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Abstract

Background: Coronary artery disease (CAD) is a universal public health challenge, more prominently so in the
low- and middle-income countries. In this study, we aimed to determine prevalence and trends of CAD risk factors in
patients with documented CAD and to determine their effects on the age of CAD diagnosis.

Materials and methods: We conducted a registry-based, serial cross-sectional study using the coronary angiogra-
phy data bank of the Tehran Heart Center. Adult patients who had obstructive (>50% stenosis) CAD were included in
the study. The prevalence and 11-year trends of conventional CAD risk factors were analyzed by sex and age, and their
adjusted effects on the age of CAD diagnosis were calculated.

Results: From January 2005 to December 2015, data for 90,094 patients were included in this analysis. A total of
61,684 (68.5%) were men and 28,410 (31.5%) were women. Men were younger at diagnosis than women, with a
mean age of 60.1 in men and 63.2 in women (p <0.001), and had fewer risk factors at the time of diagnosis. Mean age
at diagnosis had an overall increasing trend during the study period. Increasing trend was seen in body-mass index,
hypertension prevalence, diabetes mellitus. All lipid profile components (total cholesterol, low-density lipoprotein
cholesterol, triglycerides, and high-density lipoprotein cholesterol) decreased over time. Of particular interest, opium
consumption was associated with 2.2 year earlier age of CAD diagnosis.

Conclusion: The major results of this study (lower age of CAD diagnosis in men, lower age of diagnosis associated
with most risk factors, and lower prevalence of serum lipids over time) were expected. A prominent finding of this
study is confirming opium use was associated with a much younger age of CAD onset, even after adjusting for all
other risk factors. In addition to recommendations for control of the traditional risk factors, spreading information
about the potential adverse effect of opium use, which has only recently been associated with higher risk of CAD, may
be necessary.
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Introduction

Obstructive coronary artery disease (CAD) is a leading
cause of death worldwide, both in high-income and low-
to middle-income countries (LMIC), including many
countries in the Middle East [1, 2]. Over the past three
decades, age-standardized mortality and years lived with
disability (YLD) rates of CAD in the Middle East/North
African region decreased by 35% and 9%, respectively [3],
however, this region still has one of the highest burdens
of cardiovascular diseases in the world [4, 5].

According to the Institute for Health Metrics and
Evaluation, in 2019 ischemic heart disease was the lead-
ing cause of total and premature death in Iran, a coun-
try of nearly 85 million people in the Middle East [6].
It is estimated that from 2005 to 2025, DALYs attribut-
able to cardiovascular diseases, including CAD, in adults
aged > 30 years, will increase by more than two-fold in
Iran (from 847,309 DALYs in 2005 to 1,728,836 DALYs in
2025) [7, 8]. Therefore, careful investigations of the CAD
risk factors and approaches to implement primary and
secondary prevention protocols are necessary.

Hospital-based serial cross-sectional studies, despite
their limitations and generalizability issues, provide
unique insights about the trends of risk factors in patients
with established CAD. They are also informative about
the age of the onset of the disease in patients with CAD,
and hence can determine whether obstructive CAD is
occurring in younger ages or older ages over time. Such
trends will provide important information about the suc-
cess of prevention measures, and are important not only
to policy makers but also to specialty physicians taking
care of CAD patients.

In this study, we aimed to investigate the prevalence
and 11-year trends of CAD risk factors among over
90,000 CAD patients seen at the Tehran Heart Center
(THC), a tertiary referral center, for coronary angiogra-
phy. We also investigated the prevalence of these risk fac-
tors between men and women, and studied their impacts
on the age of diagnosis of CAD.

Materials and methods

Study setting and data source

THC is a major tertiary referral center in Tehran, Iran,
dedicated to the treatment of heart diseases. Since 2001,
on average each year approximately 76,000 patients are
seen in outpatient clinics; nearly 47,000 patients are vis-
ited in the emergency rooms; 16,000 patients are hospi-
talized; over 3200 patients undergo open-heart surgeries;

and 9000 coronary angiographies and over 2000 angio-
plasties are done at this center annually [9].

A coronary angiography databank was established
in January 2005, which collects data from all patients
who undergo angiography at THC. Demographic, clini-
cal, and laboratory data are collected during the admis-
sion to catheterization laboratory and are recorded in an
electronic registry. An informed consent is completed by
patients before their data is included in the databank.

Design and participants

In this registry-based serial cross-sectional study, base-
line data from all patients in the THC coronary angiog-
raphy databank enrolled from 2005 through 2015 were
reviewed. Patients with obstructive CAD—defined by an
angiography report of more than 50% stenosis in at least
one vessel—were included in this study. The conventional
CAD risk factors including hypertension, dyslipidemia,
diabetes mellitus, cigarette smoking, body-mass index
(BMI), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), triglycer-
ides, total cholesterol, and fasting blood sugar (FBS) were
analyzed according to sex and age, and the 10-year trends
were assessed.

