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Cancer risk associated with chronic diseases and disease 
 markers: prospective cohort study
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ABSTRACT
OBJECTIVES
To assess the independent and joint associations 
of major chronic diseases and disease markers with 
cancer risk and to explore the benefit of physical 
activity in reducing the cancer risk associated with 
chronic diseases and disease markers.
DESIGN
Prospective cohort study.
SETTING
Standard medical screening program in Taiwan.
PARTICIPANTS
405 878 participants, for whom cardiovascular 
disease markers (blood pressure, total cholesterol, 
and heart rate), diabetes, chronic kidney disease 
markers (proteinuria and glomerular filtration rate), 
pulmonary disease, and gouty arthritis marker (uric 
acid) were measured or diagnosed according to 
standard methods, were followed for an average of 8.7 
years.
MAIN OUTCOME MEASURES
Cancer incidence and cancer mortality.
RESULTS
A statistically significantly increased risk of incident 
cancer was observed for the eight diseases and 
markers individually (except blood pressure and 
pulmonary disease), with adjusted hazard ratios 
ranging from 1.07 to 1.44. All eight diseases and 
markers were statistically significantly associated 
with risk of cancer death, with adjusted hazard ratios 
ranging from 1.12 to 1.70. Chronic disease risk scores 

summarizing the eight diseases and markers were 
positively associated with cancer risk in a dose-
response manner, with the highest scores associated 
with a 2.21-fold (95% confidence interval 1.77-fold 
to 2.75-fold) and 4.00-fold (2.84-fold to 5.63-fold) 
higher cancer incidence and cancer mortality, 
respectively. High chronic disease risk scores were 
associated with substantial years of life lost, and the 
highest scores were associated with 13.3 years of life 
lost in men and 15.9 years of life lost in women. The 
population attributable fractions of cancer incidence 
or cancer mortality from the eight chronic diseases 
and markers together were comparable to those 
from five major lifestyle factors combined (cancer 
incidence: 20.5% v 24.8%; cancer mortality: 38.9% 
v 39.7%). Among physically active (versus inactive) 
participants, the increased cancer risk associated with 
chronic diseases and markers was attenuated by 48% 
for cancer incidence and 27% for cancer mortality.
CONCLUSIONS
Chronic disease is an overlooked risk factor for cancer, 
as important as five major lifestyle factors combined. 
In this study, chronic diseases contributed to more 
than one fifth of the risk for incident cancer and more 
than one third of the risk for cancer death. Physical 
activity is associated with a nearly 40% reduction in 
the cancer risk associated with chronic diseases.

Introduction
Chronic diseases were responsible for 71% of deaths 
globally in 2015, primarily from cancer, cardiovascular 
disease, diabetes, chronic kidney disease, and 
respiratory disease.1 Most notable were deaths due to 
cancer, which increased from 5.7 million in 1990 to 
8.8 million in 2015,1 2 and the global cancer burden 
is expected to increase by 70% in the coming two 
decades.3 4 Cancer and other chronic diseases share 
common risk factors, including aging and unhealthy 
lifestyles (eg, smoking, unhealthy diet, physical 
inactivity, obesity, and alcohol misuse). Certain non-
cancer chronic diseases may also predispose to cancer 
independent of their shared risk factors; however, 
current cancer prevention strategies focus on lifestyle 
risk factors and do not consider non-cancer chronic 
diseases as modifiable cancer risk factors,5-7 probably 
because of the modest associations observed.

