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Abstract
Background  Primary healthcare (PHC) plays a key role in hyperlipidemia (HL) management yet lacks adequate 
monitoring and feedback. This study aims at identifying pragmatic measures out from routinely collected electronic 
records to enable automatic monitoring and inform continuous optimization of HL-management at PHC settings.

Methods  The study used randomly selected electronic records of PHC (from the province-wide data center of Anhui-
province, China) as the main data source and generated both procedure-based and encounter-based measures for 
assessing HL-management. The procedure-based measures were derived from specific quality-facts of 21 stages/
procedures (e.g., lipid lowering medication prescription) using self-designed algorithms. While the encounter-based 
measures included number or rate of visits for HL, currently-noticed hyperlipidemia (CNHL, or HL noticed during 
the current consultation), and ever-diagnosed hyperlipidemia (EDHL). Analysis of these measures employed mainly 
simple descriptives and linear regression modeling.

Results  The study revealed interesting findings including: low and varied rates of visits for HL(from 0.01 to 1.43%) and 
visits by patients with EDHL/CNHL(from 0.13 to 20.54% or from 0.02 to 2.99%) between regions; large differences (5.14 
to 22.20 times) between the mean or cumulative proportions of visits by patients with EDHL versus CNHL among 
clinician groups; consistent increase in the ratio of visits for HL in all cause visits over the study period (from 0.087 
to 1.000%) accompanied with relatively stable proportions of patients with CNHL/EDHL; Relatively low scores in the 
procedure-based measures (ranged from 0.00 to 36.08% for specific procedures by seasons).

Conclusions  The measures identified are not only feasible from real-world PHC records but also give some useful 
metrics about how well current HL-management is going and what future actions are needed.
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Introduction
Hyperlipidemia (HL), including hypercholesterolemia, 
hypertriglyceridemia, mixed hyperlipidemia, and high-
density lipoproteinemia, is prevalent worldwide [1]. 
According to a WHO report, in 2008, the global preva-
lence of elevated plasma total cholesterol among adults 
aged 25 years and older was 39% [2]. HL is the main risk 
factor for chronic cardiovascular disease [3]. Elevated 
low-density lipoprotein cholesterol is the second leading 
metabolic risk factor for cardiovascular disease mortal-
ity worldwide, following only hypertension [4]. HL-man-
agement stresses sustained cholesterol control. However, 
cholesterol treatment and control rates remain subopti-
mal, being estimated as 54.1% and 35.7% in the United 
States [5], 58.1% and 42.3% in Brazil [6], 40.3% and 29.7% 
in Germany [7], 7.2% and 4.1% in India [8], and 3.9%% 
and 0.6% in Russia [9]. In China, studies suggest that the 
prevalence of dyslipidemia among adults aged 18 and 
older is as high as 40.4%, with approximately 100 million 
requiring cholesterol-lowering treatment [10]. However, 
36.0% residents with HL are unaware of their cholesterol 
status [11]. The treatment rate is only 5.5% among high-
risk patients (10-year risk for arteriosclerotic cardio-
vascular disease ≥ 10%) and 14.5% among patients with 
very high risk (patients already had stroke or myocardial 
infarction) [12]. Reasons underlying the above low rates 
are complex, involving both residents and health systems. 
Most residents are unaware of the importance of moni-
toring their lipid [13, 14]; while those who have already 
been diagnosed with HL often lack the necessary knowl-
edge, attitude and skills in managing the condition [15, 
16]. For health systems, primary healthcare (PHC) plays a 
key role in HL-management since it not only provides the 
bulk of HL-related services [17, 18], but also has unique 
and irreplaceable advantages in accessing and identify-
ing at risk residents and promoting continued case man-
agement. To help PHC practitioners fully realize their 
potentials, more and more countries (including China) 
have developed guidelines on HL-management. How-
ever, adherence to these guidelines is low [19–21]. Sys-
tematic reviews suggest that guideline implementation 
faces various barriers, including lack of awareness and 
familiarity, lack of agreement and self-efficacy, lack of 
outcome expectancy, the inertia of previous practice, and 

external barriers such as time limitations and absence of a 
reminder system [22, 23]. Almost all of these barriers can 
be traced via PHC records and record-based audit and 
feedback have been shown to be effective in improving 
both the process of clinical care and outcomes [24, 25]. 
However, traditional audit practices rely on expert pan-
els and lack cost-effectiveness and scalability. This study 
aims to identify pragmatic measures from routinely col-
lected electronic records suitable to be incorporated with 
existing health information systems to enable automatic 
monitoring of compliance with guidelines and inform 
continuous optimization of PHC for HL-management.

Methods
Development of measures
The study developed both procedure-based and encoun-
ter-based measures for assessing HL-management 
process at PHC settings. Development of the procedure-
based measures used only records of consultations with 
hyperlipidemia as the primary or first diagnosis and pro-
ceeded in 4 steps. Step 1 divided a typical episode of con-
sultation for HL into four stages, namely, symptoms and 
history, tests and examinations, diagnosis and treatment, 
and education and counselling. Step 2 identified essen-
tial procedures for each of the stages. Step 3 checked, via 
consensus meetings of experts, for quality facts for each 
of the procedures against relevant guidelines [26, 27]. 
Step 4 calculated, using self-designed formulas, qual-
ity scores for each of the procedures identified in step 3 
(17 procedure-scores in total) and the stages identified in 
step 2 (4 stage-scores). For more information about the 
quality facts and formulas, please refer to Appendix 1.

The encounter-based measures were based on whether 
HL was diagnosed or noticed in the consultation record, 
including: number of visits for HL, rate of visit for HL, 
ever-diagnosed HL and currently-noticed HL (Table 1).

Data sources and content
This study used data from two separate sources. The 
majority of data were extracted from the electronic 
records of PHC stored at the province-wide data center 
of Anhui, a province with 60  million people in China. 
The records included patient’s sex, age, presentations 
of current illness, disease history and diagnosis and 

Table 1  Definition of encounter-based measures of primary healthcare for hyperlipidemia (HL)
Name of measure Definition of measure
Number of visits for HL Episodes of visits to primary healthcare settings with HL being recorded as the first or primary diagnosis.
Rate of visit for HL Number of visits for HL per 100 population under concern, e.g., per 100 residents, per 100 visits for all health conditions.
Ever-diagnosed HL (EDHL) A patient was viewed as a patient with EDHL if any of his/her electronic records in the study period had indication that 

he/she had been diagnosed with HL. Suppose a patient had visited primary healthcare settings 3 times in the study 
period. If any of the 3 records had indication that he/she had been diagnosed with HL, then he/she was a patient with 
EDHL.