Definitions of variables

Hypertension was defined, using two office measure-
ments, as a mean systolic blood pressure>140 mmHg
or a mean diastolic blood pressure of >90 mmHg or
taking blood pressure medications. Blood pressure was
measured using a manual mercury sphygmomanometer
in all cases. Trained nurses measured blood pressure in
both arms in a sitting position after resting for 5 min.
The higher blood pressure was registered in a pre-spec-
ified data sheet. This protocol was repeated after 3 min.
In case of difference (more than 10 mmHg in systolic
blood pressure or 5 mmHg in diastolic blood pressure),
the measurement was repeated for a third time and the
two measurements closer together were used. Mean
systolic and diastolic blood pressure of the two meas-
urements was calculated. Diabetes mellitus was defined
by measurements of fasting plasma glucose>126 mg/
dL, glycated hemoglobin A1C (HbA1C)>6.5% in the
presence of confirmatory testing, or taking anti-diabetic
medications. Dyslipidemia was defined as total serum
cholesterol >200 mg/dL, HDL-C<40 mg/dL in men
and<50 mg/dL in women, or triglycerides>250 mg/
dL, measured after at least ten hours of fasting, or
previous diagnosis of dyslipidemia and taking lipid
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lowering agents. Obesity was having a body mass index
(BMI) > 30 kg/m?. The definition of cigarette smoking was
ever having smoked more than 100 cigarettes. Opium
consumption was defined as current or former use of
opium through ingestion or smoking.

Inclusion and exclusion

All patients in the THC coronary angiography data-
bank enrolled from 2005 to 2015 who had an obstructive
CAD—defined by an angiography report of more than
50% stenosis in at least one vessel—were included, except
where the patient data were considered implausible. For
this analysis, implausible values (age younger than 20
or older than 100, FBS less than 50 or higher than 600,
LDL-C of less than 20 or higher than 500, HDL-C of less
than 5 or greater than 100, total cholesterol of less than
50 or greater than 700, triglyceride level of less than 20 or
greater than 1200, and creatinine level of less than 0.2 or
greater than 10) were excluded from the study. This led to
a total of 0.03% of the study population.

Statistical analysis

Numbers and percentages were calculated and shown for
categorical variables (sex, dyslipidemia, diabetes, hyper-
tension, ever cigarette smoking, and ever opium use).
Means and standard deviations (SD) were calculated and
presented for continuous variables (age, BMI, total cho-
lesterol, LDL-C, HDL-C, triglycerides, FBS). Mean of
continuous variables and percentage of categorical vari-
ables were compared by sex using independent sample
t-tests and chi-square tests, respectively.

To assess trends, numbers were tabulated by year, from
2005 to 2015. Linear regression was used to estimate
the unadjusted, as well as age- and sex-adjusted annual
change and 95% confidence interval (95% CI) in each
variable by year. To show the trends for serum biomark-
ers (total cholesterol, LDL-C, HDL-C, triglycerides, and
EBS), two-way graphs of the fitted values were drawn
against the year. To assess the association of each predic-
tor with age of CAD diagnosis, the study population was
divided into three groups based on “age of CAD diag-
nosis” tertiles. Comparisons were made using one way
ANOVA tests for continuous variables and chi-square
tests for categorical variables. Further, linear regression
was used to estimate the unadjusted and adjusted coef-
ficients (95% Cls), with age being the outcome. For this
latter analysis, continuous variables were standardized
to have a mean (SD) of 0 (1). Given the collinearity of
some variables (eg., LDL-C with total cholesterol), vari-
ance inflation factors (VIF) were calculated to exclude
variables that increased VIF above 2. To better evaluate
the association of ever opium use and the age of coronary
artery disease diagnosis in subgroups, linear regression
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analysis was used and adjusted (for sex, BMI, LDL-C,
HDL-C, triglycerides, dyslipidemia, FBS, diabetes mel-
litus, hypertension, and cigarette smoking, if applicable)
coefficients (95% CI) were reported. P-value less than
0.05 or 95% Cls that did not include zero in linear regres-
sion were considered statistically significant. Analysis
was done using Stata 16.1 College Station, Tx.

Results

From January 2005 to December 2015, data for 90,408
unique patients who had at least 50% stenosis in one of
the vessels were included in the THC coronary angi-
ography databank. Of these, 314 (0.3%) were excluded
because extreme outlier data, therefore 90,094 patients
were included in this analysis. Table 1 shows the base-
line characteristics for these patients. A total of 61,684
(68.5%) were men and 28,410 (31.5%) were women.

Risk factor trends

Age at diagnosis

The mean (SD) of age at diagnosis for all years combined
was 61.0 (10.7). Men were younger at diagnosis than
in women, with a mean age of 60.1 in men and 63.2 in
women (p<0.001). While there were some slight fluc-
tuations, mean age at diagnosis had an overall increasing
trend during the study period. From 2005 to 2008, mean
age at each year was below 61, while from 2009 to 2015,
mean age was 61 or higher (Table 1). The sex-adjusted
mean (95% CI) annual increase in age of CAD diagno-
sis was 0.12 (0.10, 0.14; p<0.001), which was similar to
unadjusted results (Table 2).

Sex

Overall, 68% of the patients were men and 32% were
women. This percentage did not change appreciably
over the course of the study (Table 1). The unadjusted
and adjusted mean annual change in percentage of men
were —0.11% (p=0.03) and —0.04% (p=0.43), respec-
tively (Table 2).

