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Abstract
Background Illustrating the temporal pattern of acute myocardial infarction (AMI), as a major cause of mortality, may help 
with disease prevention and better treatment. Therefore, the aim of our study was to investigate the circadian, daily, monthly 
and seasonal patterns of AMI occurrence in patients with diabetes mellitus, and other likely associated factors.
Methods This cross-sectional study was performed on 142 diabetic patients admitted to the Imam Ali cardiovascular hospital, 
Kermanshah, Iran with a diagnosis of ST-segment elevation myocardial infarction (STEMI) from March 2018 to February 
2019. Data were collected using a checklist developed based on the study goals. One-way Analysis of Variance (ANOVA) 
and Chi-Square test (or Fishers ҆ Exact test) were used to assess the differences between subgroups. Multiple logistic regres-
sion model was constructed to evaluate independent predictors of the AMI occurrence.
Result Out of the 142 diabetic patients, 90 (63.4%) were male. The mean age of the patients was (mean ± SD) 
62.81 ± 10.21 years. Occurrence of STEMI was the most common during winter (p = 0.001). Prior angina, prior congestive 
heart failure (CHF), prior stroke, High-density lipoprotein (HDL), and Creatine Phosphokinase (CPK) were significantly 
associated with seasonal pattern of STEMI (p-value < 0.05). Angiotensin receptor blockers (ARBs) use was associated with 
an increased odds of the AMI occurrence in winter (OR = 8.32; P = 0.027).
Conclusion The present study of Iranian patients with diabetes revealed that AMI occurred more frequently during the winter 
compared to the other seasons. ARBs use was associated with an increased odd of the AMI occurrence in winter.
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Introduction

Acute myocardial infarction (AMI) is a leading cause of 
mortality across the world. ST-segment elevation myocardial 
infarction (STEMI), a deadly sub-class of AMI, accounting 
for more than 35% of AMI cases [1]. Alive creatures have a 
chronological mechanism that may automatically alter their 
condition by temporal changing of hour, day, month and 
seasonal pattern. Some physiological factors may trigger MI, 

and some of these factors are recognized to fluctuate with 
seasonal and circadian pattern [2]. In fact, seasonal and cir-
cadian patterns affect cardiovascular physiology by changing 
multiple biologic functions like blood pressure, heart rate, 
cardiac output, endothelial function, hormone production 
and release, and etc.[3].

Previous studies have well evidenced that the onset of an 
AMI significantly changes through the day, with a morn-
ing peak [4]. The reasons for morning peak of AMI onset 
have been partially known, and might be due to the morn-
ing blood pressure, activity levels, platelet agreeability, 
releasing asymmetric dimethyl arginine, emotional stress, 
coagulation parameters, lipoprotein levels, decreasing the 
fibrin lytic activity, sympathetic neurotransmission, and etc.
[2, 5–7] Likewise, previous studies reported a winter peak 
for AMI onset, indicating more infarcts occurred on colder 
days [8, 9].
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As AMI is the leading cause of death in both developed 
and less developed countries, primary prevention of AMI 
is an important healthcare issue [1]. Also, new therapeutic 
approaches based on circadian and seasonal pattern have 
led to the better timing of drugs and treatments to optimize 
outcomes and minimize adverse effects [10]. On the other 
hands, AMI in patients with diabetes is often associated 
with considerable attenuation.

Furthermore, previous evidences were conflicting in 
their findings based on geographical and climatic varia-
tions. However, the temporal pattern of MI is not fully 
shown in previous studies, especially in diabetic patients. 
The aim of our study was to investigate the hourly, daily, 
monthly and seasonal rhythm of MI occurrence in diabetic 
patients.

Materials and methods

Study population and design

This cross-sectional study was conducted in Imam Ali Car-
diovascular Center, Kermanshah University of Medical Sci-
ences (KUMS), Kermanshah, Iran. We assessed all patients 
with diabetes who admitted to this hospital with a definite 
diagnosis of STEMI between March 1st, 2018 and February 
30th, 2019. We included all eligible patients based on inclu-
sion criteria. Inclusion criteria comprised of age ≥ 18 years 
old, having diabetes mellitus type 2, and the definite diag-
nosis of STEMI. Criteria for the diagnosis of STEMI were 
according to third universal definition of myocardial infarc-
tion defined by the ESC/ACCF/AHA/WHF Task Force for 
the Universal Definition of Myocardial Infarction [11]. The 
diagnosis of STEMI was made according to the following 
elements: 1) significant chest pain 2) electrocardiographic 
(ECG) changes in accordance with new ST-segment eleva-
tions or left bundle branch block (LBBB), and 3) elevated 
markers of AMI (Troponins and etc.). Diagnosis of diabetes 
type 2 was defined based on (at least) one of the follow-
ing criteria: a fasting plasma glucose ≥ 126 mg/dl, a casual 
plasma glucose ≥ 200 mg/dl in the presence of symptoms, 
2-h plasma glucose during the 75-g oral glucose tolerance 
test ≥ 200 mg/dl, and/or an HbA1c ≥ 6.5% [12]. Patients 
excluded if they had diabetes mellitus type 1, and also those 
with incomplete personal or medical information.

