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Abstract

Objective: This study aimed to evaluate the recent prevalence and the distributions
of morphological subtypes of anaemia in the rural population.

Design: Anaemia was defined according to the WHO and the Chinese criteria, and
the morphological subtypes of anaemia were classified based on the erythrocyte
parameters. The age-standardised prevalence was calculated according to the data
of the Population Census 2010 in China.

Setting: A cross-sectional study in Henan Province.

Participants: 33 585 subjects aged 18-79 years old.

Results: The standardised prevalence of anaemia across the WHO and the Chinese
definitions was 13-63 % and 5-45 %, respectively. Regardless of which criteria was
used, the standardised prevalence of anaemia was higher among women than
among men and that increased with age in men, while markedly decreased after
menopause in women. There were shifts in morphological patterns of anaemia
using the WHO and the Chinese criteria that the standardised prevalence of micro-
cytic anaemia was 3-74 % and 2-97 %, normocytic anaemia was 9-20 % and 2-34 %,
and macrocytic anaemia was 0-75 % and 0-14 %, respectively. Besides, there were
differences in the influencing factors of anaemia according to different criteria or
gender. However, age, education level and renal damage were consistently signifi-
cantly associated with anaemia in all participants.

Conclusions: Anaemia may still be a serious health problem in rural China. It is
necessary to reformulate prevention and management strategies to reduce the dis-
ease burden of anaemia.
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Anaemia is a syndrome that occurs when an insufficiency in
the number of healthy erythrocytes results in inadequate
oxygen supply to vital tissues'”, and anaemia is diagnosed
when the Hb concentration is under a specific threshold®.
Cumulative evidence has shown that anaemia could
increase the risk of CVD outcomes™, impair cognitive func-
tion” and reduce the healthy quality of life®. It was esti-
mated that 1-8 billion people (23:2% of the world’s
population) were anaemic in 2019. Although the preva-
lence of anaemia decreased by 13-40% from 1990 to
2019, anaemia was still a major health problem, especially
in developing countries®. Besides, a previous Chinese
national study covering thirty-one provinces indicated that
the prevalence of anaemia among Chinese rural people
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dropped from 222 % in 2002 to 9-7 % in 2012, However,
there has been a paucity of large-scale investigations of
Chinese rural people in recent years. Furthermore, with the
economy’s development and the changing lifestyle, the
potential influencing factors of anaemia should be explored.

The distributions of Hb concentrations among different
ethnic groups are different®. Besides, the current criteria
recommended by the WHO was from five studies of the
predominantly White population that lacked data from
other countries and races®, so the WHO cut-off may not
be suitable for the Chinese population. Meanwhile, the data
from various populations and low-income and middle-
income countries are urgently needed to re-examine
existing Hb thresholds to define anaemia’?. Therefore,
the current study compared the prevalence of anaemia
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between the Chinese and the WHO criteria to inform public
health programmes.

In addition, although several prior studies have investi-
gated the prevalence of anaemia in various coun-
the evidence on the prevalence of
morphological subtypes of anaemia is lack. The classifica-
tion of anaemia according to morphology can provide
clues for differential diagnosis to help find the aetiology
quickly™3'®_ Information on the prevalence of morpho-
logical subtypes of anaemia in different criteria and popu-
lation subgroups is needed to formulate relevant health
policy™. The corresponding strategies can be formulated
according to the prevalence variation patterns of different
populations. Meanwhile, the diagnostic threshold can be
adjusted based on the shifts in the prevalence of anaemia
using different criteria.

Therefore, the purposes of the current study were to
estimate the prevalence of anaemia with different criteria
and different morphological anaemia subtypes classifica-
tion methods and to explore the potential related factors
in the Chinese rural population.

o (711,12)
tries’ ,

Methods

Study population

The study population was from the Henan Rural Cohort
study, and the detailed information has been described
elsewhere™. From July 2015 to September 2017, a total
of 39 259 participants aged 18-79 years from five counties
of Henan Province in China were recruited with a multi-
stage, stratified cluster sampling method. After the exclu-
sion of subjects with missing Hb concentration data
(n 5287), having severe diseases (kidney failure or malig-
nant tumour) (1 326) and pregnant women (72 61), a total
of 33 585 participants were included in the final analyses.
The protocol of this prospective cohort study was
approved by the Zhengzhou University Life Science
Ethics Committee, and written informed consent from each
participant was obtained.

