
RESEARCH Open Access

Health research capacity of professional
and technical personnel in a first-class
tertiary hospital in northwest China:
multilevel repeated measurement,
2013–2017, a pilot study
Peijing Yan1,2†, Yongfeng Lao3†, Zhenxing Lu4†, Xu Hui5, Biao Zhou3, Xinyu Zhu6, Xiaojie Chen6, Li Li6,
Zixuan Wang3, Min Zhang6* and Kehu Yang1,7,8,9*

Abstract

Objectives: To explore the health research capacity (HRC) and factors associated with professional and technical
personnel (PTP) in a first-class tertiary hospital in northwest China.

Methods: We collected the repeated measurement data from a first-class tertiary hospital in northwest China
between 2013 and 2017. HRC of PTP was assessed by a comprehensive evaluation system and measured by
research capacity score (RCS). The participants were divided into research group (RCS >0) and comparison group
(RCS = 0); participants of the comparison group were selected by two-stage stratified random sampling. Multilevel
model for repeated measures was used to investigate the potential factors associated with HRC.

Results: A total of 924 PTP were included (308 in the research group and 616 in the comparison group). This study
found consistent growth in RCS and associated 95% CIs for the hospital during 2013 and 2017. The linear multilevel
model showed PTP with a doctorate degree had higher RCS than those with a master’s degree (β, 1.74; P <0.001),
bachelor’s degree (β, 2.02; P <0.001) and others without a degree (β, 2.32; P <0.001). Furthermore, the PTP with
intermediate (β, 0.13; P = 0.015), vice-high (β, 0.27; P = 0.001) and senior (β, 0.63; P <0.001) professional titles had higher
RCS than those with junior positions. Compared with PTP in the administration, those in paediatrics had higher RCS (β,
0.28; P = 0.047) though similar to PTP in other departments. PTP with an administrative position had a higher RCS than
those in non-administrative positions (β, 0.26; P <0.001). The RCS increased with the research fund (β, 0.15; P <0.001).
However, no associations were found between RCS and sex, age, ethnic, graduate school or technical type.

(Continued on next page)

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: sallyzhangmin@126.com; kehuyangebm2006@126.com
†Peijing Yan, Yongfeng Lao and Zhengxing Lu are co-first authors
6Department of Scientific Research, Gansu Provincial Hospital, Lanzhou
730000, China
1Institute of Clinical Research and Evidence-Based Medicine, Gansu Provincial
Hospital, Lanzhou 730000, China
Full list of author information is available at the end of the article

Yan et al. Health Research Policy and Systems          (2020) 18:103 
https://doi.org/10.1186/s12961-020-00616-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12961-020-00616-7&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sallyzhangmin@126.com
mailto:kehuyangebm2006@126.com


(Continued from previous page)

Conclusions: HRC with associated variation of PTP for the hospital in northwest China increasingly improved and
degree, professional title, administrative position, and research fund were related to HRC of PTP. Multi-central
prospective studies are needed to clarify the potential relationship of related factors and HRC of PTP.

Keywords: Health research capacity; professional and technical personnel; Chinese hospital; multilevel repeated
measurement

Introduction
Health research provides new knowledge that can be trans-
ferred into practice [1], creates advanced care environments
[2], enhances the support available to patients and their
families [3], and has been described as the missing link in
the development of high-quality, evidence-based healthcare
for the population [4]. Research outputs from hospitals
have grown faster than those from universities, especially
since 2006/2007 [5] and hospitals engaged in research have
been recognised as providing better patient care [6].
Physician-scientists play a unique and critical role in health
research [7]. Furthermore, with evidence-based practice
spreading worldwide, professional and technical personnel
(PTP) are responsible for delivering high-quality care based
on the best evidence [8]. Therefore, the health research cap-
acity (HRC) of PTP plays vital role in health research.
In recent years, studies on HRC have focused on nursing

