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Abstract
Anaemia is a global public health problem affecting women worldwide, and reproductive-age women are at increased risk. We conducted a
population-based cross-sectional study analysing the prevalence of overall anaemia and anaemia according to severity in Chinese pre-pregnant
women to update current knowledge on anaemia epidemiology. Based on the National Free Preconception Check-up Projects supported by the
Chinese government, 5 679 782women participating in this project in 2017were included in the present study. The cyanmethemoglobinmethod
was applied to assess Hb concentrations. Univariate and multivariate logistic regressions were applied for associated factors. The prevalence of
anaemia among Chinese pre-pregnant womenwas 21·64 % (mild: 14·10 %, moderate: 7·17 % and severe : 0·37 %). The prevalence of overall and
severe anaemia was the highest in Tibet and the lowest in Beijing among thirty-one provinces. Women’s age, region, ethnic origin, educational
level, occupation and pregnancy history were all correlated with anaemia. Women with B blood type (adjusted OR (aOR)= 0·89), higher BMI
(overweight: aOR= 0·84; obesity: aOR= 0·70) and alcohol consumption (aOR= 0·69) were less likely to have anaemia, while those with rhesus
negative blood type (aOR= 1·10), history of anaemia (aOR= 2·60), older age at menarche (aOR= 1·19), heavy menstrual blood loss
(aOR= 1·39), longer menstrual period (aOR= 1·09) and shorter menstrual cycle (aOR= 1·08) were more likely to suffer from anaemia.
Meat or egg eaters were not significantly associated with severe anaemia. Anaemia is of moderate public health significance among
Chinese pre-pregnant women. Interventions should be considered to prevent anaemia to the greatest extent possible to avoid potential harm
in this population.
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Anaemia, a condition in which the number of erythrocytes is
insufficient to meet physiological needs, is defined as Hb con-
centration levels lower than a specific threshold(1). Symptoms
of anaemia include fatigue, weakness, reduced cognitive capac-
ity and low productivity(2–4). Previous studies have suggested
that Hb distribution varies with age, sex, lifestyle, ethnic origin,
socio-economic status and region(5–7). Compelling evidence has
suggested that anaemia is associated with major consequences

for human health, as well as a significant social and economic
burden(8,9).

Currently, anaemia is a global public health problem affecting
both developing and developed countries, with developing
countries accounting for more than 89 % of the global burden
of anaemia(10–12). It has serious health implications, causing both
increasing morbidity and mortality due to the reduced oxygen-
carrying capacity(13,14). Remarkably, anaemia affects 1·62 billion
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people globally, and specific subgroups are at higher risk of
anaemia, such as reproductive-age women (29 % for anaemia
and 1·1 % for severe anaemia)(11,15,16). Reproductive-age women
who live in under-resourced environments are particularly
vulnerable to anaemia, leaving themselves and their offspring
ill-prepared to meet the increasing nutritional demand during
pregnancy(17). Anaemia during pregnancy has multiple long-term
adverse effects onmother and offspring health. Moreover, anaemia
is a leading cause of maternal deaths and adverse pregnancy
outcomes in developing countries(17). Several studies have demon-
strated that severe anaemia has multiple causes, distinct from mild
ormoderate anaemia(18).Womenwith severe anaemia are farmore
liable to experience many health hazards, such as infections and
heart failure, which may increase the risk of maternal and neonatal
deaths during delivery(1,19). It has been estimated that many preg-
nant women are already anaemic at the time of conception in
developing countries(16). Therefore, pre-pregnancy maternal anae-
mia is closely related to women’s health and future pregnancy
outcomes.

At present, many studies have reported on the prevalence of
anaemia among the general population or among pregnant
women, but few have focused on prevalence among pre-preg-
nant women(15,20). In addition, although some variables are
already known to be associated with an increased risk for anae-
mia(6), ABO blood type, rhesus (Rh) blood type and menstrua-
tion status are not commonly analysed as risk factors. The
association between blood type and anaemia status remains
unknown in this population. To update current knowledge on
the epidemiology of anaemia, we examined the prevalence of
overall anaemia and anaemia by severity in a population of
pre-pregnant women. Therefore, we focused on Chinese pre-
pregnant women and used the data from the National Free
Pre-conception Check-up Projects (NFPCP) to estimate the
prevalence and identify correlated factors of anaemia by severity
level, whichwas based on themost recentWHOcut-off values to
categorise anaemia.

Materials and methods

Study population and study design

The NFPCP is supported by the Chinese government, aiming to
provide free pre-conception health examinations for couples
who planned to be pregnant within 6 months to reduce the
incidence of adverse pregnancy outcomes throughout the
country(21,22). The project began in 2010 with 100 rural counties
and has been further expanded to all urban and rural areas in
mainland China. Detailed information about the protocols, study
design, organisation and implementation has been described
previously(23–25).

Relying on the NFPCP database, we conducted a nationwide
population-based cross-sectional study to obtain Hb concentra-
tion distributions and anaemia prevalence among pre-pregnant
women in mainland China. Since the legal age for women to get
married in China is 20 years, and 49 years is considered to be the
upper age limit for reproductive-age women(26), we chose pre-
pregnant women between 20 and 49 years old as the research

object. A total of 5 830 265 Chinese women aged
20–49 years participated in the NFPCP from 1 January 2017 to
31 December 2017. The present study included 5 679 782 partic-
ipants (150 483 were excluded due to their Hb concentration
being unavailable) from thirty-one provinces in China who
had completed both standardised questionnaires and laboratory
examinations of Hb concentration.

Data collection and definitions of anaemia

Local health workers collected participants’ general information
through a standardised questionnaire, including demographic
characteristics (age, region, ethnic origin, educational level
and occupation, self-reported pregnancy history), health sta-
tus/lifestyles (self-reported meat and egg eating habits, smoking
and alcohol consumption, and self-reported history of anaemia)
and self-reported menstruation status (age at menarche (AAM),
menstrual blood loss, menstrual period and menstrual cycle).
Health professionals measured participants’ height and weight
according to the NFPCP’s standard techniques and protocols.
According to the National Clinical Laboratory Procedures of this
project, blood samples were collected after at least 8 h of fasting
using ethylenediamine tetraacetic acid vacuum tubes to examine
participants’ Hb concentration (cyanmethemoglobin method),
ABO blood type and Rh blood type(22). The accuracy and stabil-
ity of Hb measurement and other laboratory tests were ensured
through establishment of a quality assurance system in the
NFPCP(21,22).

