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Abstract

Objective: To characterise plasma and red-blood-cell (RBC) folate status among
pregnant women in an area with an extremely high prevalence of neural tube defects,
and to compare them with those of women from a low prevalence area.

Design: A cross-sectional survey conducted in 2003.

Setting: One county and one city from each of the high prevalence area and the low
prevalence area in China.

Subjects: Five hundred and sixty-two women in their first trimester of pregnancy in
the high prevalence area and 695 pregnant women in the low prevalence area.
Results: Women in the high prevalence area had less than half the plasma and RBC
folate concentrations (12.2 and 440.0 nmol1™", respectively) of women in the low
prevalence area (33.5 and 910.4 nmoll ™!, respectively). In the high prevalence area,
40% of rural women were deficient in RBC folate and 50% were deficient in plasma
folate; 20% of urban women were deficient in RBC folate and 30% deficient in plasma
folate. In contrast, only 4% (RBC folate) and 6% (plasma folate) of rural women, and
2% (RBC folate) and 1% (plasma folate) of urban women, were folate-deficient in the

low prevalence area. Less than 10% of rural and about 26% of urban women in the KeyV\Il:t;;'(g:
high prevalence area took folic acid periconceptionally, compared with 70% and 60% Women
of women in the low prevalence area. Pregnancy
Conclusions: Blood folate deficiency is highly prevalent among pregnant women in Neural tube defects
an area of China with a very high prevalence of neural tube defects. Chinese

Although China overall has one of the highest birth
prevalence rates of neural tube defects (NTDs) in the
world!, rates within the country are quite variable.
Southern regions of the country, such as Jiangsu Province
near Shanghai, have rates comparable to those in many
developed countries (1996 NTD rate in Jiangsu: 0.83/1000
births®). However, the northern provinces of China have
much higher birth prevalence NTD rates®. Our previous
work showed that northern women of childbearing age
had lower blood folate levels than those in the south’, and
our subsequent large-scale community intervention
programme demonstrated that periconceptional use of
400 wg folic acid daily reduced the risk of NTDs by 85% in
the north and 40% in the south®. In 1993, the Chinese
Ministry of Health began to promote folic acid sup-
plementation among women of childbearing age to
prevent NTDs’. Yet despite years of nationwide promotion
of folic acid, the birth prevalence of NTDs remains high in
some provinces of the country. In particular, in Shanxi,
one of the northern provinces, the prevalence of NTDs, as
ascertained from provincial hospital-based surveillance of
pregnancy outcomes from 28 weeks’ gestation to 7 days of
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life, was 9.7/1000 births in 1996 and was as high as 4.5/
1000 births in 2002°. To our knowledge, these rates remain
among the highest in the world.

Low intake of dietary folate has been implicated as the
underlying cause of the extremely high birth prevalence of
NTDs in the north?, but there have been no reports of
blood folate levels in pregnant women. Understanding
blood folate status is an important first step towards
effective intervention, particularly given the long history of
recommendations for consumption of folic acid sup-
plements before and during early pregnancy.

The purpose of the present study was to assess blood
folate levels during early pregnancy among women from a
high prevalence province in the north and to compare
them with those of women from a low prevalence
province in the south.

Methods
Sample size determination

The study was conducted between 1 December 2002 and
30 April 2004 in one rural county (Pingding) and one city
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(Taiyuan) in Shanxi Province, a high prevalence area, and
one rural county (Wuxi-xinqu) and one city (Wuxi) in
Wuxi City, a low prevalence area in Jangsu Province. The
present analysis is limited to data collected in 2003
because a change in marriage registration policy begin-
ning on 1 October 2003 likely resulted in a decrease in
folic acid uptake in the study area.

To detect a minimum difference of 5nmoll™" (standard
deviation 20nmoll™") in plasma folate concentration
between rural and urban subgroups, with a P-value of
0.05 or less and a power of 80%, we determined that 336
women would be required in each area. After allowing for
possible blood sample loss of 10% due to haemolysis during
blood collection, we decided to recruit 360 rural women
and 360 urban women in each of the high and low
prevalence areas. We divided this number evenly by 12
months, yielding 30 rural and 30 urban women per month in
both the high prevalence area and the low prevalence area.

