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Abstract: The clinical decision support system (CDSS) is an interactive computer system that employs a specific 
logical reasoning algorithm to integrate various types of data, aiding doctors in making clinical decisions by examin-
ing medical knowledge databases and clinical guidelines. In clinical practice, several CDSSs have been developed 
and applied for different purposes. Chronic diseases exhibit unique characteristics. In this paper, we summarize the 
application of the CDSS in the field of chronic diseases, with a focus on its impact on the quality and effectiveness 
of disease care. We also identify its application fields and limitations, envisioning its prospective application in the 
management of chronic disease.
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Introduction

Chronic diseases, including diabetes, cardio-
vascular and cerebrovascular diseases, chron-
ic obstructive pulmonary disease (COPD), ma- 
lignant tumours, mental disorders, and other 
diseases, endure over extended periods and 
currently lack cures. In China, the number of 
individuals afflicted by chronic diseases contin-
ues to increase, along with the steadily increas-
ing proportion of deaths attributed to these 
conditions. Statistics show that in 2019, fatali-
ties resulting from chronic diseases constitut-
ed 88.5% of the total deaths in China, with  
cardiovascular and cerebrovascular diseases, 
cancer, and chronic respiratory diseases ac- 
counting for 80.7% of all mortalities [1].

The escalating prevalence of chronic diseases 
is expected to result in higher expenses for 
long-term medication and a growing demand 
for evidence-based chronic disease manage-

ment. This, in turn, will lead to an increase in 
healthcare expenditures dedicated to chronic 
disease care. According to statistics, costs of 
chronic disease care account for approximately 
75% of the total medical expenses. Among 
these costs, the elderly population bears the 
greatest burden, as 65% of Medicare benefi- 
ciaries suffer from two or more chronic diseas-
es, accounting for 96% of all Medicare ex- 
penditures [2]. Despite the substantial cost, 
the effectiveness of chronic disease manage-
ment remains suboptimal. Moreover, for many 
patients with multiple comorbidities, the over-
lapping or divergent care plans further compli-
cates the management of chronic diseases  
[3]. High medical costs, uneven distribution of 
resources, and the demand for individualized 
treatment are critical problems associated with 
chronic disease care that must be solved.

The clinical decision support system (CDSS) is 
an interactive computing system that employs 
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a specific logical reasoning algorithm for the 
integration of various types of data, such as 
patient history, laboratory and imaging indica-
tors, demographic characteristics, living envi-
ronment and behaviour information, and incor-
porates a medical knowledge database along 
with clinical guidelines to assist healthcare  
providers in making clinical decisions [4]. Tra- 
ditional CDSS consists of software designed to 
directly aid clinical decision making, where indi-
vidual patient characteristics are matched to a 
computerized clinical knowledge base, present-
ing patient-specific assessments or recommen-
dations to clinicians for a decision making. In 
modern practice, CDSS is primarily used at the 
point of care, allowing clinicians to combine 
their expertise with the information and recom-
mendations provided by the system. Addi- 
tionally, there are CDSSs being developed with 
the capability to leverage data and observa-
tions that are unobtainable or uninterpretable 
by humans [5]. CDSS has been recognized by 
the U.S. government’s Health and Medical Care 
Act, which financially incentivizes the imple-
mentation of clinical decision support (CDS) in 
electronic medical records. In 2013, an esti-
mated 41% of U.S. hospitals with electronic 
medical records also had CDSS, and by 2017, 
40.2% of U.S. hospitals had advanced CDS 
capabilities. Canada has received substantial 
government support, and the adoption rate of 
electronic medical records, which was approxi-
mately 62% in 2013, has been promising. The 
UK is also a world leader in healthcare IT in- 
vestment, with €20 billion invested in 2010.  
In China, CDSS has entered a stage of rapid 
development since 2014, and 80% of medical 
personnel believe that CDSS has played a great 
role in early clinical warning reminders, inspec-
tion report interpretation, and the establish-
ment of clinical knowledge bases. Numerous 
countries, including Denmark, Estonia, Austra- 
lia and others, have also managed to imple-
ment national health records, at least for 
patient-facing data. The CDSS serves as a tool 
to enhance the fundamental knowledge of 
healthcare practitioners and patients, support-
ing clinical decision-making across a wide 
range of functions. These functions include 
diagnostics, alarm systems, disease manage-
ment, prescription (Rx) control, drug manage-
ment, and much more, offering numerous ad- 
vantages for both practitioners and patients. 
These advantages encompass patient safety, 

clinical management, cost containment, admin-
istrative function/automation, and diagnostic 
support [5].

CDSS may also be utilized to improve chronic 
care management [6]. For instance, Petra 
Augstein et al. assessed the benefits of the 
Karlsburg Diabetes Management System (KA- 
DIS) when combined with the continuous glu-
cose monitoring system (CGMS) in outpatient 
settings [7]. Their findings indicate that, when 
compared to using CGMS alone, the combina-
tion of CGMS/KADIS may provide physicians 
with more support in making their therapeutic 
decisions, leading to improved glycaemic con-
trol for patients.

Considering the unique characteristics of 
chronic diseases, the aim of this literature 
review is the application of CDSSs in chronic 
disease management. We specifically focus on 
the impact of the CDSS on the quality of care 
and effectiveness of clinical practice in the  
context of chronic conditions. Studies cited are 
summarized in Table 1.