In our study, women were divided into six groups according
to age (20–24, 25–29, 30–34, 35–39, 40–44 and 45–49 years).
Region indicates the province where the inspection agency was
located and was grouped as follows: ‘north’ (Beijing, Tianjin,
Hebei, Shanxi and Inner Mongolia), ‘northeast’ (Liaoning, Jilin
and Heilongjiang), ‘east’ (Shanghai, Jiangsu, Zhejiang, Anhui,
Fujian, Jiangxi and Shandong), ‘south-central’ (Henan, Hubei,
Hunan, Guangdong, Guangxi and Hainan), ‘southwest’ (Sichuan,
Guizhou, Yunnan, Tibet and Chongqing) and ‘northwest’
(Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang)(27). Other demo-
graphic characteristics were further categorised as follows: ethnic
origin (Han or others), educational level (primary school or below,
junior high school, senior high school, college and master or
above), occupation (farmers, manual labourers, waitresses, mer-
chants, housekeeping, teacher or civil servants and others), ABO
blood type (O, A, B and AB), Rh blood type (positive and negative)
and pregnancy history (no and yes). BMI was calculated using
weight and height based on the following formula:
BMI = weight/height2 (kg/m2). The classification of BMI
was defined according to the criteria of the working group
on obesity in China: underweight (BMI < 18·5 kg/m2), normal
(18·5 ≤ BMI < 24·0 kg/m2), overweight (24·0 ≤ BMI < 28·0 kg/
m2) and obesity (BMI ≥ 28·0 kg/m2)(28). In the questionnaire,
local health professionals asked the participants whether they
ate meat and eggs in their daily life. If the answer was ‘yes’,
they were considered meat and egg eaters. Smoking status
was defined according to WHO guidelines(29) (Online
Supplementary Table S2). Other healthy status/lifestyles charac-
teristics were further categorised as follows: alcohol consump-
tion (no and yes) and history of anaemia (no and yes).
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A regular menstrual cycle was defined as an intermenstrual
interval of 21–35 d and a menstrual period with 3–7 d(30).
Based on the definition of regularmenstruation and normalmen-
strual bleeding(30,31), menstrual status was further categorised as
follows: AAM (≤11, 12, 13, 14, ≥15 years old), menstrual blood
loss (heavy, normal and light), menstrual period (<3, 3–7, >7 d)
and menstrual cycle (<21, 21–35, >35 d).

According to the cut-off values of anaemia recommended by
the most recent WHO criteria, anaemia in non-pregnant women
at sea level who were aged 15 years and above was defined as
Hb< 120 g/L, among which mild, moderate and severe anaemia
were defined as 110 g/L ≤ Hb< 120 g/L, 80 g/L ≤ Hb< 110 g/L
andHb< 80 g/L, respectively, whichwas consistent with current
Chinese anaemia thresholds(1,32,33). Additionally, based onWHO
criteria, measured Hb concentrations were adjusted by altitude
level and smoking status because residential elevation above
sea level and smoking are known to increase Hb concentra-
tions(1). If we used uniform measured Hb concentrations, the
prevalence of anaemia in persons residing at high altitudes or
smoking might be underestimated(1,34) (Online Supplementary
Tables S1 and S2).

Statistical analysis

Themean and standard deviation ofHb concentrationwere used
to estimate Hb concentration levels. Count and percentage were
introduced to describe the prevalence of anaemia and the distri-
bution of demographic characteristics, health status, lifestyles
and menstruation status. The χ2 test was used for categorical var-
iables. Univariate and multivariate logistic regressions were
adopted with OR and the 95 % CI to analyse factors correlated
with anaemia/severe anaemia. The Hosmer–Lemeshow good-
ness-of-fit test was used to assess model fit. The NFPCP medical
service information system was applied for data collection and
storage. Microsoft SQL server 2012 (Microsoft Corporation)
was used for data cleaning and management. Statistical analyses
were performed with SAS software (version 9.3; SAS Institute,
Inc.) and R software (version 4.0.3). Two-sided P-values <0·05
were considered statistically significant.

Ethical approval

The present study was reviewed and approved by the
Institutional Research Review Board at the National Health
Commission and the National Health Council’s Ethics Review
Committee. Informed consent was obtained from every subject
before they participated in the study.

Results

A total of 5 679 782 pre-pregnant women aged 20–49 years from
thirty-one provinces in China were enrolled in the present study
(Fig. S1). The mean age of women participating in the study was
29·23 (6·07) years. Participants were mostly 20–34 years old
(81·47 %), Han ethnicity (88·67 %), senior high school education
or below (78·79 %), farmers (67·84 %) and Rh-positive blood
type (99·61 %). The overall mean and standard deviation of
Hb concentration in all subjects was 129·01 g/L (14·34 g/L).
Among them, the proportion of women with Hb concentrations

of 130 g/L was the highest, comprising 3·54 % (201 247) of
women (Fig. 1).

The overall prevalence of anaemia among pre-pregnant
women in our study was 21·64 % (95 % CI 21·60 –21·67 %) in
mainland China (mild anaemia: 14·10 %, moderate anaemia:
7·17 % and severe anaemia: 0·37 %). As shown in Fig. 2 and
Supplementary Table S3, the prevalence of overall anaemia
and severe anaemia was the highest in Tibet (overall: 65·09 %;
severe anaemia: 4·72 %) and the lowest in Beijing (overall:
7·47 %; severe anaemia: 0·11 %) among thirty-one provinces.
In addition, we calculated and summarised the prevalence of
anaemia at different severity levels among pre-pregnant women
in these thirty-one provinces of China. Mild anaemia accounted
for the highest proportion of overall anaemia, except in Tibet, in
which the proportion of moderate anaemia was the high-
est (61·02 %).

Results of the Hosmer–Lemeshow test showed that model fit-
ting was acceptable in our study (P> 0·05). Table 1 presents the
variation in anaemia prevalence among women with different
characteristics. Although women with different anaemia statuses
and without anaemia had significantly different distributions of
demographic characteristics, health status/lifestyles and men-
struation status in our study (P< 0·01), some of these differences
were very small due to the large sample size. Among the age
groups, the overall anaemia prevalence was higher in the
20–24-year-old group (22·15 %). For mild anaemia, the preva-
lence decreased with age. However, the prevalence of severe
anaemia increased monotonically with age. In terms of region,
the overall anaemia prevalence was lowest in the northeast
(17·89 %), and severe anaemia prevalence was lowest in the east
(0·30 %). The prevalence of overall anaemia was significantly
lower in the groups of women who were of Han ethnic origin,
without a history of pregnancy, with an educational level of mas-
ter’s degree or above, with the occupation of teachers or civil
servants, B blood type, Rh-positive blood type, obesity, meat
and egg eaters, alcohol consumption and without a history of
anaemia (P< 0·01) (Table 1). Women with AAM≤ 11 years
old, light menstrual blood loss, menstrual period within 3 d
and menstrual cycle over 35 d presented a lower prevalence
of overall anaemia (P< 0·01). The correlated factors in severe
anaemia were basically the same (Table 1).