Subject enrolment

In each province, the first 30 consecutive pregnant women
who came to the rural and the urban maternal and child
health centre for prenatal care before completing 16
weeks of pregnancy, determined from the date of the last
menstrual period (LMP), were invited to participate each
month. Women with chronic liver and renal diseases were
excluded.

At enrolment, height without shoes and body weight in
light clothing were measured to the nearest 0.1 cm and
0.1kg, respectively. At that time, a trained interviewer
administered a questionnaire to collect information on
sociodemographic and personal characteristics that might
be related to blood folate status. Included among these
variables were current age, educational level (<10th grade
or =10th grade), gravidity (primigravida or multigravida),
current cigarette smoking (yes or no), alcohol drinking
(defined as having at least one drink of alcohol per week;
yes or no), periconceptional use of folic acid or multi-
vitamins containing folic acid (yes or no) and frequencies of
vegetable and fruit consumption. Body mass index (BMD
was calculated as weight (kg)/[height (m)]*.

Blood sample collection and laboratory analyses

At the time of enrolment a 4-ml non-fasting blood sample
was collected by venepuncture. Blood samples were
drawn into K3EDTA-containing Vacutainer tubes (Becton
Dickinson) and centrifuged within 1 h of collection. Plasma
and red blood cells were separated and frozen at — 20°C. All
specimens were transported on dry ice to our laboratory
and stored at —70°C. Red blood cells were hydrolysed with
chicken pancreas conjugase prior to analyses. The red-
blood-cell (RBC) folate extract was stored at —70°C until
assay. Plasma and RBC folate concentrations were
determined by microbiological assay using 96-well micro-
titre plates, as described by O’Broin and Kelleher'®. The
intra- and inter-assay coefficients of variation were <9%
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across the full range of folate concentrations. RBC folate
data were corrected using haemoglobin concentration to
calculate the folate/haemoglobin ratio (ng folate/g
haemoglobin) and the data were then converted to RBC
folate concentrations (nmol1™ ). Details of the laboratory
procedures can be found elsewhere'!. Folate deficiency
was defined as either < 10.5 nmol 1™ for plasma folate'? or
<363 nmoll™" for RBC folate'?.

Statistical analysis

Since the distributions of plasma and RBC folate
concentrations were positively skewed, natural logarith-
mic transformations were used to normalise the distri-
butions, and geometric means as well as their 95%
confidence intervals (CI) were calculated. Student’s #-test
was used to compare means, and the Pearson chi-square
test was used to compare categorical variables. Analysis of
covariance was conducted to compare means adjusted for
appropriate potential confounding variables. Multivariate
logistic regression analysis was used to identify risk factors
for plasma and RBC folate deficiency. The data were
analysed with SPSS for Windows version 11.5 (SPSS Inc.).
All P-values were two-sided and statistical significance was
set at P = 0.05.

Etbical approval
The study protocol was reviewed and approved by the
Institutional Review Board of Peking University Health
Science Center. All invited participants provided written
informed consent.

Results

From 1 January 2003 to 31 December 2003, a total of 1284
pregnant women were recruited. Among these, 27 were
excluded, either because the date of the LMP was not
known (7 = 11) or because gestational age exceeded 16
weeks (n = 16), leaving 1257 (98%) women for analysis.
Women in the high prevalence area were older than those
in the low prevalence area (Table 1), and rural women in
the high prevalence area had higher mean BMI than rural
women in the low prevalence area. Mean gestational age
at the time of the study was lower for women in the high
prevalence area than for women in the low prevalence
area, in both urban and rural settings. Women in the high
prevalence area were much more likely than women in
the low prevalence area to have less than 10th grade
education; this was most notable for rural women in the
high prevalence area, where almost three-quarters had
less than 10th grade education. In addition, more than half
of women in the low prevalence area were having their
first pregnancy, whereas only about one-third of those in
the high prevalence area were pregnant for the first time.
Cigarette smoking and alcohol drinking were not
prevalent among women in either the high or low
prevalence area, but were more common in the high
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Table 1 Characteristics of pregnant Chinese women, 2003

