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Abstract
AIM: To evaluate whether diabetic patients had a 
higher risk of colon cancer mortality and its associated 
risk factors.

METHODS: The sex-specific crude and age-standard-
ized (to the 2000 World Health Organization popula-
tion) mortality rates of colon cancer in the Taiwanese 
general population were first calculated from 1995 to 
2006. The trends were evaluated by linear regression. 
A total of 113 347 diabetic men and 131 573 diabetic 
women aged ≥ 25 years at recruitment from 1995 to 
1998 were followed up until the end of 2006. Age/sex-
specific colon cancer mortality rate ratios were cal-
culated comparing the mortality rates of the diabetic 
patients with the average mortality rates of the general 
population within 12 years (1995-2006). A sub-cohort 
of diabetic patients (42 260 men and 49 405 women) 
was interviewed using a baseline questionnaire and 
Cox’s regression was used to evaluate the risk factors 
for colon cancer mortality in these diabetic patients. 

RESULTS: The crude and age-standardized trends of 
colon cancer mortality from 1995 to 2006 increased 
significantly for both sexes in the general population. 
A total of 641 diabetic men and 573 diabetic women 
died of colon cancer, with a mortality rate of 74.4 and 
54.3 per 100 000 person-years, respectively. Mortality 
rate ratios [95% confidence intervals (CIs)] showed 
a significantly higher risk of mortality from colon can-
cer for the diabetic patients compared to the general 
population, with the magnitude increasing with de-
creasing age: 1.65 (1.40-1.95), 2.01 (1.78-2.27), 2.75 
(2.36-3.21) and 5.69 (4.65-6.96) for ≥ 75, 65-74, 
55-64 and 25-54 years old, respectively, for men; and 
1.46 (1.24-1.72), 2.09 (1.84-2.38), 2.67 (2.27-3.14) 
and 3.05 (2.29-4.06), respectively, for women. Among 
the sub-cohort of diabetic patients who had been in-
terviewed with the baseline questionnaire, including 
information on age, sex, diabetes duration, diabe-
tes type, body mass index, smoking, insulin use and 
area of residence, age and smoking were significantly 
predictive for colon cancer mortality, with respec-
tive adjusted hazard ratios (HRs) (95% CIs) of 1.077 
(1.066-1.088) and 1.384 (1.068-1.792). Diabetes dura-
tion became a significant factor when those who died 
of colon cancer within 5 years of diabetes diagnosis 
were excluded to minimize the possible contamination 
of diabetes caused by incipient colon cancer, with an 
adjusted hazard ratio of 1.021 (1.007-1.034). Sex, dia-
betes type, insulin use, body mass index and area of 
residence were not significant predictors for colon can-
cer mortality in the diabetic patients. Although insulin 
use was categorized into subgroups of duration of use 
(non-users and users < 5 years, 5-9 years and ≥ 10 
years), none of the HRs for colon cancer mortality was 
significant with regards to different durations of insulin 
use.

CONCLUSION: Colon cancer mortality is increasing in 
Taiwan. A higher risk is observed in diabetic patients. 
Smoking, but not insulin use, is a modifiable risk factor.
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INTRODUCTION
Colorectal cancer is a major cause of  death in devel-
oped countries[1]. In Taiwan, it is the third most com-
mon cause of  cancer-related death[2], and the trend of  
its age-adjusted mortality showed an increase from 1971 
to 1996[3]. A meta-analysis concluded there was a 30% 
higher risk in diabetic patients[4]. However, most studies 
were done in western countries, and the only one involv-
ing Asians in the meta-analysis was conducted in Korea, 
which showed a 28% higher risk of  mortality in diabetic 
men, but not women[5]. On the other hand, some studies 
showed an association in women[6,7].

Most previous studies did not distinguish between 
type 1 and type 2 diabetes. A recent prospective study in 
the United States identified patients with type 2 diabetes 
and nondiabetic subjects aged 50-74 years in 1992-1993 
and followed biannually by questionnaires from 1997 
to 2007[8]. Diabetes was significantly associated with 
colorectal cancer in men who were either insulin users or 
non-users; but diabetes and insulin use were not associ-
ated with a higher risk among women[8].

Whether insulin use is associated with colon cancer 
mortality has rarely been studied. Furthermore, no previ-
ous studies have examined prospectively the confounding 
effects of  diabetes duration and age; both being highly 
associated with insulin use. Therefore, this study evalu-
ated: (1) the trends of  colon cancer mortality in the 
Taiwanese general population; (2) the age/sex-specific 
mortality rate ratio between diabetic patients and the gen-
eral population; and (3) the risk factors for colon cancer 
mortality in diabetic patients, including age, sex, diabetes 
duration, diabetes type, body mass index, smoking, insu-
lin use/duration of  insulin use and area of  residence.