Currently-noticed HL 
(CNHL)

A visit was viewed as a visit with CNHL if the record had mentioned HL as eighter a cause/comorbidity for the current 
visit or as a past disease history.
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prescription given by the attendant clinician (a sample 
record in English was given in Appendix 2). The record 
extraction adopted a stratified random cluster sam-
pling proceeded in the following steps: inclusion of all 
the administrative regions (n = 16) and counties/cit-
ies (n = 104) within Anhui Province; random selection 
of 1 community from each of the 104 counties/cities; 
and extraction of all the electronic records entered by 
the PHC providers in the selected communities from 
November 2019 (when the province-wide data center 
had brought into full use) to December 2021 (when this 
data extraction took place). In total, 7924 providers were 
included in the study and 6.09  million records of PHC 
visits were extracted including 227,616 visits by patients 
with ever-diagnosed HL. The study also extracted data 
about population size by sex and age groups from the 
Annual Statistical Reports of Health in Anhui Province 
2021 [28].

Data process and analysis
The extracted records were processed by: classifying 
the free text diagnoses into HL, HT (hypertension), DB 
(diabetes), GT (gastritis) and others; and checking and 
valuing the quality facts (yes = 1, no = 0). Both the classi-
fication of diagnoses and checking of quality facts used 
Microsoft SQL Server 2008R2 and algorithms verified 
through rounds of refinement. For any given item (GI) of 
diagnoses or facts, the refinement proceeded as: (a) a first 
data-analyst developed an SQL algorithm and used it in 
labeling the GI as either 1 (yes) or 0 (no); (b) a second 
data-analyst randomly selected 200 records with GI = 1 
and another 200 records with GI = 0 from all the labeled 
records; (c) the second data-analyst sent the sampled 
records to two experienced PHC clinicians to check the 
sensitivity and specificity of the GI values; (d) if the sen-
sitivity and specificity fell below preset standard (95%), 
the results together with reasons for the mistakes were 
feedback to the first data-analyst to refine the algorithm 
and then repeat steps a to d until the preset standards 
had met. This process took a total of 8 weeks. The first 
data-analyst took about 3 weeks in developing a separate 
algorithm for each item listed in Appendix 1, while the 
iterative refinement process lasted for 5 weeks.

Analysis of the procedure-based and encounter-based 
measures employed mainly simple descriptives and lin-
ear regression modeling. We estimated number and 
rates of visits for HL and rates of ever-diagnosed and 
currently-noticed HL among residents and patients of 
all causes or indicative diseases and by time, clinicians 
and regions. Indicative diseases included hyperten-
sion (HT), diabetes (DB) and gastritis (GT). Of these, 
HT and DB were included due to their strong associa-
tion with HL in terms of shared risk factors, complica-
tions and methods for case management [29, 30]. GT was 

selected as an indicative disease since the consultation 
for GT also provide a unique opportunity for promot-
ing HL-management suck as diet modifications [31]. To 
facilitate comparisons of patterns of variations or trend 
across subgroups, we calculated the following for part 
of the measures: unified ratios, univariate linear regres-
sion parameters (coefficients, constants and p values), 
variation coefficients (VC), cumulative or unified ratios/
proportions. Univariate linear regression modeling was 
used to detect whether there was a statistically significant 
trend (p < 0.05) between the dependent and independent 
variables. We also calculated procedure and stage qual-
ity scores by months using the formulas as defined in 
Appendix 1. The findings were presented in 5 composi-
tive figures consisting of topographies, bars, lines and 
graded circles.

Results
HL-related visits by regions
Figure  1 (and Appendix 3) shows the rates of visits for 
HL and rates of visits by patients with currently-noticed 
or ever-diagnosed HL by the 16 regions of Anhui. All 
these indicators varied substantially across the regions. 
The rates of visits for HL ranged from 0.01 to 1.43 per 
100 population (mean = 0.34%, VC = 97.13%); while the 
rates of visits with ever-diagnosed or currently-noticed 
HL, from 0.13 to 20.54% (mean = 6.76%, VC = 84.95%) 
or from 0.02 to 2.99% (mean = 1.21%, VC = 75.30%). 
Regional variations in the rates of visits with ever-diag-
nosed or currently-noticed HL by the indicative diag-
noses were also substantial, ranging from 0.03 to 7.93% 
(mean = 3.37%, VC = 74.76%) or from 0.00 to 0.65% 
(mean = 0.14%, VC = 112.04%) for GT, from 0.88 to 
15.20% (mean = 5.74%, VC = 66.97%) or from 0.00 to 
1.17% (mean = 0.48%, VC = 69.02%) for DB and from 0.06 
to 15.17% (mean = 6.07%, VC = 71.72%) or from 0.01 to 
2.01% (mean = 0.56%, VC = 87.16%) for HT. The rate of 
ever-diagnosed HL among visits for GT tended to be 
greater in regions with higher rate of visits for the same 
diagnose. A similar association was observed for DB but 
a reverse relationship for HT.

HL-related visits by time
Figure  2 (and Appendix 4) displays proportion or num-
ber of HL-related visits among patients of all causes and 
the 3 indicative diseases by months in the study period. 
The unified ratio of visits due to HL displayed substan-
tial increase over the study period (being 0.145 per 
population or 0.087 per all-cause visit in month 0 com-
pared with 1 in month 25); while both the proportions 
of patients with currently-noticed and ever-diagnosed 
HL among all patients remained relatively stable. For the 
3 indicative diagnoses (Fig.  2b-d), the mean proportion 
of visits with currently-noticed HL in visits due to DB 
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was the highest (0.67%), followed by HT (0.59%) and GT 
(0.24%). In comparison, the proportions of patients with 
ever-diagnosed HL were much greater but in a similar 
order, being 6.70%, 5.89%, and 4.28% in DB, HT and GT 
patients respectively. Neither the monthly proportions of 
visits with currently-noticed nor those with ever-diag-
nosed HL for any of the 3 indicative diagnoses showed 
clear increasing or decreasing trend.