Application and effects of CDSS in chronic 
disease management

Diabetes

The use of CDSS in diabetes management has 
a positive effect on physician performance, 
leading to favourable outcomes in patients. 
Petra Augstein et al. conducted a multicentre 
trial involving 49 outpatients with either type 1 
diabetes or insulin-treated type 2 diabetes [7]. 
Patients were randomly to assigned to receive 
decision support based on the CGMS data 
alone or a CGMS/KADIS-based decision sup-
port system. After monitoring, the outcome 
parameter HbA1c (%) was measured to assess 
the benefits of combining KADIS with CGMS in 
outpatient settings. Multiple regression analy-
sis revealed that HbA1c outcomes depended 
on KADIS-based decision support. This sug-
gests that the CGMS/KADIS combination is 
more effective than CGMS alone in supporting 
the therapeutic decisions of physicians, ulti-
mately helping patients achieve better glycae-
mic control. Perestelo-Pérez L et al. conducted 
a cluster randomized trial involving 29 clini-
cians and 168 Spanish patients with type 2 dia-
betes [8]. Various factors were evaluated imme-
diately after the intervention, including statin 
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Table 1. Characteristics of included studies and participants
Diseases Source Sample Size Follow up Outcome measures Functions and advantages of CDSS
Diabetes Augstein P, et al. 

(2007) [7]
49 3 months HbA1c If physicians were supported by CGMS/KADIS in 

therapeutic decisions, they achieved better glycaemic 
control for their patients compared with support by 
CGMS alone.

Perestelo-Pérez L, et 
al. (2016) [8]

Clinicians =29
Patients =168

3 months Knowledge of statins, cardiovascular risk perception, decisional 
conflict, anxiety, satisfaction with the decision making process, and 
self-reported adherence

Improve the quality of decision making about statins.

Buhse S, et al. 
(2018) [9]

279 6 months Patient adherence to antihypertensive or statin drug therapy Help patients and GPs to pursue common treatment 
goals as recommended in DMP guidelines.

Vervloet M, et al. 
(2014) [10]

161 6 months Refill adherence to oral anti-diabetic medication Improve refill adherence, strengthen the self-manage-
ment of people with diabetes.

Cardiovascular 
diseases

Beeler P, et al. 
(2014) [12]

15736 30 hours Rate of prophylaxis Improve awareness of VTE prevention in both admission 
and transfer wards.

Eckman MH, et al. 
(2016) [13]

240 1 year Proportion of patients with antithrombotic therapy that was discordant 
from AFDST recommendation

Tool discordant therapy decreased significantly over 1 
year.

Mazzaglia G, et al. 
(2016) [14]

21230 2 years Effectiveness in increasing the prevalence of recommended cardiovas-
cular drug use among high-risk patients

Increased the use of recommended cardiovascular 
drugs in diabetic patients, but it did not influence the 
exposure to potential interactions.

Christensen A, et al. 
(2010) [15]

398 6 months Patient compliance Improve compliance in patients.

Zwart JJ, et al. 
(2008) [17]

371021 2 years Incidence, case fatality rate, possible risk factors, and substandard 
care

Improve management of pregnant women with hyper-
tension.

Cerebrovascular 
diseases

Anderson JA, et al. 
(2010) [18]

15 - Usability of the model Produce a usable and useful clinical decision support 
system for secondary stroke prevention.

Lee JS, et al. (2015) 
[19]

48 12 hours A modified Rankin scale score Help physicians to develop individualized stroke treat-
ments.

Keke Shi, et al. 
(2021) [20]

305 - Accuracy, sensitivity, specificity, and area under the receiver operating 
characteristic curve

Provide rich temporal and spatial distribution character-
istics of cerebral blood vessels.

Respiratory 
diseases

Sesen MB, et al. 
(2014) [21]

126986 1 year 1-year survival Assist the experts in the treatment selection decisions 
in the lung cancer MDTs.

Hashimoto S, et al. 
(2011) [22]

95 6 months Cumulative sparing of prednisone, asthma control and asthma-related 
quality of life

Internet-based management tool is superior to conven-
tional treatment.

Bellos CC, et al. 
(2014) [25]

30 - Real-time evaluation of patient’s condition Provide an informative and instructive message/advice 
to the patient and the clinical supervisor.

KADIS, Karlsburg Diabetes Management System; CGMS, Continuous glucose monitoring system; DMP, Disease management programme; GPs, General practitioners; VTE, Venous thromboembolism; AFDST, Atrial fibrillation decision support 
tool; MDT, Multidisciplinary team.
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reverted to the baseline level (65.5%). These 
results revealed that this innovative reminder 
system can effectively enhance and improve 
self-management activities among diabetic pa- 
tients.

Cardiovascular diseases

Clinical decision support systems have the 
potential capability for assessing and improv-
ing cardiovascular disease prevention. Beeler  
P et al. analysed the effect of electronic re- 
minders on the thromboprophylaxis rates for 
patients in admission and transfer wards [12]. 
In six departments of a university hospital, the 
level of venous thromboembolism (VTE) pro-
phylaxis and the proportion of prescribed pro-
phylaxis increased within 6-24 hours of ad- 
mission for hospitalized patients. The findings 
indicated that the electronic reminders im- 
proved awareness and adherence to VTE pre-
vention in both admission and transfer wards. 
This approach may help to improve the quality 
of patient care and facilitate safer patient 
handovers. In another study, a cluster random-
ized trial including 15 primary care practices 
and 1,493 adult patients with nonvalvular atrial 
fibrillation was conducted within an integrated 
medical system [13]. Doctors in the interven-
tion group received information on patient-level 
treatment recommendations using the atrial 
fibrillation decision support tool (AFDST).  
The CDSS provided treatment suggestions, 
thus reducing variations in thromboprophylaxis 
treatment between doctors. Moreover, data 
from 21,230 patients with diabetes, 3,956 
with acute myocardial infarction and 2,158 
with stroke were analysed using the compu- 
terized decision support system. The results 
revealed that the use of the computer decision 
support system significantly increased the utili-
zation of antiplatelet drugs (intervention: +2.7% 
vs. control: +0.15%, P<0.001) or hypolipidae-
mic drugs (+4.2% vs. +2.8%; P=0.001) among 
diabetic patients. This suggests that the com-
puterized decision support system was associ-
ated with a notable increase in the use of  
recommended cardiovascular medications in 
individuals with diabetes [14].