High prevalence area

Low prevalence area

Characteristic Rural Urban Rural Urban
Number of women 358 204 327 368
Age (years), mean = SD 28.8 = 5.2 26.9 = 3.2** 23.7 £2.0 26.2 £ 2.7
BMI (kgm™2), mean + SD 22.3 £ 3.0"** 209+26 202+24 205+23
Gestational age (weeks), mean + SD 8.2 = 2.4 8.0 £ 2.2 104+ 24 95+25
Less than 10th grade education (%) 72.5*** 19.1% 26.7 8.4
Primigravida (%) 26.5"* 39.2** 66.5 51.9
Current cigarette smoking (%) 3.1* 2.0 0.9 0.3
Current alcohol drinking (%) 6.2** 10.3*** 1.5 1.6
Periconceptional folic acid use (%) 9.2*** 26.0"** 70.7 62.2

SD — standard deviation; BMI — body mass index.

Significantly different from rural or urban women in the low prevalence area: *P < 0.05, **P < 0.01, ***P < 0.001.

prevalence area. Less than 10% of rural and about 26% of
urban women in the high prevalence area reported that
they had taken folic acid or multivitamins containing folic
acid before conception or during early pregnancy,
compared with 71% of rural women and 62% of urban
women in the low prevalence area.

Both urban and rural women in the high prevalence
area had significantly lower plasma and RBC folate
concentrations than did women in the low prevalence area
(Table 2). Plasma folate concentrations were 2.5 to 2.7
times higher, and RBC folate concentrations were 1.8 to 2.2
times higher, among women in the low prevalence area
than among women in the high prevalence area. In the
high prevalence area, about 44% of women were deficient
in plasma folate and 35% in RBC folate, compared with
about 3% of women being deficient in both plasma and
RBC folate in the low prevalence area.

When stratified by periconceptional folic acid use and
adjusted for age, BMI, gestational weeks, education
(<10th grade, =10th grade), gravidity (primigravida,
multigravida), cigarette smoking (yes/no) and alcohol
drinking (yes/no), the differences in plasma and RBC
folate concentrations between the high and low preva-
lence areas remained (Table 3). Regardless of whether
women lived in a high or low prevalence area, women
who took folic acid had twofold higher plasma folate

concentrations, and about 40% higher RBC folate
concentrations, than women who did not take folic acid.
In the low prevalence area, only a few women who took
folic acid had plasma and RBC folate deficiency. In
contrast, in the high prevalence area, 15% and 19% of
women who took folic acid had plasma folate and RBC
folate deficiency, respectively. This was more pronounced
in the high prevalence rural area, where 30% of
periconceptional folic acid users had plasma folate
deficiency and 28% had RBC folate deficiency.

Multivariate unconditional logistic analysis showed that
having a higher BMI, and residing in the high prevalence
area and in the rural community were associated with an
increased risk, and periconceptional folic acid use was
associated with a decreased risk, for both plasma and RBC
folate deficiency (Table 4). Women living in the high
prevalence area had 10-fold higher risk of having both
plasma folate deficiency and RBC folate deficiency
compared with women living in the low prevalence area.
In addition, cigarette smoking was associated with an
elevated risk of plasma folate deficiency. Age, gestational
weeks, educational level, gravidity, cigarette smoking and
alcohol drinking were not associated with the risk of RBC
folate deficiency.