HL-related visits by patients
Figure  3 (and Appendix 5) portraits the rates of cur-
rently-noticed and ever-diagnosed HL by sex, age and 
indicative diagnoses. For all cause patients (Fig. 3a), the 
rates of visits for HL by age-groups displayed a general 
parabolical pattern, starting at 0.02% (or 0.02%) for males 
(or females) in the under-25 group, peaking at 0.83% (or 
1.26%) around the age of 61–65 and declining to 0.34% 

Fig. 1  Hyperlipidemia-related visits by regions. Note HL, HT, GT and DB stand for hyperlipidemia, hypertension, gastritis and diabetes respectively; EDHL 
and CNHL denote ever-diagnosed and currently-noticed hyperlipidemia; R1 through to R16 denote the 16 regions in Anhui province, China
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(or 0.23%) by 85 and above. Both the proportions of 
patients with currently-noticed and ever-diagnosed HL 
by age-groups presented a steadily increasing trend and 
a rapidly growing gap between the two kinds of propor-
tions. The proportion of ever-diagnosed HL was 4.22 (or 
4.19) times that of currently-noticed HL for the under-
25 age group but 4.62 (or 4.76) times for the 85 + age 
group. All the three kinds of proportions by age groups 
manifested a X-shaped sex differences, being higher for 
males than females before 51–55 years but the opposite 
after that age-group. For patients with HT, GT and DB 
(Fig. 3b-d), similar age- and sex-related trends and gaps 
were also observable. In addition, the cumulative pro-
portion (CP) of currently-noticed HL along age groups 
was 10.72 (or 11.88) for all patients, 3.17 (or 2.51) for GT 
patients, 8.01 (or 7.47) for HT patients, and 8.20 (or 8.39) 
for DB patients, while the CP of ever-noticed HL was 
55.10 (or 65.00) for all patients, 47.21 (or 55.73) for GT 
patients, 62.28 (or 70.48) for HT patients, and 74.20 (or 
72.94) for DB patients.

HL-related visits by clinicians
Figure  4 (and Appendix 6) presents HL-related vis-
its by clinicians with different service volumes. Among 
all cause visits, the proportion of currently-noticed HL 
remained relatively stable along the groups of clinicians 

with greater and greater service volumes, while the 
proportion of ever-diagnosed HL showed an apparent 
increasing trend, resulting in a growing gap between the 
proportions of ever-diagnosed versus currently-noticed 
HL. The modeled difference between the proportions 
was 1.84% for the bottom group to 4.23% for the top 
group of clinicians. Similar trends were also observed for 
the 3 indicative diagnoses, with DB witnessed the biggest 
difference between the proportions of ever-diagnosed 
versus currently-noticed HL (difference in CP = 86.75), 
followed by HT (difference in CP = 84.49) and GT (differ-
ence in CP = 59.99).

Scores of HL consultations
Figure  5 (and Appendix 7) describes sores of consulta-
tion procedures for HL by seasons derived using SQL 
algorithms. Given the approaches employed in develop-
ing the procedure-based measures as described in the 
methods section and the scoring formula as specified in 
Appendix 1, the scores should range from 0.00 to 100%, 
with higher scores reflecting better guideline compli-
ance. Among the four main constructs of procedures 
assessed, diagnosis and treatment scored the highest 
on average (mean = 26.73%), followed by symptoms and 
history (10.37%), education and counselling (6.12%) and 
tests and examinations (0.79%). For detailed measures 

Fig. 2  Hyperlipidemia-related visits by time. Note HL, HT, GT and DB stand for hyperlipidemia, hypertension, gastritis and diabetes respectively; EDHL and 
CNHL denote ever-diagnosed and currently-noticed hyperlipidemia
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listed under the four constructs, lipid-lowering drugs 
scored the highest (29.99%), followed by complication 
diagnosis (29.08%), comorbidity diagnosis (28.88%), and 
medication instructions (18.86%). Most of the measures 
witnessed some extent of increases during the 8 seasons 
studied. For instance, the scores for reported symptoms 
increased from 22.41% in the Winter of 2020 to 30.36% 
in the Autum of 2021. No clear seasonal variations were 
observed in all the scores.

Discussion
Principle findings
This study identified a set of encounter-based and proce-
dure-based measures from routinely collected electronic 
records suitable to be incorporated with existing health 
information systems. The study also tested the feasibil-
ity of these measures and uncovered informative findings 
for future practice and research. These findings include: 
(a) low and varied proportions of visits for HL and visits 
by patients with EDHL or CNHL; (b) substantial differ-
ences between the proportions of visits by patients with 
EDHL and CNHL which increased rapidly along groups 
of patients with older-and-older age and clinicians with 
larger-and-larger service volume; (c) apparent increase in 
the ratio of visits for HL in all cause visits over the study 
period accompanied with relatively stable proportions of 

patients with currently-noticed and ever-diagnosed HL; 
(d) large gaps between the procedures actually recorded 
and that recommended by the national guidelines.

Explanations and implications
The descriptive statistics and models as presented in 
Fig.  1 portrait a general profile of HL-related PHC by 
regions. These findings can help answer a number of 
general yet prerequisite questions such as: how high is 
the uptake of PHC for HL in a given region as compared 
with other areas, published estimates, or recommended 
standards; how big is the gap between recorded visits 
with EDHL and CNHL between different regions and 
diseases; to what extent the visits for HL and by patients 
with EDHL/CNHL vary among different regions and 
which regions have the greatest potential for improve-
ment. Taking the example of Anhui, the descriptives 
suggest that underdiagnosis of HL and underuse of PHC 
for HL were common since the rate of visits for HL in 
over two years ranged from 0.06 to 0.41%, being much 
lower than the estimated prevalence rate of HL in Anhui 
(30.5%) and other areas (32.21-49.3%) [32–36]. The lines 
from our linear regression modeling in the figure suggest 
that additional efforts are needed to promote PHC for 
HL, particularly in southern Anhui, where the propor-
tions of visits by patients with EDHL/CNHL were lower 

Fig. 3  Hyperlipidemia-related visits by patients. Note HL, HT, GT and DB stand for hyperlipidemia, hypertension, gastritis and diabetes respectively; CP 
denotes cumulative proportion over age-groups
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Fig. 5  Quality sores of consultations for hyperlipidemia by seasons. Note The scores were based only on records of consultations with hyperlipidemia as 
the primary or first diagnosis

 

Fig. 4  Hyperlipidemia-related visits by clinicians. Note HL, HT, GT and DB stand for hyperlipidemia, hypertension, gastritis and diabetes respectively; EDHL 
and CNHL denote ever-diagnosed and currently-noticed hyperlipidemia; CP denotes cumulative proportion over clinician groups
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than in northern regions. The geographical difference 
may partly be explained by the fact that as the landscape 
changes from plateau areas in the north to mountainous 
areas in the south, the time needed to access PHC set-
tings increases gradually [37, 38].

