
Prevalence of aneuploidies in South Carolina in the
1990s
Julianne S. Collins, PhD1, Rick L. Olson, MD1, Barbara R. DuPont, PhD1, Daynna J. Wolff, PhD2,
Robert G. Best, PhD3, and Roger E. Stevenson, MD1

Purpose: Folate insufficiency due to nutritional deficiency or folate processing gene mutations has been proposed

as a trisomy 21 risk factor. This study examined the possibility that increased folic acid intake among women of

childbearing age may decrease the prevalence of trisomy 21 and other aneuploidies. Methods: The prevalence of

aneuploidies from 1990 through 1999 was compared with folic acid use in women of childbearing age in South

Carolina. Results: Folic acid use and the prevalence of all aneuploidies significantly increased during this period.

Conclusion: Increased folic acid utilization in South Carolina was not associated with decreased prevalence of

trisomy 21 or other aneuploidies. Genet Med 2002:4(3):131–135.

Key Words: Trisomy 21, Down syndrome, aneuploidy, folic acid, folate

Abnormal folate metabolism and mutations in two genes
essential for folate metabolism, methylenetetrahydrofolate re-
ductase (MTHFR) and methionine synthase reductase
(MTRR), have been reported in mothers of trisomy 21 pa-
tients.1–3 James et al. found that mothers carrying a 677C3T
MTHFR mutation were 2.6 times more likely to have a child
with trisomy 21 than control mothers.1 They also showed that
mothers of children with trisomy 21 had significantly higher
plasma homocysteine and greater lymphocyte cytotoxicity to
methotrexate exposure than control mothers. A follow-up
study confirmed that the 677C3T MTHFR mutation was a
maternal risk factor for trisomy 21 and that a polymorphism
(66A3G) in MTRR also conveyed higher risk (odds ratio �
2.6) for trisomy 21. The presence of both mutations was asso-
ciated with greater risk (odds ratio � 4.1) of trisomy 21 than
either mutation alone.2 Hassold et al. found a significant in-
crease in the MTHFR 677 C3T polymorphism amongmoth-
ers of conceptuses with trisomy 18, but no increase among
mothers of sex chromosome and other autosomal aneu-
ploidies.4 These studies led to the suggestion that fortification
of cereal grain flours with folic acid and periconceptional folic
acid supplements may reduce the incidence of trisomy 21.1

During the past decade, there has been a general increase in
folic acid availability and use in the United States, primarily in
response to the U.S. Public Health Service recommendation
that all women of childbearing age supplement their diet with
400�g folic acid daily to reduce the risk of neural tube defects.5

Cereal grain flours have been fortified with 140 �g of folic acid

per 100 g of milled flour in accordance with a Food and Drug
Administration mandate of February 1996.6 Educational ef-
forts and advertising have promoted foods with natural folate
and over 50 breakfast cereals have now added 400 �g of syn-
thetic folic acid per serving.
TheNational Health andNutrition Examination Survey has

shown that mean serum folate in women of childbearing age
was 6.3 ng/mL between 1988 and 1994, which increased to 16.2
ng/mL in 1999.7 Mean red blood cell folate concentrations in-
creased from 181 ng/mL to 315 ng/mL during this time period.
Other studies have confirmed the significant increase in serum
and/or red blood cell folate levels in the United States during
this time period.8–10 From information gathered by the South
Carolina Neural Tube Defect Prevention Initiative, the esti-
mated rate of folic acid supplementation in South Carolina
increased from 8% in 1992 to 35% in 1999.11 Control mean
serum folate levels increased from 9.3 ng/mL in 1992 (N� 38)
to 16.0 ng/mL (N � 57) in 1997. Control mean red blood cell
folate concentrations also increased from 255 ng/mL (N� 37)
to 288 ng/mL (N � 58) during this same time period in South
Carolina (unpublished data, 2001).
If folate insufficiency predisposes to aneuploidy, the recent

increase in folic acid availability should decrease the prevalence
of trisomy 21 and other aneuploidies. This study examined the
prevalence of trisomy 21 and other aneuploidies in South
Carolina during the 1990s, a period of increased utilization of
folic acid among women of childbearing age.

