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Background: In Asian population, diabetes mellitus is increasing and has become an important health problem 
in recent decades. In Iran, cardiovascular disease (CVD) accounts for nearly 46% of the total costs spent for 
diabetes‑associated diseases. Because individuals with diabetes have highly increased CVD risk compared with 
normal individuals, it is important to diagnosis factors that may increase CVD risk in diabetic patients. The 
study objective was to identify predictors associated with CVD mortality in patients with type 2 diabetes (T2D) 
and to develop a prediction model for cardiovascular (CV)‑death using a competing risk approach.
Materials and Methods: The study population consisted of 2638 T2D  (male = 1110, female = 1528) 
patients aged ≥35 years attending from Endocrine and Metabolism Research Center in Isfahan for a mean 
follow‑up period of 12 years; predictors for different cause of death were evaluated using cause specific 
Cox proportional and subdistribution hazards models.
Results: Based on competing modeling, the increase in blood pressure (BP) (spontaneously hypertensive 
rats  [SHR]: 1.64), cholesterol  (SHR: 1.55), and duration of diabetes  (SHR: 2.03) were associated with 
CVD‑death. Also, the increase in BP  (SHR: 1.85), fasting blood sugar  (SHR: 2.94), and duration of 
diabetes  (SHR: 1.68) were associated with other death  (consist of cerebrovascular accidents, cancer, 
infection, and diabetic nephropathy).
Conclusions: This finding suggests that more attention should be paid to the management of CV risk in 
type 2 diabetic patients with high cholesterol, high BP, and long diabetes duration.
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Abstract

Predictors of all‑cause and cardiovascular‑specific mortality 
in type 2 diabetes: A competing risk modeling of an Iranian 
population
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INTRODUCTION

Nowadays, noncommunicable diseases, especially 
in developing countries, are considered as the 
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biggest worldwide health problem.[1] Among which, 
diabetes is traditionally known as a “silent disease,” 
presenting no symptoms until it progresses to severe 
target organ damage,[2] and is the major global 
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cause of morbidity and mortality.[3] The most recent 
data from the International Diabetes Federation 
highlighted that the Middle East and North Africa 
region has the highest rate of diabetes prevalence 
in the world.[4]

The prevalence of type 2 diabetes (T2D) ranges from 
2.6% to 15.1% in the Asia‑Pacific region and 3.5% 
to 13.1% in subjects older than 30 years or older in 
Iran.[5] The mortality rate in diabetic patients is higher 
than normal people, and this has decreased the life 
expectancy for 5–10  years in middle‑aged diabetic 
patients.[6] Because diabetic patients have a higher 
risk of developing microvascular disease and a 2–4‑fold 
higher risk of developing the macrovascular disease 
than the general population.[7] Given the rapidly 
escalating financial and societal costs associated with 
diabetes care in developing countries, where resources 
to address the disease are severely limited, there is 
an urgent need for the development, implementation, 
and evaluation of programs to prevent T2D and its 
complications.[8] T2D is a well‑established risk factor 
for cardiovascular disease (CVD).[9] Indeed, CVDs are 
the most prevalent causes of mortality and morbidity 
among people with T2D (accounting for up to 60–80% 
of the deaths, word wide).[10,11]

In Iran, CVDs account for nearly 46% of the total costs 
spent for diabetes‑associated diseases.[6] More than 
half the mortality and a vast amount of morbidity in 
people with diabetes is related to CVD, which caused 
researchers in the fields of diabetes and CVD to join 
forces to research and manage these conditions.[12] 
Because individuals with diabetes have increased 
CVD risk compared with nondiabetic individuals, it is 
important to diagnose factors that may increase CVD 
risk in diabetic patients.[13]

Several  r isk  factors  increase  the  r isk  o f 
cardiovascular  (CV) conflicts in diabetic patients. 
The most common factors can be cited concurrency 
lipid disorders in patients with diabetes. Elevated 
serum triglycerides  (TGs), reduced high‑density 
lipoprotein cholesterol  (HDL‑C), and increased 
low‑density lipoprotein cholesterol  (LDL‑C). The 
most common lipid disorders associated with T2D 
have an increased incidence of CV conflicts in these 
patients.[13] Hypertension is an important and 
powerful modifiable risk factor of CVD in patients 
with diabetes.[14] results from Multiple Risk Factor 
Intervention Trial  (MRFIT) and United  Kingdom 
Prospective Diabetes Study  (UKPDS) indicate that 
blood glucose and blood pressure  (BP) might have 
additive effects on the CVD risk of complications in 
patients with T2D.[15] One factor playing an important 
role in determining the cause of death in people 

with diabetes is the duration of diabetes. Mortality 
risk in T2D increased with increasing diabetes 
duration. Longer diabetes duration is associated 
with an increased prevalence of classical CV risk 
factors  (hypertension, dyslipidemia, and prevalent 
heart disease), which may partly explain the increase 
mortality risk.[16] Serum TG is a risk factor for CVD 
in the general population and diabetic patients, 
especially for those with high non‑HDL‑C.[17]

