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Abstract: The goal of this analysis is to identify risk factors for infantile hemangiomas (IH) to better
delineate hemangioma predisposition. We analyzed live birth children with isolated cutaneous
hemangioma that were reported to the Polish Registry of Congenital Malformations from across
Poland between the years 1998 and 2016. Lower birthweight and gestational age were the most
significant risk factors associated with IH. We also observed a trend for a higher risk of IH with a
lower level of maternal and paternal education. Moreover, mothers with IH have a higher probability
of having a child with IH compared to fathers. However, this association is only present when the
child is female. Similarly, a higher risk of hemangioma in a female child is found among mothers
having relatives of the first degree with IH, compared to fathers with a similar pedigree. Our results
suggest the role of exogenous factors in the etiology of IH. The analysis of familial cases suggests
a multifactorial model of inheritance. The study indicates that female gender is an important risk
factor for the expression of familial IH. Potential interaction of genetic risk factors with exposure to
female sex hormones may play a role in the development of IH.

Keywords: infant hemangiomas; risk factors; hereditary predisposition; vascular malformations

1. Introduction

The most frequent tumors occurring in infants are hemangiomas. Some of them, due to their
localization, can pose a serious threat to the child’s health. Most commonly, however, hemangiomas
create a problem of a cosmetic nature. Frequently, their occurrence is sporadic, but in some cases, they are
familial. In recent years, an increase in the frequency of hemangiomas in the world has been observed [1,2].
The pathogenesis and precise etiology of infantile hemangiomas (IH) are not entirely known and therefore,
the identification of risk factors can be useful. Many risk factors have been identified, including maternal
vaginal bleeding during the first trimester of pregnancy, progesterone use, preeclampsia, and placenta
previa [3,4]. Some studies have also suggested that IH may be associated with the use of in vitro
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fertilization [4,5]. Moreover, neonatal phototherapy has also been described to increase the risk of IH,
but further confirmation of these findings is needed [6]. Another study demonstrated that infantile
vascular anomalies express follicle-stimulating hormone receptor on their endothelium, suggesting that
follicle stimulating hormone (FSH) may be involved in the pathogenesis of IH, especially given that the
secretion of FSH correlates with the growth pattern of vascular malformations [7]. The risk factors for IH
in the Polish population have not been studied previously. The goal of this paper is to comprehensively
characterize the impact of parental demographic factors and predisposition to hereditary IH.

2. Materials and Methods

The subjects of analysis were live birth children with isolated cutaneous hemangioma born in Poland
and registered in the country-wide Polish Registry of Congenital Malformations (PRCM) between 1998
and 2016. Standardized questionnaires reporting congenital malformations were used as the primary
source of information. The questionnaires were completed by physicians from neonatal, pediatric and
obstetric wards, and the information was collected and entered into the centralized Registry Database.
The organizational structure of PRCM, methods of data collection and verification have been published
previously [8]. IH coding was done according to the ICD-10 coding scheme. Our analysis excluded
children with known syndromes and children with IH accompanied by other birth defects. In total,
our analysis included 4538 children with isolated IH. Within this group, 517 cases of IH occurred in
families (relatives of the first, second, and further degrees). In the remaining 4021 children, there was no
family history of IH, and this group is referred to as sporadic isolated cases of IH.

The control group consisted of healthy children born in the same time period as the analyzed
group. The primary source of information was from parallel standardized questionnaires completed
by midwives. Altogether, 19,160 mother-child dyads volunteered to participate in the registry for
the purpose of serving as controls. Because the characteristics of the volunteering mothers from
the control group did not fully reflect the Polish population in terms of age, education and area of
residence, we randomly sub-selected controls from this group that are more representative of the
general Polish population as described by Polish Statistical Office (GUS). In order to select mothers
from the recruited control group, the recruited group was divided according to mother’s age, level of
education, and urban/rural strata. Random sampling was then conducted within each stratum using
the proportionate allocation method, such that the relative size of each stratum was matched to the
population data. Briefly, the target size for each stratum was first determined, based on the relative
population distribution across the strata and the target control group size (equal to the case group
size). This was followed by a random control selection into each stratum from a pool of available
controls, which was achieved by a random number generation for each control, followed by sorting
and sequential selection of the top-ranking controls to each stratum up to the target stratum size.
As a result, the final sample fraction for each stratum was proportional to this fraction in the general
population. This method was used to sub-select the 4538 controls used in this study.