Body mass index

The mean (SD) of BMI was 27.8 (4.5) kg/m? for all years
combined. Men had a lower mean BMI (27.0) than
women (29.4) at enrollment (p<0.001). There was an
increasing trend for BMI, with mean BMI being close
to 27.3 in 2005, but increasing to about 28.0 kg/m? after
2011 (Table 1). The age- and sex-adjusted mean (95% CI)
annual increase in BMI was 0.09 (0.08, 0.10; p<0.001;
Table 2).
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Table 1 Demographic and cardiovascular risk factor data for patients enrolled in Tehran Heart Center Databank from 2005 to 2015

AllYears 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All patients 90,094 7101 7621 8465 7838 8341 8482 9111 8674 8621 9301 6539
Age at diagnosis (n=90,094, years) 61.0 60.5 60.1 60.6 60.3 61.0 61.6 61.9 61.2 61.5 614 61.1
10.7 10.2 104 109 10.6 10.8 11.0 1.2 109 10.7 10.8 10.3
Sex (n=90,094, % male) 68% 70% 70% 68% 69% 69% 67% 66% 68% 67% 68% 72%
Body mass index (n=65,320, kg/m?) 278 273 27.2 275 275 27.7 278 280 280 28.1 28.1 279
4.5 43 43 43 44 44 4.5 4.6 4.5 4.5 4.6 4.5
Total Cholesterol (n=281,363, mg/dL) 174.3 1973 1912 1860 1795 1737 1714 1696 1684 1640 1660 1623
47.3 44.7 48.8 480 477 457 464 457 457 447 458 443
LDL Cholesterol (n=79,458, mg/dL) 106.2 1163 1129 1112 1048 1088 1064 1056 1044 1029 1008 987
387 377 41.1 395 409 392 379 386 379 370 370 363
HDL Cholesterol (n=280,899, mg/dL) 40.1 424 420 415 414 40.6 40.1 396 39.0 387 383 392
10.6 99 10.0 10.2 11.1 11.2 10.6 10.8 10.6 104 104 10.5
Triglycerides (n=281,390, mg/dL) 162.8 201.0 1860 1702 1732 1617 1612 1560 1511 1504 1517 1473
96.9 1200 1075 1013 1025 921 918 959 844 87.8 914 85.1
Dyslipidemia (n=89,899, % yes) 64% 62% 69% 66% 64% 63% 60% 65% 69% 64% 64% 60%
Fasting blood sugar (n=79,822, mg/dL) 1220 1228 1214 1223 1237 1217 1211 1218 1221 1209 1228 1223
533 545 543 54.7 55.1 533 535 542 54.1 50.7 522 504
Diabetes mellitus (n=289,977, % yes) 34% 31% 31% 31% 34% 33% 35% 36% 36% 36% 36% 36%
Hypertension (n=90,001, % yes) 58% 53% 50% 52% 55% 57% 56% 63% 63% 62% 62% 58%
Ever cigarette smoking (n=289,955, % yes)  38% 40% 40% 39% 38% 37% 38% 37% 38% 36% 36% 39%
Ever opium use (n=387,348, % yes) 14% 14% 13% 14% 13% 14% 13% 13% 14% 14% 15% 16%

Numbers and percentages are shown for categorical variables (sex, dyslipidemia, diabetes, hypertension, ever cigarette smoking, and ever opium use). Means and
standard deviations are presented for continuous variables (age; body mass index; total, LDL, HDL cholesterol; triglycerides; fasting blood sugar)

Table 2 Unadjusted and adjusted annual change in demographic and cardiovascular risk factors in patients enrolled in Tehran Heart
Center Databank from 2005 to 2015

Unadjusted annual change P-value Adjusted annual change P-value

(95% C1)? (95% CI)°
Age at diagnosis (n=90,094, years) 0.12(0.10,0.15) <0.001 0.12(0.10,0.14) <0.001
Sex (n=90,094, % male) —0.11(=0.21,—-0.01) 0.03 —0.04 (—0.14,0.06) 043
Body mass index (n =65,320, kg/mz) 0.08 (0.07,0.10) <0.001 0.09 (0.08,0.10) <0.001
Total Cholesterol (n=281,363, mg/dL) —3.27(—3.38,—3.17) <0.001 —3.23(—333,—-3.13) <0.001
LDL Cholesterol (n=79,458, mg/dL) —148(—1.56,—1.39) <0.001 —145(=154,—137) <0.001
HDL Cholesterol (n=280,899, mg/dL) —041(—044,— 039) <0.001 —042 (—0.44,—0.40) <0.001
Triglycerides (n =81,390, mg/dL) —4.51(—4.73,—4.29) <0.001 —435( 457,—4.14) <0.001
Dyslipidemia (n=89,899, % yes) —0.20(—0.31,—0.10) <0.001 7(—=0.27,—0.07) 0.001
Fasting blood sugar (n=79,822, mg/dL) —0.03(=0.15,0.09) 0.65 —0.02(—=0.14,0.10) 0.77
Diabetes mellitus (n =89,977, % yes) 0.62(0.51,0.72) <0.001 0.58 (O 48,0.68) <0.001
Hypertension (n=90,001, % yes) 6(1.06,1.27) <0.001 1.05 (0.95, 1.15) <0.001
Ever cigarette smoking (n =289,955, % yes) —029( 0.39,—0.19) <0.001 —0.16 (—=0.25,—0.07) 0.001
Ever opium use (n=287,348, % yes) 5(0.08,0.23) <0.001 0.23(0.15,0.30) <0.001