Diabetes has been consistently associated with a 
modestly increased risk of cancer.8-10 Accumulating 
evidence has also linked the risk of cancer with 
cardiovascular disease markers—for example, blood 
pressure,11-15 heart rate,16 17 total cholesterol level,18-23 
chronic kidney disease,24-29 and gouty arthritis 
marker (uric acid).30-34 In addition, multiple studies 
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WhAT IS AlReAdy knoWn on ThIS TopIC
Studies have shown that certain chronic diseases (eg, diabetes and chronic 
kidney disease) may predispose to cancer
Investigations generally assessed individual chronic diseases rather than 
combined
Physical activity has been shown to reduce all cause mortality, but the role of 
physical activity in reducing the cancer risk associated with chronic diseases 
is unclear

WhAT ThIS STudy AddS
A substantial cancer risk is associated with a combination of cardiovascular 
disease markers, diabetes, chronic kidney disease markers, pulmonary disease, 
and gouty arthritis marker
These factors contribute to more than one fifth of incident cancers and more 
than one third of cancer deaths, comparable to the combined contribution of five 
lifestyle risk factors
Furthermore, physical activity was associated with a nearly 40% reduction in the 
risk of cancer associated with chronic diseases or markers
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have implicated pulmonary disease in lung cancer,35 
but data on other cancer sites are lacking. These 
studies generally assessed chronic diseases or disease 
markers individually. As chronic diseases are typically 
clustered, it is necessary to study them simultaneously 
to elucidate their independent and joint impact on 
cancer risk, but few data are available on this topic. 
We have previously shown that physical activity could 
reduce all cause mortality,36 but the role of physical 
activity in reducing chronic disease related cancer risk 
is unclear.

Among 405 878 participants of the prospective MJ 
Cohort study, we investigated the independent and 
joint effect of several common chronic diseases or 
disease markers on cancer risk (cancer incidence and 
cancer mortality). Also, we compared the contribution 
of chronic diseases or disease markers to cancer risk 
with that of lifestyle factors. We further assessed 
whether physical activity could attenuate the cancer 
risk associated with chronic diseases or disease 
markers.

Methods
Study population and data collection
The details of the MJ Cohort study population and 
data collection are reported elsewhere.36-38 Between 
1996 and 2007 the study members participated 
in a standardized fee-for-service comprehensive 
medical screening program run by a private firm (MJ 
Health Management Institution, Taiwan). Self paying 
participants come from all over Taiwan. Individuals 
paid by their employers can also participate in the 
program. There are four geographically representative 
MJ locations across Taiwan: northern (Taipei), north 
west (Taoyuan), central (Taichung), and southern 
(Kaohsiung) parts. The four locations used the same 
screening protocols and instruments, and data were 
centralized. The personal characteristics of the 
participants generally matched those of the general 
population, except that the cohort is slightly over-
representative of adults aged less than 40. Participants 
completed a self administered questionnaire 
on medical history, lifestyle, and demographic 
information and underwent a series of medical tests 
(blood, urine, body measurements, functional tests, 
and physical examination). Exclusion criteria for the 
current study were age less than 18 years (n=14 989), 
a history of cancer at the time of recruitment (n=3574), 
and less than one year of follow-up (31 178). The final 
study cohort consisted of 405 878 participants (48.0% 
men and 52.0% women). The participants were 
encouraged to return for follow-up visits. Among the 
405 878 participants, 177 430 (43.7%) had a second 
visit; the mean time from the baseline visit to the 
second visit was 2.0 years (SD 1.6 years).

We classified the volume of leisure time physical 
activity—the product of intensity (metabolic 
equivalent) and duration of exercise (hours), into five 
categories: inactive (<3.75 metabolic equivalent (MET) 
hours /week), low active (3.75-7.49 MET hours/week), 
medium active (7.50-16.49 MET hours/week), high 

active (16.50-25.49 MET hours/week), and very high 
active (≥25.50 MET hours/week), with the categories 
for medium active and above consisting of participants 
who met the current leisure time physical activity 
recommendation of 150 minutes a week of moderate 
intensity exercise or 75 minutes a week of vigorous 
intensity exercise.36 39 Total fruit and vegetable intake 
(servings/day) was the sum of the intake of fruits, deep 
green vegetables, and light green vegetables.