Ethical considerations

The Research Ethics Committee of KUMS approved the 
study protocol (IR.KUMS.REC.1398.702). In addition, indi-
vidual personal information was kept confidentially.

Instrument and data collection

Data gathering was done by an assistant researcher using a 
checklist developed based on the study’s objectives. The assis-
tant researcher was trained for data gathering. A researcher-
developed questionnaire was used to collect the required data 
on demographic information (e.g. gender), medical history 
(e.g. previous angina), medication (e.g. aspirin), cardiac 
enzymes (e.g. CPK), and the time of onset of AMI. The valid-
ity of the questionnaire had been assessed and approved by 
obtaining experts’ opinions, including two cardiologists and a 
statistician. The reliability of questionnaire was also measured 
using a pilot study with 15 STEMI patients. We obtained the 
data from both paper medical records and electronic medical 
records. Moreover, the results were evaluated through check-
ing hospital managerial information.

Statistical methods

Data analysis was performed using statistical package for 
social sciences statistical software (Version 23.0; IBM Cor-
poration, Chicago, USA). Quantitative variables (e.g., BMI 
or age) were described using mean ± standard deviation (SD) 
and qualitative/categorical expressed as frequencies and per-
centages. Differences between subgroups were assessed using 
ANOVA followed by Tukey post‐hoc test for continuous and 
normally distributed variables and chi-square (or Fisher exact 
tests) for categorical variables. Chi-squared goodness-of-fit 
test was performed to test uniformity of distribution of the 
patients among the seasons, months, days and hours. The 
univariate regression analysis was performed followed by 
multivariate regression analysis to identify the independent 
predictors of the AMI occurrence in winter. The univariate 
regression analysis was conducted for independent variables 
with p < 0.20 on bivariate analysis, whereby three univariate 
significant predictors were then selected for multiple regres-
sion. Odds ratios (ORs) and 95% confidence intervals were 
calculated for covariates. In the univariate model, prior MI, 
prior angina, prior CHF, prior coronary artery bypass graft-
ing (CABG), hypercholesterolemia, total cholesterol, HDL, 
triglycerides, beta-blocker user, ARB user, and statin user were 
used as independent variables, whereas the AMI occurrence in 
winter was assumed as the dependent variable. A probability 
value (p-value) of less than 0.05 was considered statistically 
significant.

Result

During 12 months, a total of 142 diabetic patients with 
STEMI, 90 (63.4%) men, and 52 (36.6%) women met the 
inclusion criteria for the present study. The mean age of the 
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patients was 62.81 ± 10.21 years, ranged from 18 to 91 years 
old. 142 (100%) patients reported previous chest pain, 31.7% 
were current smoker, 58.5% were hypertensive, 47.9% had 
hypercholesterolemia, 31.7% had history of angina, about 
20% had history of MI, 38.7% was aspirin user, 28.9% took 
beta-Blockers, and 16.9% was taking angiotensin converting 
enzyme inhibitors.

The mean systolic blood pressure was 132.38 ± 26.94 mmHg. 
The mean heart rate was 85.71 ± 22.05 bpm. The mean ejection 
fraction was 35.10 ± 11.14 percent. Regarding the lipid pro-
file, the mean low-density lipoprotein was 105.71 ± 36.21 mg/
dl, the mean total cholesterol was 174.15 ± 46.01 mg/dl, the 
mean triglyceride was 140.76 ± 96.22 mg/dl. All of the patients’ 
demographic and clinical characteristics are shown in Table 1.

We classified the 365 days of the year into the four sea-
sons: spring (March 21 – June 21), summer (June 22 – Sep-
tember 22), autumn (September 23 – December 21), and 
winter (December 22 – March 20). Also, we classified the 
day into the four, six-hour intervals from 00:00 to 06:00, 
6:01 to 12:00, 12:01 to 18:00, and 18:01 to 24:00.

