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Abstract
Background: The doctor-patient relationship is very important for healthcare quality. Improving the
patients satisfaction is important for doctor-patient relationship. The relationship between patients with
chronic disease and doctors often established in the process of physical examination in outpatient
clinics. The use of arti�cial intelligence (AI) in the Internet of Health Thing (loHT) introduce the possibility
of developing an intelligent system in hospital to establish a good doctor-patient relationship through
improving the satisfaction of patients. We aimed to establish an intelligent physical examination system
and preliminarily investigate its effect on improving the satisfaction of patients with chronic disease.

Methods: An intelligent chronic disease management system based on the AI in the internet of health
things was established. This system was combined with traditional Chinese medicine and western
medicine. A total of 115 patients with chronic disease, who underwent physical examination in our
hospital from August, 2019 to November, 2019 were enrolled in this study. Among them, 55 patients were
in the intelligent system (intelligent group) and 60 patients were in the traditional system (control group).
We collected the satisfaction questionnaire of patients who took physical examination in these two
systems. Satisfaction score between intelligent group and control group was compared.

Results: A total of 106 patients were �nally taken into analyzed . There was no statistical difference in
age, gender , education or income level between intelligent group and control group. We found signi�cant
differences in the �ve aspects of satisfaction (1 . the physical examination environment; 2.the attitude
and responsiveness of doctors; 3.the attitude and responsiveness of nurses  4.the effectiveness of
getting results; 5.the information of physical examination and medical advices) (p  0.05). Moreover, in
the logistic regression, the differences were still statistically signi�cant after adjusting age, gender,
education and income level.

Conclusions: The intelligent physical examination system might be an effective tool in improving the
satisfaction of patients with chronic disease. This could play an important role in establishing a good
doctor-patient relationship .

Background
The doctor-patient relationship is very important for healthcare quality. The satisfaction of patients has a
vital impact on the doctor-patient relationship. For patients with chronic disease, the relationship between
them and doctors often established in the process of physical examination in outpatient clinics [1–3].
Therefore, improving the patients satisfaction when they undergo physical examination may have an
positive effect on the management of chronic disease.

Internet of Thing (IoT) is one of the most emerging wireless network technology in which objects can
communicate with each other through Internet to establish different uni�ed systems [4]. Coupled with the
use of arti�cial intelligence (AI), it has been applied in many �elds to provide intelligent services,
especially in the age of 5th generation mobile networks (5G). Internet of Health Things (IoHT) is the
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concept combined IoT with medicine and health, AI in the IoHT typically employ cloud computing, which
has a strong data processing capability and the availability of big data in health to realize intelligent
medical services [5–8]. The use of AI in the loHT introduce the possibility of developing an intelligent
system in hospitals to predict the risk of patients health problems, and to further optimize hospital
resources through anticipating the requirements of patients [5, 9].

In this article, we described the appliance of an intelligent system based on the IoHT in the �eld of
physical examination of patients with chronic disease, and this system was combined with Chinese
medicine and Western medicine to offer intelligent health services. All approaches for optimizing the
process of patients healthcare were emphasized, and the effect of this intelligent system on improving
the patients satisfaction was discussed.

Methods

The structure of the intelligent system
The structure of the intelligent system for patients in outpatient clinics based on the IoHT is shown in
Fig. 1, including physical examination and health intervention. Patients can quickly get both the accurate
results of physical examination and the comprehensive medical advices through electronic and paper
versions.

The most obvious advantage of the physical examination in this intelligent system is quick,
comprehensive, and low-invasive. The physical examination contains Chinese medicine part and Western
medicine part (Fig. 1). Each part contains 6 methods of examination, and all data can be transferred to
big data through different equipment for cloud computing

Traditional Chinese medicine part: Traditional Chinese medicine (TCM) was the major treatment for
various diseases among Chinese population for thousands of years. Even in nowadays, TCM is still
considered as an important option for disease prevention and treatment. In the past, since the data of
patients was often recorded subjectively by TCM doctors, lacking of objective data and scienti�c
standardized language, it was di�cult to analyze TCM information scienti�cally. However, with the
development of IoT, the establishment of big data in TCM has been promoted greatly, leading to the well
appliance of AI in TCM. In addition, most of the TCM examinations are non-invasive or low-invasive, it
can effectively predict the health condition of patients, which can be used as an effective supplement for
traditional physical examination.

