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Abstract

Buckground During clinical evaluation of young women with peripheral arterial occlusive disease, we were surprised by the high
prevalence of pregnancy loss i women with segmental stenosis confined to the aortoiliac segment We wondered 1if mcreased
occurience of miscarrage 1s the result of hugh expiession of vascular and obstetrical risk factors m these patients, or if it is related to
localization of disease In a case-control study designed to investigate risk factors for peripheral arterial occlusive disease 1 young
women, we assessed the risk of miscarriage n these patients accordmng to level of obstruction Methods A total of 202 female
patients, aged 18-49 years and 466 healthy control women from a population based case-control study, donated venous blood
samples and filled out a structured questionnaire concerning classical cardiovascular risk factors and obstetrical history In all
patients, diagnosis of peripheral arterial occlusive disease was confirmed by mtra-arterial angiography Patients were classified mto
two groups those with and those without stenosis of the aortoiliac segment (aortothac disease) Results In 77 of the 202 patients
(38%) with peripheral arterial occlusive disease, the obstruction was confined to the aortoiliac segment The occurrence of
muiscarriage was high (42%) 1 young women with aortoiliac disease Compaied to healthy controls, the risk of miscarriage increased
3-fold (OR 31, 95% CI 1 8-5 6) in these patients Adjustment for obstetrical and vascular risk factors did not affect the risk
estimate Conclusion Thus 1s the first study that identifies aortoiliac disease as a risk factor for pregnancy loss in young women The
risk of nmuscarriage 1s increased 3-fold in women with aortoihiac disease The presence of vascular and obstetrical risk factors did not
affect the strength of the association Pregnancy loss could be the first sign of mnsufficient aortic circulation 1n these patients © 2002
Elsevier Science Ireland Ltd All rights reserved
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1. Introduction

Peripheial arterial occlusive disease 1s a disease of
advanced age It usually develops at several levels within
the aiteries, but may also be 1estuicted to a single
localized region within a vessel [1,2] Results of pievious
studies indicated that younger patients had more
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E-mail address 'y vandergraafi@jc azu nl (Y van der Graaf)

1solated aortoiliac mmvolvement than older patients who
had a more diffuse disease [3—8] Most of these young
patients with aortoihac disease are women and present
with a characteistic pattern of one segmental stenosis
that 1s confined to the distal part of the abdominal aorta
(5]

During the last few years, we had selected a group of
young women with peripheral arterial occlusive disease
for risk factor assessment During data analysis, we were
sutprised to discover that the majority of young women
with peripheral arterial occlusive disease confined to the
aottoilliac segment appeared to have a remarkable
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history of muscarriages, whereas female patients with
more diffuse disease affecting the distal vessels did not
teport these problems

Miscarriage, defined as pregnancy loss before 22
weeks’ gestation, 1s not uncommon About 10-15% of
clinically recogmized pregnancies end mn muscarriage
[9,10] The clinical and environmental causes of mis-
carriage have been extensively studied Several risk
factors have been unraveled including smoking, alcohol
use, social class, hyperhomocystememia, hypertension,
antiphospholipid antibodies and diabetes Genetic
causes of miscarriage, mcluding chromosomal abnorm-
alities, comprise only 5% of causes of pregnancy loss
Most losses due to chromosome abnormalities occur
before 7 weeks’ gestation and pass by unnoticed [11-13]
Also, vascular abnormalities resulting 1n mmpared
uterine perfusion have been linked to pregnancy loss
and fetal growth restriction [14—17]

Most of the identified obstetrical risk factors ap-
peared to have a remarkable similarity to those of
peripheral arterial occlusive disease In fact, smoking,
hypertension, hyperhomocysteinemia and diabetes are
the most prominent risk factors for manifestation of
vascular disease at a young age [I] One mught therefore
wonder 1f 1mncreased occurrence of miscarriage i young
women with aortoiliac disease 1s the consequence of a
selective expression of vascular (and obstetrical) risk
factors n these patients, or the result of unfavorable
localization of the disease, 1 ¢ abdominal aorta, result-
g 1n teduced flow during pregnancy 1n these patients

In this study, the group of young women with
peripheral arterial occlusive disease was included We
assessed the rnisk of muscairiage in these patients
according to level of obstruction