Analysis of the influence of individual risk factors on the frequency of IH occurrence was
conducted using logistic regression. In the first stage, a univariable model was created. In the
second stage, the regression model was extended to multiple variables reflective of additional factors
that showed significant connection with IH occurrence in univariate analysis. In order to avoid
collinearity, no simultaneous correction was done with regards to strongly inter-correlated maternal
and paternal factors, such as age or level of education. Accordingly, the models were limited solely
to maternal-related factors. The variables of birthweight (BW) and fetus’ age (GA) were categorized
as follows: GA ≤ 36 and BW ≤ 2499, GA ≤ 36 and BW ≥ 2499, GA ≥ 36 and BW ≤ 2499, GA ≥ 36 and
BW ≥ 2499. We considered p-values of less than 0.05 as statistically significant. All analyses were
conducted in the PQStat v1.6.6 statistical program.
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3. Results

The most common site of IH in infants was head and neck (34.4%), extremities (31.2%) and
trunk (16.7%) (Table 1). Singular lesions were present in 73.6% of affected infants, while multiple IH
(2–5 lesions) occurred in 23.6% of cases. Only 2.8% infants had more than five lesions.

Table 1. Localization of infantile hemangiomas (IH).

Localization of IH
n = 4538

Count (%)

Head and neck 1561 (34.4%)
Limbs 1414 (31.2%)
Trunk 759 (16.7%)

Head and neck + Trunk 113 (2.5%)
Head and neck + Limbs 66 (1.5%)

Head and neck + Trunk + Limbs 59 (1.3%)
Trunk + Limbs 298 (6.6%)

Unknown 268 (5.9%)

The comparison of characteristics of children with isolated IH and healthy children from the
control group is presented in Table 2. The results show that IH was more common among females OR
(odds ratio) 1.43, 95% CI (confidence interval) 1.31, 1.57), regardless of birthweight, week of pregnancy
and maternal age or education.

Table 2. Characteristics of children and their mothers with IH and in control group.

Characteristic:

Controls Isolated IH

n = 4538 n = 4538 Unadjusted Model
Adjusted Model (GA and

BW. Sex. Maternal Age and
Maternal Education)

Count (%) Count (%) p-Value OR Crude
(95%CI) p-Value OR Adjusted

(95%CI)

Gestational age (GA)
in weeks and

Birthweight (BW) in
grams

GA ≤ 36 and BW ≤ 2499 111 (2.4%) 217 (4.8%) <0.0001 2.01 [1.59, 2.54] <0.0001 1.75 [1.37, 2.25]
GA ≤ 36 and BW ≥ 2499 301 (6.6%) 284 (6.3%) 0.7304 0.97 [0.82, 1.15] 0.2066 0.89 [0.74, 1.07]
GA ≥ 36 and BW ≤ 2499 83 (1.8%) 108 (2.4%) 0.0481 1.34 [1.00, 1.79] 0.7403 1.06 [0.77, 1.45]
GA ≥ 36 and BW ≥ 2499 4043 (89.1%) 3929 (86.6%) reference reference

Sex
Male 2342 (51.6%) 1910 (42.1%) reference reference

Female 2186 (48.2%) 2599 (57.3%) <0.0001 1.46 [1.34, 1.58] <0.0001 1.43 [1.31, 1.57]
Place of residence §

Rural 1888 (41.6%) 1917 (42.2%) 0.1711 1.06 [0.98, 1.15] 0.1592 0.94 [0.85, 1.03]
Urban 2650 (58.4%) 2538 (55.9%) reference reference

Maternal age in years§

≤24 1123 (24.7%) 1378 (30.4%) <0.0001 1.37 [1.24, 1.50] 0.0209 1.13 [1.02, 1.26]
25–34 2863 (63.1%) 2569 (56.6%) reference
≥35 552 (12.2%) 482 (10.6%) 0.6886 0.97 [0.85, 1.11] 0.3867 0.94 [0.81, 1.08]

Paternal age in years§

≤24 543 (12.0%) 645 (14.2%) <0.0001 1.31 [1.15, 1.48] 0.8462 1.02 [0.87, 1.18]
25–34 2875 (63.4%) 2614 (57.6%) reference reference
≥35 1032 (22.7%) 891 (19.6%) 0.3301 0.95 [0.86, 1.05] 0.5533 0.96 [0.84, 1.09]

Maternal education§

Primary and basic
occupational 1140 (25.1%) 1222 (26.9%) <0.0001 1.93 [1.72, 2.15] <0.0001 1.81 [1.61, 2.04]

High school 1597 (35.2%) 1481 (32.6%) <0.0001 1.67 [1.50, 1.85] <0.0001 1.59 [1.43, 1.78]
Higher 1801 (39.7%) 1002 (22.1%) reference reference
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Table 2. Cont.