The findings as presented in Fig.  2 should inform 
actions in response to temporal trends in visits for HL 
and by patients with EDHL/CNHL. Rates fluctuating 
around or converging toward desirable levels can be 
encouraged; otherwise, actions for reversing the trend 
are needed. As indicated by the linear regression analysis, 
visits for HL and by patients with EDHL/CNHL in Anhui 
witnessed moderate to major increases over the months 
studied. This may be viewed as a positive trend thought 
the absolute rates were still substantially lower than esti-
mations according the national guidelines by the end of 
the study period [39]. Visits for a disease in a given time 
period reflects the joint effects of the prevalence and pro-
vision and uptake of healthcare for the disease. So, trends 
or fluctuations along time-axis should signal further 
examinations of rather than directly identifying specific 
causes or factors. Being a chronic condition, the preva-
lence of HL should be relatively stable and 2 years may 
be too short to observe major changes, while provision 
and uptake of healthcare for HL may be easier to witness 
short-term variations. Given these, the increases may be 
attributed more to short- than long-term factors, like the 
outbreak of COVID-19 pandemic, structural changes. In 
the past years, Anhui and China have launched various 
initiatives in controlling major chronic diseases, includ-
ing public awareness raising and publication and pro-
motion of the national guideline on HL-management 
at PHC settings (version 2019) [40, 41]. However, the 
gap between visits by patients with EDHL and CNHL 
remained almost unchanged in the same period, suggest-
ing that these efforts had been focused primarily on visits 
caused mainly by HL, with little attention on incorporat-
ing HL-management into routine consultations for other 
conditions like diabetes, hypertension and gastritis.

The descriptives as presented in Fig.  3 should inform 
differentiated strategies to improve HL-management by 
patient-groups, such as identifying when and for whom 
HL screening and intervention should be prioritized. The 
lowered and parabolical form of the rates of visits for 
HL observed in Anhui call for added efforts in increas-
ing provision and uptake of the service for all age-groups 
with particular attention being paid on maintaining 
use of HL-related PHC for those older than the turn-
ing group (61–65 years). Studies have shown that HL 
prevalence increased along the ages until some 70 years 
and remained relatively high thereafter. By comparison, 
the visit rate for HL in Anhui decreased from 1.04% for 
the 61–65 years to 0.28% for the 85 + years [42–44]. The 
growing gap between the ratios of visits by patient with 

EDHL and CNHL calls for increasing attention along 
the age-groups on identifying and addressing potential 
comorbidity of HL in consultations for non-HL condi-
tions. Similarly, the x-shaped sex differences in the ratios 
of HL-related visits by age groups suggest a need of fur-
ther studies for underlying reasons and potential inter-
ventions leveraging the differences, especially initiatives 
for females aged around the crossing point (51–55 years), 
into better HL prevention and management.

The results as presented in Fig. 4 should facilitate pri-
oritization of clinician-groups for enhancing HL-man-
agement. The majority of visits for HL in Anhui were 
attended by the last few groups (e.g., groups 20, 19, 18 
and 17) of clinicians. This suggests that, especially when 
faced with resource limits, clinicians with top service vol-
umes should be the first to be trained and monitored to 
improve HL-management. In addition, the upward trend 
as shown by the regression models suggest that clinicians 
with greater and greater service volumes were associated 
with larger and larger gap between the proportions of 
patients with ENHL and CNHL. This positive association 
may be explained mainly by two inter-related factors: (a) 
clinicians with greater service volume or popularity are 
generally busier and thus faced with higher time pressure 
in addressing comorbidities [45, 46]; and (b) more popu-
lar clinicians tend to attract more sophisticated patients 
(including patients with comorbidities) [47, 48]. The 
associations also support the use of service volume as a 
criterion in selecting priority clinicians for interventions 
incorporating HL-management with consultations for 
other conditions, especially diabetes, hypertension and 
gastritis.

The scores as summarized in Fig.  5 portrait a perfor-
mance profile of consultations for HL in the past seasons. 
All scores - scores were designed from 0.00 to 100%, 
with a higher score standing for better guideline com-
pliance in terms of collecting the history, ordering the 
test, prescribing the lipid-lowering drugs etc. Yet all the 
measures were assessed lower than 37% in Anhui. One of 
the reasons underlying such low scores may be that most 
clinicians at PHC settings lacked adequate awareness 
and/or familiarity of the newly published guidelines on 
HL-management in China [22]. Another reason may be 
inertia of previous practice in which the clinicians were 
used to short consultations (within a few minutes), focus-
ing primarily on making diagnoses and prescribing [49, 
50]. Other reasons may include: incomplete recording 
of primary healthcare encounters [51, 52]; short of time, 
equipment and other resources [53]; insufficient super-
vision and technical support [54, 55]; inadequate even 
inverse incentives [56, 57]. Given these, there is a clear 
need for improving the consultation procedures for HL 
and regular feedback of the scores at a reasonable inter-
val (e.g., every 3 months) accompanied with a convincing 
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and actionable summary of features and justifications 
of the scores and future actions to enhance the scores 
may prove to be an effective way leveraging continu-
ous improvement. An example of such summary for the 
scores in Fig. 5 was given in Appendix 8.

The procedure- and encounter-based measures tried 
in Anhui can be implemented in other provinces and 
countries. Any area with centralized operating electronic 
record systems should satisfy the hardware and software 
requirements for computing and using the measures. The 
diagnosis and control standards and guidelines on lipid-
lowering drugs and lifestyle modifications between China 
that by international agencies (e.g., the World Health 
Organization) and developed countries are almost the 
same. So, the specific items selected for assessing the 
process quality in the current study may be applied in 
most areas with minimum adaptation. In terms of valida-
tion, this study suggests that the measures have reason-
able feasibility, accuracy and specificity. As for usefulness 
or efficacy, it merits to be further studied. Various strate-
gies may be used to realize the benefits of the measures. 
One way in reaching this end may be using the assess-
ment from these measures to inform policy-making and 
planning of continuous education initiatives for clini-
cians at PHC settings. Another way may be establishing 
a disease-specific performance appraisal mechanism on 
base of these and other measures. A third way may be 
performing regular (e.g., semi-annual or seasonal) assess-
ment of HL-management using the measures and filing 
actionable feedback reports like Appendix 8 to relevant 
clinicians and administrators.