2. Patients and methods
21 Patients and control women

The data were obtamed from the Risk of Arterial
Thrombosis In relation with Oral contraceptive use
(RATIO) study, a population-based case-control study
m The Netherlands on oral contraceptives and periph-
eral arterial occlusive disease Patients were women aged
18—49 years without a history of preexistent cardiovas-
cular disease, who had been admitted to one of the five
collaborating hospitals, between January 1990 and
December 1999, with mtial symptoms of intermuttent
claudication Peripheral aiterial occlusive disease was
considered 1f a patient presented typical symptoms of
mtermittent claudication (cramping pain of the calves or
buttocks during exercise) or with rest pain, non-healing
ulcers or gangrene In all patients, peripheral arterial
occlusive disease was confirmed by intra-arterial angio-
graphy The angiograms were reviewed by two radiol-

ogists A stenotic lesion of >50% was consideted
diagnostic for petipheral arterial occlusive disease
Patients with a stenotic lesion of 50% or more were
included for analyses

Control women were 1dentified by random digit
dialing (RDD) [18] In thus method, random phone
numbers were dialed and households were ascertained
for eligible mdividuals (female, aged 18-49 year) who
were subsequently asked to participate This method
resulted m the selection of control women who were
approximately (5-year strata) the same age as the
patients and who hved m the service ateas of the
participating hospitals There were two phases of data
collection In the first phase, patients and control
women filled out a first structured questionnaire con-
cerning classical cardiovascular risk factors In the
second phase (June 1998 to May 2000), they were
approached again, blood samples were drawn and
participants filled out a second questionnamre that
mcluded questions on their obstetrical history Of the
220 patients and 629 control women who filled out the
first questionnaire and also donated venous blood
samples, 202 patients and 466 controls filled out the
second structured questionnaire and were included for
analyses

All participants gave informed consent for the study
which was approved by the ethics committees of the
participating hospitals

22 Atherosclerotic and obstetrical risk factors

Patients and control women filled out the same
structured questionnaires, comprising of questions on
demographic characteristics, medication use and cardi-
ovascular risk factors, as well as 1sk factors for
miscarriages, 1e¢ smoking, body mass index (BMI),
alcohol use, history of hypertension, history of diabetes
mellitus, history of hypercholesterolemia and family
history of cardiovascular diseases The second ques-
tionnaire covered various aspects of obstetric history,
including family planning, pregnancies, parity, gesta-
tion, birth weights and abortions Miscarriage was
defined according to the commonly used World Health
Organization defimtion as pregnancy loss before 22
weeks’ gestation [9] We categorized smokers as current,
former or never BMI was calculated as body weight
(kg) divided by height squated (m?) Obesity was defined
as body mass mndex >273 kg/m? Alcohol use was
categorized as never o1 ever use The socio-economic
status was defined as the highest level of education
attended by the participant primary school, secondary
school or higher education/university A positive family
history of cardiovascular disease was defined as the
occurrence of a cardiovascular disease (myocardial
infaiction, stroke or peripheral aiterial occlusive dis-
ease) before 60 years of age in one or both parents
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Subsequently, all participants had therr blood pres-
sure measured and donated venous blood samples
Blood pressute was measured semi-automatically (Om-
ronMI OMRON Healthcare GmbH, Hamburg, Ger-
many) at one pomt mn time Seirum and plasma wete
stored at —80 °C until processed Plasma and serum
were analyzed for plasma total homocysteine level and
biochemical parameters, mcluding glucose, seium total
cholesterol, triglycerides and the lipid fractions A
positive history of diabetes mellitus was defined by the
use of glucose lowering medication or a (non-fasting)
serum glucose >110 mmol/l A positive history of
hypetcholesterolemia was defined by the use of choles-
terol lowering medication or a serum total cholesterol
>50 mmol/l A posttive history of hypertension was
defined by use of antihypertensive drugs o1 a systolic
blood pressure = 160 mmHg or diastolic blood pressure
>95 mmHg Analysis of plasma total homocysteine
levels was performed, independent of knowledge of case-
control status, by high-pressuie hiquid chromatogiaphy
(HPLC) Values fo1 plasma total homocysteme (tHcy),
expiessed as homocysteine concentration in pmol/,
mcluded the sum of fiee and bound foims of homo-
cysteine, homocystemme and homocysteine—cysteine
mixed disulfide Hypethomocysteinemia was defined as
plasma total homocysteine values exceeding the 90th
peicentile of the control range