Compared with those aged 20–24 years, women in the older
age groupsweremore likely to suffer from anaemia bymultivari-
able logistic regression, especially in women aged 40–44 years
(adjusted OR (aOR)= 1·11, 95 % CI 1·09, 1·12) (Table 2).
Meanwhile, women aged 45–49 years had a higher odds of hav-
ingmoderate-to-severe anaemia than other age groups. Residing
in different regions was correlated with the status of being anae-
mic as well. Women of other ethnic origins showed an increased
odds of suffering from anaemia (aOR= 1·11, 95 % CI 1·10, 1·12).
Women with an education of master’s degree or above
(aOR= 0·76, 95 % CI 0·73, 0·78) or with an occupation of teacher
or civil servant were less likely to have anaemia than those who
with a primary school education or who were farmers, respec-
tively. In terms of ABO blood type, people with B blood type
seemed to be consistently less likely to suffer from anaemia of
different severity categories than those with O blood type.
The results of the Rh blood type group revealed that womenwith
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Rh-negative blood type were 1·10-fold more likely to have anae-
mia. These correlations were consistent according to anaemia
severity levels. Women with a history of pregnancy presented
a higher odds of anaemia than women without a pregnancy his-
tory (aOR= 1·07, 95 % CI 1·06, 1·08) (Table 2).

Factors of health status/lifestyles and anaemia prevalence
were also presented. In BMI categories, women who were
underweight showed a significantly higher prevalence of
anaemia (23·38 %) with an aOR of 1·08 (95 % CI 1·07, 1·09).

Correspondingly, only the severe anaemia category presented
an inconsistent association with underweight (aOR= 0·94,
95 % CI 0·90, 0·99). Compared with women with a normal BMI,
overweight and obese women had 16 % and 30 % lower odds of
experiencing anaemia (aOR= 0·84, 95 % CI 0·83, 0·85; aOR=
0·70, 95 % CI 0·69, 0·71). The habit of eating meat and eggs
was found to be associated with mild anaemia (aOR= 1·05,
95 % CI 1·02, 1·08) but was not correlated with moderate or
severe anaemia after further adjustment. Moreover, alcohol

Fig. 1. Distributions of Hb concentration among pre-pregnant women in mainland China. The number of women (total number 5 679 782): Hb < 40 g/L 2880; 40 g/
L ≤ Hb < 60 g/L 1387; 60 g/L ≤ Hb < 80 g/L 15 905; 80 g/L ≤ Hb < 100 g/L 133 065; 100 g/L ≤ Hb < 120 g/L 1 028 167; 120 g/L ≤ Hb < 140 g/L 3 358 605; 140 g/
L ≤ Hb < 160 g/L 1 064 363; 160 g/L ≤ Hb < 180 g/L 61 891; Hb ≥ 180 g/L 13 519. , Pre-pregnant women; , anaemia cut-off for non-pregnant women.

Fig. 2. Prevalence of anaemia among pre-pregnant women in mainland China. (a) Prevalence of overall anaemia. , 7·47–15·00; , 15·10–17·00; , 17·10–21·00;
, 21·10–23·00; , 23·10–30·00; , 30·10–65·10. (b) Prevalence of severe anaemia. , 0·11–0·21; , 0·22–0·30; , 0·31–0·40; , 0·41–0·80; , 0·81–2·00;
, 2·01–4·72. The dark colour reflects high prevalence and the light colour indicts low prevalence. The names of the provinces are marked at their provincial capitals.

The number of women in the provinces included in our study (total number 5 679 782) are as follows: Beijing 20 514; Tianjin 28 226; Hebei 385 872; Shanxi 9306;
Inner Mongolia 72 163; Liaoning 64 027; Jilin 60 835; Heilongjiang 57 435; Shanghai 6439; Jiangsu 47 436; Zhejiang 211 629; Anhui 365 711; Fujian 188 288;
Jiangxi 213 918; Shandong 636 233; Henan 606 398; Hubei 310 340; Hunan 471 939; Guangdong 457 884; Guangxi 217 544; Hainan 38 658; Chongqing 75 037;
Sichuan 321 822; Guizhou 185 604; Yunnan 225 808; Tibet 9096; Shaanxi 35 862; Gansu 145 586; Qinghai 37 568; Ningxia 42 812; and Xinjiang 129 792.
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Table 1. The variation of anaemia prevalence among pre-pregnant women
(Numbers, percentages and confidence intervals)

Variables Total

Overall anaemia Mild anaemia Moderate anaemia Severe anaemia

χ2 * P DFn Prevalence (%) 95% CI n Prevalence (%) 95% CI n Prevalence (%) 95% CI n Prevalence (%) 95% CI

All participants 5 679 782 1 229 172 21·64 21·60, 21·67 800 787 14·10 14·07, 14·13 407 175 7·17 7·15, 7·19 21 210 0·37 0·37, 0·37
Demographic characteristic
Age group (year)

20–24 1 250 305 276 988 22·15 22·08, 22·22 183 242 14·66 14·60, 14·72 90 308 7·22 7·17, 7·27 3438 0·27 0·26, 0·28 7603·57 <0·001 15
25–29 2 247 976 473 280 21·05 21·00, 21·10 318 805 14·18 14·13, 14·23 148 109 6·59 6·56, 6·62 6366 0·28 0·27, 0·29
30–34 1 129 305 247 538 21·92 21·84, 22·00 160 115 14·18 14·12, 14·24 82 969 7·35 7·30, 7·40 4454 0·39 0·38, 0·40
35–39 581 870 128 624 22·11 22·00, 22·22 79 270 13·62 13·53, 13·71 46 154 7·93 7·86, 8·00 3200 0·55 0·53, 0·57
40–44 333 993 73 528 22·01 21·87, 22·15 42 824 12·82 12·71, 12·93 28 195 8·44 8·35, 8·53 2509 0·75 0·72, 0·78
45–49 132 178 28 383 21·47 21·25, 21·69 16 018 12·12 11·94, 12·30 11 146 8·43 8·28, 8·58 1219 0·92 0·87, 0·97
Missing 4155

Region
North 516 081 113 013 21·90 21·79, 22·01 76 559 14·83 14·73, 14·93 34 680 6·72 6·65, 6·79 1774 0·34 0·32, 0·36 59 372·14 <0·001 15
Northeast 1 851 951 331 339 17·89 17·83, 17·94 213 450 11·53 11·48, 11·58 110 980 5·99 5·96, 6·02 6909 0·37 0·36, 0·38

East 1 388 677 350 336 25·23 25·16, 25·30 241 277 17·37 17·31, 17·43 104 882 7·55 7·51, 7·59 4177 0·30 0·29, 0·31
South-central 714 086 202 899 28·41 28·30, 28·51 122 704 17·18 17·09, 17·27 77 658 10·88 10·81, 10·95 2537 0·36 0·35, 0·37
Southwest 817 367 152 047 18·60 18·52, 18·68 98 933 12·10 12·03, 12·17 50 417 6·17 6·12, 6·22 2697 0·33 0·32, 0·34
Northwest 391 620 79 538 20·31 20·18, 20·43 47 864 12·22 12·12, 12·32 28 558 7·29 7·21, 7·37 3116 0·80 0·77, 0·83
Missing 0