Some hypertension-related studies have dem-
onstrated improvements in the care process. 
Christensen A et al. conducted a randomized 
controlled trial involving hypertensive patients 

knowledge, cardiovascular risk perception, sat-
isfaction with the decision-making process, 
decision conflict, and anxiety. The results dem-
onstrated significant improvements in knowl-
edge (P=0.01), cognition of the 10-year risk of 
myocardial infarction without statins (P=0.01) 
and with statins (P=0.08), and satisfaction 
(P=0.01) following the intervention. Therefore, 
the use of a decision aid (DA) for statin selec-
tion led to an improved decision-making pro-
cess when choosing quality statins.

In some studies, the use of a real-time medica-
tion monitoring (RTMM) system integrated with 
short message reminders has demonstrated 
significant benefits, including improved patient 
compliance and a reduction in missed medica-
tion doses [9-11]. Susanne Buhse et al. con-
ducted a patient-blinded, two-arm, multicentre, 
cluster randomized controlled trial with the goal 
of transitioning an informed shared decision-
making programme (ISDM-P) for patients with 
type 2 diabetes from a specialized diabetes 
centre to a primary care setting [9]. A total of 
363 eligible patients were included in the study, 
and 279 patients without myocardial infarction 
or stroke were enrolled. The ISDM-P comprises 
a patient decision aid, a corresponding group 
teaching session provided by medical assis-
tants, and a structured patient-physician en- 
counter. The results showed that the ISDM-P 
was successfully implemented in general prac-
tice, and the drug compliance rates for antihy-
pertensive or statin treatment was very high. 
Vervloet M conducted a randomized controlled 
trial involving 161 participants with Type 2 dia-
betes who exhibited suboptimal adherence to 
their antidiabetic medications [10]. The study 
aimed to investigate the short-term and long-
term effects of a combination of real-time med-
ication monitoring and short message service 
(SMS) reminders for missed doses [10]. After 
one year, the compliance rate in the SMS group 
was significantly higher than that in the control 
group (79.5% vs. 64.5%, P<0.001), which was 
significantly improved from baseline (+16.3%, 
P<0.001). In contrast, there was no significant 
difference in the compliance between the non-
SMS group and the control group (P=0.06). 
After two years, the compliance rate in the SMS 
group continued to rise and remained signifi-
cantly higher than that in the control group 
(80.4% vs. 68.4%, P<0.01). Meanwhile, the 
compliance rate in the non-SMS group had 



CDSS in chronic disease management

51 Int J Clin Exp Med 2024;17(4):47-57

(N=1577) who were treated with telmisartan 
once daily [15]. These patients were random-
ized to two groups, one group received elec-
tronic compliance monitoring equipped with a 
reminder system and monitoring equipment, 
while the other group received standard medi-
cal treatment for six months [15]. The trial 
showed that this reminder system was highly 
suitable for newly diagnosed patients with 
hypertension, resulting in a 6% improvement  
in compliance. Currently, this device does not 
have any impact on blood pressure control. 
Therefore, it proved to be a simple and effec-
tive method for improving the compliance 
among selected patients. Moreover, studies 
have highlighted the positive influence of 
CDSS, combined with clinical guidelines and 
laboratory tests, on physician performance in 
managing hypertension [16]. Zwart et al. evalu-
ated the impact of the CDSS on adherence to 
clinical guidelines and reported effective out-
comes in treating pregnant women with hyper-
tension [17]. Through the use of CDSS, physi-
cians’ awareness of special care for hyper- 
tension during pregnancy improved the quality 
of care and patient adherence [16].

Cerebrovascular diseases

In the United States, stroke stands is the third 
leading cause of death and is a major contribu-
tor to permanent disability. A multidisciplinary 
team within the Veterans Health Administration 
Office of Nursing Services developed and test-
ed an evidence-adaptive CDSS. This system 
was designed to assist healthcare providers in 
applying clinical practice guidelines for the sec-
ondary prevention of ischaemic stroke [18]. 
Multidisciplinary providers evaluated the func-
tionality and usability of the prototype by using 
before-after comparisons and descriptive me- 
thods. Guidelines were documented and com-
pared using test case scenarios, including 
standard care versus the prototype, as well as 
two documentation systems. Additionally, us- 
ability was evaluated through a questionnaire 
designed by the investigator, along with an 
open-ended question. The results indicated 
that the prototype led to a significant increase 
(P<0.05) in provider documentation for six out 
of eleven guidelines when compared to base-
line documentation using the standard care 
system. The usability score of CDSS was rated 
highly, with a mean score of 48.9 ± 6.8 out of a 

possible 56 points. These results indicate that 
guidelines for secondary stroke prevention 
have been successfully engineered in the 
CDSS.

The computerized CDSS has been proven to 
support physicians in developing personalized 
stroke treatments. Ji Sung Lee et al. developed 
a novel CDSS with good performance in facili-
tating thrombolysis after an ischaemic stroke 
[19]. The research involved the establishment 
of a clinical prognosis model based on data 
from 958 patients admitted within 12 hours of 
the onset of ischaemic stroke at a representa-
tive clinical centre in Korea. Subsequently, data 
from an additional 954 patients from five uni-
versity hospitals or regional stroke centres 
were included for external validation. The dis-
criminative ability of the prognostic model 
showed a C-statistic of 0.89 for the global out-
comes and 0.84 for the safety outcomes. Both 
internal and external validations yielded similar 
C-statistic results. Following model updates, 
the calibration slopes were corrected from 0.68 
to 1.0 for the global outcomes and from 0.96  
to 1.0 for the safety outcome models.