Chronic diseases and markers
We selected five common chronic diseases for 
evaluation, which account for most of the disease 
burden worldwide: cardiovascular disease (as 
indicated by diastolic blood pressure and systolic 
blood pressure, total cholesterol level, and heart rate), 
diabetes (fasting blood glucose level), chronic kidney 
disease (dipstick proteinuria and estimated glomerular 
filtration rate), pulmonary disease (forced expiratory 
volume in one second and forced vital capacity), and 
gouty arthritis (uric acid). Box 1 shows the diagnostic 
criteria or categorization of chronic diseases or markers 
used in this study.

Follow-up for cancer
Details of follow-up procedures have been reported 
previously.36 37 Briefly, we obtained information on 
cancer incidence and vital status by linking study 
participants to the Taiwan cancer registry and 
Taiwan death file between 1997 and 2008 using 
the unique identification numbers assigned to 
Taiwanese residents. Cancer cases were identified from 
histological discharge forms and oncology reports 
and were classified according to ICD-9 (international 
classification of diseases, ninth revision) codes. During 
an average of 8.7 years (range 1.0-12.9 years) of 
follow-up, 2 966 587 person years were accumulated, 
and 9273 cases of incident cancer and 3779 cancer 
related deaths were recorded.

Statistical analysis
The primary outcomes of interest were cancer incidence 
and cancer mortality overall, as well as cancer specific 
incidence and mortality. We calculated the time to 
event from the date of enrollment to the date of cancer 
incident or cancer related death, death due to causes 
other than cancer, or the end of cohort follow-up 
(31 December 2008), whichever came first. We used 
Cox proportional hazards model to estimate hazard 
ratios and 95% confidence intervals, adjusting for 
age (continuous), age squared, sex (male or female), 
education (middle school or lower, high school, junior 
college, or college or higher), occupation (white 
collar, blue collar, self employed, housewife or house 
husband, or other), smoking status (never, former, or 
current), pack years of smoking (continuous), alcohol 
consumption status (never, ever), grams of alcohol/
day (continuous), body mass index (continuous), 
body mass index squared, physical activity (inactive, 
low active, medium active, high active, and very high 
active), and fruit and vegetable intake (continuous). 
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We performed multiple imputation with 10 iterations 
for missing data using Markov Chain Monte Carlo 
procedures, which assume that all the variables in the 
imputation model have a joint multivariate normal 
distribution, and analyses were performed on the 
dataset with imputed data.

Since chronic diseases or conditions are typically 
clustered and the association of individual chronic 
disease or marker with cancer risk tends to be modest, 
we created two composite scores to investigate the 
joint effect of the eight chronic diseases and markers: 
one for risk of incident cancer and another for risk 
of cancer death. The composite score was calculated 
in four steps following the procedure by Sullivan 
et  al44: 1) run a multivariable Cox regression model 
that includes all potential confounders and the eight 
chronic diseases or markers to estimate the effect of 
each individual disease or marker independent of 
potential confounders and other chronic diseases 
or markers; 2) calculate the individual risk point for 
each response category or level of a chronic disease or 
marker variable by dividing the respective regression 
coefficient with a single constant, which represents 
the regression coefficient for a one year increase in 
age in relation to risk of incident cancer or cancer 
death; 3) round the risk points to the nearest integers; 
and 4) calculate the composite score by summing 

the individual risk point for each chronic disease or 
marker across all eight chronic diseases and markers 
for each study participant. Therefore, the risk point (ie, 
weight) given to each condition was proportional to the 
strength of association (ie, hazard ratio or β coefficient 
from Cox regression model) with risk of incident cancer 
or cancer death. Supplementary table S1 shows more 
details on the development of composite chronic 
disease risk scores and two hypothetical examples.

