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This study investigated the survival rates of colorectal cancer (CRC) and the association between 
several pre-diagnostic factors, including demographic, anthropometric, behavioral, nutritional, 
lifestyle, and medical history and CRC incidence and survival. Among 50,045 participants in the 
Golestan cohort study, 190 patients diagnosed with CRC during the follow-up period were included 
in this study. Cox regression and Kaplan–Meier were used for analysis. The CRC incidence risk was 
significantly higher in males (HR = 2.20; 1.54–3.14), adults aged 50–70 years (HR = 1.86, 1.36–2.55), 
adults aged 70 years and older (HR = 3.71; 2.13–6.44), and urban dwellers (HR = 1.74; 1.22–2.47). 
The 1-year, 2-year, and 5-year overall survival was 60.3%, 47.5%, and 35.2%, respectively. Higher 
pre-diagnostic socio-economic status (SES) was associated with a significantly decreased mortality 
(HR = 0.55; 0.34–0.89). While, age 70 years and older (HR = 2.79; 1.12–6.99), pre-diagnostic opium 
use (HR = 2.35; 1.36–4.07), and metastasis (HR = 2.97; 1.97–4.48) were associated with a significantly 
increased mortality. Health policies should be implemented to enhance healthcare services and 
screening programs in low-SES areas. The general population, especially males and adults aged 50 
years and older should be informed about CRC screening, CRC symptoms, and healthy lifestyles and 
diets. Furthermore, there is a critical need to raise awareness about the harmful effects of opium on 
CRC.
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Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second leading cause of cancer 
death worldwide1. The incidence of CRC is increasing globally2. Although mortality rates in developed countries 
show stabilizing or decreasing trends, a rapidly rising trend is observed in low- and middle-income countries2. 
Following the annual increase in CRC incidence, identifying survival rates and survival-associated variables 
provides an opportunity to alter the trajectory of CRC. Previous studies have reported a wide range of cancer 
survival rates. 5-year overall survival in patients with CRC in China, France, Iran, and Brazil has been reported 
as 36.4%, 43.8%, 54%, and 63.5%, respectively3–6.

The association between CRC incidence and different parameters has been studied2,7. However, there are still 
disagreements on certain risk factors such as opium use8. Moreover, there are many studies on the association 
between various factors and CRC incidence2,7, but the impact of associated factors on CRC survival has yet to 
be well-studied. Earlier studies have investigated the effects of pre-diagnostic factors on the survival of patients 
with CRC, focusing on anthropometric measures, physical activity, some dietary or lifestyle factors, alcohol 
consumption, and smoking. Some studies have shown that pre-diagnostic lack of physical activity9, lower 
education10, unhealthy diet11,12, alcohol consumption13, smoking12, and red or processed meat consumption14 
were associated with poor survival. However, other studies reported no association between body mass index 
(BMI), physical activity, education, annual income, diabetes status, and red meat, processed meat, alcohol, or 
fiber intakes and CRC survival15–17. Specifically, reports on BMI and obesity are inconsistent18,19. In previous 
studies, opium use has been associated with pancreatic cancer20. Nevertheless, it is unclear whether pre-
diagnostic opium use affects CRC survival.

In addition to the above-mentioned controversies, to the best of our knowledge, there is a lack of information 
on the survival rate and the effect of pre-diagnostic factors on the incidence and survival of patients with CRC 
in Middle East and North Africa (MENA) region. Furthermore, studying the pre-diagnostic factors and their 
association with CRC incidence and survival is valuable from a public health perspective to identify and modify 
reversible risk factors.

The present study aims to estimate the survival rate of patients with CRC and the effect of several pre-
diagnostic risk factors on CRC incidence and survival rate, including demographic, anthropometric, behavioral, 
nutritional, lifestyle, and medical history, in the context of a large population-based cohort study with a median 
of 15 years of follow-up.

Methods
Study population
Data were obtained from the Golestan cohort study (GCS), launched in January 2004. The GCS enrolled 50,045 
individuals aged 40–75 years from Gonbad City and 326 villages in Golestan province, northeastern Iran. All 
participants were followed up every 12 months. This cohort study is still ongoing, and the participants have 
been followed up for a median of 15 years. Details of the study methods and population have been described 
elsewhere21.

From the entire study sample, 211 participants who were diagnosed with cancer at the time of entering 
the study and 51 participants who did not have detailed information about the type of cancer or other studied 
variables were excluded. As a result, 49,783 participants were included in the incidence analysis and 190 
patients diagnosed with CRC during GCS were included in the survival analysis. All participants with CRC 
received routine, standard treatment. The ethics committee of the Digestive Diseases Research Institute, 
Tehran University of Medical Sciences, approved this study. All research was performed in accordance with the 
Declaration of Helsinki. All participants signed a written informed consent during the original cohort study, 
allowing researchers to use their anonymized data for further analysis.

