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Abstract

Background/Objectives—Specific maternal risk factors have recently been identified in the
development of infantile hemangiomas (IH), including gestational diabetes (GDM), maternal anti-
hypertensive medication use and/or gestational hypertension (GHTN), maternal progesterone use,
and artificial reproductive technologies (ART). We sought to explore the change in incidence of
these risk factors over time, and determine their association with the increased incidence of
hemangiomas over 35 years, as previously reported.

Methods—The charts of 869 mother and infant pairs (infants previously diagnosed with IH
between January 1, 1976 and December 31, 2010) were reviewed for prenatal complications.
Rates of the prenatal complications over the 35-year period in birth mothers of infants diagnosed
with IH were determined, and evaluated by year of diagnosis (1976-1990, 1991-2000 and 2001-
2010).

Results—Over the 35-year period in which the incidence of IH was previously examined,
maternal age at delivery, pre-pregnancy body mass index (BMI), use of ART, maternal
progesterone use, placental abnormalities, and GDM also increased.

Conclusions—GDM, ART, and maternal progesterone use increased over the past 35 years,
mirroring the previously reported trend of increasing incidence of IH. Maternal age and BMI also
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increased in mothers of infants with IH. Further exploration of this association may direct future
research in the pathogenesis of infantile hemangiomas.
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Introduction

Previous studies seeking to describe maternal risk factors implicated in the development of
infantile hemangiomas (IH) have determined that multiple gestation, female sex, low birth
weight, prematurity, use of certain prenatal medications (progesterone and corticosteroids),
invasive antepartum procedures, and placental abnormalities increase infant risk for 1H.1-
Recently, gestational diabetes mellitus (GDM) and gestational hypertension were also
identified as a significant risk factors.® This population-based study was designed to explore
the prenatal risk factors associated with IH, including trends over time and the association
with the previously-reported increasing incidence of 1H.1

Materials and Methods

Results

Institutional Review Board approval was obtained. The resources of the Rochester
Epidemiology Project (REP) were used to identify 999 children less than one year of age
who were residents of Olmsted County, Minnesota, at the time of diagnosis of infantile
hemangioma between January 1, 1976 and December 31, 2010. Medical records were
available for the birth mother for 869 of the 999 infants. Each of the medical records was
reviewed by one of the primary authors (KA, MH, or JS) to extract data, including
demographics, pregnancy complications, and medications.

The REP is a medical records linkage system allowing for access to records for nearly all
patient encounters in Olmsted County, Minnesota, since the 1960s. This resource provided a
means to identify all diagnosed cases of IH in a geographically defined community; the REP
also links maternal medical records to infant charts. The potential for the REP database to be
used in a population-based study has been previously described.”®

Categorical features were summarized with frequency counts and percentages; continuous
features were summarized with medians and interquartile ranges (IQRs). Associations of
features of the birth mothers over time were evaluated using Spearman rank correlation
coefficients and Cochran-Armitage trend tests. Statistical analyses were performed using
version 9.4 of the SAS software package (SAS Institute, Cary, NC). All tests were two-sided
and p-values <0.05 were considered statistically significant.

Rates of the prenatal characteristics over a 35-year period in birth mothers of infants
diagnosed with IH were determined. For comparison, years of diagnosis were grouped
together as follows: 1976-1990, 1991-2000 and 2001-2010 (Table 1).
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Rates of ART in this population increased from <19% to 6% (p<0.001) between 1976 and
2010. The use of prenatal maternal medications also increased over the 35-year period. Of
the maternal medications studied, prenatal progesterone use significantly increased from
<1% to 19% (p<0.001) over the study period; corticosteroid use also significantly increased
from 2% to 12% (p<0.001). Placental abnormalities increased from 3% to 8% (p=0.015).
The prevalence of birth mothers with a diagnosis of GDM increased from 1% to 8% (p<
0.001) over the 35-year period (Figure 1), correlating with an overall increase in median
maternal BMI, which increased from 21.5 to 23.9 (p<0.001). Median age of mothers to
infants with IH also increased throughout the study period from 27-years-old at delivery to
29.5-years-old at delivery (p<0.001) (Table 1).