MATERIALS AND METHODS
Colon cancer mortality in the general population
The study was approved and supported by the Depart-
ment of  Health, Executive Yuan, Taiwan. In Taiwan, 
every resident has a unique identification number and 
events like birth, death, marriage or migration should be 
registered. If  a person dies, a death certificate should be 

reported to the household registration offices within 30 
d as required by law. The death certificate database in-
cludes the identification number, date of  birth, sex, and 
date and cause of  death. The causes of  death coded in 
the ninth revision of  the International Classification of  
Diseases are used. Colon cancer has a code of  153. 

The age/sex-specific population numbers are reported 
annually by the government. The sex-specific trends of  
crude and age-standardized (to the 2000 World Health 
Organization population) mortality rates for colon can-
cer in the general population were first calculated from 
1995 to 2006 for all ages. Linear regression was used to 
evaluate whether the trends changed with regard to cal-
endar years, where the mortality rate was the dependent 
variable and the calendar year the independent variable.

Colon cancer is rare in young individuals, therefore, 
we analyzed the data for those aged ≥ 25 years in the 
following groups: 25-54 years, 55-64 years, 65-74 years 
and ≥ 75 years old. Age/sex-specific average mortality 
rates during 1995-2006 were calculated by dividing the 
average numbers of  colon cancer deaths by the average 
mid-year population of  the specific age and sex within 
the period.

Colon cancer mortality in diabetic patients
Figure 1 shows a flow chart for the follow-up of  diabetic 
patients. In March 1995, a compulsory and universal 
National Health Insurance (NHI) program was imple-
mented and covered > 96% of  the population. From 
1995 to 1998 a cohort of  256 036 diabetic patients (“the 
original cohort”) using the NHI was established (detailed 
elsewhere)[9,10].

All patients were followed until 2006. The date and 
cause of  death were obtained from the death certificate 
database. Mortality rates were computed using a person-
years denominator: the duration from enrollment until 
the end of  2006 for those who were alive or to the 
date of  death. The patients were categorized into age 
subgroups by their age at enrollment. Age/sex-specific 
mortality rates and mortality rate ratios were calculated. 
The mortality rate ratio was calculated using the aver-
age mortality rate of  that subgroup within the 12 years 
in the general population as a reference. To reduce the 
aging effect on age subgroup categorization, analyses 
for the original cohort were also performed by splitting 
the follow-up duration into two periods: (1) from enroll-
ment to the end of  2000: age categorized at enrollment 
and mortality followed from enrollment to 2000; and (2) 
from 2001 to the end of  2006: those who died before 
the end of  2000 were excluded, age calculated at 2001 
and mortality followed from 2001-2006. 

For sub-cohort analyses, we calculated the mortality 
rates and mortality rate ratios in the patients who had 
been interviewed with a baseline questionnaire (detailed 
elsewhere)[11-13]. The number interviewed was 93 484 and 
among them 91 665 patients (42 260 men and 49 405 
women) were aged ≥ 25 years (“sub-cohort diabetic pa-
tients”). To evaluate whether an association was found in 
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patients with type 2 diabetes, mortality rates and mortal-
ity rate ratios were calculated after excluding patients with 
type 1 diabetes based on diabetic ketoacidosis at diabetes 
onset, or the need for insulin injection within 1 year after 
diabetes diagnosis. There were 40 820 diabetic men and 
47 874 diabetic women after this exclusion (“sub-cohort 
type 2 diabetic patients”). Only 1440 men and 1531 
women were excluded for type 1 diabetes, and among 
them only 14 men and five women died of  colon cancer, 
therefore, we did not analyze the association with type 1 
diabetes. To minimize the possibility that diabetes might 
be caused by incipient colon cancer, analyses were also 
done by dividing the patients into subgroups with a dia-
betes duration at enrollment < 10 years and ≥ 10 years.

Risk factors for colon cancer mortality in diabetic 
patients
The baseline characteristics of  the sub-cohort diabetic 
patients who had been interviewed (Figure 1) were com-
pared between men and women by either the t test for 
continuous variables or the χ 2 test for categorical vari-
ables. Cox proportional hazards models were then used 
to identify the risk factors for colon cancer mortality. 
Colon cancer mortality was the dependent variable in 
the models and the independent variables included age, 

sex (men vs women), diabetes duration, diabetes type 
(type 2 vs  type 1), body mass index, smoking (yes vs no), 
insulin use (yes vs no) and area of  residence (urban vs ru-
ral). The area of  residence was defined as urban for the 
Metropolitan Taipei area including Taipei City and Taipei 
County (New Taipei City) and other administratively 
named cities across Taiwan; and as rural for administra-
tively named counties and offshore islands. To evaluate 
whether the duration of  insulin use could be associated 
with colon cancer mortality, Cox models were also cre-
ated by comparing insulin use at < 5 years, 5-9 years and 
≥ 10 years to insulin non-users, before adjustment, at 
adjustment for age, sex, diabetes type, diabetes duration, 
body mass index, smoking and area of  residence one at 
a time, and at adjustment for all these factors simultane-
ously (full model). The analyses were done before and 
after excluding patients who died of  colon cancer within 
5 years of  diabetes onset, to minimize the possibility that 
diabetes might be caused by incipient colon cancer or 
might occur after the diagnosis of  colon cancer.