Using Chiang’s life table method, years of life lost 
were the difference in life expectancy for those with 
and those without each condition or lifestyle risk 
factor.45 The calculated life expectancy referred to the 
average remaining years of life expected for a 30 year 
old. To quantify the contribution of chronic diseases or 
markers to cancer incidence and cancer mortality, we 
calculated the population attributable fraction, which 
is the estimated proportional reduction in cancer 
incidence or cancer mortality that would occur if 
chronic diseases or markers were normal. We estimated 
the population attributable fraction for individual risk 
factor by the punafcc function in Stata, which was 
specifically developed for time to event studies.46 We 
calculated the joint population attributable fraction of 
clusters of risk factors, which avoids double counting 
the overlap of multiple risk factors, using the formula 
shown in the illustration.47 48 The relative reduction 
in risk of incident cancer and cancer death associated 
with chronic diseases or markers by physical activity 
was calculated as (hazard ratioinactive-hazard ratioactive)/
(hazard ratioinactive-1)×100,49 where hazard ratioinactive 
is the hazard ratio of chronic diseases or markers 
among those who were physically inactive, and hazard 
ratioactive is the hazard ratio among those who were 
physically active.

Population attributable fraction = 1 –       (1 – population attributable fractionr ),

where  population attributable fractionr = population attributable
fraction for individual risk factor r, and n = total number of risk factors 

n

r=1
∏

Patient involvement
This study utilized data from the MJ Health Research 
Foundation, and details of patient and public 
involvement are available online (www.mjhrf.org/
main/index/en). Patients, service users, carers, 
and lay people were not involved in the design, 
recruitment, or conduct of this study, and outcome 
measures were not informed by patients’ priorities, 
experience, and preferences. The MJ Health Research 
Foundation will disseminate all key findings from this 
study on its website. Participants were thanked in the 
acknowledgment section.

Results
Individual associations of chronic diseases with 
cancer incidence and cancer mortality
Table 1 shows the selected characteristics of the 
405 878 cohort participants at enrollment. A 
statistically significantly increased risk of incident 
cancer was observed for the eight diseases and markers 

Box 1: Diagnostic criteria or categorization of chronic diseases and markers
∙  Cardiovascular disease markers
∙  Blood pressure (Joint National Committee guidelines40)
∙  Normal: diastolic blood pressure <80 mm Hg and systolic blood pressure <120 mm 

Hg, not receiving medication, and no self reported hypertension
∙  Prehypertension: (diastolic blood pressure: 80-89 mm Hg or systolic blood 

pressure: 120-139 mm Hg), not receiving medication, and no self reported 
hypertension

∙  Hypertension: diastolic blood pressure ≥90 mm Hg or systolic blood pressure ≥140 
mm Hg or receiving medication or self reported hypertension

∙  Total cholesterol (mmol/L): <4.15, 4.15-4.66, 4.67-5.18, 5.19-6.21, ≥6.22; to convert 
SI unit of total cholesterol (mmol/L) to mg/dL multiply by 38.67

∙  Heart rate (beats/min): <70, 70-79, 80-89, ≥90
∙  Diabetes (WHO criteria41)
∙  Normal: fasting glucose level <6.11 mmol/L, not receiving medication, and no self 

reported diabetes; to convert SI unit of fasting glucose (mmol/L) to mg/dL multiply 
by 18.02

∙  Prediabetes: fasting glucose level between 6.11 and 6.95 mmol/L, not receiving 
medication, and no self reported diabetes

∙  Diabetes: fasting glucose level ≥6.96 mmol/L or receiving medication or self 
reported diabetes

∙  Chronic kidney disease markers (National Kidney Foundation criteria42)
∙  Proteinuria: no proteinuria, trace proteinuria, proteinuria (≥+)
∙  Glomerular filtration rate (mL/min/1.73 m2): ≥90, 60-89, <60
∙  Pulmonary disease (Global Initiative for Chronic Obstructive Lung Disease (GOLD) 

criteria43)
∙  Normal: forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) 
≥0.70 and FEV1 ≥80% predicted