MATERIALS AND METHODS

All cases of prenatally and postnatally detected aneuploidy
among the estimated 540,130 live births and fetal deaths in
South Carolina between January 1990 and December 1999
were included in this study.Most cases had cytogenetic studies
at the Greenwood Genetic Center, the Medical University of
South Carolina, or the University of South Carolina, which are
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the only laboratories doing cytogenetic studies in South
Carolina.

The data from each site included all cytogenetic analyses
from amniocentesis, chorionic villus sampling, fetal tissue
samples (including both miscarried and aborted fetuses), and
peripheral blood samples. Prenatal diagnosis and fetal tissue
results for the years 1990 and 1991 were incomplete from one
site. There were a limited number of cases performed by labs
outside the state, and these were also included if they were
available. After institutional review board approval, the data
from each site were screened for duplicate samples, identifiers
were removed, and the data were combined to form one data
set using Microsoft Excel (Redmond, WA).

The cases were grouped by type of aneuploidy: trisomy 13,
18, 21; Turner syndrome; other sex chromosome aneuploidies;
other autosomal aneuploidies; and mosaics (�5% of cells
studied). Structural chromosome abnormalities such as bal-
anced translocations and inversions were excluded. The data
were grouped by year, based on the year of birth or the year the
sample was acquired for prenatal diagnoses. The age of the
mother at prenatal testing (N� 439) and fetal tissue testing (N
� 336) was known in 775 of 1,385 total individuals. Microsoft
Access (Redmond, WA) was used to manage and tabulate the
data set. Cochran-Armitage tests for trend were run using SAS
version 8.1.12

RESULTS

A total of 1,385 aneuploidies were identified in the 10-year
period. Of those, 616 had trisomy 21, 72 had trisomy 13, 155
had trisomy 18, 98 had 45 X monosomy, 64 had other sex
chromosomal aneuploidies, 264 had other autosomal aneu-
ploidies, and 116 were aneuploidy mosaics. Of these aneu-
ploidies, 600 were found by the Greenwood Genetic Center,
366 were found by the Medical University of South Carolina,

397 were found by the University of South Carolina, and 22
were found by outside laboratories. The distribution of cases
by year is given in Table 1.

Because some data (specifically fetal tissue or prenatal test-
ing reports) were missing from one site for the years 1990 and
1991, only years 1992 through 1999 were analyzed for trend
tests. The rate of trisomy 21 in South Carolina increased from
0.98 per 1,000 live births and fetal deaths in 1992 to 1.34 per
1,000 live births and fetal deaths in 1999, which resulted in a
significant Cochran-Armitage test for trend (P for trend �
0.0029). All aneuploidies increased from 2.01 per 1,000 in 1992
to 4.29 per 1,000 in 1999 (P for trend � 0.0001; see Fig. 1).

Figure 2 shows the change in proportions of cases of trisomy
21 detected by prenatal, postnatal, and fetal tissue studies. In
1992, 33% of cases were detected by prenatal testing, 64% were
detected by postnatal testing, and 4% were detected by the
testing of fetal tissue. However, in 1999, 33% of cases were
detected by prenatal testing, 58% were detected by postnatal
testing, and 10% were detected by the testing of fetal tissues.
The slight decrease in cases found by postnatal testing is offset
by an increase in case detection by fetal tissue testing.

Figure 3 shows the change in proportions of cases of aneu-
ploidies detected by prenatal, postnatal, and fetal tissue studies.
In 1992, 38% of cases were detected by prenatal testing, 44%
were detected by postnatal testing, and 18% were detected by
the testing of fetal tissues. In 1999, 30% of cases were detected
by prenatal testing, 25% were detected by postnatal testing,
and 45% were detected by the testing of fetal tissues. This find-
ing reflects an increase in fetal tissue testing during the study
period.

