2023 Volume 1, Issue 1

l‘ Big Data Analytics for Healthcare

PUBLISHING PTE. LTD.

ISSN: 2630-4767 (Online)

Current Application Status and Insights of the Ecology of
Medical Care Model in Health Services Research: A Scoping

Review

Zhengyan Zhang, Zhenzhong Wang, Ji Zhang, Enying Gong*, Ruitai Shao*
School of Population Medicine and Public Health, Chinese Academy of Medical Sciences & Peking Union Medical

College, Beijing 100005, China

*Corresponding authors: Enying Gong, gongenying@cams.cn; Ruitai Shao, shaoruitai@cams.cn

Copyright: © 2023 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), permitting distribution and reproduction in any medium, provided the original work is cited.

Abstract:

Keywords:

Background: Over the past decade, the ecology of medical care model has gained significant
attention from scholars due to its prominent application value. Variations and shifts in the
theoretical modeling constructs of this model can serve as indicators of the transformation in
healthcare delivery, offering insights into the health needs of the population and the utilization of
health services in China. Objective: This study aims to integrate and compare research utilizing the
ecology of medical care model, describe the current status of such research, and contrast research
methodologies and key findings. Methods: A comprehensive search was conducted in June 2022
using PubMed, Ovid Medline, Web of Science, Embase, China Biomedical Literature Service
System, CNKI, and Wanfang databases. The search covered the period from 1961 to 2022 and
was not limited by language. The Joanna Briggs Institute (JBI) methodology manual for scoping
review guided the literature screening, information extraction, and descriptive analysis. Results: A
total of 28 articles met the inclusion criteria, with 22 (78.6%) published after 2010. Most studies
employing the ecology of medical care model focused on population health needs, healthcare
resource utilization patterns, healthcare-seeking behavior, and disease referrals. Regarding the
study population, 11 articles (39.3%) encompassed all age groups, while seven studies (25.0%)
targeted specific populations. Four studies were conducted in urban areas of China. Compared
to developed countries (regions), developing countries (regions) showed less emphasis on self-
seeking help by patients (e.g., over-the-counter medicines, massages). Available ecological
models indicated lower rates of patient self-reporting of health issues (symptoms) but higher rates
of hospital outpatient and emergency room visits in developing countries (regions). Conclusion:
The ecology of medical care model and its research methods have undergone significant evolution
in the last two decades, maintaining their value as tools for researchers and policymakers to
understand healthcare demand and the dynamics between healthcare resource supply and demand.
Currently, the application of this model is limited in China, highlighting the need for future studies
to utilize it to expose health inequities and unmet health needs in the country. Such research in
the field of population medicine will provide evidence to enhance the rational allocation of health

resources among the Chinese population.
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1. Introduction

In 1961, White et al. " systematically introduced the
theory of the ecology of medical care, describing the
relationship between community health status, healthcare-
seeking behavior, and medical and health resources.
This groundbreaking theory provided health service
researchers with an individual and population-centered
perspective. The theoretical model consists of multiple
squares of decreasing size, representing different levels of
healthcare utilization per 1,000 individuals, such as risk
of illness, self-reported disease, individual care, doctor
consultation, and hospitalization. It offers a method to
calculate the utilization rate of different levels of medical
services within a specific period and has been widely and
effectively applied globally /.

Over the past decades, health service researchers in
many countries (regions) have used this model to depict
local medical resource distribution. By describing the
stepwise decrease in health issues, disease conditions, and
medical utilization, they have reflected the accessibility,
equity, and efficiency of medical and health resources.
Equal and fair distribution of healthcare resources and
promoting “Universal Health Coverage” (UHC) are
among the main challenges of global health today. The
concept of UHC, introduced by the WHO, measures
health service coverage, quality, and cost to achieve the
goal of “health for all.” However, achieving this goal
remains a long and arduous task. A study published in
The Lancet showed that China’s number of doctors per
10,000 population has surpassed Japan and is close to the
US, but its UHC index ranks only 58th globally . This
indicates a supply-demand contradiction between unmet
health needs and limited medical resources in China, and
effective evaluation of the healthcare system using the
ecology of medical care framework is a key approach to
addressing this issue. Research on population medical
resource utilization using this framework can describe
health issues, disease conditions, and medical service
utilization patterns from a population and individual-
centered perspective. Differences and changes in the
theoretical modeling constructs of the ecology of medical
care can reflect shifts in the healthcare model, providing
an evidence base for understanding China’s population
health needs and health service utilization. This article

systematically reviews research and major developments
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in population health service utilization using the ecology
of medical care model in different countries (regions)
since its establishment, aiming to provide insights and
references for future research on healthcare service

utilization in China using this model.

