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Purpose: Advanced maternal age and altered recombination are
known risk factors for Down syndrome cases due to maternal non-
disjunction of chromosome 21, whereas the impact of other environ-
mental and genetic factors is unclear. The aim of this study was to
investigate an association between low maternal socioeconomic sta-
tus and chromosome 21 nondisjunction.

Methods: Data from 714 case and 977 control families were used to
assess chromosome 21 meiosis I and meiosis II nondisjunction errors
in the presence of three low socioeconomic status factors: (i) both
parents had not completed high school, (ii) both maternal grand-
parents had not completed high school, and (iii) an annual house-
hold income of <$25,000. We applied logistic regression models and
adjusted for covariates, including maternal age and race/ethnicity.

Results: As compared with mothers of controls (n = 977), moth-
ers with meiosis IT chromosome 21 nondisjunction (n = 182) were
more likely to have a history of one low socioeconomic status factor

INTRODUCTION

Down syndrome (DS) is the most commonly diagnosed
genetic cause of intellectual disability, with a prevalence of
approximately 1 in 700 live births in the United States.! DS
results primarily from an extra chromosome 21 (trisomy 21),
with the vast majority of cases of DS being due to segrega-
tion errors occurring in the oocyte (for review, see Sherman
et al.?). Furthermore, data from the National Down Syndrome
Project (NDSP), a large population-based case—control study,’
are consistent with other population-based studies showing
that the majority of maternal nondisjunction errors occur
during meiosis I (MI).** On average, the ratio of MI to meiosis
II (MII) nondisjunction errors associated with DS is ~3:1,
although this proportion varies with the maternal age struc-
ture of the study sample.®

Meiosis in females is initiated during fetal development and
arrests in prophase of MI around gestation week 20. MI is

(odds ratio = 1.81; 95% confidence interval = 1.07-3.05) and >2 low
socioeconomic status factors (odds ratio = 2.17; 95% confidence
interval = 1.02-4.63). This association was driven primarily by hav-
ing a low household income (odds ratio = 1.79; 95% confidence inter-
val = 1.14-2.73). The same statistically significant association was not
detected among maternal meiosis I errors (odds ratio = 1.31; 95%
confidence interval = 0.81-2.10), in spite of having a larger sample
size (n = 532).

Conclusion: We detected a significant association between low
maternal socioeconomic status and meiosis IT chromosome 21 non-
disjunction. Further studies are warranted to explore which aspects
of low maternal socioeconomic status, such as environmental expo-
sures or poor nutrition, may account for these results.
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resumed when an oocyte is recruited for ovulation, some 10-50
years later. MII is initiated after the completion of MI at ovula-
tion and is arrested at metaphase until fertilization. This process
leaves an extended time period for exposure to risk factors for
nondisjunction. The etiology of meiotic nondisjunction errors
that occur during oogenesis is complex; however, two risk fac-
tors have been clearly defined: advanced maternal age®'® and
patterns of meiotic recombination.'"'® Associated recombi-
nation events, which are established and resolved during MI,
are altered with respect to the location of recombination break
points and the number of events.

In addition to advanced maternal age and recombination
patterns, many potential genetic and environmental risk fac-
tors are being investigated for chromosome nondisjunction.
Only now are the specific biological mechanisms behind the
increased risk of nondisjunction with increasing maternal
age being elucidated (see Nagaoka et al.'” for review). One
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potential factor involved in the reduction of oocyte quality
over time is the accumulation of toxic elements from the
environment that could damage the meiotic machinery.!*%
The cellular components of the oocyte and the somatic com-
partment are exposed to toxic influences that depend on the
chronological age of the oocyte, lifestyle, and environment.
Along with the intrinsic aging process of the oocyte, dimin-
ished oocyte quality could result from damage by reactive
oxygen species from metabolism.? Given the timeline of
oogenesis, exposures impacting oocyte quality could occur
during the fetal period of the woman or at any point in her
lifetime before fertilization.