Baseline data collection
A trained general physician and a trained nutritionist interviewed each participant. Two structured questionnaires 
were implemented: a structured questionnaire and a semi-quantitative food frequency questionnaire (FFQ). 
The structured questionnaire included detailed questions on demographic characteristics, residential history, 
indicators of socio-economic status (SES), medical history, opium use, smoking, water source, and physical 
activity. Because most of the participants’ physical activity was related to their occupation, physical activity was 
defined as occupational activity and coded as yes (heavy and intense activity) or no.

Opium is obtained from the seed capsule of the Papaver somniferum. There are different types of opiates 
commonly used in the Golestan province, including Raw opium, opium dross (tarry residues formed after 
smoking raw opium), and refined opium or opium sap (boiled opium dross with or without raw opium), which 
are smoked or ingested22. The data on recent and past opium use was collected using self-report questionnaire23. 
Opium use was defined as using it more than once a week for at least 6 months22. It has been shown that self-
reported opium use is highly valid in this population compared with the presence of codeine and morphine in 
the urine, with a sensitivity of 0.93 and a specificity of 0.8924.

Nutritional data were collected using a 116-item FFQ specifically designed and validated for this region25. 
Responses were given for commonly used portion sizes and frequency of consumption per day, week, month, or 
year. This study used the Healthy Eating Index 2015 (HEI-2015), which is a valid and reliable tool for assessing 
diet quality26. This index can be used to determine whether a particular group of foods complies with the 
Dietary Guidelines for Americans (DGA)27. The HEI-2015 comprises 13 dietary components. There are nine 
adequacy components that are recommended to be included in a healthy diet. These components consist of 
total fruits, whole fruits, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and 
plant proteins, and fatty acids. Furthermore, there are four moderation components, which should be consumed 
sparingly, namely refined grains, sodium, sugars, and saturated fats26.
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To create a variable that can be used as a proxy for SES, this analysis used multiple correspondence analysis 
(MCA) on house ownership, house structure, house size in square meters (m2), ownership of household 
appliances, including bath in the residence, personal car, motorcycle, black and white TV (B/W TV), color TV, 
refrigerator, freezer, vacuum cleaner, and washing machine28. We classified SES according to its tertiles.

Height and weight were also measured. According to the Quetelet equation, BMI was calculated by dividing 
weight (kg) by height squared (m2). BMI was categorized as follows: underweight (BMI < 18.5 kg/m2), normal 
(18.5 kg/m2 ≤ BMI < 25 kg/m2), and overweight and obese (BMI ≥ 25 kg/m2)29. Diabetes was defined as a self-
reported diagnosis and/or the use of antidiabetic medications.

Ascertainment of mortality and incidence
ICD-10 (International Classification of Diseases, 10th Edition) codes C18 (colon cancer), C19 (recto sigmoid 
junction cancer), and C20 (rectal cancer), were used in the current study.

Each participant was instructed at enrollment to contact if they experienced gastrointestinal symptoms, were 
hospitalized, or developed a new major disease. Upon enrollment, each participant received a personal GCS 
identification card. They can use the card to visit Atrak Clinic if they have gastrointestinal symptoms. The Atrak 
Clinic is a specialized gastroenterology clinic located in Gonbad’s main hospital and offers services for free30. 
All data were recorded on a computerized database. The databases of Atrak Clinic and of the Golestan Cancer 
Registry were reviewed monthly for cancer cases. Also, because almost all study participants or their relatives 
had access to telephone, all participants were actively followed up with annual telephone calls. During each call, 
the follow-up team completed a case review questionnaire and recorded the participant’s vital status and any 
disease or hospital admission since the previous follow-up contact. If a participant could not be reached by phone 
after seven attempts over two weeks, the researchers contacted friends or local health workers. Three outcomes 
were evaluated in the GCS: death, the incidence of any cancer, and the incidence of gastrointestinal cancer. In 
the case of a death reported by telephone or through local health workers or provincial death registry monthly 
reports, a general practitioner who was a member of the follow-up team visited the deceased person’s home 
and completed a validated verbal autopsy questionnaire by interviewing the closest relatives of the deceased 
person31. In addition, all available and related medical documents, including medical charts, radiographs, 
pathology reports, hospital discharge documents, etc., were collected from all hospitals or pathology centers 
in the province and neighboring provinces. Metastasis was determined according to medical documents. Two 
internists independently reviewed all collected documents, including verbal autopsy data and medical charts, 
and the cause of death was recorded using ICD-10 codes. If the results were consistent, a diagnosis was made. In 
the case of mismatch, a more experienced internist reviewed all the documents and the two primary diagnoses 
and made the final diagnosis. If a definitive diagnosis was impossible for any reason, the cause of death was 
coded as “unknown”.