2. Materials and methods

2.1. Inclusion and exclusion criteria

Inclusion criteria: Surveys published after 1961 that
involve the use of the ecology of medical care model
to investigate population medical resource utilization.
If multiple publications are found for similar studies
in a country (region) during a specific period, only
the most comprehensive research paper is considered.
Exclusion criteria: (1) Review articles or case studies; (2)
Conference papers; (3) Repeatedly published literature;
(4) Literature with inaccessible full text; (5) Experimental
studies involving animals.

2.2. Search strategy

The search was conducted in June 2022 using PubMed,
Ovid Medline, Web of Science, Embase (English
databases), and CNKI, Wanfang Data, SinoMed
(Chinese databases). A combination of subject headings
and keywords was adopted, and search strategies
were scientifically developed according to the specific
requirements of each database to comprehensively and
systematically search, screen, and review literature that
has applied the ecology of medical care model to conduct
health service surveys since 1961.

Based on the preliminary search, the main search
terms used were “medical care ecology” and the
years between “1961” and “2022.” Taking PubMed
as an example of the English database, the search
formula was: (“Ecology”’[Mesh] OR ecology[tiab])
AND (“Health”[Mesh] OR ((medical care[tiab]) OR
(care[tiab]) OR (service[tiab]) OR (medical health[tiab])
OR (health care[tiab]))) NOT ((“Animals”[mh] NOT
“Humans”[mh]))) AND (1961:2022[pdat]) AND
((model[All]) OR (pattern[All]) OR (mode [All]) OR
(schema [All])) AND ((medic[title]) OR (health[title])
OR (caref[title]))) AND (ecolog*[title]). Taking CNKI
as an example of the Chinese database, the search

formula was: (SU=‘ecology’+‘ecological’+‘ecological
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community’) AND (SU=‘model’+‘pattern’) AND
(SU=‘medical’+‘health’+‘hygiene’+care’+ service’).
The search time limit was from the establishment of the
database to June 1, 2022.

2.3. Literature screening and data extraction

First, the retrieved literature was imported into
EndNote X9 software for sorting and deduplication.
Two researchers trained in the Joanna Briggs Institute
(JBI) evidence-based methodology strictly followed
the inclusion and exclusion criteria, first reading the
titles and abstracts of the literature for initial screening,
and then further reviewing the full text for secondary
screening. When there was a dispute about the screening
results, an independent third researcher was invited to
make a judgment. An information extraction table was
created, which included two parts: (1) basic information,
such as researcher name, country (region), literature
title, publication year, data source, research type, etc.;
(2) research content and methods, such as theoretical
framework adopted, research topic, research design,
research subjects, research influencing factors, model
establishment methods, presentation methods, etc. To
form a certain degree of comparability, studies that
included specific populations, were historically distant,
or had ambiguous definitions were excluded from the
comparison of the results, and only studies describing
medical care ecology models for all age groups and other

age groups were compared.

2.4. Statistical methods

The content of the information extraction table was
imported into SPSS 22.0 statistical software for analysis,
and the enumeration data was expressed as relative
numbers. Some studies investigated ecological results
over half a month, one quarter, or even one year, requiring
statistical scientific transformation, which may have
some errors. For example, if a study reviewed disease and
outpatient treatment issues in the previous two weeks,
while the number of inpatient surgeries was in annual
units, it would need to be converted to monthly indicators.
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3. Results

3.1. Literature screening results

After initially searching four English databases, three
Chinese databases, and citations from the original 1961
literature, a total of 1,574 relevant articles were obtained.
After excluding 285 duplicate articles and reviewing titles,
abstracts, and full-text secondary screening, 28 articles that
met the research requirements were finally included. The
literature search process is shown in Figure 1.

A total of 1,574 articles were retrieved from databases: PubMed
(n = 513), Ovid Medline (n = 92), Web of Science (n = 580),
Embase (7 = 19), Chinese Biomedical Literature Service System
(n = 2), CNKI (n = 13), Wanfang Data Knowledge Service
Platform (n = 4), and citations from the original 1961 article

H After removing duplicates (n = 285)
A4

’ Initial screening was conducted (n = 1,289) ‘

.| Articles were excluded based on titles and
abstracts (n =1,237)

A4

’ Preliminary inclusion of literature (n = 52) ‘

Exclude literature after reading the full text (n = 24):
5| the research focus is not on health care (n = 10), the
article structure is incomplete (n = 4), review articles
(n="7), ecological models are notused (n = 3)

’ Finally include literature (n = 28) ‘

Figure 1. Flow chart of literature screening

3.2. Basic characteristics of included literature

The 28 articles included in this study were all published
between 1961 and 2022, with 22 (78.6%) published after
2010. Regarding the study population, the full age group
dominated (11 articles, 39.3%), while seven articles
(25.0%) targeted specific populations (such as children
and adolescents !, asthmatic children ¥, pregnant

[11] [16]

women "' adult women "%, air force pilots "*, family

doctors !

