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Abstract
Objectives: To report the burden of cancers and their attributable risk factors among Iranian 
adults aged 70 and older by age, sex and type of cancer from 1990 to 2019.
Design: Systematic analysis.
Outcome measures: Data on the incidence, death, and disability-adjusted life years (DALYs) 
due to cancers were obtained from the Global Burden of Disease (GBD) study 2019 for Iranian 
adults aged 70 and older from 1990 to 2019. The counts and age-standardized rates (per 
100 000) were reported, as well as 95% uncertainty intervals.
Results: In 2019, cancers had an age-standardized incidence rate of 10 985.6 per 100 000for 
adults aged 70 and above in Iran and an age-standardized death rate of 853.2, which was 13.8% 
higher than in 1990. In 2019, the age-standardized DALY rate was 11 892.5, which had not 
changed significantly since 1990. The age-standardized DALY rates of cancers, among Iranian 
adults aged 70 and older, were the highest and lowest in Ardebil (17 246.2) and Hormozgan 
(7723.1), respectively. The age-standardized DALY rates peaked in the 75-79 age group and 
then reduced with advancing age. The rates for males were higher than for females. Nationally, 
high tobacco consumption (18.0%), high body mass index (BMI) (5.1%), high fasting plasma 
glucose (5.0%), and dietary risks (5.0%) had the four highest attributable DALYs for cancers 
in 2019. Finally, stomach cancer, tracheal, bronchus and lung cancer, and colon and rectum 
cancer had the highest DALY rates among the elderly Iranian population in 2019. 
Conclusions: Despite the steady incidence rate of cancers, the mortality rate among elderly 
Iranians has risen over the last three decades. The implementation of cancer prevention 
measures, in particular screening programs, would help alleviate the future increase in the 
burden of cancer among the elderly in Iran.
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Introduction
As a developing country, Iran is facing a major 
demographic and epidemiological transition. One aspect 
of this transition involves changes in the disease burden 
mainly based on communicable to non-communicable 
diseases. Cancers are one of these non-communicable 
diseases that impose a substantial burden on the health 
system.1 The emergence of the National Cancer Registry 
has provided vital information about the burden imposed 
by different cancers and diseases in Iran.2, 3 

The prevalence of cancers is rapidly increasing in most 

countries, but developing countries are facing an even 
faster increase.4 The burden of cancers poses significant 
challenges in its prevention and control.5 In 2019, there 
were about 23.6 million new cases of cancer worldwide, 
ten million deaths, and around 250 million cancer-related 
disability-adjusted life years (DALYs).5 Among the 22 
groups of diseases and injuries monitored in the Global 
Burden of Disease (GBD) 2019 study, globally, cancer was 
the second most common cause of death and DALYs in 
2019. In a ddition, the largest proportion of deaths was 
found in the middle quintile and high-middle quantile 
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countries according to the sociodemographic index.5 
Currently, cancers are the third leading cause of 

mortality in Iran.6 Although Iran’s health care system has 
been reasonably successful in controlling mortality, the 
burden of complications and the need for rehabilitation 
remain challenging.7 About 36 500 people died of cancer 
in Iran in 2015, with an age-standardized death rate of 
45.4 (per 100 000), and the rate was higher among males 
than females (55.0 vs. 35.8).8 The largest number of deaths 
was found in 2001, which was followed by decreases over 
the following years.8 

The incidence and mortality of most cancers increase 
with age.9 Due to the rapidly aging population in Iran, 
it is expected that the burden of cancers will also rise in 
the near future. Although several previous studies have 
reported the epidemiology of malignancies in Iran,10-13 
little is known about the burden of cancer among older 
citizens. Therefore, this research investigated the national 
and provincial burden of cancers and their risk factors 
among individuals aged 70 and older in Iran in terms of 
sex, age, and cancer type from 1990 to 2019.

Methods
Overview
GBD 2019 has estimated the burden of 369 diseases and 
injuries, along with 87 risk factors, in more than 200 
countries and territories since 1990.4, 14 The burden of 
all cancer groups, as one of the major health problems, 
among the elderly population of Iran has yet to be 
reported. Hence, this research reported the burden of 
cancers among Iranians aged 70 and above from 1990 
to 2019. A summary of the methodology is provided 
below. However, for a comprehensive description of 
the procedures used in the GBD project to estimate the 
burden, please see the GBD capstone articles.4, 14 The 
raw data were obtained from https://vizhub.healthdata.
org/gbd-compare/ and http://ghdx.healthdata.org/gbd-
results-tool websites.