RESULTS
The trends of  crude and age-standardized colon cancer 
mortality showed a significant increase in both sexes in 
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Figure 1  Flow chart showing the procedures in the calculation of colon cancer mortality in the diabetic cohorts. 
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Figure 2  Secular trends of mortality from colon cancer from 1995 to 2006 in the general population of Taiwan in men (A) and women (B), respectively. The 
2000 World Health Organization population was used as reference for age standardization.
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the general population during the period from 1995 to 
2006 in Taiwan (Figure 2). The average mortality rates for 
colon cancer during the period in the general population 
aged 25-54 years, 55-64 years, 65-74 years and ≥ 75 years 
were 5.1, 24.75, 76.6 and 160.92 per 100 000 for men, re-
spectively, and 4.51, 18.01, 46.08 and 130.90 for women.

A total of  113 347 diabetic men and 131 573 diabetic 
women in the original cohort were followed (Figure 1). 
Among them, 641 men and 573 women died of  colon 
cancer, with mortality rates of  74.4 and 54.3 per 100 000 

person-years, respectively. The age/sex-specific mortal-
ity rates in the diabetic patients and their mortality rate 
ratios compared to the general population are shown in 
Table 1. Except for those aged ≥ 75 years and with a 
diabetes duration of  ≥ 10 years at enrollment in men, 
and with a diabetes duration of  < 10 years at enrollment 
in women (Table 1), the mortality rate ratios were all sig-
nificant, and especially remarkable in those aged 25-54 
years. Diabetes was unlikely to be caused by colon can-
cer, because diabetes diagnosed ≥ 10 years before colon 
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Table 1  Age/sex-specific mortality rates (per 100 000 person-years) for colon cancer in diabetic patients and their mortality rate 
ratios compared to the average mortality rates in the general population of Taiwan

Age (yr) Men Women

n N PY MR MRR (95% CI) n N PY MR MRR (95% CI)

Original diabetic cohort
   Followed from enrollment to the end of 2006

25-54   76 42107 363948.2   20.88       5.69 (4.65, 6.96)a   43 43749 399556.9   10.76    3.05 (2.29, 4.06)a

55-64 158 28867 225706.1   70.00       2.75 (2.36, 3.21)a 146 37317 314033.6   46.49    2.67 (2.27, 3.14)a

65-74 265 30704 211811.1 125.11       2.01 (1.78, 2.27)a 238 35194 258155.6   92.19    2.09 (1.84, 2.38)a

≥ 75 142 11669   59761.6 237.61       1.65 (1.40, 1.95)a 146 15313   83905.5 174.01    1.46 (1.24, 1.72)a

   Followed from enrollment to the end of 2000
25-54   23 42107 143238.6   16.06       4.38 (3.00, 6.37)a   16 43749 153584.7   10.42    2.95 (1.84, 4.71)a

55-64   52 28867      96078   54.12       2.12 (1.62, 2.78)a   55 37317 129321.2   42.53    2.44 (1.88, 3.17)a

65-74 112 30704   94488.8 118.53       1.90 (1.58, 2.29)a   91 35194 113687.6   80.04    1.81 (1.48, 2.23)a

≥ 75   70 11669   30353.6 230.61       1.60 (1.27, 2.03)a   75 15313   42092.9 178.18    1.49 (1.19, 1.87)a

   Followed from 2001 to the end of 2006
25-54   30 32626 186021.3   16.13       4.39 (3.16, 6.11)a   22 34400 201514.2   10.92    3.09 (2.07, 4.60)a

55-64   68 22743 122446.4   55.53       2.18 (1.72, 2.76)a   52 29880 167205.9   31.10    1.79 (1.36, 2.34)a

65-74 172 26548 133463.8 128.87       2.07 (1.78, 2.40)a 131 33591 176023.3   74.42    1.69 (1.42, 2.00)a

≥ 75 114 13653   59608.3 191.25       1.33 (1.11, 1.60)a 131 17808   79994.6 163.76    1.37 (1.16, 1.63)a

Sub-cohort diabetic patients
   Diabetes of any duration at enrollment

25-54   25 13837 100793.2   24.80       6.76 (4.81, 9.50)a   16 12768   95960.8   16.67    4.72 (3.02, 7.37)a

55-64   62 12454   84551.8   73.33       2.88 (2.26, 3.66)a   53 16717 118278.5   44.81    2.57 (1.98, 3.35)a

