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Abstract
Background and aims: Hypertension is one of the most common and important risk factors of cardiovascular diseases. This phenomenon, 
if not cured, causes lots of problems in vital organs of the body like kidneys, brain, eyes, and heart. The aim of the current study was to 
identify factors which affect the time until myocardial infarction (MI) in hypertension patients using truncated Cox regression. 
Methods: This study was a population retrospective cohort and its statistical population included patients with hypertension symptoms, 
who had MI for the first time in Sari. A decision was made based on continuing the study as a nested case and control study because the 
number of MI incidents was low (7%) in the studied sample. In addition, the Cox’s model and truncated Cox were used for determining 
the factors affecting the patients’ survival. 
Results: The median and mean survival times in this sample were equal to 57 and 66.44 months, respectively. Considering time truncation, 
family history (HR=1.70) and the age at diagnosis (HR=0.99) were statistically significant in the Cox’s model (P< 0.05). 
Conclusion: Overall, using the Akaike criterion for comparing the survival time without the effect of truncation, the Cox’s model 
demonstrated better fitness by controlling the truncation effect. These results show the importance of controlling the truncation in those 
diseases in which it is impossible to distinguish the time of the appearance from the symptoms.
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Introduction
The hypertension is considered as one of the most prevalent 
and essential risk factors of cardiovascular diseases, and 
simultaneously the rapid socio-economic changes during 
the last decade have spread various factors engaged in a 
cardiovascular disease like hypertension (1). This disease, 
if not treated, leads to different problems in vital organs 
of the body such as kidneys, brain, eyes, and heart. As one 
of the factors of coronary artery disease, hypertension can 
easily cause individual inabilities and death, and finally, 
heavy financial damages on society. However, this disease 
is controllable and thus its damages could be decreased 
considerably (2). For example, during the past 25 years, 
approximately 49% and 58% of death tolls caused by heart 
diseases and brain vascular disease, respectively, decreased 
because of on-time diagnosis and treatment in Europe and 

the United States (3). The World Health Organization 
(WHO) also estimated that more than 1.13 billion people 
in the world are affected by hypertension and about 7.1 
million people die due to this abnormality every year. In 
2015, the prevalence of raised blood pressure in females 
(aged 18 and over) and males was around 20% and 24%, 
respectively (4). One-fifth of people in the United States 
is affected by hypertension that costs $20 billion for the 
country every year (5).

Similarly, cardiovascular diseases are regarded as one of 
the most common abnormalities caused by hypertension 
(6). Nowadays, the death toll caused by coronary artery 
disease is averaged 34% (about 40% for wealthy societies 
and 28% for low and intermediate societies) (5). In 
addition, nearly 27% of the death toll in more than 
65-year-old population is due to cardiovascular diseases 
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in the United States (6). Although the main cause of 
death toll in industrial countries, especially the United 
States and Western European countries, is related to heart 
diseases, these countries have passed the peak of heart and 
vessel diseases, and the death toll caused by this disease has 
decreased among these societies (7). 

Hypertension is one of the key causes of the death toll 
in Iran as well. In 2015, 25% of men and 17% of women 
died in the middle age mostly owing to non-communicable 
diseases, including about a third from cardiovascular 
diseases (8). Further, this abnormality is the cause of 50% 
of the death toll among the people within the age range of 
55-79 years old (9).

Coronary artery diseases lead to death, considerable 
inability, and productivity decreases, and thus bear high 
costs for health organizations (5). The level of the death toll 
caused by this phenomenon is growing in a wide variety 
of developing countries, especially Iran, because of socio-
cultural poverty about the risk factors of heart diseases 
and the lack of enough attention to disease prevention. 
Furthermore, coronary artery diseases cause more costs for 
these countries by a decrease in the incident age and the 
dangers of the incident in lower ages (10).

It should be noted that, based on the specialists’ 
estimation, more than 80% of the early deaths related to 
heart diseases are preventable. Therefore, it is extremely 
important to diagnose this disease on time and treat it 
rapidly by conducting various studies in this regard (11). 

In recent years, the statistical methods of survival analysis 
in scientific applies and theory studies are spreading, 
especially in medical research (12). In the current studies, 
the response variable is assumed as the time analysis until 
the event occurrence. The Cox’ proportional hazard 
model is considered as a semi-parametric method and the 
Kaplan-Meier is regarded as a non-parametric method 
for analyzing the survival data. Despite some limitations, 
Cox’s semi-parametric model is used as the most common 
model for modeling the factors affecting the survival. One 
of the most important features of the Cox proportional 
hazard model is that it does not depend on the probability 
distribution of survival time (13).

