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Abstract

Objective: To determine both the rates of appropriate red blood cells (RBCs) use in

China and where inappropriate use is particularly prevalent.

Background: In China, obtaining the comprehensive picture in unnecessary RBCs

transfusion is helpful for understanding the strained blood supplies and targeting

training of clinicians.

Study design: and methods: Eligible studies were mainly retrieved from four

Chinese medical databases and four databases from abroad. In all studies, the

appropriateness of RBCs transfusion in transfusion cases, blood request forms, or

RBC units within the last thirteen years was determined by using national

guidelines. Relationships between RBCs-transfusion appropriateness and type of

RBCs-transfusion record, geographical region, level of hospital (LOH-2 and

LOH-3), department type (operative vs. non-operative), and study quality (high

vs. low) were analyzed by Chi-squared tests.

Results: On average, 72.30% (standard deviation, SD ¼ 18.87%) of all cases/

forms/units throughout China were appropriate. The appropriateness of RBCs-
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transfusion differed significantly depending on RBCs-transfusion record type, they

were 69.10%, 68.85%, and 75.64% for blood request forms, transfusion cases, and

RBCs units, respectively (p < 0.001). The southwest and northeast were the most

(80.62%) and the least (66.57%) appropriate transfusion areas, respectively. The

coefficients of variances (CV) for the geographical regions differed significantly

(0.029e0.39). LOH-3 were more appropriate than LOH-2 (p < 0.001). Non-

operative departments were more appropriate than operative departments (p <

0.001). High-quality studies reported higher appropriate rate than low-quality

studies (74.48% vs. 69.72%, p < 0.001).

Conclusion: In China, unnecessary RBCs transfusion was common and may

exacerbate the current pressure on blood supplies. Clinicians in certain

geographical regions, LOH-2, and operative departments should be targeted with

training in transfusion medicine.

Keyword: Evidence-based medicine

1. Introduction

Red blood cells (RBCs) are the most clinically important of all blood components

and cannot be substituted. The safety and adequacy of RBCs has always been a

concern all around the world and especially in China whose blood collection and

supply are unbalanced. In China, the inappropriate use of RBCs in the clinic has

recently been reported, which may negatively impact the already limited blood sup-

ply of RBCs. Especially, due to developments in China’s economy and society, the

expansion of the medical security system covering both rural and urban areas has

vastly increased the numbers and sizes of hospitals from all levels [1]. Specifically,

between 2005 and 2013, the number of second-level hospitals (LOH-2) and third-

level hospitals (LOH-3) increased by 30% and 89%, respectively. Moreover, the

number of beds in LOH-2 and LOH-3 increased by 98% and 180%, respectively.

This is significantly given that the number of beds in LOH-2 and LOH-3 accounted

for 91.1% of all hospital beds in China [2]. These relatively rapid changes have in

turn placed great pressure on blood component inventory, as shown by Xiao et al,

they reported that the rapidly growing numbers of inpatients in China were the

main cause of the sharp rise in the demand for blood components [3]. There is

thus an urgent need to assess, with the aim of improving the appropriateness of blood

transfusion occurring in LOH-2 and LOH-3.

Other possible problems hampering the appropriate administration of blood compo-

nents in China include the fact that the rate of voluntary blood donation remains rela-

tively low: in 2011, it was only 8.53 donors per 1000 [4] and it wasn’t until 2016 that

China’s blood donation rate has achieved the rate recommended by World Health

Organization (WHO). Moreover, the professional training system that teaches blood
on.2019.e01408
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transfusion physicians is not fully developed in China: transfusion medicine con-

tinues not to be listed in the national classification of disciplines and only five med-

ical colleges currently teach transfusion medicine [5, 6]. As a result, there are very

few well-trained professional transfusion medicine physicians in the blood transfu-

sion departments in China, and even fewer personnel who can actively monitor and

evaluate the clinical use of blood components at a local and national level [7]. These

observations suggest that there may be substantial unreasonable use of RBCs

throughout the hospital system and that this may strongly contribute to the increasing

pressure on blood inventories in China [8].

Several studies have assessed the appropriateness of the clinical use of RBCs in spe-

cific areas and hospitals in China. However, many of the studies’ results were

discrepant and were unlikely to reflect the overall status in China accurately [9].

To obtain a more comprehensive picture of inappropriate RBCs transfusion in

China, we performed a present systematic literature review on the clinical use of

RBCs in China. We discovered that there was substantial unnecessary use of

RBCs throughout China and that it was particularly prevalent in certain clinical de-

partments, hospitals, and geographical regions. This information will help guide the

targeted education of clinicians in transfusion medicine. It will also benefit subse-

quent research on the clinical use of RBCs.
2. Results

2.1. Study characteristics

In total, 979 papers were retrieved, among which 189 were related to RBCs trans-

fusion. Of these, 115 (60.85%) were excluded during screening (Fig. 1). At last,

we included 74 articles (39.15%) from four main Chinese databases. Among the

number of these included articles, transfusion cases, blood request forms and

RBC units were 40, 23 and 11, respectively. Of the 32 provinces/municipalities,

23 (71.88%) covered the appropriateness of RBCs transfusion in mainland China

(except for Hong Kong & Macau). 226 LOH-3, 429 LOH-2, and 105,696 transfu-

sion cases were totally assessed in these studies. Five studies examined RBCs use

in a whole province, namely, Jiangxi [10], Hebei [11], Zhejiang [12], and Anhui

[13, 14]. 26 studies assessed RBCs use in more than one hospital in a city or county.