, and elderly people "°”). From the perspective
of the study region, developed countries such as Japan
(seven articles) and the United States (five articles) were
the main focus, with only five articles (17.9%) conducted
in developing countries (regions) or resource-poor areas/
rural areas of developed countries (Table 1).

The research types of the included studies were
divided into three categories based on research methods
and sample size: small-scale surveys (sample size
<10,000), large-scale surveys (10,000 < sample size <
100,000), and large-scale database analyses (based on
large databases, sample size >100,000). It was found
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that, excluding the original study from 1961, the included
studies were mainly small-scale surveys (14 articles,
51.9%), followed by large-scale database analyses (eight
articles, 29.6%), and large-scale surveys (only five
articles, 18.5%) (Figure 2).

K Unitedsttes Taiwan China Canada
Large databases Taiwan China */ .
Sweden gy *
Japan
2 Japan o J A Comda
2
2 .
= Large-scale surveys | & Austria
g Hong Kong China
2 _ Shanghai
& Norway China
‘ o Ko
Small-scale surveys B Beijing China }* Japan United States
United apan - Okinawa A @ wm
A siies { Sao Paulo Brazil ¢ Tapan [}
United Switzerland
S::st Belgim —W Camda N

Tsrael Yona Guni Island Japan
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Year

2014 2016 2018 2020 2022

Figure 2. Research types, publication years, and countries (regions)
of medical care ecology studies. Note: Small-scale surveys (sample
size <10,000), large-scale surveys (10,000 < sample size <100,000),
and large-scale database analyses (based on large databases, sample
size >100,000). The original study by White ez al. ™ in 1961 is too
far in the past and is not included in the analysis of research types.

In terms of research design, studies before 2010 were
mainly small-scale cross-sectional surveys (4/6, 66.7%).
However, after 2010, more and more studies were based
on large-scale surveys or monitoring databases (11/22,
50.0%) for analysis, forming a framework for the ecology
of medical care model. Among them, a study conducted
in the United States used longitudinal data to describe and
compare the utilization of healthcare services from 2002
to 2016 **(Table 1).

3.3. Description levels of the ecology of medical
care model

Existing studies have used different levels to reflect
the utilization of healthcare services in the ecology of
medical care model. A review of the included literature
found significant variations in the ecological levels of
healthcare across different regions and populations.
Most studies included levels such as personal symptoms,
individual care, outpatient visits, emergency visits, and
hospitalizations. Some studies in developed countries
included additional dimensions such as oral health care,
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family doctor services, and medication (Table 2). For
example, Dovey et al. P in their study on American
children and Hansen et al. ' in their Norwegian study,
both paid extra attention to whether individuals had
received care from a dentist in the past month and
whether they had accessed services from a family
doctor/general practitioner. Similarly, studies conducted
by McAlister et al. % in Alberta, Canada, and Aoki et
al. ) in Japan included additional levels of medication
prescribing and drug use. Meanwhile, some studies
covered the dimensions of rehabilitation and alternative
medicine. For instance, certain studies in developing
countries encompassed alternative medical services (such
as whether individuals had received acupuncture and

herbal treatments ).

3.4. Comparison of research results related to
the ecology of medical care model

Further analysis was conducted on 19 studies that
constructed medical care ecology models across all age
groups and non-specific adult populations. Among the all-
age group, 444 to 862 people per 1,000 reported health
issues (symptoms), with 117 to 516 seeking medical
treatment at outpatient clinics, < 20 visiting emergency
departments, and < 3 being hospitalized in tertiary
hospitals. In studies focusing on non-specific adults, the
number of people reporting health issues (symptoms) per
1,000 increased from 273 to 939, and the number visiting
emergency departments rose from 7 to 122. Notably,
there were significant differences in self-reported health
issues (symptoms) between the all-age and adult groups,
while differences in outpatient medical care and inpatient
treatment were not pronounced. Some studies also
examined patients’ self-help-seeking behavior (such as
over-the-counter medications, massage, etc.), finding that
33 to 602 people per 1,000 engaged in such activities.
Additionally, all four studies on the healthcare ecology
model conducted in China were carried out in urban areas
(Table 2).
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A comparison was made between developed and
developing countries (regions) regarding research
findings on the healthcare ecology framework across all
age groups. It was found that compared to developed
countries (regions), developing countries (regions)
had a lower proportion of self-reported health issues
(symptoms). The proportion of visits to primary care
physicians was similar to that in developed countries
(regions), but the rates of hospital outpatient visits and
emergency treatment seeking were higher. Data on
individuals seeking medical services was incomplete,
but the ratio of self-reported health issues (symptoms) to
visits to primary care physicians to non-tertiary hospital
inpatient stays in developing countries (regions) was
approximately 63:42:1, whereas the ratio in developed
countries was 69:27:1 (Figure 3).