Incomplete observation is a special characteristic of the 
survival data and right censoring is regarded as the most 
popular form of incompleteness. For example, for some 
individuals, we only know that their true survival times are 
larger than certain censoring times (13). Another common 
form of incomplete observation is due to left truncation. In 
other words, some individuals are not followed from time 
zero, but only from later entry times (15). In numerous 
cohort studies, the patients are entered the study very late 
because of chronic and non-deathful nature of the disease 
(14). These types of data that have several criteria for their 
entrance into the study are called “truncated data” (14). 
The truncation may happen in different subjects like 
astrology, medicine studies, social sciences, criminology, 

economics, and the like.
The individual’s entrance into the study depends on 

some factors before the event occurrence. The individuals’ 
real survival time is more than the observed survival time if 
they fail to follow up from the first symptoms of the disease 
until the first observation and thus the data are called 
“left truncated” (15). In this kind of data, the individuals 
cannot experience the event before the time of the first 
observation. Therefore, the assumption is considered as 
not to be endangered (14). Most survival studies consider 
the only right-censored when the data are delayed to enter 
the study. In this study, the inclusion criteria were patients 
with hypertension although the patients entered the study 
by a delay because the onset of hypertension is unknown. 
The results of numerous studies demonstrated the effects 
of hypertension on myocardial infarction (MI), therefore, 
the current study sought to determine the risk factors of 
MI in patients with hypertension to consider both right-
censored and left truncation in order to increase their life 
quality while decreasing their medical expenses. 

Methods
This study was a population retrospective cohort and its 
statistical population encompassed a group of patients who 
referred to Hazrat Abolfazl Medical Clinic of Sari (located 
in Northern part of Iran) given the entrance criterion of 
“hypertension” and the interest event as the first time 
MI without any prior experience. This center is a general 
medical clinic and is used to screen for hypertension 
patients. Therefore, the checklist of the clinic was the 
data collection instrument. The studied variables include 
the age, weight, height, body mass index (BMI), marital 
status, the number of children, habitation, the level of 
education, employment, smoking, as well as a history of 
MI and diabetes in the family, the consumption of blood 
pressure drugs, physical activity, and the abdomen fat. The 
samples were selected from among the patients’ recorded 
files by using a random number table. This study had an 
observer as well. In the studied sample, the number of MIs 
were observed less than natural norms and therefore, some 
problems existed regarding calculating the survival time 
median and the factors affecting the MI. Accordingly, it 
was decided to continue the study as case-control research 
and to utilize a nested sampling technique. To this end, all 
individuals experiencing MI (25 patients) were considered 
as the cases and the random sample was selected among 
the individuals without any MI and its size double the 
cases (50 individuals) were regarded as controls. The data 
were analyzed by SPSS (version 16) and SAS (version 9.1) 
software. Similarly, the patients’ survival of time (the time 
of hypertension disease occurrence until the first MI or 
the time of the study completion) was calculated based 
on the months. In addition, the Cox’s model was used to 
determine the factors which affect the patients’ survival. 
Figure 1 shows the steps of this study. Furthermore, Cox’s 
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model both with and without truncation effects were 
compared according to Akaike criterion in order to test 
the data truncation effect. Moreover, every variable with 
a P value of less than 0.3 in multiple analysis was entered 
into the multivariate model for analysis. In the current 
study, the patients who experienced no MI until the end 
of the study were considered as the right-censored and the 
significance level was equal to 0.05.

Cox’s semi-parametric regression was employed to assess 
the factors affecting the patients’ survival of time (the time 
of hypertension disease occurrence until the first MI or the 
time of the end of the study) to determine the relationship 
with the probability of survival in all subgroups of the 
population. These subgroups included cholesterol status, 
age, weight, height, BMI, marital status, the number of 
children, habitation, the level of education, employment, 
and cigar smoking, as well as diabetes and MI history 
in the family, the consumption of blood pressure drugs, 
physical activity, and abdomen fat. The hazard ratio 
was calculated as well. T was considered as the time of 
hypertension disease occurrence until the first MI or the 
time of the study end. Then, T value could be thought 
to have a probability distribution. The main form of this 
model was as follows.
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where x1,…,xp and β1,…,βp are covariates and estimated 
regression coefficients, respectively, and h0(T) denotes the 
baseline hazard rate when all covariates are equal to zero 
(15). First, the Kaplan-Meier plot was used for treating the 
delay time and comparing the result by the log-rank test. 