Case Definition 
In GBD 2019, the incidence, prevalence, and disability 
were calculated for all cancers and benign neoplasms, 
which were defined using the International Classification 
of Diseases (10th revision) codes C00-D49. As in the 
previous iterations of the GBD projects, the prevalence of 
all cancers was modeled up to ten years after the incidence. 
The prevalence of five surgery-related permanent 
sequelae (i.e., cystectomy, laryngectomy, mastectomy, 
prostatectomy, and stoma) was also estimated over the 10-
year period 

To estimate the level of disability for each type of cancer, 
the overall prevalence was divided into four sequelae, 
including diagnosis and primary therapy, controlled, 
metastatic, and terminal phases. The diagnosis and 
primary therapy phase ranged from the symptom onset 
until the end of the treatment. The controlled phase began 
at the end of the primary treatment and finished after 

the occurrence of one of the outcomes, including cure-
recurrence and progression-free survival after a decade, 
death from a different cause, or advancement to the 
metastatic stage. The metastatic stage involved intensive 
treatment for metastatic disease that was ascertained for 
each cancer type using averages from the Surveillance, 
Epidemiology, and End Results Program. Finally, the 
terminal phase was the last month before death. These 
four sequelae all have individual disability weights, but 
they are the same for all types of cancer types. As the 
treatment for five different cancers resulted in long-term 
disability, additional levels of disability were estimated for 
the following cancers: breast, bladder, colon and rectum, 
larynx, and prostate (Table S1).4

Modeling Strategy
The cause of death database included mortality data from 
vital registration, verbal autopsy, and cancer registry. The 
mortality-to-incidence ratios (MIRs) were calculated by 
matching the incidence and mortality data from cancer 
registries by sex, age, type of cancer, year, and location. 
The MIRs were then employed to fit cause-specific fixed 
effects logistic regressions with covariates for sex, age 
category, and the healthcare-access and quality index. The 
final MIR estimates were pooled with the final mortality 
estimates (both after 1000 iterations) to produce 1000 
incidence estimates, which were then used to produce 
the estimated mean incidence and its corresponding 95% 
uncertainty interval (UIs).4

Following the transformation of cancer mortality 
estimates into incidence estimates, the incidence estimates 
were merged with the yearly relative survival estimates 
from 1 to 10 years. The survival estimation approach was 
first performed in GBD 2017 in order to more directly use 
MIRs to produce yearly cancer survival estimates. In GBD 
2019, these methods were updated to include age-specific 
survival curves rather than all-age survival curves. To 
convert relative survival into absolute survival (taking into 
account background mortality), the GBD 2019 lifetables 
were utilized, along with an exponential survival function. 
Next, absolute survival was merged with the incidence 
estimates in order to model the prevalence in each year 
following diagnosis, which was then divided into the four 
different sequelae.4

Those who survived more than a decade were deemed 
to be cured when calculating disability due to cancer. In 
the survivor group, population prevalence was split into 
the following two sequelae: diagnosis and primary therapy 
and the controlled phase. For those who did not live over 
10 years, the yearly prevalence was split into the four 
sequelae using the fixed time periods for each of the four 
phases (i.e., diagnosis, primary therapy, metastatic, and 
terminal), while the remaining prevalence was allocated 
to the controlled phase.4 

The total number of patients experiencing the sequelae-
specific procedures (i.e., cystectomy, laryngectomy, 
mastectomy, prostatectomy, and stoma) was modeled 

http://ghdx.healthdata.org/gbd-results-tool
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using data sourced from hospitals. To model procedure-
related disability for each of the five cancers, the 
proportions of each cancer population undergoing these 
procedures were obtained from hospital data and entered 
into a DisMod-MR 2.1 model to model the proportions 
by location, age, sex and year. To model the proportion 
of the cancer population that went into remission in 
the 10 years following diagnosis (with and without 
procedure-related disability), the proportion of the 
population in the remission phase was multiplied by the 
percentage undergoing a procedure. Finally, the number 
of years lived with disabilities (YLDs) was modeled by 
multiplying the procedure sequelae prevalence and 
the general sequelae prevalence with their individual 
disability weights.4

Compiling the Results
The number of deaths in each age group was multiplied by 
the number of the remaining years of life (from the GBD 
standard life table) to estimate the years of life lost (YLL). 
The number of DALYs was estimated by summing YLDs 
and YLLs. The estimates were all standardized using the 
GBD standard population and included 95% UIs.4

Risk Factors
All risk factors with strong cancer causation evidence 
were included in the current research.14 Therefore, the 
proportion of DALYs attributable to the following risk 
factors were estimated: air pollution, high body mass index 
(BMI), high fasting plasma glucose, tobacco smoking, 
drinking alcohol, poor diet, drug use, low physical activity, 
unsafe sex, occupational risks, and other environmental 
risks. These risk factors have previously been reported, 
along with their relative risks.14

Results
National Level
In 2019, there were 381.4 thousand (95% UI: 270.5-
525.7) incident cases of cancer among those aged 70 and 
older, with an age-standardized incidence rate of 10 985.6 
(7,790.1-15,141.4) per 100 000 population, which has not 
substantially changed since 1990. In 2019, 29.6 thousand 
(26.8-32.2) deaths occurred due to cancers, with an age-
standardized death rate of 853.2 (772.2-926.4) per 100 000 
population, which was 13.8% (2.2-38.0) higher than in 
1990. Cancers accounted for 412.9 thousand (378.2-445.4) 
DALYs in 2019, with an age-standardized DALY rate of 
11,892.5 (10 894.5-12 829.3) per 100 000 population. 
The DALY rate of cancers was similar to that found in 
1990 (Table 1).

