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ABSTRACT　
 
OBJECTIVES　  To evaluate the effectiveness of a large-scale, web-based, in-service hypertension management training project
among lay health workers (LHWs) at primary care health (PHC) settings in China, and to examine the factors contributing to the
variations of effectiveness.
 
METHODS　 We used data from a web-based national hypertension management training project implemented in 2018, it was
designed  to  facilitate  LHWs  to  learn,  understand,  and  apply  the  relevant  knowledge  and  skills  in  hypertension  management
through providing training courses by use of the web-based platform with unified standards. All LHWs were required to parti-
cipate in the exams before and after training to acquire scores for the use of evaluating their performance of hypertension man-
agement  knowledge.  We  first  used  descriptive  analysis  to  present  the  variations  of  effectiveness  in  hypertension  management
knowledge among LHWs by important subgroups. Afterwards, we used multilevel logistic regression to examine the individual
and regional factors contributing to the variations and quantify the magnitude of how these factors affected training effectiveness.
 
RESULTS　  There were  1,208,610  LHWs  who  completed  training  and  were  certificated.  Nationally,  the  scores  of  LHWs  in-
creased significantly from 62.87 ± 21.14 out of 100 in the pre-test to 88.30 ± 11.31 in the post-test by 25.43 (95% confidence interval
[CI]: 25.40-25.47). Training contents involved in antihypertensive medication showed the lowest score (54.36) in the pre-test and
soared the most after training, up to 84.22 by 54.94%. Individual factors associated with disparities in the knowledge of hyperten-
sion management decreased substantially after training, which included sex, age, education, practice type, professional level, and
hierarchy of working institutions. Geographical variations were shown at the provincial level, with the majority of them being ex-
plained by factors at the regional level.
 
CONCLUSIONS　Accessible web-based training modality, government efforts, accompanied with experiences derived from the
training, could be generalized to other low- and middle-income countries in facilitating the hypertension management capacity of
LHWs. Localization and evaluation is warranted on the way to its further application.

 

H ypertension is the leading cause of mor-
tality and morbidity worldwide and the
largest modifiable risk factor of cardi-

ovascular disease (CVD) in China.[1,2] In the health
care reform of 2009, the Chinese Central Govern-
ment launched the National Basic Public Health
Service Project (NBPHSP), with hypertension man-

agement in primary health care (PHC) settings as
one of the national public health priorities.[3] Since
then, with published guidelines that provide solid
evidence in effective clinical pathways and access-
ible antihypertensive medication, most hypertens-
ive patients can be treated by lay health workers
(LHWs) in PHC settings.[4-6] The capacity of those
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institutions and their workforce will largely influ-
ence the effectiveness and efficiency of delivering
hypertension management services.[4,5] Thus, im-
proving the capacity of hypertension management
for LHWs through in-service training is one of the
most cost-effective approaches to improve their per-
formance, which can facilitate the patients to con-
trol blood pressure (BP) and further reduce the risk
of CVD burden.[4-8] The main barriers to this appro-
ach include insufficient training opportunities and
heterogeneity in training quality.[4,6,9-11]

In recent years, with the rapid development of
technology and the popularization of the internet,
web-based patterns, which can make up for exist-
ing shortcomings of in-service training, have been
widely used to facilitate professionals in improving
knowledge, behavior, and clinical skills at various
healthcare settings, such as clinicians, nurses, and
public health practitioners.[11-22] Although previous
small-scaled, web-based training strategies among
specific healthcare providers were demonstrated to
effectively improve professional knowledge in
some low- and middle-income countries (LMICs),
such as Brazil, India, Egypt, and South America,
more evidence with rigorous training strategies and
standards evaluation methods are required, particu-
larly in resource-limited areas.[6,9,14,17,20,23-29] However,
little existing literature were found regarding the
applicability of implementing a large-scale, web-
based training project among LHWs in PHC set-
tings, either the performance effectiveness of im-
proving their hypertension management know-
ledge or that of distributed disparities among sub-
groups, regions, and contexts in LMICs, especially
across diverse venues of a massive country like
China, where substantial geographical variations in
capacity and expertise exist.

By using data from a government-led, large-scale,
web-based in-service training project that provided
unified hypertension management standards tai-
lored for LHWs at PHC settings in mainland China,
in this study, we aimed to: (1) evaluate the overall
effectiveness of web-based hypertension manage-
ment training project; (2) demonstrate variations in
hypertension management knowledge before and
after training across individual characteristics, geo-
graphical areas, and contextual correlates; and (3)
examine the individual and regional factors contrib-

uting to the variations and quantify the magnitude
of how these factors affected training effectiveness.
This study will provide practical evidence for LMICs
to initiate large-scale, web-based in-service training
that satisfies the needs of LHWs in hypertension
management. 