65-74   99 12395   76349.6 129.67       2.08 (1.71, 2.53)a   86 15029   96058.4   89.53    2.03 (1.64, 2.50)a

≥ 75   42   3574   17710.4 237.15       1.65 (1.22, 2.23)a   43   4891   25384.8 169.39    1.42 (1.05, 1.91)a

   Diabetes duration < 10 yr at enrollment
25-54   15 11631   86016.8   17.44       4.75 (3.00, 7.53)a   12 10389   78983.7   15.19    4.30 (2.56, 7.23)a

55-64   42   8892   61949.1   67.80       2.66 (1.99, 3.57)a   37 11636   84435.4   43.82    2.52 (1.84, 3.45)a

65-74   62   7887    49825.0 124.44       2.00 (1.56, 2.55)a   47   9246   61226.8   76.76    1.74 (1.31, 2.31)a

≥ 75   29   2138   10946.7 264.92       1.84 (1.29, 2.64)a   23   2814   15302.6 150.30   1.26 (0.84, 1.90)
   Diabetes duration ≥ 10 yr at enrollment

25-54   10   2206      14773   67.69         18.44 (11.81, 28.80)a     4   2379   16988.5   23.55      6.66 (2.85, 15.56)a

55-64   20   3562   22608.3   88.46       3.47 (2.30, 5.25)a   16   5081   33862.5   47.25    2.71 (1.69, 4.35)a

65-74   37   4508   26541.7 139.40       2.24 (1.63, 3.07)a   39   5783   34845.7 111.92    2.54 (1.87, 3.44)a

≥ 75   13   1436     6785.4 191.59      1.33 (0.77, 2.29)   20   2077   10103.5 197.95    1.66 (1.07, 2.56)a

Sub-cohort type 2 diabetic patients
   Diabetes of any duration at enrollment

25-54   23 13239   96635.9   23.80       6.49 (4.54, 9.26)a   16 12260   92076.3   17.38    4.92 (3.16, 7.66)a

55-64   60 12082   82183.2   73.01       2.87 (2.24, 3.66)a   51 16288 115494.5   44.16    2.54 (1.94, 3.32)a

65-74   92 12051   74413.3 123.63       1.98 (1.62, 2.43)a   83 14570   93223.1   89.03    2.02 (1.63, 2.50)a

≥ 75   39   3448   17171.3 227.12       1.58 (1.16, 2.16)a   43   4756   24716.7 173.97    1.46 (1.08, 1.97)a

   Diabetes duration < 10 yr at enrollment
25-54   14 11248   83333.9   16.80       4.58 (2.84, 7.38)a   12 10082   76622.8   15.66    4.43 (2.64, 7.44)a

55-64   40   8730   60901.6   65.68       2.58 (1.91, 3.48)a   36 11453   83223.4   43.26    2.48 (1.81, 3.42)a

65-74   59   7742   48999.2 120.41       1.93 (1.50, 2.49)a   46   9068   60169.4   76.45    1.73 (1.30, 2.31)a

≥ 75   27   2088   10708.6 252.13       1.75 (1.21, 2.55)a   23   2760   15063.9 152.68   1.28 (0.85, 1.93)
   Diabetes duration ≥ 10 yr at enrollment

25-54     9   1991   13298.7   67.68         18.44 (11.53, 29.50)a     4   2178   15465.0   25.86      7.32 (3.17, 16.88)a

55-64   20   3352   21284.3   93.97       3.69 (2.45, 5.56)a   15   4835   32290.5   46.45    2.67 (1.64, 4.35)a

65-74   33   4309   25428.1 129.78       2.08 (1.49, 2.91)a   37   5502   33067.7 111.89    2.53 (1.85, 3.47)a

≥ 75   12   1360     6484.3 185.06      1.29 (0.73, 2.26)   20   1996     9674.1 206.74    1.73 (1.12, 2.67)a

aP < 0.05 vs general population. PY: Person-years; MR: Mortality rate; MRR: Mortality rate ratio; CI: Confidence interval; n: Case number of colon cancer; N: 
Case number observed.
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cancer mortality can hardly be a consequence of  the car-
cinogenic process. The aging effect during follow-up on 
age subgroup categorization was also minimal because 
the results were similar when the long duration was split 
into two shorter periods in the original cohort analyses.

All baseline characteristics of  the sub-cohort diabetic 
patients who had been interviewed with a baseline ques-
tionnaire differed significantly between the diabetic men 
and women (Table 2). The unadjusted and mutually-ad-
justed HRs for different age groups are shown in Table 
3. In the adjusted models, age and smoking (especially in 
those aged < 65 years) were significant. When diabetic 
patients who died of  colon cancer within 5 years of  
diabetes diagnosis were excluded, diabetes duration was 
significant (especially in those aged ≥ 65 years). Sex, 
diabetes type, insulin use, body mass index and area of  
residence were not significant after adjustment.