Statistical analysis
The CRC incidence and mortality rates per 100,000 person-year (PY) for all participants were calculated, along 
with the mortality-to-incidence ratio (MIR). The MIR is a metric calculated by dividing the mortality rate by 
the incidence rate in a specified population over a defined time frame. The MIR indicates the fatality associated 
with a specific type of cancer in relation to its incidence. Age- and sex-standardization was calculated using the 
2016 population census of Iran32.

In terms of cancer incidence, all participants in the GCS were included in the risk set, and incident CRC was 
the target event. The entry time (T0) was regarded as the time of entering the study, and the exit time (T1) as the 
time of CRC diagnosis. Individuals that had not experienced the event of interest by the last follow-up time were 
censored, along with those that were lost to follow-up.

In the survival section, only people diagnosed with cancer in the cohort follow-up were included in the 
analysis, and the target event was death from cancer. In this part of the analysis in the Cox regression model, the 
entry time (T0) and exit time (T1) were the times of cancer incidence and death, respectively. Censored cases 
included all subjects alive until the last follow-up time and subjects lost to follow-up. Kaplan–Meier was used 
here to determine overall and metastasis status survival curves.

The effect of risk factors on cancer incidence and survival was investigated with a Cox regression model. First, 
a minimally adjusted model was conducted for each variable, which was adjusted for sex, age and SES. Then all 
variables were entered in a full model to adjust for all potential confounding effects. The Schoenfeld residuals 
test was used to evaluate the proportional hazards assumption by checking for trends in the residuals over time 
for each covariate. The test confirmed that the assumption was valid, with no significant violations detected.

A sensitivity analysis was conducted to examine cancer incidence risk factors, excluding the first two years 
of follow-up. The rationale for this exclusion was to minimize the potential impact of reverse causality. In the 
analysis of factors affecting cancer survival, individuals diagnosed within the first two years of follow-up were 
excluded to ensure the associations reflected long-term effects rather than early influences from undetected 
disease or other risk factors. Data analysis was performed using STATA v.14 software (StataCorp LLC.) and 
Python (version 3.12) with the NumPy (version 1.26) and Matplotlib (version 3.8.1) libraries33,34. A p-value 
lower than 0.05 was considered statistically significant.

Results
Baseline characteristics
Data from 49,783 cohort participants were used in this study. A total of 190 patients were diagnosed with CRC 
during the follow-up period. The age- and sex-standardized rates of CRC incidence were 27.80 per 100,000 
overall, 37.29 per 100,000 in males, and 20.26 per 100,000 in females. During the follow-up period until July 
2022, 126 (66.3%) patients with CRC died. The age- and sex-standardized rates of mortality were 18.32/100,000 
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overall, 24.24/100,000 in males, and 13.85/100,000 in females. The MIR was 0.66 in total, 0.65 in males and 0.68 
in females. Additionally, 54 (28.4%) patients had metastasis. Table 1 shows the CRC incidence and mortality rate 
in the study population based on demographic, anthropometric, medical history, behavioral, nutritional, and 
lifestyle variables. The baseline characteristics of the study population are presented in Supplementary Table S1.

CRC incidence
The hazard ratios (HRs) for cancer incidence in the minimally adjusted model were significantly higher in males 
than in females (HR = 1.85; 95% CI = 1.39–2.46), in the age group 50–70 years (HR = 1.92; 95% CI = 1.41–2.61) 
and >  = 70 years (HR = 4.07; 95% CI = 2.41–6.86) than in < 50 years, in the higher than in the lower SES group 
(HR = 1.62; 95% CI = 1.16–2.26), in urban than in rural dwellers (HR = 1.91; 95% CI = 1.38–2.64), in overweight 
and obese participants (BMI ≥ 25 kg/m2) than in individuals with normal BMI (18.5–25 kg/m2) (HR = 1.43; 95% 
CI = 1.03–1.98), and in participants with a history of diabetes than in participants without a history of diabetes 

Variable N of incidence/person-year at risk Incidence rate per 100,000 PY (95% CI)
N of mortality/person-year 
at risk

Mortality rate 
per 100,000 PY 
(95% CI)

Sex

Female 83/413,536.6 20.07 (16.18–24.88) 56/414,033.9 13.53 (10.4–17.6)

Male 107/288,575.17 37.07 (30.67–44.81) 70/289,104.5 24.21 (19.2–30.6)

Age (year)

 < 50 66/367,393.9 17.96 (14.11–22.86) 40/367,811.6 10.88 (8–14.8)