Assessment of covariates

All participants completed a structured questionnaire
including demographic characteristics, behavioural life-
styles and medical history. The demographic characteristics
included age, sex, education level (primary school or
below, junior school, and high school or above), marital
status  (married/cohabiting and  widowed/single/
divorced/separated), and per capita monthly income was
classified into three categories: <500 RMB (renminbi, the
Chinese currency and the average exchange rate for
USD/RMB from 2015 to 2017 is 6:54), 500-1000 RMB and
>1000 RMB. Behavioural lifestyles included smoking and
drinking status, physical activity, high-fat diet, and
adequate vegetable and fruit intake. According to the
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smoking index'® and the daily alcohol intake guide-

lines"7'® smoking and drinking status was grouped into
never, light, moderate and heavy. Physical activity was clas-
sified into low, moderate and high levels based on the
International Physical Activity Questionnaire'”. Besides,
following the Chinese dietary guidelines, high-fat diet
and adequate vegetable and fruit intake were defined as
the average daily intake of livestock and/or poultry meat
>75 g™ as well as vegetable and fruit > 500 g??, respec-
tively. Furthermore, blood samples, blood pressure mea-
surements and anthropometric data were also collected.
Hypertension was defined as systolic blood pressure > 140
mmHg and/or diastolic blood pressure > 90 mmHg, or self-
reported hypertension or using antihypertension medica-
tion during the last 2 weeks®??. BMI was classified into four
groups: underweight (BMI < 185 kg/m?), normal weight
(185<BMI<24 kg/m?), overweight (240 kg/m?
<BMI < 280 kg/m?) and obesity (BMI > 280 kg/m?)??.
After atleast 8 h of overnight fasting, venous blood samples
were collected to obtain haematological data. The defini-
tion of type 2 diabetes mellitus (T2DM) was the fasting
blood glucose > 7-0 mmol/l; or having a self-reported his-
tory of diabetes or using insulin or antidiabetic medication
during the last 2 weeks®?. The definition of dyslipidemia
was the serum total cholesterol >6-22 mmol/l or
TAG > 2:26 mmol/l or HDL-cholesterol < 1-04 mmol/1 or
LDL-cholesterol > 4-14 mmol/l or self-reported dyslipide-
mia or using lipid-lowering drugs during the last 2
weeks??. The Chronic Kidney Disease Epidemiology
Collaboration equation was used to calculate the estimated
glomerular filtration rate (eGFR)®”, and eGFR < 60 ml/
min/1-73 m? was defined as renal damage®@®.

Definition of anaemia and classification into
morphological subtypes

Haematological data were estimated by Sysmex XS-500i
automatic biochemical analyser. The measured Hb con-
centrations were adjusted depending on the specific smok-
ing status to correct the effect of smoking on Hb®. The
specific adjustment values were based on the detailed cat-
egorisation of smoking status (< 20 cigarettes smoked per d
or unknown amount, -3 g/l; >20 and <40 cigarettes
smoked per d, -5 g/l; > 40 cigarettes smoked per d, -7 g/
D. In the current study, anaemia was defined according
to the WHO and the Chinese criteria: Hb concentrations
lower than 130/120 g/l (for men/women)® and 120/110
g/1, respectively. After the diagnosis of anaemia based on
the different cut-off values, anaemia was subclassified
based on mean corpuscular volume (MCV). Microcytic
anaemia was determined as MCV < 80 fL, normocytic anae-
mia as MCV between 80 and 100 fL, and macrocytic anae-
mia as MCV > 100 fL*”. The morphological subtypes were
further classified according to the methods proposed by
Bessman® and Wintrobe®, respectively. Briefly, the
methods used additional erythrocyte parameters based
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on MCV classification. Bessman used red blood cell volume
distribution width CV (RDW-CV)®® and RDW-CV > 14-5 %
was considered anisocytosis, while the method proposed
by Wintrobe used mean corpuscular haemoglobin and
mean corpuscular haemoglobin concentration. The details
of these two classifications were shown in Supplemental
Tables 1 and 2. In the current study, two anaemia defini-
tions and three morphological anaemia subtypes classifica-
tion methods were used to observe whether the variations
in anaemia prevalence change with different definitions
and categories.