∙  Restrictive: FEV1/FVC ≥0.70 and FEV1 <80% predicted
∙  Chronic obstructive pulmonary disease: FEV1/FVC <0.70
∙  Gouty arthritis marker
∙  Uric acid (µmol/L): <297, 297-356, 357-415, 416-475, ≥476; to convert SI unit ofuric 

acid (µmol/L) to mg/dL divide by 59.48
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individually, except blood pressure and pulmonary 
disease (fig 1). Specifically, total cholesterol level 
was inversely associated with risk of incident cancer 
in a dose-response manner, with a 44% (hazard 
ratio 1.44, 95% confidence interval 1.33 to 1.56; 
P<0.001) increase in the lowest level compared with 
highest level (<4.15 v ≥6.22 mmol/L). In contrast, 
risk increased with heart rate, with 9% excess risk 
(1.09, 1.01 to 1.18; P=0.03) when the highest level 
of heart rate was compared with the lowest level 
(≥90 v <70 beats/min). Risk increased with severity 
of proteinuria: 12% (1.12, 1.04 to 1.21; P=0.004) 
with trace proteinuria and 21% (1.21, 1.09 to 1.35; 
P<0.001) with proteinuria. A U-shaped association 
was found between glomerular filtration rate and 
cancer incidence; compared with a glomerular 
filtration rate of 60-89 mL/min/1.73 m2, the risk for 
those with a low glomerular filtration rate increased 
by 11% (1.11, 1.04 to 1.18; P<0.001) and for those 
with a high glomerular filtration rate by 10% (1.10, 
1.04 to 1.16; P<0.001). Risk increased by 15% (1.15, 
1.07 to 1.24; P<0.001) with low uric acid levels (<297 

µmol/L) compared with a uric acid level between 
416 and 475 µmol/L. All eight diseases or markers 
were statistically significantly associated with risk 
of cancer mortality (fig 2), and the associations were 
generally stronger than those for cancer incidence.

We conducted multiple sensitivity analyses. First, we 
conducted another round of multiple imputation with 
annul income, which was missing for 48.9% of the study 
population, and further adjusted for annual income. 
The results (see supplementary table S2) were almost 
identical to those not adjusted for annual income (fig 
1 and fig 2). Second, we stratified the analysis by years 
of follow-up (<5 v ≥5 years) and found similar results 
across the two stratums (see supplementary table S3). 
Third, the inverse association of total cholesterol with 
risk of incident cancer and cancer death was sustained 
after further exclusion of cancer cases developed within 
2-10 years of follow-up (see supplementary table S4) 
and further adjustment for aspartate transaminase, 
alanine transaminase, α fetoprotein, and hepatitis B 
virus infection status (see supplementary table S5). 
Also, we conducted stratified analyses by smoking 
status (never versus ever, see supplementary table 
S6), alcohol consumption status (never versus ever, 
see supplementary table S7), body mass index (<25 
v ≥25, see supplementary table S8), physical activity 
(inactive versus active, see supplementary table S9), 
and fruit and vegetable intake (low versus high, see 
supplementary table S10), and associations generally 
were sustained within each stratum.

Among 177 430 (43.7% of the overall study 
population of 405 878) participants who had a second 
visit, we investigated the associations between chronic 
diseases and markers at the second visit and risk of 
incident cancer and cancer death adjusted for updated 
covariates at the second visit (see supplementary 
table S11), and the associations were similar to 
those observed with baseline measurements. We 
compared the host characteristics of those who had 
a second follow-up visit with those of the overall 
study population, and they were comparable (see 
supplementary table S12).

Joint associations of chronic diseases with cancer 
incidence and cancer mortality
Figures 1 and 2 also show the fully adjusted hazard ratios 
(ie, when all chronic diseases or markers were included in 
one model in addition to the covariates) among 274 818 
(67.7% of the overall study population of 405 878) 
participants who had complete data on all eight chronic 
diseases or markers, and the host characteristics were 
comparable to those of the overall study population (see 
supplementary table S12). The findings, albeit attenuated 
for some chronic diseases and markers, were generally 
similar to those adjusted only for covariates.