In the Chinese medicine part, the examinations are mainly based on the theory of Yellow Emperor's Inner
Canon (Huangdi Neijing), which is one of the most in�uential book in the �eld of Chinese medicine,
establishing a fundamental theory basis of TCM[10]. All the examinations in this part are non-invasive. A
TCM doctor complete the inquiry-feature and palpation-feature examination by recording information of
patients through voice-input equipment. Two pictures of patients’ tongue are taken for tongue-feature
(color, size, coated tongue) examination. The pulse-feature examination, cupping-feature examination,
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and eye-feature examination can be complicated by medical instruments. We take cupping-feature
examination and eye-feature examination as examples to show the modernization of TCM. Cupping is a
common methods of therapy and examination in the �eld of TCM with a long history, different local site
skin pigmentation would be left after cupping, which can re�ect the features of patients [11, 12]. In this
intelligent system, the cupping features are recorded and uploaded by cups with special sensors which
can distinguish the color and temperature of particular skin point to re�ect the health conditions of
different viscera (Fig. 2A). Examination based on eye-feature is a method of TCM for many diseases. It
includes observing the blood vessels, fog, and spots [13]. Different variations in different sites of the eyes
can re�ect the health status of viscera [14]. In this intelligent system, a novel askiatic imaging method
free from an illumination source's re�ection shadow and complex manipulations is used for eye-feature
examination [15]. Ten pictures of the white part of the eyes are taken for analyzing the viscera condition
and the risk of multiple diseases (1: stomach; 2 and 15: spleen; 3: large intestine; 4: small intestine; 5:
heart; 6: breast; 7: lung; 8 and 10: kidney; 9: bladder; 11: ovary (testis); 12 and 14: liver; 13: gallbladder; 16:
brain; 17: lumbosacral) (Fig. 2B). All these data are recorded and uploaded to big data through IoHT for AI
cloud computing, and to further provide comprehensive medical advices. The process of all these 6
methods of examination only takes less than half an hour, and all the results can be obtained in a few
minutes.

The Western medicine part: In the Western medicine part, the examination of ultrasound,

computed tomography, electrocardiogram and other technologies (metabolomics diagnosis,
pharmacogenomics diagnosis, genomics diagnosis, physiological and biochemical diagnosis, and
immunology diagnosis) are connected with the intelligent system, and the images can be read by AI. In
addition, many patients with chronic disease are asked for regular blood test, especially the glucose,
triglyceride and total cholesterol. This may increase the discomfort and reduce the compliance of
patients. However, in this intelligent system, only one drop (12 microliters) of �ngertip blood is needed for
testing the blood glucose, triglyceride and total cholesterol, and the results can be accurately and
automatically get within 15 minutes (Fig. 3A). Moreover, many blood parameters can also be detected
through electro interstitial scan (EIS). EIS is a non-invasive examination, using the theory of bio-
impedance, electrochemistry, and physiology to produce reproducible measurements of conductance for
use as markers of disease or indicators of treatment response [16]. Also, the data of EIS can be sent to
big data for AI analysis (Fig. 3B).

Study population
We performed a prospective cohort study. We prospectively enrolled 55 patients (intelligent group) who
underwent the physical examination in the intelligent system from August 2019 to October 2019. Another
60 patients (control group) who took the physical examination in the traditional system were also
enrolled from August 2019 to November 2019. The inclusion criteria: 1) age 18–80; 2) with one or more
chronic health problems (such as hypertension, diabetes, coronary heart disease,hyperlipidemia);3)
without acute health problem; 4) inform consent. The exclusion criteria: 1) with serious primary disease
(such as cancer, systemic lupus erythematosus diseases require major surgery); 2) unwillingness to
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provide written informed consent. We recorded the basic information of all participants. Participants were
free to choose which questions they wanted to answer. This study was approved by the Ethics Committee
of Shanghai East Hospital, Tongji University School of Medicine.

Satisfaction score
We collected the satisfaction questionnaire of patients who took physical examination in intelligent
system and traditional system. The satisfaction questionnaire mainly contained �ve aspects: 1) the
physical examination environment; 2) the attitude and responsiveness of doctors; 3) the attitude and
responsiveness of nurses 4) the effectiveness of getting results; 5) the information of physical
examination and medical advices. The score of satisfaction ranged from 1 to 5 (1: very dissatis�ed; 2:
dissatis�ed; 3: medium; 4: satis�ed; 5: very satis�ed) (Additional �le 1).

Statistical analyses
We performed the analysis using Software of SPSS22.0 (IBM SPSS, Armonk, NY, USA).The continuous
variables �tting the normal distribution were expressed as mean ± standard deviation (SD), and the
statistical analyses were conducted by student’s t test or Mann-Whitney u test. The categorical variables
were expressed by number and percentage, and tested with the Chi-squared test or Fisher’s exact test.
Parameters with P 0.3 in above analysis were taken into multivariate logistic regression to test the
association between satisfaction score and different groups. P < 0.05 was considered to be statistically
signi�cant.