Strengths and limitations
The study has both strengths and limitations. It is advan-
tageous since: (a) it used large-scale and representative 
electronic records spanning 25 months for an entire prov-
ince in China; (b) it identified pragmatic measures for 
monitoring and improving real-world consultations for 
HL at primary health care settings; (c) it revealed useful 
clues for future interventions and research. Limitations 
of the study include: (a) the findings were heavily depen-
dent on the quality of the PHC records and readers are 
cautioned about potential biases due to incomplete, inac-
curate and inconsistent recording; (b) the study period 
was relatively short (25-months), longer timeframe (say 5 
or 10 years) will allow more detailed and reliable analy-
sis of tends and cyclical patterns; (c) the study focused 
primarily on procedures of HL-related consultations but 
made no efforts in examining the health outcomes of the 
service, e.g., occurrence and consequences of HL-related 
complications. In addition, the rate of visits to PHC set-
tings by local residents in China may underestimate the 
actual level of healthcare use for two reasons. First, resi-
dents (especially those living in rural areas) often become 

transient workers in cities. Second, unlike western devel-
oped countries, China lacks strict referral system in 
which patients can freely choose any healthcare-givers at 
any levels without a referral letter. As a result, transient 
workers often seek healthcare in cities rather than their 
local communities. Fortunately, visit by all-cause visits 
may be used as a surrogate or complementary measure 
of visits by local residents given the social-structural con-
texts like China.

Conclusions
The measures identified in this study are feasible from 
routinely collected electronic records and suitable to be 
incorporated with existing health information systems to 
inform continuous optimization of HL-management at 
PHC settings. There is a clear need to improve the provi-
sion and uptake of PHC for HL in Anhui, China.

Abbreviations
PHC	� Primary healthcare
HL	� Hyperlipidemia
CNHL	� Currently-noticed hyperlipidemia
EDHL	� Ever-diagnosed hyperlipidemia
HT	� Hypertension
DB	� Diabetes
GT	� Gastritis
GI	� Given item
VC	� Variation coefficients
CP	� Cumulative proportion

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​9​4​4​-​0​2​5​-​0​2​4​3​5​-​7​​​​​.​​

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Supplementary Material 7

Supplementary Material 8

Acknowledgements
Not applicable.

Author contributions
D. W. conceived the study. N. Y. and Y. W. did the statistical analysis and 
drafted the first version of the manuscript. X. S. was the principal investigator 
of the funding project. Y. L., D. X., R. C., N. L., R. L. and J. C. contributed to 
interpretation of findings and critically revised the manuscript. All authors 
approved the final version of the manuscript.

Funding
This study was supported by the Natural Science Foundation of China (grant 
number: 72374006).

Data availability
No datasets were generated or analysed during the current study.

https://doi.org/10.1186/s12944-025-02435-7
https://doi.org/10.1186/s12944-025-02435-7


Page 10 of 11Yang et al. Lipids in Health and Disease           (2025) 24:17 

Declarations

Ethics approval and consent to participate
The electronic records of primary healthcare encounters used in this study 
were all desensitized aggregate data extracted from the electronic medical 
record data center in Anhui province and none of the research team had 
access to information that could identify individual participants. So, patient 
informed consent was not required or provided. Yet formal ethical approval 
of the study was obtained from the Biomedical Research Ethics Committee of 
Anhui Medical University (No. 83230511).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 November 2024 / Accepted: 11 January 2025

References
1.	 Berberich AJ, Hegele RA. A Modern Approach to Dyslipidemia. Endocr Rev. 

2022;43(4):611–53. https:/​/doi.or​g/10.12​10/e​ndrev/bnab037.
2.	 Pirillo A, Casula M, Olmastroni E, Norata GD, Catapano AL. Global epidemiol-

ogy of dyslipidaemias. Nat Rev Cardiol. 2021;18(10):689–700. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​6​9​-​0​2​1​-​0​0​5​4​1​-​4​​​​​.​​​

3.	 Alloubani A, Nimer R, Samara R. Relationship between Hyperlipidemia, 
Cardiovascular Disease and Stroke: a systematic review. Curr Cardiol Rev. 
2021;17(6):e051121189015. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​2​1​7​4​/​1​5​7​3​4​0​3​X​1​6​9​9​9​2​0​1​2​1​0​2​
0​0​3​4​2​​​​​.​​​

4.	 Wu S, Xu W, Guan C, et al. Global burden of cardiovascular disease attribut-
able to metabolic risk factors, 1990–2019: an analysis of observational data 
from a 2019 global burden of Disease study. BMJ Open. 2023;13(5):e069397. 
https:/​/doi.or​g/10.11​36/b​mjopen-2022-069397.

5.	 Lu Y, Wang P, Zhou T, et al. Comparison of prevalence, awareness, treatment, 
and Control of Cardiovascular Risk factors in China and the United States. J 
Am Heart Assoc. 2018;7(3). https:/​/doi.or​g/10.11​61/J​AHA.117.007462.

6.	 Lotufo PA, Santos RD, Figueiredo RM, et al. Prevalence, awareness, treatment, 
and control of high low-density lipoprotein cholesterol in Brazil: baseline of 
the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). J Clin Lipidol. 
2016;10(3):568–76. https:/​/doi.or​g/10.10​16/j​.jacl.2015.12.029.

7.	 Steinhagen-Thiessen E, Bramlage P, Lösch C, et al. Dyslipidemia in primary 
care–prevalence, recognition, treatment and control: data from the German 
Metabolic and Cardiovascular Risk Project (GEMCAS). Cardiovasc Diabetol. 
2008;7:31. https:/​/doi.or​g/10.11​86/1​475-2840-7-31.

8.	 Guptha S, Gupta R, Deedwania P, et al. Cholesterol lipoproteins and preva-
lence of dyslipidemias in urban Asian indians: a cross sectional study. Indian 
Heart J. 2014;66(3):280–8. https:/​/doi.or​g/10.10​16/j​.ihj.2014.03.005.

9.	 Lu W, Pikhart H, Tamosiunas A, et al. Prevalence, awareness, treatment and 
control of hypertension, diabetes and hypercholesterolemia, and associated 
risk factors in the Czech Republic, Russia, Poland and Lithuania: a cross-
sectional study. BMC Public Health. 2022;22(1):883. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​
2​8​8​9​-​0​2​2​-​1​3​2​6​0​-​3​​​​​.​​​

10.	 Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology of cardiovascu-
lar disease in China: current features and implications. Nat Rev Cardiol. 
2019;16(4):203–12. https:/​/doi.or​g/10.10​38/s​41569-018-0119-4.

11.	 Opoku S, Gan Y, Fu W, et al. Prevalence and risk factors for dyslipidemia 
among adults in rural and urban China: findings from the China National 
Stroke Screening and prevention project (CNSSPP). BMC Public Health. 
2019;19(1):1500. https:/​/doi.or​g/10.11​86/s​12889-019-7827-5.

