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Abstract
We applied competing risk model to identify the predictors for Coronary Artery Disease (CAD) among 866
overweight and obese participants aged 20-74 years using their registered medical records in the �rst and
second phase of Healthy Heart Cohort (YHHC) conducted in Yazd. These participants were free of
coronary heart disease in the �rst phase of study. CAD was considered as the primary event and all other
noncardiac deaths were considered as a competing event. The cumulative incidence of any CAD at the 5-
year and 10-year follow-ups was approximately 6.8% and 10.6%, respectively, and approximately 4.6%
and 8.5%, respectively, for all other noncardiac deaths. In both cause-speci�c and Fine-Gray models of
risk factor diabetes type II, hypertriglyceridemia, university level of education (reversely), uric acid, age,
systolic blood pressure and female gender (reversely) were associated with the increase risk of CAD. In
addition to other traditional cardio metabolic risk factor we found that uric acid increased the risk of CAD
in overweight and obese adults. It seems that lifestyle modi�cation can reduce the risk of CAD. Also, high
level of education had a protective effect on the risk of CAD. Both cause-speci�c and �ne-gray models
predicted similarly 10-years of CAD. The use of competing risk models in the presence of competing
events is emphasized when interpreting survival studies.

Key Messages
The use of competitive risk models in the presence of a competing cause is emphasized when
interpreting survival studies

UA is a highly signi�cant risk factor for a developed risk of CAD in overweight and obese adults

High education had a protective effect on decreased risk of CAD in overweight and obese adults.

1. Introduction
Coronary artery disease (CAD) and its complications are the main cause of mortality and disability
adjusted life years in developed and developing countries(1–3). Half of the annual mortalities in Iran are
assigned to themselves(4). Epidemiological evidence has shown that obesity and overweight increase the
risk of cardiovascular diseases (CVDs)(5, 6). Obesity and overweight have now become a global
epidemic(7) and have the greatest effect on CAD (7). by increasing the risk factors for this disease,
including diabetes, hypertension, and dyslipidemia(5, 7). According to the results of the Paci�c Cohort
Collaboration Study on 31000 adults, each unit increase in BMI increases the risk of ischemic heart
disease by 9% (8). The �rst phase of the Yazd Healthy Heart Cohort reported the prevalence of traditional
risk factors for CAD, such as hypertension (25.6%), diabetes mellitus (11%), and smoking (13.2%)(9).

In studies of cardiovascular diseases, the time of disease onset is often considered the primary
outcome(10, 11). During the follow-up period, patients may not experience the desired event, die until the
end of the study or experience several other events before the onset of the disease(10, 12). Such events
prevent the occurrence of desired events(10, 13). or change the probability of their occurrence are called
competing risk(10). For example, if a patient dies in CHF, congestive heart failure surgery before the time
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of heart failure occurs(12). death should be considered as censorship(11). This means that at any point
in time, these people are at the same risk of CHF as those who have not yet become ill(12). However,
these people have died once before(12). and are no longer at risk of disease(11). Standard survival
methods, such as Kaplan–Meier analysis to estimate survival rates and Cox regression, were used to
investigate the relationship between covariates and disease risk(14). lead to skewed results(13, 15, 16).
and death is a competing risk for heart failure(12, 13, 17). Two models are commonly used to calculate
competing risks: the subdistribution hazard model and the  cause-speci�c hazard model(11). The
subdistribution model is used to investigate the effect of covariates on the cumulative incidence
function(18).

The cause-speci�c hazard model is used to investigate the effect of covariates on the cause-speci�c
hazard of outcome, and other causes are censored(11, 13, 19). The incidence of cardiovascular diseases
varies according to cultural and geographical region(3, 19, 20). Attempts have been made to identify risk
factors for CVD(21). and many published studies may fail to consider the method of competing risks(22,
23). This study aimed to calculate the cumulative incidence and determine the predictive risk factors for
CAD in the presence of death as a competing risk in overweight and obese individuals in the population
of 2074 years in the city of Yazd based on longitudinal data.