The remaining 43 studies focused on a single hospital. Among these papers, 11 were

considered to be high-quality, while 63 were considered to be low-quality.

2.2. Appropriate RBCs use associated with different types of
transfusion records

On average, 72.30% (SD ¼ 18.87%) of all cases/forms/units throughout China were

appropriate. The appropriateness and differences of clinical use between the types of

RBCs-transfusion record were shown in Table 1.
on.2019.e01408
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Fig. 1. Flowchart of study selection. Notes: The process in screen 1 was screened by two researchers,

separately. The third researcher made the ultimate decision when the opinions of the first two researchers

were different.
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2.3. Appropriate RBCs use in different hospital levels

Of the studies that examined the appropriateness of transfusion cases/forms, 14 and

42 focused only on LOH-2 and LOH-3, respectively. Table 2 presented a detailed

comparison between LOH-2 and LOH-3.
2.4. Appropriate RBCs use in clinical departments

The differences between different clinical departments were also observed in Tables

1 and 2. The operative departments had significantly lower appropriate transfusion

rates than the non-operative departments regardless of the study objects (p< 0.001).
2.5. Appropriate RBCs use in different regions

The amount of research in the seven Chinese geographical regions varied markedly:

20 studies that included 143 hospitals and 47,780 transfusion cases were performed in
on.2019.e01408
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Table 1. The number and appropriate rate of different subjects.

Study subjects Overall Medicine Surgery Gynecology &
obstetrics

Pediatrics

Request forms 24386 8722 15208 318 69
69.10% 82.90% 61.12% 78.61% 100%

Units of RBCs 39873 13084 20086 4560 2143
75.64% 90.35% 63.14% 81.40% 90.76%

Transfusion cases 24153 7400 13796 2315 642
68.85% 84.27% 60.09% 73.69% 87.07%

P value <0.001 <0.001 <0.001 <0.001 <0.001

Notes: P values were acquired by performing comparisons between three groups in the same column.
Then we also calculated P values between any two groups in the same column and the difference is sig-
nificant unless noted otherwise. The overall appropriate rate between request forms and transfusion cases,
P ¼ 0.556 was obtained. P ¼ 0.075 was obtained by comparing the statistics between request forms and
transfusion cases in the surgery department. In the departments of gynecology and obstetrics, P ¼ 0.060
was obtained by comparing the appropriateness of transfusion cases and blood request forms; P ¼ 0.219
was obtained by comparing the appropriateness between application forms and RBCs units.
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eastern China, whereas only 6 studies that included 7,271 cases were performed in

northern China (Fig. 2). The cases/forms were most frequently appropriate in south-

west China (80.62%), followed by northern China (79.34%), eastern China (78.25%),

northwest China (78.22%), central China (71.07%), southern China (70.97%) and

northeast China (66.57%). The appropriate rate of RBCs transfusion in various re-

gions did not correlate significantly with the ratio of LOH-3 to LOH-2 (r ¼ 0.071,

p ¼ 0.879) or the ratio of all cases from internal medicine and surgery (r ¼ 0.036,

p¼ 0.939). Although the average frequency of appropriate RBCsuse in different areas

was 74.95% (SD ¼ 5.36%, acquired from group of cases/forms), the different areas

differed markedly in terms of CV. For example, the CV of medicine in eastern China

was 0.029, while the CV of surgery in northwest China was 0.387 (Fig. 3).
2.6. Frequencies of appropriate RBCs use reported in high- and
low-quality studies

Eleven studies were classified as high-quality studies. The remaining 63 papers were

recognized as being of low-quality. The high-quality studies reported appropriate

RBCs use more frequently in the departments overall than the low-quality studies

(p < 0.05). This was also observed within the operative departments, namely, sur-

gery, gynecology and obstetrics (p < 0.001). However, this difference between

the high-quality and low-quality studies was not observed in the non-operative de-

partments (p ¼ 0.815) (Table 3).
3. Discussion

In the 74 articles that met the screening criteria in this systematic review, the overall

frequency of appropriate RBCs transfusion in China ranged from 53.60% to 93.60%
on.2019.e01408
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Table 2. The number and appropriateness of RBCs used in LOH-2 and LOH-3 according to clinical departments.

