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Abstract

Objective: To report the prevalence of anaemia by demographic characteristics
and its secular trend over 13 years for south-east Chinese pregnant women, and to
determine the focus of anaemia prevention in Chinese pregnant women.
Design: Prospective study of the data on Hb concentration and other demographic
information from a large-scale population-based perinatal health surveillance system
in south-east China.

Setting: Fourteen cities or counties in Jiangsu and Zhejiang provinces.

Subjects: A total of 467057 prenatal women who had participated in the perinatal
health-care surveillance system and delivered babies from 1 January 1993 to 31
December 2005 and had a record of Hb in all three pregnancy trimesters.

Results: The overall prevalence of anaemia among pregnant women was 39-6%
from 1993 to 2005. Anaemia prevalence increased from the first (29-6%) to the
second (33+0%) and third (56-2%) trimesters. The prevalence of anaemia was higher
in villagers, in women with less education and in women with higher gravidity or
parity. The prevalence of anaemia in all of the trimesters was higher in the spring,
summer and autumn and lower in the winter. The prevalence decreased from 1993 to
2005, from 53+3% to 11:4% for the first trimester, 45:6% to 22:8% for the second
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Anaemia affects pregnant women worldwide. The WHO during pregnancy included women from only one city or

recently estimated that 56-4 million pregnant women
(41-8%) globally were anaemic during 1993-2005".
Anaemia during pregnancy is associated with adverse
infant outcomes including low birth weight, preterm
delivery and perinatal mortality*™>, and it may also
be associated with childhood intellectual disability(G).
Severe anaemia is associated with maternal and child
mortality” .

China is the most populous country in the world.
Research suggests that the prevalence of anaemia decreased
from 1990 to 2000 among pregnant women in Asia and in
China®. However, in China, national data on the pre-
valence of anaemia among pregnant women are limited to
only three studies” ™"
studies were different, making comparison of the results
difficult. Other Chinese studies on the prevalence of anaemia

, and the sampling methods in these
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province"* In addition, information on the determi-
nants of anaemia, other than time, is limited; most studies
examine the trends in overall anaemia during pregnancy
without regard to trimester'®' .

The prevalence, causes and consequences of anaemia
vary by trimester. A nationwide survey in China indicated
that iron-deficiency anaemia is higher in the third trime-
ster than earlier in pregnancy'®. Anaemia in the first and
second trimesters, but not in the third, is associated with
low birth weight, preterm delivery and stillbirths¢~1%,

The purpose of the present study is to report the pre-
valence and determinants of anaemia among Chinese
pregnant women in two provinces from 1993 to 2005.
Information on the prevalence and determinants of
anaemia will help to inform appropriate interventions to
prevent pregnancy-related anaemia in China.

© The Authors 2010
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Methods

Data sources

The perinatal health-care (PHC) surveillance system was
established in twenty-seven counties or cities in Hebei,
Shanxi, Jiangsu and Zhejiang provinces in 1992 as part of
the China-US Collaborative Project funded by the US
Centers for Disease Control and Prevention (CDC)"?2?
All women were enrolled in the PHC system in the county
hospital or county maternal and children health-care
institute when they first sought care for their pregnancy or
before getting pregnant. All women in the system were
given a unique PHC identification number (PHC ID). Our
study subjects were women who resided in fourteen cities
or counties in Jiangsu and Zhejiang provinces, partici-
pated in the PHC surveillance system and delivered
babies from 1 January 1993 to 31 December 2005. This
surveillance system captured information on demo-
graphic characteristics, medical history and pre- and
postnatal visits. Hb concentration was measured at pre-
marital, prenatal and postnatal visits. The present study
focuses on Hb concentration during the prenatal visits.

Exclusions

Over the 13-year period, 891 640 women were registered
in the surveillance system and delivered babies. Those
who enrolled in the PHC system after delivery (30567
cases), had a missing delivery date (3546 cases) or had no
Hb recorded at any time during pregnancy (2722 cases)
were excluded from the present study. Another 390470
women were excluded because they were missing a
recorded Hb value in one of the three trimesters. After
exclusions, a total of 467 057 women (52 % of the original
group) remained in the analysis. Compared with women
who were excluded, the absolute difference in pre-
valence in the first, second and third trimesters was 3-9 %,
1-:6% and 0-1%, respectively.