Provincial Level
Alborz [11 465.1 (8157.1-15 853.9)], East Azarbayejan 
[11,417.4 (8129.3-15 742.5)], and Ardebil [11256.2 
(8099.5-15 422.7)] provinces had the highest age-
standardized incidence rates of cancers in 2019. 
Conversely, the lowest rates were in Hormozgan [10 560.2 

(7468.9-14 716.8)], Chahar Mahaal and Bakhtiari 
[10 636.2 (7586.1-14 648.7)], and Markazi [10 644.6 
(7622.8-14 599.7)] provinces (Figure 1A and Table S2). 
Figures S1-S3 illustrate the sex-specific estimates for the 
age-standardized incidence rates of cancers among adults 
aged 70 and older at the provincial level.

West Azarbayejan [1227.9 (1066.6-1387.7)], Ardebil 
[1219.2 (1054.8-1368.1)], and East Azarbayejan [1212.3 
(1040.2-1390.2)] had the highest age-standardized death 
rates in 2019. In comparison, Hormozgan [552.2 (477.0-
640.7)], Sistan and Baluchistan [683.2 (569.2-803.9)], 
and Khuzestan [689 (606.3-783.6)] had the lowest rates 
(Figure 1B and Table S3). Figures S4-S6 illustrate the sex-
specific estimates for the age-standardized death rates of 
cancers at the provincial level.

Ardebil [17 246.2 (14 954.1-19 465.9)], West 
Azarbayejan [17 125.8 (14 926.9-19 299.1)], and East 
Azarbayejan [17 118.4 (14 723.3-19 665.1)] had the 
highest age-standardized DALY rates of cancers in 2019. 
In contrast, the lowest rates were found in Hormozgan 
[7723.1 (6748.7-8864.6)], Sistan and Baluchistan [9521.3 
(8018.2-11 174.2)] and Tehran [9644.7 (8157.9-11 092.2)] 
(Figure 1C and Table S4). Figures S7-S9 illustrate the age-
standardized DALY rates of cancers among adults aged 70 
and above, by sex, at the provincial level.

The age-standardized death rate of cancers among 
adults aged 70 or older increased from 1990 to 2019 in 
Isfahan [38.3% (9.6-87.6)], Yazd [35.5% (8.4-74.5)], 
Qazvin [33.7% (5.6-72.7)], East Azarbayejan [27.3% (2.4-
68.2)] and Mazandaran [24.4% (0.3-60.1)]. However, 
the age-standardized death rate did not decrease in 
any province. There were no substantial changes at the 
provincial level for the age-standardized incidence and 
DALY rates of cancers among adults aged 70 and older. 
The sex-specific estimates for the changes in the age-
standardized incidence, death, and DALY rate of cancers 
(from 1990 to 2019) are presented at the provincial level in 
Tables S2-S4 and Figures S10-S12.

Age and Sex Patterns
In 2019, there were no large sex differences in the incident 
cases and age-standardized incidence rates of cancers in 
the geriatric population of Iran. The highest number 
of incident cases was found in the 70-74 age group, 
which decreased with advancing age. Furthermore, the 
age-standardized incidence rate followed a decreasing 
trend up to the 90-94 age group for males and the 85-
89 age group for females, and then increased for the 
remaining age group(s), the details of which are depicted 
in Figure 2A. 

In 2019, males had a higher number of deaths and age-
standardized death rate than did females. The number of 
deaths among males increased from the first age group 
(70-74 years old) until the second (75-79 years old) and 
then decreased with advancing age, while in females, there 
was a constant decrease with advancing age. In contrast, 
for both sexes the age-standardized death rates from 
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Table 1. Incident Cases, Deaths, and DALYs Due to Cancers Among Adults Aged 70 Years and Above in 1990 and 2019 and the Percentage Change in Rates Per 
100 000 in Iran

Incidence (95% UI) Deaths (95% UI) DALYs (95% UI)

Counts
(2019)

Rate
(2019)

Pcs in Rate 
1990-2019

Counts
(2019)

Rate
 (2019)

Pcs in Rate 
1990-2019

Counts
(2019)

Rate
 (2019)