2 All changes are annual. Changes for categorical variables (sex, dyslipidemia, diabetes, hypertension, ever cigarette smoking, and ever opium use) are percentages
per year. Changes for continuous variables (age; body mass index; total, LDL, HDL cholesterol; triglycerides; fasting blood sugar) are using the unit shown in the first
column

b Adjusted for age and sex

Lipid profile and dyslipidemia (169.5) than women (184.4) at enrollment (p<0.001).
The mean (SD) of total cholesterol was 174.3 (47.3) mg/  Mean total cholesterol showed a clear decreasing trend
dL for all years. Men had a lower mean total cholesterol  over the study years, steadily declining from 197.3 mg/dL
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in 2005 to 162.3 mg/dL in 2015 (Table 1). The age- and
sex-adjusted mean annual change in total cholesterol
was — 3.23 (—3.33, — 3.13; p<0.001; Table 2 and Fig. 1).

The mean (SD) of LDL-C was 106.2 (38.7) mg/dL for all
years. Men had a lower mean LDL-C (103.6) than women
(111.7) at enrollment (p<0.001). Mean LDL-C showed
a decreasing trend over the study years, declining from
116.3 mg/dL in 2005 to 98.7 mg/dL in 2015 (Table 1). The
age- and sex-adjusted mean (95% CI) annual change in
LDL-C was—1.45 (—1.54,—1.37; p<0.001; Table 2 and
Fig. 1).

The mean (SD) of HDL-C was 40.1 (10.6) mg/dL for
all years. Men had a lower mean HDL-C (38.6) than
women (43.4) at enrollment (p<0.001). Mean HDL-C
showed an overall decreasing trend over the study
years, with mean being 42.0 or higher in the first two
years, while hovering around 39.0 in the last four years
(Table 1). The age- and sex-adjusted mean (95% CI)
annual change in HDL-C was—0.42 (—0.44,—0.40;
p<0.001; Table 2 and Figs. 1 and 2).

The mean (SD) of triglycerides was 162.8 (96.9) mg/
dL for all years. Men had a lower mean triglycerides
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Fig. 1 Overall trend of lipid profile and blood sugar in established
coronary artery diseases patients, n=90,094; 2005-2015
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level (158.6) than women (172.0) at enrollment
(p<0.001). Mean triglycerides had a clear and
steep decreasing trend over the study years, stead-
ily declining from 201.0 mg/dL in 2005 to 147.3 mg/
dL in 2015 (Table 1). The age- and sex-adjusted mean
(95% CI) annual change in triglycerides was—4.35
(—4.57,—4.14); p<0.001; Table 2 and Fig. 1).

Overall, 64% of the study population were classified
as dyslipidemic, a diagnosis that included taking medi-
cations and previous history, in addition to current
lipid profile. Men had lower prevalence of dyslipidemia
(59.1%) than women (75.3%) at enrollment. A review of
Table 1 does not show a clear increasing or decreasing
pattern in the prevalence of dyslipidemia over the study
years.

Blood sugar and diabetes

The mean (SD) of FBS was 122.0 (53.3) mg/dL and
remained relatively constant over the years of the
study. Men had a lower mean FBS (116.2) than women
(134.4) at enrollment (p <0.001). The mean annual FBS
change was —0.02 (—0.14, 0.10; p=0.77; Table 2 and
Fig. 1 and 2). The overall prevalence of diabetes for all
years was 34%. Men had a lower prevalence of diabetes
(27.9%) than women (47.6%). This prevalence gradually
increased from 31% in 2005 to 36% in 2015 (Table 1),
with an annual average sex- and age-adjusted increase
0f 0.58% (0.48%, 0.68%; p < 0.001).

Hypertension

The overall prevalence of hypertension for all years was
58%. Men had a lower prevalence of hypertension (49.2%)
than women (76.2%). The prevalence of hypertension
gradually increased from low 50%s in the first three
years of the study to around 60% in the last five years of
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the study (Table 1), with an annual average sex- and age-
adjusted increase of 1.05% (0.95%, 1.15%; p <0.001).

Ever cigarette smoking

The overall prevalence of a history of ever cigarette
smoking was 38%. The prevalence of ever smoking was
far higher in men (51.8%) than in women (7.6%). This
prevalence gradually decreased from 40% in 2005 to 36%
during the last few years of the study, except for 2015,
which bounced back to 39% (Table 1). The average annual
change in age- and sex-adjusted prevalence was—0.16%
(—0.25%, — 0.07%; p < 0.001).