50–70 106/309,163.86 34.28 (28.34–41.47) 73/309,713.6 23.57 (18.7–29.6)

 >  = 70 18/25,539.69 70.47 (44.40–111.86) 13/25,598.8 50.78 (29.5–87.5)

SES

First tertile 56/245,396.38 22.82 (17.56–29.65) 43/245,624.5 17.51 (13–23.6)

Second tertile 45/217,128.98 20.72 (15.47–27.75) 31/217,393.4 14.26 (10–20.3)

Third tertile 89/239,586.41 37.14 (30.17–45.72) 52/240,120.5 21.66 (16.5–28.4)

Place of residence

 Rural 123/556,624.58 22.09 (18.51–26.36) 87/557,286.6 15.61 (12.7–19.3)

 Urban 67/145,487.19 46.05 (36.24–58.51) 39/145,851.9 26.74 (19.5–36.6)

BMI (kg/m2)

 Normal 56/247,636.87 22.61 (17.40–29.38) 35/247,955.7 14.12 (10.1–19.7)

 Underweight 9/30,686.43 29.32 (15.26–56.36) 6/30,737 19.52 (8.8–43.5)

 Overweight and obese 124/423,714.66 29.26 (24.54–34.89) 84/424,368 19.79 (16–24.5)

Physical activity

 Inactive 106/330,420.61 32.08 (26.51–38.80) 72/331,016.6 21.75 (17.3–27.4)

 Active 82/358,173.28 22.89 (18.43–28.42) 52/358,598.3 14.5 (11–19) 

History of Diabetes

 No 170/658,288.97 25.82 (22.22–30.01) 111/659,232.2 16.84 (14–20.3)

 Yes 20/43,822.8 45.63 (29.44–70.73) 15/43,906.2 34.16 (20.6–56.7)

HEI-2015

 First quartile 46/185,746.26 24.76 (18.54–33.06) 29/186,034.8 15.59 (10.8–22.4)

 Second quartile 44/183,751.87 23.94 (17.82–32.18) 32/183,956.6 17.4 (12.3–24.6)

 Third quartile 36/154,343.08 23.32 (16.82–32.33) 27/154,553.7 17.47 (12–25.5)

 Fourth quartile 60/163,207.43 36.76 (28.54–47.35) 34/163,516.6 20.79 (14.9–29.1)

Cigarette ever used

 No 153/587,744.04 26.03 (22.21–30.50) 98/588,590.1 16.65 (13.7–20.3)

 Yes 37/114,367.73 32.35 (23.44–44.65) 28/114,548.3 24.44 (16.9–35.4)

Opium ever used

 No 166/593,975.57 27.94 (24.00–32.53) 104/594,867.8 17.48 (14.4–21.2)

 Yes 24/108,136.2 22.19 (14.87–33.11) 22/108,270.6 20.32 (13.4–30.9)

Water source

 Pipe 166/583,483.26 28.44 (24.43–33.12) 108/584,367.7 18.48 (15.3–22.3)

 Other 24/118,613.51 20.23 (13.56–30.18) 18/118,755.7 15.16 (9.5–24.1)

Table 1.  The colorectal cancer incidence rate and cancer death probability in the study population. The 
table demonstrates the CRC incidence and mortality rate in the study population based on demographic, 
anthropometric, medical history, behavioral, nutritional, and lifestyle variables. PY: person-year; SES: socio-
economic status; BMI: body mass index; HEI-2015: Healthy Eating Index 2015.
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(HR = 1.65; 95% CI = 1.03–2.64) (Table 2). There was no significant difference in the incidence risk between the 
different groups in other variables.

Fully adjusted analysis revealed that the HRs for cancer incidence were significantly higher in males than 
in females (HR = 2.20; 95% CI = 1.54–3.14), in the age group 50–70 years (HR = 1.86; 95% CI = 1.36–2.55) and 
the age group >  = 70 years (HR = 3.71; 95% CI = 2.13–6.44) than in participants < 50 years, and in urban than in 
rural dwellers (HR = 1.74; 95% CI = 1.22–2.47) (Table 2) (Fig. 1). No differences were found in the results when 
sensitivity analysis was performed, and the significance level remained at the same level (Supplementary Table 
S2). This indicates that excluding early cases did not substantially affect the observed associations, confirming 
that the findings are robust and not influenced by potential reverse causality.