Maternal ages for 56% (N � 775) of the total samples (N �
1385) were available, including both prenatal (N � 439) and
fetal tissue testing (N � 336) diagnosed aneuploidy cases. Fig-
ure 4 shows the proportion of mothers age 35 or above from

Table 1
Types of aneuploidies detected in South Carolina, 1990–1999

Year Birthsa 47�13 47�18 47�21 Other 45 X Other sex Mosaics Total

1990b 58,461 3 5 58 13 1 2 10 92

1991b 57,517 5 4 71 3 6 4 10 103

1992 56,102 2 16 55 8 9 11 12 113

1993 53,715 9 12 50 8 9 2 10 100

1994 51,907 5 15 58 20 4 7 7 116

1995 50,913 11 18 49 13 6 2 15 114

1996 51,105 12 10 52 24 11 11 9 129

1997 52,205 7 25 81 43 12 8 8 184

1998 53,833 11 19 69 60 20 7 15 201

1999 54,372 7 31 73 72 20 10 20 233

Total 540,130 72 155 616 264 98 64 116 1385

aTotal births and fetal deaths.
bData from 1990 and 1991 are not complete.
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1990 to 1999, which did not significantly change (P for trend �
0.4154) during this time period.

Figure 5 shows the proportion of trisomy 21 and aneuploidy
cases found at the three sites as a proportion of the total num-
ber of prenatal tests performed. The proportion of trisomy 21
cases remained constant (P for trend � 0.4139), whereas the

proportion of aneuploidies increased (P for trend � 0.0059)
during this time period.

DISCUSSION

The mechanism by which maternal folate insufficiency
might predispose to aneuploid conceptions is incompletely
understood. Several observations suggest that folate insuffi-
ciency, due to reduced dietary intake or to impaired metabo-
lism, may lead to hypomethylation of DNA.13 This in turn has
been associated with instability14 and abnormal segregation of
chromosomes in mitosis.15 Other studies have also shown that
folate deficiency directly causes impaired DNA repair and
chromosomal breakage.16–18

Preserving the stability of DNA and chromosomes is crucial
during the prolonged meiotic process in human females. Mei-
osis begins during fetal development and arrests at birth in
prophase I until the completion of meiosis I just before ovula-
tion. The oocyte then arrests at metaphase of meiosis II, and
the second division completes when the egg is fertilized.19 The

Fig. 1 Prevalence of aneuploidies and trisomy 21 cases per 1,000 live births and fetal
deaths from 1990 through 1999. Asterisks indicate that data for all aneuploidies were
incomplete for 1990 and 1991. The Cochran-Armitage trend tests have P values of
�0.0001 for total aneuploidies from 1992 through 1999 and 0.0029 for trisomy 21 cases
from 1992 through 1999.

Fig. 2 Cases of trisomy 21 grouped by type of testing (prenatal amniocentesis and
chorionic villus sampling, postnatal blood, and fetal tissue testing) and by year. Asterisks
indicate that data from 1990 and 1991 were not complete for prenatal and fetal tissue
testing.

Fig. 3 Total aneuploidies grouped by type of testing (prenatal amniocentesis and cho-
rionic villus sampling, postnatal blood, and fetal tissue testing) and by year. Asterisks
indicate that data from 1990 and 1991 were not complete.

Fig. 4 Percentage of mothers age 35 or over for the years 1990 through 1999 (Cochran-
Armitage P for trend � 0.4154).
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meiotic process spans from 10 to 50 years and provides many
opportunities for error. However, to date, the exact timing of
the majority of the meiosis I errors is unknown. They could
occur before the meiotic arrest during fetal development, dur-
ing the arrest that lasts from 10 to 50 years, or at the resump-
tion of meiosis I around the time of ovulation.