[9–11], midwifery [12], pharmacists [13] and other health-
care areas. However, developing high-quality hospital-based
research is needed in our health system as well as for vari-
ous PTP [14]. In addition, different approaches and indexes
have been used to assess the HRC for nursing [10, 15–17]
and salary sources, research funding, time spent in research,
bibliometric analyses and other non-comprehensive indexes
have been used to evaluate the HRC among other PTPs
[10, 18–20]. However, there is no standardised method for
measuring research capacity [18].
Based on a hospital's ability to provide medical care,

medical education and conduct health research, hospitals
in China are designated as primary, secondary or tertiary
institutions [21]. Tertiary hospitals perform a larger role
with regard to medical education and scientific research
and serve as medical hubs providing care to multiple re-
gions and are superior to primary hospitals and secondary
hospitals [22, 23]. Furthermore, based on the level of ser-
vice provision, size, medical technology, medical equip-
ment, and management and medical quality, these three
grades are further subdivided into three subsidiary levels,
resulting in a total of nine levels. A first-class tertiary hos-
pital is more specialized than any other level.
To date, no research has focused on hospitals of north-

west China, where the HRC of PTP is in its initial and de-
velopmental stage. Therefore, herein, we chose all of the
PTP in a Chinese first-class tertiary hospital of northwest

China as the research objective. Health delivery systems
vary considerably between different countries; thus, the
HRC was assessed by a comprehensive evaluation system
specific for China [24]. Additionally, some studies in HRC
among other medical staff have been cross-sectional stud-
ies [2, 25], whereas others have used multiple linear re-
gression analysis [26, 27], which ignores delayed effects
[28] and long-term nature of scientific research [29].
Therefore, this study adopted the multilevel repeated
measurement model [30, 31] to explore the HRC and fac-
tors associated with all PTP in a first-class tertiary hospital
in northwest China.

Methods
Data source
The present study was based on data of the official fig-
ures from a first-class tertiary hospital in northwest
China. Ethics approval was granted by the Institutional
Ethics Committee of the Gansu Provincial Hospital. We
selected PTP of the hospital as the research objective
and collected the characteristics of participants and the
information of HRC between 2013 and 2017.

Assessment of HRC
HRC was assessed by a comprehensive evaluation system
and measured by research capacity score (RCS). The
evaluation system was adopted by Hongwei Fan et al. in
2015 [24, 32, 33] based on the Delphi method and the
selected 38 experts have rich experience in scientific re-
search management, basic research, clinical research and
other fields. The evaluation system covers the informa-
tion of research capacity with associated weight score.
After two rounds of the Delphi consulting, the scientific
evaluation system was established and included 6 first-
level indicators and 28 second-level indicators. The de-
tails of the evaluation system are included in Additional
file 1. The mean of expert authority coefficients was
0.879, the Kendall's W coefficient of two rounds of the
Delphi consulting were 0.79 and 0.83 [24]. The evalu-
ation system had good reliability and validity (Cron-
bach’s α = 0.950) [32]. The information of research
capacity contains obtained research projects, research
awards, patents, published scientific papers, monographs
and the number of trained students [24].
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The RCS of participants is equal to the summary of
the weight score in HRC. Considering the delayed effect
[28] and long-term nature of scientific research [29], this
study collected the RCS of the participants per year from
2013 to 2017.

Participants and randomisation
This study divided the participants into the research
group (n = 308) and a comparison group (n = 1871)
based on the RCS. The PTP whose RCS was greater than
zero in the 5-year period belonged to the research group
and the other participants belonged to the comparison
group. The proportion of degree types (doctor, nurse,
technician, pharmacists and other PTP) of all the PTP
for the hospital was different from those of the research
group and there were significant differences among tech-
nical types in sex, degree and other factors. To balance
the number of participants between the two groups and
reduce the potential bias caused by the different charac-
teristics of PTP, a two-stage stratified random sampling

method was adopted to determine the comparison
group.
Two-stage stratified random sampling was performed

as follows: (1) the PTP in the comparison group were
stratified into five levels based on the degree type of re-
search group: doctor, nurse, technician, pharmacists and
other PTP; and (2) we selected each level in a 1:2 ratio
(research group versus comparison group), and 616 par-
ticipants were randomly selected from the comparison
group as the research objective. Therefore, a total sam-
ple of 924 professional technical personnel was included
in this study. Figure 1 shows the flow of PTP sampling
and ascertainment.