Hypertriglyceridemia is a prevalent risk factor for CVD 
and increasingly important in the setting of current 
obesity and insulin resistance epidemics. High TG 
levels are markers for several types of atherogenic 
lipoproteins.[18] Obesity and overweight in diabetic 
patients with multiple mechanisms, make them 
susceptible to further increase CV events.[19] Body mass 
index (BMI) has been identified as a potential CVD risk 
factor. Overweight and obesity lead to adverse metabolic 
effects on BP, cholesterol, TG, and insulin resistance. 
Risks of coronary heart disease, ischaemic stroke, and 
T2D mellitus increase steadily with increasing BMI, a 
measure of weight relative to height.[20] Most of these 
studies were conducted in Western populations with 
T2D. To the best of our knowledge, there was no study 
to examine the association of such variables with the 
entirecause and CVD‑related mortality in Iranian T2D 
populations. As Asian populations have a different 
lifestyle, the main objective of this population‑based 
study was to determine the risk factors associated with 
CVD and of all‑cause related mortality in a diabetic 
type 2 Asian population.

MATERIALS AND METHODS

This is a retrospective cohort study in subjects with 
T2D between the ages of 35 years and older in Isfahan. 
Patients were selected from records in the Endocrine 
and Metabolism Research Center in Isfahan. The 
study involved 2638 T2 diabetic patients  (consisted 
of 1110  male and 1528  female) with complete 
information, which was followed for 12  years from 
1992 to 2004. Covariates which included in this study 
were: Sex, duration of diabetes, age, fasting blood 
sugar (FBS), cholesterol, TG, BP, and BMI.
•	 Inclusion criteria: Males and females over the age 

of 35 who present with T2D
•	 Exclusion criteria: Persons not conforming to the 

above inclusion criteria along with individuals 
who have type 1 diabetes, patients who dead from 
surgery, accident, unknown or others, and those 
with missing data.

Clinical and laboratory measurements
The baseline information including demographic 
data  (sex, age) and duration of diabetes were 
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collected by a trained interviewer, using a pretested 
questionnaire.

Height was measured using a portable inflexible bar 
while the participants were looking straight forward with 
their heels against the wall. Weight was measured, using 
digital scales (Seca 707, Seca Corp., Hanover, MD; range 
0.1–150 kg) and recorded to the nearest 100 g. During 
all the weight and height measurements, the individuals 
were in light clothing without shoes and socks. BMI 
was estimated by dividing weight in kilograms by the 
square of the height in meters.[21] BP was measured with 
appropriate sized cuffs using a standardized mercury 
sphygmomanometer (calibrated by the Iranian Institute 
of Standards and Industrial Researches) on the right arm, 
after a 15 min rest in a sitting position; The first Korotkoff 
sound indicated systolic BP (SBP), and the disappearance 
of the sound signified diastolic BP  (DBP). The mean 
BP after two measurements with 5 min intervals was 
recorded. If the difference between SBP and/or DBP in the 
two measurements was more than 10 mm Hg, the third 
measurement was recorded. After 12–14 h overnight 
fasting, blood samples were drawn from veins of the 
participants into vacutainer tubes between 7.00 and 
9.00 a.m. and centrifuged within 30–45 min of collection. 
FBS was measured using an enzymatic colorimetric 
method with glucose oxidase  (human Gesellschaft 
mit beschränkter Haftung). TG was assayed using an 
enzymatic colorimetric method with glycerol phosphate 
oxidase. Total cholesterol was assayed using the 
enzymatic colorimetric method with cholesterol esterase 
and cholesterol oxidase. All laboratory kits are supplied 
by Pars Azmon Inc., Tehran, Iran  (with biotechnical 
instruments model BT‑3000 Germany).