Torfs and Christianson?* published the results of a popu-
lation-based case-control study analyzing 997 DS cases and
1,007 controls ascertained as part of a birth surveillance pro-
gram in selected counties across California. Maternal socio-
economic status (SES) was used as a proxy for environmental
exposures to predict the risk of a clinically recognized preg-
nancy with DS. The SES level of the mother was assessed both
during her fetal development (e.g., her father’s occupation at
the time of her birth) and during her lifetime before concep-
tion (e.g., the mother’s level of education). After adjusting
for race/ethnicity, gravidity, and maternal age, results of the
study indicated an association of a clinically recognized preg-
nancy with DS and low maternal SES. Specifically, the asso-
ciation with DS was significantly higher when the mother
had less than a high school education (odds ratio (OR) =
1.29; 95% confidence interval (CI) = 1.01-1.65), the maternal
grandfather was employed as a laborer or unemployed (OR
=1.35;95% CI = 1.06-1.71), and the household income was
<$20,000 (OR = 1.31; 95% CI = 1.02-1.68). In a follow-up
study, the authors determined the type of meiotic error in
150 of the cases analyzed in the previous study and found
that the association with these SES risk factors differed by
the type of maternal meiotic error. Specifically, mothers of
DS cases due to a MII nondisjunction error (n = 29) were
more likely to have a history of low SES (OR = 12.20; 95%
CI = 2.26-66.02), defined as the presence of at least one low
SES risk factor (mother had less than a high school educa-
tion, father had less than a high school education, father was
a laborer or unemployed, maternal grandfather was a laborer
or unemployed, or family income was <$20,000) as compared
with controls.” This same effect was not seen among MI cases
(n = 103) as compared with controls (OR = 1.25; 95% CI =
0.72-2.22).

In this study, we used the data from the NDSP, a large,
diverse population-based case—control study of live births, to
further examine the association between maternal history of
low SES and having an infant with DS. Of note, we stratified
mothers by type of maternal meiotic error. Our study popu-
lation was drawn from six sites across the United States and
included the three major race/ethnic groups in the United
States, namely, non-Hispanic African Americans (referred to
as “blacks”), non-Hispanic whites (referred to as “whites”),
and Hispanics.
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MATERIALS AND METHODS

Study population

The current study assessed 714 DS case and 977 control fami-
lies recruited for the NDSP based at Emory University in
Atlanta, Georgia. The NDSP was a population-based, epide-
miological study to recruit families of infants born with DS at
six sites across the United States (Arkansas, Iowa, New Jersey,
New York, California, and Georgia) from 2001 through 2004.
Ascertainment and recruitment protocols for this project have
been previously published.? Cases were live births with standard
trisomy 21, and for the current study, case families were lim-
ited to those with a maternal MI or MII nondisjunction error.
Control infants were live births without major structural birth
defects selected randomly from all live births from the same
study period and geographical areas as the cases. All partici-
pating NDSP sites obtained institutional review board approval
and informed consent from all participants.

Maternal questionnaire

Mothers were asked to complete a structured, self-report ques-
tionnaire administered by trained study personnel in English or
Spanish, dependent on the mother’s primary language. Mothers
were asked about various demographic characteristics, includ-
ing race/ethnicity, household income, and education history of
parents and grandparents of the case or control infant. Mothers
were also asked about their pregnancy history and smoking and
alcohol consumption before and around the time of conception.

Laboratory methods

Biological samples, either a buccal cell sample or venous blood
sample, were obtained from the case infant and both birth par-
ents to determine the parental origin and meiotic stage of the
nondisjunction error. We genotyped the index infant and both
parents for chromosome 21-specific polymorphic markers
and established the parental origin of the nondisjunction error
using methods outlined in the study by Freeman et al.> Once
parental origin was established, markers targeting the pericen-
tromeric region were used to determine the meiotic stage of the
error (MI or MII) as described in the study by Allen et al.°