2. Methods

2.1. Study Population
The present study is a retrospective cohort study based on the information of the �rst and second phases
of the Yazd Healthy Heart Cohort study, which is a 15-year cohort study with three phases (each phase
�ve years), and the third phase is underway. A total of 2000 people aged 2074 years in the city of Yazd
were included in this study using multistage cluster sampling from fall 2004 to summer 2005. In the �rst
�ve years, participants were invited annually and examined in terms of demographic factors,
anthropometrics, lifestyle, medical history, medications, chest pain questionnaire, electrodiagram of
medical history, cardiometabolic risk factors and cardiovascular disease outcomes. In the second phase,
the participants were invited again and followed up after �ve years, and the third phase is currently
underway.

2.2. Clinical and laboratory measurements:
In the �rst phase, data were collected through interviews, physical examinations, and laboratory
information. Blood pressure and anthropometric factors were collected using physical examination.
Height and weight were measured using a digital height and weight scale. Body mass index was
calculated based on the classi�cation of the health organization as weight in kilograms divided by height
in meters squared(24). Overweight was considered a body mass index (BMI) ≥ 25 kg/m2, and obesity
was considered a BMI ≥ 30 kg/m2. Hypertension was de�ned based on systolic blood pressure ,
diastole or taking antihypertensive medications(25) and was measured using a mercury barometer
(26)Fasting blood glucose was measured after ten hours using the standard enzyme method

≥ 140

≥ 90,
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(26)Diabetes was de�ned based on blood sugar mg/dL or the use of antidiabetic drugs (24). The
lipid pro�le was measured using a photometric method with a calorimetry enzyme device (CHODPAP)
(24). Hypertriglyceridemia was de�ned as TG levels ≥ 150 mg/dl. Uric acid (UA) was measured by a
biochemical autoanalyzer, model BT 3000 (Italy), and Man kits (Tehran, Iran) (UA).

Hyperuricemia was de�ned as the threshold cut-off point of the 75th percentile of hyperuricemia, which
was equal to 5.6 mg/dl for men and 4.6 mg/dl for women. Smoking was classi�ed according to self-
reported current smoker and consuming at least 10 cigarettes in the last three months. A family history of
CVD was considered according to self-reports of having a history of CVD in the �rst relative family as less
than 55 years old in the brother or father or less than 65 years old in the sister or mother. Physical activity
was measured according to the International Physical Activity Questionnaires (IPAQ) and was divided
into two categories (yes/no) based on physical activity <150 minutes per week. The level of education
was divided into elementary, high school, diploma and university degree based on the individuals’ self-
reports.

2.3. Eligibility Criteria
The inclusion criteria for the study were residence in Yazd for at least 1 year, age in the range of 2074
years, and being free from con�rmed cardiovascular disease at baseline. Additionally, those who had BMI
≤ 24.9, were not available or their cardiovascular disease information was not available during follow-up
were excluded from this study.

2.4. Outcome De�nition
In this study, 866 participants suffering from obesity and overweight and free from CVD disease at
baseline were investigated. CAD was de�ned as a history of CABG, PTCA, and coronary artery stenosis on
angiography and positive Rose Angina Questionnaire and ischemic �ndings on electrocardiography
(ECG). The competing risk was considered all deaths from noncardiac causes (all deaths from cancer,
accident, CVA, unknown, retinopathy, infection, aging).

2.5. Statistical Analyses
Basic characteristics of patients according to coronary artery disease status were reported as the mean ±
standard deviation for quantitative variables and as frequency (%) for qualitative variables. The mean
survival and 95% con�dence interval were estimated using the Kaplan–Meier method. The model of
competing risks based on cause-speci�c hazard and subdistribution (Fine-Gray) functions was used to
determine the risk factors for coronary artery disease in overweight and obese individuals. The
signi�cance level of the test was considered 20% in the univariate model and 5% in the multivariate
model. Proportional hazards were assumed in both models. The cumulative incidence of coronary artery
disease was calculated using the following distribution function model.

