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Abstract

Objective: Evidence relating chronic hypertension to risk of small for gestational age (SGA) births
is conflicting. To identify factors associated with SGA that may involve a placental pathogenesis,
we related chronic hypertension and other maternal factors that may be markers of endothelial
dysfunction to preterm compared with term SGA births.

Methods: Chronic hypertension, diabetes, body mass index, age, and subfertility were related to
risk of term and preterm SGA births in the Danish National Birth Cohort (n=81,008). SGA births
were those with a birth weight adjusted for gestational age greater than 2 standard deviations below
the mean based on fetal growth curves.

Results: Risk of preterm SGA increased 5.5-fold (95% CI 3.2-9.4) and risk of term SGA increased
1.5-fold (1.0-2.2) among women with definite chronic hypertension. Risk of preterm SGA but not
term SGA was increased among women less than 20 (odds ratio [OR] 2.8, 95% CI: 1.1-6.8) or greater
than 36 (OR 2.0, 95% CI:1.3-3.1) years of age and among those with at least 2 early spontaneous
abortions (OR 2.0, CI:1.3-3.3). Smoking, parity, time to pregnancy greater than 12 months, and
underweight status were similarly related to term and preterm SGA. Overweight status, obesity, and
presence of diabetes were unrelated to either SGA subtype.

Conclusions: Chronic hypertension, young or older maternal age, and recurrent early spontaneous
abortions increased risk for preterm SGA. These factors may involve abnormal placentation and
likely represent a pathogenesis distinct from that leading to term SGA.

INTRODUCTION

Growth restriction, typically measured as weight or other markers of fetal growh that are small
for gestational age (SGA), is detectable early in pregnancy. (1) A portion of SGA cases with
and without preeclampsia are associated with endothelial dysfunction leading to abnormal
placentation. (2,3) Pre-existing maternal factors that predispose to preeclampisa may therefore
also be risk factors for SGA. Women without preeclampsia who deliver growth restricted
neonates in a first pregnancy are 3 times more likely to have preeclampsia in a second
pregnancy .(4) In addition, women who deliver small babies or have pregnancies complicated
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by preeclampsiaare at increased risk for cardiovascular disease later in life.(5-8) Smaller babies
themselves also have increased risk for chronic disease later in life, (9-11) raising the possibility
that the association between infant birth weight and later life morbidity may well be secondary
to the underlying causes of fetal growth restriction.

Some studies have reported that chronic hypertension, a clinical manifestation of endothelial
dysfunction, increases risk for SGA. (12,13) However, a recent large international study
indicated that SGA and preeclampsia had distinct patho-physioligies, a conclusion driven
dominantly by the finding that chronic hypertension was unrelated to SGA risk. (14)

We used data from a large, well characterized cohort of women with singleton pregnancies not
complicated by preeclampsia to examine if chronic hypertension and other factors that could
be intermediary between endothelial dysfunction and SGA (diabetes, BMI, and subfertility)
were related to risk for term and preterm SGA. We hypothesized that pre-existing factors
related to enthdothelial dysfunction would have a more profound effect on preterm SGA vs.
term SGA as these cases likely involve a placental pathogenesis. Additionally, we asked if
these measures of association might differ in smokers and non-smokers given their very
different background risk for SGA.

MATERNIALS AND METHODS

The Danish National Birth Cohort is a longitudinal study of pregnant women and their offspring
approved by the Danish Ethics Central Committee. Details regarding recruitment, retention
and data collection have been published.(15,16) Women were approached by their general
practitioner at the first antenatal care visit, and about 50% of all general practitioners in
Denmark participated in the recruitment from 1996 to 2002. Of those women invited to
participate, about 60% consented and were interviewed twice during pregnancy and twice after
delivery. This study combines information from the first three interviews with data from the
National Birth Register and the National Hospital Discharge Register by means of a unique
personal code given to each citizen in Denmark.