Statistical analysis

Demographic and lifestyle factors that could be associated with
case status included maternal age group (younger than 35 years
(referent group) vs. 35 years or older), maternal race/ethnic-
ity (white (referent group), black, Hispanic, or “other”), mater-
nal parity (total number of pregnancies lasting >20 weeks),
maternal language (completed English-language version (refer-
ent group) vs. completed the Spanish-language version of the
maternal questionnaire), and index infant sex (male (referent
group) vs. female). Maternal history of alcohol consumption
was also considered and was coded as both a dichotomous vari-
able (consumed <50 alcoholic drinks (referent group) vs. con-
sumed >50 alcoholic drinks in her lifetime before the birth of
the index infant) and a continuous variable (the average num-
ber of alcoholic beverages consumed per week in the 2 years
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before the birth of the index infant). Similarly, maternal smok-
ing was analyzed and was coded as both a dichotomous variable
(smoked <100 cigarettes (referent group) vs. smoked 2100 ciga-
rettes in her lifetime before the birth of the index infant) and
a continuous variable (pack-years: calculated by multiplying
the number of packs smoked per day by the number of years
the person smoked before the birth of the index infant).These
variables were compared between cases and controls using %?
tests for all variables except parity and continuous variables for
history of smoking and alcohol use, for which we applied the
nonparametric Mann-Whitney test. All variables that signifi-
cantly differed (P < 0.05) between cases and controls were used
as potential covariates in all models analyzing low SES variables
as the main effect. These variables were then removed from the
final models if they did not change the estimate of the OR of the
SES variables of interest by >10%.

To test the hypothesis that low SES factors are associated
with maternal chromosome 21 nondisjunction and to create
an index similar to that used by Torfs and Christianson,” we
defined the following dichotomous variables to represent low
SES based on information from the maternal questionnaire:
total household income during the year before the birth of the
index infant (<£$25,000 vs. >$25,000), level of education of the
mother and father (neither parent completed high school vs. at
least one parent completed high school), and level of education
of the mother’s parents (maternal grandparents of the index
child; neither grandparent completed high school vs. at least
one grandparent completed high school). An SES index was
created based on these variables to quantify the number of low
SES “risk factors” present, where the value ranged from 0 (no
low SES factors present: household income >$25,000, at least
one parent completed high school, and at least one maternal
grandparent completed high school) to 3 (three low SES factors
present: household income <$25,000, neither parent completed
high school, and neither maternal grandparent completed high
school). Due to small numbers, the SES index was collapsed to
create three values: 0 low SES factors present, 1 low SES factor
present, and >2 SES low factors present.

Multivariate logistic regression models were used to deter-
mine an association between maternal history of low SES and
case status. Separate models were run using SES index and
individual SES variables of interest (household income, parent
education, and maternal grandparent education) as the main
predictors. Models were run for all case vs. control mothers,
as well as for case mothers stratified by meiotic origin of the
nondisjunction error, i.e., MI and MII. All demographic vari-
ables that differed between cases and controls were added to
a model and removed in a backward-elimination process in
which covariates were removed one at a time if they did not
change the estimate of the OR of the SES variables of interest
by >10%. Because the main model tested for the association
between the SES index and chromosome 21 nondisjunction
and all additional models were run as follow-up, we did not
adjust for multiple testing and used P < 0.05 as a threshold for
statistical significance.

700

HUNTER et al | Low socioeconomic status as a trisomy 21 risk factor

We conducted follow-up analyses on significant associations
between case status and low maternal SES detected in the main
models outlined above. First, we tested whether any association
was present in mothers of all ages or limited to older mothers by
running models stratified by age group. We also tested whether
maternal age significantly interacted with low SES to predict
case status, coding the interaction term using the maternal age
group indicator variable and using maternal age as a continuous
variable. Second, we performed analyses stratified by maternal
race/ethnicity to determine whether the observed association
was present across all race/ethnicity groups. Finally, because
the mother’s country of birth might confound an association
between low maternal SES and case status, particularly if moth-
ers were born in developing countries, we ran models stratified
by maternal country of birth (born in the United States vs. born
outside the United States). We also ran models that adjusted for
the number of years that the mother lived in the United States
and tested for an interaction between low maternal SES and the
number of years the mother lived in the United States.