2 3 Localization of peripheral arterial occlusie disease

Based on the anglogram, patients with peripheral
arterial occlusive disease were classified mto two groups
[7,8] The first group (with aortorthac disease) consisted
of patients with at least one obstruction within the
arterial segments above the mgunal ligament, 1 e distal
abdominal aorta, common thac artety, internal or
extetnal tliac artery The second group (without aoitoi-
liac disease) consisted of patients without any obstruc-
tion above the inguinal hgament, which implies at least
one obstruction 1n one of the following artettes femoral
attery, popliteal artery, antetior and posterior tibial
aitery or peroneal aitery

2 4 Statistical analysis

Means ot proportions of cardiovasculat and obste-
trical 11sk factors were calculated for both patient
groups and contiol women We evaluated the strength
of the association between muscairiage and peripheral
arterial occlusive disease according to localization of
artetial obstiuction We calculated odds ratios as
estimates of the relative risk of miscariiage in patients
with aortoiliac disease and patients without aoitoiliac
disease Odds 1atios and 95% confidence mtervals were
assessed by unconditional logistic regression models
Because the age at first pregnancy, the number of

pregnant women and the mean number of pregnancies
per pregnant woman affects the number of miscarnages,
primary adjustment for these variables was made In
addition, multivanate adjustment was made for poten-
tial confounding factois, smoking (nevei, former, cur-
rent), alcohol use (yes/no), education level (prumary/
secondary/higher education), hypertension (yes/no), hy-
percholesterolemia (yes/no), diabetes mellitus (yes/no)
and hyperhomocysteinemia (yes/no)

3. Results

In 77 of the 202 patients (38%) with peripheral arteiial
occlusive disease, the obstruction was confined to the
aortotliac segment Table 1 summarizes the character-
1stics of both patient groups and 466 control women
Patients were shghtly older, had a higher body mass
index and lower level of education than controls Also,
the traditional risk factors for peripheral arterial occlu-
stve disease and pregnancy loss, including current
smoking, alcohol use, education level, hypertension,
hypetcholesterolemia, diabetes mellitus and hyperho-
mocystememia, were all more prevalent 1n patients

If both groups of patients weie compared, patients
with aortoiliac disease had a lower level of education,
were all current or former smokers and more frequently
suffered from hypercholesterolemia, whereas patients
without aortoiliac stenosts were more likely to have a
history of hypertension, diabetes mellitus or hyperho-
mocystemnemia

Table 2 shows the obstetrical history of both patient
groups and control women Patients with aortoiliac
disease weie more often pregnant than patients without
aortoiliac localization and healthy controls 94% of
aortothac patients compared with 81% of patients
without aortoiliac disease and 84% of healthy controls
The occurrence of miscartiage was very high m patients
with aortoiliac disease, 42% of all pregnant patients had
sufferted at least one muscarriage In the two other
groups, these percentages wete much lower 11% in the
patients without aortoiliac localization and 21% in the
healthy controls group Fetal growth was also most
restricted 1 aortotliac patients, the mean birth weight
per live birth being significantly lower in aortoiliac
patients 2872 g compaied with 3119 g m the other
patient group and 3403 g in healthy controls (P <0 01)

Table 3 presents the odds ratios for miscarriage in
patients with aortoihiac localization and patients with-
out, 1elative to healthy controls Because the age at first
pregnancy, the number of pregnant women and the
mean number of pregnancies per pregnant women
affects the number of miscairiages, primary adjustment
for these variables was made The risk of miscarriage
was creased 1 patients with aortoiliac disease, odds
ratio 31 (95% CI 1 85 6), whereas the risk 1n patients
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Table 1

Characterstics of subgroups of patients and control women
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Patients with aortoiliac disease