METHODS
 

Data Source

We used the data of a web-based national in-ser-
vice training project of hypertension management,
the PICA Training Project (PICA), which was star-
ted in January 2018 and lasted for 1 year. This pro-
ject was supported by the National Health and Fam-
ily Planning Commission in China (NHFPC) (now
renamed as the National Health Commission, NHC),
and designed, implemented, and evaluated by Na-
tional Center for Cardiovascular Diseases (NCCD).[7]

PICA required all LHWs who engaged in hyperten-
sion management at PHC settings in mainland
China to receive training and obtain certificates,
and it aimed to facilitate them to learn, understand
and apply the relevant knowledge and skills in hy-
pertension management through providing initial
training of the China PHC Diagnosis and Treatment
Management Guideline of Hypertension (Guideline)
and continuous training of its update version on a
web-based platform with unified standards. In PICA,
LHWs provided their individual information for
authentication and were assigned a unique user ID
on the platform. Afterwards, they can access the plat-
form via the browser on computers or an APP on mobi-
le phones at their convenient time to download the
Guideline and watch the training video. All LHWs
were required to participate in exams before train-
ing (pre-test) and after training (post-test) to evalu-
ate their knowledge of hypertension management.
Ethical approval was waived because the data were
collected for working purposes and only deidenti-
fied information was used. 

Study Population

The study population included all LHWs from
over 326,000 PHC institutions, and 349 municipalit-
ies across 31 provinces in mainland China who en-
gaged in hypertension management, finished ini-
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tial training, and obtained certificates by the end of
2018. LHWs were defined as healthcare providers
who worked in PHC settings, including urban cen-
ters (community service centers), urban branches
(community service stations), rural centers (town-
ship hospitals), and rural branches (village clinics).
We excluded those individuals not from PHC insti-
tutions (such as national and local health commis-
sions, health administrative institutions, and organ-
izations), with missing values or outliers in key in-
dividual characteristics like sex, age, location, and
which PHC institution they worked in, and who
failed to obtain certificates. 

Training Materials, Procedures, and Evaluation

The training materials of PICA included the China
PHC Diagnosis and Treatment Management Guide-
line of Hypertension and the relevant training video.
To make it an explicit and practical tool for LWHs,
by using simple words, tables, and flowcharts, the
Guideline was composed by a writing committee
which gathered experts from PHC settings nation-
wide. According to the contexts involved in the Guide-
line, a 65-minute video was then recorded and broad-
cast in advance and hung on the platform to con-
duct web-based training for LHWs, specifically, it
contained three parts: introduction (6 min), hyper-
tension diagnosis, treatment, referral, management,
follow-up (22 min) and antihypertensive medica-
tion (37 min).

Before training, all LHWs were required to log in
to the platform and complete a one-time placement
test (pre-test), which reflected their baseline capabil-
ity of hypertension management. During training,
when LHWs watch the training video, they can either
suspend, exist, or re-watch the video for many times.
After training, LHWs had to take a test shortly after
they finished watching the training video to evalu-
ate their capacity of the time (post-test). They had
four times opportunities to complete the post-test if
they were suspended, existed, failed, or were unsat-
isfied with the scores they acquired. For each pre-
and post-test, the training platform randomly as-
signed a set of unique question packages with test
scores ranging from 0 to 100 which contained 30
question items that covered knowledge points from
the Guideline. LHWs who completed the pre-test,
watched the training video, and acquired a score of

60 or above out of 100 in the post-test can obtain the
training certificates. Detailed description of train-
ing and evaluation materials was reported in the
supplementary material (see Supplementary Mater-
ial Part 1 of Table S1). 

Outcomes

Outcomes were the scores that LHWs acquired in
pre-and post-tests, ranging from 0 to 100. Meanwh-
ile, the scores were also grouped into four grades: ≥ 90
was defined as excellent, 75-89 as good, 60-74 as
passed, and < 60 as failed. 