Characteristic:

Controls Isolated IH

n = 4538 n = 4538 Unadjusted Model
Adjusted Model (GA and

BW. Sex. Maternal Age and
Maternal Education)

Count (%) Count (%) p-Value OR Crude
(95%CI) p-Value OR Adjusted

(95%CI)

Paternal education§

Primary and basic
occupational 1526 (33.6%) 1597 (35.2%) <0.0001 2.26 [2.02, 2.54] <0.0001 1.81 [1.55, 2.12]

High school 1425 (31.4%) 1202 (26.5%) <0.0001 1.82 [1.62, 2.06] <0.0001 1.56 [1.36, 1.79]
Higher 1438 (31.7%) 665 (14.7%) reference reference

Gravidity§

1 2001 (44.1%) 2027 (44.7%) reference reference
≥2 2337 (51.5%) 2407 (53.0%) 0.6984 1.02 [0.93, 1.11] 0.0408 1.11 [1,0, 1.23]

Twin pregnancy§

No 4460 (98.3%) 4453 (98.1%) reference reference
Yes 73 (1.6%) 85 (1.9%) 0.3395 0.86 [0.63, 1,18] 0,5528 0.90 [0.64, 1.27]

Previous
miscarriages‡ §

No 1746 (74.7%) 1829 (76.0%) reference reference
Yes 531 (22.7%) 512 (21.3%) 0.2391 0.92 [0.80, 1.06] 0.6641 0.97 [0.83, 1.12]

Previous stillbirths‡§

No 2190 (93.7%) 2215 (92%) reference reference
Yes 33 (1.4%) 36 (1.5%) 0.7554 1.08 [0.67, 1.74] 0.5039 1.18 [0.72, 1.94]

Maternal tobacco use§

No 3846 (84.8%) 2446 (53.9%) reference reference
Yes 254 (5.6%) 175 (3.9%) 0.4308 1.08 [0.89, 1.32] 0.2254 0.88 [0.71, 1.08]

‡ 2nd pregnancy and subsequent. § marginal totals are different because of missing values. Odds ratio (OR),
confidence interval (CI), birthweight (BW), fetus’ age (GA), infantile hemangiomas (IH).

Lower birthweight and gestational age were the most significant risk factors associated with IH.
Prematurity (≤36 months) and low birthweight (≤2499 g) were significantly more common in children
with IH compared to healthy population controls (OR 1.75, 95% CI 1.37, 2.25). Additional independent
factors significantly associated with an increased risk of having a child with IH included younger
maternal age (OR 1.13, 95% CI 1.02, 1.26) and high gravidity of equal or over 2 (OR 1.11, 95% CI 1.0,
1.23). We also observed a trend for a higher risk of IH with a lower level of maternal and paternal
education. For primary and basic occupational education, the risk of having a child with IH was almost
twice as high as for parents with higher education (mother: OR 1.81, 95% CI 1.61, 2.04; father: OR 1.81,
95% CI 1.55, 2.12), and for high school education over 1.5 times higher (mother: OR 1.59, 95% CI 1.43,
1.78; father: OR 1.56, 95% CI 1.36, 1.79). There was no correlation between urban/rural residence, twin
pregnancy, the number of previous miscarriages, terminations of pregnancy, stillbirths or maternal
tobacco use.

In our study, approximately 89% of IH cases occurred sporadically, and 11% of cases were familial.
The comparison of demographic and maternal factors in familial and sporadic groups demonstrates that
the risk of having a child with IH in a sporadic group (compared to the familial group) is significantly
higher for less educated mothers with primary and basic occupational education: OR 1.34, 95% CI 1.04,
1.71, and for high school education: OR 1.27, 95% CI 1.0, 1.61 (Table 3).