Patients without aortoiliac disease

Control women

N=TT) (N=125) (N = 466)
Age (years) 436 (72) 439(59) 4558 1)
Body mass mdex (kg m~2) 255@8) 269 (64) 249 (42)
Education (%)
Primary school or less 20 (27) 22 (18) 41 (9)
Secondary school 50 (67) 87 (73) 306 (66)
Higher education or university 5 (6) 11 (9) 116 (25)
Cigarette smokmmg (%)
Current 56 (73) 65 (52) 153 (33)
Former 21 (27) 50 (40) 156 (33)
Never - 9 (N 157 (34)
Aleohol use (%)
No use 28 (36) 43 (34) 96 (21)
Any use 49 (64) 82 (66) 365 (79)
Systolic blood pressure (mmHg) 137 (19) 143 (25) 130 (19)
Diastolic blood pressure (mmHg) 83 (11) 86 (12) 83 (11)
Hypertension (%) 40 (52) 77 (62) 112 (24)
Cholesterol (mmol/l) 59(16) 56(12) 5411
Hypercholesterolemia® (%) 71 (92) 105 (84) 278 (60)
Glucose (mmol/l) 62(28) 63(42) 40014
Diabetes mellitus® (%) 8 (10) 18 (14) 4 (1)
Plasma total homocysteine (umol/l) 123 (36) 137 (56) 122(33)
Hyperhomocystemnemia (%) 12 (16) 33 (26) 44 (10)
Famuly history of cardiovascular disease 51 (66) 74 (59) 173 37)

(%)

Data are mean (S D) unless otherwise indicated

* Hypertension was defined as the use of antihypertensiva and/or systolic blood pressure > 160 mmHg and/or diastolic blood pressure > 90 mmHg
! Hypercholesterolemia was defined as use of lipid lowering drugs and/or cholesterol plasma concentration = 5 0 mmol/l
' Diabetes mellitus was defined as use of blood glucose lowering medication and/or (non-fasting) glucose plasma concentration > 11 0 mmol/l

Table 2
Obstetrical history m patients with and without aortoiliac localization and healthy controls
Patients with aortoiliac disease Patients without aortoiliac disease Controls
WwN=77 (N=125) (V = 466)
Ever pregnant
Yes 72 (94) 102 (81) 390 (84)
No, on purpose 2(2) 11 (9) 39 (8)
No, not on purpose 34 12 (10) 35(8)
Total pregnancies 173 (100) 211 (100) 865 (100)
~Live births 129 (75) 190 (90) 736 (85)
—Miscarriage 44 (25) 21 (10) 129 (15)
Number of pregnancies per pregnant women 24(08) 2107 22(006)
Number of pregnant women with at least one 32 (42) 13 (11) 97 (21)
muscarriage*
Number of nuscarriages in women with at least one miscarriage
1 24 (75) 8 (61) 66 (68)
2 6 (19) 3 (24) 25 (26)
>3 2 (6) 2 (15) 6 (6)
Birth weight per live birth 2872 (913) 3119 (1107) 3403 (742)

" Miscarriage 15 defined as self-reported pregnancy loss before 22 weeks gestation, if patients with aortoilac disease were compared to controls 4
statistical significant P-value < 005 was found, If patients without aortoiliac disease were compared to controls a non-significant P-value of 0 11

was found
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Table 3

Odds ratios (after adjustment for potential confounders) for miscar-
1iage m female patients with and without aortoihac localization,
relative to healthy controls

Patients without aortoiliac
disease OR (95% CI)*

Adjustment Patients with aortoiliac
disease OR (95% CI)y*

1° 31(18-56)
2° 28 (14-50)

06(03-11)
0502-11)

* Adjusted for age at first pregnancy, number of pregnant women,
number of pregnancies

b Adjusted for age at first pregnancy, number of pregnant women,
number of pregnancies, SES, smoking, alcohol, hypertension, hy-
percholesterolemia, diabetes, hyperhomocysteimnemia

" OR (95% CI) odds ratio and 95% confidence nterval

without aortoiliac localization did not significantly
differ from the risk in healthy controls; odds ratio 0.6
(95% CI 0.3-1.1). Additional adjustment for the pre-
sence of traditional atherosclerotic and obstetrical risk
factors, i.e. education level, smoking, alcohol, hyperten-
sion, hypercholesterolemia, diabetes and hyperhomo-
cysteinemia did not affect the risk estimates.

4. Discussion
4.1. Increased risk of miscarriage

The results of this study show that the occurrence of
miscarriages is high (42%) in young women with
aortoiliac disease. Compared to healthy controls, the
risk of miscarriage is increased more than 3-fold (OR
3.1; 95% CI 1.8-5.6) in these patients. The difference in
risk of miscarriage between women with peripheral
arterial occlusive disease without aortoiliac localization
and healthy controls did not reach statistical significance
(OR 0.6; 95% CI 0.3-1.1).