Table 4 shows the HRs for different durations of  
insulin use compared to non-users in unadjusted and 
adjusted models. Before exclusion of  patients with a 
duration of  < 5 years between the onset of  diabetes and 
colon cancer mortality, none of  the HRs was significant. 
In models after exclusion, insulin use ≥ 10 years might 
be associated with a higher risk. However, in the models 
after respective adjustment for age, diabetes type or dia-
betes duration, and in the full model, insulin use of  any 
duration was not predictive, suggesting that the associa-
tion with insulin use might be due to the effects of  some 
confounders.

DISCUSSION
Contrary to the decreasing trend since the mid-1980s in 
the United States[14], colon cancer mortality in Taiwan 
is increasing (Figure 2), and has been since 1971 if  the 
observation of  Chen et al[3] is considered simultaneously. 
Although the etiology of  the increasing trend remains to 
be explored, it may be due to the westernization of  the 
Taiwanese lifestyle in recent decades, with increased fat 
intake, and the high prevalence of  metabolic syndrome 
and diabetes. The higher risk among diabetic patients of  
both sexes (Table 1) was also contrary to Korean[5] and 

United States[8] studies showing an association in men 
but not in women, and to others showing an association 
only in women[7]. 

It is interesting that the increased mortality rate ratio 
was more remarkable at the youngest age of  25-54 years 
(Table 1). This has public health importance because 
the incidence of  diabetes is increasing dramatically in 
the younger generation[9]. One explanation is that age 
per se is a strong risk factor, and therefore, the impact of  
diabetes might not be as obvious in the elderly, resulting 
in a remarkably higher incidence rate ratio and a higher 
mortality rate ratio in the younger age group. Other ex-
planations include that diabetes has a different impact 
on colon cancer mortality in different age groups, and 
that younger diabetic patients with colon cancer would 
have a poorer prognosis than non-diabetic patients. 
Mucin production in colorectal cancer has an inverse ef-
fect on survival among Taiwanese patients[15]. Taiwanese 
patients with colon cancer and aged < 40 years also have 
significantly poorer 5-year survival[16]; age is inversely 
associated with tumor stage at diagnosis, tumor differen-
tiation and mucin production[17]. In addition, the healthy 
survivor effect might also lead to a reduced mortality 
rate ratio in the elderly. 

Metabolic syndrome is associated with a 35% higher 
risk of  colon cancer in Taiwan[18]. Similarly, a cluster of  
three components of  the metabolic syndrome (hyper-
tension, body mass index ≥ 25 kg/m2 and high-density 
lipoprotein cholesterol < 40 mg/dL) was associated 
with a 58% higher risk in a Finnish study[19]. In Taiwan, 
metabolic syndrome is present in 76.2% of  diabetic pa-
tients[20], in contrast to 15% in the general population[21]. 
Therefore, the higher prevalence rates of  hypertension, 
obesity and dyslipidemia in diabetic patients might ex-
plain partly their higher risk of  colon cancer.

Contrary to other studies showing an association be-
tween body mass index and distal colon adenoma[22] or 
colorectal cancer[19], body mass index was not predictive 
for colon cancer mortality in the present study (Table 3). 
One possibility is that the risk factors for incidence and 
mortality or for different ethnicities might be different. 
It is also possible that if  diabetes per se incurred a mark-
edly higher risk, the impact of  other risk factors might 
be overshadowed. Therefore, risk factors in diabetic pa-
tients might not be the same as those observed in non-
diabetic subjects.

The association between colorectal neoplasm and 
insulin use in patients with type 2 diabetes has been 
controversial[8,23,24]. Although two retrospective stud-
ies suggested a positive link, a recent prospective study 
concluded a lack of  association[8]. A study conducted in 
Korea suggested a threefold higher risk of  colorectal ad-
enoma associated with insulin therapy[23]. However, this 
study used a retrospective case-control design and evalu-
ated adenoma rather than cancer. Another retrospective 
cohort study using the General Practice Research Data-
base from the United Kingdom showed a significantly 
twofold higher risk of  colorectal cancer associated with 
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Table 2  Baseline characteristics of the sub-cohort of diabetic 
men and women who had been interviewed with a baseline 
questionnaire

Variable Men Women P  value

n 42 260 49 405
Age, yr     59.8 (11.7)     61.5 (10.8) < 0.0001
Diabetes duration, yr     7.0 (6.6)     7.5 (6.6) < 0.0001
Diabetes type, % type 1  1440 (3.4)  1531 (3.1)     0.0085
Body mass index, kg/m2   24.4 (3.4)   24.7 (3.8) < 0.0001
Smoking, % yes 26 522 (62.8)  1703 (3.5) < 0.0001
Use of insulin, % yes  3717 (8.8)    5059 (10.2) < 0.0001
Area of residence, % urban 20 231 (47.9) 22 264 (45.1) < 0.0001
Colon cancer mortality    228 (0.5)    198 (0.4)     0.0021