Finally, we performed sensitivity analyses to ensure that sig-
nificant associations detected in the main models above were
robust. First, in case samples for which fathers did not provide
a biological sample, we relied solely on the mother’s genotyping
to determine the origin of the error. Therefore, we performed
analyses among father-mother-case infant families only to
ensure that any association was robust to missing genotype
data from the father. Next, we performed analyses to ensure
that our results were robust to missing SES. First, we performed
¥ analyses to determine whether missing SES was significantly
associated with case status, the significant covariates (mater-
nal age, maternal race, and parity), or the mother’s country of
birth. We also ran models with a new income variable coded to
include mothers with missing income values (0 = missing, 1 =
<$25,000, and 2 = >$25,000). Finally, we performed analyses
using multilevel versions of dichotomous predictor variables
to ensure that any significant results were robust to the coding
strategy of variables. Specifically, we created an ordinal variable
for income (1 = >$100,000; 2 = $75-100,000; 3 = $50-75,000;
4 = $25-50,000; 5 = $10-25,000; and 6 = <$10,000) to com-
pare with the results of models that applied the dichotomous
variable for household income to represent low SES (<$25,000
vs. >$25,000). Statistical analyses were run using SAS 9.2
(Statistical Analysis Software Institute, Cary, NC).

RESULTS

The distributions of demographic characteristics of the 714 case
and 977 control families are shown in Table 1. Case mothers
differed from control mothers for maternal race/ethnicity ()2
=20.15; P < 0.01), maternal age group (}* = 207.62; P < 0.01),
parity (Z = 7.79; P < 0.01), and language (y* = 9.88; P < 0.01).
Similar patterns in ORs were observed when stratified by MI
and MII errors (data not shown).

The distributions of SES predictor variables are provided in
Table 2. In initial multivariate logistic regression models, the
SES index was used as the main predictor, and the results for
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Table 1 Distribution of demographic information for mothers of 714 cases of Down syndrome and 977 control infants

stratified by nondisjunction error, meiosis | (MI) or meiosis Il (MII)

Controls Down syndrome cases
All cases MI cases Mil cases
Variable Values n =977 (%) n =714 (%) n =532 (%) n =182 (%)
Maternal age <35 years 82.3 49.3 51.9 41.8
>35 years 17.7 50.7 48.1 58.2
Maternal race/ethnicity White, non-Hispanic 45.9 51.7 51.7 51.7
Black, non-Hispanic 15.7 9.9 9.6 11
Hispanic 27.7 34.3 34 35.2
Other 6.1 3.9 4.7 1.7
Missing 0.5 0.1 0 0.6
Drank alcohol before No 45.9 48.6 48.7 48.4
pregnancy” Yes 533 513 51.1 51.7
Missing 0.8 0.1 0.2 0
Smoked before No 75.1 77.2 77.4 76.4
pregnancy® Yes 243 228 226 236
Missing 0.6 0 0 0
Maternal language English 79.6 73.4 73.7 72.5
Spanish 18.8 252 252 25.3
Missing 1.5 1.4 1.1 2.2
Proband sex Male 50.5 52.1 53 49.5
Female 49.5 47.9 47 50.6
Maternal parity Median (range) 2(1,10) 2(1,13) 2(1,11) 2(1,13)
Missing (n) 5 1 1 0

*Defined as the consumption of =50 alcoholic drinks in her lifetime before the birth of the index infant. ®Defined as smoking =100 cigarettes in her lifetime before the birth

of the index infant.