Of all pregnant women recruited to the Danish National Birth Cohort (n=101,033), we
identified 85,645 women with singleton pregnancies who completed the first interview and
delivered live born (> 24 weeks) infants without congenital malformations. In order to study
the effects of factors related to SGA risk separate from those mediated by preeclampsia, women
with definite (based on ICD-10 codes, n=2386) or possible preeclampsia (based on self-report,
n=807) were excluded. We also excluded women with one or more missing study variables
(n=1,444); these women had rates of SGA similar to the final study population (n=81,008;
2.3% and 2.2%, respectively, p=0.77).

Women were categorized with definite hypertension if they reported ever having chronic
hypertension at the first interview (completed at median of 16 weeks, range 7-40 weeks;
interquartile range 13-19 weeks) and also reported taking antihypertensive medication or
indicated that they still suffered from hypertension. Those who reported a history of chronic
hypertension but who were not on medication or indicated that they no longer had hypertension
were classified with probable hypertension. Height and pre-pregnancy weight (used to
calculate body mass index [BMI], kg/m2) were also reported during this first interview. BMI
was categorized as underweight (<18.5), normal weight (18.5-24.9), overweight (25-29.9), and
obese (>30).(17) Pre-existing diabetes was assessed during the second interview (median of
31 weeks, interquartile range 29-33 weeks), and was supplemented with cases identified via
ICD-10 diagnostic codes for insulin dependent or non-insulin dependent diabetes occurring in
the National Hospital Discharge Register prior to the estimated date of conception. We also
identified cases of gestational diabetes (n=798) in the National Hospital Discharge Register or
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from self-report in the interviews as this disease has pre-existing characteristics consistent with
the metabolic syndrome. (18) Results were unchanged when women with pre-existing and
gestational diabetes were combined, so we reported estimates associated with the combined

group.

We also considered reproductive history as a preexisting condition that may be related to SGA
risk via enthodelial dysfunction and early placentation abnormalities.(19) Number of previous
births as well as number and gestational age of spontaneous abortions (<12 weeks and >12
weeks) were reported at the first interview. Women who reported that their pregnancy was
fully or partly planned (89%) also reported waiting time to pregnancy (TTP). TTP > 12 months
was considered an indicator of subfertility; unplanned pregnancies and those occurring before
12 months of trying to conceive were the referent.

The main outcome was SGA, defined according to the criteria of Marsal et al as birth weight
>2 SD below the mean for a given gestational age based on fetal weights derived from serial

ultrasounds among a Scandinavian population. (20) This was further divided into term SGA

(>37 weeks) and preterm SGA (<37 weeks) to describe severity. Gestational age was based on
the best clinical estimate at birth, which in more than 90% of cases was checked and adjusted
according to early ultrasound. (21) When missing (n=862), the estimate of gestational age was
based on a woman's last menstrual period, reported at recruitment. Mean gestational age in the
cohort was 39.6 weeks (range 24-45 weeks).

Self-reported information about smoking status and number of cigarettes smoked came from
the first and second interviews. The rates of SGA births among non-smokers and women that
quit smoking during pregnancy were similar (1.6% vs. 1.8%, p= 0.16). Therefore these two
groups were combined into non-smokers, while smokers were defined as those women who
reported smoking at the first and second interviews. When the second interview was missing
(n=6,078), smokers were identified from the first interview.

Maternal age at delivery was also considered as a possible determinant of SGA risk that may
be related to enthdothelial dysfunction. Socio-occupational status was considered as a
confounder, and was based on a woman's current or most recent job (within 6 months) or on
the type of education for women who reported being in school. The category of high socio-
occupational status included women in management or those with jobs requiring more than 4
years of education beyond high school. Office, service, or skilled manual workers and women
in the military were classified in the middle category; unskilled workers or unemployed women
were classified in the low category. Women who could not be classified (4%) were categorized
according to their husbhand's socio-occupational status.