Level of hospital Overall Medicine Surgery Gynecology & obstetrics Pediatrics

cases/forms units cases/forms units cases/forms units cases/forms units cases/forms units

LOH-2 9918 8879 3789 3280 5560 3683 169 1916 400 398
66.51% 77.45% 84.58% 91.46% 54.93% 61.85% 76.92% 84.6% 71% 71.86%

LOH-3 28439 14318 8176 5157 17394 7712 2182 1449 687 0
71.14% 82.60% 84.86% 89.97% 64.49% 76.31% 74.20% 89.86% 89.08% 0

P value <0.001 <0.001 0.701 0.023 <0.001 <0.001 0.434 <0.001 <0.001 -

Notes: The number of subjects and appropriateness were obtained from the integration of data from papers researching RBC units. P values were obtained by comparing the two groups in one
column. No data concerning pediatrics were reported in LOH-3 in the group of RBC units.

6
https://doi.org/10.1016/j.heliyon.2019.e01408

2405-8440/�
2019

Published
by

E
lsevier

L
td.T

his
is
an

open
access

article
under

the
C
C
B
Y
-N

C
-N

D
license

(http://creativecom
m
ons.org/licenses/by-nc-nd/4.0/).

A
rticle

N
ow

e01408

https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 2. The appropriate level of RBCs transfusion according to areas and characteristics of the studies.-

Notes: 1. Appropriate rate of RBC use ranging from high to low are southwest, northern, eastern, north-

west, central, southern and northeast. The gray areas indicate areas (Hong Kong, Macao and Taiwan)

from which data were not acquired. 2. The kinds of research reports used are indicated by different colors

in the middle column of symbols. 3. The various shapes in the right column of symbols were used to

express the scope of the literature covered. 4. The black dots in the middle of the shapes indicate

high quality literature. Those without the black dot were of low quality.
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for different research subjects. The research showed the most appropriate use of RBCs

(93.60%) was reported in Shanghai by Tao et al at 2017 and the appropriate rate of

RBCs transfusion in non-operative department was up to 98.89% (445/450) [15].

The second rate (91.07%)was reported in 2018 [16] and others suggested us that almost

25%e40% of all clinical use of RBCs in China had been unnecessary since 2006. This

in turn suggested that the common inappropriate transfusion of RBCs might be one

cause of the current excessive pressure on blood supplies in China.

The blood request form-based studies and studies focused on blood cases were

significantly less likely to report appropriate RBCs use (69.10% and 68.85%) than

the studies of RBC units-based studies (75.64%) (p < 0.001). In order to analyzed

the reasons, we assessed whether the studies with different record types differed

in terms of the nature of the main clinical departments, and found that there was

good uniformity between the appropriate level of RBCs use in different types of

transfusion records and between the ratio of cases from medicine and surgery

(90.35%, 84.27%, 82.90% and 63.14%, 60.09%, 61.12% for RBC units, transfusion

cases and request forms, respectively). In addition, we couldn’t exclude completely

that the characteristic of different record types confounded the analysis. For

example, multiple RBC units sometimes were requested in a single request form,

so it might be difficult for the researchers to determine the appropriateness of each

unit. This problem also obvious when evaluating the appropriateness of transfusion

cases including part inappropriate request forms. There were nine studies in which
on.2019.e01408
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Fig. 3. The dispersion of appropriateness between areas. Notes: overall ¼ the overall appropriate levels

between areas; M-Overall ¼ the overall appropriate levels between areas of medicine; S-Overall ¼ the

overall appropriate levels between areas of Surgery; M-SW ¼ medicine of Southwest China; M-E ¼
medicine of Eastern China; M-NW ¼ medicine of Northwest China; M-N ¼ medicine of Northern

China; M-S ¼ medicine of Southern China; M-C ¼ medicine of Central China; M-NE ¼ medicine of

Northeast China; S-SW ¼ surgery of Southwest China; S-E ¼ surgery of Eastern China; S-NW ¼ sur-

gery of Northwest China; S-N ¼ surgery of Northern China; S-S ¼ surgery of Southern China; S-C ¼
surgery of Central China; S-NE¼ surgery of Northeast China. We used medians, percentiles (25%, 75%),

extreme values, and outliers to show the dispersion of appropriateness. The little black box, in the M-NE

column indicates literature with the appropriateness of 56.66% in the Yanbian area of Jilin province. The

black box in the column of M-C indicates the appropriateness of the literature in more than ten hospitals

in the area of Zhoukou in Henan province and the appropriate rate is 56%.

Table 3. The number and appropriateness of cases/forms reported in high- and

low-quality studies according to clinical departments.

Quality of papers Overall Medicine Surgery Gynecology &
obstetrics

Pediatrics

Low 40620 13783 23736 2393 708

69.34% 84.65% 60.30% 72.50% 85.59%

High 6571 1896 3969 240 466

74.48% 84.44% 68.08% 92.08% 79.40%

P value <0.001 0.815 <0.001 <0.001 <0.01

Notes: Subject number and appropriateness were obtained from the integration of data from papers re-
searching cases/forms. P values were obtained by comparing two groups in the same column.
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investigators classified transfusion cases as wholly or only partially appropriate

cases [15, 17, 18, 19, 20, 21, 22, 23, 24]. These observations suggested that the

most feasible study outcome variable for evaluating RBCs use appropriateness

should be the blood request form.