Data management
We developed a study manual of operations to standard-
ise all screening and data management, which was used
to train all researchers in this study.
The information of participant-level characteristics in-

cluded basic demographic characteristics (sex, age, eth-
nic, birthplace, etc.); the latest degree information

Fig. 1 Sampling and ascertainment of professional and technical personnel
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(highest degree, graduate school, length since gradu-
ation, etc.); and the latest work information (department,
technical type, title, whether in an administrative pos-
ition or not, etc.). The repeated measurement of scien-
tific research information (in the 5 years 2013–2017)
included the number of obtained research projects, re-
search awards, research fund or patents; published scien-
tific papers or monographs, and the number of trained
students.
Highest degree containing doctor, master, bachelor

and others (without a degree). Graduate school of PTP
includes foreign university, 985/211 university, common
university, and others. (985/211 university means one of
the universities participating in either Project 211 or
Project 985, financed by the government of the People’s
Republic of China to build world-class universities for
the 21st century; universities in projects 985 or 211 are
first class universities in China [34].) Common university
means the full-time university besides a foreign univer-
sity or a 985/211 university, and other universities con-
taining adult education, network education and other
various part-time courses. Degree type includes doctors,
nurses, medical technicians, pharmacists and others
(other professional and technical types such as account-
ant, economist, etc.).

Statistical analysis
For continuous variables, data were reported either as the
mean ± standard deviation (SD) or the median with inter-
quartile range (IQR) according to normality tests (Sha-
piro–Wilk and Shapiro–Francia tests for normality).
Categorical variables were expressed as frequencies and
percentages. Pearson's χ2, two-sample t test and Kruskal–
Wallis rank test were used to compare the difference of
participant-level characteristics between the two groups.
Taking delayed effect [28] and long-term of scientific

research [28] into account, we repeated the measure-
ment of research capacity of PTP from 2013 to 2017.
Thus, the traditional multiple regression model is not
suitable. Furthermore, repeated measurement ANOVA
could not handle the covariates well as it regarded ran-
dom effects as useless parameters, which leads to infor-
mation loss [35]. Therefore, we used multilevel models
for repeated measures to investigate the potential factors
associated with HRC for PTP and to accommodate data
structured hierarchically [31]. We used linear multilevel
models with random intercepts for continuous measures
of HRC, and a two-level variance structure with repeated
assessment measures nested within PTP. Multicollinear-
ity in the predictors can affect the results of multilevel
models. Multilevel variance inflation factor, a form of
analysis used in multilevel modelling, was used to assess
multicollinearity among predictors; variables with multi-
level variance inflation factor values over 10 indicate

potential collinearity problems [36–38]. All of the main
effects and interactions were assessed using P values
from Wald tests.
Covariates included in the final model were (1) sex,

age and ethnicity for basic demographic characteristics;
(2) highest degree and graduate school for degree infor-
mation; (3) technical type, title, department, whether
holding an administrative position or not for work infor-
mation; and (4) the amount of research funded each year
between 2013 and 2017 for research information.
Data from these analyses were reported as coefficients

with 95% confidence intervals (CIs). For all statistical
tests, a two-tailed a level of 0.05 was used. Statistical
analyses and preparation of figures were performed
using Stata, version 13.0 (Stata Corp., College Station,
TX, USA) and MLwiN, version 2.30.