Maternal characteristics according to SGA status (non-SGA, term SGA, preterm SGA) were
compared using chi square tests. Polycotomous logistic regression models (22) were used to
estimate the risk of term and preterm SGA according to pre-existing conditions while adjusting
mutually for all factors studied and with additional adjustment for socio-occupational status
and height. These models were built with robust standard errors after clustering on the
individual woman to allow for women to contribute more than one observation (n=5175)
without underestimating the true variance. SAS PROC SURVEYLOGISTIC was used for these
models. (23) We tested if the effect of pre-existing conditions was equivalent between term
and preterm SGA subtypes using a Wald-type test.(24) We also tested if the relative association
between each pre-existing condition and SGA was modified by smoking or parity status
(nulliparity vs. multiparity) using a likelihood-ratio-like test.(24) Significance level for all tests
was 0.05, and SAS 9.1 was used for all analyses.(25)
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A total of 1,752 infants were identified as SGA (2.2%), and 13% of these were also preterm.
Overall, 1.9% of infants were term SGA and 0.3% were preterm SGA. When compared to
women with non-SGA infants, women with term or preterm SGA infants were more likely to
be younger than 20 years of age or older than 36, of low socio-occupational status, to be
smokers, to have probable or definite hypertension, to be underweight, to be nulliparous, or to
have a time to pregnancy of >12 months (Table 1).

A total of 975 women reported definite hypertension (1.2%). When adjusted for age, BMI,
diabetes, parity, smoking and subfertility, definite hypertension was associated with a 5.5-fold
increased risk for preterm SGA (95% Cl: 3.2,9.4) and definite or probable hypertension
conferred a 1.5 to 1.7-fold increase in risk for term SGA (Table 2). Women with 2 or more
spontaneous abortions before 12 weeks gestation had a 2-fold increased risk for preterm SGA
(95% CI 1.3,3.3); there was no relation to term SGA. Maternal age <20 was related to risk for
preterm SGA (OR 2.8, 95% ClI: 1.1,6.8) but not term SGA. Similarly, maternal age >36 years
was related to preterm SGA risk (OR 2.0, 95% CI: 1.3,3.1), but the effect was more modest
for term SGA (OR 1.2, 95% ClI: 1.0-1.5). .

Maternal smoking conferred a 3-fold increase in risk for both term and preterm SGA, and
multiparous women had a reduced risk for both SGA subtypes. Time to planned pregnancy
(TTP) of more than 12 months was associated with a 30 to 40% increased risk for both term
and preterm SGA. Maternal underweight (BMI <18.5 kg/m?) was associated with increased
risk for both term (OR 1.6, 95% CI 1.3,1.9) and preterm SGA (OR 2.0, 95% CI 1.2,3.1), but
there was no relation between overweight or obesity and SGA risk. The presence of diabetes
was not related to risk of SGA.

We detected effect measure modification by smoking for age and SGA(p<0.01) as well as for
time to planned pregnancy and SGA (p=0.04). The absolute risk of SGA according to each
pre-existing factor studied was higher among smokers compared to non-smokers, although for
most factors the magnitudes of the relative risks were similar. Some differences, however,
emerged. For example, smokers >36 years of age had a 2-fold increased risk for SGA (95%
Cl: 1.5,2.5) compared to smokers age 26 to 30, whereas no difference in risk was observed
between these two age groups among non-smokers. In contrast, non-smokers <20 years of age
had a 1.9-fold increased risk (95% ClI: 1.0,3.5) compared to the non-smoking referent group,
while no difference in risk between these two groups was observed among smokers. A history
of 2 or more spontaneous abortions before 12 weeks gestation or TTP >12 months conferred
a40% to 60% increased risk of SGA among non-smokers, whereas there was no effect of these
factors on SGA risk among smokers.

There was no evidence of effect measure modification by parity status for any pre-existing
factors and SGA.