Our study also showed that, regardless of record types, the operative departments

were significantly less likely to use RBCs appropriate than other clinical depart-

ments. This might be explained by a study showed that while 78% of physicians

in China were fully cognizant of the national guidelines regarding the clinical use

of blood, only 60% of surgeons have grasped this knowledge [25]. Moreover,

compared with non-operative departments, operative departments are exposed to

variables that may elevate the risk of hemorrhage and death, thus making surgeons

more prone to use RBC units. These variables include the experience of surgeons or

anesthesiologists, the condition of patients, the duration of surgery, and the anes-

thetic and surgical techniques being used [26]. In addition, more than half of all med-

ical disputes in China were related to surgeons, thus, surgeons may be prone to

ordering transfusions in order to avoid any possible disputes [27, 28].

When different departments were examined, nearly all showed that the different

outcome variables were associated with different degrees of appropriateness, except

for gynecology and obstetrics departments and pediatrics departments. In gynecol-

ogy and obstetrics departments, the appropriateness of RBCs transfusion between

blood request forms and RBC units was similar (p ¼ 0.219). This lack of difference

might due to limited numbers of blood request forms (n ¼ 318). This might also ex-

plained why the appropriateness of RBC transfusion was significantly different be-

tween the blood request forms (n ¼ 69) and the transfusion cases (n ¼ 642) in

pediatric departments (p < 0.001). There was evidence that the three record types

were quantitatively similar for the same specimen in pediatrics: Zheng et al. showed

that 96.3% of the transfusion cases only included one application form, while

74.71% of the blood request forms only requested one unit of RBCs [29]. These

quantitative similarities between three record types could help minimize con-

founders in pediatric studies.

To compare the appropriate use of RBCs in different regions of China, the arithmetic

means of appropriate rate from internal medicine and surgery, other than from all the

records surveyed, was calculated. We took into account not only the fact that the

seven areas used quantitatively different transfusion records from mainly clinical de-

partments but the fact that some departments had fewer transfusion cases (i.e. pedi-

atrics, obstetrics and gynecology departments). Although the linear correlation

between the appropriateness of RBCs transfusion in different areas and the ratio

of LOH-3 to LOH-2 was not detected, the different rate between southwest and

southern/northeast may be partly related to the number of LOH-3 involved in this

analysis, LOH-3 accounted for 67% in southwest China, but only 33% and 51% in
on.2019.e01408
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northeast and southern China, respectively. To some degree, insufficient blood su-

pervision and management may be partly responsible for the low rate of appropriate

RBCs use in northeast China. For example, Jiang et al. reported that in Jilin prov-

ince, which is one of the three provinces in northeast China, 65% of the clinical blood

transfusion supervisors did not have a bachelor’s degree and only 19.8% of staffs in

the blood bank and clinical transfusion departments had specialized in clinical med-

icine. Moreover, transfusion medicine physicians only accounted for 20.8% and

9.7% of all staffs in transfusion departments in LOH-3 and LOH-2 respectively

[30]. When comparing the appropriate transfusion of RBCs between medicine and

surgery in different regions, it was found that the median appropriate rate of internal

medicine was higher than that of surgery except in northern China (Fig. 3). Review-

ing the raw data, it was found that only 3 studies in northern China had reported the

appropriate rate of RBCs between medicine and surgery which suggested that the

results in northern China might not be representative. In the regions of eastern, north

Western and central China, the results all indicated that the rate of medicine was

higher than that of surgery which further stated that some measures should be taken

in surgery department to strengthen the appropriateness of RBCs transfusion.

Regardless of the type of records being used, LOH-3 were overall more appropriate

in their RBCs use than LOH-2 (p < 0.001). This situation can be attributed to the

following aspects, Firstly, compared to LOH-2, LOH-3 have more specialized clin-

ical doctors who are experienced with complicated cases and have been trained to

deliver blood transfusions accurately [31]. Secondly, LOH-3 all have an independent

blood transfusion department, whereas in some LOH-2 (30.3%), the department of

blood transfusion is still merged with the clinical laboratory [32]. This makes it diffi-

cult for the hospital transfusion committee to educate, train, monitor, and evaluate

the clinical teams since the committee is not complete and is always a formality

to some degree in LOH-2 [7, 33]. Thirdly, most Chinese regard blood transfusion

as a very precious and effective medicine, while only 17% are cognizant of its dis-

advantages [34]. For this reason, doctors in LOH-2 are more likely to request blood

or blood components in order to prevent medical disputes even though the request

violate the Chinese national guidelines on clinical blood transfusion [25].

