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Sudden cardiac death (SCD) is described as death within one hour, if observed, from the onset of
symptoms, and within 24 h of being alive and well if not observe. Study population includes 3705

men and 4446 women, aged =30 years. Multivariable Cox proportional hazard models were used to
determine the risk factors associated with SCD. After a median follow-up of 17.9 years, 244 SCD (165
in males) occurred. The age-standardized incidence rate (95% confidence intervals (Cl)) of SCD was

2.3 (2.1-2.7) per 1000 person-year. Current smoking [Hazard ratio (HR): 2.43, 95% Cl: 1.73-3.42], high
waist circumference [1.49: 1.04-2.12], hypertension [1.39: 1.05-1.84], type 2 diabetes mellitus [2.78:
2.09-3.69], pulse rate =90 beats per/minute [1.72: 1.22-2.42] and prevalent cardiovascular disease
[1.75:1.26-2.45] were significant risk factors. The corresponding population attributed fractions (PAF)
were 14.30, 16.58, 14.03, 19.60, 7.62, and 8.30, respectively. Being overweight [0.58: 0.40-0.83] and
obese [0.61: 0.38-0.98] decreased the risk of SCD. After excluding known diabetes cases from our data
analysis, the newly diagnosed diabetes still showed an HR of 2.0 (1.32-3.00) with a PAF of 7.15% in
the full adjustment model. To deal with sudden death as a catastrophic outcome, multi-component
strategies by policy health makers are suggested.

Sudden cardiac death (SCD) is described as death within one hour, if observed, from the onset of symptoms, and
within 24 h of being alive and well if not observed' which is responsible for a high burden of death and mortality
around the world. Only the incidence of out-of-hospital cardiac arrest (OHCA) is estimated between 52.5 and
98.1 per 100,000 person-years worldwide which leads to SCD in approximately 50-75 percent of cases®. Almost
every 1 in 7.4 deaths in the United States in 2017 was directly due to SCD with an age-adjusted death rate of 97.1
per 100,000 person-years>.

Today, despite active researches, prevention and prediction of SCD remain a challenging issue. As a preven-
tive device for SCD, an implantable cardioverter-defibrillator (ICD) is the only applicable in a special high-risk
group that unfortunately it seems to be ineffective even among them®*. However, there is increased knowledge
about the role of established traditional risk factors in the development of SCD. The impact of diabetes, current
smoking, and hypertension on SCD were shown in meta-analysis conducted among the US, European and Japa-
nese populations with acceptable heterogenicity>°. However, regarding the role of obesity, there was significant
heterogenicity between the included studies; for example, while a positive association was observed among the
European and North American studies, such associations were not found in Japanese. Moreover, the data for the
role of central adiposity for SCD was very few®.

From a preventive perspective, SCD becomes even more critical in the case of the Middle East and North
Africa (MENA) region with a high burden of cardiovascular disease (CVD)”®. To the best of our knowledge, one
report in the MENA region has found the combination of pre-diabetes with pre-hypertension wasn’t associated
with SCD even in a model adjusted only for age and sex’. Therefore, in the current population-based long-term
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Total population | SCD (n=244) | No SCD (n=7907) | p-value*
Age (year) 48.0 (12.4) 61.1 (12.0) 47.6 (12.2) <0.001
BMI (kg/m?) 27.5 (4.8) 27.2 (4.9) 27.5 (4.6) 0.227
WC (cm) 90.9 (11.5) 94.1 (11.9) 90.9 (11.5) <0.001
SBP (mmHg) 121.9 (20.1) 134.7 (25.7) 121.5(19.8) <0.001
DBP (mmHg) 78.7 (11.1) 81.3(13.9) 78.6 (11.0) <0.001
FPG (mmol/L) 5.6 (2.0) 7.0 (3.5) 5.6 (1.9) <0.001
Total cholesterol (mmol/L) 5.5(1.2) 5.8(1.2) 5.5(1.2) <0.001
Pulse rate (beats/minute) 78.6 (11.5) 77.5(13.2) 78.6 (11.4) 0.155
Gender <0.001
Men 3705 (45.5) 165 (67.6) 3540 (44.8)
Women 4446 (54.5) 79 (32.4) 4367 (55.2)
Education, n (%) <0.001
<6 years 3427 (42.1) 166 (68.0) 3261 (41.3)
6-12 years 3745 (46.0) 62 (25.4) 3683 (46.6)
>12 years 971 (11.9) 16 (6.6) 955 (12.1)
Smoking status, n (%) <0.001
Never 6048 (74.2) 140 (57.4) 5908 (74.7)
Former 732 (9.0) 43 (17.6) 689 (8.7)
Current 1371 (16.8) 61 (25) 1310 (16.6)
Low physical activity, n (%) 5625 (69.32) 186 (76.86) 5439 (69.09) 0.01
Prevalent of CVD, n (%) 491 (6.0) 47 (19.3) 444 (5.6) <0.001
Prevalent of CAD, n (%) 406 (4.98) 39 (15.98) 367 (4.6) <0.001
Central obesity, n (%) 3073 (37.87) 122 (50.41) 2951 (37.49) <0.001
BMI category, n (%) 0.119
Normal 2429 (29.8) 87 (35.7) 2342 (29.6)
Overweight 3548 (43.5) 95 (38.9) 3453 (43.7)
Obese 2174 (26.7) 62 (25.4) 2112 (26.7)
Hypertension, n (%) 2201 (27.0) 121 (49.6) 2080 (26.3) <0.001
T2DM, n (%) 1364 (16.7) 103 (42.2) 1261 (15.9) <0.001
Hypercholesterolemia, n (%) 4921 (60.4) 177 (72.5) 4744 (60.0) <0.001
Pulse rate categories, n (%) <0.001
60-90 beats/minute 6616 (81.54) 185 (76.45) 6431 (81.69)
<60 beats/minute 160 (1.97) 13 (5.37) 147 (1.87)
>90 beats/minute 1338 (16.49) 44 (18.18) 1294 (16.44)
Lifestyle intervention, n (%) 3719 (46.6) 106 (43.4) 3613 (45.7) 0.49