Ethnic origin
Han 4 917 725 1 049 863 21·35 21·31, 21·39 688 091 13·99 13·96, 14·02 345 110 7·02 7·00, 7·04 16 662 0·34 0·33, 0·35 3538·78 <0·001 3

Others 628 206 150 091 23·89 23·78, 24·00 93 764 14·93 14·84, 15·02 52 261 8·32 8·25, 8·39 4066 0·65 0·63, 0·67
Missing 133 851

Educational level
Primary school or below 261 797 60 846 23·24 23·08, 23·40 35 306 13·49 13·36, 13·62 23 562 9·00 8·89, 9·11 1978 0·76 0·73, 0·79 12 740·09 <0·001 12
Junior high school 2 871 004 637 582 22·21 22·16, 22·26 410 546 14·30 14·26, 14·34 214 479 7·47 7·44, 7·50 12 557 0·44 0·43, 0·45
Senior high school 1 079 124 243 591 22·57 22·49, 22·65 162 684 15·08 15·01, 15·15 77 638 7·19 7·14, 7·24 3269 0·30 0·29, 0·31
College 1 099 091 202 645 18·44 18·37, 18·51 138 536 12·60 12·54, 12·66 61 934 5·64 5·60, 5·68 2175 0·20 0·19, 0·21
Master or above 34 833 5504 15·80 15·42, 16·18 3932 11·29 10·96, 11·62 1519 4·36 4·15, 4·57 53 0·15 0·11, 0·19
Missing 333 933

Occupation
Farmers 3 576 126 797 908 22·31 22·27, 22·36 518 988 14·51 14·47, 14·55 263 695 7·37 7·34, 7·40 15 225 0·43 0·42, 0·44 9119·70 <0·001 18
Manual labourers 422 582 94 011 22·25 22·12, 22·37 59 068 13·98 13·88, 14·08 33 567 7·94 7·86, 8·02 1376 0·33 0·31, 0·35
Waitresses 262 207 53 740 20·50 20·34, 20·65 35 954 13·71 13·58, 13·84 17 073 6·51 6·42, 6·60 713 0·27 0·25, 0·29
Merchants 148 216 29 867 20·15 19·95, 20·36 19 857 13·40 13·23, 13·57 9640 6·50 6·37, 6·63 370 0·25 0·22, 0·28
Housekeeping 158 975 36 591 23·02 22·81, 23·22 23 358 14·69 14·52, 14·86 12 629 7·94 7·81, 8·07 604 0·38 0·35, 0·41
Teacher or civil servants 536 086 93 479 17·44 17·34, 17·54 64 043 11·95 11·86, 12·04 28 367 5·29 5·23, 5·35 1069 0·20 0·19, 0·21
Others 167 432 31 603 18·88 18·69, 19·06 21 168 12·64 12·48, 12·80 9992 5·97 5·86, 6·08 443 0·26 0·24, 0·28
Missing 408 158

ABO blood type
O 1 817 977 409 394 22·52 22·46, 22·58 263 037 14·47 14·42, 14·52 139 499 7·67 7·63, 7·71 6858 0·38 0·37, 0·39 3342·59 <0·001 9
A 1 683 508 374 655 22·25 22·19, 22·32 245 811 14·60 14·55, 14·65 122 431 7·27 7·23, 7·31 6413 0·38 0·37, 0·39
B 1 627 583 330 370 20·30 20·24, 20·36 216 388 13·30 13·25, 13·35 108 181 6·65 6·61, 6·69 5801 0·36 0·35, 0·37
AB 517 464 108 203 20·91 20·80, 21·02 71 003 13·72 13·63, 13·81 35 228 6·81 6·74, 6·88 1972 0·38 0·36, 0·40
Missing 33 250

Rh blood type
Positive 5 579 837 1 207 480 21·64 21·61, 21·67 787 550 14·11 14·08, 14·14 399 307 7·16 7·14, 7·18 20 623 0·37 0·36, 0·38 303·60 <0·001 3
Negative 21 744 5014 23·06 22·50, 23·62 2883 13·26 12·81, 13·71 1923 8·84 8·46, 9·22 208 0·96 0·83, 1·09
Missing 78 201

Pregnancy history
No 1 897 242 396 873 20·92 20·86, 20·98 265 269 13·98 13·93, 14·03 126 551 6·67 6·63, 6·71 5053 0·27 0·26, 0·28 2067·60 <.0001 3
Yes 3 763 934 828 076 22·00 21·96, 22·04 532 893 14·16 14·12, 14·20 279 103 7·42 7·39, 7·45 16 080 0·43 0·42, 0·44
Missing 18 606
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Table 1. (Continued )

Variables Total

Overall anaemia Mild anaemia Moderate anaemia Severe anaemia

χ2 * P DFn Prevalence (%) 95% CI n Prevalence (%) 95% CI n Prevalence (%) 95% CI n Prevalence (%) 95% CI

Health status/lifestyles
BMI (kg/m2)

Underweight (<18·5) 620 758 145 123 23·38 23·27, 23·48 96 192 15·50 15·41, 15·59 47 029 7·58 7·51, 7·65 1902 0·31 0·30, 0·32 8829·63 <0·001 9
Normal (18·5–24.0) 3 851 617 855 809 22·22 22·18, 22·26 560 519 14·55 14·51, 14·59 280 446 7·28 7·25, 7·31 14 844 0·39 0·38, 0·40
Overweight (24·0–28.0) 922 116 180 314 19·55 19·47, 19·64 113 744 12·34 12·27, 12·41 63 064 6·84 6·79, 6·89 3506 0·38 0·37, 0·39
Obesity (≥28·0) 257 917 42 657 16·54 16·40, 16·68 26 973 10·46 10·34, 10·58 14 826 5·75 5·66, 5·84 858 0·33 0·31, 0·35
Missing 27 374

Meat and egg eaters
No 48 982 10 643 21·73 21·36, 22·09 6650 13·58 13·28, 13·88 3741 7·64 7·40, 7·88 252 0·51 0·45, 0·57 51·46 <0·001 3
Yes 5 605 444 1 213 093 21·64 21·61, 21·68 790 792 14·11 14·08, 14·14 401 442 7·16 7·14, 7·18 20 859 0·37 0·36, 0·38
Missing 25 356

Alcohol consumption
No 5 490 907 1 197 616 21·81 21·78, 21·85 779 994 14·21 14·18, 14·24 396 943 7·23 7·21, 7·25 20 679 0·38 0·37, 0·39 3339·51 <0·001 3
Yes 159 305 25 145 15·78 15·61, 15·96 16 804 10·55 10·40, 10·70 7910 4·97 4·86, 5·08 431 0·27 0·24, 0·30
Missing 29 570