Pcs in Rate 
1990-2019

Iran 
381413
(270466, 
525698)

10985.6
(7790.1, 
15141.4)

-4.4
(-13.2, 7.4)

29623
(26811, 
32163)

853.2
(772.2, 926.4)

13.8
(2.2, 38)

412899
(378249, 
445424)

11892.5
(10894.5, 
12829.3)

-0.1
(-9.6, 21.8)

Alborz
12412

(8831, 17164)

11465.1
(8157.1, 
15853.9)

1.5
(-5.4, 10.2)

890
(768, 1025)

821.9
(709.4, 946.6)

9.4
(-12.9, 47.1)

13077
(11322, 
15067)

12079
(10458.3, 
13917.6)

4.5
(-17.2, 41.7)

Ardebil
6341

(4563, 8688)

11256.2
(8099.5, 
15422.7)

-5
(-13, 5)

687
(594, 771)

1219.2
(1054.8, 
1368.1)

18.8
(-1.5, 53.2)

9715
(8424, 10966)

17246.2
(14954.1, 
19465.9)

8.3
(-11, 40.5)

Bushehr
4121

(2893, 5709)

11163.8
(7838.5, 
15466.4)

-1.5
(-8.3, 7.5)

303
(269, 341)

820.8
(728.8, 922.8)

18.8
(-2, 49.6)

4513
(4033, 5088)

12226.1
(10925.8, 
13784.4)

12
(-7.5, 43.5)

Chahar 
Mahaal and 
Bakhtiari

4006
(2857, 5518)

10636.2
(7586.1, 
14648.7)

-8
(-17.9, 4.5)

288
(247, 342)

765
(656, 906.8)

2.4
(-17.6, 31)

3873
(3342, 4553)

10282.2
(8872.2, 
12087.9)

-13.4
(-30.7, 12.1)

East 
Azarbayejan

21107
(15029, 
29103)

11417.4
(8129.3, 
15742.5)

-4.3
(-13.4, 7.2)

2241
(1923, 2570)

1212.3
(1040.2, 
1390.2)

27.3
(2.4, 68.2)

31647
(27219, 
36355)

17118.4
(14723.3, 
19665.1)

15.7
(-7.5, 53.7)

Fars
21812
(15507, 
30073)

10920.5
(7763.9, 
15056.1)

-3.4
(-12, 7.8)

1486
(1270, 1724)

744.1
(635.9, 863.4)

22.1
(-3.5, 59.6)

20347
(17513, 
23590)

10186.7
(8767.8, 
11810.3)

4.5
(-17.1, 38.7)

Gilan
17108
(12200, 
23545)

10969
(7822.4, 
15096.3)

-2.5
(-13.1, 11.9)

1346
(1170, 1530)

863
(750.4, 981.3)

19.9
(-3.2, 52.1)

18959
(16595, 
21537)

12155.9
(10640.4, 
13809)

2.7
(-16.6, 29.9)

Golestan
6689

(4739, 9274)

10894.2
(7717.8, 
15103.2)

-5.6
(-13.4, 4.9)

530
(472, 592)

863.4
(769.1, 964.4)

7.5
(-11.3, 34.6)

7655
(6856, 8572)

12467.5
(11165.8, 
13959.8)

-3.7
(-20.3, 23.1)

Hamadan
10162

(7216, 14015)

10760.3
(7640.7, 
14839.6)

-8.5
(-18.5, 5.4)

739
(630, 843)

782.1
(666.9, 892.4)

19.3
(-4.7, 53.8)

10233
(8786, 11624)

10835.7
(9303, 

12308.4)

0.4
(-19.7, 30.3)

Hormozgan
5309

(3755, 7398)

10560.2
(7468.9, 
14716.8)

-5.8
(-13.3, 4.2)

278
(240, 322)

552.2
(477, 640.7)

7.1
(-11.8, 43.9)

3882
(3393, 4456)

7723.1
(6748.7, 
8864.6)

-6.5
(-23, 26.1)

Ilam
2094

(1486, 2883)

11224.9
(7965.7, 
15453.6)

-3.1
(-10.5, 5.2)

186
(160, 210)

997.3
(858.4, 
1125.6)

11.3
(-8, 38.4)

2542
(2192, 2860)

13627.1
(11750.4, 
15330.6)

2.5
(-15, 28.7)

Isfahan
27766
(19745, 
38249)

11000.3
(7822.4, 
15153.5)

-2.3
(-12.4, 11.2)

2080
(1771, 2405)

824.1
(701.6, 952.9)

38.3
(9.6, 87.6)

28637
(24516, 
33165)

11345.4
(9712.7, 
13139.1)

20.2
(-5.4, 64.6)

Kerman
11887

(8422, 16380)

10733.6
(7605.4, 
14790.9)

-7.2
(-17.9, 6.7)