When we analysed the high prevalence area and the
low prevalence area separately, periconceptional folic

Table 2 Plasma and RBC folate levels in pregnant Chinese women by region and residence, 2003

Plasma folate RBC folate
Geometric Deficient Geometric Deficient
n mean (nmol |~ ") 95% CI (%)t n mean (nmol ™) 95% Cl (%)t

High prevalence area

Total 557 12.2*** 11.5-12.9 43.8*** 554 440.0** 418.1-463.1 35.0"**

Rural 356 10.8*** 10.1-11.7 49.7*** 354 401.1** 377.4—-426.2 43.2***

Urban 201 14.9*** 13.6-16.4 33.3*** 200 518.4** 474.6-566.3 20.5***
Low prevalence area

Total 673 33.5 31.9-35.2 3.4 667 910.4 878.6—-943.4 3.0

Rural 318 29.6 27.5-31.9 5.7 317 885.9 839.2-935.3 41

Urban 355 374 35.1-39.8 1.4 350 933.2 890.4-978.1 2.0

RBC - red blood cell; Cl — confidence interval.
1 Plasma folate <10.5nmol ™", RBC folate <363 nmoll™".
Significantly different compared with the means or rates in the low prevalence area: ***P < 0.001.
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Table 3 Blood folate levels in pregnant Chinese women by region, residence and periconceptional folic acid use, 2003

Periconceptional folic acid use

No periconceptional folic acid use

Geometric Deficient Geometric Deficient
n mean (nmol I~ 95% CI (%)t n mean (nmol 1™ 95% CI (%)t
Plasma folate
High prevalence area
Totalt 85 23.5%* 20.3-27.2 15.3"** 471 10.9%* 10.4-11.6 48.9**
Rural§ 33 20.5** 15.2-27.7 30.3"** 322 10.2** 9.6-10.9 51.7**
Urban§ 52 27.5* 23.6-32.0 5.8 149 12.2* 11.1-13.3 43.0"**
Low prevalence area
Totalt 443 42.9 30.3-44.5 1.1 226 20.3 18.7-22.1 7.9
Rural§ 220 35.8 32.2-39.9 2.3 94 18.0 15.6-20.7 13.8
Urban§ 222 49.6 46.3-53.3 0.0 132 23.2 21.1-25.6 3.8
RBC folate
High prevalence area
Totalt 83 609.9*** 542.4-685.9 19.3*** 470 415.2*** 394.5-437.0 37.8"*
Rural§ 32 496.9*** 400.0-617.3 28.1** 321 388.0*** 364.1-413.3 44.7***
Urban§ 51 715.9*** 623.6—821.9 13.7* 149 462.6*** 424.7-503.9 22.8**
Low prevalence area
Totalt 438 1042.1 992.9-1093.8 1.8 226 699.8 646.9-757.0 5.3
Rural§ 220 997.5 926.6—1073.8 2.7 93 694.8 608.4-793.3 75
Urban§ 217 1077.0 1010.5-1147.9 0.9 133 733.8 669.8—804.0 3.8

RBC - red blood cell; Cl — confidence interval.
1 Plasma folate <10.5nmoll~", RBC folate <363 nmoll~".

1 Means were adjusted for age, body mass index, gestational weeks, education (<10th grade/=10th grade), gravidity (primigravida/multigravida), smoking

(yes/no), drinking (yes/no) and residence (rural/urban).

§ Means were adjusted for age, body mass index, gestational weeks, education, gravidity, drinking and smoking.
Significantly different compared with the means or rates in the low prevalence area: **P < 0.01, ***P < 0.001.

acid use was protective against both plasma folate
deficiency and RBC folate deficiency. While residing in a
rural community was associated with an elevated risk of
both plasma folate deficiency and RBC folate deficiency in
the high prevalence area, it was associated only with an
increased likelihood of plasma folate deficiency in the low
prevalence area. In addition, BMI and cigarette smoking
were associated with elevated risk of plasma folate
deficiency in the high prevalence area (data not shown).