Seasonal variation of MI occurrence is shown in Fig. 1. 
The occurrence of STEMI in patients with diabetes was 
more prevalent during winter (35.2%), followed by spring 
(29.6%), autumn (25.4%), and summer (9.9%), respectively 
(p = 0.001). Regarding the month variation, the results 
showed that there was no statistical difference between 
months (p = 0.153) (Fig. 2). The results demonstrated that 

Table 1  The demographic, clinical and lab parameters of patients 
(N = 142)

aContinuous variables expressed as mean ± SD, otherwise n (%)

Characteristics N (%)

Agea (year) 62.81 ± 10.21

Body mass  indexa (kg/m2) 26.56 ± 3.60
Male 90 (63.4)
Prior chest pain 142 (100.0)
Prior myocardial infraction 29 (20.4)
Prior angina 45 (31.7)
Prior congestive heart failure 8 (5.6)
Prior stroke 13 (9.2)
Prior percutaneous coronary intervention 18 (12.7)
Prior coronary artery bypass grafting 6 (4.2)
Current smoker 45 (31.7)
Hypertension 83 (58.5)
Hypercholesterolemia 68 (47.9)
Aspirin user 55 (38.7)
Clopidogrel user 10 (7.0)
Angiotensin receptor blockers user 41 (28.9)
Beta -Blocker user 41 (28.9)
Angiotensin converting enzyme inhibitors 

user
24 (16.9)

Statin user 40 (28.2)
Low-density  lipoproteina (mg/dl) 105.71 ± 36.21
High-density  lipoproteina (mg/dl) 41.54 ± 11.76
Triglyceridesa (mg/dl) 140.76 ± 96.22
Total  cholesterola (mg/dl) 174.15 ± 46.01
Creatine Kinase Myocardial  Banda (U/l) 128.68 ± 122.42
Creatine  Phosphokinasea(U/l) 1489.35 ± 1241.73
Troponina(ng/ml) 9.05 ± 10.97
Creatininea (mg/dl) 1.15 ± 0.18
Erythrocyte sedimentation  ratea(mm/hour) 8.56 ± 6.70
Heart  ratea bpm 85.71 ± 22.05
Systolic blood  pressurea(mm Hg) 132.38 ± 26.94
Ejection  Fractiona (%) 35.10 ± 11.14

Fig. 1  seasonal variation of MI occurrence; the incidence of MI in 
winter was significantly higher when compared with the other sea-
sons and incidence MI in summer was significantly lower when com-
pared with the other three seasons (p = 0.001)

Fig. 2  monthly variation of MI occurrence (p = 0.153)
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there was no statistical difference between days (p = 0.414) 
(Fig. 3). The occurrence of STEMI in patients with diabe-
tes was not statistically different between the four six-hour 
intervals (p = 0.190) (Fig. 4).

Table 2; prior angina, prior CHF, prior stroke, HDL, and 
CPK were significantly associated with seasonal pattern of 
STEMI (p-value < 0.05). At winter season, the frequency of 
patients who had prior angina (p = 0.027) at the time of pres-
entation were significantly higher than other season. A sta-
tistically significant seasonal pattern of MI symptom onset 
with a peak in the autumn was observed in patients with 
prior CHF (P = 0.009). A significant summer peak in MI 
symptom onset was seen among patients with prior stroke 
(P = 0.004).

We used ANOVA followed by Tukey post‐hoc test to 
show the difference in following variables: the HDL and 

CPK between the four seasons. According to Tukey’s test, 
the mean level of CPK in summer was significantly higher 
than that in spring (p = 0.029). Likewise, the mean level of 
HDL in winter was significantly higher than that in spring 
(p = 0.022) and autumn (p = 0.022).

A binary logistic regression model was constructed to 
identify the predictors of the AMI occurrence in winter. 
ARBs use was associated with an increased odds of the AMI 
occurrence in winter (OR = 8.32; P = 0.027) (Table 3).

Discussion

This cross-sectional study aimed to assess the hourly, daily, 
monthly and seasonal rhythm of AMI occurrence in patients 
with diabetes admitted with a definite diagnosis of STEMI in 
Imam Ali cardiovascular center, Kermanshah, Iran between 
March 2018 to February 2019.