The risk of having a child with IH in the familial group (compared to sporadic) was about 1.7 times
higher when it is ≥2 pregnancy (OR 0.58, 95% CI 0.47, 0.72). In the univariate analysis, the risk of
having a child with IH in the familial group (compared to sporadic) was about 1.3 times higher for
older fathers (OR 0.79, 95% CI 0.63, 0.98). However, no statistical significance in the fully adjusted
model was found. The risk of having a child with IH in the familial group was more than twice as high
compared to the sporadic group when it was a twin pregnancy (OR 0.47, 95% CI 0.28, 0.80), but no
statistical significance was found in the adjusted model.
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Table 3. Characteristics of children and their mothers with familial and non-familial IH.

Characteristic:
Familial Non-Familial Non-Familial vs. Familial

n = 517 n = 4021 Unadjusted Model

Adjusted Model
(Adjusted for Paternal

Age. Maternal Education
and Gravidity)

Count (%) Count (%) p-Value OR Crude
(95% CI) p-Value OR Adjusted

(95%CI)

Gestational age (GA)
in weeks and

Birthweight (BW) in
grams

GA ≤ 36 and BW ≤ 2499 26 (5.0%) 191 (4.8%) 0.7941 0.95 [0.62, 1.44] 0.9696 0.99 [0.61, 1.61]
GA ≤ 36 and BW ≥ 2499 31 (6.0%) 253 (6.3%) 0.8029 1.05 [0.71, 1.54] 0.9050 0.98 [0.64, 1.47]
GA ≥ 36 and BW ≤ 2499 12 (2.3%) 96 (2.4%) 0.9251 1.03 [0.56, 1.89] 0.6335 0.85 [0.44, 1.64]
GA ≥ 36 and BW ≥ 2499 448 (86.7%) 3481 (86.6%) reference reference

Sex §

Male 211 (40.8%) 1699 (42.3%) reference reference
Female 306 (59.2%) 2293 (57.0%) 0.4493 0.93 [0.77, 1.12] 0.6269 0.95 [0.78, 1.16]

Place of residence§

Rural 211 (40.8%) 1706 (42.4%) 0.3557 1.09 [0.91, 1.32] 0.3143 1.11 [0.91, 1.36]
Urban 302 (58.4%) 2236 (55.6%) reference reference

Maternal age in years
≤24 141 (27.3%) 1237 (30.8%) 0.1298 1.18 [0.95, 1.45] 0.6907 0.95 [0.75, 1.21]

25-34 304 (58.8%) 2265 (56.3%) reference reference
≥35 67 (13.0%) 415 (10.3%) 0.2031 0.83 [0.63, 1.1] 0.7697 0.96 [0.71, 1.29]

Paternal age in years§

≤24 77 (14.9%) 568 (14.1%) 0.7848 0.96 [0.74, 1.26] 0.1711 0.81 [0.61, 1.09]
25-34 302 (58.4%) 2312 (57.5%) reference reference
≥35 127 (24.6%) 764 (19.0%) 0.0340 0.79 [0.63, 0.98] 0.5169 0.92 [0.73, 1.17]

Maternal education§

Primary and basic
occupational 154 (29.8%) 1068 (26.6%) 0.0327 1.30 [1.02, 1.65] 0.0233 1.34 [1.04, 1.71]

High school 184 (35.6%) 1297 (32.3%) 0.0179 1.32 [1.05, 1.66] 0.0463 1.27 [1.00, 1.61]
Higher 158 (30.6%) 844 (21.0%) reference reference

Paternal education§

Primary and basic
occupational 216 (41.8%) 1381 (34.3%) 0.1347 1.21 [0.94, 1.56] 0.5548 1.07 [0.86, 1.34]

High school 162 (31.3%) 1040 (25.9%) 0.1466 1.22 [0.93, 1.59] 0.2578 0.85 [0.65, 1.12]
Higher 106 (20.5%) 559 (13.9%) reference reference

Gravidity§

1 181 (35.0%) 1846 (45.9%) reference reference
≥2 329 (63.6%) 2078 (51.7%) <0.0001 0.62 [0.51, 0.75] <0.0001 0.58 [0.47, 0.72]

Twin pregnancy§

No 3954 (98.3%) 499 (96.5%) reference reference
Yes 67 (1.7%) 18 (3.5%) 0.0051 0.47 [0.28, 0.80] 0.2963 0.72 [0.39, 1.33]