2.5.1. Kaplan–Meier

≥ 126
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Kaplan and Meier �rst published an article in 1985 on how to deal with censored observations(27). The
Kaplan–Meier method is a nonparametric estimator of maximum likelihood(28), which calculates the
probability of survival of individuals up to a certain time after a particular treatment at short intervals
(despite censorship of observations)(29). This probability is calculated by multiplying the survival ratio at
the desired interval by the survival ratio up to the previous interval(30).

Suppose that  indicates the time of the events in chronological order,  is the number of
events at time , and  is the number of censored times or times of events . (28).

2.5.2. Cause-Speci�c Cox Hazard Model
The model is based on the cause-speci�c hazard function de�ned as:

T denotes the time from a well-de�ned time origin until an event occurs. The cause-speci�c hazard
function measures the instantaneous rate for occurrence of the kth event in individuals who are still at the
risk of the event.

2.5.3. Fine-Gray Model
The cumulative distribution function model was �rst proposed by Fine-Gray(31) and examines the
relationship between Curtis and cumulative incidence based on subdistribution hazards(15, 32).

experienced the event(32). The set at risk includes both individuals who have not experienced the desired
event prior to time t or have experienced a competing event before this time(11, 15)

The risk set includes both individuals who have not experienced the event prior to time t or who have
experienced a competing event prior to this time(11, 15).

2.5.4. Cumulative Incidence Function
This function denotes the probability of failing from the kth event before giving time and before
experiencing various types of events.

   )

D denotes the type of the event that happens (11).

t1, t2, … , tk ei

ti ri ≥ ti

CIFk (t) = Pr (T =, D = k) (2
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2.5.5. Ethics approval and consent to participate
The present study was ethically approved by the Shahid sadoughi University of Medical Sciences’ ethics
committee (ethics code: IR.SSU.SPH.REC.1397.062). Informed consents were obtained from study
participants at the initial and the follow-up phase. All provisions of the Declaration of Helsinki adhered in
our study, especially appropriate ethical and scienti�c review.

3. Result
This study consisted of 866 participants with a mean age of 48 ± 13.6 and BMI 29.84±5.43. The median
duration of follow-up was 9 years; 92 (10.6%) new cases of CAD and 34 (4%) cases of noncardiac deaths
occurred. The baseline characteristics according to the patients’ outcomes are shown in Table 1.
Participants with CAD were older and more likely male and diabetic and had no physical activity or
primary education. Table 1. The baseline characteristics in CAD and non-CAD patients.
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Table 1
The baseline characteristics in CAD and Non-CAD patients

  CAD Non-CAD Non-cardia death Total

variables Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%Total)

Age 58.04±9.94 47.85±12.95 60.37±11.17 48.86±13.64

BMI 30.16±16.57 29.55±7.085 32.036±20.39 29.84±5.43

SBP 138.4 ± 17.52 128.63± 14.06 134.86±13.34 129.93±16.99

DBP 86.22±9.26 83.39±8.5 83.69±7.97 83.58±8.79

TG 211.61±88.53 187.43±111.55 191.89±70.96 189.73±109.96

LDL 121.14±31.98 110.49±36.93 117.83±33.7 111.50±35.92

HDL 53.93±13.51 54.22±13.31 52.71±13.31 53.81±13.1

UA 4.87±1.45 4.48±1.25 4.48±1.28 4.51±1.26

DM        

yes 35(19.9) 125(71) 16(9.1) 176(20.3)

no 57(8.3) 614(89) 19(2.8) 690(79.7)

Sex        

male 53(13.8) 313(81.3) 19(4.9) 385(44.5)

female 39(8.1) 426(88.6) 16(3.3) 481(55.5)

Current Smoking        

yes 12(15) 60(75) 8(10) 80(9.7)

no 75(10.1) 646(86.8) 23(3.1) 744(90.3)

Family history        

yes 9(5.7) 143(90.5) 6(3.8) 158(18.2)

no 83(11.7) 596(84.2) 29(4.1) 708(81.8)

