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ABSTRACT

Background Previous data have demonstrated as-
sociations between thrombophilia polymorphisms in
pregnant women and an increased risk of intrauter-
ine growth restriction in their offspring, but this find-
ing remains uncertain.

Methods We performed a hospital-based case-
control study and a family-based study including 493
newborns with intrauterine growth restriction (defined
by birth weight below the 10th percentile for gesta-
tional age and sex according to Canadian norms) and
472 controls (with birth weight at or above the 10th
percentile). We determined the presence or absence in
newborns and their parents of the following polymor-
phisms: methylenetetrahydrofolate reductase (MTHFR)
C677T and A1298C, factor V Leiden G1691A, and pro-
thrombin G20210A. Mothers were interviewed to ob-
tain information on other risk factors for intrauterine
growth restriction.

Results The risk of intrauterine growth restriction
was not increased among mothers carrying a poly-
morphism associated with thrombophilia. In the case—
control study, the odds ratios associated with two
copies of the variant, after adjustment for newborn
genotype and other risk factors, were 1.55 for MTHFR
C677T (95 percent confidence interval, 0.83 to 2.90)
and 0.49 for MTHFR A1298C (95 percent confidence
interval, 0.25 to 0.93); heterozygotes for factor V Leiden
had an odds ratio of 1.18 (95 percent confidence in-
terval, 0.54 to 2.55), and heterozygotes for prothrom-
bin G20210A had an odds ratio of 0.92 (95 percent
confidence interval, 0.36 to 2.35). These polymor-
phisms in the newborn were not associated with an
increased risk. Newborns who were homozygous for
the MTHFR C677T variant had a decreased risk of in-
trauterine growth restriction (odds ratio after adjust-
ment for mother’s genotype and other confounders,
0.52 [95 percent confidence interval, 0.29 to 0.94]).
The results of the family-based study supported those
of the case—control study.

Conclusions Our findings do not indicate that there
are associations between maternal or newborn poly-
morphisms associated with thrombophilia and an in-
creased risk of intrauterine growth restriction. (N Engl
J Med 2002;347:19-25.)

Copyright © 2002 Massachusetts Medical Society.
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ABIES who are small for their gestational
age have increased early morbidity and mor-
tality? as well as possible later deficits in neu-
ropsychological development.? Intrauterine
growth restriction characterizes a fetus whose weight
is less than expected on the basis of gestational age
and sex, as determined by population standards. The
threshold below which morbidity and mortality in-
crease significantly is still a matter of debate,?* but a
cutoft at less than the 10th percentile is often used.?
Causes for intrauterine growth restriction remain
unclear, although a number of risk factors, such as
cigarette smoking, have been identified.’
Polymorphisms in the genes encoding coagulation
factor V (G1691A) and prothrombin (G20210A)
are associated with thrombophilia (hypercoagulable
state ). Two common variants (C677T and A1298C)
of the gene encoding 5,10-methylenctetrahydrofolate
reductase (MTHER), resulting from point mutations,
have been implicated in the development of hyper-
homocysteinemia” and possibly coronary heart dis-
ease, although the latter is not a consistent finding.10:11
On the basis of the hypothesis that polymorphisms
associated with thrombophilia could affect placental
circulation, a large number of case—control studies
have been carried out to assess a link between ma-
ternal polymorphisms associated with thrombophilia
and adverse outcomes of pregnancy.!2 The results have
been inconsistent, and few studies have focused on
intrauterine growth restriction. One study conduct-
ed in Israel included 44 cases of intrauterine growth
restriction!3; the study was later expanded to include
72 such cases.’* Another study from Italy included
61 cases of intrauterine growth restriction.!> Both
studies found significant associations between poly-
morphisms associated with thrombophilia in mothers
and intrauterine growth restriction in their infants.
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We carried out a large case—control study and a
family-based study including both parents and new-
borns to determine whether polymorphisms associat-
ed with thrombophilia in the newborns or mothers
were associated with an increased risk of intrauterine
growth restriction.

METHODS
Case-Control Study
Selection of Case Subjects and Controls

Case subjects were newborns whose birth weight was below
the 10th percentile for gestational age and sex, according to Ca-
nadian standards.!¢ All case subjects seen at the Centre Hospitalier
Universitaire Mere—Enfant de PHépital Sainte-Justine in Montreal
between May 1998 and June 2000 who were born alive after the
24th week of gestation and without severe congenital anomalies
were eligible for the study if the mother agreed to participate and
spoke French or English. During that period, 505 newborns met
the criteria for case subjects, of whom 493 participated in the
study (97.6 percent).