Previous
miscarriages‡ §

No 243 (73.9%) 1586 (76.3%) reference reference
Yes 80 (24.3%) 432 (20.8%) 0.1754 0.83 [0.63, 1.09] 0.5883 0.92 [0.69, 1.23]

Previous stillbirths‡§

No 317 (96.4%) 1898 (91.3%) reference reference
Yes 5 (1.5%) 31 (1.5%) 0.9427 1.04 [0.4, 2.68] 0.4888 1.45 [0.51, 4.16]

Maternal tobacco use§

No 348 (67.3%) 2098 (52.2%) reference reference
Yes 32 (6.2%) 143 (3.6%) 0.1421 0.74 [0.5, 1.11] 0.0567 0.66 [0.43, 1.01]

‡ 2nd pregnancy and subsequent. § marginal totals are different because of missing values. NA—not applicable.

Across all categories, female sex represented an important independent risk factor for IH across
all categories, but also among familial cases. In 358 cases out of 517 in children from familial IH, at least
one first degree relative had IH (Table 4).
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Table 4. Number and percentage of children who had IH in the pedigree.

Relatives with IH

Sex of the Child
Male Female

n = 151 (100%) n = 207 (100%)

Mother NM = 73 35 (23.2%) 38 (18.4%)
Father NF = 40 23 (15.2%) 17 (8.2%)
NM/NF = 1.83 1.52 2.24

p = 0.0025
DIFF[95%CI] = 9.2% [3.9%, 14.5%]

p = 0.1480
DIFF[95% CI] = 7.9% [−1.0%, 16.8%]

p = 0.0065
DIFF[95% CI] = 10.1% [3.6%, 16.7%]

Pedigree of mother n = 99 45 (29.8%) 54 (26.1%)
Pedigree of father n = 58 35 (23.2%) 23 (11.1%)

NM/NF = 1.71 1.29 2.35
p = 0.0013

DIFF[95%CI] = 7.9% [3.6%, 12.3%]
p = 0.3143

DIFF[95%CI] = 6.6% [−3.3%, 16.4%]
p = 0.0006

DIFF[95%CI] = 15.0% [7.5%, 22.3%]

DIFF[95%CI]—difference in proportions with 95% confidence interval. NM count for the male sex; NF count for the
female sex; DIFF: difference in proportions.

There were 207 of 358 (57.8%) affected females in the familial disease group with an affected
first-degree relative. Notably, among familial cases, mothers of children with IH were affected
significantly more often compared to fathers (frequency of affected mothers = 73/358 (20.4%), frequency
of affected fathers = 40/358 (11.2%), DIFF (difference in proportions) 9.2%, 95% CI 3.9%, 14.5%).
Moreover, for all reported familial cases, IH were transmitted more commonly from the maternal
rather than paternal side (maternal transmission frequency = 99/517 (19.1%), paternal transmission
frequency = 58/517 (11.2%), DIFF 7.9%, 95% CI 3.6%, 12.3%).

This relationship became even more striking in the analysis of female cases with familial disease.
In these cases, the mothers were affected significantly more often compared to the fathers (frequency
of affected mothers = 38/207 (18.4%), frequency of affected fathers = 17/207 (8.2%), DIFF 10.1%, 95% CI
3.6%, 16.7%), and the transmission of IH was considerably more frequent from the maternal side
(maternal transmission frequency = 54/207 (26.1%), paternal transmission frequency = 23/207 (11.1%),
DIFF 15.0%, 95% CI 7.5%, 22.3%). In the analysis of male cases, no such relationship was observed.

4. Discussion

The etiopathogenesis of IH remains largely unexplained and the relative contributions of
environmental and genetic factors in the etiology of IH is not well understood. This paper describes
the risk factors for sporadic and familial forms of isolated IH, highlighting strong effects of female sex
on the risk, and providing support for a maternal transmission of this trait.

The PRCM collects data on congenital malformations diagnosed among Polish children less than
2 years of age. In this study, we presented the prenatal characteristics of a large group of patients with
isolated IH. Our study is one of the largest case-control studies examining fetal risk factors (birthweight,
gestation age, sex), parental factors (age, education, urban/rural residence, previous miscarriages,
terminations of pregnancy and stillbirths and maternal tobacco use) and assessing the relationship
of people with IH. The strength of this study is the size of the examined population, which is the
largest described until now in the literature. The large numbers of IH reported to PRCM enabled
us to carry out comparison between familial and sporadic (non-familial) forms of IH. In addition,
we included a well-characterized group of healthy control births to further validate risk factors specific
to IH. Our data were reviewed by clinical geneticists.

