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A B S T R A C T   

Objectives: There is limited information about coronary heart disease (CHD) in adults with 
physical disabilities. This study was performed to assess the incidence and predictors of the new 
development of CHD in adults with physical disabilities. 
Methods: A retrospective cohort study was performed on 3902 physically disabled people in 
Shanghai, China. Baseline information was collected in January 2012, and participants were 
followed-up with for 7.5 years for CHD events. Risk factors for demographic characteristics, 
disease history, electrocardiography, and blood biochemical indicators were evaluated using a 
Cox proportional hazard model. Subgroup analyzes were performed according to gender and level 
of physical disability. 
Results: Out of the total 3902 adults with physical disabilities (average age 55.9 ± 8.5 years), 468 
(12.0%) developed CHD, during a median follow-up period of 7 years. Independent predictors of 
CHD included the following: age (HR = 1.411, 95% CI = 1.255–1.587, p＜0.001), gender (HR =
0.773, 95% CI = 0.637–0.940, p = 0.010), abnormal electrocardiogram(HR = 1.396, 95% CI =
1.088–1.792, p = 0.009), hypertension (HR = 1.657, 95% CI = 1.369–2.006, p＜0.001), diabetes 
(HR = 1.649, 95% CI = 1.307–2.081, p＜0.001), serum uric acid (HR = 1.001, 95% CI =
1.000–1.002, p = 0.046), and total cholesterol (HR = 1.416, 95% CI = 1.054–1.902, p = 0.021). 
In addition to the risk factors of the total population with physical disability, triglyceride was also 
a significant risk factor for CHD in the subgroup with women and mild disability. 
Conclusions: During a 7.5 years period, the CHD incidence rate among physically disabled people 
was 12.0%. We identified the role of CHD risk factors such as age, gender, hypertension, diabetes, 
serum uric acid, total cholesterol, and abnormal electrocardiogram.  
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1. Introduction 

According to the second sample survey of people with disabilities in China, as many as 83.96 million people in China suffer from 
some form of disability [1]. People with physical disabilities make up the largest subgroup of all Chinese individuals with disabilities, 
reaching almost 30% [1]. The health problems of people with physical disabilities can be problematic due to the aging of the pop-
ulation and the high prevalence of chronic diseases. Individuals with a physical disability may face multiple physical, psychological, 
and social challenges because of a prolonged loss or limitation of motor function. Studies have established that physically disabled 
people have a poorer quality of life, higher risk of morbidity and mortality, and heavier economic burdens than their healthy peers 
[2–4]. 

Coronary heart disease (CHD) is a major public health concern because of its increasing prevalence worldwide and potentially 
severe sequelae, especially in disabled people who have a limited capacity for self-care [5–7]. However, previous articles have focused 
on healthy or general populations. Other studies have shown that individuals with physical disabilities are at higher risk of cardio-
vascular diseases than the general population [8,9]. Research gaps for CHD in people with physical disabilities have limited the 
healthcare support that they urgently need. Despite the higher prevalence and diverse risk of CHD among people with physical dis-
abilities, little is known about CHD-related risk factors during the long-term follow-up of people with physical disabilities. 

Individuals with physical disabilities and the general population have different etiologies and risk profiles for CHD resulting in 
differences in disease progression, prognosis, and treatment. The identification and management of risk factors are therefore essential 
to reduce morbidity and mortality in this population. In this study, we estimated the incidence of CHD and the risk factors for CHD in 
the physically disabled population. 

Fig. 1. Flow diagram of the study population.  
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2. Materials and methods 

2.1. Ethics statement 

This study was approved by the Ethics Committee of Shanghai Yangzhi Rehabilitation Hospital (YZ 2019–051) and written 
informed consent was obtained from involved patients prior to enrollment. 

2.2. Data source 

All data were derived from a 7.5-year retrospective cohort based on the database of people with disabilities established from 
January 2012 to June 2019 by the Shanghai YangZhi Rehabilitation Hospital (Shanghai Sunshine Rehabilitation Center). The 
retrospective cohort consisted of 47,560 licensed people with disabilities aged 18 years and over who had health check-up records, 
which included demographic information, history of chronic disease, history of medication and disability, and physical examination 
indicators. 