850
(739, 957)

767.6
(667.5, 864.5)

11.8
(-8.9, 42.8)

11501
(10000, 
12967)

10385.4
(9029.7, 
11709.4)

-7.7
(-25.4, 18.1)

Kermanshah
9376

(6701, 12965)

10917.3
(7803.1, 
15096.5)

-8.1
(-16.3, 2.4)

734
(634, 846)

854.9
(737.9, 985)

1.3
(-17.9, 32)

10126
(8774, 11631)

11791.3
(10216.9, 
13543.4)

-11.9
(-29.2, 16.5)

Khorasan-e-
Razavi

29217
(20712, 
40200)

11054.2
(7836.5, 
15209.5)

-7.1
(-16.6, 5.2)

2641
(2299, 3010)

999.2
(869.7, 
1138.9)

11.7
(-7.8, 46.1)

37513
(32823, 
42595)

14193.2
(12418.5, 
16115.8)

-4
(-21.5, 25.7)

Khuzestan
17218
(12144, 
23871)

10694.4
(7542.6, 
14826.2)

-2.6
(-9.4, 6.1)

1109
(976, 1262)

689
(606.3, 783.6)

18
(-2.9, 47.3)

15562
(13755, 
17699)

9665.3
(8543.3, 
10993.1)

5.4
(-14.2, 32.7)

Kohgiluyeh 
and Boyer-
Ahmad

2379
(1697, 3267)

11176.6
(7970.1, 
15347.1)

1
(-8.6, 13.6)

178
(146, 209)

834.3
(688, 981.5)

20.1
(-7.2, 58.5)

2325
(1929, 2751)

10921
(9062.7, 
12922.8)

3.8
(-19.5, 38.2)

Kurdistan
7556

(5405, 10426)

11122.7
(7956.2, 
15347.3)

-7.3
(-14.3, 1.3)

673
(570, 764)

990
(838.7, 
1124.3)

-10.2
(-25.9, 12.1)

9300
(7955, 10540)

13689.8
(11710.4, 
15515.8)

-19.7
(-34.6, 1)
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cancer increased with increasing age (Figure 2B).
In 2019, the number of DALYs and the age-standardized 

DALY rate of cancers in males were substantially higher 
than in females. The number of DALYs decreased for 
both sexes with increasing age. Furthermore, the age-
standardized DALY rate of cancers was the highest in the 
75-79 age group for both males and females, and then 
declined with age (Figure 2C).

Risk Factors
The proportion of DALYs attributable to each risk factor 
differed at the national and provincial levels. Nationally, 
tobacco smoking (18.0%), high BMI (5.1%), high fasting 
plasma glucose (5.0%), and dietary risks (5.0%) had the 
four largest attributable DALYs. Similar trends in the 
attributable DALYs were found in each province, and the 

highest and lowest DALYs (due to tobacco consumption) 
were found in Bushehr (21.5%) and Tehran (15.8%), 
respectively (Figure 3). The proportion of DALYs due to 
each cancer risk factor in each province is displayed, by 
sex, in Figures S13 and S14.

Cancer Types
In 2019, other neoplasms, stomach and prostate cancers 
had the highest incidence rates among those aged 70 and 
older in Iran. In terms of death rates, stomach, tracheal, 
bronchus and lung, and prostate cancers had the three 
highest rates. Furthermore, stomach cancer, tracheal, 
bronchus, and lung cancer, and colon and rectum cancer 
had the highest DALY rates (Table S5).

Testicular, pancreatic, and ovarian cancers had the 
largest incidence rate increase from 1990 to 2019, while 

Incidence (95% UI) Deaths (95% UI) DALYs (95% UI)

Counts
(2019)

Rate
(2019)

Pcs in Rate 
1990-2019

Counts
(2019)

Rate
 (2019)

Pcs in Rate 
1990-2019

Counts
(2019)

Rate
 (2019)

Pcs in Rate 
1990-2019

Lorestan
8099

(5812, 11129)

11099.6
(7965.4, 
15252)

-4.7
(-12.7, 5.8)

703
(601, 813)

964
(823.3, 
1114.7)

10
(-11.2, 42)

9878
(8475, 11353)

13537.9
(11614.5, 
15559.4)

-2.1
(-21.5, 29.1)

Markazi
8923

(6390, 12238)

10644.6
(7622.8, 
14599.7)

-8.4
(-18.9, 5)

695
(590, 798)

828.9
(703.9, 951.9)

4.7
(-14.3, 30.4)

9165
(7796, 10545)

10933.8
(9300.7, 
12579.7)

-13
(-29.1, 9.4)

Mazandaran
19390
(13826, 
26721)

11026.2
(7861.9, 
15195.3)

-4
(-13.3, 8.7)

1542
(1322, 1772)