12.	 Zhang M, Deng Q, Wang L, et al. Prevalence of dyslipidemia and achievement 
of low-density lipoprotein cholesterol targets in Chinese adults: a nationally 
representative survey of 163,641 adults. Int J Cardiol. 2018;260:196–203. 
https:/​/doi.or​g/10.10​16/j​.ijcard.2017.12.069.

13.	 Bucholz EM, Gooding HC, de Ferranti SD. Awareness of Cardiovascu-
lar Risk factors in U.S. young adults aged 18–39 years. Am J Prev Med. 
2018;54(4):e67–77. https:/​/doi.or​g/10.10​16/j​.amepre.2018.01.022.

14.	 Komolafe MA, Obembe AO, Olaogun MO, et al. Awareness of stroke risk 
factors and warning signs in Nigerian adolescents compared with adults. J 

Stroke Cerebrovasc Dis. 2015;24(3):687–93. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​​/​1​0​.​​1​0​1​​6​/​​j​.​j​s​t​r​o​k​e​c​e​
r​e​b​r​o​v​a​s​d​i​s​.​2​0​1​4​.​1​1​.​0​1​3​​​​​.​​​

15.	 Santos RD, Pereira C, Cesena F, et al. Cardiovascular Risk Misperception and 
low awareness of familial hypercholesterolemia in individuals with severe 
hypercholesterolemia. Arq Bras Cardiol. 2021;116(4):706–12. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​
0​.​3​6​6​6​0​/​a​b​c​.​2​0​1​9​0​5​1​6​​​​​.​​​

16.	 Song J, Cui Y, Song J, et al. Evaluation of the needs and experiences of 
patients with hypertriglyceridemia: social media listening Infosurveillance 
Study. J Med Internet Res. 2023;25:e44610. https:/​/doi.or​g/10.21​96/4​4610.

17.	 Zhang T, Xu Y, Ren J, Sun L, Liu C. Inequality in the distribution of health 
resources and health services in China: hospitals versus primary care institu-
tions. Int J Equity Health. 2017;16(1):42. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​9​3​9​-​0​1​7​-​0​
5​4​3​-​9​​​​​.​​​

18.	 Ding H, Chen Y, Yu M, et al. The effects of Chronic Disease Management in Pri-
mary Health Care: evidence from Rural China. J Health Econ. 2021;80:102539. 
https:/​/doi.or​g/10.10​16/j​.jhealeco.2021.102539.

19.	 Grundy SM, Stone NJ, Bailey AL, NLA/PCNA Guideline on the Management 
of Blood Cholesterol. A Report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Clinical Practice Guidelines. Circulation. 
2019;139(25):e1082–143. https:/​/doi.or​g/10.11​61/C​IR.0000000000000625. 
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/2018 AHA/ACC/AACVPR/.

20.	 Zeng L, Li Y, Zhang L, et al. Guideline use behaviours and needs of 
primary care practitioners in China: a cross-sectional survey. BMJ Open. 
2017;7(9):e015379. https:/​/doi.or​g/10.11​36/b​mjopen-2016-015379.

21.	 Slomski A. Guidelines for lipid-lowering therapy intensification rarely fol-
lowed. JAMA. 2021;326(9):800. https:/​/doi.or​g/10.10​01/j​ama.2021.14709.

22.	 Bonaventura A. Editorial commentary: the long and winding road to follow 
dyslipidemia guidelines. Trends Cardiovasc Med. 2024;34(6):379–80. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​t​c​m​.​2​0​2​3​.​0​9​.​0​0​1​​​​​.​​​

23.	 Vashitz G, Meyer J, Parmet Y, et al. Physician adherence to the dyslipidemia 
guidelines is as challenging an issue as patient adherence. Fam Pract. 
2011;28(5):524–31. https:/​/doi.or​g/10.10​93/f​ampra/cmr025.

24.	 Sunjaya AP. Uplifting Primary Care through the Electronic Health Record. Ann 
Fam Med. 2022;20(4):303–4. https:/​/doi.or​g/10.13​70/a​fm.2860.

25.	 Rayner J, Khan T, Chan C, Wu C. Illustrating the patient journey through 
the care continuum: leveraging structured primary care electronic medical 
record (EMR) data in Ontario, Canada using chronic obstructive pulmonary 
disease as a case study. Int J Med Inf. 2020;140:104159. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​
6​/​j​.​i​j​m​e​d​i​n​f​.​2​0​2​0​.​1​0​4​1​5​9​​​​​.​​​

26.	 [Chinese guideline for lipid management (primary care. Version 2024)]. Zhon-
ghua Xin xue guan bing za zhi. 2024;52(4):330–7. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​7​6​0​/​c​m​
a​.​j​.​c​n​1​1​2​1​4​8​-​2​0​2​4​0​1​0​2​-​0​0​0​0​2​​​​​.​​​

27.	 Li JJ, Zhao SP, Zhao D, et al. 2023 Chinese guideline for lipid management. 
Front Pharmacol. 2023;14:1190934. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​3​8​9​/​f​p​h​a​r​.​2​0​2​3​.​1​1​9​0​9​
3​4​​​​​.​​​

28.	 Anhui Investigation Team of the National Bureau of Statistics. Statistical 
Yearbook of Anhui Province in 2021. China Statistics Press. 2022. Accessed 31 
October,2024. http://​tjj.ah.​gov.cn/​ssah​/qwfbjd/tjnj/index.html

29.	 Wang C, Du Z, Ye N, et al. Hyperlipidemia and hypertension have synergistic 
interaction on ischemic stroke: insights from a general population survey in 
China. BMC Cardiovasc Disord. 2022;22(1):47. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​8​7​
2​-​0​2​2​-​0​2​4​9​1​-​2​​​​​.​​​

30.	 Karmali R, Sipko J, Majid M, Bruemmer D. Hyperlipidemia and Cardiovascular 
Disease in people with type 1 diabetes: review of current guidelines and 
evidence. Curr Cardiol Rep. 2023;25(5):435–42. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​1​1​8​8​
6​-​0​2​3​-​0​1​8​6​6​-​x​​​​​.​​​

31.	 Papathanasopoulos A, Camilleri M. Dietary fiber supplements: effects in obe-
sity and metabolic syndrome and relationship to gastrointestinal functions. 
Gastroenterology. 2010;138(1):65–e721. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​5​3​/​j​.​g​a​s​t​r​o​.​2​0​0​9​.​
1​1​.​0​4​5​​​​​.​​​

32.	 Xu W, Xing XY, He Q, et al. [A cross-sectional study on the prevalence and 
related factors of dyslipidemia among adults in Anhui province, in 2015]. 
Zhonghua Liu Xing Bing Xue Za Zhi. 2020;41(2):195–200. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​
7​6​0​/​c​m​a​.​j​.​i​s​s​n​.​0​2​5​4​-​6​4​5​0​.​2​0​2​0​.​0​2​.​0​1​1​​​​​.​​​

33.	 Zhang M, Peng K, Zhang X, et al. Geographic variations in the prevalence, 
awareness, treatment, and Control of Dyslipidemia among Chinese adults in 
2018–2019: a cross-sectional study. Biomed Environ Sci. 2023;36(4):313–23. 
https:/​/doi.or​g/10.39​67/b​es2023.037.