Definition of terms
Positive BP was defined as a history of antihypertensive 
drug use or SBP ≥140 mm Hg or DBP ≥90 mm Hg.[22] 
In category of BP, negative was defined as normal 
BP (<139.85–89 mm Hg) and positive BP was defined as 
hypertension (SBP ≥140 mm Hg or DBP ≥90 mm Hg), 
according to the 2013 European Society of Hypertension/
European Society of Cardiology guidelines for the 
management of arterial hypertension.[23] (BP negative 
was regarded as the reference group).

Diabetes duration was categorized, <10  years, 
10–20 years and >20 years. (<10 years was regarded 
as the reference group). The other diabetes risk factors 
were defined as follows:

Baseline BMI was defined as normal weight (<25) and 
abnormal weight (≥25).[21]

(Normal weight was regarded as the reference group). 
Because of The incidence of diabetes increases with 

age until about age 65  years, we categorized age 
as ≤65 years and >65 years.[24] (≤65 years was regarded 
as the reference group). We categorized total serum 
cholesterol as ≤240 milligrams per deciliter (mg/dl), 
and >240 mg/dl.[25] (≤240 mg/dl was regarded as the 
reference group). FBS, was categorized as ≤126 mg/dl 
and >126  mg/dl.[26]  (FBS ≤126  mg/dl was regarded 
as the reference group). Also, TG was categorized 
as ≤200 mg/dl and >200 mg/dl.[17] (TG ≤200 mg/dl was 
regarded as the reference group).

Statistical analysis
Descriptive analyses were used to summarize baseline 
characteristics of the study subjects according 
to cause of death  (CVD and other cause     consist of 
cerebrovascular accident  [CVA], cancer, infections, 
and diabetic nephropathy  [DN]). Frequencies 
and percentages were generated for categorical 
variables [Table 1]. To summarize the effect of patient 
or disease covariates in the competing risks setting, 
different regression models was used as follows:

Cause‑specific Cox hazard model
The associations between baseline covariates and 
various causes of death were assessed using cause 

Table 1: Baseline characteristics of 2638 study subjects 
according to cause of death
Variable Total 

(n=2638)
CVD 

(n=215)
Other 

(n=180)*
Sex

Female 1528 (57.9) 81 (37.7) 72 (40.0)
Male 1110 (42.1) 134 (62.3) 108 (60.0)

Age (year)
≤65 2272 (86.1) 159 (74.0) 124 (68.9)
>65 366 (13.9) 56 (26.0) 56 (31.1)

BMI
Normal 718 (27.2) 88 (40.9) 76 (42.2)
Abnormal 1920 (72.8) 127 (59.1) 104 (57.8)

FBS
≤126 600 (22.7) 33 (15.3) 15 (8.3)
>126 2038 (77.3) 182 (84.7) 165 (91.7)

Duration of diabetes (years)
<10 2072 (78.5) 136 (63.3) 110 (61.1)
10-20 474 (18.0) 60 (27.9) 55 (30.6)
>20 92 (3.5) 19 (8.8) 15 (8.3)

Triglyceride (mg/dl)
≤200 1677 (63.6) 121 (56.3) 111 (61.7)
>200 961 (36.4) 94 (43.7) 69 (38.3)

Cholesterol (mg/dl)
≤240 2000 (75.8) 141 (65.6) 133 (73.9)
>240 638 (24.2) 74 (34.4) 47 (26.1)

BP
Negative 1319 (50.0) 70 (32.6) 54 (30.0)
Positive 1319 (50.0) 145 (67.4) 126 (70.0)

*Consist of CVA, cancer, infection, and DN. FBS: Fasting blood sugar, BP: Blood 
pressure, BMI: Body mass index, DN: Diabetic nephropathy, CVA: Cerebrovascular 
accidents, CVD: Cardiovascular disease
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specific Cox proportional hazards models that censored 
for the respective competing events.[27] This hazard 
measures the instantaneous failure rate due to one 
risk.[28]

Subdistribution hazard model
This model is based on the hazard of the subdistribution 
and provides a simple relationship between covariates 
and cumulative incidence.[29] The hazard of the 
subdistribution is interpreted as the probability of 
observing an event of interest in the next time interval 
while knowing that either the event of interest did 
not happen until then or that a competing risks event 
was observed.[30]

In this study, regression models taking competing 
risks into account (Cox cause‑specific hazard model 
and Fine and Gray model based on subdistribution 
hazard model) were carried out to analyze the effect 
of covariates in T2D patients. The competing risk 
events were CVD related mortality, and other cause 
mortality (consist of CVA, cancer, infections, and DN). 
In examining the association between covariates and 
all‑cause mortality, we used the Cox proportional 
hazards model. The statistical packages “survival,”[31] 
“cmprsk”[32] in R software (version 3.0.2) were used to 
perform the analyses, and the significance level was 
set at 5%.