Hb concentration and anaemia diagnostic

criteria

Capillary blood Hb concentrations were measured when
women visited the township or county hospitals during
or after pregnancy. Each woman included in the present
analysis had one Hb test in the first trimester and at least
one Hb test in each of the second and third trimesters.
Before 2000, only the lowest Hb concentration was
recorded in the woman’s health-care booklet for the PHC
surveillance system if she had more than one Hb con-
centration measured in the second or third trimester. The
PHC system became electronic in 2000, and all of the Hb
concentrations were captured. To maintain consistency over
time we used the lowest Hb concentration. In accordance
with the WHO" and the International Nutritional Anemia
Consultative Group Steering Committee criteria®?, anaemia
in the first and third trimesters was defined as an Hb
concentration <110 g/l, and anaemia in the second trimester
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was defined as an Hb concentration <105g/1. In all
trimesters, moderate anaemia in pregnant women was
defined as an Hb concentration <90 g/l; severe anaemia,
<70g/l; and very severe anaemia, <40 g/I.

Definitions

The prevalence of anaemia was defined as the proportion
of women whose Hb was below the criteria for each
trimester divided by the total number of women who
were tested for Hb in the same trimester. We randomly
selected one Hb record of the three trimesters to calculate
the overall prevalence of anaemia and the anaemia was
determined according to the criteria of the trimester when
it was measured. To examine trends in anaemia pre-
valence, we used date of delivery to compare the anaemia
prevalence by trimester and year within the same sample
of women.

Statistical analysis

All statistical analyses were performed using the SPSS for
Windows statistical software package version 11-5 (SPSS
Inc., Chicago, IL, USA). We used the XZ test to examine
differences in anaemia prevalence by sociodemographic
characteristics (e.g. place of residence and occupation)
and calculated unadjusted relative risks (RR) to determine
the magnitude of these associations. We used the trend
X test to determine whether secular trends in anaemia
prevalence were statistically significant. Multiple logistic
regression models were used to examine secular trends
from 1993 to 2005, adjusting for potential confounders:
occupation, education, age, gravidity, province and
location (urban, suburban or rural). Because of its cor-
relation with gravidity and the large proportion of missing
values (31-1%), parity was not included in this model.

Results

The mean age of women at the time of delivery was
25-2 (sp 3+4) years. The mean gestation at delivery was
39-3 (sp 1:6) weeks. The proportion of women who were
farmers declined from 86-0% in 1993 to 65-7 % in 2005, and
the proportion of women who had higher education
(including college and high school) and who lived in urban
areas increased (Table 1, P<<0-001 for differences in pro-
portions for all three characteristics before and after 2000).

Anaemia prevalence by trimester

The overall anaemia prevalence was 39:6 % (95 % CI 39-5,
39-7) from 1993 to 2005. Anaemia prevalence increased
from the first trimester (29-6 %, 95% CI 29-5, 29-8) to the
second (33-0%, 95% CI 329, 33-2) and third trimesters
(56-2%, 95% CI 56-1, 56-4, trend x* test P<<0-001). The
prevalence of moderate and severe anaemia was 0-1% in
the first trimester, 0-2% in the second trimester and 0-3 %
in the third trimester during 1993-2005.
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Table 1 Demographic characteristics of pregnant women in south-east China, stages 1993-1999 and 2000-2005*