Variables

We included both individual and regional charac-
teristics in the analysis. Individual characteristics
include: (1) demographics: sex, age; (2) socioeco-
nomic status (SES): education, practice type, profes-
sional level, and hierarchy of healthcare institu-
tions. Regional characteristics, which are also called
socioeconomic contextual factors, were extracted
from National Statistical Data of the Year 2018, whi-
ch included: (1) location: urban/rural; (2) region:
eastern/central/western; (3) provincial per capita
gross domestic product (GDP: 10,000 RMB) that
represented local economic level; (4) provincial num-
ber of LHWs in PHC institutions (per 10,000 per-
sons) that presented local medical resources. Among
these, GDP and the number of LHWs were classi-
fied into four quartiles.[30] Detailed description of data
sources for socioeconomic contextual factors was re-
ported in the supplementary material (see Supple-
mentary Material Part 2 Table S2). 

Statistical Analysis

χ2

We grouped LHWs by post-test score into excel-
lent (≥ 90) and non-excellent (60-89) ones. We used
mean ± SD and count (%) to describe the distribu-
tion of continuous and categorical variables. We
used  test to make comparisons of characteristics
distribution among nominal categories and logistic
regression to test their trends for ordered variables.
We performed bootstrapping with an unrestricted
random sampling method to generate the estimates
of confidence interval (CI) of mean differences
between pre-and post-test scores, and the 95% CI
was determined based on 2.5th and 97.5th percentile
of the bootstrap distribution across 1000 draws.[31]
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We conducted multilevel logistic regression to ex-
plore the individual factors and regional correlates
of LHWs who acquired excellent grades in both pre-
and post-tests, respectively. Several models were
constructed separately. First, a two-level null mod-
el (Model 1) that included fixed and random inter-
cepts was fitted to investigate geographical vari-
ations across multiple scales, among which, ran-
dom intercepts accounted for the clustering of parti-
cipants (level 1) within provinces (level 2). To
quantify the variations of training effectiveness at
each level, random effects at the individual level
thus were translated into median odds ratio (MOR),
which indicated the median of the odds between
the province with the highest probability of getting
excellent grades and the province with the lowest
probability when randomly selected two provinces
from all areas. In other words, it reflected the medi-
an folds of increased probability of an LHW getting
excellent grades in one province with lower odds
and moving to another one with higher odds.[32]

Further, to explore to what extent those personal
and contextual factors explained the geographical
variations of LHWs who acquired excellent grades
in pre-and post-tests, demographics (Model 2), SES
(Model 3), and contextual factors (Model 4) were
stepwise entered into the multilevel logistic model
and the proportional change in variance (PCV) was
calculated for each step. PCV reflected the propor-
tion of variation that can be explained by newly ad-
ded variables to the model.[33]

In this study, a P value < 0.05 was considered sta-
tistically significant and all tests were two-sided.
The analysis was performed in SAS 9.4 (SAS Insti-
tute Inc., Cary, North Carolina USA). No allowance
for multiplicity was made in the analysis. 

Role of the Funding Source

The funders of the study have no role in study
design, data collection, data analysis, data interpret-
ation, or writing of the report. The corresponding
authors have full access to all the data in the study
and have final responsibility for the decision to sub-
mit for publication. 

RESULTS
 

Characteristics of LHWs

There were 1,810,365 healthcare professionals re-

gistered for authentication on the web-based train-
ing platform and participated in training. After ex-
cluding 397,483 not from PHC institutions, 145,129
with missing/outliers in key variables, 52,655 failed
to complete the post-test, and 6,488 failed to pass
the post-test, 1,208,610 LHWs (with 99.47% of quali-
fication rate) who passed the post-test and obtained
certificates were included in the main analysis (Sup-
plementary Material Figure S1). Among whom,
546,505 (45.22%) were male, the mean age was 44.37 ±
10.39 years old, 689,694 (57.07%) acquired their col-
lege degree and above, 652,592 (54.00%) were doc-
tors, 1,034,374 (85.58%) were junior staff. Mean-
while, 179,667 (14.87%) worked in the urban center,
55,534 (4.59%) in the urban branch, 625,910 (51.79%)
in the rural center, and 347,499 (28.75%) in the rural
branch (Table 1). 

Distribution of Training Effectiveness

As shown in Table 2, nationally, the scores of LH-
Ws increased significantly from 62.87 ± 21.14 in the
pre-test to 88.30 ± 11.31 in the post-test by 25.43
(95% CI: 25.40-25.47). In the pre-test, LHWs who
were females, who aged 60 years and above, who had
a college degree and above, who were doctors, and
senior staff, who worked in center institutions, as
well as urban, eastern, and developed areas showed
better performance. As for scores increase, little dif-
ference was observed between subgroups. On aver-
age, excellent LHWs increased from 67.58 ± 21.68 to
96.35 ± 3.76 (95% CI: 23.83-30.37) while non-excel-
lent ones increased from 56.00 ± 18.27 to 76.57 ± 7.60
(95% CI: 18.95, 22.02). The distribution of pre-and
post-test scores by individual and regional factors
asas shown in Figure S2 (see Supplementary Mater-
ial Part 3 Figure S2).