Controls were born at the same hospital and met the same el-
igibility criteria, except that their birth weights were at or above
the 10th percentile. They were matched to case subjects for ges-
tational week at birth, sex, and race or ethnic group (white, black,
Hispanic or Amerindian, and Asian) and were generally born with-
in a week of the matched case subject. The mothers of 480 po-
tential controls were invited to participate, and 472 accepted
(98.3 percent). The project was approved by the institutional re-
view board of the hospital. Written informed consent was signed
by the mother for the collection of cord and maternal blood.

Interview

A face-to-face interview with all mothers of case subjects and
controls was carried out at the hospital within two days after de-
livery, in French or English. It was based on an interview we had
used in a previous study of spontanecous abortions at the same
hospital'7 and included questions about potential confounding fac-
tors such as demographic characteristics, anthropometric measures
before and after pregnancy, complications of pregnancy, maternal
chronic diseases, obstetrical history, smoking, and the use of mul-
tivitamin supplements.

Family-Based Study

After data were collected on approximately 200 case subjects
and 190 controls, we began collecting buccal swabs from fathers
of case subjects and controls. The goal was to analyze family trios
(mother, father, and newborn) to test for association and linkage.8
The response rate among fathers of case subjects and controls was
86 percent. We collected 258 case trios and 248 control trios.

Laboratory Investigation

Human genomic DNA was extracted from whole-blood samples
(from mothers and newborns) or from buccal swabs (from fathers).
Extraction of blood-cell DNA was performed with a DNA extrac-
tion kit (Puregene, Gentra Systems). For buccal-swab samples, we
used a collection kit containing two sterile cytobrushes in sealed
plastic tubes. Fathers were asked to brush the inside of each cheek,
using one brush per cheek, to place the brush back in the plastic
tube, and to leave it in the mother’s room for us to pick up.
Brushes were put in microtubes containing 0.5 ml of 50 mM sodi-
um hydroxide and incubated for three hours at room temperature.
After centrifugation, brushes were removed, specimens were boiled
for five minutes and centrifuged, and supernatant specimens were
neutralized with 35 ul of 1 M TRIS-hydrochloric acid (pH 7.8).

For each polymerase chain reaction (PCR), we used 10 ul of this
solution. PCR was performed with a final reaction volume of 50
wl with the use of 50 to 100 ng of DNA template per tube under
the following conditions: denaturing at 94°C for 45 seconds, an-
nealing at 55°C for 45 seconds, extension at 72°C for 45 seconds
(35 or 40 cycles), and a final extension at 72°C for 10 minutes. The
PCR primer sequences were as follows: MTHER C677T,° F-1585
5'GCTGACCTGAAGCACTTGAAGGAGA3' (forward primer)
and R-1586 5’AGGACGGTGCGGTGAGAGTG3' (reverse pri-
mer); MTHFR A1298C,% Fp 5CTTTGGGGAGCTGAAGGAC-
TACTAC3' (forward primer) and Rp 5’CACTTTGTGACCATTC-
CGGTTTG3' (reverse primer); factor V Leiden G1691A,2 F-335
5"TGCCCAGTGCTTAACAAGACCA3' (forward primer) and
R-336 5"TGTTATCACACTGGTGCTAA3Z' (reverse primer); and
prothrombin G20210A,2 F-1589 5'TCTAGAAACAGTTGCC-
TGGC3' (forward primer) and R-1590 5’ATAGCACTGGGAG-
CATTGAAGC3' (reverse primer).

Allele-specific oligonucleotide hybridization assays were per-
formed as described by others.23 PCR products were denatured, di-
vided into aliquots, and blotted onto nitrocellulose membranes.
Positive and negative controls were included on each membrane.
Specimens from family members were assigned randomly to mem-
branes. After hybridization and washing, the membranes were read
with the use of a PhosphorImager (Molecular Dynamics) and an
automatic scanning program. Membranes were also read visually by
two independent observers and again by three observers together.
Disagreements after this step were resolved by reamplification, di-
gestion by appropriate restriction enzymes, and gel electrophoresis.

Anticardiolipin antibodies of the IgG and IgM types were meas-
ured with an enzyme-linked immunosorbent assay, as previously
described.’” Results are reported in IgG or IgM antiphospholipid
units. A specimen containing less than 5 units was considered neg-
ative for anticardiolipin antibodies.

All placentas are routinely examined for infarctions by the pa-
thologists on duty, and a report is generally included in the med-
ical record. This information was retrieved by the study nurse co-
ordinator.