Discussion

We found that women’s mean plasma and RBC folate
concentrations during early pregnancy in an area with a
high prevalence of NTDs were less than half those of
women in an area with a low NTD prevalence. In the high
prevalence area, 44% of women were deficient in plasma
folate and 35% in RBC folate. Fewer than 10% of rural

women and 26% of urban women in the high prevalence
area reported having taken folic acid supplements before
and during early pregnancy. In the high prevalence rural
community, even among those women who took folic
acid, about 30% had blood folate deficiency. To our
knowledge, this is the first study to characterise the blood
folate status and periconceptional folic acid use among
women during early pregnancy in an area with an
extremely high birth prevalence of NTDs, and to compare
these measures with those of women in a low prevalence
area in China.

The differences in blood folate levels and folic acid
supplementation between the high and low prevalence
area and between the rural and urban area are consistent
with the distribution of NTDs. In a population-based birth
defects surveillance system, we found an NTD birth
prevalence of 7.4/1000 births (=20 weeks’ gestational
age to 7 days of life) in the high prevalence area and

Table 4 OR and 95% CI of blood folate deficiency in pregnant Chinese women, 2003

Plasma folate deficiency

RBC folate deficiency

Variablet OR 95% CI P-value OR 95% CI P-value
BMIf 1.07 1.01-1.14 0.022 1.06 1.00-1.13 0.043
Living in high prevalence area 9.92 6.11-16.13 <0.001 9.88 5.79-16.85 <0.001
Rural resident 1.75 1.23-2.49 0.002 2.46 1.68—-3.59 <0.001
Periconceptional folic acid use 0.17 0.10-0.30 <0.001 0.41 0.25-0.69 0.001
Current cigarette smoking 3.46 1.06-11.34 0.040 - -

OR - odds ratio; Cl — confidence interval; RBC — red blood cell; BMI — body mass index.

1 Mutually adjusted by an unconditional logistic model.
1 BMI as a continuous variable.
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0.46/1000 births in the low prevalence area'®. In the high
prevalence area, the birth prevalence of NTDs was 14.4/
1000 births in the rural area, compared with 7.3/1000
births in the urban area’®.

The very low blood folate levels for women in the high
prevalence area may reflect, in part, low folate intake from
dietary sources’. Women living in areas of northern China
that include the high prevalence area, which has a
relatively harsh, arid climate and a shorter growing season
than the low prevalence area, have been reported to have
reduced intake of folate-rich foods'". This is supported by
a preliminary analysis of selected food frequencies, which
indicated that only 18% of rural and 39% of urban pregnant
women consumed fruit =6 times a week in the high
prevalence area, compared with 51% and 71% for rural
and urban women, respectively, in the low prevalence
area. Consumption of fresh vegetables had a similar
pattern (data not shown).

Folic acid use was a strong predictor of blood folate
concentrations. In contrast to the relatively high percen-
tage of periconceptional folic acid use in the low
prevalence area, very few women took folic acid in the
high prevalence area. The large differences in periconcep-
tional folic acid use between the high and low prevalence
areas may be attributed to the differences in the
proportion of women who received counselling at a
premarital health assessment. At the time this survey was
conducted, a premarital health assessment was required of
all couples planning to marry. The assessment consisted of
a physical examination, laboratory tests and counselling.
At that time, women would receive information concern-
ing the benefit of folic acid in preventing NTDs, and would
be advised to take folic acid supplements before and
during early pregnancy. While virtually all couples
received premarital health assessment in the low
prevalence province in 2003'°, only 57% of young couples
in Taiyuan City'” and less than 20% in Pingding County
(Ruigin Zhai, personal communication, Maternal and
Child Health Center, Pingding County, Shanxi Province)
did so in the high prevalence area. In addition, women
have to pay around $US 1.5 per month for the folic acid
supplements. This is perceived by local health-care
providers as one of the barriers to folic acid use, especially
for those who live in the northern rural area where socio-
economic development is relatively slow.