Pre- and post-test scores of LHWs also varied by
training contents (Figure 1). Overall, contents in-
volved in antihypertensive medication showed the
lowest score (54.36) in the pre-test and soared the
most after training, up to 84.22 by 54.94%, followed
by comprehensive intervention management, in-
creased from 64.24 to 91.44 by 42.33%. In contrast,
contents related to referral and follow-up presen-
ted the highest score in both pre-and post-tests.
After training, moderate disparities were observed
compared with pre-test performance at the indi-
vidual, regional, and provincial levels.
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Table 1    Characteristics of LHWs in PICA, by grade in post-test.

Total Excellent LHWs1 Non-excellent LHWs1 P-value

Total 1,208,610 (100.00%) 716,586 (59.29%) 492,024 (40.71%) < 0.001

Sex

　Male 546,505 (45.22%) 325,413 (45.41%) 221,092 (44.94%)
0.523

　Female 662,105 (54.78%) 391,173 (54.59%) 270,932 (55.06%)

　Pfor difference 0.005 0.005 0.004

Age, yrs 44.37 ± 10.39 44.93 ± 9.98 43.57 ± 10.91 0.132

Age groups, yrs

　18-29 110,863 (9.17%) 50,577 (7.06%) 60,286 (12.25%)

0.061
　30-44 517,041 (42.78%) 306,579 (42.78%) 210,462 (42.77%)

　45-59 499,658 (41.34%) 312,479 (43.61%) 187,179 (38.04%)

　60 and above 81,048 (6.71%) 46,951 (6.55%) 34,097 (6.93%)

　Pfor trend 0.004 0.005 0.005

Education

　Below college 518,916 (42.93%) 308,929 (43.11%) 209,987 (42.68%)
0.139

　College and above 689,694 (57.07%) 407,657 (56.89%) 282,037 (57.32%)

　Pfor difference 0.004 0.005 0.004

Practice type

　Doctors 652,592 (54.00%) 412,996 (57.63%) 239,596 (48.70%)

0.018　Nurses 217,968 (18.03%) 125,237 (17.48%) 92,731 (18.85%)

　Others2 338,050 (27.97%) 178,353 (24.89%) 159,697 (32.46%)

　Pfor difference < 0.001 < 0.001 < 0.001

Professional level

　Junior 1,034,374 (85.58%) 599,254 (83.63%) 435,120 (88.43%)

0.012　Intermediate 140,493 (11.62%) 93,789 (13.09%) 46,704 (9.49%)

　Senior 33,743 (2.79%) 23,543 (3.29%) 10,200 (2.07%)

　Pfor trend < 0.001 < 0.001 < 0.001

Hierarchy of healthcare institutions

　Urban center 179,667 (14.87%) 108,625 (15.16%) 71,042 (14.44%)

0.046
　Urban branch 55,534 (4.59%) 33,254 (4.64%) 22,280 (4.53%)

　Rural center 625,910 (51.79%) 368,875 (51.48%) 257,035 (52.24%)

　Rural branch 347,499 (28.75%) 205,832 (28.72%) 141,667 (28.79%)

　Pfor difference < 0.001 < 0.001 < 0.001

Location

　Urban 235,201 (19.46%) 141,879 (19.80%) 93,322 (18.97%)
0.042

　Rural 973,409 (80.54%) 574,707 (80.20%) 398,702 (81.03%)

　Pfor difference < 0.001 < 0.001 < 0.001
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The distribution of pre- and post-test grades of
LHWs is presented in Figure 2. In total, the percent-
age of excellent grades increased from 16.22% in the
pre-test to 58.53% in the post-test. In the post-test,
LHWs who were aged 45-59 years (62.54%), being
doctors (63.29%), senior staff (69.77%), who worked
in worked in the urban center (60.46%), as well as
urban (60.32%) and eastern areas (62.28%) obtained
a higher percentage of excellent grade compared
with their counterparts. As for provincial vari-
ations, Beijing (80.14%), Shanghai (77.64%), and
Hubei (74.88%) were the top three provinces with
the highest percentage of excellent grades in the
post-test.
 