Variable

Cancer incidence

Minimally adjusted Fully Adjusted

HR 95% CI p-value HR 95% CI p-value

Sex

 Female 1 1

 Male 1.85 (1.39–2.46)  < 0.001 2.20 (1.54–3.14)  < 0.001

*Age (year)

  < 50 year 1 1

 50–70 year 1.92 (1.41–2.61)  < 0.001 1.86 (1.36–2.55)  < 0.001

  >  = 70 year 4.07 (2.41–6.86)  < 0.001 3.71 (2.13–6.44)  < 0.001

SES

 First tertile 1 1

 Second tertile 0.90 (0.61–1.33) 0.594 0.74 (0.49–1.11) 0.150

 Third tertile 1.62 (1.16–2.26) 0.005 1.18 (0.81–1.73) 0.388

Place of residence

 Rural 1 1

 Urban 1.91 (1.38–2.64)  < 0.001 1.74 (1.22–2.47) 0.002

BMI (kg/m2)

 Normal 1 1

 Underweight 1.34 (0.66–2.71) 0.415 1.47 (0.72–2.99) 0.288

 Overweight and obese 1.43 (1.03–1.98) 0.032 1.26 (0.90–1.77) 0.174

Physical activity

 Inactive 1 1

 Active 1.09 (0.79–1.50) 0.610 1.09 (0.78–1.51) 0.618

History of Diabetes

 No 1 1

 Yes 1.65 (1.03–2.64) 0.036 1.51 (0.92–2.40) 0.101

HEI-2015

 First quartile 1 1

 Second quartile 0.94 (0.62–1.42) 0.754 0.91 (0.60–1.39) 0.670

 Third quartile 0.88 (0.56–1.37) 0.574 0.82 (0.52–1.28) 0.386

 Fourth quartile 1.24 (0.83–1.87) 0.292 1.01 (0.65–1.55) 0.974

Cigarette ever used

 No 1 1

 Yes 0.88 (0.59–1.30) 0.519 0.95 (0.63–1.45) 0.827

Opium ever used

 No 1 1

 Yes 0.66 (0.42–1.02) 0.065 0.72 (0.45–1.16) 0.178

Water source

 Pipe 1 1

 Other 0.76 (0.49–1.17) 0.213 0.91 (0.58–1.42) 0.681

Table 2.  Hazard ratios for different variables in relation to cancer incidence in the study population. *: Age 
at the time of study entry for incidence. This table indicates that male sex, age 50 years and older, and being 
an urban dweller were associated with a significantly increased risk of CRC incidence. HR: hazard ratio; SES: 
socio-economic status; BMI: body mass index; HEI-2015: Healthy Eating Index 2015.
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Survival analysis on CRC patients
Kaplan Meier’s analysis of patients with CRC is shown in Fig. 2 and 3. Figure 2 shows that the 1-year, 2-year, 
and 5-year, overall survival among patients with CRC was 60.3%, 47.5%, and 35.2%, respectively. There was a 
statistically significant difference in the survival rate of patients with and without metastasis (p-value < 0.001). 
The 5-year survival rate (95% CI) for patients with CRC with and without metastasis was 0.08 (0.02–0.17) and 
0.47 (0.38–0.56), respectively. (Fig. 3).

An overall significant decreased risk of mortality among incident cases was observed in the minimally 
adjusted model for having higher SES than lower SES (HR = 0.51; 95% CI = 0.34–0.77). In contrary, a significant 
increased risk of mortality was observed for patients who had ever used cigarette (HR = 1.64; 95% CI = 1.01–
2.66), patients who had ever used opium (HR = 2.21; 95% CI = 1.35–3.60), and for patients who had metastasis 
(HR = 2.69; 95% CI = 1.85–3.92) (Table 3).

In the fully adjusted model, the HR for mortality was significantly lower in patients with higher SES than 
in patients with lower SES (HR = 0.55; 95% CI = 0.34–0.89). The HRs for mortality were significantly higher 
in the age group >  = 70 years (HR = 2.79; 95% CI = 1.12–6.99) than in patients < 50 years, and in patients with 
metastasis than in patients without metastasis (HR = 2.97; 95% CI = 1.97–4.48) (Table 3) (Fig. 1). The risk of 
mortality for patients who had ever used opium was 2.35 times (95% CI = 1.36–4.07) that for patients who had 
never used opium. Sensitivity analysis did not reveal any differences in results, and the significance level did not 
change (Supplementary Table S2). This supports the robustness of the findings and indicates that excluding early 
cases had no meaningful impact on the identified associations.

Discussion
In this prospective cohort study, several pre-diagnostic factors were associated with CRC incidence and mortality 
risk. The mortality risk was significantly higher in the age group >  = 70 years, patients with lower SES, patients 
who had ever used opium, and patients with metastasis. Also, male sex, age 50 years and older, and being an 
urban dweller were associated with a significantly increased risk of CRC incidence. This study demonstrated 
that the overall survival of 1-year, 2-year, and 5-year was 60.3%, 47.5%, and 35.2%, respectively. Patients with 
metastasis had lower survival than patients without metastasis.