Results
Characteristics of participants
A total of 924 PTP were included (308 in the research
group, 616 in the comparison group). The average age
was 44.84 ± 8.51 years for the PTP in the research group
and 37.71 ± 8.90 years for the comparison group. Ap-
proximately 44.26% (409) of participants were male.
Table 1 shows the participant-level characteristics in

the research and comparison groups. The HRC were sig-
nificantly different among participants of different ages
(P <0.001), highest degree (P <0.001), graduate school (P
= 0.003), length since graduation (P <0.001), professional
title (P <0.001), administrative position (P <0.001) and
research funding (P <0.001) between the two groups.
However, no differences were found in sex, ethnicity and
other participant-level characteristics.

The trend of HRC over time
Figure 2 shows the trend of health RCS with the associ-
ated 95% CIs of the first-class tertiary hospital from
2013 to 2017. The results showed consistent growth in
RCS during 2013 and 2017, and there was a sharp rise in
2015. In addition, although the number of PTP in the
hospital had increased gradually over the past 5 years,
the 95% CIs of the RCS widened significantly, indicating
that the variation in the HRC of the PTP increased
dramatically.

HRC at participant level
Figure 3 shows the median P25 and P75 of RCS of
PTP with different characteristics. The results showed
that men PTP had higher RCS but greater IQR than
women PTP; the Han nationality and minority partici-
pants had similar RCS, but the RCS of Han national-
ity participants had bigger IQR; RCS increased with
the educational degree of participants, but IQR de-
creased with the educational degree of participants;
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Table 1 Participant-level characteristics in the two groups

Characteristics Comparison group Research group P
valuen (%) N (%)

Sex 0.174

Male 263 42.69 146 47.40

Female 353 57.31 162 52.60

Ethnic 0.279

Minority 27 4.38 9 2.92

Han 589 95.62 299 97.08

Degree <0.001

Doctor 3 0.49 64 20.78

Master 404 65.58 142 46.10

Bachelor 102 16.56 59 19.16

Others 107 17.37 43 13.96

Graduate school 0.003

985/211 University 281 45.62 159 51.62

Foreign University 0 0.00 5 1.62

Common University 226 36.69 98 31.82

Others 109 17.69 46 14.94

Degree type 1.000

Doctor 452 73.38 226 73.38

Nurse 64 10.39 32 10.39

Medical 54 8.77 27 8.77

Pharmacist 34 5.52 17 5.52

Others 12 1.95 6 1.95

Title <0.001

Junior 302 49.03 23 7.47

Intermediate 200 32.47 85 27.60

Vice-High 80 12.99 100 32.47

Senior 34 5.52 100 32.47

Department 0.589

Administration 50 8.12 31 10.06

Medicine 151 24.51 72 23.38

Surgery 176 28.57 91 29.55

Obstetric-Gynaecology 27 4.38 9 2.92

Paediatrics 18 2.92 4 1.30

Medical technician 187 30.36 98 31.82

Ophthalmology 7 1.14 3 0.97

In administrative position <0.001

No 573 93.02 170 55.19

Yes 43 6.98 138 44.81

Age (Year), Mean ± SD 37.71 ± 8.90 44.84 ± 8.51 <0.001

Length since graduation (year)a 7.14 (7.58) 11.14 (7.09) <0.001

Research fund (CNY, 10,000)a 0.00 (0.00) 0.00 (0.00) <0.001
aMeasured by medium (Inter Quartile Range) and tested by Kruskal–Wallis rank test
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those graduated from foreign universities had the
highest RCS but greatest IQR than others, followed
by those graduated from 985/211 universities, com-
mon universities and other schools.

The participants with doctorate degrees had the high-
est RCS and those with pharmacist, nurse and medical
degrees had similar RCS, but participants with doctor
and pharmacist degrees had the greatest IQR and those

Fig. 2 The trend of health research capacity for all participants

Fig. 3 The research capacity score of participants stratified by characteristics*. *: C, Comparison group; R, Research group; P25, the first quartile;
P75, the third quartile; Position, in administrative positions
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with nursing degrees had the smallest IQR. Participants
with senior titles had the highest RCS, followed by those
with vice-high, junior and intermediate title, though par-
ticipants with senior titles had the greatest IQR, followed
by those with vice-high, intermediate and junior title.
Participants in paediatrics had the highest RCS but the
greatest IQR than others. Finally, those in administrative
positions had higher RCS but greater IQR than those in
non-administrative positions.