Opium use

The overall prevalence of a history of ever using opium
was 14%. The prevalence of ever using opium was sub-
stantially higher in men (19.2%) than in women (2.0%).
While there was no clear trend over the years (Table 1),

Table 3 Risk factors categorized by age tertiles
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the prevalence was higher toward the end of the study
(16%) than in the beginning (14%). The average annual
change in age- and sex-adjusted prevalence was 0.23%
(0.15%, 0.30%; p < 0.001).

Predictors of age of diagnosis
Table 3 shows the results of the prevalence of risk
factors by age tertiles:<55 (n=28,390), 56 to 65
(n=30,343), and>66 (n=231,361). The results show
that younger patients are more likely to be men; have a
higher BMI; have higher total cholesterol, higher LDL-
C, higher triglycerides, and higher risk of dyslipidemia;
and much more likely to be current smokers and opium
users. In other words, younger patients had more risk
factors, which is perhaps why they were diagnosed with
CAD at earlier ages.

Table 4 shows the predictors of age of diagnosis.
Men were diagnosed with CAD approximately 3 years

Age tertiles

<55 56-65 >66

n=28,390 n=30,343 n=31,361
Sex
Female 6424 (22.6%) 10,252 (33.8%) 11,734 (37.4%)
Male 21,966 (77.4%) 20,091 (66.2%) 19,627 (62.6%)
Body mass index (kg/mz) 28.1 (4.28) 279 (4.38) 272 (4.32)
Total cholesterol (mg/dL) 1782 (48.37) 1743 (47.11) 170.8 (46.20)
LDL cholesterol (mg/dL) 108.8 (39.78) 106.2 (38. 47) 103.8 (37.73)
HDL cholesterol (mg/dL) 384 (10.01) 40.1 (10.51) 416 (11.04)
Triglyceride (mg/dL) 1819 (110.49) 1644 (94.79) 1444 (81.36)
Dyslipidemia
No 9453 (33.4%) 9942 (32.8%) 12,735 (40.7%)
Yes 18,880 (66.6%) 20,351 (67.2%) 18,538 (59.3%)
Fasting blood sugar (mg/dL) 1194 (52.74) 1258 (56.10) 1206 (50.80)
Diabetes Mellitus
No 20,299 (71.6%) 18,558 (61.2%) 20,416 (65.2%)
Yes 8064 (28.4%) 11,753 (38.8%) 10,887 (34.8%)
Hypertension
No 15,353 (54.1%) 12,294 (40.6%) 10,455 (33.4%)
Yes 13,010 (45.9%) 18,022 (59.4%) 20,867 (66.6%)
Ever cigarette smoking
No 14,097 (49.7%) 19,044 (62.8%) 22,767 (72.7%)
Current 9617 (33.9%) 6283 (20.7%) 3420 (10.9%)
Former 4641 (16.4%) 4974 (16.4%) 5112 (16.3%)
Ever opium use
No 22,203 (80.7%) 25,215 (85.6%) 27,909 (91.8%)
Current 4148 (15.1%) 3473 (11.8%) 2128 (7.0%)
Former 1152 (4.2%) 766 (2.6%) 354 (1.2%)

Numbers and percentages are shown for categorical variables (sex, dyslipidemia, diabetes, hypertension, ever cigarette smoking, and ever opium use). Means and
standard deviations are presented for continuous variables (age; body mass index; total, LDL, HDL cholesterol; triglycerides; fasting blood sugar)

All p-values were <0.001 in Chi square and one-way ANOVA analysis
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Table 4 Unadjusted and adjusted predictors of age of diagnosis with coronary artery disease at Tehran Heart Center from 2005 to

2015
Unit Unadjusted (95% CI)? P-value Adjusted (95% Clyb P-value

Sex (n=90,094) Male (vs. female) 2(—3.27,—297) <0.001 —0.89(—1.09,—0.68) <0.001
Body mass index (n =65,320) One SD (4.5 kg/mz) 07 (—1.15,—0.99) <0.001 —1.52(—1.60,— 1.43) <0.001
Total Cholesterol (n=281,363) One SD (47.3 mg/dL) —0.78 (=0.85,—0.71) <0.001 Excluded® -

LDL Cholesterol (n=79,458) One SD (38.7 mg/dL) —064( 0.72,—0.57) <0.001 —043(—052,—-0.35) <0.001
HDL Cholesterol (n=280,899) One SD (10.6 mg/dL) 9(1.32,1.47) <0.001 0.71 (0.62,0.79) <0.001
Triglycerides (n=281,390) One SD (96.9 mg/dL) 87 (—1.94,—1.80) <0.001 —1.35(—145,—-1.26) <0.001
Dyslipidemia (n=89,899) Yes (vs. No) 65 (— 1.80,— 1.50) <0.001 —0.81(—1.00,—0.62) <0.001
Fasting blood sugar (n=79,822) One SD (53.3 mg/dL) 2(0.05,0.19) 0.002 —032(=042,—022) <0.001
Diabetes mellitus (n=289,977) Yes (vs. No) 24(1.10,1.39) <0.001 1.05 (0.84, 1.26) <0.001
Hypertension (n=90,001) Yes (vs. No) 3.98(3.84,4.12) <0.001 3.54(3.37,3.71) <0.001
Ever cigarette smoking (n =89,955) Yes (vs. No) — 441 (—4.55-4.26) <0.001 —2.76(=295,—257) <0.001
Ever opium use (n=387,348) Yes (vs. No) —422(—443,—4.02) <0.001 —220(—244,—1.96) <0.001