Discussion

The incidence of IH is steadily increasing and positively correlates with decreasing
gestational age at birth and birth weight.1-6 Over the same time period, maternal age,
maternal BMI, the use of ART, maternal progesterone and corticosteroid use, placental
abnormalities, and GDM also increased in our cohort of mothers to infants with 1H.

ART use increased over time, likely due to technology advances and increased availability of
reproductive medicine in the same time period. Progesterone and corticosteroid use also
increased throughout the study period. These factors are likely closely related, as
progesterone may be given to maintain pregnancy in the setting of previous pregnancy loss,
and corticosteroids may be given to accelerate fetal lung development in women at risk for
premature birth.10

GDM prevalence increased over the 35-year period, correlating with increasing incidence of
IH over the same period. The increasing prevalence of GDM mirrors the GDM trend
observed in the general U.S population and may be partially attributable to the increase in
median maternal BMI also observed over the 35-year period.1112 Several of the known fetal
complications in GDM are likely secondary to placental abnormalities!3; interestingly the
prevalence of placental abnormalities also increased over the study period. Therefore,
increasing maternal BMI likely explains the increase in GDM, leading to the increase in
placental abnormalities, and thus IH.

Increasing maternal age may be the underlying factor that links these prenatal risk factors.
Median maternal age increased throughout the study period from 27-years-old at delivery to
29.5-years-old at delivery (p<0.001). Increased maternal age was significantly associated
with ART use, maternal progesterone use, maternal corticosteroid use, placental
abnormalities, and GDM (Table 2). Maternal age also negatively correlated with gestational
age (r =-0.11, p = 0.001) and positively correlated with BMI (r = 0.09, p = 0.009). The
underlying causality of this association warrants further investigation.

Limitations of this study include that the population of Olmsted County is predominantly a
non-Hispanic white population, which may lead to population bias when reporting the
occurrence of prenatal characteristics. The retrospective nature of this study may limit the
ability to accurately characterize some maternal risk factors. Strengths of this study include
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the ability to utilize the REP to identify birth mother medical records of infants with IH, and
to examine the trends of prenatal risk factors over a 35-year period.

Thus, the recent increase in the incidence of infantile hemangiomas may be wholly or
partially explained by a concomitant increase in placental abnormalities, as well as an
increase in maternal age. Better understanding of the association and trends of these risk
factors in the development of IH will direct further research in the pathogenesis of IH.
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Figure 1. Temporal trends of select prenatal risk factors between 1976-2010
Rate of assisted reproductive technologies increased from <1% to 6% (p<0.001) over the 35

years. The use of maternal progesterone increased from <1% to 19% (p<0.001). The
percentage of birth mothers with a diagnosis of GDM increased from 1% to 8% (p< 0.001)
over the 35-year period.
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Feature

Age at delivery

Pre-pregnancy body mass index (NV=815)

Gravida (N=868) *
Para (N=868)T
Race (N=815)
White
Non-white
Prenatal care (NV=836)
Early
Late or none
Delivery type (N=866)
Vaginal
Cesarean
Vaginal vacuum-assisted
Vaginal forceps-assisted
Fertility treatment
Medication
Assisted reproductive technology
Other
Any of the above
Maternal medication
Progesterone
Tocolytic
Nifedipine (V=866)
Indomethacin (N=866)
Terbutaline (N=866)
Magnesium sulfate (NV=866)
Other tocolytic (NV=866)
Beta-blocker
Non beta-blocker anti-hypertensive
Corticosteroid
Any of the above
Invasive antepartum procedures
Amniocentesis
Chorionic villus sampling
Other
Any of the above

Pedlatr Dermatol. Author manuscript; available in PMC 2019 November 01.