Data are expressed as mean (SD) or n (%).
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Table 3  Cox proportional hazards models showing hazard ratios and 95% confidence intervals for colon cancer mortality in diabetic pa-
tients by age before and after exclusion of patients with a duration of < 5 years between onset of diabetes and colon cancer mortality

Variables Interpretation Hazard ratio (95% CI)

Age ≥ 25 yr Age 25-64 yr Age ≥ 65 yr

Unadjusted P  value Mutually adjusted P  value Mutually adjusted P  value Mutually-adjusted P  value

Before exclusion
   Age Every 1-yr 

increment
1.077 (1.066-1.088) < 0.0001 1.077 (1.066-1.088) < 0.0001 1.090 (1.062-1.119) < 0.0001 1.072 (1.049-1.096) < 0.0001

   Sex Men vs women 1.395 (1.150-1.691)     0.0007 1.256 (0.976-1.618)     0.0769 1.181 (0.758-1.841)     0.4622 1.288 (0.946-1.753)     0.1081

   Diabetes 
   duration

Every 1-yr 
increment

1.032 (1.019-1.045) < 0.0001 1.006 (0.992-1.020)     0.3845 0.993 (0.964-1.023)     0.6652 1.009 (0.994-1.025)     0.2329

   Diabetes 
   type

Type 2 vs type 1 0.682 (0.430-1.081)     0.1036 0.750 (0.432-1.301)     0.3057 0.914 (0.345-2.425)     0.8574 0.680 (0.348-1.328)     0.2588

   Body mass 
   index

Every 1-kg/m2 
increment

0.956 (0.929-0.984)     0.0021 0.976 (0.948-1.005)     0.1062 0.966 (0.920-1.014)     0.1616 0.981 (0.946-1.018)     0.3080

   Smoking Yes vs no 1.484 (1.219-1.808) < 0.0001 1.384 (1.068-1.792)     0.0140 1.746 (1.121-2.720)     0.0136 1.215 (0.881-1.676)     0.2351
   Insulin
   use

Yes vs no 1.344 (0.992-1.821)     0.0564 1.235 (0.843-1.809)     0.2782 1.318 (0.686-2.532)     0.4076 1.215 (0.759-1.946)     0.4168

   Area of 
   residence

Urban vs rural 0.901 (0.743-1.094)     0.2928 0.852 (0.702-1.034)     0.1046 0.734 (0.530-1.016)     0.0621 0.931 (0.731-1.187)     0.5660

After exclusion
   Age Every 1-yr 

increment
1.082 (1.070-1.094) < 0.0001 1.080 (1.068-1.092) < 0.0001 1.096 (1.064-1.128) < 0.0001 1.070 (1.046-1.095) < 0.0001

   Sex Men vs women 1.454 (1.186-1.784)     0.0003 1.281 (0.980-1.676)     0.0704 1.355 (0.836-2.195)     0.2172 1.249 (0.903-1.728)     0.1787

   Diabetes 
   duration

Every 1-yr 
increment

1.046 (1.034-1.059) < 0.0001 1.021 (1.007-1.034)     0.0022 1.025 (0.996-1.054)     0.0883 1.020 (1.004-1.035)     0.0120

   Diabetes 
   type

Type 2 vs type 1 0.640 (0.398-1.028)     0.0647 0.710 (0.402-1.254)     0.2386 0.637 (0.229-1.771)     0.3878 0.737 (0.371-1.465)     0.3837

   Body mass 
   index

Every 1-kg/m2 
increment

0.960 (0.932-0.989)     0.0078 0.984 (0.955-1.015)     0.3034 0.983 (0.933-1.035)     0.5160 0.984 (0.948-1.022)     0.4153

   Smoking Yes vs no 1.555 (1.263-1.914) < 0.0001 1.445 (1.099-1.899)     0.0083 1.814 (1.130-2.913)     0.0137 1.268 (0.905-1.778)     0.1672
   Insulin 
   use

Yes vs no 1.431 (1.044-1.961)     0.0258 1.159 (0.781-1.722)     0.4639 0.927 (0.440-1.954)     0.8419 1.274 (0.798-2.035)     0.3106

   Area of 
   residence

Urban vs rural 0.909 (0.741-1.116)     0.3639 0.848 (0.691-1.041)     0.1158 0.815 (0.573-1.158)     0.2536 0.876 (0.680-1.128)     0.3040

CI: Confidence interval.

insulin use[24]. On the other hand, a prospective cohort 
study conducted in the United States did not suggest an 
association between colorectal cancer and insulin use 
in either men or women[8]. The finding of  the present 
study was in line with the United States study, suggesting 
a lack of  association between insulin use and colon can-
cer mortality (Tables 3 and 4). Insulin use is essential in 
patients with type 1 diabetes and is always seen in older 
patients with type 2 diabetes who might have prolonged 
duration of  diabetes. Therefore, it is worth mention-
ing that adjustments should be made simultaneously for 
age, diabetes duration and diabetes type in the analyses 
evaluating the risk of  cancer associated with insulin 
use. The present study is probably the longest follow-
up study showing that insulin use was not predictive for 
colon cancer mortality after adjustment for confounders, 
including all of  these factors (Tables 3 and 4). 