The results of this study illustrated that patients with dia-
betes showed a seasonal pattern of AMI occurrence with a 
winter peak. Our results concur with the findings of previous 
studies. For example, a study by Nagarajan et al. from US 
performed on 82,971 AMI patients found that AMI admis-
sions were higher in winter in 2017 [8]. Keller et al. from 
Germany showed that AMI admissions and in-hospital mor-
tality caused by AMI were higher in the winter in 2019 [13]. 
Conversely, Jalali et al. conducted a study on 1174 Iranian 
patients, showed that most of the MI occurred in autumn 
[14]. By contrast, Akioka and colleagues performed a study 
on 274 MI patients and illustrated that AMI onset was most 
frequently reported in summer in 2019 [15]. We didn’t find 
similar studies regarding the temporal pattern of AMI occur-
rence in patients with diabetes.

The mechanism of a winter peak in AMI onset is par-
tially known. For example, influenza and respiratory tract 
infections, as diseases that usually occurs in winter, are well 
recognized as risk factors for AMI [16]. A study done by 
Jeffrey and colleague in 2018 showed that a sixfold increase 
of AMI occurrence 7 days after an influenza infection [17]. 
Seasonal behavioral patterns, such as seasonal depression, 
dietary changes, decreased physical activity, and reduced 
sunshine duration and vitamin D uptake, may also lead to 
an increase of AMI occurrence in winter [18].

We observed some potentially interesting results in the 
subgroup analyses. Winter predominance was shown in 
the patients who had a prior angina, while patients with 
prior CHF had more admissions in autumn. Evaluating 
the patients who had a prior stroke, a significant seasonal 
variation with summer predominance was observed in AMI 
admissions. The mean level of CPK in summer was signifi-
cantly higher than that in spring. Likewise, the mean level 
of HDL in winter was significantly higher than that in spring 
and autumn.

Fig. 3  daily variation of MI occurrence (p = 0.414)

Fig. 4  distribution of MI occurrence by the four, six-hour intervals 
(p = 0.190)
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Table 2  Association of various characteristics and seasonal pattern of STEMI (N = 142)

aContinuous variables expressed as mean ± SD, otherwise n (%)
* t-test; ** chi-square; *** Fisher exact test
P-value < 0.05 was considered statistically significant

Characteristics Spring Summer Autumn Winter p-value

Agea (year) 61.39 ± 10.65 64.05 ± 7.94 64.47 ± 11.63 62.42 ± 9.36 0.573*
Body mass  indexa (kg/m2) 26.58 ± 3.01 25.67 ± 3.33 26.64 ± 3.75 26.75 ± 4.03 0.801*
Male 27 (64.3) 10 (71.4) 24 (66.7) 29 (58.0) 0.754**
Prior myocardial infraction 9 (21.4) 4 (28.6) 3 (8.3) 13 (26.0) 0.107***
Prior angina 13 (31.0) 3 (21.4) 6 (16.7) 23 (46.0) 0.027**
Prior congestive heart failure 1 (2.4) 1 (7.1) 6 (16.7) 0 (0) 0.001***
Prior stroke 3 (7.1) 5 (35.7) 2 (5.6) 3 (6.0) 0.004**
Prior percutaneous coronary intervention 6 (14.3) 2 (14.3) 3 (8.3) 7 (14.0) 0.844**
Prior coronary artery bypass grafting 1 (0.7) 0 (0) 1 (0.7) 4 (2.8) 0.405**
Current smoker 13 (31.0) 7 (50.0) 12 (33.3) 13 (26.0) 0.396**
Hypertension 23 (54.8) 6 (42.9) 21 (58.3) 33 (66.0) 0.443**
Hypercholesterolemia 22 (52.4) 4 (28.6) 15 (41.7) 27 (54.0) 0.176**
Aspirin user 18 (42.9) 7 (50.0) 10 (27.8) 20 (40.0) 0.407**
Clopidogrel user 3 (7.1) 1 (7.1) 2 (5.6) 4 (8.0) 0.979**
Angiotensin receptor blockers user 10 (23.8) 4 (28.6) 8 (22.2) 19 (38.0) 0.344**
Beta -Blocker user 12 (28.6) 2 (14.3) 9 (25.0) 18 (36.0) 0.399**
Angiotensin converting enzyme inhibitors user 11(26.2) 0 (0) 4 (11.1) 9 (18.0) 0.097**
Statin user 9 (21.4) 4 (28.6) 8 (22.2) 19 (38.0) 0.342**
Low-density  lipoproteina (mg/dl) 108.42 ± 38.59 125.85 ± 49.55 95.13 ± 31.29 105.42 ± 31.18 0.052*
High-density  lipoprotein¶(mg/dl) 39.19 ± 7.97 39.99 ± 8.42 38.69 ± 8.45 46.23 ± 15.75 0.009*
Triglyceridesa (mg/dl) 206.83 ± 162.38 153.0 ± 135.29 124.0 ± 62.43 124.30 ± 60.72 0.290*
Total  cholesterola (mg/dl) 172.19 ± 47.36 183.07 ± 58.13 161.86 ± 42.10 182.16 ± 43.0 0.197*
Creatine Kinase-Myocardial  Banda (U/l) 113.46 ± 104.93 137.30 ± 124.31 131.50 ± 118.63 136.82 ± 138.86 0.831*
Creatine  Phosphokinasea (U/l) 1118.92 ± 1081.35 2383.77 ± 1551.47 1440.02 ± 1215.22 1656.82 ± 1240.41 0.028*
Troponina (ng/ml) 8.22 ± 7.12 10.49 ± 7.31 6.59 ± 6.28 11.22 ± 15.66 0.259*
Creatininea (mg/dl) 1.11 ± 0.24 1.20 ± 0.15 1.11 ± 0.17 1.19 ± 0.18 0.606*
Erythrocyte sedimentation  ratea (mm/hour) 12.40 ± 9.93 8.42 ± 6.39 6.53 ± 6.93 9.42 ± 5.10 0.366*
Heart  ratea bpm 84.92 ± 24.37 82.50 ± 22.18 88.63 ± 20.27 85.16 ± 21.63 0.801*
Systolic blood  pressurea (mm Hg) 135.23 ± 23.47 132.85 ± 21.27 132.72 ± 29.80 129.60 ± 29.29 0.801*
Ejection  Fractiona (%) 37.50 ± 10.19 36.42 ± 12.46 32.50 ± 10.65 34.60 ± 11.72 0.241*