2.3. Study population 

A retrospective cohort study of people with physical disabilities was performed. Inclusion criteria: (1) Completion of at least 4 
physical examinations and follow-ups within 7.5 years; (2) Have complete health check-up records for each physical examination, and 
the last follow-up was in 2019. Exclusion criteria: (1) Diagnosed CHD before 2012: The diagnosis was confirmed by professional 
physicians concerning WHO standards, subjects with typical clinical symptoms, combined with electrocardiograms(ECGs) manifes-
tations of myocardial ischemia and/or elevated myocardial enzymes; (2) Those with other critical diseases, such as malignant tumor, 
heart failure, renal failure, respiratory failure, liver failure, severe trauma, and cerebral cortex damage; (3) Pregnant women, lactating 
women and those who are planning to become pregnant in the past six months; (4) People with disabilities other than physical 
disabilities. 

Fig. 1 presents the flow diagram of the study population. We enrolled 47,560 disabled adults who voluntarily received free physical 
examinations at the Shanghai YangZhi Rehabilitation Hospital from January 2012 to June 2019. Among them, 3783 participants 
voluntarily withdrew during the follow-up for some reason, 33,340 individuals had less than 4 physical examination follow-up visits in 
7.5 years, and 2225 people had incomplete health check-up records. Of the remaining 8212 adults with disabilities, 1025 were 
diagnosed with CHD before 2012, 159 were severely ill or pregnant, and 3126 people without physical disabilities were excluded. 
Finally, 3902 physically disabled people were included in the follow-up analysis and entered the observation cohort of CHD incidence. 

The outcome was CHD events during follow-up from January 2012 to June 2019, coded by ICD-10 (I 20 – I 25), and included 
mainly unstable and stable angina, acute myocardial infarction, and chronic ischemic heart disease. 

2.4. Measurements 

The sociodemographic characteristics, history of chronic disease, history of medication, and disability of the participants were 
collected through questionnaires. History of chronic disease mainly included hypertension, diabetes mellitus (DM), chronic kidney 
disease (CKD), and nonalcoholic fatty liver disease (NAFLD). All participants voluntarily underwent health examinations by profes-
sional medical personnel, including physical examinations, laboratory tests, and electrocardiography. Body mass index (BMI) was 
calculated based on weight (kg)/(height (m)2). For those who did not move or were unable to stand, the height was measured in the 
supine position. Blood pressure was measured twice with an automatic arm blood pressure monitor (Omron, Tokyo, Japan), and the 
average value was recorded. Participants generally received upper extremity blood pressure measurements in a sitting position. For 
participants with missing upper extremities, physicians measured blood pressure in both lower extremities in the prone position and 
used the blood pressure measurement with the highest reading. All participants were required to fast overnight for at least 12 h, and 
venous blood was drawn the next morning for biochemical assays. Fasting blood glucose (FBG), total cholesterol (TC), total triglyceride 
(TG), serum uric acid (SUA), serum creatinine (SCr), serum urea (SU), hemoglobin (Hb) were measured and reported by laboratory 
physicians for each participant. 

2.5. Definitions 

Physical disability is defined as the mutilation of the extremities or paralysis or deformity of the extremities or trunk resulting from 
a structural or functional injury to the human motor system, resulting in varying degrees of loss of human motor function and limi-
tations of activity or participation. The physical disability level was classified into four levels based on the classification and grading 
criteria of disability (GB/T 26,341–2010) and the International Classification of Functioning, Disability, and Health (ICF) [10]. 
Subjects with Level I and II were those who were suffer from severe disability and unable to independently perform activities of daily 
living. Therefore, we classify Level I and II into one category and Level III and IV into another. 

Hypertension was defined as systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg according to WHO criteria 
or history of a previously diagnosed disease [11]. DM was defined as fasting blood sugar levels ≥7.0 mmol or a previous medical 
diagnosis of diabetes mellitus [12]. Chronic kidney disease is defined as kidney damage (either functional abnormalities of the kidneys 
or structural abnormalities as noted in imaging studies) or a glomerular filtration rate <60 mL/min/1.73 m2 for more than 3 months 
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[13]. NAFLD is defined as evidence of hepatic steatosis by imaging or histology and without causes for secondary hepatic fat accu-
mulation such as significant alcohol consumption, use of steatogenic medication or hereditary disorders [14]. Abnormal ECGs findings 
were defined as evidence of ST-T change, T wave change, tachycardia, bradycardia, arrhythmia, and conduction blockade. 