Statistical analyses

Continuous variables were described as mean * sp, and the
differences between groups were compared with Student’s
! test. Categorical variables were expressed as frequency
(percentage), and the differences were assessed with
Pearson’s Chi-square test. The age-standardised preva-
lence of anaemia was calculated according to the data of
the Population Census 2010 in China. The logistic regres-
sion model was used to estimate the association between
characteristics and anaemia (adjusted OR (aOR) and 95 %
CD. Based on previous studies®%3 biological relevance
and findings of the univariate analyses, several variables
were adjusted in the multivariable adjustment models:
age, education level, marital status, per capita monthly
income, smoking status, drinking status, physical activity,
high-fat diet, adequate vegetable and fruit intake, BMI
group, hypertension, T2DM, dyslipidemia, and renal dam-
age. Stratified analysis was conducted on women on the
basis of their self-reported menopausal status. All statistical
analyses were performed using SPSS 22.0, and two-sided
P-values <0-05 were considered statistically significant.

Results

Characteristic of participants

Table 1 and Supplemental Table 3 present the characteris-
tics of 33 585 participants by gender using the WHO and
the Chinese definitions of anaemia, respectively. In brief,
participants with low education level, widowed/single/
divorced/separated and lower income level accounted
for a higher proportion of men with anaemia in the
WHO and the Chinese criteria. Moreover, anaemic men
tend to be older, and heavy smoking, never drinking, lower
level of eGFR and BMI, without high-fat diet. However, the
difference was that anaemic men had adequate vegetable
and fruit intake and were without hypertension or dyslipi-
demia according to the WHO anaemia definition. Besides,
anaemic men had low physical activity and never smoking
based on the Chinese anaemia definition. For women,
anaemic women tend to be younger, have lower BMI,
higher eGFR levels and a higher proportion of married/
cohabiting, high-fat diet, as well as a lower proportion of
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hypertension, T2DM, and dyslipidemia. In addition,
differences in physical activity and adequate vegetable
and fruit intake were observed according to the WHO cri-
teria but not the Chinese criteria.

The standardised prevalence of anaemia

The overall standardised prevalence of anaemia was
13-63 % and 5-45 % to the WHO and the Chinese criteria,
respectively. The age-standardised prevalence of anaemia
was significantly higher among women than men in both
diagnostic definitions of anaemia. The findings observed
that the age-standardised prevalence increased with age
among men and only women aged>060 years.
Meanwhile, that was substantially higher in women of
reproductive age (18-49 years) than in other age groups
(Fig. 1. Besides, the prevalence of anaemia according to
other characteristics was described in Table 2 and
Supplemental Table 4.