Table 3  Predictors for the 
AMI occurrence in winter, all 
patients (n = 142)

OR, Odd Ratio; CI, Confidence Interval
P-value < 0.05 was considered statistically significant

Univariable Multivariable

Risk factor OR (95% CI) P-value OR (95% CI) P-value

Prior myocardial infraction 2.23 (1.15–4.33) 0.018 6.11 (0.98–38.17) 0.053
Prior angina 2.71 (1.30–5.64) 0.080
Prior congestive heart failure 2.15 (1.32–3.52) 0.002 1.08 (0.98–1.19) 0.100
Prior coronary artery bypass grafting 3.91 (0.69–22.19) 0.123
Hypercholesterolemia 1.76 (0.99–3.14) 0.054
Total cholesterol 1.00 (0.99–1.01) 0.128
High-density lipoprotein 1.05 (1.02–1.09) 0.079
Triglycerides 0.99 (0.98–1.00) 0.463
Beta -Blocker user 1.68 (0.80–3.55) 0.169
Angiotensin receptor blockers user 1.95 (0.92–4.10) 0.002 8.32 (1.27–54.61) 0.027
Statin user 1.58 (0.80–3.10) 0.185
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We observed that ARBs use was associated with an 
increased odd of the AMI occurrence in winter. Further stud-
ies are needed to determine mechanisms of action of the 
ARBs use as the predictors of the AMI occurrence in winter.

Our study had several limitations. First, its design is 
cross-sectional; thus, no associations over time can be 
inferred. Second, our data were obtained from Kermanshah 
province; therefore, our participants may not be representa-
tive of the whole patients with STEMI. As mentioned, the 
high prevalence of influenza and respiratory tract infections, 
seasonal depression, dietary changes, decreased physical 
activity, reduced sunshine duration, and vitamin D uptake, 
and etc. in the winter could play an important role in higher 
AMI rates. In this regard, it is highly recommended that 
future studies adjust these variables as confounding vari-
ables. Finally, the present study provides a foundation for 
future studies that should be performed in the other ethnic 
groups residing in different parts of Iran.

Conclusion

The present study of Iranian patients with diabetes revealed 
that AMI occurred more frequently during the winter com-
pared to the other seasons. Moreover, prior angina, prior CHF, 
prior stroke, HDL, and CPK were significantly associated 
with seasonal pattern of AMI. ARBs use was associated with 
an increased odd of the AMI occurrence in winter. Further 
studies are needed to determine mechanisms of action of the 
ARBs use as the predictors of the AMI occurrence in winter.
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