Associated Factors of Training Effectiveness

Multilevel modeling results demonstrated that

socioeconomic contextual factors, including loca-
tion, region, provincial GDP, and number of LHWs,
explained the majority of the geographical vari-
ations among LHWs who acquired excellent grades
compared with individual factors, for PCV increa-
sed from 4.16% in Model 3 to 8.09% in Model 4 in
pre-test and from 9.41% to 18.28% in post-test be-
low the provincial scale. Meanwhile, the result of
MOR for 4 separate models was all greater than 1,
which also indicated significant geographical vari-
ations and helped to explain regional differences in
getting excellent grades (see Supplementary Materi-
al Part 3 Table S3, Table S4).

By using the estimation from Model 4, the associ-
ations between factors and the probability of get-
ting excellent grades among LHWs are presented in
Figure 3. In both pre-and post-test, LHWs who
were men (0.88, 95% CI: 0.87-0.89 vs. 0.94, 95% CI:

Continued

Total Excellent LHWs1 Non-excellent LHWs1 P-value

Region3

　Eastern 459,102 (37.99%) 285,924 (39.90%) 173,178 (35.20%)

0.017　Central 393,794 (32.58%) 225,471 (31.46%) 168,323 (34.21%)

　Western 355,714 (29.43%) 205,191 (28.63%) 150,523 (30.59%)

　Pfor difference 0.007 0.005 0.008

GDP (10,000 RMB)

　Q1 (< 4.49) 252,262 (20.87%) 143,463 (20.02%) 108,799 (22.11%)

< 0.001
　Q2 (4.49-5.16) 228,016 (18.87%) 106,783 (14.90%) 121,233 (24.64%)

　Q3 (5.17-7.11) 431,332 (35.69%) 274,614 (38.32%) 156,718 (31.85%)

　Q4 (> 7.11) 297,000 (24.57%) 191,726 (26.76%) 105,274 (21.40%)

　Pfor trend 0.009 0.008 0.009

Number of LHWs (per 10 000 persons)4

　Q1 (< 25.18) 189,362 (15.67%) 111,297 (15.53%) 78,065 (15.87%)

< 0.001
　Q2 (25.18-28.56) 292,365 (24.19%) 186,794 (26.07%) 105,571 (21.46%)

　Q3 (28.57-30.53) 409,752 (33.90%) 227,548 (31.75%) 182,204 (37.03%)

　Q4 (> 30.53) 317,131 (26.24%) 190,947 (26.65%) 126,184 (25.65%)

　Pfor trend 0.007 0.006 0.007

Data are presented as mean ± SD or n (%). 1Excellent LHWs referred to those who acquired excellent scores (≥ 90) in the post-test and
were certificated in PICA, non-excellent LHWs referred to those who acquired non-excellent scores (60-89) in the post-test and were
certificated in PICA. 2Other practice types included pharmacists, technicians, and other healthcare-related personnel.3Region: Western:
Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang; Central: Shanxi,
Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, Guangdong, Hainan. 4 Number of LHWs: Provincial number of LHWs in primary healthcare institutions (per 10 000
persons). LHWs: lay health workers; GDP: per capita gross domestic product; Q1: 25th quartile; Q2: 50th quartile; Q3: 75th quartile; Q4:
100th quartile.
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Figure 1     Distribution of pre-and post-test scores among LHWs in PICA, by training contents. (A): individual factors; (B): regional
factors; (C): provinces. 1Other practice types included pharmacists, technicians, and other healthcare-related personnel. 2Region: Western: In-
ner  Mongolia,  Guangxi,  Chongqing,  Sichuan,  Guizhou,  Yunnan,  Tibet,  Shaanxi,  Gansu,  Qinghai,  Ningxia,  Xinjiang;  Central:  Shanxi,  Jilin,
Heilongjiang, Anhui,  Jiangxi,  Henan,  Hubei,  Hunan;  Eastern:  Beijing,  Tianjin,  Hebei,  Liaoning,  Shanghai,  Jiangsu,  Zhejiang,  Fujian,  Shan-
dong, Guangdong, Hainan. 3 Number of LHWs: Provincial number of LHWs in primary healthcare institutions (per 10,000 persons). LHWs:
lay health workers; GDP: per capita gross domestic product; Q1: 25th quartile; Q2: 50th quartile; Q3: 75th quartile; Q4: 100th quartile.
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0.93-0.95), who did not have a college degree (0.84,
95% CI: 0.83-0.85 vs. 0.97, 95% CI: 0.96-0.98), who
worked in branch institutions (0.81, 95% CI: 0.80-