The standardised prevalence of morphological
subtypes
Figure 2 and Supplemental Fig 1 show the prevalence dis-
tributions of morphological subtypes of anaemia across the
WHO and the Chinese definitions, respectively. The stand-
ardised prevalence of microcytic, normocytic and macro-
cytic anaemia in total participants was 3-74 %, 9-20 % and
0-75% by the WHO definition (Fig. 2(a)), while that was
297 %, 2-:34 % and 0-14 % by the Chinese criteria, respec-
tively (see online Supplemental Fig. 1(a)). The age-stand-
ardised prevalence of microcytic and normocytic
anaemia was significantly higher among women than
men. However, the standardised prevalence of macrocytic
anaemia was slightly higher among women than among
men according to the WHO criteria and even had the same
standardised prevalence according to the Chinese criteria.
Furthermore, both in the WHO and the Chinese definitions
of anaemia, the age-standardised prevalence of microcytic
anaemia and normocytic anaemia was highest among
women aged 30-49 years, while macrocytic anaemia
prevalence was highest among women aged 70-79 years.
However, the age-standardised prevalence of these three
subtypes of anaemia was observed to increase with age
among men (see online Supplemental Figs. 2(a) and 3(a)).
Bessman’s classification method further classified each
microcytic, normocytic and macrocytic anaemia subtype
into homogeneous or heterogeneous categories. As
defined by the WHO or the Chinese criteria, the standar-
dised prevalence of microcytic heterogeneous anaemia,
microcytic homogeneous anaemia, normocytic hetero-
geneous anaemia and normocytic homogeneous anaemia
was higher among women than among men (Fig. 2(b) &
see online Supplemental Fig. 1(b)), which was highest
among women aged 30-49 years but among men aged
70-79 years (see online Supplemental Figs. 2(b) and
3(b)). Moreover, the standardised prevalence of macrocytic
heterogeneous anaemia and macrocytic homogeneous
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Table 1 Characteristics of study participants by gender according to the WHO anaemia definition
Men (n 13 574) Women (n 20 011)
Variables Anaemia Non-anaemia P-value Anaemia Non-anaemia P-value
Mean SD Mean SD Mean sD Mean sD
Age (years) 63-15 9.68 55.76 1240 <0.001 51.22 124 55.30 12.02 <0-001
n % n % n % n %
Education level <0-001 <0-001
Primary school or below 447 50-85 4030 31.74 1560 47.52 8645 51-68
Junior school 346 39-36 5909 46-55 1288 39.23 5878 35-14
High school or above 86 9-79 2756 21.71 435 13-25 2205 13-18
Marital status <0-001 0-007
Married/cohabiting 744 8464 11522 90-76 2999 91.35 15022 89-80
Widowed/single/divorced/separated 135 15-36 1173 9-24 284 865 1706 10-20
Per capita monthly income <0-001 0-046
<500 RMB 420 4778 4454 35.09 1125 34.27 5884 3517
500-1000 RMB 258 29-35 4017 31-64 1057 32-19 5600 33-48
>1000 RMB 201 22.87 4224 33.27 1101 33.54 5244 31.35
Smoking status <0-001 0-823
Never 233 26-51 4068 32.04 3273 997 16 661 996
Light 91 10-35 1832 1443 6 0-18 39 0-23
Moderate 88 10-01 1469 11.57 1 0-03 11 0-07
Heavy 467 53-13 5326 41.95 3 0-09 17 0-10
Drinking status <0-001 0-553
Never 500 56-88 5974 47-06 3210 9778 16 324 97-58
Light 229 26-05 4012 31-60 62 1.89 317 1.90
Moderate 71 8-08 1487 11.71 8 0-24 57 0-34
Heavy 79 8-99 1222 9-63 3 0-09 30 0-18
Physical activity 0-753 0-044
Low 305 34.70 4440 34.97 933 28-41 5043 30-15
Moderate 258 29-35 3581 28-21 1512 46-06 7325 43.79
High 316 35-95 4674 36-82 838 25.53 4360 26-06
High-fat diet <0-001 0-006
No 708 80-55 9542 75-16 2746 83.64 14 303 85-50
Yes 171 1945 3153 24.84 537 16-36 2425 14.50
Adequate vegetable and fruit intake <0-001 <0-001
No 427 48.58 6986 55.04 1681 51-20 9410 56-25
Yes 452 51.42 5707 44.96 1602 48-80 7318 43.75
Hypertension 236 26-85 4168 32.83 <0-001 639 19-46 5736 3429 <0-001
T2DM 76 8-65 1106 871 0-947 180 5.48 1658 991  <0.-001
Dyslipidemia 248 28-21 5274 41.54 <0-001 898 27-35 6417 38-36 <0-001
Mean SD Mean SD Mean sD Mean SD
BMI (kg/m?) 22.55  3.40 2468 344 <0-001 2420 355 2510 3.60 <0-001
eGFR (ml/min/1-73 m?) 93-14 148 99-27 1289 <0-001 103-35 15.54 100-23 13-18 <0.-001
Hb (g/) 121.62 993 150-29 11.98 <0-001 10797 12.-06 134-64 1159 <0-001

RMB, renminbi, the Chinese currency, and the average exchange rate for USD/RMB from 2015 to 2017 is 6.54; T2DM, type 2 diabetes mellitus eGFR, estimated glomerular

filtration rate.
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anaemia was also higher among women than among men,
except for the prevalence of macrocytic homogeneous
anaemia by the Chinese definitions. However, among
men and women, the highest prevalence of macrocytic
heterogeneous anaemia and macrocytic homogeneous
anaemia was observed in the 70-79 age group.

The method proposed by Wintrobe additionally used
mean corpuscular haemoglobin and mean corpuscular
haemoglobin concentration to further classify anaemia as
simple microcytic anaemia, microcytic hypochromic anae-
mia, normocytic normochromic anaemia and macrocytic
normochromic anaemia. According to the WHO and the
Chinese definitions, the standardised prevalence of the first
three subtypes of anaemia was higher among women than
among men, but that was the opposite in the macrocytic
normochromic anaemia (Fig. 2(c) & see online
Supplemental Fig. 1(c)). Besides, the highest prevalence

0.1017/51368980023000319 Published online by Cambridge University Press

of microcytic hypochromic anaemia and normocytic nor-
mochromic anaemia was in the 70-79 age group among
men and 30-49 age group among women, respectively
(see online Supplemental Figs. 2(c) and 3(c).
Furthermore, simple microcytic anaemia had the highest
prevalence in the 60-69 age group among men and the
40-49 age group among women, while macrocytic normo-
chromic anaemia in the 70-79 age group among men
and women.