Table 1. Baseline characteristics of the population who experienced and didn’t experience SCD: Tehran Lipid
and Glucose Study 1999-2016. SCD sudden cardiac death, BMI body mass index, WC waist circumference,
SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, CVD cardiovascular
disease, CAD coronary artery disease, T2DM type 2 diabetes mellitus. Values are shown as Mean (SD) and
number (%), for continuous and categorical variables, respectively. *P-values have been extracted from
comparisons between the SCD and no SCD groups.

cohort study, we examine the incidence and the potential risk factors of SCD in the metropolitan city of Tehran
as a sample of the MENA region.

Results

The study population included 8151 (men =3705) with a mean age of 48.0 (12.4) years. Participants’ baseline
characteristics are presented in Table 1. Among the total population, the prevalence of current smoking, cen-
tral adiposity, hypertension, type 2 diabetes (T2DM) and prevalent CVD was 16.8, 37.87, 27, 16.7 and 6%,
respectively.

During the median (IQR) follow-up of 17.9 years (13.7 to 18.5), 242 SCD (men =163) were recorded. The
crude and age-standardized incidence rates [95% confidence interval (CI)] of incident SCD in the whole popu-
lation were 1.9 (1.7-2.2) and 2.3 (2.1-2.7) per 1000 person-years. The crude and age-standardized sex-specific
incidence rates were 2.9 (2.5-3.4) and 3.3 (2.8-3.8) per 1000 person-years in men and 1.13 (0.90-1.41) and 1.5
(1.2-1.9) per 1000 person-years in women, respectively.

Table 2 shows multivariable-adjusted hazard ratios and 95% Cls of potential SCD risk factors as well as
their population attributable fractions (PAFs) in two models. In model 1, aging, being men, current smokers,
overweight status, and having central obesity were significantly associated with SCD. After further adjustment
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Model 1 Model 2
SCD event | Prevalence, %* | HR (95% CI) p-value | HR (95% CI) p-value | PAF% (95% CI) **
Age, year 1.09 (1.08-1.11) | <0.001 | 1.08 (1.07-1.10) | <0.0001 | —

Sex, (Women: Refer-

1.77 (1.30-2.43) | <0.001 |2.21(1.59-3.07) | <0.0001 |-
ence)

Education, years

<6 166 68.6 1.0 1.0 - -

6-12 60 2438 0.82(0.58-1.14) | 0.24 0.80 (0.57-1.11) | 0.18 - 6.2 (- 18.71-2.46)

>12 16 6.6 0.79 (0.45-1.36) | 0.39 0.82 (0.48-1.41) | 0.47 ~ 1.45 (- 7.15-1.20)

Smoking status

Never 140 57.8 1.0 1.0 - -

Former 43 17.8 1.31(0.92-1.89) |0.14 1.26 (0.88-1.81) | 0.21 3.67 (- 2.43-7.96)

Current 59 244 2.18(1.56-3.0) | <0.001 |2.43(1.73-3.42) | <0.001 | 14.3 (10.30-17.26)

General obesity, kg/m?

Normal 87 36.0 1.0 1.0 - -

Overweight 94 39.0 0.67 (0.47-0.95) | 0.02 0.58 (0.40-0.83) | 0.003 g 3)8)'2 (=58.5-(-

Obese 61 25.0 0.74 (0.47-1.18) | 0.21 0.61 (0.38-0.98) | 0.04 aéf'g)g‘ 40.79-(-
H k%

}?:S“t“l obesity™*, | 155 50.4 1.66 (1.17-2.35) | 0.004 | 1.49 (1.04-2.12) |0.03 16.58 (1.94-26.63)

Hypertension, yes | 121 50.0 - - 1.39 (1.05-1.84) | 0.02 14.03 (2.38-22.83)

T2DM, yes 74 30.6 - - 278 (2.09-3.69) | <0.0001 | 19.60 (16.0-22.3)

Hypercholester- 175 723 - - 1.29 (0.96-1.73) | 0.09 16.25 (- 3.0-30.51)

olemia, yes

Pulse rate, beats per minute

60-90 185 76.4 - - 1.0 - -

<60 13 54 - - 1.60 (0.90-2.83) | 0.11 2.02 (- 0.60-3.50)

>90 44 18.2 - - 1.72 (1.22-2.42) | 0.002 7.62 (3.30-10.7)

Low physical activ- | 14 769 - - 1.31(097-1.77) | 0.08 4.60 (4.0-11.5)

ity, yes

Prevalent CVD, yes | 47 19.4 - - 1.75 (1.26-2.45) | 0.001 8.3 (4.0-11.5)