Total 1993-1999 2000-2005
Characteristics Women (n) Proportion (%) Women (n) Proportion (%) Women (n) Proportion (%)
Occupation
Farmer 357242 76-5 247882 797 109 360 70-0
Factory worker 53831 11-5 33900 10-9 19931 12-8
Other 55984 12-0 29049 9-3 26935 17-2
Total 467 057 100-0 310831 100-0 156 226 100-0
Highest education achieved
Some or completed college 24061 5-2 9314 3-0 14747 9-5
High school 77989 16-7 40451 131 37538 241
Junior high school 281073 60-4 190705 61-6 90368 57-9
Primary school or less 82491 17-7 69144 22-3 13347 8-6
Total 465614 100-0 309614 100-0 156 000 100-0
Gravidity
1 191006 40-9 132243 42-5 58763 37-6
2 164138 35-1 104296 336 59842 38-3
=3 111867 24-0 74283 239 37584 241
Total 467011 100-0 310822 100-0 156 189 100-0
Parity
0 249372 77-5 128648 71-6 120724 85-0
=1 72363 225 50996 28-4 21367 15-0
Total 321735 100-0 179644 100-0 142091 100-0
Age (years)
18-:0-24-9 250004 53-6 166 903 53-8 83101 53-2
25-0-29-9 159 094 341 104725 337 54 369 34-8
30-0-49-9 57530 12-3 38824 125 18706 120
Total 466628 100-0 310452 100-0 156176 100-0
Location
Urban 59472 127 33540 10-8 25932 16-6
Rural 407 585 87-2 277291 89-2 130294 83-4
Total 467 057 100-0 310831 100-0 156 226 100-0
Province
Jiangsu 126499 271 91567 29-5 34932 22-4
Zhejiang 340558 72-9 219264 70-5 121294 77-6
Total 467 057 100-0 310831 100-0 156 226 100-0

*Women whose variable value was missing were not included in the calculation of proportion.

Table 2 Secular trends in anaemia prevalence (%) by pregnancy trimester among women in fourteen cities in Jiangsu and Zhejiang
provinces, China, 1993-2005

Year n Overall First trimester Second trimester Third trimester
1993 37669 54-5 53-3 45-6 64-6
1994 43872 48-3 431 39-8 61-2
1995 48004 40-8 35-2 33-0 55-0
1996 44724 41-7 33-0 35-2 56-7
1997 47953 41-9 32-5 35-0 57-8
1998 46149 40-0 29-5 331 57-9
1999 42460 36-2 237 29-4 55-4
2000 42 386 37-2 26-0 31-0 54-9
2001 21024 367 19-1 32:6 58-7
2002 24003 36-1 18-6 31-9 57-6
2003 21246 291 15-2 24-5 49-4
2004 25328 271 125 22-6 46-7
2005 22239 26-6 11-4 22-8 44-6
Absolute change* - 27-9 41-9 22-8 20-0
Relative changet - 51-2 78-6 50-0 31-0
9819-6 278045 7130-1 4346-9
P <0-001 <0-001 <0-001 <0-001
Trend »° 8538-5 25605-3 5671-2 2828-6
P <0-001 <0-001 <0-001 <0-001

*% anaemic in 2005 minus % anaemic in 1993.
t(Absolute change divided by the % anaemic in 1993) X 100.

Secular trends in anaemia prevalence 1993 to 26-6% in 2005, a 51:2% decrease. The anaemia
Anaemia prevalence declined from 1993 to 2005 (Table 2). prevalence declined most in the first trimester, from 53-3 %
The overall prevalence of anaemia declined from 54-5% in in 1993 to 11-4% in 2005, a 41-9 percentage point change

https://doi.org/10.1017/51368980010001552 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980010001552

1514

and a relative decrease of 78:6%. The decline occurred in
the prevalence of mild anaemia, and the prevalence of
moderate—severe anaemia was consistent over time.

The prevalence of mild anaemia decreased significantly,
and the prevalence of moderate—severe anaemia varied
between 0-1% and 0-2% in the first, 0-1% and 0-3% in the
second and 0:2% and 0-4% in the third trimester during
1993-2005.

Secular decreases in anaemia prevalence were seen
across all trimesters, regardless of the sociodemographic
subgroup (Table 3). The prevalence of anaemia varied
little by sociodemographic characteristics, and the relative
differences were small, less than a 1-25 relative increase
in the prevalence of anaemia.

The prevalence of anaemia was lower among women
with college education than among women with less
education (for overall prevalence, RR = 0-74, 95% CI 0-72,
0-75) and among women who lived in urban v. other areas
(for overall prevalence, RR = 0-74, 95% CI 0-73, 0-75). The
overall anaemia prevalence among women 25-0-29-9 years
of age was lower than among women who were 30-0-49-9
years of age (RR =073, 95% CI 0-71, 0-74). Other differ-
ences in secular decreases by sociodemographic char-
acteristics did not appear to be consistent across trimesters.

Logistic regression analyses indicated that year was
associated with anaemia prevalence. The odds of anae-
mia declined on average by 15%, 7% and 5% per year in
the first, second and third trimesters, respectively, before
and after adjusting for the sociodemographic character-
istics (Table 4).