Physical activity        

yes 14(8) 155(89.1) 5(2.9) 174(30.7)

no 56(14.2) 319(81.2) 18(4.6) 393(69.3)

Education level        



Page 8/23

  CAD Non-CAD Non-cardia death Total

Primary 74(14.1) 428(80.8) 27(5.1) 525(61.4)

High school 17(6.6) 239(92.3) 3(2.1) 259(30.3)

Academic 1(1.4) 65(91.5) 5(7) 71(8.3)

BMI: Body mass index, SBP: Systolic blood pressure, DBP: diastolic blood pressure, DM: Diabetes
mellitus, TG: Triglycerides, LDL: low density lipoproteins, HDL: high density lipoprotein, UA: Uric Acid

The cumulative incidence of any CAD at the 5-year and 10-year follow-ups was approximately 6.8% and
10.6%, respectively, and approximately 4.6% and 8.5%, respectively, for all other noncardiac deaths
(Figure 2).

3.1 Hazard Models for Coronary Artery Disease
The estimated unadjusted hazard ratios and their con�dence interval estimates for univariate analysis
are shown in Table 2. The results found in both models with no confounding variables of age, sex (male),
SPB, DM, hypertriglyceridemia, LDL, uric acid, current smoking, education level (inverse) and physical
activity (inverse) were signi�cantly associated with the risk of CAD (Table 2). The proportional hazards
assumption was checked for any covariate and was veri�ed by the lack of signi�cant interactions with
the survival time.
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Table 2
Univariate  competing risk model for incidence of CAD in presence non-cardiac death as competing event

Baseline Characteristics HR (95% CI) P-value SHR (95% CI) P-value

Age 1.06(1.0411.079) <0.001* 1.06(1.041.07) <0.001*

SBP 1.035 (1.0231.047) <0.001* 1.03(1.021.05) <0.001*

DBP 1.03 (1.0101.053) 0.004* 1.03(1.011.05) 0.002*

Diabetes Mellitus 2.57(1.6903.922) <0.001* 2.52(1.673.82) <0.001*

HDL 0.99(0.9841.105) 0.94 0.998(0.991) 0.5

LDL 1.007(1.0011.012) 0.018* 1.01(11.01) 0.004*

Acid Uric 1.24 (1.0681.442) 0.005* 1.24(1.061.45) 0.006*

Hypertriglyceridemia(yes) 2.188(1.3743.484) 0.001* 2.15(1.353.42) 0.001*

Sex (female) 0.560 (0.3710.847) 0.006* 0.568(0.3770.856) 0.006*

Current Smoking (yes) 1.53(0.8432.853) 0.16* 1.55(0.8422.85) 0.16*

Physical activity(yes) 0.533(0.2970.957) 0.035* 0.549(0.3070.982) 0.042*

Education level 0.401(0.2540.634) <0.001*    

low Ref      

moderate 0.442(0.2610.749) 0.002* 0.447(0.2660.754) 0.0025*

high 0.097(0.0140.70) 0.021 0.0949(0.0130.691) 0.02*

*P <0.2, HR: hazard ratio, SHR: sub-distribution hazard ratio, CI: con�dence interval, CAD: Coronary
Artery Disease, BMI: Body mass index, SBP: Systolic blood pressure, DBP: diastolic blood pressure,
DM: Diabetes mellitus, TG: Triglycerides, LDL: low density lipoproteins, HDL: high density lipoprotein,
UA: Uric Acid