34.	 Liu X, Yu S, Mao Z, et al. Dyslipidemia prevalence, awareness, treatment, con-
trol, and risk factors in Chinese rural population: the Henan rural cohort study. 
Lipids Health Dis. 2018;17(1):119. https:/​/doi.or​g/10.11​86/s​12944-018-0768-7.

https://doi.org/10.1210/endrev/bnab037
https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.2174/1573403X16999201210200342
https://doi.org/10.2174/1573403X16999201210200342
https://doi.org/10.1136/bmjopen-2022-069397
https://doi.org/10.1161/JAHA.117.007462
https://doi.org/10.1016/j.jacl.2015.12.029
https://doi.org/10.1186/1475-2840-7-31
https://doi.org/10.1016/j.ihj.2014.03.005
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1186/s12889-019-7827-5
https://doi.org/10.1016/j.ijcard.2017.12.069
https://doi.org/10.1016/j.amepre.2018.01.022
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.013
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.013
https://doi.org/10.36660/abc.20190516
https://doi.org/10.36660/abc.20190516
https://doi.org/10.2196/44610
https://doi.org/10.1186/s12939-017-0543-9
https://doi.org/10.1186/s12939-017-0543-9
https://doi.org/10.1016/j.jhealeco.2021.102539
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1136/bmjopen-2016-015379
https://doi.org/10.1001/jama.2021.14709
https://doi.org/10.1016/j.tcm.2023.09.001
https://doi.org/10.1016/j.tcm.2023.09.001
https://doi.org/10.1093/fampra/cmr025
https://doi.org/10.1370/afm.2860
https://doi.org/10.1016/j.ijmedinf.2020.104159
https://doi.org/10.1016/j.ijmedinf.2020.104159
https://doi.org/10.3760/cma.j.cn112148-20240102-00002
https://doi.org/10.3760/cma.j.cn112148-20240102-00002
https://doi.org/10.3389/fphar.2023.1190934
https://doi.org/10.3389/fphar.2023.1190934
http://tjj.ah.gov.cn/ssah/qwfbjd/tjnj/index.html
https://doi.org/10.1186/s12872-022-02491-2
https://doi.org/10.1186/s12872-022-02491-2
https://doi.org/10.1007/s11886-023-01866-x
https://doi.org/10.1007/s11886-023-01866-x
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.011
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.011
https://doi.org/10.3967/bes2023.037
https://doi.org/10.1186/s12944-018-0768-7


Page 11 of 11Yang et al. Lipids in Health and Disease           (2025) 24:17 

35.	 Gao N, Yu Y, Zhang B, et al. Dyslipidemia in rural areas of North China: preva-
lence, characteristics, and predictive value. Lipids Health Dis. 2016;15(1):154. 
https:/​/doi.or​g/10.11​86/s​12944-016-0328-y.

36.	 Deng B, Luo T, Huang Y, Shen T, Ma J. Prevalence and determinants of 
hyperlipidemia in moderate altitude areas of the Yunnan-Kweichow plateau 
in Southwestern China. High Alt Med Biol. 2012;13(1):13–21. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​
0​.​1​0​8​9​/​h​a​m​.​2​0​1​1​.​1​0​3​7​​​​​.​​​

37.	 Hong I, Wilson B, Gross T, Conley J, Powers T. Challenging terrains: socio-
spatial analysis of Primary Health Care Access disparities in West Virginia. Appl 
Spat Anal Policy. 2023;16(1):141–61. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​1​2​0​6​1​-​0​2​2​-​0​9​4​
7​2​-​0​​​​​.​​​

38.	 Huerta MU, Källestål C. Geographical accessibility and spatial coverage mod-
eling of the primary health care network in the Western Province of Rwanda. 
Int J Health Geogr. 2012;11:40. https:/​/doi.or​g/10.11​86/1​476-072X-11-40.

39.	 Healthy China Action. (2019–2030). Central People’s Government of the 
People’s Republic of China; 2019. Accessed 31 October,2024. ​h​t​t​​p​:​/​/​​w​w​w​​.​g​​o​v​.​
c​n​/​x​i​n​w​e​n​/​2​0​1​9​-​0​7​/​1​5​/​c​o​n​t​e​n​t​_​5​4​0​9​6​9​4​.​h​t​m​​​​​​​

40.	 Yu W, Shi R, Li J, et al. Need for hyperlipidemia management policy 
reform in China: learning from the global experience. Curr Med Res Opin. 
2018;34(2):197–207. https:/​/doi.or​g/10.10​80/0​3007995.2017.1354833.

41.	 Association CM, Association JOTC, Association GPBO, Editorial Board Of The 
Chinese Journal Of General, Practitioners CMA, Guidelines EGOC. Guidelines 
for primary care diagnosis and treatment of dyslipidemia (2019). J Chin Gen 
Practitioners. 2019;18(5):406–16. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​3​7​6​0​/​c​m​a​.​j​.​i​s​s​n​.​1​6​7​1​-​7​3​6​8​
.​2​0​1​9​.​0​5​.​0​0​3​​​​​.​​​

42.	 Okui T. An age-period-cohort analysis of Prevalence and Consultation Rate 
for Dyslipidemia in Japan. Asia Pac J Public Health. 2021;33(1):46–52. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​​o​r​g​/​1​0​.​1​1​7​7​/​1​0​1​0​5​3​9​5​2​0​9​6​3​6​4​3​​​​​.​​​

43.	 Jin ES, Shim JS, Kim SE, et al. Dyslipidemia Fact Sheet in South Korea, 2022. 
Diabetes Metab J. 2023;47(5):632–42. https:/​/doi.or​g/10.40​93/d​mj.2023.0135.