Statistical Analysis
Case-Control Study

Of 493 case subjects and 472 controls, 451 were matched for
gestational week, sex, and race or ethnic group. Since the match-
ing involved only categorical factors, odds ratios and 95 percent
confidence intervals in the case—control study were calculated with
the use of unconditional logistic-regression analysis, allowing all
study subjects to be included. The first model included only the
matching factors and the genotype for either mother or newborn.
A second model included the matching factors and genotypes for
both mother and newborn. A third model included the matching
factors, genotypes for mother and newborn, and the following
covariates: weight gain during pregnancy (continuous), prepregnan-
cy body-mass index (the weight in kilograms divided by the square
of the height in meters; continuous), parity (primiparous vs. mul-
tiparous), history of preeclampsia2¢ (taken from the medical rec-
ord and modeled as present or absent in the analysis), history of
intrauterine growth restriction (present or absent), and smoking
during the third trimester (none, 1 to 20 cigarettes per day, or
more than 20 cigarettes per day). Anticardiolipin antibodies and
multivitamin intake were not confounders in the data (i.c., they did
not materially change the risk estimates for intrauterine growth re-
striction associated with various genotypes) and so were not in-
cluded in the final model.

The genotypes were analyzed as variables with three categories
(one or two copies of the deleterious allele or no copies) and as sin-
gle-integer variables (zero, one, or two, corresponding to the num-
ber of copies of a given allele). The odds ratios for one copy of
the variant were calculated with the use of single-integer variables
and are provided in this article; the odds ratios for two copies are
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obtained by calculating the square of the odds ratio for one copy.
Because folate intake was assumed to modify the effects of MTHFR
variants, we tested for interactions between the effects of multi-
vitamin supplementation during pregnancy and MTHEFR variants
on the risk of intrauterine growth restriction. The Hardy—Weinberg
equilibrium (which predicts genotype frequencies in populations)
was tested among controls.2

Family-Based Study

In the subsample of available family trios, results were analyzed
with the use of the conventional transmission disequilibrium
test's and the relative risk for case trios (newborn case subjects
and parents). Under the null hypothesis, the expected probability
of transmission of the variant allele is 50 percent; the transmission
disequilibrium test estimates whether the observed probability
departs from the expected value. We also used the log-linear like-
lihood method proposed by Weinberg et al.2¢ and included con-
trol trios (newborn controls and parents) in this analysis.

RESULTS

Case subjects and controls were similar with re-
gard to sex distribution, gestational age, and race or
cthnic group, according to the study design (Table 1).
The majority of infants were born after the 35th week
of pregnancy. Of case and control mothers who were
black, 85 percent were born in Haiti. Mothers of
case subjects had gained less weight during pregnan-
cy and had a lower body-mass index before pregnancy;
they were more likely to be 36 years of age or older,
to have smoked during the third trimester of preg-
nancy, to be primiparous, to have had preeclampsia,
and to have had a previous pregnancy with intrauter-
ine growth restriction.

The genotype distributions in controls were con-
sistent with the Hardy—Weinberg equilibrium. The
case and control distributions of maternal and new-
born genotypes for MTHFR C677T and A1298C,
factor V Leiden G1691A, and prothrombin G20210A
were generally similar (Table 2). Among white ma-
ternal controls, 48 percent were heterozygous carriers
of MTHER C677T, and 11 percent were homozygous
carriers; for MTHFR A1298T, these figures were 40
percent and 9.7 percent, respectively. The proportion
of carriers of one or two copies among the maternal
controls was 5.5 percent for the factor V Leiden mu-
tation and 3.3 percent for the prothrombin G20210A
mutation (data not shown).

None of the maternal polymorphisms were asso-
ciated with an increased risk of intrauterine growth
restriction (Table 3). However, mothers homozygous
for MTHFR A1298C had a reduced risk of bearing
a child with intrauterine growth restriction as com-
pared with mothers with no copy of the variant (ad-
justed odds ratio, 0.49; 95 percent confidence inter-
val, 0.25 to 0.93). Among the 201 women not taking
multivitamin supplements during the third trimester
of pregnancy, the odds ratio for intrauterine growth
restriction associated with maternal homozygosity
for MTHEFR C677T was 12.3 (95 percent confidence
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TABLE 1. CHARACTERISTICS OF NEWBORNS AND MOTHERS.*