2.6. Statistical analysis 

The statistical analyses were conducted using SPSS 24.0 (SPSS, Chicago, IL, USA). We divided people with physical disabilities into 
two groups according to whether CHD events occurred and compared the differences in disease history and clinical indicators between 
the two groups. Using Cox proportional hazards regression analyses, models with age and multiple adjustments were applied to assess 
the risk factors for CHD in people with physical disabilities. We identified independent variables for multivariate Cox regression 
models by univariate analyses and regression models adjusted for age only (p＜0.10). Covariates in the multivariable Cox proportional 
hazards regression models included age, gender, FBG, TC, TG, SU, SUA, hypertension, Diabetes, and abnormal ECGs. The model met 
the proportional hazards assumption. We used receiver operating characteristic (ROC) curve analyses to determine whether the 
predictors have diagnostic accuracy. To explore the effect of gender and level of disability on the associated risk elements of CHD, we 
conducted a subgroup analysis. We also showed HRs with 95% CI and p values for each of the risk factors. 

3. Results 

3902 physically disabled people were included in this cohort, with an average age of (55.9 ± 8.5) years, of which 1727 (44.3%) 
were male. Over a median follow-up period of 7.5 years, a total of 468 out of 3902 subjects had developed CHD, with an incidence rate 

Table 1 
Baseline clinical characteristics of the study population according to the presence or absence of coronary heart disease events at follow-up.  

Variables Total (n = 3902) CHD (n = 468) Non-CHD (n = 3434) P values 

Sociodemographic features 
Age, mean (SD), year 55.94 (8.5) 57.73 (6.6) 55.56 (8.7) ＜0.001 
Age, mean (SD), per 10 years 5.49(0.9) 5.77(0.7) 5.46(0.9) ＜0.001 
Gender, n (%)    0.076 
Male 1727 (44.3) 225 (48.1) 1502 (43.7)  
Female 2175 (55.7) 243 (51.9) 1932 (56.3)  
Education, n (%)    0.455 
Illiterate 59 (1.5) 7 (1.5) 52 (1.5)  
Primary school 612 (15.7) 63 (13.5) 549 (16.0)  
Middle school 3085 (79.1) 377 (80.6) 2708 (78.9)  
College or over 146 (3.7) 21 (4.5) 125 (3.6)  
Level of disability, n (%)    0.675 
I-II 477(12.2) 60(12.8) 417(12.1)  
III-IV 3425(87.8) 408(87.2) 3017(87.9)  
SBP, mean (SD), mmHg 134.76 (20.5) 136.96 (20.5) 134.46 (20.5) 0.013 
DBP, mean (SD), mmHg 79.91 (12.3) 80.79 (12.5) 79.79 (12.2) 0.105 
BMI, n (%), kg/m2    0.071 
<18.5 158(4.0) 14(3.0) 144(4.2)  
18.5 ~＜24.0 1823(46.7) 203(43.5) 1620(47.4)  
24.0 ~＜28.0 1440(36.9) 181(38.8) 1259(36.9)  
≥28.0 461(11.8) 69(14.8) 392(11.5)  
Abnormal ECG, n (%) 430 (11.0) 75 (16.0) 355 (10.3) ＜0.001 
HR, mean (SD), beats/min 77.7 (9.8) 78.18 (11.1) 77.67 (9.6) 0.294 
Medical history 
Hypertension, n (%) 1651(42.3) 273 (58.3) 1378 (40.1) ＜0.001 
Diabetes, n (%) 459 (11.8) 89 (19.0) 370 (10.8) ＜0.001 
CKD, n (%) 627 (16.1) 86 (18.4) 541 (15.8) 0.147 
NAFLD, n (%) 348 (8.9) 36 (7.7) 312 (9.1) 0.321 
Blood biochemistry 
TC, n (%), mmol/L    0.001 
＜6.22 3627(93.0) 418(89.3) 3209(93.4)  
≥6.22 275(7.0) 50(10.7) 225(6.6)  
TG, n (%), mmol/L    0.013 
＜2.26 3311(84.9) 379(81.0) 2932(85.4)  
≥2.26 591(15.1) 89(19.0) 502(14.6)  
FBG, mean (SD), mmol/L 5.20 (4.9,5.6) 5.30 (4.9,5.9) 5.20 (4.9,5.6) ＜0.001 
SUA, median (quartiles), mol/L 319.2 (266.4378.8) 331.6 (276.7389.6) 317.1 (265.4377.6) 0.004 
SCr, median (quartiles), μmol/L 62.90 (51.9,74.7) 63.45 (51.3,77.1) 62.80 (51.9,74.2) 0.537 
SU, median (quartiles), mmol/L 5.10 (4.3,5.9) 5.20 (4.5,6.1) 5.10 (4.3,5.9) 0.001 
Hb, mean (SD), g/L 138.65 (15.7) 137.62 (15.9) 138.79 (15.7) 0.136 

Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastole Blood Pressure; BMI: Body Mass Index; HR: Heart rate; CKD: Chronic kidney disease; 
NAFLD: Nonalcoholic fatty liver disease; TC: Total cholesterol; TG: Triglyceride; FBG: Fasting blood glucose; SUA: Serum uric acid; SCr: Serum 
creatinine; SU: serum urea; Hb: hemoglobin. 
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of 12.0%. Baseline clinical characteristics between subjects with CHD and subjects with non-CHD are listed in Table 1. Other than the 
traditional CHD risk factors such as age, hypertension, and Diabetes, variables including SBP, FBG, TC, TG, SUA, and SU were all 
significantly higher in subjects with CHD (p＜0.05). 

Age (HR = 1.547, 95% CI = 1.383–1.731, p＜0.001) is a high predictor of CHD in people with physical disabilities. Significant age- 
adjusted predictors of CHD also included gender (HR = 0.824, 95% CI = 0.687–0.988, p = 0.037), abnormal ECG (HR = 1.546, 95% CI 
= 1.208–1.980, p = 0.001), hypertension (HR = 1.745, 95% CI = 1.446–2.106, p＜0.001), diabetes (HR = 1.731, 95% CI =
1.373–2.182, p＜0.001), TC (HR = 1.561, 95% CI = 1.164–2.094, p = 0.003), TG (HR = 1.389, 95% CI = 1.103–1.750, p = 0.005), FBG 
(HR = 1.094, 95% CI = 1.043–1.148, p＜0.001), SUA(HR = 1.001, 95% CI = 1.000–1.002, p = 0.038) and SU (HR = 1.061, 95% CI =
1.000–1.127, p = 0.050) (Table 2). In the multivariate model, age (HR = 1.411, 95% CI = 1.255–1.587, p＜0.001), gender (HR =
0.773, 95% CI = 0.637–0.940, p = 0.010), abnormal ECG (HR = 1.396, 95% CI = 1.088–1.792, p = 0.009), hypertension (HR = 1.657, 
95% CI = 1.369–2.006, p＜0.001), diabetes (HR = 1.649, 95% CI = 1.307–2.081, p＜0.001), SUA (HR = 1.001, 95% CI = 1.000–1.002, 
p = 0.046), and TC (HR = 1.416, 95% CI = 1.054–1.902, p = 0.021) were the independent predictors of CHD (Table 3). The risk factors 
for developing CHD identified in Table 3 may have potential diagnostic value. We performed ROC curve analysis for all participants 
with physical disabilities, and the multivariate model had an Area Under roc Curve (AUC) of 0.659 (p < 0.001) (Fig. 2). The ROC 
results grouped according to gender, age, and disability grade were shown in Table 4. The Kaplan-Meier curves showed that those with 
abnormal ECG, hypertension, diabetes, and TC ≥ 6.22 had a significantly higher incidence of CHD events (Fig. 3). 

Cox regression results grouped by gender and level of disability (Multivariate adjusted model) were shown in Figs. 4 and 5. Age, 
hypertension, and diabetes were independent predictors of CHD in both gender subgroups. In addition, age was a strong risk factor in 
subgroups of disability level. 

4. Discussion 

In this study, we established that the incidence rate of CHD among people with physical disabilities varies significantly across 
different demographics, clinical characteristics, and disability-specific characteristics. Almost 12% of physically disabled people who 
were free of CHD at baseline developed CHD during a median follow-up period of 7 years. In addition, age, gender, abnormal ECGs, 
hypertension, diabetes, SUA, and TC were independent predictors of CHD. A combined assessment of these indicators in the disabled 
population may facilitate early detection of CHD. 