Results

Baseline information
A total of 106 patients (51 patients in the intelligent group and 55 in the control group) who ful�lled the
inclusion criteria were �nally taken into analyzed, 9 patients were excluded due to incomplete
information. The reliability of the satisfaction questionnaire was 83.70% and the validity of the
satisfaction questionnaire was 85.76%.

Comparison of basic information between intelligent group
and control group
There was no statistical difference in age (p = 0.839), gender (p = 0.881), education (p = 0.297) or income
(p = 0.123) level between intelligent group and control group (Table 1).



Page 6/14

Table 1
Comparison of basic information between intelligent group and control group

Parameters All
subjects

(n = 106)

Intelligent
group

(n = 51)

Traditional
group

(n = 55)

P
value

Age(year)       0.839

≤ 30 13(12.3%) 8 (15.69%) 5 (9.09%)  

31–40 21(19.8%) 10 (19.61%) 11 (20.00%)  

41–50 31(29.2%) 15 (29.41%) 16 (29.10%)  

51–60 31(29.2%) 13 (25.49%) 18 (32.73%)  

≥ 60 10(9.4%) 5 (9.80%) 5 (9.09%)  

Sex       0.881

Male 34(32.1) 16 (31.37%) 18 (32.73%)  

Female 72(67.9) 35 (68.63%) 37 (67.27%)  

Education(year)       0.297

≤ 12(Senior high school) 26(24.5%) 12 (23.53%) 14 (25.45%)  

13–16(Junior
college/undergraduate)

65(61.3%) 29 (56.86%) 36 (65.45%)  

≥ 17(Postgraduate) 15(14.2%) 10 (19.61%) 5 (9.09%)  

Income (yuan/month)       0.123

5000 2(1.9%) 0 (0.00%) 2 (3.64%)  

5000–10000 23(21.7%) 10 (19.61%) 13 (23.64%)  

10000–20000 57(53.8%) 25 (49.02%) 32 (58.18%)  

20000 24(22.6%) 16 (31.37%) 8 (14.55%)  

Comparison of satisfaction score between intelligent group
and control group
We found signi�cant differences in the �ve aspects of satisfaction (1. the physical examination
environment; 2. the attitude and responsiveness of doctors; 3. the attitude and responsiveness of nurses
4. the effectiveness of getting results; 5. the information of physical examination and medical advices)
(all values of p 0.001), and the p value of total score was also under 0.001(Table 2). Moreover, in
multivariate logistic regression, after adjusting education and income level whose p values were under
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0.3 in above analysis, the differences were still statistically signi�cant (all values of p 0.001), and the p
value of total score was 0.004 (Table 3).

Table 2
Comparison of satisfaction score between intelligent group and control group

Satisfaction measures All
subjects

(n = 106)

Intelligent group
(n = 51)

Traditional
group

(n = 55)

P

value

Environment 4.46 ± 
0.758

4.94 ± 0.238 4.02 ± 
0.805

0.001

Attitude and responsiveness of doctors 4.49 ± 
0.746

4.96 ± 0.196 4.05 ± 
0.803

0.001

Attitude and responsiveness of nurses 4.48 ± 
0.746

4.96 ± 0.196 4.04 ± 
0.973

0.001

E�ciency of obtaining physical
examination results

4.48 ± 
0.771

4.94 ± 0.238 4.05 ± 
0.848

0.001

Information of physical examination results
and medical advices

4.55 ± 
0.500

4.90 ± 0.300 4.22 ± 
0.417

0.001

Total score 22.46 ± 
2.768

24.71 ± 0.502 20.38 ± 
2.345

0.001

Table 3
Association between satisfaction score and different groups

  Unadjusted   Multivariate
adjusted

 

Satisfaction measures OR (95% CI) P
value

OR (95% CI) P
value

Environment 0.051 (0.014,
0.178)

0.001 0.032 (0007,
0.147)

0.001

Attitude and responsiveness of doctors 0.036 (0.008,
0.161)

0.001 0.012 (0.001,
0.112)

0.001

Attitude and responsiveness of nurses 0.033 (0.007,
0.148)

0.001 0.016 (0.002,
0.107)

0.001

E�ciency of obtaining physical examination
results

0.069 (0.020,
0.231)

0.001 0.047 (0.011,
0.191)

0.001

Information of physical examination results
and medical advices

0.030 (0.010,
0.093)

0.001 0.013 (0.002,
0.065)

0.001

Total score 0.025 (0.003,
0.189)

0.001 0.012 (0.001,
0.251)

0.004
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Discussion
In this article, we introduced an intelligent system for chronic disease management based on the AI in the
IoHT. The combination of traditional medicine and western medicine was one of the important
advantages of this system. We highlighted the intelligent system with quick, comprehensive and non-
invasive/ low-invasive examinations. Furthermore, we found higher satisfaction scores could be obtained
among patients taken physical examination in the intelligent system.