Table 2. Hazard ratios (HR) and 95% confidence intervals (CI) from the multivariable analysis of categorical
potential risk factors for SCD incidence: Tehran Lipid and Glucose Study (1999-2018). SCD sudden cardiac
death, T2DM type 2 diabetes mellitus, CVD cardiovascular disease. Model 1: Adjusted with Age, Sex,
Education, Smoking status, General obesity and Central obesity. Model 2: Adjusted with, T2DM, hypertension,
hypercholesterolemia, resting heart rate, low physical activity and prevalent CVD in addition to modell

risk factors. *The prevalence of SCD event among participants with outcome of interest. **PAF: Population
Attributed Fractions determined by following formula: Prevalence x ((Hazard ratio-1)/Hazard ratio) x 100.
***Central obesity in this table defines as high waist circumference (WC=95 cm).

in model 2, in addition to the significant covariates in model 1, being obese (hazard ratio (HR): 0.61, 95% CI:
0.38-0.98), hypertension (1.39: 1.05-1.84), T2DM (2.78: 2.09-3.69), prevalent CVD (1.75: 1.26-2.45), and pulse
rate > 90 beats per minute (1.72: 1.22-2.42) were also significant risk factors. We also found that current smoking,
central adiposity, hypertension, T2DM, pulse rate > 90 beats per minute, and prevalent CVD, totally constitute
80.43% of PAF for SCD.

To show robustness of our findings we conducted a series of sensitivity analysis. First, when we replaced high
waist-to-hip ratio (WHR) or high waist-to-height ratio (WHtR) in place of high waist circumference (WC), in
our data analysis, results remained essentially unchanged; the corresponding HRs were 1.36 (1.03-1.80) and 1.70
(1.18-2.44) respectively (Supplementary Table 1 and Supplementary Table 2). Second, after excluding known
diabetes cases (on glucose-lowering medications) from our data analysis, the newly diagnosed diabetes still
showed an HR of 2.0 (1.32-3.00) with a PAF of 7.15% in the full adjustment model (results not shown). Third,
excluding participants with prevalent CVD from our data analysis did not affect our main findings (Supplemen-
tary Table 3). Forth, when we examined time-varying covariates in the imputed dataset (n=8151), i.e. smoking,
general and central obesity, prevalent CVD, hypertension, T2DM, hypercholesterolemia, physical activity, and
heart rate in addition to the baseline measurements of sex, age and education, we observed that the effect of
current smoking, hypertension and heart rate significantly attenuated compared with our main analysis which
included only baseline measurements. (Supplementary Table 4).
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Discussion

During about two decades of follow-up, we reported the incidence rate and risk factors of SCD among the
Tehranian population. According to our data analysis, more than 0.2% of Tehranian adults had SCD each year.
Among traditional and modifiable risk factors, T2DM, hypertension, central obesity, and current smoking were
remained significant variables and contribute to about 65% of the SCD burden in our population; however, being
overweight/obese was associated with about 40% lower risk. Aging, being male, having a history of CVD, and
heart rate > 90/ min were also found as significant risk factors.

Notably, the traditional CVD risk factors are involved in the development of both the ischemic and non-
ischemic etiology of SCD. Hookana et al. in an autopsy-based study on 2661 victims of SCD suggested that
obesity prevalence is significantly higher in the non-ischemic group of SCD compared to the ischemic group;
however, they did not find any difference in the prevalence of hypertension between these groups'. Likewise, in
another study conducted by Tseng et al., the authors did not demonstrate differences in the prevalence of T2DM,
history of CVD, and tobacco use between cardiac and non-cardiac etiology of SCD'!. Among more than 1000
autopsy studies in young populations less than 35 years, Finocchiaro et al. also showed that among obese ones,
sudden arrhythmic death syndrome, left ventricular hypertrophy and coronary artery disease were the main
causes of SCD'2. Unfortunately, in the current study, data of autopsy were available only for 5% of SCD cases that
all of them had coronary artery disease (CAD) (i.e. acute CAD in the presence of active plaque, thrombosis or
acute myocardial infarction, or chronic CAD in the presence of healed scar or fibrosis).

In the current study, age was significantly associated with SCD. Aging is correlated with the acquisition
and increase of significant risk factors that lead to SCD; therefore, age may be indicative of the risk factors for
aggregation, along with the duration of exposure to traditional risk factors. The crude and age-standardized
incidence rate of SCD was calculated to be approximately 1.9 and 2.3 per 1000 person-years among popula-
tion aged > 30 years. The age-adjusted incidence rate of SCD is 0.97 per 1000 person-year among the American
population®. In comparison, the incidence rate of SCD among the East Asian population did not exceed 0.66
per 1000 person-years''%. and in European countries ranged from 0.21 to 0.92 per 1000 person-years'>'.
Importantly, in the current study, the age of study population was higher than comparable researches conducted
among US, European and Chinese populations, the issue may be potentially justified the higher incidence rate
of SCD that we reported herein.

Most of the studies examining the incidence and risk factors of SCD have been carried out predominantly
within the European, American, and Japanese communities, and there is a substantial heterogenicity due to
disparities in ethnicity, confounders, and length of follow-up. In many studies, men have a higher risk of SCD
than women. As like as CHD events, the incidence rate of SCD was about two-fold higher among Tehranian
men compared to women'”. Importantly, in a recent review of Gillis, it was shown that sex hormones have a role
in differences in cardiac electrophysiological parameters and impact the risk for some inherited arrhythmias.
Moreover, the major female sex hormone, i.e. estradiol contributes to the delay in onset of CVD in women which
justifies the differences observed in the prevalence and incidence of atrial fibrillation and SCD between genders'®.

