (forward) and 5’-atg tgg gca gca 
tcc ttt c-3’ (reverse). The reaction conditions for am-
plification were as follows: 95°C for 5 min; 30 cycles of 
95°C for 45 s, 63°C for 45 s, and 72°C for 45 s; and a 
final extension at 72°C for 5 min. Following amplifi-
cation, the PCR products (249 bp) were digested with 
the restriction endonuclease Stu I (New England Bi-
olabs, Inc. Hitchin, Herts, UK). Genotype was deter-
mined by fragment size, and 10% of the samples were 
directly sequenced to confirm the genotyping results.  

Statistical analysis 
Continuous variables are presented as mean ± 

standard deviation; categorical variables are pre-
sented as numbers and percentages. Categorical var-
iables were analyzed by Chi-square or Fisher’s exact 
tests. Student’s t-test was used to examine continuous 
variables with normal distributions. Linear correla-
tion and regression was used to evaluate the correla-
tions between age, Hb levels and menstrual amounts. 
Odds ratio (OR) and confidence interval (CI) were 
tested by binary logistic regression. A p-value of less 
than 0.05 was considered statistically significant.  
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Figure 1. Genotyping of TMPRSS6 rs855791 by (A) PCR (products 249 bp) and (B) restriction fragment length polymorphism (RFLP). The PCR products 
were digested with Stu I endonuclease. Single band at 249 bp represented C homozygous; single band at 125 bp suggested T homozygous, and two bands 
represented heterozygous. 

 

Table 1. Laboratory data and menstruation amount of both groups 

 Control groupa (n=107) IDA groupa (n=67) P value 
Age, y 32.7 +/- 6.2 39.5 +/- 9.2 <0.001 
Red blood cells, million/μL 4.42 +/- 0.28 4.21 +/- 0.59 0.01 
Hemoglobin, g/dL 13.1 +/- 0.7 8.5 +/- 2.1 <0.001 
Hematocrit, % 38.8 +/- 4.3 29.2 +/- 5.5 <0.001 
Mean corpuscular volume, fL 88.7 +/- 3.14 69.0 +/- 7.9 <0.001 
Mean corpuscular hemoglobin, pg/cell 29.6 +/- 1.3 20.1 +/- 3.7 <0.001 
Mean corpuscular hemoglobin concentration, g/dL 33.4 +/- 0.9 29.0 +/- 2.4 <0.001 
Red blood cell width, % 12.8 +/- 0.5 18.0 +/- 3.4 <0.001 
Platelet, 1000/μL 265.0 +/- 54.6 344.2 +/- 105.6 <0.001 
Ferritin, ng/mL 60.0 +/- 46.7 5.5 +/- 5.0 <0.001 
Pictorial blood-loss assessment chart score 185.2 +/- 193.6 362.5 +/- 352.4b <0.001 
a Data are expressed as mean +/- standard deviation; bn = 65. 

 

Results  
 A total of 67 IDA subjects and 107 healthy 

women were eligible for analysis. Characteristics of 
both groups are shown in Table 1. IDA patients were 
significantly older than control subjects (39.5 ± 9.2 vs. 
32.7 ± 6.2 years; p < 0.001). All red blood cell indices 
and platelet counts differed significantly between two 
groups (Table 1). PBAC scores were not available for 2 
IDA subjects. The PBAC scores of the 65 IDA patients 
were significantly higher than those of the 107 healthy 
controls (362.5 ± 352.4 vs. 185.2 ± 193.6; p < 0.001). 
Menorrhagia (PBAC score > 100) was more common 
in IDA patients than in the control group (80.0% vs. 
65.4%, p = 0.04).  

 The frequency distribution of the rs855791 TT, 
TC, and CC genotypes in both groups showed bor-
derline difference (p = 0.06; Table 2). However, the 
proportion of the C homozygotes was significantly 
lower in IDA patients (11.9% vs. 25.2%, p = 0.03; Fig-
ure 2). The odds ratio (OR) of C homozygotes having 
IDA versus those with TX (TT and TC) genotypes 
having IDA was 0.4 (95% CI, 0.17 – 0.95, p = 0.04). The 

C allele frequencies in the IDA and control group did 
not differ (43.3% vs. 48.6%, p= 0.33).  