877
(751.9, 
1007.8)

24.4
(0.3, 60.1)

21528
(18573, 
24715)

12241.8
(10561.6, 
14054.5)

7.7
(-13.3, 38.6)

North 
Khorasan

3920
(2792, 5399)

11099.3
(7907, 

15287.8)

-6.8
(-16.3, 6.3)

329
(288, 369)

931.6
(815.8, 
1046.2)

8
(-11.5, 38.6)

4677
(4096, 5221)

13243
(11599, 
14783)

-7.7
(-24.3, 18.6)

Qazvin
5975

(4230, 8270)

10989.9
(7781.6, 
15212.9)

-5.1
(-14.7, 7.8)

501
(427, 570)

921.6
(786.2, 
1049.2)

33.7
(5.6, 72.7)

7105
(6086, 8126)

13068.4
(11194.5, 
14947)

15.9
(-7.6, 50.9)

Qom
5362

(3825, 7364)

11233.6
(8013.2, 
15429.3)

-2.4
(-10.9, 9.1)

437
(375, 499)

916.1
(784.6, 
1046.4)

5.8
(-14.8, 41.2)

6037
(5203, 6868)

12648.6
(10900.1, 
14389.8)

-7.7
(-25.5, 24.5)

Semnan
3728

(2639, 5137)

11028.7
(7807, 

15196.3)

-4.4
(-13.9, 7.4)

306
(265, 350)

905.4
(785, 1035.2)

17.3
(-5.3, 52.8)

4356
(3781, 5024)

12885.5
(11185.7, 
14862.3)

1.1
(-18.4, 34.2)

Sistan and 
Baluchistan

6070
(4275, 8406)

10675.9
(7519.4, 
14784.3)

-9.5
(-18.3, 1.8)

388
(324, 457)

683.2
(569.2, 803.9)

15.2
(-8.8, 50.8)

5413
(4559, 6353)

9521.3
(8018.2, 
11174.2)

-1.7
(-23, 31.8)

South 
Khorasan

4338
(3080, 5958)

10802
(7670.3, 
14836.8)

-7.4
(-17.1, 5.6)

350
(301, 395)

872.1
(748.6, 984)

14.3
(-6.4, 43.2)

4715
(4080, 5309)

11741.6
(10160.3, 
13220.7)

-4.5
(-21.5, 21)

Tehran
74860
(53182, 
103758)

10934.4
(7768.1, 
15155.4)

-1.6
(-9.5, 8.6)

4788
(3998, 5535)

699.3
(584, 808.5)

1.7
(-19.1, 29.7)

66030
(55851, 
75940)

9644.7
(8157.9, 
11092.2)

-7.3
(-26.9, 18.9)

West 
Azarbayejan

13342
(9567, 18324)

11219.4
(8045, 

15409.3)

-6.8
(-15.3, 3.9)

1460
(1268, 1650)

1227.9
(1066.6, 
1387.7)

10.8
(-7.7, 40.5)

20366
(17751, 
22950)

17125.8
(14926.9, 
19299.1)

-0.9
(-18.3, 26.3)

Yazd
5153

(3695, 7045)

10995.4
(7884.4, 
15031.1)

-1.3
(-11.6, 12.6)

431
(363, 502)

919.7
(774.1, 
1070.9)

35.5
(8.4, 74.5)

5866
(4951, 6818)

12516.6
(10562.8, 
14547.5)

14.1
(-9.1, 48.9)

Zanjan
5693

(4034, 7855)

10830.4
(7674.5, 
14943.7)

-6.9
(-16.8, 6.5)

453
(398, 507)

862.2
(756.4, 965.1)

20.1
(-3.3, 48.7)

6355
(5612, 7086)

12090.1
(10676.3, 
13481.7)

2.4
(-17.8, 28.9)

Note. UI: Uncertainty interval; DALY: Disability-adjusted life-year; Pcs: Percent changes.

Table 1. Continued.
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Figure 1. Map of Incidence (A), Deaths (B), and DALY (C) Rates for Cancers (per 100,000 Population) Among Adults Aged 70 Years and Above in Iran in 2019. 
Note. DALY: Disability-adjusted-life-years. Source. Generated from data available on http://ghdx.healthdata.org/gbd-results-tool.