Disability is often a life-altering experience that could further deteriorated health issues via negative impact on physical, cognitive, 
and/or psychosocial. Existing evidence, while limited, supports that physically disabled people have been shown to be at higher risk of 
vascular comorbidities compared with their healthy peers. In the current study, we identified the robust risk predictors of CHD among 
physical disabled people, including age, abnormal ECGs, hypertension, and diabetes. The elevated level of BMI is known to be 
associated with cardiovascular events in the general population, which showed no significant correlation with CHD in our study. BMI 
measurement may be distorted due to the absence of limbs in our study population. The Kaplan-Meier curve showed that there was no 
significant gender difference in the incidence rate of CHD, which is different from the traditional study of gender susceptibility to CHD 
[15–17]. In consistent with the previous studies, co-morbidities including hypertension and diabetes were independent predictors of 
CHD events in physically disabled population. 

Table 2 
Age-adjusted model for prediction of CHD events.  

Variables HR (95% CI) P-value 

Age (years, per 10 year) 1.547 (1.383–1.731) ＜0.001 
Gender (male/female, %) 0.824(0.687–0.988) 0.037 
SBP (mmHg) 1.001(0.997–1.006) 0.540 
BMI (kg/m2, %) 
<18.5 1 (reference)  
18.5 ~＜24.0 1.172(0.682–2.015) 0.566 
24.0 ~＜28.0 1.297(0.753–2.234) 0.349 
≥28.0 1.522(0.856–2.705) 0.152 
Abnormal ECG (%) 1.546(1.208–1.980) 0.001 
HR (beats/min) 1.006(0.997–1.015) 0.208 
Hypertension (%) 1.745(1.446–2.106) ＜0.001 
Diabetes (%) 1.731(1.373–2.182) ＜0.001 
TC (mmol/L, %) 
＜6.22 1 (reference)  
≥6.22 1.561(1.164–2.094) 0.003 
TG (mmol/L, %) 
＜2.26 1 (reference)  
≥2.26 1.389(1.103–1.750) 0.005 
FBG (mmol/L) 1.094(1.043–1.148) ＜0.001 
SUA (mmol/L) 1.001(1.000–1.002) 0.038 
SU (mmol/L) 1.061(1.000–1.127) 0.050 

Abbreviations: SBP: Systolic Blood Pressure; BMI: body mass index; HR: Heart rate; TC: Total cholesterol; 
TG: triglyceride; FBG: fasting blood glucose; SUA: serum uric acid; SU: serum urea. 
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SUA is a factor affecting circulating metabolites. It can directly cause vascular endothelial damage and increase the risk of indi-
vidual metabolic diseases [18]. However, there is still much controversy regarding whether SUA is an independent risk factor for CHD 
because SUA is closely related to many of the established risk factors for cardiovascular diseases, including hypertension, dyslipidemia, 
obesity, and metabolic syndrome [19–21]. Our findings show that elevated level of SUA significantly increases the risk of CHD in 
people with physical disabilities. This is consistent with the findings of a cohort study conducted in China [22]. Likewise, the rela-
tionship between TC and CHD is unclear, which is related to adjusting for relevant variables such as BMI and physical activity. Data 
from a seven-country study showed that elevated TC levels increased the risk of death from CHD in Western countries, while the 
opposite trend was shown in Japan [23]. In the multivariate model of this study, TC levels were positively correlated with CHD 

Table 3 
Multivariate-adjusted model for prediction of CHD events.  

Variables HR (95% CI) P-value 

Age (years, per 10 year) 1.411 (1.255–1.587) ＜0.001 
Gender (male/female, %) 0.773 (0.637–0.940) 0.010 
Abnormal ECG (%) 1.396(1.088–1.792) 0.009 
Hypertension (%) 1.657 (1.369–2.006) ＜0.001 
Diabetes (%) 1.649(1.307–2.081) ＜0.001 
SUA (mmol/L) 1.001(1.000–1.002) 0.046 
TC (mmol/L, %) 
＜6.22 1 (reference)  
≥6.22 1.416 (1.054–1.902) 0.021 

Abbreviations: SUA: serum uric acid; TC: Total cholesterol. 