Brain arteriovenous malformation (AVM) is a 
congenital vascular disorder that stands as one 
of the leading causes of intracranial haemor-
rhage in adolescents. Keke Shi et al. introduc- 
ed an innovative approach involving a deep 
learning network extracting vascular temporal 
features from digital subtraction angiography 
(DSA) videos, which provides valuable guidance 
for further clinical decision-making [20]. Then, 
an AVM-assisted diagnostic model was estab-
lished, which combined temporal features with 
spatial radiomic features. After analysing the 
anteroposterior position (AP) DSA videos from 
305 patients (153 normal cases and 152 with 
AVM), it was found that, for an AVM diagnosis, 
the models relying on temporal feature, ra- 
diomics feature, and the combination of both 
exhibited area under the curves (AUCs) of 
0.916, 0.918, and 0.942, respectively. Addi- 
tionally, for the AVM grading task, the proposed 
combined model achieved an AUC of 0.871 in 
the independent testing data set. These re- 
sults underscore the rich temporal and spatial 
distribution characteristics of the cerebral bl- 
ood vessels and clear lesion sites within DSA 
videos, which is a solution based on deep learn-
ing and traditional machine learning. It suc-
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cessfully combines the complex temporal and 
spatial feature extraction in DSA, which con-
firms the significance of this scheme in the 
diagnosis of AVM.

Respiratory diseases

The lung cancer assistant (LCA) is a CDSS 
developed by Oxford University [21]. According 
to clinical guidelines and the lung cancer audit 
database (LUCADA), this CDSS proposed two 
distinct logic reasoning algorithms: a guideline-
based decision support algorithm and a proba-
bilistic decision support algorithm. The perfor-
mance of the CDSS was evaluated by compar- 
ing the consistency of the treatment plans  
generated by the multidisciplinary team (MDT) 
obtained from the CDSS and those obtained by 
the physicians in the LUCADA database. The 
exact and partial concordance rates of the 
guideline-based decision support algorithm are 
0.57 and 0.79, respectively. Due to the lack of 
some important parameters in the database, 
the exact and partial concordance rates 
achieved with the probabilistic decision sup-
port algorithm are slightly lower at 0.27 and 
0.76, respectively. Compared with recorded 
treatment, both methods within the CDSS 
showed potential to improve the resection rate 
and multimodal treatment.

The results of randomized controlled trials on 
asthma have demonstrated the possibility of 
CDSSs in enhancing the prognosis and health 
management process of patients with chronic 
diseases. Hashimoto et al. used the CDSS with 
a web interface for the follow-up of 95 adults 
with severe asthma at six pulmonary disease 
outpatient clinics to evaluate whether oral hor-
mone use could be reduced [22]. The patients’ 
symptoms, pulmonary function, fraction of 
exhaled nitric oxide (FE(NO)) and other relevant 
indicators were recorded daily, and the corre-
sponding questionnaire was completed on a 
weekly basis. After a 6-month follow-up, the 
CDSS was employed to determine whether hor-
mone usage should be reduced. Compared to 
traditional follow-up strategy, the CDSS demon-
strated its ability to justify the reduction of oral 
hormone usage while achieving asthma con-
trol, thereby reducing the adverse reactions 
associated with hormone therapy. In addition, 
the CDSS for childhood asthma management 
has been integrated into the electronic medical 

record system, reducing the burden of cumber-
some data entry work [23].

As the global population continues to age, the 
prevalence of chronic obstructive pulmonary 
disease (COPD) increases with socioeconomic 
development. By 2030, COPD is expected to 
become the third largest cause of death world-
wide [24]. Therefore, there is an urgent need to 
develop a CDSS for COPD, especially for early 
diagnosis and chronic disease management of 
COPD. Bellos et al. designed a CDSS to evalu-
ate the health statuses of COPD patients [25]. 
The system receives patient information via  
the CHRONIOUS wearable device, classifies the 
severity of 30 COPD patients in the acute phase 
or chronic stage by the severity estimation algo-
rithm, and informs the medical staff of the 
results through an early warning system. The 
CDSS achieves a classification accuracy rate of 
up to 94%.

Discussion

This comprehensive review has summarized 
the effectiveness of the CDSS for chronic dis-
ease management. The effect of the CDSS was 
assessed using multiple methods in the in- 
cluded literature, which generally suggest that 
CDSS plays a beneficial role in enhancing the 
process of patient care.

The results of the CDSS in diabetes mana- 
gement are encouraging. The application of 
CDSS in diabetic patients has yielded positive 
effects on various patient outcomes and 
improved physician performance [7-11]. The 
CDSS developed for diabetes management 
provides dietary change plans and insulin treat-
ment prescriptions for both healthcare provid-
ers and patients, and assists in the early 
screening and diagnosis of diabetes. The feasi-
bility and acceptability of the system were pre-
liminarily evaluated. Some of these systems 
have been deployed in general community 
practice settings, and those involving both 
patients and healthcare providers have con- 
sistently demonstrated effectiveness. With the 
advent of patient-controlled electronic medical 
records, these systems may become increas-
ingly popular. In general, the application of the 
CDSS assists nurses in gaining more accurate 
and effective understanding of patients’ blood 
glucose pattern, facilitates more convenient 
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and individualized diet and exercise guidance 
to patients, aids doctors in making informed 
decisions, reduces the risk of medical errors, 
improves clinical outcomes, eases the work-
load of clinical staff, and conserves valuable 
medical resources [26-29].

The use of the CDSS for patients with cardio-
vascular disease has a positive impact on 
patient outcomes, such as improvements in 
medication adherence and adoption of a nutri-
tional Mediterranean diet [30-32]. The CDSS 
has been shown to improve physician perfor-
mance in terms of increasing the number of 
prescriptions for recommended medications, 
such as anti-inflammatory drugs, antithrombot-
ic drugs, lipid-lowering drugs, and blood pres-
sure drugs, which are known to reduce cardio-
vascular disease risk in patients with diabetes. 
Additionally, CDSS has contributed to a reduc-
tion in inadequate prescriptions and improv- 
ed adherence to clinical guidelines. The  
user-friendliness and cost-effectiveness of the 
CDSS system further enhance its efficiency in 
the process of care delivery [12, 14, 33, 34]. 
Furthermore, CDSS has proven beneficial in the 
management of hypertension, where it has 
improved physician understanding of the need 
for specialized care for hypertensive disorder 
complicating pregnancy (HDCP), which led to 
improvements in patient care and adherence 
[16]. There are a small number of trials for heart 
failure, ischaemic heart disease, cardiac re- 
habilitation, and angina pectoris, those data 
showed improvements in the rehabilitation pro-
cess. Additionally, in dyslipidaemia, the CDSS 
system was employed to enhance blood lipid 
monitoring and treatment, presenting a promis-
ing field for future research.