History of anaemia
No 5 588 589 1 194 831 21·38 21·35, 21·41 784 062 14·03 14·00, 14·06 390 873 6·99 6·97, 7·01 19 896 0·36 0·36, 0·36 25 214·96 <0·001 3
Yes 75 259 30 415 40·41 40·06, 40·76 14 229 18·91 18·63, 19·19 14 929 19·84 19·56, 20·12 1257 1·67 1·58, 1·76
Missing 15 934

Menstruation status
Age at menarche (year)

≤11 86 032 17 360 20·18 19·91, 20·45 11 530 13·40 13·17, 13·63 5615 6·53 6·36, 6·70 215 0·25 0·22, 0·28 1192·41 <0·001 12
12 655 253 139 011 21·21 21·12, 21·31 92 153 14·06 13·98, 14·14 44 751 6·83 6·77, 6·89 2107 0·32 0·31, 0·33
13 1 718 261 373 322 21·73 21·67, 21·79 245 908 14·31 14·26, 14·36 121 220 7·05 7·01, 7·09 6194 0·36 0·35, 0·37
14 1 950 615 431 776 22·14 22·08, 22·19 280 303 14·37 14·32, 14·42 144 229 7·39 7·35, 7·43 7244 0·37 0·36, 0·38
≥15 1 201 411 253 082 21·07 20·99, 21·14 161 649 13·45 13·39, 13·51 86 327 7·19 7·14, 7·24 5106 0·43 0·42, 0·44
Missing 68 210

Menstrual blood loss
Heavy 159 161 43 012 27·02 26·81, 27·24 25 028 15·72 15·54, 15·90 16 749 10·52 10·37, 10·67 1235 0·78 0·74, 0·82 8371·67 <0·001 6
Normal 5 288 542 1 147 514 21·70 21·66, 21·73 749 516 14·17 14·14, 14·20 378 697 7·16 7·14, 7·18 19 301 0·36 0·35, 0·37
Light 194 891 30 510 15·65 15·49, 15·82 21 021 10·79 10·65, 10·93 8952 4·59 4·50, 4·68 537 0·28 0·26, 0·30
Missing 37 188

Menstrual period (d)
<3 56 552 9789 17·31 17·00, 17·62 6635 11·73 11·46, 12·00 2970 5·25 5·07, 5·43 184 0·33 0·28, 0·38 965·01 <0·001 6
3–7 5 435 136 1 177 774 21·67 21·63, 21·70 768 434 14·14 14·11, 14·17 389 293 7·16 7·14, 7·18 20 047 0·37 0·36, 0·38
>7 48 584 11 263 23·18 22·81, 23·56 6753 13·90 13·59, 14·21 4161 8·56 8·31, 8·81 349 0·72 0·64, 0·80
Missing 139 510

Menstrual cycle (d)
<21 36 560 8156 22·31 21·88, 22·74 5160 14·11 13·75, 14·47 2793 7·64 7·37, 7·91 203 0·56 0·48, 0·64 2511·58 <0·001 6
21–35 5 314 737 1 157 829 21·79 21·75, 21·82 754 292 14·19 14·16, 14·22 383 567 7·22 7·20, 7·24 19 970 0·38 0·37, 0·39
>35 169 998 28 707 16·89 16·71, 17·06 19 699 11·59 11·44, 11·74 8661 5·09 4·99, 5·19 347 0·20 0·18, 0·22
Missing 158 487

n, number; Rh blood type, Rhesus blood type.
* χ2 test was used to examine the difference of demographic characteristics among different Hb concentrations groups (non-anaemia group v. mild anaemia group v. moderate anaemia group v. severe anaemia group).
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Table 2. Factors correlated with anaemia among pre-pregnant women in mainland China
(Odd ratios values and their 95% confidence intervals)

Group

Overall anaemia Mild anaemia Moderate anaemia Severe anaemia

Crude OR Adjusted OR* Crude OR Adjusted OR* Crude OR Adjusted OR* Crude OR Adjusted OR*

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Demographic characteristic
Age group (year)
20–24 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
25–29 0·94 0·93, 0·95 0·98 0·97, 0·99 0·95 0·94, 0·96 0·98 0·97, 0·99 0·90 0·89, 0·91 0·97 0·96, 0·98 1·02 0·97, 1·06 1·19 1·13, 1·24
30–34 0·99 0·98, 0·99 1·05 1·04, 1·06 0·96 0·95, 0·97 1·01 1·00, 1·02 1·01 1·00, 1·02 1·09 1·07, 1·10 1·43 1·37, 1·50 1·59 1·51, 1·67
35–39 1·00 0·99, 1·01 1·07 1·06, 1·08 0·93 0·92, 0·94 0·99 0·98, 1·00 1·10 1·09, 1·11 1·18 1·17, 1·20 2·00 1·91, 2·10 2·16 2·04, 2·28
40–44 0·99 0·98, 1·00 1·11 1·09, 1·12 0·87 0·86, 0·88 0·97 0·96, 0·99 1·17 1·15, 1·18 1·29 1·27, 1·31 2·73 2·59, 2·87 2·99 2·82, 3·17
45–49 0·96 0·95, 0·97 1·09 1·08, 1·11 0·82 0·81, 0·83 0·93 0·91, 0·95 1·16 1·13, 1·18 1·31 1·28, 1·34 3·33 3·11, 3·55 3·72 3·45, 4·01

Region
North 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Northeast 0·78 0·77, 0·79 0·77 0·76, 0·78 0·74 0·73, 0·75 0·74 0·73, 0·75 0·85 0·84, 0·86 0·84 0·83, 0·85 1·03 0·98, 1·09 1·06 1·00, 1·12
East 1·20 1·19, 1·21 1·20 1·19, 1·21 1·22 1·21, 1·24 1·20 1·19, 1·21 1·17 1·16, 1·19 1·18 1·17, 1·20 0·91 0·87, 0·97 1·01 0·95, 1·07
South-central 1·42 1·40, 1·43 1·46 1·45, 1·48 1·26 1·25, 1·28 1·28 1·26, 1·29 1·77 1·74, 1·79 1·90 1·87, 1·92 1·13 1·06, 1·20 1·37 1·28, 1·46
Southwest 0·82 0·81, 0·83 0·80 0·79, 0·81 0·78 0·77, 0·79 0·76 0·75, 0·77 0·88 0·87, 0·89 0·86 0·84, 0·87 0·92 0·87, 0·98 0·81 0·76, 0·86
Northwest 0·91 0·90, 0·92 0·87 0·86, 0·88 0·81 0·80, 0·82 0·76 0·75, 0·77 1·06 1·05, 1·08 1·04 1·02, 1·06 2·27 2·14, 2·41 2·16 2·02, 2·30