2 All differences are shown for age at diagnosis by unit in each predictor
b Mutually adjusted for all other variables

“Total cholesterol was not included in the model due to high collinearity with other variables

Table 5 Association of ever opium use and the age of coronary

year younger, with a mean difference (95% CI) of — 0.89

artery disease diagnosis at Tehran Heart Center: subgroup  (—1.09,—0.68).
analyses In the adjusted model, one SD increase in BMI
Adjusted coefficient (95% CI)? pvalue (4.5 kg/m?) was associated with approximately 1.5 years
of earlier at diagnosis, with a 95% (CI) of—1.52
Age, tertiles (years) (—1.60, — 1.43). Other factors associated with younger
<55 0.18 (= 0.02,0.38) 0075  age at diagnosis and their estimated coefficients
56-65 —0.17(=0.29,—0.05) 0004 (95% Cls) were: serum LDL-C (each SD, 38.7 mg/dL)
>66 —1.07(-131,-083) <0001 with—0.43 (—0.52,—0.35) years; serum triglycerides
Sex (96.9 mg/dL) with —1.35 (— 1.45, — 1.26) years; dyslipi-
Male —223(—248,—1.98) <0.001 demia (yes vs. no) with —0.81(— 1.00, — 0.62) years; FBS
Female —1.14(=2.11,-0.16) 0022 (53.3 mg/dL) with—0.32 (—0.42,—0.22) years; ever
Dyslipidemia cigarette smoking with—2.76 (—2.95,—2.57) years;
Yes —1.98(-227,—168) <0001 and ever opium use with —2.20 (— 2.44, — 1.96) years.
No —2.57(=2.97,—2.17) <0001 Factors associated with an older age at diagnosis in
Diabetes mellitus the adjusted models and their respective coefficients
Yes —153(—196,—1.11) <0001 (95% CI) were higher HDL-C (10.6) with 0.71 (0.62,
No — 241 (=270,—2.12) <0.001 0.79) years; diabetes mellitus with 1.05 (0.84, 1.26), and
Hypertension hypertension with 3.54 (3.37, 3.71).
Yes —2.10(—243,—1.77) <0001 To further investigate the effect of opium use,
No —2.26 (—2.60,—1.91) <0001  we evaluated the association in various subgroups
Cigarette smoking (Table 5). It was associated with earlier age of CAD
Ever —244 (=271,-2.17) <0001  diagnosis in nearly all subgroups, except for those who
Never —1.13(=1.63,—063) <0.001 were 55 or younger.

2 Using linear regression models, adjusted for sex, body-mass index, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides,
dyslipidemia, fasting blood sugar, diabetes mellitus, hypertension, and cigarette
smoking, if applicable

younger than women with a mean difference (95% CI)
of —3.12 (— 3.27, — 2.97). After adjusting for other vari-
ables in the model, being a male was still associated
with earlier age at diagnosis, but only less than one

Discussion

This study is the largest hospital-based serial cross-
sectional study of patients with established CAD thus
far conducted in Iran. Despite its limitations, the study
results give us unique insights about comparing the
prevalence in CAD patients with the general popula-
tion, comparison of risk factors among men and women,
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trends of risk factors among CAD patients, the impact of
neglected risk factors such as opium, and the impact of
these risk factors on age of CAD diagnosis.

The associations of traditional risk factors with cardio-
vascular disease in Iran are well-established [10-15]. In
2005, hypertension was responsible for 80,000, hypercho-
lesterolemia for 34,000, diabetes for 34,000, and smoking
for 11,000 deaths in Iran in 2005 [11]. Nationwide, the
risk of cardiovascular disease attributed to hypertension,
high LDL-C, diabetes, and smoking were estimated as
36%, 24.1%, 9.9%, and 5.5%, respectively [10].

Comparisons with general population

The prevalence of CAD risk factors have been studied in
cross-sectional samples of the Iranian general population,
such as the STEPS studies [16]. As expected, the preva-
lence of CAD risk factors was higher in CAD patients of
our study compared to the general population; for exam-
ple, the prevalence rates of hypertension, dyslipidemia,
cigarette smoking, and diabetes mellitus were, respec-
tively, 58%, 64%, 38%, and 34% in our study, compared
with 17%, 33%, 12%, and 10% in general population; and
55%, 48%, 16%, and 21% in older adults (55-65 years),
according to STEPS study 2007 [16]. In 2016, a system-
atic review and pooled analysis reported the national age-
standardized hypertension prevalence of 24% and 29%,
among Iranian adults (>25 years) in men and women,
respectively [17]. Another national study reported the
hypertension prevalence of 23% and 50% in 30-55
and >55 year-old populations, respectively [18]. A sys-
tematic review demonstrated that the estimated national
prevalence and 95% confidence intervals for hyper-
cholesterolemia (>200 mg/dL), hypertriglyceridemia
(>150 mg/dL), high levels of LDL-C (> 130 mg/dL) and
low levels of HDL-C (<40 mg/dL in male and <50 mg/
dL in female) in Iranian people are 41.6% (36.1-47.0),
46.0% (43.3-48.7), 35.5% (24.0-47.1) and 43.9% (33.4—
54.4), respectively, among> 15 year-old population [19].
According to the International Diabetes Federation 2019
report, diabetes national prevalence in Iranian adults
20-79 years was 9.4% (7.4%-12.3%) and more than 5 mil-
lion Iranian people had diabetes. The Middle East and
North Africa region has the highest age-adjusted diabe-
tes prevalence worldwide and the number of people with
diabetes in this region, by 2045, will increase by 96.5%.
The prevalence of diabetes among>50-year-old popula-
tion in this region is almost 25% [20].