Nicotine is well known as an arrhythmia inducer!® and unfortunately, the smoking prevalence among the
Iranian population is estimated at 20 and 2% in men and women, respectively, which is higher than in several
countries in the MENA region®. Current smoking in our multivariable analysis had more than twofold higher
risks of SCD. Likewise, former smoking increased the risk of SCD by 26% but didn’t reach a significant level.
Comparable with our results, in a systematic review and meta-analysis, it was shown, compared with never
smoker, a threefold increase risk was observed for SCD among current smokers while for former smokers this
relative risk was about 38%?.

In the present study, being overweight and obese was associated with lower while having central obesity
increased the risk of SCD by about 50%. A meta-analysis conducted by Aune et al® suggested that 5 units incre-
ment in body mass index (BMI), increases the risk of SCD by 16% (RR 95% CI: 1.05-1.28) with an I*=68.2%.
However, this increased risk was only observed in studies performed among European and US but not Asian
populations. To our best knowledge, only one study conducted by Bertoia et al. examined the impact of general
adiposity in the presence of central adiposity and other risk factors for SCD?!. The authors found that while a
higher level of WHR was associated with SCD, this risk did not find for overweight and obesity status. We also
found abdominal obesity using any definitions (i.e. high WC, high WHR, or high WHtR) was also significantly
associated with SCD. In the mate-analysis of Aune et al., central obesity as defined by high WHR was associated
with about 18% risks of SCD. It should be mentioned that the role of obesity in non-coronary artery disease
(CAD) etiologies of SCD is more prominent than ischemic causes!'” and the effect of central obesity on structural
change of heart is more than general obesity?’. Moreover, hemodynamic stress leading to left ventricular hyper-
trophy, increase myocardial fat, and change in physiology and structure of the heart because of inflammatory
factors in the lieu of central adiposity might be the underlying mechanism?-2°.

Hypertension, as the world’s leader in CVD burden, with a 26.6% prevalence among the Iranian population,
increased the risk of SCD in our results by around 40%2%% . In line with our data, in a meta-analysis conducted
by Pan et al., hypertension increased the risk of SCD by 84% (1.48-2.29) with an I>=55.7%°. Structural changes
in the heart, left ventricular hypertrophy, heart failure or atrial fibrillation may mediate the impact of hyperten-
sion on SCD*7,

Unfortunately, the prevalence of diabetes among the Iranian population is estimated to be among the high
number worldwide?. Diabetes affects SCD through heart failure, ventricular arrhythmias, autonomic neuropa-
thy, nocturnal hypoglycemia, and micro/macrovascular changes**=*. In the current study, the risk of SCD has
been elevated more than 2.5-fold by diabetes in the multivariable model which contributes to 20% of the total
SCD burden. In line with our result, a previously published meta-analysis suggested that T2DM is associated
with an about twofold increase in SCD with zero heterogenicity between studies®. Previously, we demonstrated
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among the Tehranian population newly diagnosed diabetes, generally, had the same risk as prevalent coronary
heart disease (CHD) for incident CHD. In the current study, we extended our previous work, by showing the
significant risk of newly diagnosed diabetes for SCD*.

We found a non-linear association between resting heart rate and SCD; the value of > 90 beats per/min was
accompanied by 72% increased risk. In the meta-analysis including five prospective studies, the researchers
found a linear association between heart rate with SCD, and every 10 numbers increase in resting heart rate was
associated with about 9% increase in SCD with moderate heterogenicity among included studies®. Neverthe-
less, evidence of a U-shaped correlation between resting heart rate and risk of cardiovascular mortality has been
reported with different cut-offs’”*%. An increase in resting heart rate through an increase in cardiac work and
oxygen consumption due to hemodynamic stress might be the pathophysiological mechanism for myocardial
ischemia and increase the risk of SCD***°, On the other hand, a decrease in heart rate is also a predictor of atrial
fibrillation, reduction of cardiac output, and the inability of the heart to respond to stressful events, the factors
that contribute to a higher risk of SCD**!. In our data analysis having a pulse rate < 60 beats per/min was also
associated with about 60% higher risk for SCD that reach not to the significant level.

In the current study, being in interventional group was not associated with lower SCD as shown in Table 1.
Moreover, we previously showed that TLGS community-level educational program could reduce the risk of
metabolic syndrome in a short follow-up (<6 years); the effect that mainly related to the improvement of lipid
profile, smoking status and glucose level but not blood pressure and central adiposity components. However,
this favorable impact disappeared with longer follow-up*?.

The key strength of this research is a population-based cohort with long-term follow-up data, precise meas-
urement of risk factors rather than relying on self-reported data and using adjudicated outcome assessments.
In this study, however, there are limitations, first of all, autopsy data were available for 13 out of 242 SCD cases.
Second, heart rate was estimated by measuring pulse rate and wasn't based on electrocardiogram analysis. Third,
this study was conducted in the metropolitan city of Tehran, thus our finding might not be extrapolated to the
other part of the country especially the rural zones.