Consistent with some prior studies[25,26], smoking was 
significantly predictive, especially in those aged < 65 
years (Table 3). A recent Swedish retrospective cohort 
study evaluating the use of  snuff  and colorectal and anal 
cancer found no significant association[27]. We were not 
able to evaluate the effect of  snuff  use because of  a lack 

of  information. Although we could not evaluate the im-
pact of  socioeconomic status, this study did not show an 
association with area of  residence (Table 3).

Incidence and mortality are two different entities, and 
probably linked to different factors. If  diabetic patients 
with colon cancer had a poorer prognosis, the mortal-
ity rate ratio would not properly reflect the incidence 
rate ratio. A recently published prospective study (Can-
cer Prevention Study-Ⅱ Nutrition Cohort) conducted 
among 2278 patients with colorectal cancer suggested 
that patients with type 2 diabetes had a higher risk of  
mortality than those without diabetes; especially a higher 
risk of  death from cardiovascular disease[28]. A study 
from Taiwan also showed that diabetic patients with 
colon cancer had an overall 21% higher mortality than 
nondiabetic patients[29]. However, this was only observed 
in stage Ⅱ cancer. It was believed that the 21% higher 
case-fatality rate could not explain the several-fold higher 
mortality rate ratios in the diabetic patients (Table 1).

The strengths of  this study included a prospective 
follow-up of  a large cohort of  diabetic patients over a 
long duration; the completeness of  the ascertainment 
of  vital status by matching with the death certificate 
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database; and the consistency observed in both sexes, 
and in different age groups, enrollment periods and sub-
cohorts of  diabetic patients. 

There were limitations to the study. First, diabetic pa-
tients might have visited their physicians more frequent-
ly, resulting in a higher probability of  detecting cancer. 
However, this might only suggest a higher rate of  detec-
tion of  early colon cancer with a better prognosis, which 
might have attenuated the magnitude of  the mortality 
rate ratios. Second, the use of  cause of  death on the 
death certificate as the only source of  colon cancer diag-
nosis might have underestimated the mortality related to 
colon cancer, because some patients with colon cancer 
might have died without having colon cancer listed as 
the cause of  death. Therefore the impact of  this pos-
sible effect awaits further investigation. Third, multiple 
drug therapy in diabetic patients might have complicated 
the situation. For example, statin, aspirin and nonsteroi-
dal anti-inflammatory drugs are possibly preventive for 
colorectal cancer[30,31]. A higher proportion of  diabetic 
patients might have been using these medications for 
the prevention of  cardiovascular diseases. Different oral 
antidiabetic agents may have different effects on cancer 
development. For example, metformin has been shown 
to be preventive for cancer[32], but the use of  sulfonyl-
ureas may be associated with a higher risk of  cancer[33]. 
We could not evaluate the effects of  these medications 
because such information was not collected. Fourth, this 
study did not consider confounders identified in Taiwan, 
including less exercise, less vegetable and fruit con-
sumption, increased meat intake, and alcohol intake[25]. 
Furthermore, we were not able to adjust for some other 

confounders, as discussed below. For example, hyper-
homocysteinemia has been shown to be a risk factor 
for type 2 diabetes and is also associated with abnormal 
DNA methylation, which has the potential to inactivate 
tumor suppressor genes leading to colorectal cancer[31]. 
Family history and inflammatory bowel disease are also 
significant risk factors for colorectal cancer[34-36]. None 
of  these potential confounders were measured and could 
not be considered for adjustment.

In summary, we have demonstrated an increasing 
trend in colon cancer mortality in the Taiwanese general 
population from 1995 to 2006. The risk is increased in 
diabetic patients, with the magnitude of  the mortality 
rate ratio becoming larger with decreasing age. Smok-
ing is a risk factor, but insulin use is not. Given that the 
population is aging and the incidence of  type 2 diabetes 
is increasing, the impact of  the link between diabetes 
and colon cancer on the mortality of  the population 
warrants public health attention. 