Related factors for anaemia

Across the WHO definition, adequate vegetable and fruit
intake, being underweight, and renal damage were all sig-
nificantly positively associated with anaemia prevalence
among men and women. In contrast, higher educational
level, overweight and obesity, hypertension, and
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was shown in Panels B and D, respectively)

dyslipidemia were significantly negatively linked to anaemia
prevalence among both men and women. Additionally, men
who were elder and had heavy smoking were related to a
higher prevalence of anaemia, while men with higher income
levels were related to a lower prevalence of anaemia.
Meanwhile, women who were younger or without T2DM
were more likely to suffer from anaemia (Table 3).
According to the Chinese anaemia criteria, multivariable
logistic regression analyses showed that older, widowed/
single/divorced/separated, underweight, T2DM and renal
damage were significantly associated with higher risks of
anaemia, while higher education level, light smoking and
overweight but not obesity were associated with lower
risks of anaemia in men. Additionally, older, with higher
education and income level, widowed/single/divorced/
separated, hypertension, diabetes, and dyslipidemia were
associated with lower risks of anaemia, whereas renal dam-
age was significantly associated with an elevated risk of
anaemia in women (see online Supplemental Table 5).
After stratified by self-reported menopausal status in
women, we found age became positively associated with
anaemia, but the association could not be observed among
post-menopausal women according to Chinese anaemia
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Fig. 1 Age-specific prevalence of anaemia by the WHO definition and the Chinese definition among Chinese rural population. (The
age-standardised prevalence of anaemia by the WHO definition (Panel A) and the Chinese definition (Panel C) among men and
women was shown, according to age. The age-standardised prevalence of anaemia by the WHO definition and the Chinese definition

criteria. Besides, the stratified analysis also showed that
the included influencing factors mainly affected post-
menopausal women (see online Supplemental Tables 6
and 7).

Discussion

The present study evaluated the recent prevalence of anae-
mia and the distributions of morphological subtypes based
on the WHO and the Chinese definitions of anaemia, and
adding a new piece of evidence to the current burden of
anaemia among the rural Chinese population. The standar-
dised prevalence among total participants of anaemia
across the WHO and the Chinese definitions were
13-63 % and 5-45 %, respectively. Furthermore, the logistic
regression analyses found different related factors associ-
ated with anaemia in men and women.

There are plenty of actiologies of anaemia, and the mor-
phological classification of anaemia can provide clues for
diagnosing different aetiology, which can narrow the range
of differential diagnoses and reduce healthcare costs?.
For example, microcytic anaemia is most commonly
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Table 2 The prevalence and 95 % CI for anaemia among characteristics according to the WHO definition
Men (n 13 574) Women (n 20 011)
Variables n Prevalence 95% Cl P-value n Prevalence 95 % Cl P-value
Education level <0-001 <0-001
Primary school or below 4477 9-98 9-11, 10-86 10 205 15-29 14.59, 15.98
Junior school 6255 5-53 4.96, 6-10 7166 17.97 17-08, 18-86
High school or above 2842 3-03 2:40, 3-66 2640 16-48 15.06, 17-89
Marital status <0-001 0-007
Married/cohabiting 12 266 6-07 5.64, 6-49 18 021 16-64 16-10, 17-19
Widowed/single/divorced/separated 1308 10-32 8-67, 11.97 1990 14.27 12.73, 15-81
Per capita monthly income <0-001 0-046
<500 RMB 4874 8-62 7-83, 9-41 7009 16-05 15-19, 16-91
500-1000 RMB 4275 6-04 5.32, 6-75 6657 15-88 15-00, 16-76
>1000 RMB 4425 4.54 3-93, 5-16 6345 17-35 16-42, 18-28
Smoking status <0-001 0-823
Never 4301 5.42 4.74, 6-09 19 934 16-42 15-90, 16-93
Light 1923 4.73 3.78, 5-68 45 13-33 3-01, 23-66
Moderate 1557 5-65 4-50, 6-80 12 8-33 -10-01, 26-67
Heavy 5793 8-06 7-36, 8-76 20 15-00 -2-15, 3215
Drinking status <0-001 0-553
Never 6474 772 7-07, 8-37 19 534 16-43 15.91, 16.95
Light 4241 540 4.72, 6-08 379 16-36 12-62, 20-10
Moderate 1558 4.56 3-52, 5-59 65 1231 4-10, 20-51
Heavy 1301 6-07 4.77,7-37 33 9-09 -1.26, 19-44
Physical activity 0-753 0-044
Low 4745 6-43 5.73,7-13 5976 15-61 14-69, 16-53
Moderate 3839 672 5.93, 7-51 8837 17-11 16-32, 17-90
High 4990 6-33 5-66, 7-01 5198 16-12 15-12, 1712
High-fat diet <0-001 0-006
No 10 250 6-91 6-42, 7-40 17 049 16-11 15.55, 16-66
Yes 3324 5-14 4.39, 5-90 2962 18:13 16-74, 19-52
Adequate vegetable and fruit intake <0-001 <0-001
No 7413 5.76 5.23, 6-29 11 091 1516 14-49, 15.82
Yes 6159 7-34 6-69, 7-99 8920 17-96 17-16, 18-76
BMI group <0-001 0-001
Underweight 370 22-16 17-91, 26-41 463 26-57 22.53, 30-60
Normal 5851 92 8-45, 9-94 7810 19.77 18-89, 20-65
Overweight 5171 3-58 3.07, 4-08 7999 14.76 13-99, 15-54
Obesity 2141 313 2-39, 3.87 3687 11-47 10-44, 12.50
Hypertension 4404 5.36 4-69, 6-02 <0-001 6375 10-02 929, 10-76  <0-001
T2DM 1182 6-43 5.03, 7-83 0-947 1838 9-79 8-43,11.15  <0-001
Dyslipidemia 5522 4-49 3-94, 5.04 <0-001 7315 12.28 11.52,13.03  <0-001
Renal damage 120 29-17 20-92, 3742  <0-001 160 35-63 28:12,43.13  <0-001