Currently, the CDSS play a significant role in 
management of patients with cerebrovascu- 
lar disease [18-20, 35, 36]. Kummer et al. 
described the usage patterns of frequently 
employed stroke-related medical calculators 
for clinical decision-making from a web-based 
support system in the USA [35]. The most  
frequently used stroke calculators were the 
CHA2DS2-VASc, mean arterial pressure, HAS-
BLED, NIHSS, and CHADS2. The Stroke Navi- 
gator, a purpose-built CDSS, is designed to 
improve the diagnosis and treatment of acute 
stroke cases [36]. The effect of employing 
CDSS in cerebrovascular disease is noticeable 

[18-20]. In clinical practice, CDSS usage can 
effectively assist doctors in the prevention and 
treatment of stroke. An innovative CDSS de- 
veloped by investigators within the Veterans 
Health Administration’s computerized patient 
record system significantly improved the docu-
mentation of clinical practice guidelines for 
secondary stroke prevention by multidisci-
plinary providers in the electronic medical 
records [18]. Ji Sung Lee et al. introduced a 
novel CDSS, demonstrated excellent perfor-
mance in aiding physicians performing throm-
bolysis procedures after ischaemic stroke [19]. 
Furthermore, a study utilizing a deep learning 
network to extract vascular time-domain fea-
tures from DSA videos showed great value in 
the diagnosis of AVM [20].

For patients with respiratory diseases, the utili-
zation of CDSS has yielded positive impact on 
the prognosis in certain cases, such as reduc-
ing antibiotic resistance and reducing the num-
ber of antibiotic prescriptions [37, 38]. More- 
over, employing CDSS for respiratory patients 
has facilitated physicians’ self-efficacy in man-
aging patients with chronic respiratory diseas-
es and reducing antibiotic prescriptions [39, 
40]. The system’s positive impact on physician 
performance can be attributed to the collabor-
ative nature of the decision-making process, 
where physicians often work in conjunction 
with CDSS recommendations rather than sim-
ply adhering to mandatory directives [38, 
41-44]. It can be inferred that the cooperative 
relationship between patient, healthcare pro-
viders, and CDSS guidelines plays an important 
role in prescription medication, elucidating the 
constructive role of CDSS in curbing unreason-
able antibiotic prescriptions and countering 
drug resistance [37, 38].

The challenges stemming from the intricate 
fusion of computer science and clinical medi-
cine, lack of support for extensive clinical 
knowledge databases, and the suboptimal 
application of electronic medical record sys-
tems have led to the acceptance of only a few 
CDSSs among clinical professionals for practi-
cal application [45]. The application of CDSS  
in chronic disease management remains rela-
tively uncharted terrain, rife with technical and 
regulatory hurdles that impede their seamless 
integration into clinical care processes [46]. It 
is also worth noting that the evidence of CDSS 
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effectiveness is limited, particularly in terms of 
the number and scale of studies on patient out-
comes, few studies have provided in-depth 
research to unravel the mechanism behind the 
results.

At present, clinical trial endpoints for CDSS are 
diverse. Some focus on the CDSS itself, such 
as the satisfaction of medical staff and 
patients. Others concentrate on process opti-
mization, aiming to reduce waiting times and 
medical expenses. Meanwhile, some trials 
assess disease-related improvements, such as 
shorter hospital stays and better disease indi-
cators. It is worth noting that there can be  
discrepancies in the trial results of different 
CDSSs for the same disease. Therefore, a thor-
ough evaluation of CDSS details, including 
implementation and application, is crucial. 
Moreover, according to the available data, 
assessing the economic impacts of CDSS is 
challenging. The costs associated with system 
design, local implementation, ongoing mainte-
nance, and user support can be substantial, 
especially in the context of chronic disease 
care.

Despite the technical and regulatory challeng-
es, the remarkable clinical and economic 
effects of CDSS on chronic disease manage-
ment can still help us address medical chal-
lenges. The development of CDSS is a promi-
nent trend in medical informatics, and it will 
play an essential role in future medical care. 
The CDSS is primarily designed to make deci-
sions based on clinical practice guidelines and 
expert experience. It enables the integration of 
evidence into clinical practice and provides evi-
dence-based decision support for clinical staff. 
Leveraging CDSS to facilitate decision making 
in accordance with clinical practice guidelines 
can elevate compliance among clinical staff 
and promote the best clinical decisions, which 
will be a key focus in the ongoing development 
of chronic disease management.

However, it’s important to acknowledge several 
potential limitations in this review. Currently, 
there is limited evidence regarding the use of 
CDSS in screening, and some of the included 
studies may have relatively small sample sizes 
or short follow-up periods. Additionally, this 
review primarily focuses on diabetes, cardio-
vascular diseases, cerebrovascular diseases 

and respiratory diseases, while they may not 
fully represent all major chronic diseases.

Conclusion

CDSS play a pivotal role in enhancing the en- 
tire chronic disease management process. 
These CDSS systems have demonstrated their 
positive impact on patient health outcomes 
and physician practice performance. However, 
the effectiveness of CDSS depends on many 
factors, including system performance, user 
friendliness, patient volume, adherence to cli- 
nical guidelines, data registration, availability 
of electronic medical records, patient treat-
ment compliance, and collaboration between 
patients and healthcare providers. Therefore, 
future trials should focus on aspects such as 
system design and development, local en- 
vironment, implementation strategy, adverse 
results, user workflow, user satisfaction and 
cost-effectiveness of CDSS application. These 
comprehensive evaluations will provide in- 
sights into CDSS benefits in the field of chronic 
disease management.

Acknowledgements

The authors thank Caoxian People’s Hospital 
for their invaluable help.

Disclosure of conflict of interest

None.