DISCUSSION

Our results suggest that chronic hypertension is a strong determinant of preterm SGA,
independent of other factors, including maternal age, BMI, parity, and smoking status. Young
and older maternal ages as well as recurrent early spontaneous abortions also conferred
increased risk for preterm SGA, with modest or no effects on term SGA risk. These factors
may involve an inadequate vascular response to pregnancy associated with abnormal
placentation and may represent a pathogenesis distinct from that leading to term SGA.

An association between chronic hypertension and SGA risk has been reported in smaller studies
(12,13) butVillar et al, recently reported no increased risk for SGA among non-smoking women
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with chronic hypertension.(14) The reason could be that his study was carried out in developing
countries where other risk factors may be more important such as poor nutrition or infection
(26) . Kramer, et al reported that chronic hypertension was related to both term and preterm
SGA among a large hospital-based cohort in Canada using birth weight growth standards(27)
but it is well accepted that preterm birth weights do not represent the weight of the entire fetal
population. The reason for being born preterm may well impact fetal growth.(20,28,29)

The evidence relating young or older maternal age to SGA risk has been conflicting, perhaps
due to the heterogenous nature of SGA.(27,30) Our data indicate that the effects of both young
and old age are dominantly related to preterm SGA risk. It is likely that older age affects the
ability of the maternal vasculature to adequately adapt to the demands of pregnancy and
placentation, resulting in decreased placental perfusion.(31) Results for women <20 years of
age may be confounded by unmeasured social factors since many risk factors for SGA cluster
in young pregnant women.(32) However, it is also possible that implantation and placentation
may be compromised in young woman due to biologic immaturity, perhaps when combined
with poor nutritional status.(33)

There is evidence that subfertility, or the causes of subfecundity, are associated with adverse
pregnancy outcomes, including preterm birth (34-36), perinatal loss (37), preeclampsia (38)
and small for gestational age births.(34-37) Our results extend this by providing evidence that
recurrent early pregnancy losses were associated with increased risk of preterm but not term
SGA; a long waiting time to pregnancy was related to preterm and term SGA. Thus, placental
dysfunction may be implicated in some cases of SGA related to subfecundity but this warrants
further study. Our data also provide intriguing evidence that subfertility may interact with
smoking status such that risk of SGA is elevated only among non-smokers. It is possible that
the profound effects of smoking eclipse the perhaps more subtle relationship of other factors
on risk for SGA. Alternatively, smoking may be on the causal pathway, or be a collider, in the
paths leading to subfertility,(39) early spontaneous pregnancy loss, (40-42) as well as SGA.

Our finding that smoking, parity and underweight status have similar effects on both term and
preterm SGA suggest that these factors likely influence fetal growth in the second half of
pregnancy. While vascular capacity expands dramatically in the first 20 weeks of pregnancy,
nutritional needs are paramount later in gestation. (43) Our results suggest that smoking, parity
and underweight status may affect the maternal capacity to provide adequate nutritional
substrate to meet the large cell division that occurs in the second and third trimester.

We have previously reported that chronic hypertension conferred a 3.4-fold increase in risk of
preeclampsia among nulliparous women, and risk of preterm preeclampsia increased 5.4-fold.
(44) Here we show a similar 5-fold elevation among women with definite hypertension for
preterm SGA. Taken together, these results demonstrate a strong and convincing relationship
between chronic hypertension and risk for both preeclampsia and SGA, especially for the more
severe subtypes of each condition. We also found that, in contrast to preeclampsia, SGA risk
was inversely related to BMI providing support for the possibility that in the presence of more
profound vascular damage, high BMI may predispose to preeclampsia. (45)

Important strengths of our study include the large and well-characterized nature of the Danish
National Birth Cohort that allows for investigation of relatively rare pregnancy outcomes, such
as term and preterm SGA. The cohort was established within a tax paid public health care
system where more than 99% of women access prenatal care and where standardized and
validated diagnostic as well as outcome information are available in national registers.(15,
46)