 

Table 2. TMPRSS6 rs855791 genotypes distribution between IDA 
and control groups 

 TMPRSS6 rs855791  
 CC TC TT p-value 
Control group 
n=107 

27 (25.2%) 50 (46.7%) 30 (28.0%) 0.06 

IDA group  
n=67 

8 (11.9%) 42 (62.7%) 17 (25.4%)  

IDA, iron deficiency anemia. 

 
 
 We further performed subgroup analysis based 

on menorrhagia (PBAC score > 100). For menorrhagic 
subjects, the frequency distribution of the 3 genotypes 
of the rs855791 SNP differed significantly in both 
groups (p = 0.02; Table 3). The frequency of the CC 
genotype was much lower in the IDA group (9.6% vs. 
28.6%, p = 0.01, Figure 3a). Menorrhagic women with 
homozygous C genotype have lower risk to have IDA 
than those with TX genotypes (OR = 0.27, 95% CI, 
0.09–0.77, p = 0.01). However, for those without 
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menorrhagia, no difference between IDA and healthy 
women was observed in the frequency distribution of 
TT, TC, and CC genotypes (p = 0.91; Table 3) or of the 
CC and TX genotypes (OR = 0.78, 95% CI, 0.14–4.34, p 
= 0.78; Figure 3b). The frequency of the C allele did 
not differ between the groups whether or not the 
study subjects had menorrhagia (for menorrhagic 
subjects, 42.3% vs. 50.7%, p = 0.19; for 
non-menorrhagic subjects, 46.2% vs. 44.6%, p = 0.89).  

 Then, we pooled data from both groups, and 
analyzed the correlation between Hb levels and men-
strual blood loss (PBAC scores). For women with 
genotypes TX, there was a strong inverse correlation 
between Hb levels and menstrual amounts; the equa-
tion used was Hb = 11.95 – 0.003 × PBAC score (R2 = 
0.135, p < 0.001). In contrast, the correlation was not 
statistically significant for those with C homozygotes 
(R2 = 0.062, p = 0.15). The results are also shown in 
Figure 4. Because subjects in the IDA group were 
older and had more menstrual blood loss than the 
control group, we therefore analyzed the correlation 
between age and PBAC scores in all subjects. We 
found that older women had more menstrual blood 
loss (p = 0.002, data not shown). This result explained 
the difference in the age distribution between two 
groups.  

Finally, we investigated the influence of rs855791 
on RBC parameters, ferritin levels, and log(ferritin) 
value based on the control group data. However, we 
did not find a difference between the genotypes in our 
study (data not shown).  

 

 
Figure 2. Frequency distribution of TMPRSS6 rs855791 genotypes be-
tween IDA and control group 

Table 3. Subgroup analysis of TMPRSS6 rs855791 genotypes according to menorrhagia 

Menorrhagia (PBAC > 100)  Non-menorrhagia (PBAC < 100)  
 TMPRSS6 rs855791   TMPRSS6 rs855791  
 CC TC TT p-value  CC TC TT p-value 
Control 
group 
n=70 

20 (28.6%) 31 (44.3%) 19 (27.1%) 0.02 Control 
group  
n=37 

7 (18.9%) 19 (51.4%) 11 (29.7%) 0.91 

IDA group 
n=52 

5 (9.6%) 34 (65.4%) 13 (25.0%)  IDA group 
n= 13 

2 (15.4%) 8 (61.5%) 3 (23.1%)  

IDA, iron deficiency anemia; PBAC pictorial blood-loss assessment chart. 
 
 

 
Figure 3. Frequency distribution of TMPRSS6 rs855791 genotypes between IDA and control groups according to (A) non-menorrhagia and (B) menor-
rhagia. 
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Figure 4. Linear correlation between menstrual amounts and hemoglobin levels were analyzed according to genotypes of TMPRSS6 rs855791 (A) TX (TT 
or TC) and (B) CC. There was an inverse correlation for women with genotypes TX, but not for those with genotype CC. PBAC, pictorial blood-loss 
assessment chart. 