Similar to our findings, Chen et al. reported a 5-year survival rate for CRC of 36.3%3. Joachim et al. showed 
that 1-year, 5-year, and 10-year survival for CRC was 74.6%, 43.8%, and 33.0%, respectively4. However, some 
other studies found higher survival rates. A meta-analysis of 38 studies on CRC survival reported 1- and 5-year 
survival rates of 84% and 54%, respectively5. Another study showed that 5-year survival for CRC was 63.5%6. The 

Fig. 1.  Forest plots of hazard ratios for mortality and incidence across study variables. Based on the Cox 
regression model, the risk of mortality was substantially higher in the age group >  = 70 years, those with lower 
SES, individuals who had ever used opium, and patients with metastasis. Additionally, being male, being 50 
years or older, and being an urban dweller were linked to a significantly higher incidence of CRC. SES: socio-
economic status; BMI: body mass index; HEI-2015: Healthy Eating Index 2015; CRC: colorectal cancer.
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disagreement in the results may be due to the unequal access to healthcare facilities, screening programs, health 
policies, stage at diagnosis, and treatment approaches in different regions.

To our knowledge, this study was the first to evaluate the association of pre-diagnosis opium use with the 
mortality risk in patients with CRC. The current study found that opium use before diagnosis was associated 
with mortality. Molecular studies have shown that opioids affect cell proliferation, cell death, and the immune 
system, and their use may alter the function of cancer cells35. Opioids have immunosuppressant effects, allowing 
cancer to escape the immune system36. In addition, to increase the weight of opium, compounds such as lead 
and chromium are added to it22. The association between these toxic metals and CRC has been demonstrated37. 
Therefore, the general public should be aware of the negative consequences of opium use concerning CRC. 
Nevertheless, additional studies are required to confirm or refute the association between opium use before 
diagnosis and CRC survival.

In the current study, pre-diagnostic lower SES was related to a higher mortality risk. Similar to our findings, 
previous studies have shown that the survival rate of patients with CRC with lower SES was poorer than that 
of patients with higher SES38. Other studies found that women with low social support before CRC diagnosis 
had a higher mortality rate39. Another study showed no association between annual household income and 
CRC survival17. Nonetheless, they did not investigate other SES-associated factors. The association between 
lower SES and poor CRC survival may be due to a lack of medical care as a result of social, cultural, or financial 
barriers, reluctance to seek health care and late diagnosis in patients with lower SES38. This study suggests that 
policy-makers should enhance healthcare services in low-SES areas, such as rural areas, so that screening tests, 
especially colonoscopy, be widely available to rural residents. In the United States, disparities between urban 
and rural communities have been decreased between 2016 and 2020. The reason for this may be CRC screening 
awareness and the Medicare Access and CHIP Reauthorization Act (MACRA), which provides high-quality 
health care through financial incentives for healthcare professionals40. Also, people in low-SES regions should 
be informed about CRC symptoms, screening tests, and healthy lifestyles with interventions such as the family 
medicine program or new educational programs about CRC. CRC education through email and community 
drop boxes has been shown to be an effective method for rural areas41.

Patients aged 70 years and over had a higher mortality risk than patients under 50 years in this study. According 
to previous studies, older patients have a greater mortality risk because of a complex interplay of various factors, 
including physiological vulnerability, disparities in treatment approaches, and the impact of age on surgical 

Fig. 2.  Kaplan–Meier survival curve of patients with colorectal cancer (overall). The overall survival of 1-year, 
2-year, and 5-year was 60.3%, 47.5%, and 35.2%, respectively.
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outcomes, all of which contribute to the observed differences in survival rates in the current study42–44. Evidence 
shows that older patients have more advanced diseases at the time of diagnosis45. Additionally, adjuvant and 
palliative chemotherapy are less commonly prescribed to elderly patients due to their poor health45. Due to 
the various factors, such as side effects, the likelihood of older participants discontinuing chemotherapy is also 
greater42. In addition, the treatment of young patients is likely to be more aggressive42. According to studies, 
fewer elderly patients underwent curative major resections than younger patients, regardless of cancer stage44. As 
a result, for older patients with CRC, personalized care plans must consider age-related factors, comprehensive 
geriatric assessments, and appropriate treatment strategies to optimize outcomes. In contrast to our findings, in 
some studies, younger patients have poorer survival rates46. It is likely that the poor prognosis of young patients 
was caused by the majority of them presenting with an advanced form of the disease46. However, some studies 
have found that elderly patients do not have a shorter lifespan than young patients and only the clinical and 
pathological features of cancer are decisive47. This inconsistency calls for more research.