4.2 Distribution of risk factors according localization

In this study, we compared patients with aortoiliac
disease with healthy controls and patients with periph-
eral arterial occlusive disease but without aortoiliac
localization. Because of this design, our results demon-
strated that the occurrence of miscarriage was not
related to the presence of atherosclerotic (as well as
obstetrical) risk factors: prevalence of risk factors was
high in both patient groups, while risk of miscarriage
was only increased in patients with aortoiliac disease.
This implies that the only explanation for increased
pregnancy loss in patients with aortoiliac disease is the
localization of obstruction.

The major characteristic associated with the presence
of aortloiliac disease in young women was smoking
status; 100% of all aortoiliac patients were former or
current smokers. In addition, low education and hy-

percholesterolemia were major correlates of disease in
these women. Compared with aortoiliac patients, dia~
betes mellitus, hyperhomocysteinemia and hypertension
were the major risk factors in patients with peripheral
arterial occlusive disease without aortoiliac localization.
Several risk factors are also risk factors for miscarriage
[9-12]. Although low education, hypertension, diabetes,
hyperhomocysteinemia and advancing maternal age
have been associated with increased miscarriage rates,
smoking seems the most potentially confounding factor
[19-21]. Smoking was defined in our study as a
categorical variable (never/former/current). Adjustment
for smoking did not affect the odds ratios of miscarriage
(Table 3), this makes confounding unlikely. However,
residual confounding (100% of the aortoiliac patients
was former or current smoker) as cause of increased risk
of miscarriage in these patients cannot be completely
ruled out.

4.3 Comparison of the results with earlier reports

This is the first study that identifies aortoiliac disease
as risk factor for pregnancy loss in young women.
Literature with regard to pregnancy loss in young
patients with peripheral arterial occlusive disease is
scarce. In 1987, Drew et al. described a 22-year-old
woman with occlusion of the abdominal aorta and a
history of two spontaneous abortions [22]. They con-
cluded that abortion in this young patient was the
consequence of exposition to vascular risk factors
including hypertension and increased antiphospholipid
antibodies. Only a few more case reports focused on the
combination of pregnancy loss and aortoiliac disease in
young women [23,24]. Both studies presented young
patients with a history of recurrent miscarriage. Besides
hypertension and hypercholesterolemia, lupus anticoa-
gulant and antibodies to cardiolipin were found to be
positive in the women described.

They concluded that increased risk profile in combi-
nation with increased levels of antiphospholipid anti-
bodies was the cause of pregnancy loss in these patients
[23,24]. More recently, Gagne et al. investigated 24
female patients with aortoiliac disease [4]. They reported
that 45% of the women with a history of pregnancy also
had a history of spontaneous fetal loss. In contrast to
the above mentioned case-reports, they found that none
of the patients who suffered miscarriage had a history of
systemic lupus erythematosus or other collagen vascular
disease. An explanation for the increased prevalence of
miscarriage in their patients was not provided. Our
result of 42% miscarriage in patients with aortoiliac
disease is in agreement with the 45% found by Gagne et
al. Because of our study design, in which patients with
aortoiliac disease were compared with patients with
diffuse peripheral arterial occlusive disease without
aortoiliac localization and healthy controls, we were
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able to rule out any influence of risk factors and found
localization of disease to be the only factor likely to be
causally related to pregnancy loss.

As was hypothesized by Leriche in 1948, we believe
that aortic calcification is a process of decades [25]. We
therefore assume that atherosclerosis of the aortoiliac
segment slowly progresses over many years, before it
becomes clinically manifest in patients who are exten-
sively exposed to vascular risk factors. Furthermore, it is
known that pelvic viscera are supplied by the hypogas-
tric divisions of the common iliac arteries. The anterior
division of the hypogastric artery continues gradually
into the uterine artery, which courses slightly forward
and medially on the superior fascia of the levator ani
muscle, to the lower margin of the broad ligament. At
the level of the isthmus, the uterine artery gives off a
descending cervical branch, which surrounds the cervix
and anastomoses with branches of the vaginal artery.
The main part of the uterine artery follows a tortuous
course upward along the lateral margin of the uterus,
giving off spiral branches to the anterior and posterior
surfaces of the uterus [26]. The average doctor’s delay
(defined as the time between first onset of symptoms and
date of angiography) was 8 years in patients with
peripheral arterial occlusive disease. As a consequence
it could be hypothesized that, because the uterine artery
arises indirectly from the common iliac artery, impaired
uterine flow during pregnancy could be the first sign of
insufficient circulation in patients with aortoiliac dis-
ease. However, evidence to support this hypothesis,
which implies that the aortoiliac lesions were large
enough to significantly affect blood flow to the uterus
in the patients at an age when they became pregnant,
can only be provided by a novel prospective study. This
study should focus on assessment of possible athero-
sclerotic lesions in the abdominal aorta of patients with
recurrent miscarriage.