Multilevel repeated measurement model for HRC
Figure 4 presents the results of the multilevel repeated
measurement model for the factors associated with HRC
of PTP. All of the multilevel variance inflation factors
ranged from 1.018 to 4.357 (details are included in Add-
itional file 2), suggesting the absence of potential collinear-
ity problems with these results. After controlling for the
potential confounders, the HRC of PTP was related to de-
gree, professional title, department, whether in an admin-
istrative position and research fund.
Participants with a doctorate’s degree had higher RCS

than those with a master’s degree (β, 1.74; 95% CI 1.04–
2.45; P <0.001), bachelor’s degree (β, 2.02; 95% CI 1.31–
2.73; P <0.001) and others without a degree (β, 2.32; 95%
CI 1.47–2.98; P <0.001). Furthermore, participants with
intermediate (P = 0.015), vice-high (P = 0.001) and

senior (P <0.001) professional titles had 0.13 (95% CI
0.03–0.23) points, 0.27 (95% CI 0.12–0.42) points and
0.63 (95% CI 0.40–0.80) points more than those with
junior title on average. Compared with participants in
administrative roles, those in paediatrics had higher RCS
(β, 0.28; 95% CI 0.00–0.57; P = 0.047) but similar to
those in other departments. Participants in administra-
tive positions had a higher RCS than those in non-
administrative positions (β, 0.26; 95% CI 0.12–0.40; P <
0.001). The RCS increased with the research fund (β,
0.15; 95% CI 0.14–0.16; P <0.001). However, no associa-
tions were found between RCS and sex, age, ethnicity,
graduate school or technical type of participants.

Discussion
This study found steady growth in HRC of the first-class
tertiary hospital during 2013 and 2017, with a sharp rise
in 2015. In addition, the HRC of PTP increased with de-
gree, professional title and research fund; those in ad-
ministrative positions had better HRC than those in
non-administrative positions. However, no association
was found between graduate school and HRC.
The first-class tertiary hospital showed consistent

growth in the HRC with associated variation during 2013
and 2017. Some factors might explain the consistent
growth of HRC. Firstly, hospital managers have realised

Fig. 4 Two-level repeated measurement model for the factors associated with health research capacity
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the importance of scientific research; thus, some internal
incentives were used to promote research [39, 40]. Sec-
ondly, the PTP have undergone scientific training to im-
prove their HRC [41, 42]. Thirdly, talents with excellent
HRC have been recruited in hospital; however, this may
also increase the variation in the HRC of PTP as recruited
talents with superior capacity and positive attitude to-
wards research would more easily gain more academic re-
sources and subsequently improve the HRC. Such a trend
seemed similar to Matthew effect [43], leading to increas-
ing internal differences.
This study found that the HRC of PTP increased with

the academic degree of PTP. Previous research in young
Japanese nursing faculty showed that a doctorate degree
was the most vital predictor of the number of publications
[44] and researchers found that master’s degree was the
crucial factor for research participation for nurses [45],
similar to what we have observed herein because more
academic training and research sources are critical com-
ponents of the development of a research career [46].
Since participants who graduate from better universities
will have better education and research resources and may
carry this on to their working environments [47]; however,
we found no correlation between graduate school and
HRC. A study found that the training and work environ-
ments but not the prestige of their doctoral institution
drove researcher productivity [48], similar to that ob-
served herein. Degree and graduate school were often
used as a measure of scientific capacity [49]; therefore, our
results may provide a perspective for hospital administra-
tors for what may be considered when bringing in talents
and improving hospital research capacity.
A positive correlation was found between research fund-