Discussion

We found that the prevalence of anaemia among preg-
nant women in south-east China decreased from 1993 to
2005 in all trimesters among women in all age, education,
occupation and geographic groups. Despite these declines,
however, the prevalence of anaemia in 2005 was still at a
level of public health concern in all trimesters.

The overall anaemia prevalence in our study was similar
to that of some studies in China before 2000"*'*** and in
a 2006 report’”, but it was higher than that in the 2002
Chinese Nutrition and Health Survey in similar areas®”. The
regions in the present study belonged to the first class
economic conditional rural area in the Chinese Nutrition
and Health Survey. In that survey, the prevalence of anae-
mia among pregnant women was found to be 22-7%,
37-1% lower than the prevalence among women in our
study in the same year (36:1%). There are two possible
explanations for this discrepancy. First, we selected the
lowest Hb concentration per woman from the measure-
ments recorded in each of the second and third trimesters,
which may have biased our results downwards. Second,
data from the 2002 Chinese Nutrition and Health Survey
include women in a broader geographic area.
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The reasons for the decline that the present study
found in anaemia prevalence during pregnancy are not
understood, but they may include changes in socio-
demographic characteristics associated with changes in
diet, and general improvement in diet across the entire
population. We did not collect information on diet, but
another study®® on dietary changes of Chinese residents
suggests a decrease in the percentage of dietary energy
supplied by cereals and an increase in the percentage
supplied by fat intake per capita, especially from animal
foods, a good source of dietary iron. In addition, studies
in China indicate that maternal education is associated
with nutritional knowledge, attitude and practice(zs’%),
and that urban residence is associated with increased
consumption of foods high in protein®”. Both the level
of education and the proportion of women living in
urban areas increased in our study.

Secular trends in first-trimester anaemia prevalence are
consistent with the changes in anaemia prevalence at the
premarital health examination®®. Anaemia prevalence in
the first trimester declined to less than that in the second
trimester in 1996. This suggests that changes during the
study period were more likely to affect anaemia in early
pregnancy than during the second and third trimesters. In
normal pregnancy, the expansion of the plasma volume
that precedes the increase in red cell mass creates a dis-
proportionate expansion of plasma volume (50%) com-
pared with the increase in red cell mass (30 %). Therefore,
Hb values start to decline during the early part of the first
trimester and reach their nadir near the end of the second
trimester and early part of the third trimester. In the last
trimester of pregnancy, the rate of increase in plasma
volume reaches a plateau, but the red cell mass continues
to rise, resulting in a constant increase in the Hb level,
which may reach normal levels at term. But the pre-
valence of anaemia observed in the present study was not
decreased (the mean values of Hb in the third trimester
were not higher than the mean Hb in the second trime-
ster) in the third trimester. This may be associated with
the deficiency of related nutrients such as iron, folic acid
and vitamin A. In addition to the overall changes in diet,
another change that may be associated with declines in
the prevalence of first-trimester anaemia is the imple-
mentation of the China—US Collaborative Project for
Neural Tube Defect Prevention from 1993 to 1996
For 2 years, women in twenty-one counties or cities in
Jiangsu, Zhejiang and Hebei provinces (the fourteen
counties or cities of our study were among them) who
participated in the programme consumed 400 pg of folic
acid daily during the periconceptional period. We would
have liked to investigate whether folic acid contributed
to the decline in anaemia prevalence, but we had no
information on women’s use of folic acid during the other
11 years of the present study. We know of no other
special anaemia-prevention programmes (e.g. fortifica-
tion of foods) that occurred in the study area during the
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Table 3 Absolute and relative declines in anaemia prevalence (%) among pregnant women by sociodemographic characteristics and trimester, fourteen cities in Jiangsu and Zhejiang
provinces, China, 1993-2005

First trimester Second trimester Third trimester Overall
% Anaemic % Anaemic % Anaemic % Anaemic
——— Absolute Relatve ———— Absolute Relatve —————————— Absolute Relatve ——————— Absolute Relative

Characteristics 1993 2005 change* changet 1993 2005 change* changet 1993 2005 change* changet 1993 2005 change* changet
Occupation

Farmer 54-2 127 41-5 76-6 46-0 251 20-9 45-4 65-3 47-8 17-5 26-8 55-1 28-5 266 48-2