It is important to remember that the 2 models have different interpretations when interpreting the
regression coe�cients from the cause-speci�c hazard models and the subdistribution hazard models.
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Table 3
Multivariate competing risk model for incidence of CAD in presence non-cardiac death as competing

event
Baseline characteristics HR (95% CI) P-value SHR (95% CI) P-value

Age 1.034(1.011.058) *0.005 1.032(1.021.054) 0.003*

SBP 1.021(1.0061.037) *0.007 1.026(1.00391.049) 0.02*

DM (yes) 1.92(1.023.089) *0.007 1.966(1.2743.03) 0.002*

Sex(female) 0.566(0.3570.897) *0.015 0.587(0.3580.961) 0.034*

Hypertriglyceridemia (yes) 1.904(1.1633.115) *0.01 1.858(1.1373.05) 0.013*

UA 1.21 (1.0131.447) *0.036 1.21 (1.0131.464) 0.03*

Education level        

low Ref   Ref  

moderate 0.772(0.421.420) 0.405 0.735(0.4021.344) 0.32

high 0.125(0.0170.921) 0.04* 0.105(0.0140.774) 0.027*

*P<0.05, HR: hazard ratio, SHR: sub-distribution hazard ratio, CI: con�dence interval, CAD: Coronary
Artery Disease, SBP: Systolic blood pressure, DM: Diabetes mellitus, TG: Triglycerides, UA: Uric Acid

The multivariate cause-speci�c hazard model showed that variables DM (HR: 1.92, P<0.01),
hypertriglyceridemia (HR: 1.904, P<0.05), uric acid (HR: 1.26, P<0.01), age (HR: 1.034, P<0,01), SBP (HR:
1.021, P<0.01), associated with an increased hazard rate of CAD and university level of education (HR:
0.125, P<0.05) and female sex (HR: 0.566, P<0.01) were associated with a reduced hazard rate of CAD.
Similarly, in the multivariate �ne-gray models, DM (SHR: 1.966, P<0.01), hypertriglyceridemia (SHR: 1.858,
P<0.05), uric acid (SHR: 1.21, P<0.05), age (SHR: 1.032, P<0.01), SBP (SHR: 1.026, P<0.05), university
level of education (SHR: 0.105, P<0.05), and sex (SHR: 0.587, P<0.05) were associated with an increased
risk of CAD (Table 3).

4. Discussion
This study focused on the use of cause-speci�c hazard regression and Fine-Gray models versus
competing risk as death due to noncardiac causes to investigate the effect of risk factors related to the
incidence of coronary artery disease in overweight and obese populations of the city of Yazd, aged 2074
years, according to cohort data. In the present study, the 10-year cumulative crude incidence of coronary
artery disease was 10.6% vs 6.8%.
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The percentage of the competing cause as noncardiac deaths. Additionally, in line with previous studies,
older age(33), higher systolic blood pressure(33), higher uric acid, male sex, diabetes(33), and
hypertriglyceridemia increased the likelihood of developing coronary artery disease, and those with higher
education (inversely) were less likely to develop CAD.

In the present study, the cause-speci�c and Fine-Gray models performed similarly in the 10-year prediction
of coronary artery disease, in line with the study of Wilber et al.(34). According to the �ndings, the cause-
speci�c hazard and subdistribution hazard of coronary artery disease associated with a per ten-year
increase in age, systolic blood pressure, and uric acid had a very slight difference and similarly the cause-
speci�c hazard and subdistribution hazard of coronary artery disease associated in during ten-year in
diabetics, hypertriglyceridemia and higher education were similar.

However, Wilber's reported that 18% and 8% of people were classi�ed at high risk of coronary artery
disease according to the Cox and Fine-Gray models, respectively(34). Puddu et al. also showed that the
use of the CIF model based on the Fine-Gray model was more appropriate and could avoid
overestimations of the Kaplan–Meier method based on methods such as the Cox model(35). The study
of Mackenzie reported that Cox proportional hazard models were not a good predictor of individual risk
(36).

According to our �ndings, a per ten-year increase in age was associated with a 3.3% increase in the
cause-speci�c hazard rate of coronary artery disease and a similar 3.2% increase in the risk of coronary
artery disease (relative incidence) for at-risk individuals (Table 3). Age is an irreversible risk factor that
plays a vital role in mortalities due to cardiovascular disease, remaining as a predictor variable in
multivariate models even after adjusting for other confounders(37–39). In the present study, most cases
of coronary artery disease occurred in the age of 65-74 years old.