In conclusion, we found that more than 0.2% of Tehranian adults had SCD each year. To deal with sud-
den death as a catastrophic outcome, multi-component strategies by policy health makers are suggested as
addressed in guidelines***%. Accordingly, several aspects of social determinants of health should be considered to
prevent SCD. First, it is necessary to promote a healthy diet that is low in calories, cholesterol, saturated fat, and
salt and high in fiber. Second, training the community to increase physical activity even at home mainly through
social media especially during the COVID19 pandemic, and increase physical activity equipment in public as
much as possible. Third, it is necessary to screen CVD traditional risk factors including diabetes, high blood
pressure, and smoking in regular period by health caregivers and in case of revealing any risk factors, training
to improve lifestyle and appropriate treatment according to national/international guidelines. Furthermore, to
reduce smoking, we propose that higher-level authorities impose taxes on tobacco manufacturers, distributors,
and users, as well as enact restrictive laws controlling the public use of these products. The final aspect is to
facilitate cardiopulmonary resuscitation (CPR) equipment, training the community about CPR through school
programs, social media, community trained and target learning®.

Methods
Study design and population. The TLGS is a population-based longitudinal study conducted on indi-
viduals aged > 30 years living in the urban area of Tehran. This study aimed to determine the prevalence and inci-
dence of non-communicable diseases and their related risk factors. It also looked at developing a healthy lifestyle
to counteract these risk factors. TLGS enrollment was carried out in two phases including the first (1999-2001:
n=15,005) and the second (2001-2005: n=3550). Data collection is planned to continue for at least 20 years
with approximately 3-year intervals. The design and registration of the TLGS have been described previously*.

In the current study, we included 9553 adults aged =30 years [7927 individuals from phase I and 1626 new
participants from phase II]. Exclusion included missing data regarding BMI, WC, fasting plasma glucose (FPG),
triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), diastolic blood
pressure (DBP), pulse rate, smoking status, physical activity, and education level at baseline (n=617, considering
overlap features). After further excluding subjects without any follow-up measurements after baseline recruit-
ment (n="785), a total of 8151 participants (men=3705) were followed until 20 March 2018 for the current
study analyses (Fig. 1).

The ethics committee of the Research Institute for Endocrine Sciences of Shahid Beheshti University of Medi-
cal Sciences approved the study proposal and written informed consent was obtained from all participants. We
confirm that all methods in this study were performed in accordance with the relevant guidelines and regulations.

Clinical and laboratory measurements. A standard questionnaire was used to collect information on
demographic data, history of CVD, medication history, smoking habits, education level, physical activity, and
marital status.

Height and weight were measured after participants removed their shoes, wearing light clothing. Using a
taper meter, height was measured in a standing position where the shoulders were in natural alignment. Weight
was recorded to the nearest 0.1 kg. WC and hip circumference (HC) were measured at the level of the umbilicus
and anterior superior iliac spine.

Based on the TLGS design®, two measurements of SBP and DBP were taken on the right arm after a 15-min
rest in a sitting position. The mean of two measurements was considered as the subject’s blood pressure (BP). A
blood sample was taken following a 12-14 h overnight fasting from all study participants between 7:00 and 9:00
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9553 TLGS participants aged >30 years
(7927 phase 1, 1626 phase II)

Exclusion:

617=missing data regarding body mass
index, waist circumference, fasting
plasma glucose, 2-hour post-challenge
plasma glucose, triglycerides, high-
density lipoprotein cholesterol, systolic
—»| blood pressure, diastolic  blood
pressure, pulse rate, smoking status,
physical activity, and education level at
baseline

785= subjects without any follow-up
measurements after baseline
recruitment

8151 Study population till 20 March 2018

(6699 phase I, 1452 phase II)

Figure 1. Study flowchart: TLGS: Tehran Lipid and Glucose Study.

AM. Details for laboratory measurements were reported elsewhere*. All blood analyses were carried out in the
TLGS research laboratory on the day of blood collection.

Definition of terms. Weight (kilograms) divided by height (meters) squared known as body mass index
(BMI) was classified as normal (BMI<25 kg/m? as reference), overweight (25 kg/m?<BMI <30 kg/m?) and
obese (=30 kg/m?). Central obesity was defined as WC=95 c¢m for both genders for Iranian adults, as recom-
mended by “The Iranian National Committee of Obesity” and based on multiple cross-sectional and prospective
studies*”*8. The WHR is calculated via WC divided by HC which the values>0.91 and 0.86 were considered as
high in men and women respectively. Likewise, the WHtR is calculated by WC divided by height. WHtR >0.51
in men and 0.57 in women were assumed as high WHtR among the Iranian population®.

Education was graded based on duration in three groups: 0-6 years (as reference), 6-12 years, and > 12 years
of education. Smoking status was described as a non-smoker (as reference), a past smoker, or a current smoker.
Participants who smoke cigarettes daily or occasionally were considered current smokers. A family history of
premature CVD was described as a history of CVD events before the age of 55 and 65 years in first related men
and women respectively’.

SBP > 140 mmHg or DBP >90 mmHg or the use of antihypertensive drugs was considered as
hypertension®. T2DM was defined as FPG>7 mmol/L or taking anti-diabetic medication based on Amer-
ican Diabetes Association®’. Serum TC>6.21 mmol/L or using lipid-lowering medication was described as
hypercholesterolemia®.

Pulse rate was classified as, < 60/min, 60-90/min (as reference), and > 90/min according to the non-linear
association with SCD captured by cubic spline analysis (Fig. 2).

In the first phase of the TLGS, physical activity of fewer than three days per week was defined as a low physical
activity using the Lipid Research Clinic (LRC) questionnaire. Those participants who entered the second phase
were considered to be physically active using the Modifiable Activity Questionnaire (MAQ) for a minimum of
600 MET (metabolic equivalent task) minutes per week*c.