Similarly, log-rank (Mantel-Cox) test of the equality of 
survival distributions was utilized to analyze the significance 
of the survival difference between the categorical variables. 
P<0.3 was considered statistically significant for single 
variable analysis. Then, Cox proportional hazards 
regression analysis was performed to evaluate the impact 
of age, gender, nationality, the place of residence, the 
conditions of imprisonment, the date of diagnosis, the 
type of disease (e.g., pulmonary and extrapulmonary), 
HIV status, and treatment delay. Statistical analyses were 
conducted using SPSS software, version 20 and the value 
of α=0.05 was considered statistically significant.

Results
The medical records of 375 patients affected by 
hypertension were investigated in the current study. 
Due to few numbers of events (7%) in the sample under 
investigation and its related problems because of survival 
calculation and its affective factors, it was decided to 
conduct a case and control sampling for the studied data 
(case-cohort study). Thus, 25 patients (those with MI) 
were considered as cases and 50 other patients without 
any infarction occurrence as the controls, followed by 
analyzing these data. Table 1 represents the descriptive 
statistics and significant test between the variables and the 
event in the nested sample.

The mean duration of follow-up was 41.3 months. Based 
on the Kaplan-Meier estimate, the survival time mean and 
median in the nested sample were equal to 66.44 and 57 
months for the hypertension patients, respectively. The 
results of the Kaplan-Meier estimate and hazard function 
plot are shown in Table 2 and Figure 2.

The log-rank test was applied to determine the important 
factors in the survival of hypertension patients. The results 
of this test showed that variables like habitation location, 
diabetes history, MI family history, drug consumption, 
blood lipids history, and marital status had a significant 
effect on the MI in patients with hypertension disease.

Cox’s regression model is one of the methods for 
studying the effect of independent variables on survival 
time. By using the Cox proportional hazards model 
without controlling the truncation effect, the variables 
of MI history in first-degree relatives, as well as blood 
lipids and marriage statue were significant in the multiple 
analysis. The results are provided in Table 3.

Controlling the other variables, the myocardial history 
in first-degree relatives increased the hazard of MI by 4.68 
times. 

Moreover, the hazard of infarction was 16.35 times 
more in patients with high levels of blood lipids compared 
to those without blood lipids. Meanwhile, the hazard of 
infarction in married patients was 0.83 less than bachelor 
(single) patients. 

In this model, the Akaike criterion was equal to 128.38. 
Based on the table output, no significant relationship 

 

Population

375 Hypertension Patients

350 Non-cases

50 nested control

Primary Sample
25 cases

25 cases

Figure 1. Steps of Study Design.
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was observed between the age, sex, employment status, 
education statue, the number of children, diabetes history, 
medicine consumption, BMI, smoking, abdomen fat, and 
physical activity and the first MI occurrence in patients 
with hypertension.

The time of the first referral of the patients to the clinic 
was considered to be equal to the time of the entrance 
in the study because the exact time of hypertension 
disease occurrence was undistinguished in patients under 
investigation and therefore, the data related to the survival 
time were defective. Likewise, the left truncation was 
used as the patients’ entrance into the study since the real 
survival time was bigger than the observed survival time. 

Table 4 demonstrates variables which had a significant 
effect on the survival in the multiple Cox’s model by 
controlling the truncation effect.

Based on the obtained data, patients with a family 

history of MI and younger patients were more likely to be 
afflicted with MI. The myocardial history in first-degree 
relatives increased the hazard of MI by 70%. In addition, 
the risk of MI reduced by 1% for each year increase in the 
age and the Akaike criterion was calculated as 68.93 for 
this model.

Discussion 
Today, the exact time of the onset of many diseases is still 
unknown and the disease is only diagnosed if a symptom is 
observable. Therefore, it is required to pay attention to the 
risk factors of the disease. In the survival analysis, which 
is the time onset of the disease until the desired outcome, 
it is necessary to control the time of entry into the study. 
Two strategies can be considered for the time of entry, 
including the time at birth as the point of origin and the 
truncation time. The subjects are not followed from birth 

Table 1. Descriptive statistics and significant test

Qualitative variables Level Case            Control P value (Chi-square)

Sex
Male 10 25

0.47
Female 15 25

Location
Urban 1 9

0.15
Rural 24 41

Marital status

Married 18 43

0.04
Single 30 3

Divorced 1 1

Other 36 3

Education
Illiterate 21 33

0.08
Literate 4 17

Job

Employee 9 16

0.33Self-employment 2 11

Unemployed 14 23

Physical activity  

Regular 0 4

0.05Irregular 3 12

No 22 34

Smoking
Yes 1 4

0.66
No 24 46

Diabetes history
Yes 3 15

0.08
No 22 35

History in family
Yes 6 3

0.03
No 19 47

Medicine consumption
Yes 21 22

0.001
No 4 28

Quantitative variables P-value (t-test)

Age 63.48±10.99 53±11.07 <0.001

BMI 28.22±5.02 28.88±4.47 0.56

Abdomen fat 108.56±8.98 97.81±10.41 <0.001

Number of children 3.30 4.04 -

Data are shown as number or mean ± SD.
BMI: Body mass index.