Comparing men and women with CAD

Being a man is an established risk factor for CAD. In our
study, 68% of all patients were men, whereas approxi-
mately 50% of the general population are men. Men
were diagnosed with CAD approximately three years

Page 8 of 11

earlier than women. Even after adjustment for a host of
risk factors, being a man was still associated with a one-
year earlier diagnosis. This may reflect either incomplete
adjustment for risk factors, or an inherited tendency for
higher risk of CAD in men.

As expected, the prevalence of ever tobacco smoking
(51.8% vs. 7.6%) and ever opium consumption (19.2% vs.
2.0%) was substantially higher in men than in women.
These numbers are consistent with findings from popula-
tion-based studies. In a meta-analysis published in 2013,
the prevalence of cigarette smoking was reported to be
19.8% to 21.7% in men and 0.94% to 3.6% in women [21].
A recent systematic analysis from the Global Burden of
Disease Study reported that the prevalence rates of smok-
ing in Iran were 5% and 25% in females and males aged
15 years or older, respectively. Almost 1.6 million women
and 8.7 million men are current smokers in the country
[22]. This gender difference is primarily because consum-
ing opium and smoking tobacco was a more acceptable
behavior for men than for women. These two risk factors
explain a substantial amount of the difference in age of
diagnosis between men and women.

Unlike the global prevalence of diabetes in men and
women (9.6% vs. 9.0%, respectively) [23], the prevalence
of diabetes in Iranian women is 1.7% higher than men
[24] mainly because a greater obesity rate among Iranian
women [25]. Therefore, our results about the higher BMI
and diabetes prevalence in women are in line with other
national studies [16, 24—-27].

Other risk factors, however, were more common in
women than in men in our study. For example, compared
to women, men had a lower prevalence of dyslipidemia
(59.1% vs. 75.3%) and hypertension (49.2% vs. 76.2%).
These differences do not reflect differences in the general
population. For example, the prevalence of diabetes mel-
litus in the general population is higher in men than in
women [12, 13]. Rather, observed pattern is because our
study participants all had CAD. Women who were less
likely to be cigarette smokers and opium users had other
risk factors to expose them to CAD. In recent reports
from China National Stroke Screening and prevention
project (CNSSPP) in 2019, similar to our results, preva-
lence of dyslipidemia was higher among woman than
men (54% vs. 46% in urban and 52% vs. 48% in rural area)
[28]. Likewise, in a study from neighboring Azerbaijan,
Zeynalov and colleagues reported that the prevalence of
hypertension among CAD population was significantly
higher in women than men (66.2% vs. 58.4%, p<0.05)
[29].

The trends of risk factors over the study period
Over the 11-year study period, the average serum con-
centration of total cholesterol, LDL-C, HDL-C, and
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triglycerides declined substantially. These trends are
similar to those found in population-based serial cross-
sectional studies in Iran. For example, in the STEPS
(2007-2016) studies in Iran, total cholesterol, LDL-C,
and triglycerides decreased substantially over the course
of the study [30]. Decreasing trend of non-HDL-C was
also observed in most western countries, Japan, and
South Korea [31]. This decrease could be mainly attrib-
uted to statin prescription and dietary modifications,
e.g., replacement of saturated with unsaturated fats and
reduction in trans-fats. In a recent study on non-com-
municable disease in Iran, approximately half (46.5%) of
40-70-year Iranians were eligible for moderate- to high-
intensity statin therapy based on American College of
Cardiology and the American Heart Association (ACC/
AHA) guideline [32]. Serum HDL-C levels, however,
changed only modestly. HDL-C has mostly genetic deter-
minants but lower physical activity, smoking, and carbo-
hydrates consumption may also lower HDL-C levels [30,
31].