ConTROLS CASE SUBJECTS
CHARACTERISTIC (N=472) (N=493)
Newborns
Female sex — no. (%) 253 (53.6) 265 (53.8)
Gestational age — no. (%)
25-30 wk 20 (4.2) 21 (4.2)
31-35 wk 59 (12.5) 62 (12.5)
36-40 wk 393 (83.3) 410 (83.1)
Birth weight — g 3208.1+734.7 2393.5+606.2
Mothers
Race or ethnic group — no. (%)
White 333 (70.6) 330 (66.9)
Black 110 (23.3) 117 (23.7)
Asian 13 (2.8) 24 (4.9)
Hispanic or Amerindian 16 (3.4) 22 (4.5)
Age =36 yr — no. (%) 70 (14.8) 86 (17.4)
Schooling <12 yr — no. (%) 96 (20.3) 108 (21.9)
Prepregnancy body-mass index 23.2+5.2 22.8+4.3
Weight gain during pregnancy — kg 14.4*5.6 12.7£5.5
Primiparous — no. (%) 234 (49.6) 321 (65.1)
Preeclampsia — no. (%) 12 (2.5) 69 (14.0)
Previous intrauterine growth restriction 23(9.7) 66 (38.4)
among parous — no. (%)
Third-trimester multivitamin use 374 (80.8) 373 (76.7)
— no. (%)t
Cigarette smoking during third 74 (15.7) 112 (22.8)
trimester — no. (%)f
Maternal IgG or IgM anticardiolipin 31 (6.6) 42 (8.5)

antibodies =5 U — no. (%)

*Plus—minus values are means =SD.
tData were available for 463 controls and 486 case subjects.

tData were available for 470 controls and 492 case subjects.

interval, 1.2 to 126.2). This odds ratio was 1.4 (95
percent confidence interval, 0.7 to 2.8) among the
747 women taking multivitamin supplements. We
found no statistical interaction between MTHFR
C677T and smoking or between MTHFR A1298C
and multivitamin intake or smoking.

The risk of intrauterine growth restriction was not
increased in newborns with the polymorphisms
MTHER A1298C, factor V Leiden G1691A, and
prothrombin G20210A (Table 4). However, homo-
zygosity for MTHFR C677T was associated with a
reduced risk of intrauterine growth restriction (odds
ratio, 0.52; 95 percent confidence interval, 0.29
to 0.94).

We also conducted analyses including only case
subjects whose weight was below the 5th percentile
for gestational age and sex and found similar results.
The adjusted odds ratio for intrauterine growth re-
striction associated with a mother with one copy of
MTHER C677T was 0.85 (95 percent confidence in-
terval, 0.54 to 1.34), and for two copies it was 1.43
(95 percent confidence interval, 0.63 to 1.48). The
odds ratio associated with a newborn with one copy
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TABLE 2. PREVALENCE IN MOTHERS AND NEWBORNS OF POLYMORPHISMS
ASSOCIATED WITH THROMBOPHILIA.

MoOTHER

GENOTYPE
CONTROLS
(N=472)
MTHER C677T
-/— 233/467 (49.9)
-/+ 199,/467 (42.6)
+/+ 35,/467 (7.5)
MTHEFR A1298C
-/ 251/464 (54.1)
-/+ 173,/464 (37.3)
+/+ 40/464 (8.6)

Factor V Leiden

CASE SUBJECTS
(N=493)

NEWBORN

CONTROLS
(N=472)

no. (%)

260,/490 (53.1)
185,490 (37.8)
45,/490 (9.2)

276,484 (57.0)
176,484 (36.4)
32,/484 (6.6)

231,/461 (50.1)
185,461 (40.1)
45/461 (9.8)

260,/458 (56.8)
167,/458 (36.5)
31,/458 (6.8)

CASE SUBJECTS
(N=493)

255,/467 (54.6)
172/467 (36.8)
40/467 (8.6)

259,/461 (56.2)
171/461 (37.1)
31,461 (6.7)

-/= 452/470 (96.2)  466/488 (95.5) 446/461 (96.7) 446,/466 (95.7)
-/+ 18,/470 (3.8) 22/488 (4.5) 15/461 (3.3) 18,/466 (3.9)
+/+ 0 0 2/466 (0.4)
Prothrombin
G20210A
-/= 460/471 (97.7)  477/489 (97.5) 454/460 (98.7) 457/468 (97.6)
-/+ 11/471 (2.3) 12,/489 (2.5) 6,/460 (1.3) 11/468 (2.4)
+/+ 0 0 0
TABLE 3. ODDS RATIOS FOR INTRAUTERINE GROWTH RESTRICTION
FOR MATERNAL POLYMORPHISMS ASSOCIATED WITH THROMBOPHILIA.
GENOTYPE Opps RaTtio (95% CI)*
ADJUSTED FOR
GENOTYPE OF FULLY
BASIC MODELT NEWBORNT ADJUSTED}
MTHER C677T
-/+ 0.84 (0.63-1.12) 0.91 (0.66-1.24) 0.98 (0.69-1.40)
+/+ 1.17 (0.72-1.92) 1.48 (0.84-2.58) 1.55 (0.83-2.90)