Table 2 Distribution of maternal SES factors shown for mothers of 714 cases of Down syndrome and 977 control infants
stratified by nondisjunction error, meiosis | (MI) or meiosis Il (MIl)

Controls Down syndrome cases
All cases MI cases Mil cases
Variable Values n =977 (%) n =714 (%) n =532 (%) n =182 (%)
Household income >$25,000 61.8 62 63 59.3
<$25,000 27.6 29.3 27.3 35.2
Missing 10.5 8.7 9.8 5.5
Parent education At least one finished HS 88.2 88.9 88.9 89
Both did not finish HS 7.5 9.1 9.2 8.8
Missing 4.3 2 1.9 2.2
Grandparent education At least one finished HS 69.6 64.4 65.2 62.1
Both did not finish HS 17.8 24.7 24.8 24.2
Missing 12.6 10.9 10 13.7
SES index 0 Low SES factors 50.2 48.7 50 451
1Low SES factor 18.5 18.8 18.2 20.3
2 Low SES factors 7.1 9.9 9 12.6
3 Low SES factors 2.7 3.9 4.5 2.2
Missing 21.6 18.6 18.2 19.8

HS, high school; SES, socioeconomic status.
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these models are shown in Table 3. These models were origi-
nally adjusted for maternal age, maternal race/ethnicity, parity,
and language; however, language was removed from the final
model because its removal did not change the OR of the main
predictor variable by >10%. In models comparing all maternal
cases and MI cases only to controls, the SES index was not a
significant predictor of case status. However, the significantly
increased OR for MII cases vs. controls indicated that mothers
of infants with a maternal MII error had an increased history
of low maternal SES (OR = 1.81; 95% CI = 1.07-3.05 for 1 low
SES factor vs. no low SES factor; OR =2.17;95% CI = 1.02-4.63
for =2 low SES factors vs. no low SES factor). Next, in separate
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multivariate logistic regression models, each individual SES
variable was used as the predictor variable to determine which
SES factor contributed to the association observed between MII
cases and controls. Only household income was a significant
predictor of case status, with MII cases more likely to have a
lower household income as compared with controls (Table 4).
In follow-up analyses, we determined that the association
between low household income and MII case status was a sig-
nificant risk factor in both younger mothers (younger than
35 years: OR = 2.07; 95% CI = 1.15-3.71) and older mothers
(35 years or older: OR = 2.28; 95% CI = 1.08-4.82). Consistent
with these results, maternal age did not significantly interact

Table 3 Association between SES index and having an infant with Down syndrome: adjusted ORs and 95% Cls from

multivariate logistic regression models

OR (95% CI)

Variable Values

All cases vs. controls

MI cases vs. controls MIl cases vs. controls

SES index

0 Low SES factors
1 Low SES factor

>2 Low SES factors

Ref
1.21(0.89-1.65)
1.40(0.90-2.17)

Ref
1.11(0.80-1.56)
1.31(0.81-2.10)

Ref
1.81(1.07-3.05)
2.17 (1.02-4.63)

Maternal age <35 years Ref Ref Ref
>35 years 4.24(3.27-5.51) 3.71(2.81-4.90) 6.76 (4.46-10.25)
Maternal race/ethnicity White, non-Hispanic Ref Ref Ref
Black, non-Hispanic 0.65 (0.44-0.97) 0.70(0.46-1.07) 0.45 (0.23-0.90)
Hispanic 1.01(0.70-1.45) 1.02 (0.69-1.51) 0.83(0.44-1.56)
Other 0.68 (0.40-1.17) 0.77 (0.44-1.35) 0.34(0.10-1.18)
Maternal parity 1.16 (1.05-1.29) 1.19(1.07-1.33) 1.13(0.98-1.30)

Cl, confidence interval; MI, meiosis I; MIl, meiosis Il; OR, odds ratio; Ref, referent group; SES, socioeconomic status.

Table 4 Association between SES risk factors and having an infant with DS due to meiosis Il (Mll): adjusted ORs and 95%

Cls from multivariate logistic regression models

OR (95% ClI)

Variable Values Model 1 Model 2 Model 3 Model 4
Household >$25,000 Ref — — Ref
L <$25,000 1.79(1.17-2.73) — — 2.00(1.24-3.23)
Parent education At least one finished — Ref — Ref

HS

Both did not finish HS —_ 0.73(0.36-1.46) — 0.58(0.24-1.38)
Grandparent At least one finished — — Ref Ref
education HS

Both did not finish HS — — 1.25(0.70-2.24) 1.34(0.71-2.53)
Maternal age <35 years Ref Ref Ref Ref