The prevalence of several other risk factors, i.e., higher
BMI, diabetes, and hypertension was increasing in our
study population. While studies conducted in the general
population also show increasing trends of BMI and FBS,
trends of hypertension have been on the decline. Data
from the STEPS studies in the Iranian general population
[30] show that, from 2007 to 2016, BMI was increasing
in non-diabetic men population; but there was no sig-
nificant trend in non-diabetic women, nor in the diabetic
population. In this study, FBS had an increasing trend
among non-diabetic population [30]. However, both
systolic and diastolic pressure in the general population
were decreasing [33]. In another report by Esteghamati
et al. in 2016, in adult population of Iran the prevalence
of hypertension gradually decreased from 25.7% in 2005
to 24.1% in 2011 [34]. The results of our study are dif-
ferent from the general population, perhaps because
given that lipid risk factors are declining, other risk fac-
tors need to be present for CAD to happen, so we may
see a higher prevalence of hypertension in our patients.
Another reason for this difference may be that we do not
have the actual measures blood pressures in our data-
base; only hypertension (yes vs. no) has been registered
in a dichotomous fashion.

Based on the STEPS studies, there was a significant
reduction in cigarette smoking prevalence in the Iranian
adults (25-65 years), for example, in non-diabetic men,
from 29.1% in 2007 to 21.8% in 2016 [30]. Our numbers
are slightly different, however, it has to be noted that
our exposure in this study was “ever use of cigarettes’,
which is not expected to change much and is higher than
“current smoking” prevalence. Likewise, given that our
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questions were asking about “ever opium use’, we did not
expect a major trend over time.

Risk factors and age of diagnosis

One would expect that the presence of risk factors will
be associated with a lower age of CAD diagnosis. Assum-
ing that the date of entry into the THC database is the
age of diagnosis, we observed that most known risk fac-
tors—such as male sex, total cholesterol, LDL-C, triglyc-
erides, dyslipidemia, FBS, tobacco smoking, and opium
consumption—were all associated with lower age at
diagnosis.

Of particular interest was opium use, which after
adjustment for other risk factors, was associated with
2.2 years of reduction in age of diagnosis. Opium con-
sumption is very common in Iran [35], and has recently
been shown to be a risk factor of cardiovascular diseases,
independent to traditional risk factors [36]. Most peo-
ple, and even some physicians, are unaware of this find-
ing. Opium has been traditionally used to alleviate pain
resulting from chronic diseases, including chest pain.
Therefore, some people may mistakenly believe that
opium “cures” their disease, while it is only a pain reliever
and indeed is a cause of their CAD [37].

Surprisingly, the presence of diabetes mellitus and
hypertension were associated with later age of onset
of CAD. Given that higher FBS was associated with a
younger age of CAD onset, the observation with dia-
betes mellitus may be explained by the fact that those
diagnosed as diabetics might have received treatment
earlier. Therefore, it may be the treatment that is asso-
ciated with later age of onset. Unfortunately, we did not
have recorded blood pressure in our database; we only
had hypertension coded in a binary fashion (yes vs.
no). Therefore, it is difficult to make a judgment about
hypertension. However, this association, like that of dia-
betes, might also be explained by earlier diagnosis and
treatment.

The overall trends in age of diagnosis

Some risk factors (e.g., lipid profile) were moving in the
right direction, while others (e.g., BMI) were moving in
the wrong direction over the course of this study. Over-
all, the age of diagnosis of CAD slightly increased over
the course of this study, a finding to celebrate. However,
changes in age of diagnosis during this period may reflect
changes in risk factors over the preceding three or four
decades.

Strengths and limitations of the study
To our knowledge, this is the first large-scale study that
has enrolled patients with established CAD in Iran. The
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large number of patients, documentation of CAD with
angiography which is the gold standard for evaluation
of atherosclerotic CAD, and data registry in a special-
ized “Risk Factors Clinic” over 11 years, are among the
strengths of this study. THC is a referral educational
heart hospital in Tehran, and the patients are referred
to this center are from all parts of the country, hence the
results of the study may be generalized to Iranian popula-
tion with documented CAD.

This study has some limitation too. The absolute value
of blood pressure (systolic and diastolic) was not availa-
ble for all patients. This study was a serial cross-sectional
study, and thus did not capture development of hyper-
tension or diabetes after the initial visit. Another impor-
tant issue is lack of data about duration and quantity of
opium use and cigarette smoking, which both are proba-
bly related to CAD occurrence. We did not have accurate
data to report on alcohol consumption. However, a very
small percentage of the population may have appreciable
consumption of alcohol, as the majority of the population
are Muslims who do not drink alcohol, and alcohol is not
readily available due to legal restrictions.

Conclusions and recommendations

Women are diagnosed with CAD at older ages than men,
and had several more risk factors at the time of CAD
diagnosis. In other words, being a female was protec-
tive against CAD, and CAD could happen in women only
when a few risk factors came together. We observed a
substantial decreasing trend of total cholesterol, LDL-C,
and triglycerides over the course of the study, perhaps
contributing to a later onset of the disease over time. Per-
haps the most important finding of this study is confirm-
ing opium use as a risk factor for earlier age of onset of
CAD. This is a relatively recent finding, and most people
and even some physicians are unaware of it. Recommen-
dations for lowering the use of opium should be consid-
ered along other measures to control CAD, such as taking
statins, taking blood pressure and diabetes medications
in those who need it, as well as reduction in smoking and
enhancing exercise. Considering the use of “polypill’; a
fixed-dose combination of an anti-platelet, antihyperten-
sives, and lipid-lowering drugs may also be considered,
particularly in rural populations with low access to physi-
cians and low compliance.
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