Ethnic origin
Han 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Others 1·16 1·15, 1·16 1·11 1·10, 1·12 1·10 1·09, 1·11 1·10 1·09, 1·11 1·23 1·21, 1·24 1·09 1·08, 1·11 1·97 1·91, 2·04 1·47 1·41, 1·53

Educational level
Primary school or below 1·00 ref 1·00 ref 1·00 Ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Junior high school 0·94 0·93, 0·95 0·99 0·98, 1·01 1·05 1·03, 1·06 1·04 1·03, 1·05 0·82 0·81, 0·83 0·95 0·94, 0·97 0·57 0·55, 0·60 0·81 0·77, 0·85
Senior high school 0·96 0·95, 0·97 1·01 0·99, 1·02 1·11 1·09, 1·12 1·08 1·07, 1·10 0·79 0·78, 0·81 0·91 0·90, 0·93 0·40 0·38, 0·42 0·65 0·61, 0·69
College 0·75 0·74, 0·76 0·85 0·84, 0·86 0·88 0·87, 0·89 0·93 0·92, 0·94 0·59 0·58, 0·60 0·75 0·73, 0·76 0·25 0·23, 0·26 0·45 0·42, 0·49
Master or above 0·62 0·60, 0·64 0·76 0·73, 0·78 0·76 0·74, 0·79 0·85 0·82, 0·88 0·44 0·42, 0·47 0·62 0·58, 0·65 0·18 0·14, 0·24 0·39 0·29, 0·52

Occupation
Farmers 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Manual labourers 0·99 0·98, 1·00 0·98 0·97, 0·99 0·96 0·95, 0·97 0·95 0·94, 0·96 1·08 1·06, 1·09 1·04 1·02, 1·05 0·76 0·72, 0·81 0·89 0·83, 0·94
Waitresses 0·90 0·89, 0·91 0·92 0·91, 0·93 0·92 0·91, 0·93 0·94 0·93, 0·95 0·86 0·85, 0·88 0·89 0·87, 0·90 0·62 0·58, 0·67 0·76 0·70, 0·82
Merchants 0·88 0·87, 0·89 0·91 0·89, 0·92 0·90 0·89, 0·91 0·93 0·91, 0·94 0·86 0·84, 0·88 0·88 0·86, 0·90 0·57 0·52, 0·63 0·67 0·60, 0·75
Housekeeping 1·04 1·03, 1·05 1·08 1·06, 1·09 1·02 1·01, 1·04 1·07 1·05, 1·08 1·09 1·07, 1·11 1·12 1·10, 1·14 0·90 0·83, 0·98 0·93 0·85, 1·01
Teacher or civil servants 0·74 0·73, 0·75 0·83 0·82, 0·84 0·77 0·76, 0·78 0·86 0·85, 0·87 0·68 0·67, 0·69 0·78 0·77, 0·79 0·44 0·41, 0·47 0·70 0·64, 0·74
Others 0·81 0·80, 0·82 0·87 0·86, 0·89 0·83 0·82, 0·85 0·90 0·88, 0·91 0·78 0·76, 0·79 0·84 0·82, 0·86 0·59 0·54, 0·65 0·78 0·70, 0·86

ABO blood type
O 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
A 0·99 0·98, 0·99 1·01 1·00, 1·02 1·01 1·00, 1·01 1·02 1·01, 1·03 0·95 0·94, 0·96 0·98 0·97, 0·99 1·01 0·97, 1·04 1·02 0·98, 1·05
B 0·88 0·87, 0·88 0·89 0·88, 0·90 0·89 0·88, 0·90 0·91 0·90, 0·92 0·84 0·83, 0·85 0·86 0·85, 0·87 0·92 0·89, 0·95 0·89 0·86, 0·93
AB 0·91 0·90, 0·92 0·94 0·93, 0·95 0·93 0·92, 0·94 0·95 0·94, 0·96 0·87 0·86, 0·88 0·91 0·90, 0·92 0·99 0·94, 1·04 0·99 0·94, 1·04

Rh blood type
Positive 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Negative 1·09 1·05, 1·12 1·10 1·06, 1·14 0·96 0·92, 0·99 1·02 0·98, 1·07 1·26 1·20, 1·32 1·21 1·15, 1·28 2·64 2·30, 3·02 1·65 1·40, 1·95

Pregnancy history
No 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Yes 1·07 1·06, 1·08 1·07 1·06, 1·08 1·03 1·02, 1·04 1·07 1·06, 1·08 1·13 1·12, 1·14 1·07 1·06, 1·08 1·63 1·58, 1·68 1·06 1·02, 1·10
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Table 2. (Continued )

Group

Overall anaemia Mild anaemia Moderate anaemia Severe anaemia

Crude OR Adjusted OR* Crude OR Adjusted OR* Crude OR Adjusted OR* Crude OR Adjusted OR*

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Health status/lifestyles
BMI (kg/m2)
Underweight (<18·5) 1·07 1·06, 1·08 1·08 1·07, 1·09 1·08 1·07, 1·09 1·08 1·07, 1·09 1·06 1·05, 1·07 1·06 1·05, 1·08 0·81 0·77, 0·85 0·94 0·90, 0·99
Normal (18·5–24.0) 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Overweight (24·0–28.0) 0·85 0·84, 0·86 0·84 0·83,0·85 0·82 0·81, 0·83 0·82 0·81, 0·83 0·91 0·90, 0·92 0·89 0·88, 0·90 0·95 0·92, 0·99 0·82 0·79, 0·85
Obesity (≥28·0) 0·69 0·68, 0·70 0·70 0·69, 0·71 0·67 0·66, 0·68 0·68 0·67, 0·69 0·74 0·72, 0·75 0·74 0·73, 0·75 0·81 0·75, 0·86 0·69 0·64, 0·75

Meat and egg eaters
No 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Yes 0·99 0·97, 1·02 1·04 1·01, 1·06 1·04 1·01, 1·07 1·05 1·02, 1·08 0·94 0·90, 0·97 1·03 0·99, 1·08 0·72 0·64, 0·82 0·88 0·76, 1·02

Alcohol consumption
No 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Yes 0·67 0·66, 0·68 0·69 0·68, 0·70 0·69 0·68, 0·70 0·73 0·72, 0·74 0·64 0·62, 0·65 0·68 0·66, 0·70 0·67 0·61, 0·73 0·61 0·54, 0·68

History of anaemia
No 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Yes 2·49 2·46, 2·53 2·60 2·53, 2·61 1·78 1·75, 1·81 1·82 1·78, 1·85 3·74 3·67, 3·81 3·99 3·91, 4·08 6·19 5·84, 6·56 7·51 7·04, 8·01