>35 years 6.25(4.25-9.19) 5.93(4.09-8.59) 6.47 (4.36-9.60) 6.94 (4.56-10.56)
Maternal White, non-Hispanic Ref Ref Ref Ref
race/ethnicity Black, non-Hispanic 0.56 (0.32-0.99) 0.66 (0.38-1.16) 0.57 (0.30-1.08) 0.45 (0.23-0.89)

Hispanic 1.21(0.77-1.90) 1.70(1.11-2.60) 1.28(0.72-2.26) 0.93(0.49-1.78)

Other 0.35(0.10-1.21) 0.38(0.11-1.28) 0.39(0.11-1.31) 0.33(0.10-1.16)
Maternal parity 1.20(1.06-1.36) 1.21(1.07-1.37) 1.16(1.01-1.33) 1.16(1.01-1.34)

Each SES risk factor was analyzed separately (model 1: household income, model 2: parent education, and model 3: maternal grandparent education) and all were

analyzed together (model 4).

Cl, confidence interval; HS, high school; OR, odds ratio; Ref, referent group; SES, socioeconomic status.

702

Volume 15 | Number 9 | September 2013 | GENETICS in MEDICINE



Low socioeconomic status as a trisomy 21 risk factor | HUNTER et a/

with household income to predict MII case status using mater-
nal age as either a dichotomous variable (Wald %> = 0.06; P =
0.81) or as a continuous variable (Wald %> = 1.81; P = 0.18). In
addition, household income was a significant risk factor among
all race/ethnicity groups (white: OR = 2.03; 95% CI = 1.01-4.12;
black: OR = 4.97; 95% CI = 1.21-20.40; and Hispanic: OR =
2.23; 95% CI = 1.05-4.73). We also found that maternal coun-
try of birth (284 controls and 61 MII cases were born outside
the United States) did not predict MII case status (OR = 0.87;
95% CI = 0.48-1.57) nor did maternal country of birth signif-
icantly interact with household income (Wald x? = 0.75; P =
0.39). In addition, the number of years that the mother lived in
the United States was not a significant predictor of case status
(OR = 1.00; 95% CI = 0.97-1.02) nor did it significantly inter-
act with household income (Wald ? = 1.25; P = 0.26). We also
performed analyses among MI cases and controls to ensure that
this effect was indeed limited to MII cases. Despite a higher fre-
quency of MI cases than MII cases (Table 1), we found that
low household income was not associated with MI case status
among either mothers born in the United States (OR = 0.89;
95% CI = 0.60-1.32) or those born outside the United States
(OR =1.31; 95% CI = 0.78-2.19).

Finally, sensitivity analyses ensured that our results were
robust to missing genotype and SES data. Analyses among
father-mother—case infant families only (146 MII cases) indi-
cated that the significant association between low maternal SES
and MII case status was robust to missing genotype data from
the father (OR = 1.78; 95% CI = 1.01-3.12). For missing income
values, MII case status was significantly associated with miss-
ing household income ()? = 4.44; P = 0.04), with more controls
missing income values (10.5%) than MII cases (5.5%). In addi-
tion, missing household income was significantly associated
with maternal race/ethnicity ()* = 73.00; P < 0.01), a significant
predictor of MII case status. Specifically, a value for household
income was missing for 18.4% of Hispanic mothers, as com-
pared with 4.6% of white mothers and 7.6% of black mothers.
Among Hispanic mothers with missing values for household
income, the vast majority (83.2%) responded that they did not
know their household income, rather than refused to report.
However, analyses among Hispanic mothers indicated that
missing income was not associated with MII case status (y* =
0.62; P =0.48), with 19.9% of control mothers and 15.6% of MII
case mothers missing income. In addition, missing household
income was associated with country of the mother’s birth ()2
= 4541; P < 0.01), with 6.2% of mothers born in the United
States and 16.5% of mothers born outside the United States
missing household income. However, the majority of mothers
born outside the United States (87.8%) were Hispanic. Missing
household income was not associated with maternal age or par-
ity, two additional predictors of MII case status. In addition, the
risk of an MII case was significantly increased for mothers in
the low income group (<$25,000; OR = 2.97; 95% CI = 1.36-
6.44) as compared with those with missing income informa-
tion (referent group), whereas the association was in the same
direction but not significant for those in the high income group
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(>$25,000; OR = 1.57; 95% CI = 0.73-3.41). Finally, our results
were robust to the dichotomous coding strategy of the income.
Low household income was a significant predictor of MII case
status whether it was coded as a dichotomous variable (OR =
1.79;95% CI = 1.17-2.73; Table 4) or as an ordinal variable (OR
=1.18; 95% CI = 1.03-1.35), where those in increasingly lower
income ranges were more likely to be MII cases.