COMMENTS
Background
Diabetic patients may have a higher risk of colon cancer, but whether insulin 
use in the diabetic patients can be a risk factor is controversial. Studies related 
to these issues are rarely conducted in Asian populations.
Research frontiers
A meta-analysis suggested a 30% higher risk of colorectal cancer in diabetic 
patients. However, most studies were done in western countries. In Korea, a 
28% higher risk of mortality was observed in diabetic men, but not women. 
Whether insulin use is associated with colorectal cancer has rarely been stud-
ied. A recent prospective United States study showed that diabetes was signifi-
cantly associated with colorectal cancer in men who were either insulin users or 
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Table 4  Cox proportional hazards models for mortality from colon cancer by duration of insulin use (reference group: diabetic 
patients not using insulin) before and after exclusion of patients with a duration of < 5 years between onset of diabetes and colon 
cancer mortality

Duration of insulin use

Variables adjusted <5 yr 5-9 yr ≥ 10 yr

HR 95% CI P  value HR 95% CI P  value HR 95% CI P  value

Before exclusion
   Unadjusted 1.128 0.734-1.735 0.5824 1.245 0.664-2.333 0.4947 1.539 0.918-2.579 0.1018
   Age 1.388 0.902-2.136 0.1355 1.487 0.793-2.787 0.2163 1.441 0.860-2.416 0.1654
   Sex 1.146 0.745-1.763 0.5339 1.267 0.676-2.375 0.4605 1.562 0.932-2.618 0.0907
   Diabetes type 1.101 0.682-1.777 0.6931 0.817 0.362-1.843 0.6259 1.321 0.589-2.964 0.4991
   Diabetes duration 1.009 0.655-1.556 0.9663 1.028 0.546-1.935 0.9330 1.018 0.590-1.756 0.9491
   Body mass index 1.089 0.707-1.675 0.6995 1.210 0.645-2.268 0.5530 1.505 0.898-2.523 0.1208
   Smoking 1.143 0.743-1.759 0.5416 1.263 0.674-2.367 0.4666 1.549 0.924-2.596 0.0966
   Area of residence 1.122 0.729-1.726 0.6005 1.237 0.660-2.318 0.5074 1.538 0.918-2.578 0.1023
   Full model1 1.217 0.764-1.937 0.4082 0.943 0.442-2.010 0.8788 1.003 0.454-2.212 0.9948
After exclusion
   Unadjusted 1.108 0.698-1.761 0.6630 1.416 0.755-2.656 0.2782 1.746 1.041-2.931 0.0348
   Age 1.384 0.871-2.199 0.1696 1.704 0.908-3.197 0.0971 1.633 0.973-2.740 0.0635
   Sex 1.129 0.710-1.793 0.6085 1.445 0.771-2.711 0.2510 1.776 1.058-2.981 0.0297
   Diabetes type 1.089 0.651-1.821 0.7447 1.010 0.446-2.287 0.9807 1.700 0.770-3.757 0.1893
   Diabetes duration 0.943 0.592-1.501 0.8045 1.079 0.573-2.034 0.8133 0.968 0.561-1.669 0.9057
   Body mass index 1.072 0.674-1.703 0.7702 1.375 0.733-2.581 0.3215 1.710 1.019-2.870 0.0424
   Smoking 1.126 0.708-1.788 0.6164 1.440 0.768-2.701 0.2557 1.760 1.049-2.954 0.0323
   Area of residence 1.103 0.694-1.752 0.6786 1.409 0.751-2.643 0.2855 1.746 1.040-2.929 0.0349
   Full model1 1.133 0.691-1.857 0.6214 1.038 0.491-2.195 0.9221 1.003 0.462-2.178 0.9949

1Adjusted for age, sex, diabetes type, diabetes duration, body mass index, smoking and area of residence. HR: Hazard ratio; CI: Confidence interval.
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non-users, but diabetes and insulin use were not associated with a higher risk 
among women. 
Innovations and breakthroughs
The author demonstrated an increasing trend in colon cancer mortality in the 
Taiwanese general population from 1995 to 2006. The risk is increased in 
diabetic patients, with the magnitude of the mortality rate ratio becoming larger 
with decreasing age. In patients with diabetes, smoking is a risk factor for colon 
cancer mortality, but insulin use is not. The strengths of this study included a 
prospective follow-up of a large cohort of diabetic patients over a long duration 
of 12 years; the completeness of the ascertainment of vital status by matching 
with the national death certificate database; the consistency observed in both 
sexes, and in different age groups, enrollment periods and sub-cohorts of dia-
betic patients; and consideration of the confounding effects of diabetes duration 
and age - both being highly associated with insulin use.
Applications
Given that the population is aging and the incidence of diabetes is increasing, 
the impact of the link between diabetes and colon cancer on the mortality of the 
population warrants public health attention. Insulin is commonly used in diabetic 
patients, therefore, clarification of a lack of insulin effect on colon cancer devel-
opment relieves concern about the use of insulin.
Terminology
Secular trend of mortality: a systematic change in mortality rates over a period 
of (calendar) time; Mortality rate ratio: ratio of two mortality rates.
Peer review
This was a well-performed study that may be published when some corrections 
have been done.
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