Our review also indicated that high-quality studies were significantly more likely to

report appropriate use of RBCs than low-quality studies. Further analysis showed

that 48.5% and only 31.1% of transfusion cases in high- and low-quality studies

were from LOH-3, respectively. In addition, compared to low-quality studies, the

assessment of RBCs transfusion is more objective and accurate for the clinical spe-

cialists participated in high-quality studies. Thus, the difference between high- and

low-quality studies in terms of appropriate frequencies may partly reflect this study

bias. Especially, these differences were more obvious in operative departments (p <

0.001) than in the non-operative departments (medicine, p ¼ 0.492; pediatrics, p ¼
0.258). Thus, future studies should consider inviting clinical specialists to assess the
on.2019.e01408
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appropriateness of RBCs use in operative departments. WHO also emphasized that

the hemoglobin level of a patient, while important, should not be the sole indicator

for starting transfusion [26].

Our systematic review also had limitations. Firstly, we merged the data from trans-

fusion cases and blood request forms, not only because both probably included the

use of more than one unit of RBCs, but also because the number of studies using

blood request forms was too limited to allow their division into enough categories

for further analysis. Secondly, we excluded partially appropriate transfusion cases.

This was partly because they accounted for a very small percentage of the transfu-

sion cases analyzed in the present study (1741/58,669; 2.97%) but more importantly

because of the lack of details regarding these cases. In any case, our systematic re-

view supported the notion that there was widespread inappropriate clinical use of

RBCs in China.

Therefore, measures should be taken immediately to improve appropriate blood use

and avoid unnecessary blood transfusions in China. It was reported that about 60% of

the cases of unreasonable clinical transfusion were attributed to the lack of confor-

mity between prescribing and national guidelines [35]. To address the causes of this

inappropriate use, several methods, such as: establishing a system of clinical blood

management, evaluation [36], educating and training clinicians in transfusion med-

icine [37] can improve appropriate blood transfusions and minimize unnecessary

transfusions. In addition, restrictive transfusion strategies aiming to avoid unneces-

sary blood usage and improve patient outcomes have become a worldwide move-

ment. Several studies have reported that restrictive blood transfusion was

beneficial for patients [38, 39]. Taking into account the differences between the

transfusion guidelines of AABB [40] and the transfusion thresholds of RBCs deter-

mined by China (7 g/dl for surgery departments and 6 g/dl for internal medicine

[41]), we could have provided more important and relevant data about clinical results

(Tables 4 and 5). Unfortunately, all the researches included in this review did not
Table 4. RBCs transfusion guidelines in China.

Items Contents

Surgery and trauma Purpose: RBCs are applied to improve the ability of blood to carry oxygen,
provided that blood volume basic normal or low blood volume has been
correct. Patients with low blood volume can be corrected with gel and
crystal liquid applications.

1. Hemoglobin >100 g/L, transfusion is not recommended.

2. Hemoglobin <70 g/L, transfusion should be considered.

3. Hemoglobin between 70-100 g/L, the decision of transfusion depending
on the degree of anemia, Cardiopulmonary compensatory function,
Presence of increased metabolic rate and age of patient etc..

Internal medicine Adaptive objective: Chronic anemia patients accompanied by hypoxia
symptoms, whose red blood cells were damaged, lost or dysfunctional.
hemoglobin <60 g/L or hematocrit <0.2, transfusion should be considered.

on.2019.e01408
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Table 5. Main recommendation of RBCs transfusion guidelines in AABB.

Main recommendation Contents

Recommendation1 AABB recommends a restrictive RBC transfusion threshold of 7 g/dL in
hospitalized hemodynamically stable adult patients, including critical care
patients.

Recommendation2 For patients undergoing orthopedic surgery, cardiac surgery and those with
pre-existing cardiovascular disease, AABB recommends a restrictive RBC
transfusion threshold of 8 g/dL.
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focus on the treatment effect of patients. There is no doubt that restrictive transfusion

strategies will be a worthy recommendation not only for saving Chinese blood re-

sources but also for determining a more restrictive transfusion threshold.

In conclusion, our review showed that unnecessary RBC transfusions are common in

China and may be in a large part responsible for the increasing demands on the pre-

sent limited blood supplies. We also showed that inappropriate blood transfusion is a

particular acute problem in LOH-2, surgical departments, and certain regions of

China. This information showed where measures to improve the appropriate use

of blood will be particularly effective. Since people at many levels in Chinese society

ranging from governments to hospitals to individual researchers and clinicians are

currently paying more attention to the safety, availability, and appropriate use of

blood than ever before, it is high likely that the unnecessary transfusion of blood

can be rapidly reduced, thus not only minimizing the risks of transfusion but also

alleviating the pressure on Chinese blood supplies.
4. Materials and methods

4.1. Data retrieval and screening

Four main medical databases in China, PubMed, Web of Science, the Cochrane li-

brary and Science Direct were searched by two researchers separately via basic

queries or advanced searches with keywords with the search terms “blood”, “blood

transfusion”, “blood use”, “blood component”, “clinical use”, “red blood cells”, “ra-

tionality”, “appropriateness” and “China” [8, 9]. Four Chinese medical databases

were the China National Knowledge Infrastructure (cnki.net), Wanfang Data

(wanfangdata.com.cn), SinoMed (sinomed.ac.cn), and CQVIP (cqvip.com). All

databases were searched for articles published up to December 1, 2018. The

retrieved articles were screened to ensure that they assessed the appropriateness of