Limitations to our study include the fact that the majority of the population in Denmark is
caucasian, and results may well be different in other ethnic groups. We relied on self-report of
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some study variables, although we validated these data with diagnostic or other confirmatory
information when available. For example, self-reported pre-existing hypertension was
classified as definite when women also reported taking anti-hypertensive medication and there
was high agreement between self-reported abortion information when compared to those in
the Hospital Discharge Register. However, we were unable to evaluate actual blood pressure
measures. Although we were not able to distinguish cases of transient hypertension during
pregnancy, the link between this pregnancy complication and SGA risk is equivocal making
it an unlikely source of confounding. BMI was based on self-reported height which tends to
be overestimated, and self-reported weight which tends to be underestimated. (47) Despite this,
a validation study of over 5000 women in the DNBC indicated that 91.4% of women were
allocated to the appropriate BMI category based on self-reported height and weight suggesting
any bias in these data is minimal. (48)

Our results indicated that chronic hypertension without superimposed preeclampsia increased
the risk of preterm SGA substantially. In addition, young or older maternal age and recurrent
early spontaneous abortions increased risk for preterm SGA, suggesting that these factors may
disrupt fetal growth very early in gestation perhaps due to abnormal placentation. In contrast,
smoking, parity and low maternal pre-pregnancy BMI had similar effects on preterm and term
SGA suggesting a later pregnancy pathogenesis.
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Table 2

Risk (cumulative incidence) of SGA, term SGA and preterm SGA
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Preterm
* * *
SGA Term SGA SGA
(n=1752) (n=1518) (n=234) pf

Maternal age

<20 1.2 (0.8-1.9) 1.0 (0.6-1.7) 2.8 (1.1-6.8) 0.05

20-25 0.9 (0.8-1.1) 0.9 (0.8-1.0) 1.1(0.7-1.7) 0.37

26-30 1.0 1.0 1.0

31-35 1.1(1.0-1.3) 1.1(1.0-1.2) 15(1.1-2.1) 0.07

>36 1.3(1.1-1.6) 1.2 (1.0-1.5) 2.0 (1.3-3.1) 0.04
BMI

Underweight (<18.5) 1.7 (1.4-2.0) 1.6 (1.3-1.9) 2.0 (1.2-3.1) 0.42

Normal (18.5-24.9) 1.0 1.0 1.0

Overweight (25-29.9) 0.9 (0.8-1.0) 0.9 (0.8-1.0) 1.0(0.7-1.4) 0.48

Obese (>30) 0.9 (0.7-1.1) 0.9 (0.7-1.1) 1.1(0.7-1.7) 0.48
Hypertension

Definite 2.0(1.5-2.8) 1.5(1.0-2.2) 5.5(3.2-9.4) <0.01

Probable 1.6 (1.3-2.1) 1.7 (1.3-2.1) 1.0 (0.5-2.4) 0.27
Diabetes mellitus 0.7 (0.4-1.1) 0.7 (0.4-1.2) 0.5(0.1-1.9) 0.57
Multiparity 0.5 (0.5-0.6) 0.5 (0.5-0.6) 0.6 (0.4-0.7) 0.89
Smoking during pregnancy 2.9(2.6-3.2) 2.9(2.6-3.2) 2.7 (2.1-3.6) 0.71
Sub-fertility characteristics

Time to pregnancy >12 months 1.4 (1.2-1.5) 1.4 (1.2-1.6) 1.3 (1.0-1.9) 0.86

2 or more SABs <12 weeks ¥ 1.2 (1.0-1.5) 1.1(0.8-1.4) 2.0 (1.3-3.3) 0.03

1 or more SAB >12 weeks ¥ 1.0(0.7-1.3) 0.9 (0.7-1.2) 1.3(0.7-2.3) 0.39

*
Adjusted simultaneously for each pre-existing factor, low socio-occupational status, and height

fWaId-Iike test that the effect of each pre-existing condition is the same for term SGA and preterm SGA

iSpontaneous abortions
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