0.82 vs. 0.96, 95% CI: 0.95-0.97) and rural areas (0.94,
95% CI: 0.93-0.96 vs. 0.94, 95% CI: 0.98, 0.97-0.99)
had a lower probability of acquiring excellent grade

 

Figure 2    Distribution of pre-and post-test grades among LHWs in PICA. (A): Individual factors; (B): regional factors; (C): provinces.
1Other  practice  types  included  pharmacists,  technicians,  and  other  healthcare-related  personnel. 2Region:  Western:  Inner  Mongolia,
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet,  Shaanxi,  Gansu, Qinghai,  Ningxia, Xinjiang; Central:  Shanxi,  Jilin, Heilongji-
ang, Anhui, Jiangxi, Henan, Hubei, Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong, Hainan. 3Number of LHWs: Provincial number of LHWs in primary healthcare institutions (per 10 000 persons). LHWs:
lay health workers; GDP: per capita gross domestic product; Q1: 25th quartile; Q2: 50th quartile; Q3: 75th quartile; Q4: 100th quartile.
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compared with their counterparts, and the disparit-
ies of those odds between each subgroup were sub-
stantially narrowed by PICA training. Apart from
this, the absolute probability of obtaining excellent
grades existed differentially in the direction across
subpopulations in pre-and post-tests. As for age,
LHWs who aged 60 and above had the highest odds
of excellent in the pre-test while those aged 30-59
years had higher odds in the post-test. Doctors sho-
wed higher odds of excellence in the post-test than
nurses although nurses had higher odds in the pre-
test. And, senior staff had the highest odds of excel-
lent in the post-test while junior ones in the pre-test. 

Discussion

By using data from a national training project
that was implemented within 1-year and covering

1.2 million LHWs, we illustrated the substantial ef-
fectiveness of a web-based strategy to provide large-
scale, wide-coverage in-service training for LHWs
to enhance their knowledge of hypertension man-
agement in China, and these effects were consistent
regardless of geographical areas, economical levels
and medical resources. Meanwhile, the hyperten-
sion management knowledge variations across sex,
age, education attainment, practice type, profes-
sional level, and healthcare institution were consid-
erably reduced by training. 

Substantial Training Effectiveness Existed Re-
gardless of Subgroups, Regions, And Contents

LHWs in China often do not have adequate train-
ing and qualifications in the capacity of hyperten-
sion management, and this was largely ameliorated

 

Figure 3    Associated factors of LHWs who acquired excellent grades in pre-and post-tests of PICA. (A): Pre-test; (B): post-test. 1*P <
0.05. 2Other practice types included pharmacists, technicians, and other healthcare-related personnel. 3Region: Western: Inner Mongo-
lia, Guangxi,  Chongqing,  Sichuan,  Guizhou,  Yunnan,  Tibet,  Shaanxi,  Gansu,  Qinghai,  Ningxia,  Xinjiang;  Central:  Shanxi,  Jilin,  Hei-
longjiang, Anhui, Jiangxi, Henan, Hubei, Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shan-
dong,  Guangdong,  Hainan. 4Number  of  LHWs:  Provincial  number  of  LHWs in  primary healthcare  institutions  (per  10,000  persons).
LHWs: lay health workers; GDP: per capita gross domestic product; Q1: 25th quartile; Q2: 50th quartile; Q3: 75th quartile; Q4: 100th quart-
ile; OR: odds ratio; CI: confidence interval.
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by PICA implementation. Variations of pre-test per-
formance were observed among LHWs with differ-
ent individual characteristics, with similar increa-
ses in training scores across subgroups. LHWs who
had shorter practice experiences, with lower aca-
demic degrees, and worked in rural areas and lower-
level healthcare units acquired lower pre-test scores.
It was observed in the distribution of acquiring ex-
cellent grades likewise, and consistent with exist-
ing findings.[9,13] After training, those LHWs with
higher post-test scores were found to obtain higher
increases compared with those with lower scores,
and it can be partially explained by adequate accessi-
bility of being trained among LHWs who already
have better performance. Previous literature sug-
gested that healthcare providers from LMICs ac-
quired more or at least identical improvement after
in-service training than that from high-income coun-
tries once they have equal opportunities to receive
training.[9,10,14,34] Thus, accessibility and feasibility,
including the equal opportunity of being trained,
affordable approaches should be encouraged in or-
ganizing in-service training for LHWs from various
backgrounds.