RBCs or blood component transfusion in China according to Technical

Specification for Clinical Blood Transfusion standards, which were issued by the

Former Chinese Ministry of Health on June 1, 2000 [41] (Table 4). Articles that

didn’t focus on the appropriateness of RBCs were excluded and the exclusion

criteria as follows: repeated articles; studies that describe clinical blood
on.2019.e01408
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transfusion management; researches on the trend of clinical blood use; articles that

report the appropriateness of other blood components; reviews and systematic

analysis (Fig. 1).
4.2. Article classification and definitions

The articles that passed the screening were then classified according to the type of

transfusion records, hospital level (LOH-2 and LOH-3), type of clinical department,

geographical region, and study quality. Three kinds of research objects, namely:

transfusion cases, blood request forms and RBC units were investigated in the liter-

ature. The data from the first two were integrated (cases/forms) for analysis. For the

hospital level, LOH-2 are regional hospitals that provide medical and health services

across several communities and are technical centers for regional medical preven-

tion. LOH-3 are hospitals that provide medical and health services across regions,

provinces, cities and the whole country. These hospitals are preventive technical

centers with the ability of comprehensive medical treatment, teaching and scientific

research. Operative departments included surgery, gynecology and obstetrics; how-

ever, non-operative departments consisted of medicine and pediatrics. Other clinical

departments were not distinguished because detailed information on these depart-

ments was not described in the studies. Geographical region was defined as seven

geographical districts, namely, northeast, northwest, northern, eastern, southwest,

central, and southern China. These districts were obtained from an article called

“Characteristics of Regional Social and Economic Development in Mainland China”

[42]. Study quality was defined as high when RBC-transfusion records were both

selected randomly and evaluated by clinical specialists. Studies that did not have

these elements were regarded as low-quality studies.
4.3. Statistical analyses

All extracted data were coded, and then were placed in a Microsoft Excel 2007 table.

The frequency of appropriate RBCs use was expressed as the appropriate rate. The

appropriate level of RBCs use of all cases/forms/units throughout China was ex-

pressed as the mean � standard deviation (SD) of rates. Different groups were

compared in terms of appropriate RBCs use frequency by using Chi-squared tests.

Variability between the different geographical regions was expressed as coefficient

of variation (CV). The arithmetic means of the appropriate rates of RBCs use in both

medicine and surgery in every area were used to represent the appropriateness of this

area. Correlations between appropriate rate of RBCs use in different regions and

LOH-3/LOH-2 ratio or the ratio of all cases from internal medicine and surgery

were assessed by Spearman correlation analysis. All statistical analysis was per-

formed by using SPSS 20.0. Statistical significance was set at p < 0.05.
on.2019.e01408

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01408
Declarations

Author contribution statement

Yujie Kong, Xiangming Wang: Analyzed and interpreted the data; Wrote the paper.

Yonghua Yin: Contributed reagents, materials, analysis tools or data.

Xue Tian, Ling Li, Jue Wang, Li Tian, Ning Song: Analyzed and interpreted the

data.

Zhong Liu: Conceived and designed the experiments.
Funding statement

This work was supported by the CAMS Innovation Fund for Medical Sciences

(2016-I2M-3-024), Non-profit Central Research Institute Fund of Chinese Academy

of Medical Sciences (2018PT32016).
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
References

[1] L.H. Liu, S. Wang, Y.R. Bao, Factors of bed size increase in the large general

hospitals in China (in Chinese), Hosp Admin J Chin PLA 18 (2011)

1127e1129.

[2] S. Wang, The Research of Cause and Suitable Model about Hospital Bed Ca-

pacity Development in China (Doctoral thesis), Peking Union Medical Col-

lege, 2015.

[3] J. Xiao, G.J. Zhu, T. Peng, X.Y. Gan, J. Song, The causal analysis of the sharp

rise in the clinical blood supply (in Chinese), Chin J Blood Transfusion 23

(2010) 1068e1069.

[4] Y.H. Yin, C. Li, Z. Liu, Blood donation in China: sustaining efforts and chal-

lenges in achieving safety and availability, Transfusion 55 (2015) 2523e2530.

[5] Standardization Administration of the People’s Republic of China (SAC), The

Announcement of No. 1 Modification about Approval of Release of GB/T

13745-2009 “Subject Classification and Code”, SAC, Beijing, 2012 at,
on.2019.e01408

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36781-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref4
https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/


15 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01408
http://www.sac.gov.cn/gzfw/ggcx/gjbzgg/201125/201201/t20120116_

102465.htm. (Accessed 16 May 2016).