Menstruation status
Age at menarche (year)
≤11 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
12 1·07 1·05, 1·08 1·11 1·09, 1·13 1·06 1·04, 1·09 1·09 1·07, 1·12 1·06 1·03, 1·09 1·14 1·10, 1·17 1·30 1·13, 1·50 1·32 1·13, 1·55
13 1·10 1·08, 1·12 1·17 1·14, 1·19 1·09 1·07, 1·11 1·14 1·11, 1·17 1·10 1·07, 1·13 1·21 1·17, 1·25 1·47 1·28, 1·69 1·43 1·23, 1·66
14 1·13 1·11, 1·14 1·19 1·17, 1·21 1·10 1·08, 1·12 1·16 1·14, 1·19 1·16 1·13, 1·20 1·24 1·21, 1·28 1·52 1·33, 1·75 1·34 1·15, 1·57
≥15 1·06 1·04, 1·07 1·19 1·17, 1·22 1·02 1·00, 1·04 1·16 1·14, 1·19 1·11 1·08, 1·15 1·24 1·21, 1·28 1·72 1·50, 1·97 1·38 1·19, 1·61

Menstrual blood loss
Heavy 1·34 1·32, 1·35 1·39 1·37, 1·40 1·19 1·17, 1·21 1·26 1·23, 1·27 1·58 1·55, 1·60 1·62 1·59, 1·65 2·28 2·15, 2·42 2·02 1·89, 2·15
Normal 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
Light 0·67 0·66, 0·68 0·69 0·68, 0·70 0·71 0·70, 0·72 0·75 0·74, 0·76 0·60 0·58, 0·61 0·58 0·57, 0·60 0·70 0·64, 0·76 0·60 0·55, 0·66

Menstrual period (d)
<3 0·76 0·74, 0·77 0·81 0·79, 0·83 0·79 0·77, 0·81 0·86 0·84, 0·89 0·70 0·67, 0·72 0·73 0·70, 0·76 0·84 0·72, 0·97 0·64 0·54, 0·75
3–7 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
>7 1·09 1·07, 1·11 1·09 1·06, 1·11 1·00 0·98, 1·03 1·03 0·99, 1·06 1·22 1·18, 1·26 1·14 1·10, 1·20 1·99 1·79, 2·21 1·67 1·47, 1·89

Menstrual cycle (d)
<21 1·03 1·01, 1·06 1·08 1·05, 1·11 1·00 0·97, 1·03 1·07 1·03, 1·11 1·07 1·03, 1·11 1·10 1·05, 1·15 1·49 1·30, 1·71 0·97 0·82, 1·16
21, 35 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref 1·00 ref
>35 0·73 0·72, 0·74 0·78 0·77, 0·79 0·77 0·76, 0·78 0·82 0·80, 0·83 0·66 0·65, 0·68 0·71 0·69, 0·73 0·51 0·46, 0·57 0·62 0·55, 0·69

ref, reference; Rh blood type, Rhesus blood type.
The OR for mild, moderate and severe anaemia categories were compared with non-anaemia category.
* Multivariable-adjustedOR (95%CI)were adjusted for age group, region, ethnic origin, educational level, occupation, ABOblood type, Rh blood type, pregnancy history, BMI,meat and egg eaters, alcohol consumption, history of anaemia, age atmenarche,
menstrual blood loss, menstrual period and menstrual cycle.
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consumption was associated with a reduced odds of anaemia
(aOR= 0·69, 95 % CI 0·68, 0·70). Furthermore, the odds of anae-
mia was 2·60 times higher (95 % CI 2·53, 2·61) in women who
self-reported a history of anaemia; this increased to 7·51 times
(95 % CI 7·04, 8·01) in the severe anaemia subgroup (Table 2).

In terms of menstrual status, womenwith late menarchewere
more likely to have anaemia than those aged≤ 11 years at
menarche. The same results were also detected for the three
anaemia severity levels. Women with heavy menstrual blood
loss, longer menstrual period (>7 d) and shorter menstrual cycle
(<21 d) had higher odds of experiencing anaemia, while those
with light menstrual blood loss, shorter menstrual period (<3 d)
and longer menstrual cycle (>35 d) exhibited reduced odds for
anaemia (Table 2).

Discussion

The importance of anaemia among non-pregnant women as a
major public health problem worldwide is widely recognised.
According to the WHO, the classification of public health signifi-
cance for anaemia in populations based on prevalence was
defined as follows: severe (≥40 %), moderate (20·0–39·9 %),
mild (5·0–19·9 %) and normal (≤4·9 %)(1). We found that the
prevalence of anaemia among pre-pregnant women inmainland
China was 21·64 %, which was considered a moderate health
problem. Previous studies have suggested that half of anaemia
cases worldwide are attributed to Fe deficiency, and anaemia
prevalence was an important health indicator(1,4). Based
on global population-representative data, Stevens proposed
that the prevalence of anaemia and severe anaemia among
non-pregnant women was 21 and 0·5 % in East and
Southeast Asia, 33 and 1·0 % in Central Asia, and 47 and 2·4 %
in South Asia, respectively(15). The prevalence of anaemia
obtained in our study was similar to that in East and
Southeast Asia, but the prevalence of severe anaemia was
lower than that in East and Southeast Asia.

In our study, we found that Tibet exhibited the highest preva-
lence of both anaemia and severe anaemia among thirty-one
provinces in mainland China. A previous study suggested that
the prevalence of anaemia in pregnant women living in Tibet
was 50·6 %, higher than in other provinces(35). Nevertheless,
the prevalence of anaemia among pre-pregnant women in
Tibet has not been reported before. Tibet is located at an average
altitude of 4000–5000 metres, in a plateau environment with a
cold and dry climate, low pressure and oxygen-poor status.
The Tibetan people are accustomed to drinking Tibetan butter
tea in daily life, but drinking too much Tibetan butter tea may
cause polyphenols to form an insoluble complex with Fe, reduc-
ing the absorption rate of Fe(36). The highest prevalence of anae-
mia in Tibet might be closely related to plateau weather
conditions, the local economy, dietary habits and health educa-
tion levels.

Previous studies have found that age is associated with the
prevalence of anaemia(37–39). In the present study, the preva-
lence of anaemia was lowest in the 25–29 age group (21·05 %)
and highest in the 20–24 age group (22·15 %), similar to a pre-
vious study(40). Younger women are prone to Fe deficiency

anaemia due to menstrual blood loss, and unhealthy dietary pat-
terns, such as dieting, might make this population more suscep-
tible to malnutrition and anaemia. It is worth noting that the peak
for women’s fertility occurs in the early 20s(41), so the overall
anaemia prevalence is higher among young women in this
age group who are trying to conceive, which can have a great
impact on the health of their future generations. Our study found
that the prevalence of mild anaemiawas highest in the 20–24 age
group, while the prevalence of moderate/severe anaemia was
highest in the 45–49 age group. These findings were partially
consistent with the study of Rasha(42). Compared with previous
studies, we also found that other demographic characteristics,
such as ethnic origin, educational level and occupation, were
associated with the prevalence of anaemia(26,37,38). Anaemia is
considered a marker of socio-economic disadvantage, with
the poorest and least educated at the greatest risk for anaemia
and its sequelae(43). We revealed that women with higher edu-
cational levels and non-farmer occupations were less likely to
develop anaemia. Although there were statistically significant
differences in most of the demographic characteristics in our
study due to the large sample size, these differences were
actually very small.