Nevertheless, several limitations of our study need to be discussed. First, our analysis was limited
to the records of infants in PRCM. Unfortunately, IH cases are not included in the mandatory reporting
to either PRCM or other European registries within EUROCAT. Thus, we were not able to evaluate the
overall incidence of IH in the Polish population. Another limitation was the incompleteness of some of
our data. The information on mothers’ illnesses, complications during pregnancy, maternal alcohol and
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drug abuse in our database is incomplete. Although these potential risk factors have been suggested
by others [9], they were not analyzed in our study.

As many as 89% of all reported IH occurred sporadically and the results of our analysis strongly
suggest the role of exogenous factors in the etiology of this trait. Similar to previous reports [10–12],
our results demonstrate that isolated IH are often associated with prematurity and low birthweight.
The risk of developing IH in children born preterm with low birthweight suggests the participation
of common factors in the etiology of prematurity and IH. Some authors suggested that placental
complications in utero may have an impact on both prematurity and hemangioma development [13].
Placental anomalies were noted more often in mothers of infants with IH compared with pregnancies
with unaffected infants [3,12]. Some authors suggested that IH may be derived from placental tissue [14].
Placental insufficiency may cause hypoxia, and this, in turn, may represent a potential risk factor of
hemangioma development [15,16].

More recently, genome-wide association studies (GWAS) in affected IH children and their families
identified single nucleotide polymorphisms related to Nitric Oxide Synthase Trafficking (NOSTRIN),
a trafficking inducer protein involved in the eNOS/hypoxia pathway [17]. Therefore, the hypothesis
has been put forward about the relationship between hypoxia and the development of IH [12,16].
Our results supporting the association of prematurity with IH may be relevant to this hypothesis.

We also observed a trend for a higher risk of IH with a lower level of maternal and paternal
education. Parents with lower levels of education have a higher risk of having a child with IH. The less
educated parents may be more likely to be exposed to harmful influences of the external environment
through less awareness of environmental threats and their avoidance. This may include, for example,
living in more polluted areas, having jobs more vulnerable to harmful factors, and less pro-health
lifestyle. In univariate analyses of sporadic cases, young maternal and paternal ages represented
additional risk factors for IH. This result however, was confirmed in the adjusted model, only with
regard to young maternal age. We note that these results are not consistent with some reports indicating
an advanced age of the mother as a risk factor for having a child with IH [3,18].

A younger maternal age may be associated with specific health behaviors, such as unplanned
pregnancies, or alcohol and drug consumption. The identification of risk factors for IH by the
investigation of age-specific behavioral factors may lead to improved preventive strategies, and may
help to establish the disease etiology and pathophysiology.

One of the most striking findings of our study was a strong female predominance among the
cases, with a female-to-male sex ratio of 1.43. Sex dimorphism in the determination of specific defects
can provide additional insights into disease pathogenesis [19]. A significant risk factor of IH in females
has previously been reported by other authors [3,10,12,20]. Our study also demonstrates that among
familial cases of isolated IH, the trait is most likely inherited from a maternal side of the family.
However, this observation is only true if the affected child is a female. Presently, the reasons for female
predominance in IH and for the observed maternal line of transmission are unclear. No predisposing
genetic mutations or variants were found on sex chromosomes. However, several studies have shown
that estrogen can contribute to hemangioma proliferation [21,22]. A study by Zhang et al. provides
information about the potential mechanisms of E2 action on IHs [21]. Another study by Maclellan et
al. suggested that FSH may be an important sex-specific factor, because FSH receptors are strongly
expressed by the endothelium of infantile vascular anomalies, and the secretion of FSH correlates with
the growth pattern of vascular malformations [7]. Thus, current data strongly suggest the potential
role of female sex hormones in the pathogenesis of IH, but the precise molecular determinants of the
observed sexual dimorphism will require further mechanistic studies.

5. Conclusions

Our work points to the important contribution of factors related to female sex, and their potential
interaction with inherited risk. The hormonal contribution to the development of IH represents one
possible explanation of these findings.
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