Factory worker 48-2 8:6 39-6 82:2 43-6 16-2 27-4 62-8 61-0 40-3 20-7 339 51-3 21-9 29-4 57-3

Other 46-7 9-3 374 80-1 42-0 19-8 22:2 52-9 60-1 371 23-0 38-3 49-6 23-4 26-3 52-9
Education

College 421 8:5 336 79-8 411 18:5 22:6 55-0 60-1 37-4 227 37-8 47-6 21-9 25-6 53-9

High school 48-3 9:2 391 81-0 42-0 19-1 22-9 54-5 60-6 397 20-9 34-5 50-6 237 26-9 53-2

Junior high school 51-5 12-9 386 75-0 43-6 256 18-0 41-3 62:6 48-8 13-8 22-0 52-7 29-0 237 45-0

Primary school or less  58-3 19-7 386 66-2 50-6 29-9 20-7 40-9 69-7 54.2 155 22-3 59-2 347 24-5 41-4
Age (years)

18-0-24-9 511 121 39-0 76-3 43-9 24-0 19-9 45-3 63:2 46-8 16-4 25-9 52-7 277 25-0 47-5

25-0-29-9 55-3 9-8 45-5 82-3 46-4 20-9 25-5 55-0 65-6 41-2 24-4 37-2 56-1 24-4 317 56-6

30-0-49-9 62:6 135 49-2 78-5 54-9 23-6 312 56-9 71-5 45-3 26-3 36-7 62-:0 28-6 334 53-9
Gravidity

1 52-8 11-2 41-6 78-8 435 224 211 48-5 627 42-9 19-8 31-6 53-3 25-6 277 52-0

2 51-4 111 40-3 78-4 451 227 22-4 49-7 64-2 44-9 19-3 30-1 53-3 26-8 266 49-8

=3 571 12-3 44-8 78-5 511 23-5 27-6 54-0 69-5 471 22-4 32:2 58-9 28-1 30-9 52-4
Parity

0 50-4 11-0 39-4 78-2 455 22-4 231 50-8 64-5 43-8 20-7 32-1 53-4 25-9 27-5 51-4

=1 61-5 15-0 46-5 757 52-3 25-6 26-7 511 70-8 50-4 20-4 28-9 60-8 317 29-2 48-0
Province

Jiangsu 44-8 10-1 34-7 77-5 37-0 13-8 232 62-7 57-8 38:6 19:2 332 46-8 21-5 25-4 54-2

Zhejiang 584 11-8 46-6 79-8 50-8 25-2 25-6 50-4 68-8 46-1 227 33-0 59-1 27-9 31-2 52-8
Region

Urban 43-0 9-3 337 78-4 39-0 21-5 175 44-9 51-8 36-4 15-4 297 43-0 23-4 19-6 455

Other 53-8 11-9 41-9 77-9 45-9 231 22-9 49-8 65-2 46-4 18-8 28-9 55-0 27-3 277 50-4

*% Anaemic in 1993 minus % anaemic in 2005.
t(Absolute change divided by the % anaemic in 1993) X 100.
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Table 4 Crude and adjusted OR for anaemia prevalence per year by trimester (n 453812 women)
Pregnancy trimester Crude OR 95% ClI Adjusted OR* 95% ClI
First trimester

Delivery year (1993-2005) 0-850 0-849, 0-852 0-847 0-845, 0-848
Second trimester

Delivery year (1993-2005) 0-933 0-931, 0-935 0-917 0-912, 0-922
Third trimester

Delivery year (1993-2005) 0-956 0-954, 0-957 0-950 0-945, 0-955
Overall anaemia

Delivery year (1993-2005) 0-922 0-920, 0-923 0-915 0-910, 0-919

*Separate multiple logistic regression models for each trimester and overall were used to estimate the OR for anaemia by year adjusted for the following
sociodemographic characteristics: occupation, education, age, gravidity, province and region.

13-year study period. Iron tablets were not routinely
prescribed for women during pregnancy unless they were
anaemic. Although we did not collect data on prenatal
supplement use, the proportions of pregnant women
who consumed prenatal folate and iron supplements
were about 30% and 14 %, respectively, in the first class
economic conditional areas in the 2002 Chinese Health
and Nutrition Survey?.