Significant geographical variations of profession-
al capacity among LHWs existed, with similar im-
provement across provinces. LHWs from develo-
ped regions located in eastern China, like Beijing,
Shanghai, and Zhejiang, tended to have higher lev-
els of hypertension management knowledge, oth-
ers from less developed provinces showed poor condi-
tion. Such disparities could be partially associated
with the quantity and quality of licensure and edu-
cation of LHWs. Since health care reform in 2009,
although the number of LHWs has been increasing,
there was a two-times difference across provinces in
the number of licensed doctors in urban areas, while
a 16-times difference for village doctors in rural set-
tings.[5] Similarly, a previous national survey re-
vealed that the proportion of licensed doctors was
much lower in western regions compared with east-
ern ones, and a higher rate of receiving no continu-
ing training sessions was also observed in western
regions.[5] Unified web-based approach in PICA can
equally provide training sessions to regions with
different resources, which facilitated those inferior
regions with identical improvement in training per-
formance considerably. Among these, regions with

lower baseline scores were inclined to acquire a
higher percentage of increase upon completing the
training, although not exceeding their counterparts
in the post-test. Therefore, we suggested to pro-
duce flexible training sessions in the consideration
of local characteristics on the basis of a standard-
ized framework, for areas with poor performance
should be devoted to filling in the gaps and acquir-
ing further improvement.[4,5,35]

Unequal performance was found in different train-
ing contents of PICA. Antihypertensive medication
is the core component of hypertension management,
it was the most complicated session with the poor-
est performance and was improved most after train-
ing. These findings were consistent with previous
studies conducted in hospital settings at home and
overseas, and it was also an extended application in
PHC settings.[10,36,37] To be specific, it was reported
that, for one reason, LHWs were too busy to attend
training for further acquiring knowledge of hyper-
tension management, especially for antihypertens-
ive medication; for another, some of the training
failed to meet their need due to short duration, poor
contents, insufficient practice, and unqualified
trainers.[6,9,10] According to several nationwide sur-
veys, hypertension was largely undertreated, with
prescribing behavior as one of the most influential
factors. A low level of knowledge in medication
presented in the pre-test suggested that other than
medication supply defects, LHWs’ knowledge of
proper antihypertension medication should be ad-
dressed, which might partly explain the poor BP
management in PHC settings.[8,37] In PICA, the train-
ing project spent 60% of training time on antihyper-
tensive medication, using explicit, practical, and
standardized contents that were easier to be under-
stood by LHWs. We observed substantial improve-
ment with reduced variations across individual, re-
gional, and provincial levels. Continuity in facilitat-
ing the ability to medication should be the priority
to increase the hypertension management capacity
for LHWs effectively. Apart from medication, refer-
ral, and follow-up, as well as treatment principles
and BP control goals were contents that LHWs both
got higher scores before and after training, the reas-
ons might be related to the significant effectiveness
of several government-led public health campaigns
to promote hypertension prevention, control, treat-
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ment, management at PHC settings, such as NEPH-
SP since 2009.[3] Additionally, lifestyle intervention
and comprehensive intervention management were
sessions that need further improvement. The poor
implementation and strict adherence to lifestyle in-
terventions in PHC hypertension management,
such as reducing salt intake, regular exercise, smo-
king cessation, limit alcohol consumption, were es-
timated to lead to compromised health outcomes
and tremendous economic losses, thus improving
knowledge and skills continually of LHWs to facilit-
ate patients to sustain a pattern of long-term com-
prehensive hypertension management should be
another initiative.[4,5]
 

Disparities of Hypertension Management Know-
ledge Across Individual And Regional Factors
Were Reduced By Training

Individual factors associated with variations in
the knowledge of hypertension management decrea-
sed substantially after training. Specifically, LHWs
above 60 years old were most likely to acquire ex-
cellent grades in the pre-test, which may be mainly
attributed to their rich working experience. After
training, LHWs aged 30-59 showed the best per-
formance. This change suggested that PICA can im-
prove the performance of the backbone force in PHC
hypertension management independent of their
working experience. Younger age was associated
with limited working experience and poorer per-
formance, and the gap between junior and senior
LHWs was narrowed by training.[26,38,39] For educa-
tion background, LHWs with college degrees were
inclined to acquire excellent grades owing to a 5-year
medical education, and PICA reduced those dispar-
ities between LHWs who had college degrees and
those who had not.[5,38-40] Notably, LHWs who worked
in urban areas and center institutions showed a
higher likelihood of getting excellent in both pre-
and post-tests, whereas the disparities between urb-
an/rural and center/branch were substantially re-
duced after training.[4,5,40] In spite of those statistical
differences in performance within subgroups still
ing, web-based training strategies were proved to
be effective and had the potential to eliminate re-
gional and institutional disparities in hypertension
management knowledge among LHWs, especially
in the consideration of large sample size in real-