DISCUSSION

The goal of this study was to further investigate a previous
report that maternal lifetime exposure to low SES is signifi-
cantly associated with having a clinically recognized pregnancy
with DS, and more specifically that this association is limited
to cases with maternal MII nondisjunction error.”® We used the
large and diverse case-control population from the NDSP to
conduct our study. Using this independent data set, we con-
firmed that low maternal SES, best defined by low household
income, was associated with having a live-born infant with DS
due to a maternal MII nondisjunction error. Specifically, moth-
ers whose household income the year before the birth of the
infant was $25,000 or less were roughly 80% more likely to
have an infant with DS as compared with control mothers. This
association remained significant after adjustment for maternal
age, race/ethnicity, and parity. Of note, this association between
low maternal SES and a maternal MII nondisjunction error was
not restricted to older mothers (35 years or older). In addition,
this association was present among white, black, and Hispanic
mothers.

Despite the larger sample size of MI cases (n = 532) as com-
pared with MII cases (n = 182), a statistically significant asso-
ciation between MI case status and low maternal SES was not
detected. However, it is important to note that the OR point
estimates indicated that MI cases were more likely to have a
history of 1 (OR = 1.11) or 22 (OR = 1.31) low maternal SES
factors as compared with controls. Further studies with larger
sample sizes could discern whether there is a similar associa-
tion between maternal SES and MI cases as detected in MII
cases but with a smaller effect.

A strength of this study lies in the large number of cases and
controls, who were recruited from multiple states, including
Arkansas, Iowa, New Jersey, New York, California, and Georgia.
Therefore, this study extends the findings of the previously pub-
lished studies on maternal SES and DS, which were limited to
recruitment in California. In addition, we performed sensitiv-
ity analyses to ensure that our results were robust to potential
biases, including those resulting from misclassification of non-
disjunction errors due to the absence of a participating father as
well as those resulting from missing household income infor-
mation. In our data set, the majority of the 19.9% of Hispanic
control mothers and the 15.6% of Hispanic case mothers with
missing data for income were reported as “unknown,” not
“refused.” Of note, missing income was not significantly associ-
ated with MII case status among Hispanic mothers. We further
examined the potential influence of the mother’s country of
birth and found that neither the mother’s country of birth nor
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the number of years the mother had lived in the United States
were significant predictors of case status.

Of note, the significant association of low maternal SES, spe-
cifically household income, was limited to MII cases and was
not detected among MI cases. This pattern suggests that SES
factors associated with access to prenatal health care, prenatal
diagnosis, and differential use of diagnostic information by
the health-care professionals or mothers cannot explain our
results. If these were involved, the association would be signifi-
cant among both types of maternal meiotic errors, not limited
to MII errors. However, the biological mechanism underlying
the effect of low maternal SES exposure on MII nondisjunc-
tion is unclear, and further studies are warranted. Because SES
is a proxy for environmental exposures, our results suggest that
some environmental factors have their influence on only spe-
cific stages of meiosis.?