RESULTS

The age range of 2638 T2D patients were 35–92 with a 
mean 54.1 ± 9.8 years. 86.1% of patients 65 years and 
less and 13.9% were above 65 years. 85% of patients 
were censored.

Table  1 provides a description of the baseline 
characteristics of the 2638 T2D patients. Generally, 
death from CVD in patients was more likely in 
younger  (74%) and predominantly male  (62%). 
Moreover, death from other cause mortality (consist 
of CVA, cancer, infection, and DN) were more likely in 
younger (69%) and male (60%). There were 395 (15%) 
deaths reported until the end of the study. Of these, 
215 (54%) were CV‑deaths and 180 (46%) were other 
death (consist of CVA, Cancer, infection, and DN).

According to Tables 2 and 3, for patient with T2D, 
there was an increased risk of all‑cause mortality 
among patients with duration of diabetes >20 years 
(heart rate [HR]: 2.05, 95% confidence interval [CI]: 
1.41–3.00, P  =  0.000, <10  years as the reference 
group). There was also suggestion that being sex may 
increase the risk of all‑cause death. Similarly, sex 
was associated with a greater risk of CVD mortality 
based on competing risk (spontaneously hypertensive 

rats [SHR]: 2.01, 95% CI 1.56–2.69, P = 0.000, female 
as the reference group) and Cox regression (HR: 2.06, 
95% CI: 1.55–2.75, P  =  0.000). Also, duration of 
diabetes >20 years was associated with a greater risk 
of CVD mortality based on competing risk (SHR: 2.03, 
95% CI: 1.21–3.41, P  =  0.006) and Cox regression 
(HR: 2.22, 95% CI: 1.33–3.69, P = 0.002). Hazard ratios 
for CVD‑death were very similar to those of the Fine 
and Gray model for covariates that did not affect other 
death (consist of CVA, cancer, infection, and DN), that 
is, TG and cholesterol.

In contrast, sex, BP, FBS, and duration of diabetes 
were also strong predictors for other death (consist of 
CVA, cancer, infection and DN), and cause‑specific 
hazard ratios for CVD were larger than in the Fine 
and Gray model.

Cholesterol was significantly associated with an 
increase in the rate of CVD‑death  (HR: 1.54, 95% 
CI: [1.14–2.09], P = 0.004, ≤240 mg/dl as the reference 
group), whereas it significantly decreased the rate of 
other death  (consist of CVA, cancer, infection, and 
DN) (HR: 0.99, 95% CI: [0.69–1.41], P = 0.970).These 
results are in a column with those displayed by the 
cumulative incidence analyses. Indeed, cholesterol 

Table  2: Results of all/cause and cause‑specific mortality 
according to competing risks and cause‑specific Cox regression 
models
Covariates All‑cause 

(n=395)
CVD (n=215)

Cox‑regression 
model

Cause‑specific 
Cox regression

Competing 
risks model

HR (95% CI) HR (95% CI) SHR (95% CI)
Sex

Female
Male 1.89 (1.53-2.33) 2.06 (1.55-2.75) 2.01 (1.50-2.69)

BP
Negative
Positive 1.80 (1.45-2.25) 1.70 (1.27-2.28) 1.64 (1.22-2.20)

Triglyceride (mg/dl)
≤200
>200 1.17 (0.95-1.46) 1.25 (0.94-1.67) 1.25 (0.94-1.67)

Cholesterol (mg/dl)
≤240
>240 1.27 (1.00-1.59) 1.54 (1.14-2.09) 1.55 (1.14-2.10)

FBS
≤126
>126 1.85 (1.36-2.52) 1.37 (0.93-2.00) 1.31 (0.89-1.93)

Duration of 
diabetes (years)

<10
10-20 1.63 (1.30-2.05) 1.58 (1.15-2.16) 1.53 (1.11-2.09)
>20 2.05 (1.41-3.00) 2.22 (1.33-3.69) 2.03 (1.21-3.41)

Model is adjusted for age and BMI. FBS: Fasting blood sugar, BP: Blood pressure, 
CI:  Confidence interval, HR: Hazard ratio, SHR: Subdistribution hazard ratio, 
BMI: Body mass index, CVD: Cardiovascular disease
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increases the probability of CVD‑death  (SHR: 1.55, 
95% CI:  [1.14–2.10], P  =  0.004), whereas, reducing 
that of other death (SHR: 0.97, 95% CI: [0.67–1.41], 
P  =  0.91). With considering the cause‑specific and 
subdistribution hazard models, the risk of CVD 
mortality increased with sex, BP, cholesterol, and 
diabetes duration. Although the conclusions drawn 
based on the two methods were largely similar, the 
magnitude of effect was larger, and with wider CI 
based on the cause‑specific Cox model as compared 
with the competing risk regression in most instances.