[6] L.K. Kong, The development and construction of discipline in transfusion

medicine (in Chinese), Chin J Blood Transfusion 27 (2014) 1275e1279.

[7] J.H. Lan, Problems and countermeasures of clinical blood transfusion manage-

ment in grass-roots hospitals (in Chinese), J Diseases Monitor & Control 9

(2015) 123e124.

[8] Z.P. Lin, H.N. Liu, X.B. Cai, W.J. Hu, Q. Fu, Y.D. Dai, et al., Analysis of the

results of literature of clinical blood transfusion rationality (in Chinese), Med-

icine and Philosophy 36 (2015) 51e54.

[9] H.N. Liu, Z.P. Lin, W.J. Hu, Q. Fu, Y.D. Dai, X.B. Cai, Discussion about the

condition and management measures of the clinical applied in China (in Chi-

nese), J Clin Hematol (China) 28 (2015) 138e140.

[10] J.H. Peng, X.Q. Zhang, H.W. Ma, Z.J. Huang, Y.J. Ou, H. Wu, Investigation

and analysis of clinical use of blood in Jiangxi province (in Chinese), Acta

Academia Medicine Jiangxi 49 (2009) 107e109.

[11] G.C. Jia, F.H. Wang, Y.T. Hu, J.L. Jia, Analysis of the rationality of clinical

blood use in Hebei province (in Chinese), Chinese Journal of Social Medicine

32 (2015) 246e249.

[12] Y.Y. Yao, H.Y. Wang, S.M. Zhu, C.S. Huang, J. Li, J.Z. Lou, et al., Investi-

gation of the status of perioperative blood transfusion in grade III-A general

hospitals in Zhejiang province (in Chinese), Nati Med J China 90 (2010)

894e897.

[13] L. Li, Y.P. Zhang, H. Su, Analysis of the rationality of blood use in medical

case of class 3-A hospital in Anhui province (in Chinese), J. Clin. Transfus.

Lab. Med. 15 (2013) 107e111.

[14] Y.P. Zhang, A Survey of the Appropriate Use of Red Blood Cell and Plasma

in Surgical of Class 3 Hospital in Anhui Province, Anhui Medical University,

Hefei, 2012 master’s thesis.

[15] Jiaying Tao, Beibei Qian, Aijia Zhang, et al., Investigation and analysis of ra-

tionality of 900 cases of clinical blood transfusion, Chin J Blood Transfus 7

(2017) 0805e0807.

[16] Yong Jiang, Comparison of rationality of blood transfusion between internal

medicine and surgery, Medical Equipment 4 (2018) 0136e0137.
on.2019.e01408

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://www.sac.gov.cn/gzfw/ggcx/gjbzgg/201125/201201/t20120116_102465.htm
http://www.sac.gov.cn/gzfw/ggcx/gjbzgg/201125/201201/t20120116_102465.htm
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref16
https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/


16 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01408
[17] Z.Q. Wu, Investigation of clinical use of blood in a district (in Chinese), Guide

of China Medicine 13 (2015) 96e97.

[18] D.M. Wang, S.B. Ding, L. Tong, W.Q. Dong, S. Wu, Rationality analysis of

clinical blood transfusion (in Chinese), Journal of Kunming Medical Univer-

sity 36 (2015) 171e172.

[19] Z.Q. Lian, W.J. Wu, K. Kang, L. Deng, Investigation and analysis of clinical

blood transfusion records in a tertiary hospital (in Chinese), Chin J Blood

Transfusion 25 (2012) 1306e1307.

[20] Y.P. Yang, L.Z. Duan, Rational analysis of clinical use of blood in a hospital

(in Chinese), Vocational Education of Health 30 (2012) 134e135.

[21] Z.X. Lu, J.W. Zhou, Investigation and analysis of rural clinical transfusion in

the city of Nanning Guangxi province (in Chinese), Chinese Medical Digest

Internal Medicine 5 (2010) 505e506.

[22] B. Sun, S.Z. Liu, C. Cheng, S.Q. Zhang, L. Wang, An analysis of the status of

blood transfusion in hospital (in Chinese), Med. J. Qilu 24 (2009) 531e532.

[23] X.L. Chu, J.H. Huang, L.X. Liu, J.M. Yan, Z.H. Tian, Y.J. Guo, Investigation

of clinical blood transfusion status in Fuzhou region (in Chinese), Chin J

Blood Transfus (2008) 336e338.

[24] Li Qiang, Li Fei, Jun Wen, Investigation and analysis on the rationality of

2000 cases of clinical blood transfusion, World Latest Medicine Information

18 (21) (2018) 185e189.

[25] Q. Jiang, T. Kang, Investigation and analysis of current clinical blood use in

Changsha area in 2012 (in Chinese), Chin J Blood Transfus 28 (2015)

691e693.