world implementation.
Socioeconomic contextual factors explained over

half of the interprovincial differences in acquiring
excellent grades before and after training, while in-
dividual factors did not explain much of the vari-
ations, which was consistent with previous studies:
compared with self-initiated in-service training
which largely related to individual characteristics,
receiving tailored and high-quality in-service train-
ing held by trainers would be a more effective way
to enhance knowledge.[9,41] Thus the importance of
macro-environmental supports in in-service train-
ing for LHWs rather than self-teaching should be
emphasized, such as policy action and financial in-
puts.[10]
 

Implications

With the wide range of accessibility, the high pro-
portion of certification, and the substantial im-
provement of capacity, the implementation of web-
based in-service training with unified standards
proved to be an effective and efficient way to launch
nationwide public health campaigns among LHWs.
It is inconceivable to improve hypertension man-
agement knowledge among millions of LHWs with-
in 1-year, especially in a vast country where geo-
graphical variations in capacity and expertise exist.
Owing to the popularization of the internet and
wide access to the internet in the country, the train-
ing turned out to be extraordinarily workable. Dur-
ing the past three years, the COVID-19 pandemic
has spurred the creative deployment of digital tech-
nology and integrated platforms to enhance the
roles of healthcare systems worldwide, and it was an
optimal chance to deeply promote the web-based
training of hypertension management as part of its
evolution, particularly to evaluate experiences ac-
quired domestically and generalize to other LMICs
with huge inputs towards PHC system to train LH-
Ws like China. For better performance of web-based
training in local contexts, we suggest that, first, the
training materials need to be tailored and evalu-
ated for local PHC settings under the unified frame-
work, which contains feasible, affordable, practical,
and contextualized recommendations. Second, reg-
ular feedbacks by use of post-training satisfaction
surveys among participants are needed, these per-
sonal opinions would facilitate the organizers to
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fully acquire and understand LHWs’ needs regard-
ing the knowledge of hypertension management,
covering the aspects of participants' willingness, ac-
cessibility, adherence, as well as training design,
contents, materials, approaches, periods and evalu-
ations. In response to problems raised in feedback,
and weaknesses of specific knowledge points pres-
ented in training evaluation, proper adjustment and
modification could be initiated to comprehensively
improve the performance of training quality in the
long -term. Third, in-service training tools that are
designed to extend through personal terminals like
laptops and mobile phones should be linked with the
learning system. In this way, such a digital learning
PHC system that engages LHWs can potentially up-
date and evaluate their knowledge to continuously
improve their professional capacity.[4,5,7]
 

Strengths and Limitations

A strength of the current study is that the PICA
training was implemented in real-world settings
and covered more than one million LHWs from areas
of diverse geographical and economic characterist-
ics. Thus our promising findings may have the po-
tential to be well generalized to other LMICs. Addi-
tionally, the usage of multilevel analysis facilitated
the study to reveal the geographical variations of
training effectiveness and interpret the contribu-
tions of both individual and regional level factors to
those variations. However, this study was also sub-
jected to several limitations. First, of 4.67% parti-
cipants filled incomplete or didn’t complete the
post-test were excluded from the study, which may
slightly overestimate the training effectiveness. The
second, ecological fallacy may appear when analyz-
ing provincial-level socioeconomic contextual fac-
tors of training effectiveness so these associations
might be underpowered. Second, we collected in-
formation about the number of hypertensive pa-
tients cared for by each LHW, which may influence
the training effectiveness.[10]
 

Conclusion

We demonstrated the effectiveness and feasibil-
ity of using a web-based strategy to provide large-
scale national in-service training for LHWs in PHC
settings to enhance professional knowledge about
hypertension management. Substantial variations of

hypertension management knowledge were ob-
served across individual characteristics, geograph-
ical areas, and contextual correlates before training,
and those disparities were considerably reduced by
training. Geographical variations were shown at the
provincial level, with the majority of them being ex-
plained by factors at the regional level. Accessible
web-based training modality, and government ef-
forts, accompanied with experiences derived from
PICA, could be generalized to other LMICs in facil-
itating the hypertension management capacities of
LHWs. Moreover, localization adjustment is needed
and subsequent evaluation is warranted on the way
to its further application worldwide. 
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