It was suggested that ABO blood groups convey a special
vulnerability to individuals who possess a certain ABO blood
type(44,45). Seyfizadeh demonstrated that there was no significant
difference in Hb concentrations among pregnant women with
different blood types(44). However, the association has not been
investigated among pre-pregnant women. A previous study of
Plasmodium vivax infection demonstrated that Hb levels in
infected individuals with blood type O were significantly lower
than those in individuals with blood type A(46). Our study
revealed that women with blood type B had a lower odds
for anaemia than those with blood type O. An individual
can be classified as Rh-positive if their erythrocytes express
the Rh D antigen; otherwise, an individual is Rh-negative. A
previous study suggested that this phenomenon is clinically
significant, especially for Rh incompatibility, which could
result in consequences along the spectrum of hemolytic dis-
ease of the neonate ranging from self-limited hemolytic anae-
mia to severe hydrops fetalis(47). To date, no study has
revealed the association between Rh blood type and anaemia
status. In our study, Rh-negative women had a higher odds for
anaemia than Rh-positive women, which might be of particu-
lar concern(48). Since reproduction is also implicated in anae-
mia risk(49), we investigated and demonstrated that women
with a pregnancy history were more likely to experience anae-
mia, in contrast to a previous study of Laura (50).

Our study showed that underweight women were more
likely to suffer from anaemia than those with a normal BMI.
The results of a cross-sectional study of 5293 non-pregnant
ever-married women in Bangladesh by Kamruzzamanwere sim-
ilar to ours(37). Rasha showed no significant association between
anaemia and BMI among women aged 15–49 years(42). By ana-
lysing the severity of anaemia, we found that underweight peo-
ple were more likely to suffer frommild/moderate anaemia than
those with normal BMI. Conversely, an inconsistent association
between underweight and severe anaemia was detected in our
study. A previous study suggested that severe anaemia has
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multiple causes, and it is important to note that the primary
causes of mild and moderate anaemia tend to differ from the
principal causes of severe anaemia, although there are limited
studies on the aetiology of severe anaemia(6).

Our study did not find that eating meat or eggs was a factor in
severe anaemia, similar to a previous study(19). Pasricha sug-
gested that consumption of meat at least three times a week
was more common in non-anaemic women(51). The lack of
detailed quantitative information on meat and egg diets might
interfere with these results. There is no doubt that a history of
anaemia was a risk factor for anaemia, which presented a similar
trend as a previous study(19). In addition, we found that women
who drank alcohol were less likely to develop anaemia and
severe anaemia, consistent with the subgroup analysis results
of another study by Vulser(52). However, Perumal, who con-
ducted a study to assess risk factors for anaemia in pregnant
women in India, reported that alcohol consumption was a sig-
nificant risk factor(53). There is no direct study to support this
finding in a population of pre-pregnant women. Thus, quantita-
tive information on alcohol consumption is needed in future
studies to validate the association.

The menstruation status was striking in anaemia prevalence,
as menstruation plays an important role in maintaining a nega-
tive Fe balance in women(54). We analysed four aspects of men-
struation and found that women with older AAM (>11-year-old),
heavy menstrual blood loss, longer menstrual period (>7 d) and
shorter menstrual cycle (<21 d) had a higher odds of anaemia.
AAM reflects a woman’s health status, and older AAM carries its
own health burden(55). Reproductive-age women in these set-
tings are at further risk of anaemia due to Fe loss duringmenstru-
ation(56). Previous studies have shown that as themenstrual cycle
lengthens, ferritin levels and physiological functions of repro-
ductive-age women decrease significantly, making them more
prone to experience anaemia(57). The effect of heavy menstrual
bleeding on anaemia was similar to our study. Hence, anaemic
females with menstruation problems should be treated due to
their longmenstrual period, short menstruation cycle and abnor-
mal hemorrhage quantity. Notably, small differences can easily
be detected with larger sample sizes, so the clinical importance
of these ‘significant’ differences should be treated with caution
when interpreting the results.

The present study has several strengths. First, we not only
assessed the prevalence of anaemia among pre-pregnant
women but also took anaemia severity levels into account,
resulting in updated data on Hb concentration levels and anae-
mia prevalence in this important population in mainland China.
The definition of anaemia in the present study was based on the
latest WHO criteria for anaemia thresholds, enabling our results
to be reasonable and comparable. Second, to our knowledge,
this is the latest study in this field involving the largest sample
size from thirty-one provinces inmainlandChina. Adequate sam-
ple size permits accurate estimates for different age groups or
other demographic characteristic subgroups, providing more
comprehensive and representative results for this population.
The large population-based sampling framework, standardised
data collection methods and strict laboratory quality control
ensured the reliability of the data. Third, we revealed a correla-
tion between blood types and anaemia status for the first time.

Elements of menstruation were also specifically analysed. In
addition, health status, lifestyle and other factors were also taken
into account to conduct a broader analysis of the prevalence of
anaemia.

However, there are some limitations to our study. First, there
was potential bias in our study, as part of the information was
self-reported by participants. Second, due to the lack of addi-
tional information on nutritional testing and dietary habits, we
could not accurately identify women with low nutritional
reserves or quantify alcohol consumption, which limited the
interpretation of the association between anaemia and these fac-
tors. Since data on certain important factors, such as other repro-
ductive events (reproductive age and obstetric history) and the
use of supplements containing ferrous sulphate, folic acid and
vitamin A(7), were not available, we were unable to assess the
association between anaemia and these factors in the present
study. Therefore, we cannot comment on the counterintuitive
findings on the relationship between these health statuses and
anaemia. Third, although Fe deficiency is considered the most
common cause of anaemia globally(4,58), there was no informa-
tion on additional parameters, such as Fe intake, forms of anae-
mia, causes of anaemia and acute/chronic inflammation, in our
dataset(1,4,7). Consequently, speculation on Fe deficiency anae-
mia or other types of anaemia should be interpreted with
caution.

In summary, the prevalence of anaemia among pre-pregnant
women was 21·64 % in mainland China, which is lower than the
global prevalence. Reducing pre-pregnancy anaemia in women
is an important component of maternal and child health.
Interventions, such as health education and health promotion,
should be considered to maximise effectiveness and avoid
potential harm to this population. Therefore, the above infor-
mation, along with the safety profile and economic outcomes,
could be conducive for policy-makers and health administra-
tors in implementing new strategies and strengthening
existing services.
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