Address correspondence to: Yuncheng Li, Depart- 
ment of Respiratory, Caoxian People’s Hospital, 
Caoxian, Heze 274400, Shandong, PR China. E-mail: 
305702055@qq.com

References

[1] Report on nutrition and chronic diseases of 
Chinese residents (2020). The State Council 
Information Office of the People’s Republic of 
China. Accessed December 23, 2020. http://
www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/42- 
311/44583/wz44585/Document/16952- 
76/1695276.htm.

[2] Wolff JL, Starfield B and Anderson G. Preva-
lence, expenditures, and complications of mul-
tiple chronic conditions in the elderly. Arch In-
tern Med 2002; 162: 2269-2276.

[3] Fortin M, Bravo G, Hudon C, Vanasse A and 
Lapointe L. Prevalence of multimorbidity am- 
ong adults seen in family practice. Ann Fam 
Med 2005; 3: 223-228.

mailto:305702055@qq.com


CDSS in chronic disease management

55 Int J Clin Exp Med 2024;17(4):47-57

[4] Garg AX, Adhikari NK, McDonald H, Rosas-Arel-
lano MP, Devereaux PJ, Beyene J, Sam J and 
Haynes RB. Effects of computerized clinical 
decision support systems on practitioner per-
formance and patient outcomes: a systematic 
review. JAMA 2005; 293: 1223-1238.

[5] Sutton RT, Pincock D, Baumgart DC, Sadowski 
DC, Fedorak RN and Kroeker KI. An overview of 
clinical decision support systems: benefits, 
risks, and strategies for success. NPJ Digit Med 
2020; 3: 17.

[6] Bouchemal N. Intelligent systems for health-
care management and delivery (Advances in 
Healthcare Information Systems and Adminis-
tration). 1st edition. IGI Global; 2019.

[7] Augstein P, Vogt L, Kohnert KD, Freyse EJ, 
Heinke P and Salzsieder E. Outpatient assess-
ment of Karlsburg diabetes management sys-
tem-based decision support. Diabetes Care 
2007; 30: 1704-1708.

[8] Perestelo-Pérez L, Rivero-Santana A, Boronat 
M, Sánchez-Afonso JA, Pérez-Ramos J, Montori 
VM and Serrano-Aguilar P. Effect of the statin 
choice encounter decision aid in Spanish pa-
tients with type 2 diabetes: a randomized trial. 
Patient Educ Couns 2016; 99: 295-299.

[9] Buhse S, Kuniss N, Liethmann K, Müller UA, 
Lehmann T and Mühlhauser I. Informed shared 
decision-making programme for patients with 
type 2 diabetes in primary care: cluster ran-
domised controlled trial. BMJ Open 2018; 8: 
e024004.

[10] Vervloet M, van Dijk L, de Bakker DH, Souver-
ein PC, Santen-Reestman J, van Vlijmen B, van 
Aarle MC, van der Hoek LS and Bouvy ML. 
Short- and long-term effects of real-time medi-
cation monitoring with short message service 
(SMS) reminders for missed doses on the refill 
adherence of people with Type 2 diabetes: evi-
dence from a randomized controlled trial. Dia-
bet Med 2014; 31: 821-828.

[11] Vervloet M, van Dijk L, Santen-Reestman J, van 
Vlijmen B, van Wingerden P, Bouvy ML and de 
Bakker DH. SMS reminders improve adher-
ence to oral medication in type 2 diabetes pa-
tients who are real time electronically moni-
tored. Int J Med Inform 2012; 81: 594-604.

[12] Beeler PE, Eschmann E, Schumacher A, Studt 
JD, Amann-Vesti B and Blaser J. Impact of elec-
tronic reminders on venous thromboprophy-
laxis after admissions and transfers. J Am Med 
Inform Assoc 2014; 21: e297-303.

[13] Eckman MH, Lip GY, Wise RE, Speer B, Sullivan 
M, Walker N, Kissela B, Flaherty ML, Kleindor-
fer D, Baker P, Ireton R, Hoskins D, Harnett BM, 
Aguilar C, Leonard AC, Arduser L, Steen D, 
Costea A and Kues J. Impact of an atrial fibrilla-
tion decision support tool on thromboprophy-
laxis for atrial fibrillation. Am Heart J 2016; 
176: 17-27.

[14] Mazzaglia G, Piccinni C, Filippi A, Sini G, Lapi F, 
Sessa E, Cricelli I, Cutroneo P, Trifirò G, Cricelli 
C and Caputi AP. Effects of a computerized de-
cision support system in improving pharmaco-
logical management in high-risk cardiovascu-
lar patients: a cluster-randomized open-label 
controlled trial. Health Informatics J 2016; 22: 
232-247.

[15] Christensen A, Christrup LL, Fabricius PE, 
Chrostowska M, Wronka M, Narkiewicz K and 
Hansen EH. The impact of an electronic moni-
toring and reminder device on patient compli-
ance with antihypertensive therapy: a random-
ized controlled trial. J Hypertens 2010; 28: 
194-200.

[16] Luitjes SHE, Hermens RPMG, de Wit L, Hey-
mans MW, van Tulder MW and Wouters MGAJ. 
An innovative implementation strategy to im-
prove the use of Dutch guidelines on hyperten-
sive disorders in pregnancy: a randomized 
controlled trial. Pregnancy Hypertens 2018; 
14: 131-138.

[17] Zwart JJ, Richters A, Ory F, de Vries JI, Bloemen-
kamp KW and van Roosmalen J. Eclampsia in 
the Netherlands. Obstet Gynecol 2008; 112: 
820-827.

[18] Anderson JA, Willson P, Peterson NJ, Murphy C 
and Kent TA. Prototype to practice: developing 
and testing a clinical decision support system 
for secondary stroke prevention in a veterans 
healthcare facility. Comput Inform Nurs 2010; 
28: 353-363.