This study showed that the male sex was associated with a higher risk of CRC incidence. Earlier studies 
reported similar results48. The explanation for this sex difference could be the protective role of estrogen and 
X-linked genes48. In spite of this, sex is not considered in the current recommendations for CRC screening49. 
Further studies are still needed to clarify this association and determine whether screening should start earlier 
for males.

In the current study, age 50 years and older was associated with an increased risk of CRC. Our findings are 
consistent with current evidence50. The results emphasize that screening in individuals over 50 years old should 
not be postponed. In addition, it has been shown that increasing the participation rate of unscreened older adults 
is likely to be cost-effective51. Therefore, health policy-makers must facilitate CRC screening programs.

This analysis found that being an urban dweller was related to a higher risk of CRC incidence. Our results 
are in agreement with previous studies52. The explanation for this difference could be that urban dwellers are 
probably more exposed to some risk factors, such as lack of physical activity, low fiber consumption, and high 
red meat and processed meat consumption, which are well-known risk factors for CRC2,7. In addition, people in 
urban areas have more access to healthcare services and diagnostic tests, and as a result, urban residents are more 
likely to be diagnosed with cancer than rural residents. However, a policy should be implemented to inform the 

Fig. 3.  Kaplan–Meier survival curve of patients with colorectal cancer based on metastasis. A significant 
difference in survival rates was found between patients with colorectal cancer with metastasis (5-year survival 
rate: 8%) and without metastasis (5-year survival rate: 47%) (p-value < 0.001).
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public about the CRC screening initiation, healthy lifestyle, and healthy eating habits, especially in males, older 
individuals, and urban dwellers.

There was no significant association between pre-diagnostic BMI and mortality risk in this study. Previous 
research on this topic has yielded inconsistent findings. Several studies have reported a significant association 
between pre-diagnostic BMI and CRC morality53. In contrast, others have identified a U-shaped relationship, 
with both underweight and obesity linked to higher mortality rates15. Some studies have found no significant 
association between pre-diagnostic BMI and CRC mortality risk54. Additionally, some evidence suggests that 
overweight or obesity may be associated with improved survival, potentially due to a protective nutritional 
reserve or better tolerance to cancer treatments55,56. The differences in study findings may arise from variations in 

Variable

Mortality

Minimally Adjusted Fully Adjusted

HR 95% CI p-value HR 95% CI p-value

Sex

 Female 1 1

 Male 1.05 (0.74–1.50) 0.768 1.02 (0.65–1.60) 0.942

*Age (year)

 < 50 year 1 1

 50–70 year 1.59 (0.73–3.45) 0.238 1.80 (0.76–4.27) 0.181

  >  = 70 year 2.08 (0.93–4.67) 0.076 2.79 (1.12–6.99) 0.028

SES

 First tertile 1 1

 Second tertile 0.72 (0.45–1.15) 0.168 0.66 (0.38–1.12) 0.126

 Third tertile 0.51 (0.34–0.77) 0.001 0.55 (0.34–0.89) 0.016

Place of residence

 Rural 1 1

 Urban 0.73 (0.47–1.13) 0.155 0.74 (0.47–1.18) 0.207

BMI (kg/m2)