Data from studies among women who received adequate
iron supplementation during pregnancy indicate that Hb
decreased in the second trimester, but increased again in
the third trimester®>" and that iron supplementation
increased average Hb concentration among pregnant
women®***? In our study, Hb concentration declined
from the first trimester to the third trimester. Along with the
slower decline over time for second- and third-trimester
anaemia relative to first-trimester anaemia, our results
suggest that it may be necessary to strengthen nutrition
interventions before and during pregnancy to prevent
anaemia among women in these two areas of China.

The present study has several strengths. First, most
of the women in our study were enrolled in the PHC
surveillance system before pregnancy; thus, we had data
on anaemia during all trimesters for a large proportion of
the women in our study. Second, these data provide
information on trends in anaemia prevalence among a
large population of women over more than 10 years.
Third, the measurement of Hb concentration was con-
sistent with accepted methods®”. In 1991, the China
Ministry of Health required that the haemiglobincyanide
test be used in all laboratories in county hospitals®?;
routine quality control was implemented at the same
time. Since 1998, automatic blood analysers have been
widely used in hospital laboratories in south-east China.

Our study is subject to several potential limitations.
First, because we studied only women who had an Hb
concentration in all three trimesters, almost half the
women were excluded from the analysis. Although the
prevalence of anaemia was somewhat lower among
excluded women than among those who were included,
the trends over time did not differ between the two
groups. By including only women with Hb measurements
in all three trimesters, we were able to compare differences
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in secular anaemia trends across all three trimesters
among the same women. Second, the number of women
with Hb measurements appeared to decline over time.
This decline appears to correspond with the decrease in
the number of births within these two provinces®**>
rather than the differences in the proportion of women
who were included in the PHC surveillance system. To
account for changes in the population over time, we
stratified our analysis by demographic characteristics.
Third, although iron-deficiency anaemia has been shown
in other studies to be the most common cause of anaemia
in pregnant women in China*3® other nutrient defi-
ciencies™>3” (e.g. folate, vitamin B, and vitamin A),
infections and environmental factors (e.g. exposure to
heavy metals) may associate with anaemia in pregnant
women. As we did not collect data on these potential
causes in the present study, the exact causes of anaemia
are unknown in this population. Fourth, some women
contributed data from more than one pregnancy, but the
proportion of these women is very likely low given the
high percentage of women who were nulliparous. We
found similar trends over time in the prevalence of
anaemia by parity. In 1993, the prevalence of anaemia
decreased from the first to the second trimester and then
increased in the third trimester. However, starting in 1995,
the prevalence of anaemia in the second trimester is the
same or higher than the prevalence in the first trimester.
This finding could potentially be due to the fact that
the PHC surveillance system was just newly established in
1992 and the health-care booklets were revised in October
1993 because some variables were not collected correctly.
This could potentially lead to some discrepancies in the Hb
numbers, thereby affecting our estimates.

Finally, although the sample of pregnant women
was quite large, our study covered only two provinces in
south-east China and because south-east China is one of the
wealthier regions of the country based on the economic
development®®3? our results are not generalizable to all
pregnant women in China.

According to the WHO®®| anaemia is a moderate public
health problem if its prevalence in a population is 20-0—
39-9%, and it is a severe problem if the prevalence is higher
than 40-0%. From 1993 to 2005, anaemia prevalence
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improved from severe to moderate status in pregnant
women in two provinces in south-east China. The national
survey on nutrition of children and women in 2006 indi-
cated that anaemia prevalence in pregnant women was the
lowest in eastern areas of China and was more than 40-0 %
in the middle and western areas. Therefore, the prevalence
of anaemia in the entire population of pregnant women in
China is likely to be significantly higher than what we found
in the present study.

Conclusion

The prevalence of anaemia among pregnant women in
Jiangsu and Zhejiang provinces decreased substantially
from 1993 to 2005, especially during the first trimester of
pregnancy. However, anaemia in the third trimester is still
a severe public health problem among pregnant women
in these areas, especially among women who are farmers
and who have less education. Despite significant progress
in reducing the prevalence of anaemia, additional nutri-
tional and other interventions, e.g. improving the edu-
cational status of women, should focus on interventions
before pregnancy and early in pregnancy to boost iron
stores in China.
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