[19] Lee JS, Kim CK, Kang J, Park JM, Park TH, Lee 
KB, Lee SJ, Cho YJ, Ko J, Seo J, Bae HJ and Lee 
J. A novel computerized clinical decision sup-
port system for treating thrombolysis in pa-
tients with acute ischemic stroke. J Stroke 
2015; 17: 199-209.

[20] Shi K, Xiao W, Wu G, Xiao Y, Lei Y, Yu J and Gu 
Y. Temporal-spatial feature extraction of DSA 
video and its application in AVM diagnosis. 
Front Neurol 2021; 12: 655523.

[21] Sesen MB, Peake MD, Banares-Alcantara R, 
Tse D, Kadir T, Stanley R, Gleeson F and Brady 
M. Lung cancer assistant: a hybrid clinical de-
cision support application for lung cancer care. 
J R Soc Interface 2014; 11: 20140534.

[22] Hashimoto S, Brinke AT, Roldaan AC, van Veen 
IH, Möller GM, Sont JK, Weersink EJ, van der 
Zee JS, Braunstahl GJ, Zwinderman AH, Sterk 
PJ and Bel EH. Internet-based tapering of oral 
corticosteroids in severe asthma: a pragmatic 
randomised controlled trial. Thorax 2011; 66: 
514-520.

[23] Bell LM, Grundmeier R, Localio R, Zorc J, Fiks 
AG, Zhang X, Stephens TB, Swietlik M and Gue-
vara JP. Electronic health record-based deci-
sion support to improve asthma care: a clu- 
ster-randomized trial. Pediatrics 2010; 125: 
e770-777.



CDSS in chronic disease management

56 Int J Clin Exp Med 2024;17(4):47-57

[24] Lozano R, Naghavi M, Foreman K, Lim S, 
Shibuya K, Aboyans V, Abraham J, Adair T, Ag-
garwal R, Ahn SY, Alvarado M, Anderson HR, 
Anderson LM, Andrews KG, Atkinson C, Bad-
dour LM, Barker-Collo S, Bartels DH, Bell ML, 
Benjamin EJ, Bennett D, Bhalla K, Bikbov B, 
Bin Abdulhak A, Birbeck G, Blyth F, Bolliger I, 
Boufous S, Bucello C, Burch M, Burney P, Cara-
petis J, Chen H, Chou D, Chugh SS, Coffeng LE, 
Colan SD, Colquhoun S, Colson KE, Condon J, 
Connor MD, Cooper LT, Corriere M, Cortinovis 
M, de Vaccaro KC, Couser W, Cowie BC, Criqui 
MH, Cross M, Dabhadkar KC, Dahodwala N, De 
Leo D, Degenhardt L, Delossantos A, Denen-
berg J, Des Jarlais DC, Dharmaratne SD, Dors-
ey ER, Driscoll T, Duber H, Ebel B, Erwin PJ, 
Espindola P, Ezzati M, Feigin V, Flaxman AD, 
Forouzanfar MH, Fowkes FG, Franklin R, Fran-
sen M, Freeman MK, Gabriel SE, Gakidou E, 
Gaspari F, Gillum RF, Gonzalez-Medina D, Hala-
sa YA, Haring D, Harrison JE, Havmoeller R, 
Hay RJ, Hoen B, Hotez PJ, Hoy D, Jacobsen KH, 
James SL, Jasrasaria R, Jayaraman S, Johns N, 
Karthikeyan G, Kassebaum N, Keren A, Khoo 
JP, Knowlton LM, Kobusingye O, Koranteng A, 
Krishnamurthi R, Lipnick M, Lipshultz SE, 
Ohno SL, Mabweijano J, MacIntyre MF, 
Mallinger L, March L, Marks GB, Marks R, Mat-
sumori A, Matzopoulos R, Mayosi BM, McAnul-
ty JH, McDermott MM, McGrath J, Mensah GA, 
Merriman TR, Michaud C, Miller M, Miller TR, 
Mock C, Mocumbi AO, Mokdad AA, Moran A, 
Mulholland K, Nair MN, Naldi L, Narayan KM, 
Nasseri K, Norman P, O’Donnell M, Omer SB, 
Ortblad K, Osborne R, Ozgediz D, Pahari B, 
Pandian JD, Rivero AP, Padilla RP, Perez-Ruiz F, 
Perico N, Phillips D, Pierce K, Pope CA 3rd, Por-
rini E, Pourmalek F, Raju M, Ranganathan D, 
Rehm JT, Rein DB, Remuzzi G, Rivara FP, Rob-
erts T, De León FR, Rosenfeld LC, Rushton L, 
Sacco RL, Salomon JA, Sampson U, Sanman E, 
Schwebel DC, Segui-Gomez M, Shepard DS, 
Singh D, Singleton J, Sliwa K, Smith E, Steer A, 
Taylor JA, Thomas B, Tleyjeh IM, Towbin JA, Tru-
elsen T, Undurraga EA, Venketasubramanian 
N, Vijayakumar L, Vos T, Wagner GR, Wang M, 
Wang W, Watt K, Weinstock MA, Weintraub R, 
Wilkinson JD, Woolf AD, Wulf S, Yeh PH, Yip P, 
Zabetian A, Zheng ZJ, Lopez AD, Murray CJ, 
AlMazroa MA and Memish ZA. Global and re-
gional mortality from 235 causes of death for 
20 age groups in 1990 and 2010: a systematic 
analysis for the Global Burden of Disease 
Study 2010. Lancet 2010; 380: 2095-2128.

[25] Bellos CC, Papadopoulos A, Rosso R and Fotia-
dis DI. Identification of COPD patients’ health 
status using an intelligent system in the CHRO-
NIOUS wearable platform. IEEE J Biomed 
Health Inform 2014; 18: 731-738.

[26] Trinanes Y, Atienza G, Louro-Gonzalez A, de-
las-Heras-Liñero E, Alvarez-Ariza M and Palao 
DJ. Development and impact of computerised 
decision support systems for clinical manage-
ment of depression: a systematic review. Rev 
Psiquiatr Salud Ment 2015; 8: 157-166.