MTHEFR C677T as a
single-integer variable
MTHEFR A1298C
+/+
MTHEFR A1298C as a
single-integer variable
Factor V Leiden
Prothrombin G20210A

0.98 (0.79-1.21)

0.92 (0.70-1.21)
0.72 (0.43-1.19)

0.88 (0.71-1.08)

1.24 (0.65-2.36)

1.10 (0.48-2.53)

1.07 (0.84-1.38)

0.81 (0.60-1.10)
0.52 (0.29-0.93)

0.76 (0.59-0.97)

1.00 (0.49-2.05)

1.02 (0.43-2.41)

1.13 (0.86-1.49)

0.90 (0.63-1.27)
0.49 (0.25-0.93)

0.78 (0.59-1.02)

1.18 (0.54-2.55)

0.92(0.36-2.35)

*The comparison groups are the —/— genotypes. CI denotes confidence interval.

1The model includes gestational age, sex, and race or ethnic group.

1The model includes gestational age, sex, and race or ethnic group as well as the genotype of the
newborn, weight gain during pregnancy, the prepregnancy body-mass index, smoking during the
third trimester, primiparity or multiparity, presence or absence of preeclampsia in the current preg-
nancy, and presence or absence of previous intrauterine growth restriction.
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TABLE 4. ODDS RATIOS FOR INTRAUTERINE GROWTH RESTRICTION FOR NEWBORNS
WITH POLYMORPHISMS ASSOCIATED WITH THROMBOPHILIA.

GENOTYPE

MTHEFR C677T
+/+
MTHEFR C677T as a
single-integer variable
MTHEFR A1298C
+/+
MTHEFR A1298C as a
single-integer variable
Factor V Leiden§

BASIC MODELT

0.84 (0.63-1.12)
0.78 (0.49-1.27)

0.87 (0.70-1.05)

1.05 (0.79-1.39)
1.04 (0.61-1.77)

1.03 (0.83-1.28)

1.35 (0.76-2.88)

Obps RATIO (95% CI)*

ADJUSTED FOR
GENOTYPE OF
MOTHERT

0.80 (0.58-1.19)
0.71 (0.42-1.22)

0.83 (0.65-1.05)

1.18 (0.87-1.61)
1.41 (0.77-2.56)

1.18 (0.92-1.52)

1.36 (0.63-2.94)

FULLY
ADJUSTED{

0.72 (0.51-1.03)
0.52 (0.29-0.94)

0.72 (0.55-0.95)

1.30 (0.91-1.84)
1.57 (0.81-3.05)

1.28 (0.96-1.69)

1.38 (0.60-3.19)

Factor V Leiden as a
single-integer variable
Prothrombin G20210A

1.58 (0.82-3.06)

1.92 (0.70-5.82)

1.58 (0.77-3.25)  1.62 (0.67-3.51)

1.93 (0.68-5.45) 1.88 (0.57-6.22)

*The comparison groups are the —/— genotypes. CI denotes confidence interval.

1The model includes gestational age, sex, and race or ethnic group.

1The model includes gestational age, sex, and race or ethnic group as well as the genotype of the
mother, weight gain during pregnancy, the prepregnancy body-mass index, smoking during the third
trimester, primiparity or multiparity, presence or absence of preeclampsia in the current pregnancy,
and presence or absence of previous intrauterine growth restriction.

§Two case subjects and no controls were homozygous carriers, producing an odds ratio that was

infinitely large.

of the gene was 0.63 (95 percent confidence inter-
val, 0.40 to 1.00), and for two copies it was 0.47 (95
percent confidence interval, 0.46 to 0.95). Results
for polymorphisms for MTHFR A1298C, factor V
Leiden, and prothrombin in mothers and newborns
were also not substantially different from the results
for all case subjects (data not shown).

Known risk factors for intrauterine growth restric-
tion, such as smoking, a low prepregnancy body-mass
index, low weight gain during pregnancy, and primi-
parity, were all associated with increased risks (data
not shown).

At the time of data extraction from the medical
records, pathological reports on the presence or ab-
sence of placental infarction were available for 77
percent of the case subjects (379 newborns) and for
84 percent of the controls (395 newborns). Of 46
specimens with evidence of placental infarction, 40
were among case subjects. The odds ratio for intra-
uterine growth restriction associated with placental
infarction was 7.6 (95 percent confidence interval,
3.1 to 20.3).