Fig. 2. ROC curves of Multivariate-adjusted model for the prediction of CHD events.  

Table 4 
Receiver operating characteristic (ROC) curves of Multivariable model for the prediction of CHD events.   

AUC 95%CI 

Total 0.659 0.634–0.683 
Gender Male 0.648 0.610–0.685 

Female 0.707 0.672–0.742 
Age Age<60 0.666 0.637–0.696 

Age≥60 0.613 0.567–0.659 
Level of disability III-IV 0.702 0.667–0.737 

I-II 0.636 0.564–0.708  
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prevalence. Therefore, the effect of TC on CHD in people with physical disabilities needs to be further explored. Abnormal ECGs have 
also been reported to play an important role in screening for CHD in the general population, which is consistent with our finding [24, 
25]. This suggests that an early ECG is particularly important and can provide useful information for physicians in their preventive 
efforts [26]. 

Subgroup analysis revealed that the risk factors for CHD were not identical among people of different sexes and disability levels. In 
addition to the risk factors of the total population with physical disability, TG was also an independent predictor of CHD in the 

Fig. 3. Kaplan-Meier curves for CHD events in different subgroup. A. Kaplan-Meier curves for CHD events in genders. B. Kaplan-Meier curves for 
CHD events in Abnormal ECG. C. Kaplan-Meier curves for CHD events in hypertension. D. Kaplan-Meier curves for CHD events in diabetes. E. 
Kaplan-Meier curves for CHD events in TC. 

Fig. 4. Subgroup analyses according to gender (multivariate-adjusted model).  
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subgroup with women and mild disability. Better strategies are needed to manage dyslipidemia in these two subgroups to prevent 
cardiovascular diseases [27,28]. is impossible to ignore the importance of indicators such as BMI and blood lipids in people with 
physical disabilities. Because of their physical limitations, they may have difficulty participating in physical activity or may not be able 
to control food selection and preparation. 

We performed ROC analysis based on the composite risk indicators in the multivariate model to test the diagnostic value of the 
predictors. ROC analysis by gender, age, and level of disability showed that the mild physical disability and female group had a larger 
AUC than the other groups. But in general, the AUC of the current risk factors for the incidence of CHD is not very ideal, which may be 
because we have neglected some risk predictors. In addition to the patients’ deviant behaviors, the amputation related hemodynamic 
abnormalities are the leading factors for the increased risk of cardiovascular diseases [29]. Hemodynamic factors are involved in the 
reconstruction of vascular structure and function by affecting the morphology and proliferation of vascular endothelial cells. Future 
prospective cohort studies should focus on hemodynamic changes in people with physical disabilities, and hemorheological param-
eters such as ankle-brachial index (ABI), brachial-ankle pulse wave velocity (BaPWV), erythrocyte sedimentation rate (ESR) and blood 
viscosity can be taken into account. 

There are a few limitations of our study that should be taken into consideration. Our target population consisted almost entirely of 
adults with physical disabilities from China; as a result, the results cannot be generalized to all people with disabilities. We did not 
collect data on the lifestyles of people with physical disabilities, such as diet and physical inactivity, and therefore cannot comment on 
the role of these risk factors. In addition, central obesity may be more powerful than BMI as a discriminator of cardiovascular risk 
factors. Future studies should include a prospective cohort survey targeting the disabled population, including lifestyle, and mental or 
psychological variables, and should more comprehensively assess the early warning factors for cardiovascular and cerebrovascular 
diseases in the disabled population. 

5. Conclusion 

The present study used retrospective cohort data to determine the incidence and risk predictors of CHD among people with physical 
disabilities during a 7-year median follow-up period. The incidence in this population was about 12%, and the risk predictors were age, 
gender, hypertension, diabetes, SUA, TC, and abnormal ECGs. This study provides useful information for the prevention of CHD in a 
special population of people with physical disabilities. More attention should be paid to the problem of CHD among people with 
physical disabilities. It is necessary to carry out the screening of cardiovascular and cerebrovascular risk factors in the physically 
disabled population, so as to facilitate early detection and early intervention and reduce the occurrence and development of adverse 
cardiovascular events. 
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