Clearly, the importance of different components of the mei-
otic machinery and the specific processes involved in segregat-
ing homologues in MI and sister chromatids in MII differ sig-
nificantly. For example, sister chromatid cohesion is released
from chromatid arms at anaphase I to enable segregation of
homologues and from sister centromeres at anaphase II to help
properly segregate chromatids. It has been clearly shown that
loss of centromere cohesion is one of the major causes of mater-
nal age-dependent nondisjunction.*** In addition, the centro-
meric and pericentromeric regions are important for chromo-
some segregation, for which its alteration of associated processes
(e.g., hypomethylation) lead to centromeric decondensation and
genomiic instability.'~** Of note, De La Fuente et al. ** has shown
that ATRX, a chromatin-remodeling factor known to regulate
DNA methylation at repetitive sequences of the human genome,
binds to pericentromeric heterochromatin domains in mouse
oocytes at the metaphase II stage. At that stage, it is involved in
mediating chromosome alignment at the meiotic spindle. Later,
Baumann et al. showed that transgenic ATRX-RNA interfer-
ence oocytes showed a high rate of aneuploidy at MII due to
chromosome nondisjunction, presence of single chromatids,
and premature anaphase II onset. We have shown that recom-
bination near the centromere is highly associated with maternal
MII errors*?® and that this association increases with maternal
age'12,37

Several reported environmental exposures associated with
chromosome 21 nondisjunction appear to differ between MI
and MII errors, suggesting that different aspects of the meiotic
machinery may be more or less vulnerable under different con-
ditions. Two reports suggest that use of tobacco products may
be exacerbated by oral contraceptive use around the time of
conception and that such effects are limited to specific recombi-
nation configurations® and meiotic errors.”** Similarly, Ghosh
et al.** have shown that total telomere lengths are shorter in
older mothers who had MI or MII nondisjunction errors as
compared with mothers with a normal meiotic outcome and,
of importance, those with a MII error showed even shorter
lengths than those with MI errors, adjusting for maternal age.
Using this same NDSP population, we have recently found that
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lack of folic acid supplementation around the time of concep-
tion is associated with only MII errors among older mothers.*

For MII nondisjunction, the accumulation of environmental
toxins over time may interact with the vulnerable pericentro-
meric recombination pattern to increase the occurrence of a
nondisjunction event. This accumulation might be expedited
among women with a history of low SES as compared with
women with a higher SES, thus showing this effect among
younger mothers in addition to older mothers. Therefore, future
studies should investigate the interaction between recombina-
tion patterns and exposure factors associated with low SES (e.g.,
environmental toxins or poor nutrition).

Our study does have some potential limitations. First, families
were recruited into the NDSP based on the birth of a live-born
infant; therefore, our data set includes only mothers who either
did not obtain a prenatal diagnosis of DS for the fetus or had a
prenatal diagnosis of DS for the fetus and chose not to termi-
nate the pregnancy. Clearly, a bias in SES could be present among
those who obtained a prenatal diagnosis and those who chose or
did not choose to terminate the pregnancy. However, the fact that
our results are limited to MII cases makes this less likely. Another
potential limitation of the study is the assessment of maternal
SES factors. We analyzed data from SES factors that range from
the mother’s fetal life (maternal grandparent education) to the
conception of the case or control infant (household income the
year before the infant’s birth). However, these SES factors are only
snapshots of the full-lifetime SES picture. In addition, assessment
of the SES factors relied on the mother to accurately report the
information. Of note, the specific SES factor associated with MII
cases was household income, a variable that assesses the SES sta-
tus of the mother only the year before the birth of the index child,
rather than the other variables that assess more of the lifetime SES
status of the mother. Whether this pinpoints an important time
point of vulnerability or is simply a spurious association remains
unknown. Finally, the case mothers with maternal errors may
not represent a random selection of all maternal errors leading
to live births with DS because such case parents had to provide a
biological sample and chromosome 21 markers had to be infor-
mative in order to determine the type of nondisjunction error.

Of note, this study confirms earlier reports that a maternal
history of low SES, specifically low household income, is associ-
ated with having an infant with DS due to a maternal MII non-
disjunction error. This finding was independent of the effect of
maternal age and was detected among mothers younger and
older than 35 years. The etiology of maternal nondisjunction is
clearly multifactorial, and further studies are needed to discern
the biological mechanisms involved in the association between
maternal SES and nondisjunction.
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