Sex is an important risk factor for CVD in aging adults (37). In our study, men developed 52 (13.5%), and
women developed 39 (7.9%) new cases of CAD. Consistent with the results of this study, Tsiampalis et al.
reported that women were less likely to die from CHD, but Govender et al. reported that women were 1.96
times more likely than men to have a recurrence of cardiovascular disease(40).

Our �ndings showed that a per10-year increase in systolic blood pressure was associated with a 25.4%
increase in the cause-speci�c hazard rate of coronary artery disease and, similarly, a 26% increase in the
relative incidence of at-risk coronary artery disease. Consistent with our results, Puddu et al., using the
Cox model (HR: 1.402, 95% CI: 1.3931.410, P <0.001) and Fine-Gray (SHR: 1.152, 95% CI: 1.1451.159, P
<0.001), showed that increased systolic blood pressure was associated with a higher risk of CHD
death(35). Ramezanian et al. also showed in the multivariate Cox model that a one-unit increase in
systolic and diastolic blood pressure was associated with a 1% increase in the risk of CAD. Using a
competing risk model, Dianatkhah et al. reported that hypertension was associated with a higher risk of
cardiovascular disease(33).
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In this study, diabetic patients were more likely to develop CAD. The cause-speci�c hazard and
subdistribution hazard of coronary artery disease in high-risk diabetic patients were 2.5% and 2.5% higher
than those in nondiabetic patients, respectively, and 19.9% of diabetic patients at the beginning of the
study (n=176) developed CAD over ten years. Diabetic patients have a worse prognosis of CAD, so the risk
of cardiac death is 2 to 4 times higher in these patients than in others(41). The increase in obesity
epidemic in the world has led to the prevalence of CAD and diabetes(42). In many countries, the
prevalence of diabetes in patients with coronary artery disease is reported to be 50% (43). Ramazanian et
al. showed in the multivariate Cox model that each unit increase in fasting blood sugar increased the risk
of CAD to 10% and 13% (44) in women and men, respectively. Tsiampalis et al. showed that increasing
each unit in fasting blood sugar increased the risk of CHS death by 0.3%, and women were less likely to
die from CHD(45). The cause-speci�c hazard and subdistribution hazard of CAD were approximately
twice as high in at-risk people with hypertriglyceridemia as those with normal triglycerides. Additionally, a
per 10-year increase in uric acid was associated with a 21% increase in the cause-speci�c hazard rate and
subdistribution hazard of CAD in at-risk individuals. Longitudinal epidemiological studies have shown
that serum uric acid is a predictor for the incidence of cardiovascular diseases and cardiac deaths(46). A
study showed an association between elevated uric acid levels and overweight and obesity(47).
Additionally, our �ndings showed that the risk of coronary artery disease decreased with increasing  level
of education, taking into account the competing event (death due to noncardiac  causes) (Table 3).

Education is one of the socioeconomic factors affecting the risk of cardiovascular diseases and is
completed by adulthood(48, 49). In a cohort study on 9226 patients without a history of cardiovascular
disease, Dégano et al. reported that the risk of cardiovascular disease was lower in people with a
university degree than in those with a lower or primary education (HR = 0.51, 95% CI: 0.300.85)(49). It
seems that preventive strategies should be planned and made available to individuals according to their
level of education(49). For example, some people may have learning disabilities, increasing lifestyle-
related risk for CVD in these individuals(48). It also seems that people with higher education will have a
healthier lifestyle despite economic changes, and the risk of cardiovascular disease will be reduced in
these people(48). The �ndings of this study are consistent with other studies.