1A)

1B)

1C)

http://ghdx.healthdata.org/gbd-results-tool
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Figure 2. Number of Incident Cases and Incidence Rate: (A) Number of Death Cases and (B) Death Rate and the Number of DALYs and DALY Rate (C) for Cancers 
(per 100 000 Population) Among Adults Aged 70 Years and Above in Iran in 2019 by Age and Sex. Note. Dotted and dashed lines indicate 95% upper and lower 
uncertainty intervals, respectively. DALY: Disability-adjusted life years. Source. Generated from data available on http://ghdx.healthdata.org/gbd-results-tool.
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stomach cancer was the only cancer that decreased 
during this period. During the same measurement 
period, testicular, pancreatic, and ovarian cancers had the 
highest increase in the death rate, whereas nasopharynx 
and stomach cancers were the only types that decreased 
during this period. The highest increase in the DALY rate, 
during the measurement period, was found for testicular, 
pancreatic, and kidney cancers. In contrast, malignant 
skin melanoma, nasopharynx, and stomach cancers were 
the only types that had lower DALY rates in 2019 than in 
1990 (Table S5).

Discussion
The current research presented the attributable burden of 
cancers among the elderly population of Iran. Based on 
our report, there were approximately 380 thousand new 
cancer cases in 2019, with nearly 30 thousand deaths 
among Iranians aged 70 and older. Moreover, the death 
rate attributable to cancers among the elderly increased 
by 13.8% over the past three decades, but the incidence 
rate did not change significantly. In 2019, Ardebil, West 
Azarbayejan, and East Azarbayejan provinces had the 
highest burdens of cancer, but none of them had changed 
substantially since 1990. In addition, males had a higher 
burden of cancer, and it increased constantly with 
advancing age. Furthermore, tobacco smoking, high BMI, 
high fasting plasma glucose, and dietary risks made the 
largest contributions to the burden of cancer among the 
elderly Iranian population. In terms of the cancer type, 
stomach, tracheal, bronchus, and lung, and colon and 
rectum cancers were responsible for the largest burden. 

The incidence rate for the cancers among elderly Iranians 
(i.e., nearly 11 000 per 100 000 population) is substantially 
higher than that reported in 2015 (i.e., nearly 170 per 
100 000 population) for the total Iranian population.15 In 

2016, Khuzestan, Yazd, and Fars provinces had the highest 
incidence of cancer among the overall population of Iran,16 
whereas this high rate, among older Iranians, belonged 
to Alborz, East Azarbayejan, and Ardebil provinces, 
highlighting the importance of developing cancer action 
plans based on the demographic feature of each province. 
In East Azarbayejan, it was found that the rate of cancer 
diagnosis in males and females was four and two times 
higher among the elderly, respectively, than they were 
among younger individuals. Likewise, in this province, 
the stomach (males) and esophagus (females) were the 
most common cancer sites.17 In addition, stomach cancer 
was the most frequently identified malignancy for both 
elderly males and females in Ardebil.18 Moreover, a 2012 
study represented that the overall cancer mortality was 
20% higher among Iranian males than among females,19 
which is in line with our sample of older individuals. 
Furthermore, in 2019 the most deadliest cancer types for the 
general population of Iran were stomach cancer, tracheal, 
bronchus, and lung, and colon and rectum cancer.20 These 
findings are in accordance with the rankings we found 
among the elderly population of Iran, except for the third 
ranked cancer, which was prostate cancer.

A small number of studies have reported the attributable 
burden of cancer among the elderly. For instance, the 
cancer statistic project in the United States provided data 
on the burden of cancers for adults who were at least 85 
years old based on the national registries.21 This indicated 
that while elderly adults (≥ 85 years old) comprised 2% of 
the US population in 2019, about 8% of all new cancer 
cases were diagnosed in this age group.21 In addition, 
the global cancer burden among the elderly (≥ 65 years 
old) was reported in 2012 using data provided by the 
GLOBOCAN project.22 The age-standardized incidence 
rates of cancers among the elderly population of the Middle 

Figure 3. Percentage of DALYs due to Cancers Attributable to Each Risk Factor Among Adults Aged 70 Years and Above in Iran in 2019. Note. DALY: Disability-
adjusted life-year. Source. Generated from data available on http://ghdx.healthdata.org/gbd-results-tool.
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East and North Africa (MENA) region, including Iran, 
were estimated to be 893 for males and 428 per 100 000 
for females,22 which are extremely lower than our 2019 
estimates. It is likely that any differences are as a result of 
differences in the methodologies of the GLOBOCAN and 
GBD projects. Nevertheless, it has been projected that by 
2035, the number of new cases of cancer in the elderly will 
increase by 54% in developed countries and 144% in less 
developed countries, with the highest increase being in 
the MENA region.22