44.	 Chen Y, Du J, Zhou N, et al. Prevalence, awareness, treatment and control 
of dyslipidaemia and their determinants: results from a population-based 
survey of 60 283 residents in eastern China. BMJ Open. 2023;13(12):e075860. 
https:/​/doi.or​g/10.11​36/b​mjopen-2023-075860.

45.	 Al-Dabbagh SA, Sulaiman HM, Abdulkarim NA. Workload assessment of 
medical doctors at primary health care centers in the Duhok governorate. 
Hum Resour Health. 2022;19(Suppl 1):117. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​9​6​0​-​0​2​
1​-​0​0​6​6​4​-​2​​​​​.​​​

46.	 Parial L, Leyva E, Siongco K, et al. Staffing and workload in Primary Care facili-
ties of selected geographically isolated and disadvantaged communities in 
the Philippines. Acta Med Philipp. 2024;58(12):21–34. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​4​7​8​9​
5​/​a​m​p​.​v​5​8​i​1​2​.​9​2​6​8​​​​​.​​​

47.	 Li S, Hubner A. The impact of web-based ratings on patient choice of a pri-
mary care physician Versus a specialist: Randomized Controlled experiment. J 
Med Internet Res. 2019;21(6):e11188. https:/​/doi.or​g/10.21​96/1​1188.

48.	 Lee A, Ithinin S, Tan NC. Physician factors affecting patient preferences in 
selecting a primary care provider: a qualitative research study in Singapore. 
PLoS ONE. 2024;19(3):e0298823. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​3​7​1​/​j​o​u​r​n​a​l​.​p​o​n​e​.​0​2​9​8​8​2​
3​​​​​.​​​

49.	 Manalastas G, Noble LM, Viney R, Griffin AE. What does the structure of a 
medical consultation look like? A new method for visualising doctor-patient 
communication. Patient Educ Couns. 2021;104(6):1387–97. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​
.​1​0​1​6​/​j​.​p​e​c​.​2​0​2​0​.​1​1​.​0​2​6​​​​​.​​​

50.	 Irving G, Neves AL, Dambha-Miller H, et al. International variations in primary 
care physician consultation time: a systematic review of 67 countries. BMJ 
Open. 2017;7(10):e017902. https:/​/doi.or​g/10.11​36/b​mjopen-2017-017902.

51.	 Hung H, Kueh LL, Tseng CC, et al. Assessing the quality of electronic medical 
records as a platform for resident education. BMC Med Educ. 2021;21(1):577. 
https:/​/doi.or​g/10.11​86/s​12909-021-03011-0.

52.	 Ahmed M, Ahsan A, Selal ZM, et al. Enhancing WHO prescription writ-
ing guideline adherence through an educational intervention - a 
quality improvement study of Azad Jammu and Kashmir. Int J Surg. 
2024;110(10):6617–21. https:/​/doi.or​g/10.10​97/J​S9.0000000000001828.

53.	 Sun X, Lv B, Gao X, Meng K. Can the allocation of primary health care system 
resources affect efficiency? A spatial Dubin model study in China. BMC Prim 
Care. 2024;25(1):62. https:/​/doi.or​g/10.11​86/s​12875-024-02290-y.

54.	 Huang M, Rozelle S, Cao Y, et al. Primary care quality and provider disparities 
in China: a standardized-patient-based study. Lancet Reg Health West Pac. 
2024;50:101161. https:/​/doi.or​g/10.10​16/j​.lanwpc.2024.101161.

55.	 Li X, Krumholz HM, Yip W, et al. Quality of primary health care in China: chal-
lenges and recommendations. Lancet. 2020;395(10239):1802–12. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​
o​r​g​/​1​0​.​1​0​1​6​/​S​0​1​4​0​-​6​7​3​6​(​2​0​)​3​0​1​2​2​-​7​​​​​.​​​

56.	 Dodd R, Palagyi A, Jan S, et al. Organisation of primary health care systems in 
low- and middle-income countries: review of evidence on what works and 
why in the Asia-Pacific region. BMJ Glob Health. 2019;4(Suppl 8):e001487. 
https:/​/doi.or​g/10.11​36/b​mjgh-2019-001487.

57.	 Gong Y, Xu J, Chen T, et al. The effect of the latest health care reforms on the 
quality of community health services in China. Int J Health Plann Manage. 
2018;33(4):e1225–31. https:/​/doi.or​g/10.10​02/h​pm.2611.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s12944-016-0328-y
https://doi.org/10.1089/ham.2011.1037
https://doi.org/10.1089/ham.2011.1037
https://doi.org/10.1007/s12061-022-09472-0
https://doi.org/10.1007/s12061-022-09472-0
https://doi.org/10.1186/1476-072X-11-40
http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm
http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm
https://doi.org/10.1080/03007995.2017.1354833
https://doi.org/10.3760/cma.j.issn.1671-7368.2019.05.003
https://doi.org/10.3760/cma.j.issn.1671-7368.2019.05.003
https://doi.org/10.1177/1010539520963643
https://doi.org/10.1177/1010539520963643
https://doi.org/10.4093/dmj.2023.0135
https://doi.org/10.1136/bmjopen-2023-075860
https://doi.org/10.1186/s12960-021-00664-2
https://doi.org/10.1186/s12960-021-00664-2
https://doi.org/10.47895/amp.v58i12.9268
https://doi.org/10.47895/amp.v58i12.9268
https://doi.org/10.2196/11188
https://doi.org/10.1371/journal.pone.0298823
https://doi.org/10.1371/journal.pone.0298823
https://doi.org/10.1016/j.pec.2020.11.026
https://doi.org/10.1016/j.pec.2020.11.026
https://doi.org/10.1136/bmjopen-2017-017902
https://doi.org/10.1186/s12909-021-03011-0
https://doi.org/10.1097/JS9.0000000000001828
https://doi.org/10.1186/s12875-024-02290-y
https://doi.org/10.1016/j.lanwpc.2024.101161
https://doi.org/10.1016/S0140-6736(20)30122-7
https://doi.org/10.1016/S0140-6736(20)30122-7
https://doi.org/10.1136/bmjgh-2019-001487
https://doi.org/10.1002/hpm.2611

	﻿Automated process assessment of primary healthcare for hyperlipidemia: preliminary findings and implications form Anhui, China
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Development of measures

	﻿Data sources and content
	﻿Data process and analysis
	﻿Results
	﻿HL-related visits by regions
	﻿HL-related visits by time

	﻿HL-related visits by patients
	﻿HL-related visits by clinicians
	﻿Scores of HL consultations

	﻿Discussion
	﻿Principle findings
	﻿Explanations and implications
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