Outcomes. Aswe reported elsewhere about TLGS outcomes, all participants of TLGS are followed up annu-
ally for any medical events during the previous year that results in hospitalization by telephone call. A trained
nurse asked them about any medical problems and then, during a home visit and through the acquisition of data
from medical reports, a trained physician gathered complementary data about that case. Besides, data from the
death certificate, the forensic medicine report, and, where possible, verbal autopsy were obtained in the case of
mortality.
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Figure 2. Restricted cubic spline curve for association (95% CI) of pulse rate with SCD events among the
Tehranian population: Tehran Lipid and Glucose Study.

An outcome committee of an internist, endocrinologist, cardiologist, epidemiologist, and other experts, if
required, then reviewed the collected data to assign an outcome for each case. All of the fatal cases in TLGS were
critically evaluated and adjudicated by outcome committee members. Definite SCD was defined as a sudden
pulseless condition attributable to a cardiac origin in a previously stable individual. Possible SCD was known
as unpredictable death 24 h after last having been observed alive that did not attributable to a specific source of
circulatory collapse or an underlying source other than the heart. In this study, definite and possible SCD was
defined as SCD>.

Statistical analysis. Baseline characteristics of the study population were described as mean (standard
deviation: SD) values for continuous variables, and as frequencies (%) for categorical variables. Comparison of
the baseline characteristics between men and women was done using the Student’s t-test for normally distrib-
uted continuous variables, the Chi-squared test for categorical variables, and the Mann-Whitney U statistic for
skewed and ordered variables. The crude incidence rate (95% CI) of SCD was calculated by dividing the number
of new cases of SCD by person-years at risk for each sex and the whole population. Age-standardized incidence
rates (ASRs) were calculated using Segi’s world standard population®.

To be able to capture a potential nonlinear association between the pulse rate and incident SCD, univariable
restricted cubic splines with 4 knots which defined the 5th, 25th, 75th, and 95th percentile, were used™.

Potential covariates were selected based on a literature review of previously reported risk factors for SCD.
We did not find any interaction between SCD and gender (min p-value =0.2), therefore all analysis was done in
the total population. Because about 46% of study participants belong to the lifestyle modification interventions,
we check the effect of this covariate in the univariable model and because of its highly non-significant p-value
(p-value =0.94), we did not include it in our main analysis.

Cox proportional hazard models were applied to evaluate the association of the potential risk factors with
incident SCD in two models: model 1 adjusted with age, sex, education levels, smoking status, general and central
obesity; model 2 further adjusted with T2DM, hypertension, hypercholesterolemia, pulse rate, low physical activ-
ity, and prevalent CVD. The hazard ratios (HRs) and 95% confidence intervals (CI) were reported for adjusted
risk factors. The proportionality in the Cox model was evaluated with the Schoenfild residual test and generally,
all proportionality assumptions were appropriate. The event date was defined as the date of the incident SCD.
Those who met the following criteria were considered to be censored: leaving the residential area, loss to follow-
up, or end of follow-up. For individuals with incident SCD, survival time was defined as the time between the
entered date and the event date. Additionally, for the censored participants, the survival time was defined as the
difference between the entered date and the last available follow-up date.

Moreover, the PAF was calculated by the following formula:

P x [(HRagj— 1) /HRygj] x 100
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In the mentioned formula, “P.” shows the prevalence of the covariate among the participants with the outcome
of interest, and HR 4 suggests the HR of each factor after adjustment in multivariable analysis®’.

To evaluate the association of the time-varying risk factors during the follow-up measurements with incident
SCD, time-dependent Cox regression modeling was performed. For dealing with missing values in the follow-up
measurements (n=2504) we used single imputation (SI) by chained Equations®**.

All tests were performed using STATA version 14 SE (StataCorp LP, TX, USA), which was considered to be
significant with a two-tailed P value of <0.05.

Received: 16 April 2021; Accepted: 20 July 2021
Published online: 03 August 2021

References

1. Adabag, A. S. et al. Sudden cardiac death: Epidemiology and risk factors. Nat. Rev. Cardiol. 7(4), 216-225 (2010).

2. Berdowski, J. et al. Global incidences of out-of-hospital cardiac arrest and survival rates: Systematic review of 67 prospective stud-
ies. Resuscitation 81(11), 1479-1487 (2010).

3. Virani, S. S. et al. Heart disease and stroke statistics-2020 update: A report from the american heart association. Circulation 141(9),
e139-e596 (2020).

4. Al-Khatib, S. M. et al. 2017 AHA/ACC/HRS guideline for management of patients with ventricular arrhythmias and the preven-
tion of sudden cardiac death: Executive summary: A Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Heart Rhythm 15(10), e190-e252 (2018).

5. Aune, D. et al. Body mass index, abdominal fatness, and the risk of sudden cardiac death: A systematic review and dose-response
meta-analysis of prospective studies. Eur. J. Epidemiol. 33(8), 711-722 (2018).

6. Pan, H. et al. Blood pressure, hypertension and the risk of sudden cardiac death: A systematic review and meta-analysis of cohort
studies. Eur. J. Epidemiol. 35(5), 443-454 (2020).

7. Roth, G. A. et al. Global, regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015. J. Am. Coll. Cardiol.
70(1), 1-25 (2017).

8. Azizi, F. et al. Metabolic health in the Middle East and north Africa. Lancet Diabetes Endocrinol. 7(11), 866-879 (2019).