1976-1990
N=266

Median (IQR)
27 (24-30)
21.5(19.9-23.9)
2(1-2)

2(1-2)

N (%)

237 (98)

42

232 (90)
25 (10)

160 (60)
40 (15)
7(3)

58 (22)

6(2
1(<1)
1(<1)
7(3)

1(<1)
12 (5)
0
3(1)
10 (4)
0
7(3)
2(1)
2(1)
6(2)
16 (6)

20 (8)
0

1(<1)
21(8)

1991-2000
N=257

29 (26-33)
22.8 (20.6-26.2)
2 (1-3)

2 (1-2)

222 (93)
17 (7)

228 (92)
20 (8)

157 (61)
55 (21)
12 (5)
32 (13)

18 (7)
12 (5)
0

24(9)

29 (11)
25 (10)
0

4(2)
19 (7)
0

10 (4)
2(1)
1(<1)
17 (7)
60 (23)

33 (13)
1(<1)
2(1)
36 (14)

2001-2010
N=346

29.5 (26-33)
23.9 (21.4-27.0)
2 (1-3)

1(1-2)

285 (85)
50 (15)

296 (89)
35 (11)

230 (67)
92 (27)
10 (3)
13 (4)

8(2)
21 (6)
0

28 (8)

64 (19)
20 (6)
1(<1)
3(1)
12 (3)
0

7(2)
2(1)
2(1)
43 (12)
99 (29)

17 (5)
8(2)
0
25(7)

P-value

<0.001
<0.001
0.40

0.88

<0.001

0.68

<0.001

0.83
<0.001
0.19
0.012

<0.001
0.65
0.28
0.73
0.74
NA
0.59
0.79
0.80

<0.001

<0.001

0.16
0.004
0.38
0.62



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Schoch et al. Page 8

1976-1990 1991-2000 2001-2010

Feature N=266 N=257 N=346 P-value

Placental abnormalities
Single umbilical artery 0 0 3(1) 0.059
Placenta previa 1(<1) 1(<1) 4(1) 0.23
Placenta accrete/percreta/increta 0 0 1(<1) 0.28
Placental abruption 4(2) 9(4) 11 (3) 0.23
Other 4(2) 5(2) 9(3) 0.34
Any of the above 9(3) 15 (6) 28 (8) 0.015

Maternal complications
Twin gestation 11 (4) 18 (7) 25 (7) 0.13
Triplet gestation 0 4(2) 0 0.82
Gestational diabetes 3(1) 15 (6) 26 (8) <0.001
Pre-existing diabetes 1(<1) 3(1) 5(1) 0.20
Gestational hypertension 14 (5) 13 (5) 18 (5) 0.98
Pre-existing hypertension 2(1) 4(2) 4(1) 0.68
Anemia 19 (7) 24 (9) 27 (8) 0.82
Preeclampsia/eclampsia 5(2) 5(2) 9(3) 0.53
Gestational hypertension or pre/eclampsia 18 (7) 16 (6) 26 (8) 0.69
HELLP syndrome 0 1(<1) 3(1) 0.11
Hypothyroidism 7(3) 12 (5) 7(2) 0.57
PPROM 5(2) 16 (6) 20 (6) 0.031
IUGR 6 (2) 3(1) 8(2) 0.90
Breech presentation 13 (5) 23(9) 24 (7) 0.40
Vaginal bleeding 24(9) 22(9) 30(9) 0.89
Oligohydramnios 2(1) 4(2) 10 (3) 0.048
Polyhydramnios 3(1) 4(2) 1(<1) 0.24
uTl 14 (5) 16 (6) 23(7) 0.48
Tobacco use 38 (14) 33 (13) 33 (10) 0.068
Alcohol use 0 0 3(1) 0.059
Other substance use 0 1(<1) 8(2) 0.004
Other 62 (23) 80 (31) 111 (32) 0.021
Any of the above 142 (53) 177 (69) 221 (64) 0.014
Any of the above excluding other 116 (44) 143 (56) 173 (50) 0.16

Mean gravida was 2.0, 2.5, and 2.3, respectively.

fMean para was 1.8, 1.9, and 1.8, respectively.

NA: Not applicable
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Table 2

Association of select prenatal risk factors and maternal age

Median Age (IQR)
Without risk factor

Feature

Assisted reproductive therapy 28 (25-32)

Progesterone 28 (25-32)
Corticosteroids 28 (25-32)
Placental abnormalities 28 (25-32)

Gestational diabetes mellitus 28 (25-32)

Median Age (IQR)
With risk factor
33 (29-35)

31 (28-34)

30 (27-35)

31 (27-34)

32 (28-36)

P-value

<0.001
<0.001
0.039
0.012
<0.001

Pedlatr Dermatol. Author manuscript; available in PMC 2019 November 01.

Page 9



	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2