 Normal 1 1

 Underweight 1.23 (0.50–3.03) 0.649 1.60 (0.59–4.32) 0.351

 Overweight and obese 1.10 (0.72–1.67) 0.653 1.10 (0.72–1.69) 0.651

Physical activity

 Inactive 1 1

 Active 0.88 (0.59–1.30) 0.516 1.12 (0.73–1.73) 0.595

History of Diabetes

 No 1 1

 Yes 1.49 (0.86–2.60) 0.156 1.58 (0.86–2.89) 0.140

HEI-2015

 First quartile 1 1

 Second quartile 1.46 (0.88–2.42) 0.144 1.32 (0.78–2.26) 0.300

 Third quartile 1.52 (0.88–2.63) 0.133 1.48 (0.82–2.67) 0.197

 Fourth quartile 1.22 (0.72–2.07) 0.469 1.47 (0.82–2.64) 0.193

Cigarette ever used

 No 1 1

 Yes 1.64 (1.01–2.66) 0.045 1.09 (0.63–1.87) 0.767

Opium ever used

 No 1 1

 Yes 2.21 (1.35–3.60) 0.001 2.35 (1.36–4.07) 0.002

Water source

 Pipe 1 1

 Other 1.48 (0.88–2.47) 0.140 1.52 (0.86–2.69) 0.146

Metastasis

 No 1 1

 Yes 2.69 (1.85–3.92)  < 0.001 2.97 (1.97–4.48)  < 0.001

Table 3.  Hazard ratios for different variables in relation to mortality in the study population. *: Age at which 
cancer was diagnosed. This table shows that the mortality risk was significantly higher in the age group >  = 70 
years, patients with lower SES, patients who had ever used opium, and patients with metastasis. HR: hazard 
ratio; SES: socio-economic status; BMI: body mass index; HEI-2015: Healthy Eating Index 2015.
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study design, population characteristics, measurement biases, or the timing of BMI measurements. For instance, 
weight loss before a cancer diagnosis can confound the association between BMI and outcomes, particularly 
if unintentional weight loss has not been considered19,57. Moreover, body composition or fat distribution may 
influence survival outcomes more significantly than BMI alone58. Individuals with similar BMI values can have 
different levels of insulin resistance or inflammation, which may impact cancer progression and treatment 
responses15,59. Additionally, the stage at which CRC is diagnosed may influence the relationship between 
BMI and survival. Kocarnik et al. found that obesity was associated with increased mortality in Stages I-II but 
decreased mortality in Stages III-IV58, while Parkin et al. reported no difference in the relationship between BMI 
and survival rates across different stages of cancer60. These aspects underscore the complexity of the association 
between BMI and CRC mortality, highlighting the need for further research on this association.

The current analysis found no significant association between pre-diagnostic diabetes and CRC morality risk. 
The existing research in this field has yielded mixed results. A meta-analysis by Zhu et al. suggested that diabetes 
is associated with shorter survival in patients with CRC61. Walker et al. reported that diabetes was associated 
with poorer survival outcomes in patients with colon cancer but not rectal cancer62. In contrast, van de Poll-
Franse et al. found that diabetes was linked to increased mortality in patients with rectal cancer but not those 
with colon cancer63. Other studies reported that diabetes did not significantly affect either short-term survival 
or cancer-specific survival in CRC64. Furthermore, Cui et al. demonstrated that while high blood glucose levels 
in CRC were associated with increased local tumor malignancy, they did not correlate with distant metastasis or 
overall survival65. The differences may result from variations in study populations, dataset limitations, diabetes 
definitions, glycemic control, cancer stage at diagnosis, comorbidities, and different regional treatments61,62. 
In addition, the higher mortality risk and poorer survival in patients with CRC and diabetes may potentially 
due to higher non-cancer mortality, such as cardiovascular disease (CVD), which is more prevalent in patients 
with diabetes62. Nevertheless, diabetes may impact CRC survival through a complex interaction of metabolic 
dysregulation, chronic inflammation, and increased CVD risk, which emphasizes the necessity for additional 
research to clarify these connections61–63,65.

The current study had some strengths. Although the number of patients with CRC was relatively small, 
it was in the context of a population-based cohort with more than 15 years of follow-up that enrolled a large 
number of participants with the possibility to calculate incidence and survival rate at population-based setting. 
Furthermore, several pre-diagnostic factors, including anthropometric, demographic, lifestyle, nutritional, and 
medical history, were included in the analysis. Nevertheless, there were some limitations. First, pre-diagnosis 
data were collected only once before diagnosis, which may not fully reflect changes that occur over time. Second, 
this study lacked detailed cancer staging data, metastatic sites, and treatment information. While medical records 
were collected from hospitals and pathology centers, staging data, metastatic sites, and treatment information 
were not systematically recorded. Therefore, we put the patients into two groups: metastasis (stage 4) and no 
metastasis. Third, although the HEI-2015 is a validated and widely used tool for assessing diet quality, it may not 
accurately represent dietary patterns specific to the Golestan region. However, it has been previously used in the 
Iranian population66. The findings of this study, while specific to the population of northern Iran, may provide 
valuable insights into CRC risk factors and survival in other parts of the MENA region, where similar lifestyle, 
dietary, and socioeconomic factors may influence outcomes. However, the generalizability to other regions should 
be interpreted with caution due to regional differences in risk factor prevalence and healthcare systems. Further 
longitudinal studies are needed to investigate the effects of pre-diagnostic opium use and its intensity, as well as 
lower SES on CRC survival, to explore potential causal relationships, and to determine whether earlier screening 
for CRC in males may be warranted. Additionally, future studies should include repeated measurements of pre-
diagnostic factors, detailed cancer staging and metastatic sites data, and treatment information to enable more 
comprehensive analyses.

Conclusion
In the current study, overall survival rates of patients with CRC at 1 year, 2 years, and 5 years were 60.3%, 47.5%, 
and 35.2%, respectively. Health policy-makers should enhance healthcare services and screening programs 
for individuals, especially in low-SES areas. Also, the general population, especially males and adults aged 50 
years and older should be informed about CRC screening, CRC symptoms, healthy lifestyles and diets, and the 
adverse effects of opium on CRC. More research is needed to investigate the effects of pre-diagnostic risk factors, 
especially opium, on CRC survival.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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