Two studies conducted in China across all age
groups (one in Hong Kong and the other in Shanghai)
were compared with four studies from other countries to
analyze differences in the ecology model regarding health
issues (symptoms), visits to primary care physicians, and
general hospital inpatient levels. These six studies were
selected for comparison due to their completeness of
data and their ability to represent the three major areas
of health issues (symptoms), outpatient medical care,
and inpatient treatment. The results showed that studies
from the United States, Japan, and Belgium indicated that
approximately 27.5% of people seek medical attention

A
— 1.000 people

[—— 827 reported health problems

—— 409 sought medical services

43 visited hospital outpatient clinics

23 received home care

12 were hospitalized

é 9 visited emergency departments

320 vistted primary care physicians’ offices

57 received complementary and alternative

1 was hospitalized in a tertiary hospital

after experiencing health issues, while this proportion was
significantly higher in Chinese studies, reaching 67.2%
(Figure 4).

4. Discussion

This study systematically reviewed research utilizing the
ecology of medical care model both domestically and
internationally. Since the introduction of the medical
ecology model theory in 1961 " there have been
continuous advancements in its application and research
methodologies. Based on the publication timeline,

the development of the healthcare ecology model can

be broadly divided into two stages: the first 40 years

(28
37

108

m 23
E—— 356
109

m 26
E——— 33 4
1]

m 37

—— 07|
113

=19

VO et al. 2014 (Belgium)

FUKUT et al. 2005 (Japan)

FUKUTI et al. 2017 (Japan)

Source of literature

GREEN et al. 2001 (United States)

LEUNG et al. 2002 (Hong Kong China) 65.6
16

m 23

XIONG et al.2021 (Shanghai China) 68.7

0 20 40

Proportion (%)

60 80

Figure 4. Basic referral status of some studies in all-age groups

B
1.000 people

506 reported health problems

335 visited primary care physicians’ offices

302 sought medical services

144 visited hospital outpatient clinics

51 received complementary and alternative
26 visited emergency departments

8 were hospitalized

2 was hospitalized in a tertiary hospital

Figure 3. Comparison of the ecology of medical care models results in all-age populations in developed and developing countries (regions)
Note: A represents the ecological outcomes of medical care in developed countries (regions), and B represents the ecological outcomes of

medical care in developing countries (regions).

-20-



2023 Volume 1, Issue 1

represented the initial exploration phase. Although
the ecology model played a role in conceptualizing
healthcare services in the United States, it was not applied
to understand the critical issues of healthcare service
disparities. The second stage began after 2001, when
Green et al. " updated the report by White et al. ™' from
1961, further refining the framework of the ecology of
medical care model. This update incorporated levels
reflecting different types of healthcare and increased
focus on special populations. Despite the absence of
a unified standard for the ecology of medical care
model, it describes health issues, disease states, and
patterns of healthcare utilization from a population and
individual-centered perspective. The model provides a
clear visualization of the stratified structure of health
needs and health service utilization among different
groups, regions, and healthcare systems. This offers
researchers and policymakers a comprehensive view of
the relationship between healthcare demand and supply.
In terms of research design, different methodologies have
their respective strengths and weaknesses. Survey data
can provide targeted descriptions of the local healthcare
ecology. However, surveys often face time constraints,
and studies may not establish causal relationships.
Additionally, there can be issues such as self-reporting
bias, recall bias, and seasonal variations. Some cross-
sectional surveys, limited by factors like cost and initial
design, may not achieve a sufficiently large sample
size, resulting in incomplete coverage of symptoms and
health issues. On the other hand, real-world data studies
effectively utilize large amounts of dynamic data, saving
costs and time, and improving the efficiency of medical
and health-related decision-making. However, controlling
for biases and data analysis can be more complex in
these studies. The model also has certain limitations.
For instance, due to the lack of diagnostic data, related
studies often cannot capture the overall disease burden,
disease severity, continuity of care, and whether patients
in need receive appropriate medical services. This
limitation highlights the importance of improving data
collection and integration to enhance the understanding
and application of the ecology of medical care model.
Despite these challenges, the model remains a valuable
tool for researchers and policymakers to understand and
address the complex issues related to healthcare demand

21-

and supply.