9. Khosravi, A. et al. Pre-hypertension, pre-diabetes or both: Which is best at predicting cardiovascular events in the long term?. J.
Hum. Hypertens. 31(6), 382-387 (2017).

10. Hookana, E. et al. Causes of nonischemic sudden cardiac death in the current era. Heart Rhythm 8(10), 1570-1575 (2011).

11. Tseng, Z. H. et al. Prospective countywide surveillance and autopsy characterization of sudden cardiac death: POST SCD study.
Circulation 137(25), 2689-2700 (2018).

12. Finocchiaro, G. et al. Obesity and sudden cardiac death in the young: Clinical and pathological insights from a large national
registry. Eur. J. Prev. Cardiol. 25(4), 395-401 (2018).

13. Ohira, T. et al. Risk factors for sudden cardiac death among Japanese: The Circulatory Risk in Communities Study. J. Hypertens.
30(6), 1137-1143 (2012).

14. Hua, W. et al. Incidence of sudden cardiac death in China: Analysis of 4 regional populations. J. Am. Coll. Cardiol. 54(12),
1110-1118 (2009).

15. Twig, G. et al. Body-mass index in 2.3 million adolescents and cardiovascular death in adulthood. N. Engl. J. Med. 374(25),
2430-2440 (2016).

16. Straus, S. M. et al. The incidence of sudden cardiac death in the general population. J. Clin. Epidemiol. 57(1), 98-102 (2004).

17. Khalili, D. et al. The incidence of coronary heart disease and the population attributable fraction of its risk factors in Tehran: A
10-year population-based cohort study. PLoS ONE 9(8), €105804 (2014).

18. Gillis, A. M. Atrial fibrillation and ventricular arrhythmias: Sex differences in electrophysiology, epidemiology, clinical presenta-
tion, and clinical outcomes. Circulation 135(6), 593-608 (2017).

19. D’Alessandro, A. et al. Nicotine, cigarette smoking and cardiac arrhythmia: An overview. Eur. J. Prev. Cardiol. 19(3), 297-305
(2012).

20. Moosazadeh, M. et al. Meta-analysis of smoking prevalence in Iran. Addict. Health 5(3-4), 140-153 (2013).

21. Bertoia, M. L. et al. Risk factors for sudden cardiac death in post-menopausal women. J. Am. Coll. Cardiol. 60(25), 2674-2682
(2012).

22. Ammar, K. A. et al. Central obesity: Association with left ventricular dysfunction and mortality in the community. Am. Heart J.
156(5), 975-981 (2008).

23. Whitlock, G. et al. Body-mass index and cause-specific mortality in 900 000 adults: Collaborative analyses of 57 prospective stud-
ies. Lancet 373(9669), 1083-1096 (2009).

24. Cuspidi, C. et al. Left-ventricular hypertrophy and obesity: A systematic review and meta-analysis of echocardiographic studies.
J. Hypertens. 32(1), 16-25 (2014).

25. Wong, C. & Marwick, T. H. Obesity cardiomyopathy: Pathogenesis and pathophysiology. Nat. Clin. Pract. Cardiovasc. Med. 4(8),
436-443 (2007).

26. Esteghamati, A. et al. Third national surveillance of risk factors of non-communicable diseases (SuRFNCD-2007) in Iran: Methods
and results on prevalence of diabetes, hypertension, obesity, central obesity, and dyslipidemia. BMC Public Health 9, 167 (2009).

27. Ewing, D.]. et al. Autonomic neuropathy, QT interval lengthening, and unexpected deaths in male diabetic patients. Diabetologia
34(3), 182185 (1991).

28. Shenasa, M. & Shenasa, H. Hypertension, left ventricular hypertrophy, and sudden cardiac death. Int. J. Cardiol. 237, 6063 (2017).

29. Narayanan, K. et al. Left ventricular diameter and risk stratification for sudden cardiac death. ] Am Heart Assoc 3(5), €001193
(2014).

30. Messerli, F. H., Rimoldi, S. F. & Bangalore, S. The transition from hypertension to heart failure: Contemporary update. JACC Heart
Fail. 5(8), 543-551 (2017).

31. Ogunsua, A. A. et al. Atrial fibrillation and hypertension: mechanistic, epidemiologic, and treatment parallels. Methodist. Debakey
Cardiovasc. J. 11(4), 228-234 (2015).

32. Rydén, L. et al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD:
The Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and developed
in collaboration with the European Association for the Study of Diabetes (EASD). Eur. Heart J. 34(39), 3035-3087 (2013).

33. Lynge, T. H. et al. Sudden cardiac death among persons with diabetes aged 1-49 years: A 10-year nationwide study of 14 294 deaths
in Denmark. Eur. Heart J. 41(28), 2699-2706 (2019).

34. Andersson, J. et al. Diabetes mellitus, high BMI and low education level predict sudden cardiac death within 24 hours of incident
myocardial infarction. Eur. J. Prev. Cardiol. 23(17), 1814-1820 (2016).

Scientific Reports |

(2021) 11:15720 | https://doi.org/10.1038/s41598-021-95210-4 nature portfolio



www.nature.com/scientificreports/

35. Hadaegh, F. et al. New and known type 2 diabetes as coronary heart disease equivalent: Results from 7.6 year follow up in a Middle
East population. Cardiovasc. Diabetol. 9(1), 1-8 (2010).