Results of the family-based study of case and con-
trol trios (Table 5) were generally similar to the re-

N Engl J Med, Vol. 347, No. 1 - July 4, 2002 -

sults of the case—control study (Table 4) and to those
of the family-based study of case trios only (Table 5).
However, having one copy of the prothrombin vari-
ant was associated with a reduced risk of intrauterine
growth restriction in the analysis of the case trios
and a nonsignificant increase in the risk of intrauter-
ine growth restriction in the analysis of the case and
control trios together. These results are explained as
follows. Among the 21 case subjects who could have
received the deleterious allele, 5 did and 16 did not
(relative risk, 0.31). Among controls, 18 could have
received the allele but only 2 did (relative risk, 0.12).
The point estimate for the relative risk of intrauterine
growth restriction associated with one copy of the
prothrombin variant is the ratio of those values, or 2.5
(95 percent confidence interval, 0.4 to 14.8).

DISCUSSION

In contrast to previous investigators,'315 we did not
find increased risks of intrauterine growth restriction
in association with maternal polymorphisms associ-
ated with thrombophilia except among the subgroup
of women with two copies of the MTHFR C677T
variant who were not taking multivitamin supplements
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TABLE 5. LOG-LINEAR ANALYSIS WITH RELATIVE RISKS
OF INTRAUTERINE GROWTH RESTRICTION FOR POLYMORPHISMS
ASSOCIATED WITH THROMBOPHILIA WITH THE USE
OF A MAXIMAL NUMBER OF GENOTYPED TRIOS.*

POLYMORPHISM REeLATIVE Risk (95% CI)

CASE AND

CASE TRIOS CONTROL TRIOS

MTHEFR C677Tt

+/- 0.95 (0.67-1.35) 0.89 (0.53-1.50)

+/+ 0.75 (0.39-1.43) 0.78 (0.30-1.98)
MTHEFR A1298Ct

+/- 0.84 (0.58-1.19) 1.02 (0.62-1.70)

+/+ 0.78 (0.39-1.52) 1.20 (0.46-3.11)
Factor V Leiden§

+/- 1.20 (0.52-2.77) 2.16 (0.69-6.76)
Prothrombin G20210AY

+/- 0.31 (0.11-0.85) 2.50 (0.42-14.82)

+/+ — —

*The model using case trios was adjusted for maternal genotype and
mating types; the model with case and control trios was adjusted for ma-
ternal genotype, mating types, disease status, and the interaction between
mating type and disease status. Case trios included newborn case subjects
and their parents; control trios included newborn controls and their par-
ents. Mating types were defined by the combinations of genotypes in the
trio. CI denotes confidence interval.

tThere were 246 case trios and 463 case and control trios. With the use
of the Transmission Disequilibrium Test (TDT) among case trios, the rel-
ative risk was 0.90 (95 percent confidence interval, 0.68 to 1.19;
TDT=0.51; P=0.47).

$There were 243 case trios and 474 case and control trios. With the use
of the TDT among case trios, the relative risk was 0.81 (95 percent confi-
dence interval, 0.60 to 1.07; TDT=2.02; P=0.15).

§There were 240 case trios and 479 case and control trios. With the use
of the TDT among case trios, the relative risk was 1.60 (95 percent confi-
dence interval, 0.72 to 3.52; TDT=1.38; P=0.24). Two case subjects and
no controls were homozygous carriers, producing an odds ratio that was
infinitely large.

Y There were 258 case trios and 501 case and control trios. With the use
of the TDT among case trios, the relative risk was 0.31 (95 percent confi-
dence interval, 0.11 to 0.84; TDT=5.7; P=0.01).

during pregnancy. To the extent that folate deficien-
¢y is more common in women not taking multivita-
min supplements, this is a biologically plausible ob-
servation.? We found a reduced risk of intrauterine
growth restriction in mothers who were homozygous
carriers of the MTHFR A1298C variant and in new-
borns who were homozygous for the MTHEFR C677T
variant; however, these observations were based on
relatively small numbers of subjects and will require
confirmation.

Other studies have not considered the newborn
genotypes, nor have they used a family-based ap-
proach.1315 Qur results differ from those of two re-
cent reports from Israel!314 and Italy.!5 Those studies
found substantial increases in the risk of intrauterine
growth restriction associated with the maternal poly-
morphisms MTHFR C677T, factor V Leiden, and

prothrombin G20210A. Our study was considerably
larger and had sufficient power to detect odds ratios
ranging from 4 to 7, as estimated in the previous stud-
ies. Prevalences of polymorphisms in control mothers
were generally similar between our study and the two
others, but prevalences in case mothers in the other
studies were considerably higher than in ours. This
suggests that whereas our case subjects and controls
came from the same base population,?” there could
have been a selection bias for case subjects in the oth-
er studies. Although the study from Israel defined
intrauterine growth restriction as birth weight below
the 5th percentile by American standards,!314 our re-
sults did not materially change when we repeated the
analyses using only cases below the 5th percentile.
The Italian study!® used criteria similar to ours.