RMB, renminbi, the Chinese currency, and the average exchange rate for USD/RMB from 2015 to 2017 is 6.54; T2DM, type 2 diabetes mellitus.

caused by Fe deficiency®, while chronic kidney disease is
characterised by normocytic normochromic anaemia®®?.
This study observed the distribution of the aetiologies of
anaemia by investigating the distribution of the morpho-
logical classification of anaemia. Besides, the distribution
of these subtypes may also provide information to develop
targeted strategies to reduce the burden of anaemia.
Recognising the treatable causes of anaemia is critical to
reducing the burden. Several treatable causes include
nutrient deficiency, renal damage and hemolysis in normo-
cytic anaemia. Meanwhile, although Fe and vitamin B,/
folate deficiencies are usually linked to microcytic and
macrocytic anaemia, they are characterised by normocytic
anaemia in the early stages of nutrient deficiency*?®.
However, the prevalence of normocytic anaemia was
markedly lower in the Chinese criteria than in the WHO cri-
teria, which may reduce the opportunity to find anaemia
with treatable causes. Besides, a similar prevalence of

0.1017/51368980023000319 Published online by Cambridge University Press

microcytic anaemia was observed in both criteria.
Microcytic anaemia may lead to a strong reduction of
Hb. A previous study indicated that macrocytic anaemia
was associated with higher mortality®”, but the prevalence
of macrocytic anaemia was pretty low in both criteria.
The classification methods proposed by Bessman and
Wintrobe further divided the causes of anaemia by using
additional erythrocyte parameters. Besides, there were
shifts in morphological patterns due to fractional mild anae-
mia could not be detected in a more stringent Hb threshold
(Chinese criteria). Combining these two methods and these
shifts, the aetiologies which lead to this fraction of mild
anaemia might be found. The information could be further
provided to adjust public health policies by finding the
treatable aetiologies from these undetected aetiologies"'?.
The shifts in morphological subtypes’ prevalence of
anaemia between the two criteria showed that the preva-
lence of normocytic anaemia changed the most, but the
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Fig. 2 The age-standardised prevalence of morphological subtypes of anaemia according to the WHO definition. (The age-stand-
ardised prevalence of morphological subtypes of anaemia classified based on mean corpuscular volume was shown in Panel A.
Panels B and C showed the age-standardised prevalence of morphological subtypes of anaemia according to the methods proposed

by Bessman and Wintrobe, respectively)