In both models, patients with positive BP, high 
cholesterol, and a longer diabetes duration had 
significantly increased the risk of CVD mortality.

Information on the estimate of the cumulative 
incidence and its variance for competitive events 
at 8 times points 24, 48, 72, 96, 120, 168, 192, and 
216  months are shown in Table 4. According the 
results obtained, probability of death from CVD after 
96 months, 0.07%, and for other causes 0.06% which 
after 216 months, the estimated probability for each 
of the outcome of CVD and other causes  (consist of 
CVA, cancer, infection, and DN), respectively, 0.08%, 
and 0.07% is obtained. In Figure  1 nonparametric 
estimates of the cumulative incidence functions for 
the two competitive events at different points in time 
are presented.

The probability of patient death due to one of the two 
causes until 48 elementary month has no difference 
and between 48 and 216 months, the risk of death due 
to CVD is higher than other (consist of CVA, cancer, 
infection, and DN).

DISCUSSION

In this article, we considered the cause‑specific and 
subdistribution hazard models for evaluating the effect 
of one or more prognostic factors on time‑to‑event 
outcomes involving competing risks. The cause‑specific 
Cox model censors competing events at the time when 
the main event occurs.

In a randomized clinical trial, its use may only be 
appropriate if the objective is to provide a measure of 
the treatment effect on a specific failure that is directly 
related to the treatment mechanism in isolation of 
other competing events. In such instances, estimates 
of the treatment effect on the main event can only be 
meaningfully interpreted by assuming that the events 
occur independently.

Besides, when performing a cause‑specific hazard 
analysis, it is assumed that treatment has no effect 

Table 3: Results of all/cause and cause‑specific mortality 
according to competing risks and cause ‑ specific Cox 
regression models
Covariates All‑cause 

(n=395)
Other (n=180)*

Cox‑regression 
model

Cause‑specific 
Cox regression

Competing 
risks model

HR (95% CI) HR (95% CI) SHR (95% CI)
Sex

Female
Male 1.89 (1.53-2.33) 1.69 (1.24-2.31) 1.63 (1.20-2.22)

BP
Negative
Positive 1.80 (1.45-2.25) 1.92 (1.38-2.68) 1.85 (1.33-2.57)

Triglyceride (mg/dl)
≤200
>200 1.17 (0.95-1.46) 1.08 (0.79-1.50) 1.07 (0.77-1.47)

Cholesterol
≤240
>240 1.27 (1.00-1.59) 0.99 (0.69-1.41) 0.97 (0.67-1.41)

FBS
≤126
>126 1.85 (1.36-2.52) 2.91 (1.71-4.97) 2.94 (1.71-5.03)

Duration of 
diabetes (years)

<10
10-20 1.63 (1.30-2.05) 1.69 (1.21-2.36) 1.63 (1.16-2.28)
>20 2.05 (1.41-3.00) 1.86 (1.05-3.28) 1.68 (0.92-3.05)

Model is adjusted for age and BMI. *Consist of CVA, cancer, infection, and 
DN. DN:  Diabetic nephropathy, CVA: Cerebrovascular accidents, FBS: Fasting 
blood sugar, BP: Blood pressure, CI: Confidence interval, HR: Hazard ratio, 
SHR: Subdistribution hazard ratio, BMI: Body mass index

Table 4: The CIF estimates for two type of event with the 
variance
Time (months) Type of event

CIF (SE)
CVD Other*

24 0.01 (5.5e-06) 0.01 (5.5e-06)
48 0.03 (1.3e-05) 0.03 (1.3e-05)
72 0.05 (2.0e-05) 0.04 (1.8e-05)
96 0.07 (2.8e-05) 0.06 (2.3e-05)
120 0.08 (3.1e-05) 0.06 (2.6e-05)
168 0.08 (3.2e-05) 0.07 (2.7e-05)
192 0.08 (3.2e-05) 0.07 (2.7e-05)
216 0.08 (3.2e-05) 0.07 (2.7e-05)
*Consist of CVA, cancer, infection, and DN. DN: Diabetic nephropathy, 
CVA:  Cerebrovascular accidents, CIF: Cumulative incidence function, 
CVD: Cardiovascular disease, SE: Standard error

on the hazards of competing risks.[33,34] In contrast, the 
subdistribution hazard model estimates the effect of a 
prognostic factor on the cumulative incidence of each 
event and is intuitively easier to understand.