Our hypothesis of reduced placental flow as a
consequence of atherosclerosis of the aortoiliac segment
is supported by findings of several radiological studies
that focused on the association of impaired uterine
perfusion and early pregnancy loss in young women
[15,27-29]. In 1995, Jaffe et al. determined the utility of
color Doppler sonography of the uteroplacental circula-
tion in 100 women to predict the outcome of first-
trimester gestations. Abnormal color Doppler findings
were associated with significantly higher prevalence of
complicated pregnancies. Among women with abnormal
Doppler findings, 12 (43%) of 28 pregnancies ended in
miscarriage, whereas among women with normal find-
ings only one (1.4%) of 72 women miscarried [27]. In
1998, Leible et al. studied the uterine perfusion pattern
of both the right and left uterine arteries by transvaginal
color Doppler ultrasonography in 318 pregnancies.
Impaired uterine artery blood flow was associated with
pregnancy loss before 20 weeks’ gestation (OR 2.9; 95%

CI 1.5-5.8) [15]. Although these studies reported an
association between miscarriage and reduced flow, it is
unknown if reduced flow is the cause or consequence of
pregnancy loss in these patients. It has also been
postulated that circulatory abnormalities associated
with early miscarriage could also be the cause of
intrauterine growth retardation {29]. In agreement with
this fact, we found a trend of decreased birth weight in
patients with aortoiliac disease.

4.4. Aspects of the design of the study

In this study, information with regard to obstetrical
history was collected by means of a structured ques-
tionnaire, which has its drawbacks typically related to
this method. Not all miscarriages are diagnosed and
even the diagnosed ones may be forgotten or unreported
for other reasons. Reliance on participant memory for
information on miscarriage could have led to recall bias.
Interviews are an alternative but are expensive and
obstetric problems are frequently underreported. Anon-
ymous questionnaires may be preferable in this setting.
However, studies evaluating different methods of ascer-
taining obstetrical history concluded that the miscar-
riage rate using patient recall (questionnaires) agrees
closely with investigations based on hCG levels [11].
Another drawback is the time interval between occur-
rence of miscarriage and assessment of risk factors in
patients and control women. However, it seems unlikely
that risk profiles change throughout the years. Only
after the diagnosis of peripheral arterial occlusive
disease has been made, reduction of controllable risk
factors (i.e. smoking, lipids and hypertension) is started,
resulting in a changed risk profile. All cases were
included using intra-arterial contrast arteriograms.
Based on the angiograms, patients were classified as
those with and those without aortoiliac localization of
disease. Because all arteriograms were blindly reviewed
and scored by two radiologists and the presence of a
typical distal aortic stenosis is highly reproducible,
diagnostic bias is unlikely to have played an important
role.

5. Conclusion

The results of this study showed that the risk of
miscarriages was increased 3-fold in young women with
aortoiliac disease. The strength of this association was
not influenced by the presence of vascular or obstetrical
risk factors. Although the mechanisms behind early
pregnancy failure are many and complex, we found
localization of stenosis to be the only factor likely to be
causally related to increased occurrence of miscarriage
in these patients. We believe aortoiliac calcification to be
a process that exists for years before it becomes clinically
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manifest Only patients who are extensively exposed to
vascular 11sk factors are prone to develop symptomatic
peripheral aiterial occlusive disease Pregnancy loss
could be the first sign of msufficient aoitic circulation
n these patients Further 1esearch, focusing on imaging
of the abdominal aorta in young women with recurrent
pregnancy loss, should be considered to detect subclini-
cal peripheral arterial occlusive disease n these patients
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