change in the prevalence of normocytic heterogeneous
anaemia was less than normocytic homogeneous anaemia
and normocytic normochromic anaemia. This phenome-
non might mean that acute blood loss, hemolysis and renal
damage were less likely to be detected than early nutrient
deficiency and sideroblastic anaemia®®®3?. Between the
two anaemia criteria, the prevalence of all macrocytic sub-
types of anaemia, simple microcytic anaemia and micro-
cytic homogeneous anaemia also varied greatly. The
causes of macrocytic anaemia including hemolysis, mega-
loblastic anaemia and aplastic anaemia; meanwhile, infec-
tion and poisoning could cause simple microcytic anaemia,
while thalassemia and anaemia of chronic diseases were
for microcytic homogeneous anaemia'4?%2_ Additionally,
the prevalence of microcytic hypochromic anaemia and
microcytic heterogeneous anaemia had minimal changes
while using different definitions, and the etiology includes
Fe deficiency (both microcytic anaemia), thalassemia and
Hemoglobin H disease®?”. Otherwise, Fe deficiency
anaemia is most common in microcytic anaemia and has
the highest disease burden among anaemia©!¥.

Although the variation of anaemia prevalence between
the two definitions marked, the age-specific and gender-
specific prevalence of anaemia had a similar changing
trend across the two criteria. The prevalence of most
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morphological subtypes of anaemia was also higher in
women than men. A previous study conducted in thirteen
Korean cities showed consistent results®®. For women of
reproductive age, the high anaemia prevalence may be
attributed to their physiological vulnerability®”, which
results in a much higher prevalence among women in this
age group than in other age groups, and this population is
the focus of most current studies"-3>. With the end of men-
struation, this physical vulnerability ceases to exist®®.
However, high anaemia prevalence is also common in
the elder due to deterioration of the physical condition
and the occurrence of co-morbidity®”3®. That explains
why the prevalence of anaemia increased among men
and post-menopausal women. The stratified analysis also
showed that age was a risk factor for anaemia in men,
pre-menopausal women and post-menopausal women.
Multivariate logistic regression analyses indicated the
associations of demographic, lifestyle and chronic diseases
with anaemia, and these findings were in line with the
results of previous studies"?3?_ The mechanism pro-
posed to explain the positive associations of adequate veg-
etable and fruit intake with anaemia was mainly attributed
to inadequate intakes of some essential nutrients which
were not easily obtained from plant sources?,
Meanwhile, overweight and obese people may be in a state
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Table 3 Gender-specific multivariable logistic regression analysis for the influencing factors for anaemia according to the WHO definition

Men Women

Variables aOR 95% ClI P-value aOR 95% Cl P-value
Age 1.043 1-035, 1-051 <0-001 0-974 0-970, 0-978 <0-001
Education level

Primary school or below Ref 1.000 Ref 1.000

Junior school 0-812 0-692, 0-952 0-010 0-858 0-783, 0-940 0-001

High school or above 0-610 0-473, 0-786 <0-001 0-600 0-523, 0-689 <0-001
Marital status

Married/cohabiting Ref 1.000 Ref 1.000

Widowed/single/divorced/separated 1-159 0-941, 1.427 0-165 0-999 0-869, 1-148 0-985
Per capita monthly income

<500 RMB Ref 1.000 Ref 1.000

500-1000 RMB 0-916 0-774, 1-084 0-308 0-892 0-811, 0-981 0-018

>1000 RMB 0-812 0-675, 0-977 0-027 0-936 0-850, 1-031 0-182
Smoking status

Never Ref 1.000 Ref 1.000

Light 1-081 0-833, 1-403 0-560 0-945 0-388, 2-300 0-900

Moderate 1.204 0-924, 1-570 0-169 0-479 0-061, 3-759 0-484

Heavy 1.383 1-160, 1-649 <0-001 1.335 0-382, 4-664 0-651
Drinking status

Never Ref 1-000 Ref 1.000

Light 0-888 0-747, 1-056 0-180 0-823 0-622, 1-089 0-172

Moderate 0-769 0-589, 1-005 0-055 0-637 0-300, 1-352 0-241

Heavy 0-946 0-728, 1-228 0-675 0-510 0-151,1.720 0-278
High-fat diet 0-997 0-829, 1-199 0-976 0-987 0-887, 1-098 0-808
Adequate vegetable and fruit intake 1.265 1.095, 1-462 0-001 1.143 1.057, 1-236 0-001
Physical activity