The at-risk group in the Kaplan–Meier model does not include individuals who experience a competing
event before the event in question(18). The Cox model considered competing risk as censorship when
examining the effect of variables on a particular cause(18). One of the challenges of competing risks in
medical research on survival analysis is the one-to-one mismatch between the hazard function (rate) and
the cumulative incidence function(18). In the Cox model, there is a one-to-one correspondence between
the hazard function and the cumulative incidence function; therefore, the hazard ratio is equivalent to the
rate in epidemiology and re�ects the risk in population studies(18). The cumulative incidence function in
the cause-speci�c model is affected by both the cause-speci�c function of the desired event and the
competing event(34). The results of the cause-speci�c model for a particular variable should not be
reported as an increase or decrease in the incidence of the disease because the effect of the variables on
both the cause-speci�c hazard function and the competing event must be determined to examine the
effect of variables on the incidence of the disease(34, 50).
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The subdistribution function still keeps those who experienced the competing risk before the desired
event in the at-risk set(11, 50). For example, if the competing risk is death due to cardiac causes,
deceased heart patients are no longer at risk for the disease; therefore, the subdistribution function is not
considered a standard epidemiological rate as a hazard ratio(51, 52). The hazard ratio in the Fine-Gray
model is interpreted as a relative change in the desired event rate in people who have not experienced the
desired event and the competing cause by a certain time(50). and directly determines the effect of
variables on disease incidence(14, 18). In general, it is suggested to use the cause-speci�c hazard
function for studies of disease etiology(11, 53). and the subdistributed hazard function for prognostic,
predictive, and risk score classi�cation in survival studies(11, 14, 54).

5. Conclusion
The two cause-speci�c and Fine-Gray models performed similarly in a per 10-year prediction of coronary
artery disease in the present study. The �ndings showed that the hazard ratio and con�dence interval for
all signi�cant variables in the incidence of coronary artery disease were similar in the �nal models of
cause-speci�c and subdistribution and acted similarly in terms of the signi�cant variable. The �ndings
showed that in the presence of competing risks, age, systolic blood pressure, male sex, uric acid, history
of diabetes, history of hypertriglyceridemia and high level of education (inversely) were associated with
increased risk of coronary artery disease in overweight and obese individuals. Considering the
overestimation, the Cox model censors the competing risks and overestimates the effect of covariates on
the risk of disease. Therefore, the use of competing risk models in the presence of a competing cause is
emphasized when interpreting survival studies. However, it should be noted that the relationship between
variables and the cause-speci�c hazard function is not similar to their dependence on the cumulative
incidence function; thus, the risk of variables should not be interpreted similarly in these two models.
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Table 1. The baseline characteristics in CAD and Non-CAD patients

  CAD Non-CAD Non-cardia death Total

variables Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%)

Mean ± SD

Frequency (%Total)

Age 58.04±9.94 47.85±12.95 60.37±11.17 48.86±13.64

BMI 30.16±16.57 29.55±7.085 32.036±20.39 29.84±5.43

SBP 138.4 ± 17.52 128.63± 14.06 134.86±13.34 129.93±16.99

DBP 86.22±9.26 83.39±8.5 83.69±7.97 83.58±8.79

TG 211.61±88.53 187.43±111.55 191.89±70.96 189.73±109.96

LDL 121.14±31.98 110.49±36.93 117.83±33.7 111.50±35.92

HDL 53.93±13.51 54.22±13.31 52.71±13.31 53.81±13.1

UA 4.87±1.45 4.48±1.25 4.48±1.28 4.51±1.26

DM        

yes 35(19.9) 125(71) 16(9.1) 176(20.3)

no 57(8.3) 614(89) 19(2.8) 690(79.7)

Sex        

male 53(13.8) 313(81.3) 19(4.9) 385(44.5)

female 39(8.1) 426(88.6) 16(3.3) 481(55.5)

Current Smoking         

yes 12(15) 60(75) 8(10) 80(9.7)

no 75(10.1) 646(86.8) 23(3.1) 744(90.3)

Family history        

yes 9(5.7) 143(90.5) 6(3.8) 158(18.2)

no 83(11.7) 596(84.2) 29(4.1) 708(81.8)

Physical activity        

yes 14(8) 155(89.1) 5(2.9) 174(30.7)

no 56(14.2) 319(81.2) 18(4.6) 393(69.3)