ing and HRC of PTP, similar to a previous study suggest-
ing a positive correlation between the funding support
and research success [20]. As reported in previous studies,
limited funding was one of the highest-ranking barriers to
conducting research [50] and restricted collaboration be-
tween institutions [51]. Furthermore, the better funding
support is a potential factor to build capacity of research
[52, 53]. In order to obtain long-term and adequate re-
search funding, researchers may be encouraged to set re-
search agenda, focused on important issues and
collaboration [54, 55], and then strengthed the HRC. A
study in Bangladesh showed that the provision of un-
earmarked core funding may be a potential mechanism
for building research capacity [56]. On the other hand,
PTP with higher HRC are more likely to get research
funding, for example, attracting supported fellows to ob-
tain additional research funding [20].
The HRC increased with the professional title of par-

ticipants. Similar to our results, a previous study found a
positive correlation between professional titles and pub-
lications in traditional Chinese medicine clinical

investigators [50]. Participants with superior research
capacity more easily met the requirements of profes-
sional title promotion and higher professional titles may
bring more academic resources, including funding [57,
58]. Furthermore, research funding is related to higher
HRC as this study and previous studies have found [54,
55]. Therefore, there may be a mutual incentive effect
between professional titles and HRC, and the interaction
is worth further exploration.
A previous study found that holding an administrative

position had no effect on the academic productivity in a
university hospital radiology department [59]; this is in
contrast to our study, which suggested that personnel in
administrative positions showed better research capacity
than those in non-administrative positions in a Chinese
hospital. Firstly, the research hospital in this study is lo-
cated in the northwest of China, and therefore the ‘steel
bowl’ model still has an influence on the hospital. The
‘steel bowl’ model in hospitals can be summarised as fol-
lows [60]: (1) PTP are hired in tenure and enjoy lifetime
job security and (2) salaries are set by the government
regardless of the individual’s performance. Thus, most of
the PTP lack motivation to persist; however, PTP in ad-
ministrative positions are more competitive than those
in non-administrative positions. Secondly, PTP in ad-
ministrative positions hold stronger attitudes and know-
ledge/skills on evidence-based practice [61]. Thirdly, the
support and dedication of administrative superiors are
key factors of the excellent teamwork [62] and teamwork
plays a vital role on research. Compared with PTP in
non-administrative positions, those in administrative po-
sitions can obtain more support and dedication.

Strengths and limitations
This policy study was the first study on HRC and associ-
ated factors of PTP in a first-class tertiary hospital in
northwest China. Furthermore, we used repeated meas-
urement to handle the delayed effect and long-term
characteristics of scientific research. However, there are
some limitations to this study. Firstly, the nature of the
study design, a retrospective study, will result in some
biases and inaccuracies. In addition, for a retrospective
design, the information in degree and work of partici-
pants during 2013–2017 was uncomplete, thus we chose
the latest information. However, we used two-stage
stratified random sampling to reduce the effect of infor-
mation loss. Secondly, the results of this single-centre
from northwest China, where the HRC of PTP is in its
initial and developmental stage, might not be applicable
to other clinical centres where the HRC of PTP is ma-
ture. Thirdly, the training, time spent on scientific re-
search and attitudes towards research might influence
the research capacity yet we could not collect such infor-
mation. Fourthly, although the evaluation system this
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study adopted had good reliability and validity, the sys-
tem was based on linear weight method, which may be
difficult to objectively evaluate the scientific research
capacity [63]. Finally, the proportion of the comparison
group (RCS = 0) may influence on the result, but the
data of this study does not apply to logistic multilevel re-
peated measurement model, thus we chose the linear
multilevel model only.

Conclusion
HRC with associated variation of PTP for the hospital in
northwest China increasingly improved in the past 5 years
and the degree, professional title, administrative position
and research fund were related to HRC of PTP. Multi-
central prospective studies are needed to clarify the poten-
tial relationship of related factors and HRC of PTP.
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