Low Ref 1.000 Ref 1.000

Moderate 1.042 0-870, 1-249 0-653 0-999 0-910, 1-096 0-982

High 1.022 0-860, 1-215 0-804 0-977 0-879, 1-085 0-661
BMI group

Normal Ref 1.000 Ref 1-000

Underweight 2.227 1.694, 2.927 <0-001 1-414 1-136, 1-760 0-002

Overweight 0-450 0-376, 0-539 <0-001 0-786 0-721, 0-857 <0-001

Obesity 0-470 0-356, 0-622 <0-001 0-642 0-569, 0-725 <0-001
Hypertension 0-763 0-645, 0-904 0-002 0-628 0-567, 0-694 <0-001
T2DM 1.264 0-979, 1-632 0-072 0-749 0-635, 0-883 0-001
Dyslipidemia 0-837 0-709, 0-987 0-034 0-769 0-704, 0-839 <0-001
Renal damage 4.535 2.927,7-025 <0-001 5-168 3-683, 7-252 <0-001

aOR, adjusted OR; RMB, renminbi, the Chinese currency, and the average exchange rate for USD/RMB from 2015 to 2017 is 6-54; T2DM, type 2 diabetes mellitus.

https://doi.org/

of nutritional surplus, where they are more likely to get
adequate micronutrients“®, Besides, previous studies indi-
cated that obesity, hypertension and T2DM were associ-
ated with erythrocytosis““**. Moreover, a study based
on the general population showed that BMI, blood pres-
sure, total cholesterol, LDL-cholesterol and TAG were
higher in individuals with erythrocytosis significantly(%).
However, only T2DM was positively associated with anae-
mia in men based on the Chinese criteria. T2DM can cause
systemic inflammation’* and renal damage” and further
induce anaemia. The inflammation can block the Fe cycle,
shorten erythrocyte lifespan, and reduce erythropoietin
production and biological activity®. Consistent with pre-
vious studies, renal disease was linked to anaemia by
impairing the ability of erythropoietin production and fur-
ther reducing erythrocyte production®®#”. The main path-
way was the reduction of the ability of erythropoietin
production by inducing the erythropoietin-producing cells
to differentiate into myofibroblasts®®.

The findings of the current study have several health
policy implications. Firstly, microcytic anaemia had the

0.1017/51368980023000319 Published online by Cambridge University Press

most stable prevalence, suggesting that the prevention
and control of Fe deficiency anaemia (the most common
microcytic anaemia) should continue. Secondly, a consid-
erable number of participants suffered from normocytic
anaemia with mild Hb reduction. Future efforts to reduce
the burden of anaemia could focus on that. Finally, the
prevalence of different anaemia subtypes had a similar
variation pattern. Women of reproductive age should be
considered first and older persons second in policy formu-
lation, regardless of the subtype.

To the best of our knowledge, this was the first study that
compared the prevalence of anaemia by the WHO and the
Chinese definitions and evaluated the distributions of mor-
phological subtypes of anaemia in the Chinese rural pop-
ulation. Furthermore, this study used a variety of
definitions and classifications of anaemia, had a large sam-
ple size, and strict quality control and quality assurance.
However, there were some limitations. As the present study
was a cross-sectional design, associations of some related
factors with anaemia may be reverse causality.
Therefore, more prospective studies are needed to validate
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our results. Moreover, only diagnosing aetiologies by mor-
phological subtypes was not definitive due to the
unavailability of data such as ferritin (defining Fe deficiency
anaemia) in the current study. However, these subtypes
can provide information to narrow the range of aetiologies
in the initial diagnosis and save medical resources/'?.
Besides, the results from a portion of the Chinese popula-
tion might not be representative of the entire rural region of
China. However, to some extent, the results of the current
study can reflect the prevalence of anaemia in the Chinese
rural areas due to the large sample size as well as the
Henan rural population accounts for 89 % of the Chinese
rural population®. Due to the influence of dietary factors
on anaemia, future studies should include the population in
other regions for research. However, the results of this large
sample study likely reflect the prevalence of anaemia in
rural areas of China.

Conclusion

In summary, the estimated standardised prevalence of
anaemia was 13-63% and 5-45% in rural China across
the WHO and the Chinese definitions, and the prevalence
was higher among women than among men. The preva-
lence of microcytic anaemia was the most stable, while nor-
mocytic anaemia changed the greatest when different
definitions were used. Several demographics, lifestyles
and metabolic factors were associated with anaemia risk.
Our results suggested that anaemia may still be a serious
public health problem in the current population.
Therefore, effective strategies are necessary to minimise
the effect of the influencing factors for anaemia and
decrease the prevalence of anaemia, especially in rural
regions with high prevalence.
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