The origin of human trisomy is predominantly due to errors
in maternal meiosis I.20 For trisomy 21, 65% of nondisjunction
is due to maternal meiosis I errors and 23% to maternal mei-
osis II. Interestingly, trisomy 18 has been found to occur in
maternal meiosis I in 33% of cases and maternal meiosis II in
56% of cases.19 The reason for the difference in timing from
most other chromosome aneuploidies is unknown. Irrespec-
tive, reductions in the rate of maternal meiotic errors might
reduce the prevalence of trisomy and other aneuploidies. In-
creased folic acid consumption has been proposed as a means
to reduce these meiotic errors.1

Although folate insufficiency due to nutritional deficiency
or mutations in folate processing genes has been proposed as a
risk factor for trisomy 21, the greater availability of pericon-
ceptional folic acid has not been found to have a protective
effect against aneuploidies in this study.1–3 In fact, there was a
significant increase in the prevalence of trisomy 21 and other
aneuploidies between 1992 and 1999, a time period of increas-

ing reported folic acid use and blood folate levels in South
Carolina. Our study calls into question speculation that forti-
fication of cereal grain flours with folic acid and periconcep-
tional folic acid supplements may reduce the incidence of tri-
somy 21.1

It should be noted that prior studies have focused on the
association between aneuploidy risk and polymorphisms in
MTHFR or MTRR1,2,4 and plasma homocysteine/methionine
levels,1 and have not studied folic acid intake or folate levels per
se. In contrast, we have focused on the relationship between
aneuploidy rates and folic acid intake or blood folate levels and
have not studied the MTHFR/MTRR polymorphisms or me-
tabolite levels. Hence, it is possible that any predisposition to
nondisjunction conveyed by MTHFR/MTRR polymorphisms
or homocysteine/methionine levels may be independent of fo-
lic acid intake or blood folate levels. Clearly, further study is
indicated to help resolve the conflicting findings.

It is possible that increased folic acid supplementation may
help aneuploid pregnancies to reach an increased gestational
age, allowing the recognition of pregnancies that would have
previously gone undetected. This could be a possible explana-
tion for the increasing prevalence of aneuploidies in South
Carolina. Hook and Czeizel and others have shown that in-
creasing folate levels may lead to a slight increase in the rate of
observed pregnancy loss, which could be due to the increased
survival of fetuses normally miscarried before recognition.21–23

However, a recent study of 23,806 pregnant Chinese women
showed no increase in miscarriage due to folic acid
consumption.24

Advanced maternal age is a known risk factor for aneuploi-
dy.25 If the proportion of women over age 35 increased during
this time period, this could cause an increase in the number of
aneuploidies. Because the proportion of mothers age 35 or
over did not significantly change (P for trend � 0.4154) during
this time period (see Fig. 4), maternal age does not appear to
affect the increase in aneuploidy prevalence among those in
which maternal age is known. However, a 1-year increase in
average maternal age, for example from age 33 to age 34 in a
population with 54,000 births per year, could lead to an addi-
tional 22 cases of trisomy 21 or 37 additional aneuploidy births
in that year.26,27

It is recognized that an increase in aneuploidy ascertainment
due to increased use of prenatal diagnosis and fetal tissue test-
ing would influence our data. There has been an increase in the
number of cases diagnosed by fetal tissue testing (see Fig. 3);
however, this does not fully explain the total increase in aneu-
ploidies. In fact, when cases diagnosed by fetal tissue testing are
removed, there is still a significant increase in trisomy 21 (P for
trend � 0.0173) and total aneuploidy cases (P for trend �
0.0001) between 1992 and 1999.

The addition of the human chorionic gonadotropin and es-
triol components to the triple screen in 1989 and 1996, respec-
tively, as well as improvements in the use of ultrasound, have
changed the detection rate of aneuploidy among women who
were otherwise not likely to have had amniocentesis in previ-
ous years. This finding is shown by the significant increase in

Fig. 5 Aneuploidies found by prenatal testing as a percentage of all prenatal testing
done at the three South Carolina laboratories. Asterisks indicate that data from 1990 and
1991 were not complete. The Cochran-Armitage trend tests have P values of 0.0059 for
total aneuploidies from 1992 through 1999, and 0.4139 for trisomy 21 cases from 1992
through 1999.
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the proportion of aneuploidies detected by amniocentesis (P
for trend � 0.0059; see Fig. 5) during this time period.

This study indicates that increased folic acid availability has
been temporally associated with an increase in the occurrence
of aneuploidy. Although we cannot clearly identify the cause of
the increase in aneuploidies, we can conclude that increased
levels of folate do not appear to decrease the prevalence of
aneuploidies, specifically trisomy 21.
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