Concerning the age patterns, the findings of the present 
research revealed that the incidence rate decreased with 
age up to the 85-89 age group for females and the 90-94 
age group for males, then it increased with advancing age. 
Conversely, a study in the US reported a steady upward 
trend in the incidence rate up to the 80-84 age group 
for females and the 85-89 age group for males, followed 
by a decrease.21 This disparity could be as a result of 
discrepancies in risk factor exposure. As a high-income 
county, controlling and preventing exposure to risk factors 
is relatively efficient in the US,23-25 while in Iran, there are 
few effective programs,7, 26 implying that younger Iranian 
individuals are more commonly exposed to carcinogens. 
This may explain why the incidence of cancers peaks 
among young adults in Iran, while in the US, it peaks 
among older ages. Our results also demonstrated that 
tobacco smoking, high BMI, high fasting plasma glucose, 
and dietary risks were among the most common risk 
factors for cancers among Iranians aged 70 and above. 
Furthermore, using GBD data, a recent study reported 
that the DALY rates of cancer attributable to all risk 
factors (i.e., environmental, occupational, behavioral, and 
metabolic) peaked in older age groups.27 Despite a high 
burden of cancers attributable to risk factors among the 
elderly, the evidence suggests that smoking cessation at 
later ages may still be effective in reducing mortality from 
lung cancer28; sustained weight loss among older adults 
is related to a reduced risk of breast cancer29; further, 
glycemic control in older diabetic patients reduces the 
incidence of prostate cancer,30 and adherence to dietary 
recommendations lowers the occurrence of colorectal 
cancer in older individuals.31 Therefore, targeting 
people with effective interventions reducing exposure to 
modifiable cancer-related risk factors should be initiated 
early in life to reduce the burden of cancers. Moreover, 
cancer preventive programs should be expanded to target 
older people, aiming at reducing disabilities and deaths 
among the elderly.

The present study found that only stomach cancer 
had a decreasing incidence rate over the period 1990 to 
2019. As infection-related cancer, this decline may reflect 
recent improvements in the treatment for Helicobacter 
pylori in Iran.32, 33 The estimated trends for each cancer 
differ between countries, particularly according to 
socioeconomic status. For instance, in the United States, 
a sharp decline in the incidence rate of prostate and 
colorectal cancer was observed among the elderly during 

the same measurement period,21 which was largely due to 
the more common use of prostate-specific antigen testing 
and colonoscopy as screening measures in younger age 
groups.34 Furthermore, our results demonstrated that the 
most common cancers among elderly Iranian in 2019 were 
stomach and prostate cancers. Similarly, an investigation 
showed that the most common cancers among the elderly 
in the MENA region were prostate and breast cancers 
for males and females, respectively.22 Hence, despite the 
decrease in the incidence of stomach cancer, this type of 
cancer remains the main contributor to the burden of 
cancers among elderly Iranian. Thus, preventive strategies 
should be implemented, particularly in lower-income 
provinces with limited financial resources, and affordable 
cancer care services should be provided for the aging 
Iranian population.

The proportion of the population who are elderly will 
increase in coming years, which will place considerable 
additional strain on the health services and incur 
substantial societal and economic costs. Considering 
the epidemiologic and demographic transition theories, 
a stationary phase is expected to follow the expanding 
population phase.35 Due to improving life expectancy 
and decreasing the birth rate, it has been speculated that 
the Iranian population has already passed the expanding 
phase and is in the middle of the stationary phase.1, 37The 
stabilized phase provides healthcare policy-makers with 
a great opportunity to develop a comprehensive cancer 
control strategy for dealing with the growing number of 
elderly Iranians in order to better control the future burden 
of cancers.36, 37 For this purpose, an effective and cost-
effective cancer screening program will be required and 
should be routinely available for all at-risk individuals in 
order to reduce the incidence and subsequent disabilities 
and complications of malignancies among the elderly 
population in Iran.

Strengths and Limitations
To the best of our knowledge, the present research is the first 
one to report the burden of cancers among elderly Iranians. 
However, we acknowledge that several shortcomings may 
affect the interpretation of our findings. First, as with all 
GBD projects, the scarcity of data is the main limitation, 
particularly in developing countries where epidemiological 
estimates mostly rely on projections made via modeling. In 
addition, the death estimates might not be as accurate for 
older age groups since the accuracy of the death system 
registries depends on the information provided on death 
certificates. Considering that older people often suffer 
from several comorbidities at the same time, identifying 
the exact reason for death may be challenging. Finally, the 
probability of under-diagnosis is extremely higher among 
the elderly population, especially in locations where there 
is limited access to diagnostic facilities. Consequently, 
obtaining more precise and high-quality data for the next 
GBD iterations will improve the level of certainty and 
thereby evidence-based decision-making.
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Conclusions
Despite the steady incidence rate of cancers among the 
older population, the mortality rate in Iran has risen 
over the past three decades. In addition to planning 
for preventive measures, novel treatment approaches 
should be tested among the elderly; this is because they 
are commonly excluded from cancer-related clinical 
trials, and less attention is paid to discovering tolerable 
therapeutic modalities for them. Thus, future research 
should evaluate the detailed needs of older cancer 
patients for improving cancer surveillance and revisiting 
geriatric cancer management strategies while taking into 
consideration the limited resources available in developing 
counties such as Iran. 
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