Table 2. The survival time mean and median for patients with hypertension by using the Kaplan-Meier method (time in months)

Mean Median

Estimate Standard Error
95% CI

Estimate Standard Error
95% CI

Lower Bound Upper Bound Lower Bound Upper Bound

66.46 6.25 54.18 78.70 57 11.81 33.85 80.15
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and those subjects who die before reaching the recruitment 
age have no chance to be sampled, and therefore age at 
birth is less commonly used for this purpose. In this paper, 
the left truncation was used to control the time of entry 
into the study. 

In the current investigation, 25 (6.7%) patients were 
afflicted with MI and the male/female ratio was estimated 
at 0.73 that was less than the results of the other similar 
investigation (16). 

In this study, the age group of 41-60 was the most 
common age incidence. In addition, the age mean of 
patients was totally 56.80, as well as 55.26 and 58.15 
years for male and female patients with hypertension, 
respectively, which was less than the estimated result of the 
other similar studies (17).

The family history was determined as an effective factor 
on the survival in MI occurrence and there was more 
danger of MI in patients with a family history of MI in 
first-grade family members.

Based on the findings of several previous studies 
conducted in Britain (18), Brazil (19), and Iran (20), the 
family history was reported as a vital variable in heart 

Figure 2. The Kaplan-Meier estimate of cumulative hazard function 
plot (time in month).

Table 3. Significant variables in multiple Cox regression without truncation effect

Variable Hazard Ratio Standard Error P Value
95% CI

Lower Bond Upper Bound

Family history 4.68 2.81 0.01 1.44 15.22

Diagnosis age 16.35 14.31 0.001 2.94 90.17

Marital status 0.17 0.11 0.11 0.04 0.65

Table 4. Significant variables in multiple Cox regression with truncation effect

Variable Hazard Ratio Standard Error P Value
95% CI

Lower Bond Upper Bound

Family history 1.70 0.23 0.02 1.24 2.15

Diagnosis age 0.99 0.002 0.03 0.98 1.00

attack occurrence. The results of this study regarding 
both models with and without controlling the truncation 
effect revealed that the hazard of MI was more in patients 
with hypertension due to their family history compared 
to the other patients. This could be attributed to several 
causes such as genetics, lifestyle, and a similar diet in the 
members of a family. The existence of heart disease family 
history is considered as a hazard factor for other members 
of family thus the on-time diagnosis and treatment of this 
endangered members are considered as the most essential 
factors of a decrease in the death toll of MI.

Recently, many experts and non-experts have cast doubt 
on the role of cholesterol as a risk factor for cardiovascular 
disease. Further, the results of various studies performed 
in countries like Brazil (19), Germany (10), and Iran 
(21) demonstrated that the blood lipid was regarded as 
an effective factor in MI. In this study, blood lipid had a 
significant effect on MI in the model without control left 
truncation. The results of this study indicated the important 
role of controlling the blood lipid factor in preventing 
heart diseases. Modern dietary recommendations indicate 
that a low-fat approach is useful for reducing the risk of 
MI (22).

The marital status was introduced as another predictive 
factor for MI occurrence in patients with hypertension 
(23). The hazard of infarction for unmarried individuals 
was calculated 5.9 times more than that of the married 
people. In a previous study conducted in this field, it was 
shown that the marital status was found as an effective 
factor in MI. This may be attributed to the effects of 
marriage on sanity healthy and life motivation and family 
supports about individual’s health (24). However, the age 
factor represented no effect on patients’ survival, which 
contradicts the results of other studies (18, 25). It was shown 
that the rate of survival increases by 0.01% in patients 
with later diagnosis (about one year). This is probably due 
to the low age mean of the studied patients compared to 
the other studies or, for example, not considering age as 
a qualitative variable since the infarction hazard increases 
until the age of 40 and decreases afterward.
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Conclusion
In the multiple Cox’s regression model without controlling 
the left truncation effect, a family history of MI, blood 
lipid, and marriage statue were found significant. However, 
the family history of infarction and age were significant 
in the multiple Cox’s model with controlling the left 
truncation effect. After comparing these two models by 
using the Akaike criterion, Cox’s model with controlling 
the truncation effect showed better fitness. Therefore, 
this result shows the importance of truncation control in 
patients with an undetermined time of symptom initiation. 

It can cause bias if ignored delayed time enters the study.
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