There are certain differences in the healthcare system
and supply-demand relationships between China and
other countries. Previous research conducted in developed
cities such as Beijing ' and Shanghai ** has shown that
in China, approximately 60% of the population seeks
medical treatment at clinics for health issues, and the
proportion of those who eventually require hospitalization
is greater than 1.5%. In Beijing, the hospitalization rate
even reaches 5%. However, studies from developed
countries (e.g., the United States ), Japan "*), Norway
[y reveal that these two indicators are roughly 30% and

1%, respectively. In developed countries like Belgium "

and Canada %

, residents initially seek medical services
through home health care, support from pharmacists and
physiotherapists, or even online/telephone consultations
to address health issues. Referrals are then made by
general practitioners, resulting in a lower proportion of
hospital visits/emergency department visits. In contrast,
due to the absence of a medical referral system and a
weaker primary healthcare and referral system in China,
hospitals remain the first or only point of contact with the
healthcare system for the population. Previous research
has also highlighted that China’s primary healthcare
system is still relatively weak. With the changing disease
spectrum and the continuous increase in the number of
chronic disease patients, the prevention and management
of chronic diseases pose persistent challenges to the
Chinese healthcare system *!. The decreasing trend across
different levels in the ecology of medical care model
reflects the need for further strengthening the primary
healthcare system in China, enhancing referrals between
community health service institutions and secondary/
tertiary medical institutions to achieve tiered diagnosis
and treatment.

The significant decrease across levels in the ecology
of medical care model reflects that patients are not always
in hospitals, and there is a need for greater attention
to patients in the community and outside of hospitals.
Although the ecology of medical care model does not
have universally applicable standardized levels, changes
in model levels reflect shifts in medical paradigms,
characteristics of healthcare systems in different
countries, and varying relationships between individuals
and the healthcare system. Differences in the ecology of
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medical care model across regions are closely related to
the healthcare system, medical insurance models, and
population health needs, and also represent, to some
extent, disparities in medical resource allocation.

Research on medical care ecology in China is still
not fully developed. Compared to developed countries
(regions), studies on the ecology of medical care model
in developing countries (regions) lack relevant survey
data on home care. Due to the limited number of studies
currently available, Figure 3 is based on existing data
and does not account for biases caused by factors such
as sample size, study type, and definitional differences.
Therefore, further improvement is needed in the future.
Analyzing the decreasing proportions across different
levels of the ecology of medical care model helps
to conceptualize the situation and ratios of healthy
populations, sick populations, and those receiving medical
care. It reflects how limited medical resources can better
meet substantial health needs, which is significant for
developing and evaluating health policy objectives.

The ecology of medical care model also provides
a new tool for understanding and promoting the
implementation of the population medicine concept. The
model reveals that patients in hospitals represent only
the tip of the iceberg of the population with health needs.
More attention should be paid to unmet health needs
and the large population with health needs outside of
hospitals. The introduction of the population medicine
concept also emphasizes an individual and population-
centered medical care model that covers the entire chain
of “promotion, prevention, diagnosis, control, treatment,
and rehabilitation.” The ecology of medical care model
can serve as an important research tool for practicing

the population medicine concept in the future, helping
researchers and policymakers understand unmet health
needs in the population and facilitating the shift from
a “disease-centered” to a “health-centered” approach.
As more regional and population-specific medical care
ecology studies and data become available, the results
of the ecology model can be further subdivided based
on different definitions, populations, and survey types,
enabling continuous improvement and supplementation to
fully leverage the model’s potential.

5. Conclusion

In summary, the ecology of medical care model and its
research methods have continuously evolved over the
past 20 years, providing a methodology for understanding
the allocation and utilization of medical resources. It
remains a valuable tool for researchers and policymakers
to comprehend healthcare needs and the supply-
demand relationship of medical resources. Currently,
the application of the healthcare ecology framework in
China is not widespread, and most studies conducted in
China focus on more developed urban areas, limiting
the use of the ecology of medical care model. In the
future, this model can be more widely applied to conduct
research in areas such as population medicine, providing
an evidence base for improving the rational allocation of
health resources in the Chinese population. This article
summarizes the research methodology advancements
and key findings of this model both domestically and
internationally, offering insights and references for future
research on healthcare service utilization using this model
in China.
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