The validity of our study is supported by our find-
ing of the expected associations between intrauterine
growth restriction and recognized risk factors, such as
cigarette smoking and low weight gain during preg-
nancy. We adjusted for these factors in the analysis.
In addition, the prevalence of polymorphisms in white
controls, which was the largest racial group, was
consistent with the expected prevalence.®28 In the
family-based study of case trios, the nontransmitted
alleles from the parents serve as “controls”; in asso-
ciation studies of candidate genes such as ours, this is
considered an ideal design, because case subjects
(newborns) and controls (their parents) come from
the same genetic population.?* Adjusting for race or
ethnic group in the case—control study is a reason-
able alternative. We did both and found similar re-
sults. Control trios in the family-based study provided
results that were similar to those from the case—con-
trol study of newborns. We are not aware of other
studies that used both affected and unaftfected trios.
Results from the analysis of case as well as control
trios for the prothrombin variant were suggestive of
a possible effect on fetal survival because there were
no homozygous carriers, and the apparent risk in those
with one copy of the variant was lower than in those
with no copy.2¢

The meaning of the reduced risks of intrauterine
growth restriction observed for mothers homozygous
for MTHFR A1298C and for newborns homozygous
for MTHEFR C677T is not clear. It has been previous-
ly reported3? that infant carriers of MTHEFR C677T
had reduced risks of lymphoblastic or myeloblastic leu-
kemias with mixed-lineage leukemia rearrangements,
whereas children who were homozygous carriers of
MTHEFR A1298C had a reduced risk of lymphoblas-
tic leukemia with hyperdiploid karyotypes. It is pos-
sible that the enhanced availability of 5,10-methylene-
tetrahydrofolate resulting from the MTHFR C677T
variant leads to an increased level of extracellular me-
thylenetetrahydrofolate available for thymidylate syn-
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thesis and a lesser likelihood that the methylation of
uridylate to thymidylate for the synthesis of DNA
will be deficient. It is conceivable that such a mecha-
nism could protect against intrauterine growth restric-
tion, although this requires further study. Our results
do not support previous reports!315 that thrombo-
philia polymorphisms (including MTHFR C677T,
MTHEFR A1298C, factor V Leiden G1691A, and
prothrombin G20210A) in mothers are associated
with an increased risk of intrauterine growth restric-
tion in their offspring.

Supported by a grant (MA-14705) from the Canadian Institutes of
Health Rescarch (formerly the Medical Research Council of Canada). Part
of this work was carried out while Dr. Infante-Rivard was at INSERM
Unité 535 (Génétique Epidémiologique et Structure des Populations Hu-
maines) in Paris with a Senior Scientist Visiting Award (“Poste Orange”)
from INSERM. Dr. Infante-Rivard holds a Canada Research Chair from
McGill University.

We are indebted to Denyse Rinfret, R.N., for her meticulous work
and to all the participating families.

REFERENCES

1. McIntire DD, Bloom SL, Casey BM, Leveno KJ. Birth weight in rela-
tion to morbidity and mortality among newborn infants. N Engl J Med
1999;340:1234-8.

2. Matte TD, Bresnahan M, Begg MD, Susser E. Influence of variation in
birth weight within normal range and within sibships on IQ at age 7 years:
cohort study. BMJ 2001;323:310-4.

3. Usher R, McLean E. Intrauterine growth of live-born Caucasian infants
at sea levels: standards obtained from measurements in 7 dimensions of in-
fants born between 25 and 44 weeks of gestation. J Pediatr 1969;74:901-
10.

4. Sceds ], Peng T. Impaired growth and risk of fetal death: is the tenth
percentile the appropriate standard? Am J Obstet Gynecol 1998;178:658-
67.

5. Intrauterine growth restriction: clinical management guidelines for ob-
stetrician-gynecologists. ACOG practice bulletin. No. 12. Chicago: Amer-
ican College of Obstetricians and Gynecologists, 2000:1-11.

6. Lane DA, Grant PJ. Role of hemostatic gene polymorphisms in venous
and arterial thrombotic disease. Blood 2000;95:1517-32.