Education level        

Primary 74(14.1) 428(80.8) 27(5.1) 525(61.4)
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High school 17(6.6) 239(92.3) 3(2.1) 259(30.3)

Academic 1(1.4) 65(91.5) 5(7) 71(8.3)

BMI: Body mass index, SBP: Systolic blood pressure, DBP: diastolic blood pressure, DM: Diabetes
mellitus, TG: Triglycerides, LDL: low density lipoproteins, HDL: high density lipoprotein, UA: Uric Acid

 

 

Table 2. Univariate  competing risk model for incidence of CAD in presence non-cardiac death as
competing event

Baseline Characteristics HR (95% CI) P-value SHR (95% CI) P-value

Age 1.06(1.0411.079) <0.001* 1.06(1.041.07) <0.001*

SBP 1.035 (1.0231.047) <0.001* 1.03(1.021.05) <0.001*

DBP 1.03 (1.0101.053) 0.004* 1.03(1.011.05) 0.002*

Diabetes Mellitus 2.57(1.6903.922) <0.001* 2.52(1.673.82) <0.001*

HDL 0.99(0.9841.105) 0.94 0.998(0.991) 0.5

LDL 1.007(1.0011.012) 0.018* 1.01(11.01) 0.004*

Acid Uric 1.24 (1.0681.442) 0.005* 1.24(1.061.45) 0.006*

Hypertriglyceridemia(yes) 2.188(1.3743.484) 0.001* 2.15(1.353.42) 0.001*

Sex (female) 0.560 (0.3710.847) 0.006* 0.568(0.3770.856) 0.006*

 Current Smoking (yes) 1.53(0.8432.853) 0.16* 1.55(0.8422.85) 0.16*

Physical activity(yes) 0.533(0.2970.957) 0.035* 0.549(0.3070.982) 0.042*

Education level 0.401(0.2540.634) <0.001*    

low Ref      

moderate 0.442(0.2610.749) 0.002* 0.447(0.2660.754) 0.0025*

high 0.097(0.0140.70) 0.021 0.0949(0.0130.691) 0.02*

*P <0.2, HR: hazard ratio, SHR: sub-distribution hazard ratio, CI: con�dence interval, CAD: Coronary
Artery Disease, BMI: Body mass index, SBP: Systolic blood pressure, DBP: diastolic blood pressure,
DM: Diabetes mellitus, TG: Triglycerides, LDL: low density lipoproteins, HDL: high density lipoprotein,
UA: Uric Acid
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Table 3. Multivariate competing risk model for incidence of CAD in presence non-cardiac death as
competing event

Baseline characteristics HR (95% CI) P-value SHR (95% CI) P-value

Age 1.034(1.011.058) *0.005 1.032(1.021.054) 0.003*

SBP 1.021(1.0061.037) *0.007 1.026(1.00391.049) 0.02*

DM (yes) 1.92(1.023.089) *0.007 1.966(1.2743.03) 0.002*

Sex(female) 0.566(0.3570.897) *0.015 0.587(0.3580.961) 0.034*

Hypertriglyceridemia (yes) 1.904(1.1633.115) *0.01 1.858(1.1373.05) 0.013*

UA 1.21 (1.0131.447) *0.036 1.21 (1.0131.464) 0.03*

Education level        

low Ref   Ref  

moderate 0.772(0.421.420) 0.405 0.735(0.4021.344) 0.32

high 0.125(0.0170.921) 0.04* 0.105(0.0140.774) 0.027*

*P<0.05, HR: hazard ratio, SHR: sub-distribution hazard ratio, CI: con�dence interval, CAD: Coronary
Artery Disease, SBP: Systolic blood pressure, DM: Diabetes mellitus, TG: Triglycerides, UA: Uric Acid

Figures
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Figure 1

The chart shows population number in baseline and Coronary Artery Disease incidence after 10 years.
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Figure 2

Cumulative Incidence Functions (CIF) curves with CAD incidence as the primary endpoint. CAD = fatal
and nonfatal coronary artery disease, all non-cardiac death causes= competing event