Findings of this study showed that in cause‑specific 
and subdistribution models for death from CVD, 
patients with BP  (positive), duration of diabetes 
(more than 10  years), and cholesterol  (more than 
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240 mg/dl), also for death from other (consist of CVA, 
cancer, infection, and DN), duration of diabetes 
(more than 10 years), FBS (more than 126 mg/dl), and 
BP, have a significant effects.

In our study, duration of diabetes was associated with 
the increased risk of CVD mortality in patients with 
T2D, in accordance with our study, some studies have 
noted an association between duration of diabetes and 
the development of CVD,[35,36] whereas, others have 
not.[37,38] Wannamethee et  al.[39] demonstrated that 
participants with longer duration  (≥8  years) had a 
significantly increased risk of CVD and total mortality 
compared with those with  <2  years’ duration after 
adjustment for established and novel risk markers.

Brun et al.[40] show that CVD was the principal cause of 
death among people with T2D in the Verona diabetes 
study, and rates for natural causes of death rose with 
increasing duration of diabetes. Cho et al.[41] concluded 
that diabetes is associated with elevated total and 
coronary heart disease mortality. And the longer 
duration of diabetes is a strong predictor of death 
among diabetic patients.

A positive association was found between the presence 
of BP and CVD in our study. In accordance with 
our study, Chen et  al.[42] found that the presence 
of hypertension is the strongest driver of CVD 
outcomes in individuals with diabetes mellitus. Lu 
et al.[43] reported that high BP is the main risk factor 
in increasing CVD risk in patients with diabetes. 
Hsieh et al.[44] investigated the association between 
BP and all‑cause mortality, as well as CVD mortality 
in patients with T2D.

Boulanger and Hill[45] show that BP is positively 
associated with the risk of stroke and ischemic heart 
disease. Berry et al.[46] reported that good BP control 

in diabetes is associated with reduced risk of CVD. 
The UKPDS study found that tight lowering of BP 
markedly reduced the incidence of microvascular and 
macrovascular end points in patients with T2D.[47,48]

Similar to other studies Bonakdaran et al.[49] found a 
significant association between high BP and CVD in 
patients with T2D. In this study, we find a significant 
effect between cholesterol and CVD death, These 
findings are in agreement with Imperatore et al.[50] 
that have demonstrated for people with diabetes, high 
cholesterol levels increase the risk of heart disease, 
and stroke.

The MRFIT study showed that the absolute risk of 
CVD‑death was at least 3 times higher for diabetic 
patients than for a nondiabetic population and that 
this relationship was amplified by serum cholesterol.[51]

Epidemiologic surveys have observed that elevated 
levels of total cholesterol and LDL‑C are associated 
with increased risk of coronary heart disease.[52] 
Sytkowski et al.[53] explain among the numerous risk 
factors for CVD, the relationship between elevated 
serum cholesterol and CVD has long been recognized. 
Jousilahti in Finland showed that mortality rate 
from CVD among high cholesterol serum level 
people (over 300 mg/dl) is five folder than others and 
reducing of serum cholesterol level up to 10% can 
reduce the mortality due to CVD up to 30%.[54]

Also associated between serum cholesterol level and 
CVD has been shown by some studies.[55,56] Klag et al.[57] 
found a strong relationship between the baseline 
serum cholesterol level and the occurrence of coronary 
heart disease, as well as coronary heart disease 
mortality and total mortality, during subsequent 
40 years.

Cox regression models for cause‑specific hazards 
have the advantage that they are easy to fit. (Simply 
censor for competing events) and they provide 
parameter estimates which possess simple rate ratio 
interpretations. Such models, however, do not provide 
simple relationships between covariates and the easier 
interpretable cumulative incidences. Such simple 
relationships may be obtained from Fine–Gray models 
but the price to be paid is a set of parameter estimates 
which are harder to interpret.

CONCLUSION

This finding suggests that more attention should be 
paid to the management of CV risk in type 2 diabetic 
patients with high cholesterol, high BP, and long 
diabetes duration.

Figure 1: Cumulative incidence function estimates for two types of event
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