Chronic diseases are important risk factors for acute cardiovascular events. Many hospitals have to
spend a lot of resources to improve patient education and discharge planning. But outpatient support
may have higher patient satisfaction which is bene�cial for further diseases management. A study
conducted on all participating hospitals of the Hospital Consumer Assessment of Healthcare Providers
and Systems patient survey reported that higher patient satisfaction was associated with better stroke
outcomes [17]. Another study carried out in outpatient clinics showed that patients satisfaction was an
important part of consultation quality. Consultation quality improvement can develop physicians' clinical
competence and skills, which can in turn promote the consultation quality improvement [18]. These
results all con�rmed the importance of patients satisfaction in diseases management. Improving patients
satisfaction with reducing cost might be the direction of future researches. Combining with the
development of science and technology may be an effective way to achieve the goal.

With the development of AI and IoT, the collection of data could be totally automatized, which make it
possible to analyze information quickly and accurately in big data of health. Previous studies have
proven that AI could be widely used in healthcare, nursing and physical examination, especially for
patients with chronic disease [19–21]. Guided by relevant clinical questions, powerful AI techniques can
unlock clinically relevant information hidden in the massive amount of data, which in turn can assist
clinical decision making [22, 23]. Although human physicians cannot be totally replaced by AI, AI can
assist physicians to make better clinical decisions or even replace human judgement in certain functional
areas of healthcare. This might be an important factor for the higher satisfaction scores of the
effectiveness of getting the results in the intelligent group. Moreover, this could improve the e�ciency and
reduce the degree of crowding in the physical examination environment. The AI technology could
signi�cantly diminish the burden imposed on doctors for recording and analyzing the information of
patients, allowing doctors to have more time to effectively communicate with patients. So patients in
intelligent group were more satis�ed with the attitude of doctors. In addition, the big data of health which
connected with this intelligent system can provide detailed and personalized medicine advices for each
patient based on their examination results. The medical advices contain many aspects, such as diet,
emotional regulation, acupoint pressing, medicated bath, and further physical examination. Moreover, we
added the application of TCM in the intelligent system and all TCM examinations were non-invasive. This
also might be an important reason for higher satisfaction score in intelligent group. With the long
historical use, TCM has been considered as a safe therapy for chronic disease. But due to the lack of
objective data and standardized scienti�c language, the information of TCM processing is di�cult. TCM
has its own characteristics: phenomenon information, epistemological information, time information and
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overall information, these are consistent with the characteristics of “ Big Data”: integrity data, correlation
data and fuzzy data [24], so the intelligent system which combined the “Big Data” with TCM, can create
new opportunities for the TCM development. Moreover, the system transfers the TCM information into
scandalized data to evaluate the condition of patients’ health. This can provide quali�ed information to
analyze the development of disease and help doctors to make comprehensive medicine advices. In this
intellectual system, we combined the theories of TCM and western medicine. It can not only promote the
development of TCM, but also improve the satisfaction of patients. Higher patients satisfaction is very
important. Firstly, it is good for the doctor-patient relationship, which can increase the enthusiasm of
doctors. Secondly, it is bene�cial to improve patient compliance, which is good for chronic disease
management.

In this study, we mainly described the structure of this intelligent system and the effect of this system on
improving satisfaction scores of patients. More data are still needed to support other functions of this
system, such as the effectiveness of managing chronic disease, and the effectiveness of improving
satisfaction of doctors and nurses. In addition, the popularization of this intelligent system should also
be evaluated. As the questionnaire study was conducted entirely on the voluntary basis, the authenticity
might not be guaranteed, especially the income data which might be a sensitive issue in China. Moreover,
although we explored the effect of this system on improving the satisfaction of patients preliminarily, the
sample size was small and the questionnaire didn’t contain more detailed items (such as disease
distribution, course of disease and etc.) which might be important factors for the results. Therefore, in
future studies, we will further collect more information to solve the above problems and measure the
effectiveness of this system more quantitatively and scienti�cally.

Conclusions
The intelligent physical examination system might be an effective tool in improving the satisfaction of
patients with chronic disease. This could play an important role in establishing a good doctor-patient
relationship.
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Figures

Figure 1

The structure of the intelligent system
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Figure 2

(A) Cupping features recorded and uploaded by cups. (B) Schematic diagram of eye-feature and eye-
feature images
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Figure 3

(A) Automatic biochemical analyzer. (B) Parameters of electro interstitial scan system
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