36. Aune, D. et al. Resting heart rate and the risk of cardiovascular disease, total cancer, and all-cause mortality: A systematic review
and dose-response meta-analysis of prospective studies. Nutr. Metab. Cardiovasc. Dis. 27(6), 504-517 (2017).

37. Cui, X. et al. The impact of time-updated resting heart rate on cause-specific mortality in a random middle-aged male population:
A lifetime follow-up. Clin. Res. Cardiol. 110, 822 (2020).

38. Raisi-Estabragh, Z. et al. Age, sex and disease-specific associations between resting heart rate and cardiovascular mortality in the
UK BIOBANK. PLoS ONE 15(5), €0233898 (2020).

39. Fox, K. et al. Resting heart rate in cardiovascular disease. J. Am. Coll. Cardiol. 50(9), 823-830 (2007).

40. Palatini, P. Elevated heart rate in cardiovascular diseases: A target for treatment?. Prog. Cardiovasc. Dis. 52(1), 46-60 (2009).

41. Grundvold, I. et al. Low heart rates predict incident atrial fibrillation in healthy middle-aged men. Circ. Arrhythm. Electrophysiol.
6(4), 726-731 (2013).

42. Khalili, D. et al. Long-term effectiveness of a lifestyle intervention: A pragmatic community trial to prevent metabolic syndrome.
Am. J. Prev. Med. 56(3), 437-446 (2019).

43. Arnett Donna, K. et al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease. J. Am. Coll. Cardiol. 74(10),
el77-232 (2019).

44. Cosentino, F et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with
the EASD: The Task Force for diabetes, pre-diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC)
and the European Association for the Study of Diabetes (EASD). Eur. Heart J. 41(2), 255-323 (2019).

45. Stiles, M. K. et al. 2020 APHRS/HRS expert consensus statement on the investigation of decedents with sudden unexplained death
and patients with sudden cardiac arrest, and of their families. Heart Rhythm 18(1), e1-e50 (2021).

46. Azizi, F et al. Prevention of non-communicable disease in a population in nutrition transition: Tehran Lipid and Glucose Study
phase II. Trials 10, 5 (2009).

47. Hadaegh, E et al. Appropriate cutoff values of anthropometric variables to predict cardiovascular outcomes: 7.6 years follow-up
in an Iranian population. Int. J. Obes. 33(12), 1437 (2009).

48. AZIZL, F, et al., Appropriate waist circumference cut-off points among Iranian adults: The first report of the Iranian National
Committee of Obesity. 2010.

49. Hadaegh, F. et al. Appropriate cutoff values of anthropometric variables to predict cardiovascular outcomes: 7.6 years follow-up
in an Iranian population. Int. J. Obes. (Lond) 33(12), 1437-1445 (2009).

50. Stone, N.]. et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in
adults: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J. Am.
Coll. Cardiol. 63(25), 2889-2934 (2014).

51. Chobanian, A. V. et al. The seventh report of the joint national committee on prevention, detection, evaluation, and treatment of
high blood pressure: The JNC 7 report. JAMA 289(19), 2560-2572 (2003).

52. 2. Classification and Diagnosis of Diabetes. Standards of medical care in diabetes-2020. Diabetes Care 43(Suppl 1), S14-s31 (2020).

53. Detection, N.C.E.P.E.Po. and T.o.H.B.C.i. Adults, Third report of the National Cholesterol Education Program (NCEP) Expert Panel
on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III). 2002: National Cholesterol
Education Program, National Heart, Lung, and Blood.

54. Adabag, S. et al. Obesity related risk of sudden cardiac death in the atherosclerosis risk in communities study. Heart 101(3), 215-221
(2015).

55. Segi, M., Tohoku, D. & Nippon Taigan, K. Cancer mortality for selected sites in 24 countries. Cancer mortality for selected sites in
twenty four countries., 1950: p. 6 v.

56. Royston, P. & Sauerbrei, W. Multivariable modeling with cubic regression splines: A principled approach. Stand. Genomic Sci. 7(1),
45270 (2007).

57. Rockhill, B., Newman, B. & Weinberg, C. Use and misuse of population attributable fractions. Am. J. Public Health 88(1), 15-19
(1998).

58. Molenberghs, G. & Kenward, M. Missing Data in Clinical Studies Vol. 61 (Wiley, 2007).

59. White, I. R., Royston, P. & Wood, A. M. Multiple imputation using chained equations: Issues and guidance for practice. Stat. Med.
30(4), 377-399 (2011).

Acknowledgements
We acknowledge the cooperation of the staff and participants in the TLGS study.

Author contributions

H.T.: Conceptualization, Writing original draft, Validation. S.A.: Data curation, Formal analysis, Validation.
D.K.: acquisition, analysis, Validation. M.P.: Writing revised manuscript, Validation. F.A.: Conceptualization,
Validation. EH.: Conceptualization, Writing original draft, Validation.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-95210-4.

Correspondence and requests for materials should be addressed to EH.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:15720 | https://doi.org/10.1038/s41598-021-95210-4 nature portfolio


https://doi.org/10.1038/s41598-021-95210-4
https://doi.org/10.1038/s41598-021-95210-4
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:15720 | https://doi.org/10.1038/s41598-021-95210-4 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Sudden cardiac death among Iranian population: a two decades follow-up of Tehran lipid and glucose study
	Results
	Discussion
	Methods
	Study design and population. 
	Clinical and laboratory measurements. 
	Definition of terms. 
	Outcomes. 
	Statistical analysis. 

	References
	Acknowledgements