7. Welch GN, Loscalzo J. Homocysteine and atherosclerosis. N Engl J
Med 1998;338:1042-50.

8. Hankey GJ, Elkeboom JW. Homocysteine and vascular disease. Lancet
1999;354:407-13.

9. Rozen R. Genetic modulation of homocysteine. Semin Thromb He-
most 2000;26:255-61.

10. Ueland PM, Refsum H, Beresford SAA, Vollset SE. The controversy
over homocysteine and cardiovascular risk. Am J Clin Nutr 2000;72:324-
32.

11. Szczeklik A, Sanak M, Jankowski M, et al. Mutation A1298C of meth-
ylenetetrahydrofolate reductase: risk of early coronary disease not associat-
ed with hyperhomocysteinemia. Am ] Med Genet 2001;101:36-9.

N Engl J Med, Vol. 347, No. 1 - July 4, 2002 -

12. Brenner B. Inherited thrombophilia and fetal loss. Curr Opin Hematol
20005;7:290-5.

13. Kupferminc MJ, Eldor A, Steinman N, et al. Increased frequency of
genetic thrombophilia in women with complications of pregnancy. N Engl
J Med 1999;340:9-13.

14. Kupferminc MJ, Peri H, Zwang E, Yaron Y, Wolman I, Eldor A. High
prevalence of the prothrombin gene mutation in women with intrauterine
growth retardation, abruptio placentae and second trimester loss. Acta Ob-
stet Gynecol Scand 2000;79:963-7.

15. Martinelli P, Grandone E, Colaizzo D, et al. Familial thrombophilia
and the occurrence of fetal growth restriction. Haematologica 2001;86:
428-31.

16. Arbuckle TE, Wilkins R, Sherman GJ. Birth weight percentiles by ges-
tational age in Canada. Obstet Gynecol 1993;81:39-48.

17. Infante-Rivard C, David M, Gauthier R, Rivard GE. Lupus anticoag-
ulants, anticardiolipin antibodies, and fetal loss: a case—control study.

N Engl ] Med 1991;325:1063-6.

18. Spielman RS, McGinnis RE, Ewens WJ. Transmission test for linkage
disequilibrium: the insulin gene region and insulin-dependent diabetes
mellitus (IDDM). Am ] Hum Genet 1993;52:506-16.

19. Frosst P, Blom HJ, Milos R, et al. A candidate genetic risk factor for
vascular disease: a common mutation in methylenetetrahydrofolate reduc-
tase. Nat Genet 1995;10:111-3.

20. van der Put NM, Gabreels F, Stevens EM, et al. A second common
mutation in the methylenetetrahydrofolate reductase gene: an additional
risk factor for neural-tube defects? Am J Hum Genet 1998;62:1044-51.
21. Bertina RM, Koeleman BP, Koster T, et al. Mutation in blood coagu-
lation factor V associated with resistance to activated protein C. Nature
1994;369:64-7.

22. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common ge-
netic variation in the 3’-untranslated region of the prothrombin gene is as-
sociated with elevated plasma prothrombin levels and an increase in venous
thrombosis. Blood 1996;88:3698-703.

23. Zietkiewicz E, Yotova V, Jarnik M, et al. Nuclear DNA diversity in
worldwide distributed human populations. Gene 1997;205:161-71.

24. Helewa ME, Burrows RE, Smith J, Williams K, Brain P, Rabkin SW.
Report of the Canadian Hypertension Society Consensus Conference. 1.
Definitions, evaluation and classification of hypertensive disorders in preg-
nancy. Can Med Assoc J 1997;157:715-25.

25. Schaid DJ, Jacobsen S]J. Biased tests of association: comparisons of al-
lele frequencies when departing from Hardy-Weinberg proportions. Am J
Epidemiol 1999;149:706-11.

26. Weinberg CR, Wilcox AJ, Lie RT. A log-linear approach to case-parent
triad data: assessing effects of disease genes that act directly or through ma-
ternal effects, and may be subject to parental imprinting. Am J Hum Genet
1998;62:969-78.

27. Wacholder S, McLaughlin JK, Silverman DT, Mandel JS. Selection of
controls in case-control studies. I. Principles. Am J Epidemiol 1992;135:
1019-28.

28. Lensing AWA, Prandoni P, Prins MH, Buller HR. Deep-vein throm-
bosis. Lancet 1999;353:479-85.

29. Cardon LR, Bell JI. Association study designs for complex diseases.
Nat Rev Genet 2001;2:91-9.

30. Skibola CF, Smith MT, Kane E, et al. Polymorphisms in the methyl-
enetetrahydrofolate reductase gene are associated with susceptibility to
acute leukemia in adults. Proc Natl Acad Sci U S A 1999;96:12810-5.

Copyright © 2002 Massachusetts Medical Society.

www.nejm.org - 25

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