[26] The Clinical Use of Blood. Handbook Ed, WHO, Geneva, 2002 at, http://

www.who.int/bloodsafety/clinical_use/en/. (Accessed 16 May 2016).

[27] J. Cao, Retrospective Analysis of Mortality in Perioperative Period, Central

South University (Master’s thesis), Changsha, 2012.

[28] X.M. Su, B.H. Wan, C. Xue, Current situation and genetic analysis of doctor-

patient disputes (in Chinese), Chinese Hospital Management 30 (2010)

56e58.

[29] P. Zheng, Rationality analysis of 271 pediatric blood transfusion records in

Kashgar region, Xinjiang (in Chinese), Journal of China Pediatric Blood

and Cancer 15 (2010) 174e175.
on.2019.e01408

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36781-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref25
http://www.who.int/bloodsafety/clinical_use/en/
http://www.who.int/bloodsafety/clinical_use/en/
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref27
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref27
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref29
https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/


17 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 Published

(http://creativecommons.org/li

Article Nowe01408
[30] Y.H. Jiang, The Current Situation Analysis and Countermeasure Research for

Clinical Blood Transfusion Health Supervision in Jilin Province Medical Insti-

tutions, Jilin University (Master’s thesis), Changchun, 2012.

[31] Z.H. Zhang, Investigation: survival pressure of Chinese hospital (in Chinese),

China Health Industry (2004) 18e22.

[32] T.H. Yang, X.M. Shen, Z.X. Lu, K.Q. Shi, X. Lai, Risk factors for misdiag-

nosis of acute leukemia at different graded hospitals (in Chinese), Clinical

Misdiagnosis & Mistherapy 14 (2001) 5e7.

[33] B.C. Yang, C.P. Shao, How to promote the work of rational blood transfusion

(in Chinese), Chin J Blood Transfus 22 (2009) 411e414.

[34] P. Zhang, Investigation on knowledge transfusion among doctors and patients

(in Chinese), Clinical Journal of Chinese Medicine 7 (2015) 137e138.

[35] C.Q. Wang, Y.P. Chen, F.G. Ouyang, F. Liu, Clinical analysis of unreasonable

use of blood (in Chinese), Journal of Clinical Hematology (2012) 655e656.

[36] J.Y. Huang, Y.M. Wei, Y.H. Hu, H. Deng, Establishment of assessment sys-

tem of blood transfusion application and case medical record for clinic trans-

fusion monitor (in Chinese), Chin J Blood Transfus 25 (2012) 1059e1062.

[37] Z. Lan, Y.M. Xie, X.W. Yang, H.H. Huang, The analysis and application of

management measures in clinical rational transfusion (in Chinese), Lab Med

Clin 11 (2014) 942e943.

[38] Martyn J. Parker, Randomized trial of blood transfusion versus a restrictive

transfusion policy after hip fracture surgery, Injury 44 (12) (2013)

1916e1918.

[39] J.L. Carson, M.L. Terrin, H. Noveck, et al., Liberal or restrictive transfusion in

high-risk patients after hip surgery, N. Engl. J. Med. 365 (26) (2011) 2453.

[40] J.L. Carson, G. Guyatt, N.M. Heddle, et al., Clinical practice guidelines from

the AABB: red blood cell transfusion thresholds and storage, Jama 316 (19)

(2016) 2025.

[41] MOH, Notification of “Technical Specification for Clinical Blood Transfu-

sion” in 2000, MOH, Beijing, 2000. http://www.moh.gov.cn/mohyzs/s3589/

200804/18676.shtml. (Accessed 16 May 2016).

[42] Economic Information Daily, Analysis of Characteristics of Regional Social

and Economic Development in China, China.org.cn, Beijing, 2003. http://

www.china.com.cn/chinese/OP-c/278929.htm. (Accessed 16 May 2016).
on.2019.e01408

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36781-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36781-1/sref40
http://www.moh.gov.cn/mohyzs/s3589/200804/18676.shtml
http://www.moh.gov.cn/mohyzs/s3589/200804/18676.shtml
http://www.china.com.cn/chinese/OP-c/278929.htm
http://www.china.com.cn/chinese/OP-c/278929.htm
https://doi.org/10.1016/j.heliyon.2019.e01408
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Appropriateness of red blood cell use in China in the last thirteen years: A systematic review
	1. Introduction
	2. Results
	2.1. Study characteristics
	2.2. Appropriate RBCs use associated with different types of transfusion records
	2.3. Appropriate RBCs use in different hospital levels
	2.4. Appropriate RBCs use in clinical departments
	2.5. Appropriate RBCs use in different regions
	2.6. Frequencies of appropriate RBCs use reported in high- and low-quality studies

	3. Discussion
	4. Materials and methods
	4.1. Data retrieval and screening
	4.2. Article classification and definitions
	4.3. Statistical analyses

	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