[27] Kuperman GJ, Bobb A, Payne TH, Avery AJ, 
Gandhi TK, Burns G, Classen DC and Bates 
DW. Medication-related clinical decision sup-
port in computerized provider order entry sys-
tems: a review. J Am Med Inform Assoc 2007; 
14: 29-40.

[28] Pearson SA, Moxey A, Robertson J, Hains I, Wil-
liamson M, Reeve J and Newby D. Do comput-
erised clinical decision support systems for 
prescribing change practice? A systematic re-
view of the literature (1990-2007). BMC Health 
Serv Res 2009; 9: 154.

[29] Moja L, Kwag KH, Lytras T, Bertizzolo L, Brandt 
L, Pecoraro V, Rigon G, Vaona A, Ruggiero F, 
Mangia M, Iorio A, Kunnamo I and Bonovas S. 
Effectiveness of computerized decision sup-
port systems linked to electronic health re-
cords: a systematic review and meta-analysis. 
Am J Public Health 2014; 104: e12-22.

[30] Akhu-Zaheya LM and Shiyab WY. The effect of 
short message system (SMS) reminder on ad-
herence to a healthy diet, medication, and ces-
sation of smoking among adult patients with 
cardiovascular diseases. Int J Med Inform 
2017; 98: 65-75.

[31] Khonsari S, Subramanian P, Chinna K, Latif LA, 
Ling LW and Gholami O. Effect of a reminder 
system using an automated short message 
service on medication adherence following 
acute coronary syndrome. Eur J Cardiovasc 
Nurs 2015; 14: 170-179.

[32] Schedlbauer A, Schroeder K, Peters TJ and Fa-
hey T. Interventions to improve adherence to 
lipid lowering medication. Cochrane Database 
Syst Rev 2004: CD004371.

[33] Rao C, Du J, Li X, Li J, Zhang H, Zhao Y, Hu S, 
Jiang L and Zheng Z; MISSION-1 Collaborative 
Group. P1701 Randomized cluster trial to im-
prove guideline-adherence of secondary pre-
ventive drugs prescription after coronary ar-
tery bypass grafting in China. Eur Heart J 2018; 
39: 343.

[34] Karlsson LO, Nilsson S, Bång M, Nilsson L, 
Charitakis E and Janzon M. A clinical decision 
support tool for improving adherence to guide-
lines on anticoagulant therapy in patients with 
atrial fibrillation at risk of stroke: a cluster-ran-
domized trial in a Swedish primary care setting 
(the CDS-AF study). PLoS Med 2018; 15: 
e1002528.

[35] Kummer B, Shakir L, Kwon R, Habboushe J 
and Jetté N. Usage patterns of web-based 
stroke calculators in clinical decision support: 



CDSS in chronic disease management

57 Int J Clin Exp Med 2024;17(4):47-57

retrospective analysis. JMIR Med Inform 2021; 
9: e28266.

[36] van Zon K, Lord WP, Lagor C, Theiss S, Brosig T 
and Siebler M. Stroke navigator-a clinical deci-
sion support system for acute stroke. AMIA 
Annu Symp Proc 2008; 1227.

[37] Mohammed S, Glennerster R and Khan AJ. Im-
pact of a daily SMS medication reminder sys-
tem on tuberculosis treatment outcomes: a 
randomized controlled trial. PLoS One 2016; 
11: e0162944.

[38] Ackerman SL, Gonzales R, Stahl MS and Met-
lay JP. One size does not fit all: evaluating an 
intervention to reduce antibiotic prescribing 
for acute bronchitis. BMC Health Serv Res 
2013; 13: 462.

[39] McDermott L, Yardley L, Little P, Ashworth M 
and Gulliford M; eCRT Research Team. Devel-
oping a computer delivered, theory based in-
tervention for guideline implementation in gen-
eral practice. BMC Fam Pract 2010; 11: 90.

[40] Butler CC, Kinnersley P, Prout H, Rollnick S, Ed-
wards A and Elwyn G. Antibiotics and shared 
decision-making in primary care. J Antimicrob 
Chemother 2001; 48: 435-40.

[41] Bourgeois FC, Linder J, Johnson SA, Co JP, 
Fiskio J and Ferris TG. Impact of a computer-
ized template on antibiotic prescribing for 
acute respiratory infections in children and 
adolescents. Clin Pediatr (Phila) 2010; 49: 
976-983.

[42] Juszczyk D, Charlton J and Gulliford M. Incorpo-
rating electronic health records data into effi-
cient trial interventions-cluster randomised tri-
al to reduce antibiotic prescribing in primary 
care. In: Trials Conference: 4th international 
clinical trials methodology conference, ICTMC 
and the 38th annual meeting of the society  
for clinical trials United Kingdom. England: 
Biomed Central LTD.; 2017; 18: pp. 278.

[43] McDermott L, Yardley L, Little P, van Staa T, 
Dregan A, McCann G, Ashworth M and Gulli-
ford M; eCRT research team. Process evalua-
tion of a point-of-care cluster randomised trial 
using a computer-delivered intervention to re-
duce antibiotic prescribing in primary care. 
BMC Health Serv Res 2014; 14: 594.

[44] McGinn TG, McCullagh L, Kannry J, Knaus M, 
Sofianou A, Wisnivesky JP and Mann DM. Effi-
cacy of an evidence-based clinical decision 
support in primary care practices: a random-
ized clinical trial. JAMA Intern Med 2013; 173: 
1584-1591.

[45] Kux BR, Majeed RW, Ahlbrandt J and Röhrig R. 
Factors influencing the implementation and 
distribution of clinical decision support sys-
tems (CDSS). Stud Health Technol Inform 
2017; 243: 127-131.

[46] Belard A, Buchman T, Forsberg J, Potter BK, 
Dente CJ, Kirk A and Elster E. Precision diagno-
sis: a view of the clinical decision support sys-
tems (CDSS) landscape through the lens of 
critical care. J Clin Monit Comput 2017; 31: 
261-271.