 

Discussion 
 In this study, we evaluated whether the 

TMPRSS6 rs855791 polymorphism influencing IDA 
susceptibility in menstruating women. There were 
fewer women with CC genotype in the IDA group and 
this difference became more obvious when the analy-
sis was confined to those with menorrhagia. This re-
sult suggested that rs855791 C homozygotes have a 
lower risk to have IDA, especially those with menor-
rhagia. Then, we explored the influence of this SNP on 
menstrual amount effect to IDA. For women with 
genotypes TX, Hb levels were inversely correlated 
with the PBAC scores. This result was compatible 
with the general concept that more menstrual loss 
would result in greater iron loss and subsequent IDA. 
However, this correlation was not significant in the C 
homozygotes. This provides evidence that rs855791 C 
homozygotes serve a genetic protective factor against 
IDA. For the first time, we demonstrate that the 
higher ferritin levels of 736A homozygotes in the 
general population will transform into the lower sus-
ceptibility to IDA in women, especially for those with 
menorrhagia [13]. 

 In our study, menorrhagia is still the major cause 
of IDA in reproductive-age women [2, 20]. Menstrual 
amount increased with age and the mean age of IDA 
group was older than control group; these phenome-
na were in line with previous reports the prevalence 
of menorrhagia increases with age, as does the risk of 
IDA [21]. However, the association between men-
strual blood loss and IDA was no more significant for 
women with CC genotype. Addition to well-known 
risks contributing to IDA in this population, such as 
vegetarian and gastrointestinal bleeding, our result 

demonstrates that a genetic factor can also affect the 
susceptibility of menorrhagia-associated IDA.  

 Our study also provided the first report of 
rs855791 allelic frequency in Taiwan, located in East 
Asia. The C allele frequency in our control group was 
48.6% (104/214) which is similar to that in European 
epidemiologic studies (approximately 50%) and 
higher than that in reported Asian countries (39–47%) 
[22]. However, the C allele frequency is reported to be 
82 to 93% in African population; this high prevalence 
may confer an advantage of enhanced iron absorption 
during food shortages or provide some protection 
against parasites that invade RBCs, such as malaria 
[22]. 

 The SNP rs855791 locates in the catalytic domain 
of matriptase-2. Nai et al. recently showed that the 
rs855791 C genotype inhibits hepcidin more efficiently 
than the T genotype in vitro and then confirmed that 
C homozygous individuals have lower serum hep-
cidin levels and higher transferrin saturation than 
those with T homozygotes in the general population 
[22]. However, they excluded iron-deficient subjects, a 
population of great interest to us. Very recently, a 
population-based study showed the TMPRSS6 genetic 
variants, including rs855791, are associated with IDA 
susceptibility in elderly women [23]. The OR of the 
protective allele was relative insignificant (OR, 0.56; 
95% CI, 0.51 – 0.63) based on their large sample size (n 
= 2,139); and the reason may be that most of their 
study population was post-menopausal and at rela-
tively low risk for IDA. In our study, we selected a 
population at high-risk for IDA, that is, menstruating 
women. With the enhancement of menstrual blood 
loss, the role of this SNP would be highlighted. Fur-
thermore, most of the subjects in our study (>98%) 
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have PBAC scores and these data allowed us to per-
form additional analysis according to menstrual 
amount. Then, we could clarify the protective role of 
this polymorphism in menorrhagic women.  

 We did not measure hepcidin levels in our sub-
jects. Therefore, we could not analyze the correlation 
between rs855791 and hepcidin levels. According to 
Nai’s study, C homozygotes have lower hepcidin lev-
els than T homozygotes in the general population [22]. 
We speculate that the protective role of C homozy-
gous rs855791 in our study is due to decreased hep-
cidin levels. Besides, because mammals lack a regu-
lated pathway for iron excretion [6], it is likely that 
women with the CC genotype increase the iron ab-
sorption from the intestine through decreased hep-
cidin production and then can offset the menstrual 
losses. From clinical aspect, iron replacement till 3 to 6 
months after relieving anemia is recommended [15]. 
Then, how to prevent relapse may be determined by 
this genetic variant. For those with CC genotypes, diet 
modification may be enough to keep iron balance; 
otherwise, long-term iron replacement till menopause 
may be considered.  

In conclusion, our data showed that TMPRSS6 
rs855791 CC genotype is less frequent in reproduc-
tive-age women with IDA than in healthy women. 
Menorrhagia is the major risk factor for IDA in men-
struating women with TX genotypes, but not for those 
with CC genotype. Homozygosity for rs855791 C 
genotype plays a protective role against IDA, espe-
cially for those with menorrhagia.  
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