Although the majority of the women in the present study
are of Han ethnicity, the predominant ethnic group in
China (99.1% in the northern high prevalence province,
99.4% in the southern low prevalence province), genetic
differences between northern and southern Han Chinese
have been reported'®. For example, several studies have
shown that northern Han populations have a higher
frequency of mutation in the gene encoding methylene-
tetrahydrofolate reductase enzyme (MTHFR C677T)'%°,
and also possibly in another gene encoding reduced folate
carrier (RFC1 A80G)*', compared with southern Han
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populations. Since the mutated form of MTHFR has been
shown to be associated with decreased plasma and RBC
folate concentrations®’, the low levels of blood folate
observed in the high prevalence area may be attributable,
in part, to the higher prevalence of the MTHFR C677T
mutation in the population. The role of RFC1 is not clear
since the association between RFCI polymorphism and
blood folate concentrations is unknown.

In our study, current smoking predicted plasma folate
deficiency (odds ratio = 3.5). This finding is consistent with
several other recent reports®~2° indicating that pregnant
women who smoke have lower blood folate levels than
those who do not smoke. Although only a very small
proportion of pregnant women in this study reported
smoking compared with other populations® % it is
important to consider smoking as a potential contributor
to low blood folate levels in this population since the
smoking rate among pregnant women in the high
prevalence area, who had very low blood folate levels,
was higher than that of women in the low prevalence area.
Programmes targeted at the high prevalence population to
raise awareness about the importance of periconceptional
folic acid supplementation should also incorporate a
smoking cessation component.

Periconceptional folic acid supplementation can sub-
stantially raise a woman’s blood folate concentration®”*°,
and can reduce the risk of NTDs by 85% in northern China®
and by 50-70% in other countries® % In 1992, the US
Public Health Service recommended that all women of
childbearing age who are capable of becoming pregnant
should consume 400 ug of folic acid per day for the
purpose of reducing their risk of having a pregnancy
affected by an NTD*. In 1993, the Chinese Ministry of
Health began to promote folic acid supplementation
among women of childbearing age around the country.
Daily supplementation with 400 ng folic acid is encouraged
for all women who plan to have a baby>*. Although nearly
10 years have passed since the nationwide promotion
began, and a lot of effort has been made both at national
and provincial levels, periconceptional supplementation
with folic acid is not widely implemented in the country.
Recently, Botto et al®® analysed 10-year NTD incidence
data from 13 birth defects registries, correlated it with folic
acid recommendations or policies, and found no apparent
decline in the incidence of NTDs following the release of
the recommendations, suggesting that the recommen-
dations may not be fully implemented. Our results from the
high prevalence area support this observation.

One strength of our study is that blood folate
concentrations were measured among women during
early pregnancy, since a woman’s risk of having a
pregnancy affected by an NTD is associated with her
blood folate levels during early pregnancy®®. One
limitation of the present study was the impact of the SARS
(severe acute respiratory syndrome) epidemic in Taiyuan,
the capital city of Shanxi Province, in the spring of 2003.
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The epidemic resulted in cessation of virtually all non-
emergency health-care visits and most research activities.
Therefore, we were unable to recruit women during May
and June, and from August to October, the numbers of
women recruited were quite low in the city. If blood folate
concentration fluctuates substantially over time, this
problem could cause either overestimation or under-
estimation of folate levels for urban women in the high
prevalence area. However, when we restricted the analyses
to January to April, July, November and December, in
which around 20 or more women were recruited in the high
prevalence city, the results did not change substantially,
and the conclusion remained the same.

In conclusion, we found that, in an area with an extremely
high prevalence of NTDs in China, blood folate deficiency
was highly prevalent among women during early preg-
nancy. Most women of childbearing age in this area did not
take periconceptional folic acid despite years of nationwide
promotion of folic acid for NTD prevention. Efforts are
needed to deliver public health messages about the
importance of folic acid in the prevention of NTDs, as well
as lifestyle activities that may increase risk, such as cigarette
smoking, to women in all segments of the community. All
women who are planning a pregnancy, particularly those
living in areas with limited access to folate-rich foods,
should have affordable access to folic acid supplements.
Other means of delivering folic acid should be investigated,
including fortification of the food supply. Additional studies
to further elucidate the role of genetic determinants of NTD
risk, as well as the contribution of lifestyle and behavioural
factors such as cigarette smoking, are warranted.
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