The individual risk points for each level of the 
eight chronic disease and marker variables also were 
presented, which ranged from zero to eight (figs 1 
and 2). Total cholesterol level and proteinuria had the 
highest risk points. The composite chronic disease risk 
scores were positively associated with cancer incidence 

Table 1 | Baseline characteristics of the participants (n=405 878). Values are numbers 
(percentages) unless stated otherwise
Characteristics Men (n=194 686) Women (n=211 192)
Mean (SD) age (years) 40.5 (13.8) 40.3 (13.8)
Education:
 Middle school or lower 38 018 (19.5) 64 861 (30.7)
 High school 44 352 (22.8) 51 927 (24.6)
 Junior college 43 400 (22.3) 40 711 (19.3)
 College or higher 60 628 (31.1) 44 710 (21.2)
 Missing 8288 (4.3) 8983 (4.3)
Occupation:
 White collar 91 447 (47.0) 83 016 (39.3)
 Blue collar 48 533 (24.9) 16 634 (7.9)
 Self employed 17 841 (9.2) 14 878 (7.0)
 House wife, house husband 1799 (0.9) 65 006 (30.8)
 Other 23 078 (11.9) 18 301 (8.7)
 Missing 11 988 (6.2) 13 357 (6.3)
Smoking status:
 Never 88 309 (45.4) 176 623 (83.3)
 Former 19 881 (10.2) 3119 (1.5)
 Current 75 815 (38.9) 12 836 (6.1)
 Missing 10 681 (5.5) 18 614 (8.8)
Mean (SD) pack years* 17.2 (17.5) 7.4 (11.8)
Alcohol consumption:
 Never 117 372 (60.3) 173 433 (82.2)
 Former 8512 (4.4) 2628 (1.2)
 Current 56 931 (29.2) 13 531 (6.4)
 Missing 11 871 (6.1) 21 600 (10.2)
Mean (SD) grams of alcohol/day† 9.5 (11.5) 6.2 (10.8)
Physical activity:
 Inactive 93 620 (48.1) 125 273 (59.3)
 Low active 42 869 (22.0) 44 970 (21.3)
 Medium active 30 924 (15.9) 24 128 (11.4)
 High active 13 717 (7.1) 9916 (4.7)
 Very high active 13 516 (6.9) 6896 (3.3)
 Missing 40 (0.02) 11 (0.01)
Mean (SD) body mass index‡ 23.8 (3.4) 22.2 (3.6)
Mean (SD) fruit and vegetable  
intake§ (portions/day)

5.1 (2.8) 5.2 (2.7)

*Among ever smokers and missing for 5640 (1.4%) participants.
†Among ever drinkers and missing for 14 782 (3.6%) participants.
‡Missing for 952 (0.2%) participants.
§Missing for 14 017 (3.5%) participants.
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(fig 3) and cancer mortality (fig 3) in a dose-response 
manner (P<0.001 for trend for both) in the overall 
population (red broken lines in figure). Compared 
with participants scoring ≤1, those who scored 2 
to 4, 5 to 8, 9 to 11, or ≥12 had an increased hazard 
ratio for cancer incidence of 1.13, 1.36, 1.62, or 2.21 
(fig  3), respectively. Similar but stronger associations 
were observed for cancer mortality; compared with 
participants scoring ≤2, those who scored 3 to 6, 7 to 
11, 12 to 14, or ≥15 had an increased hazard ratio of 
1.60, 2.13, 3.04, or 4.00 for cancer mortality (fig 3), 
respectively. Also, we applied the risk scores developed 

at baseline to chronic disease or marker measurements 
at the second visit among the 177 430 participants 
who had a second visit, and a dose-response relation 
was also seen for the analysis using patients with data 
from a second visit (see supplementary table S13).

Every increment of five chronic disease risk 
scores was associated with a 35% (hazard ratio 
1.35, 1.28 to 1.41; P<0.001) increase in overall 
risk of incident cancer and 50% (1.50, 1.42 to 1.58; 
P<0.001) increase in overall risk of cancer death (fig 
4). For specific cancers, the highest risk of incident 
cancer was observed for liver cancer followed by 

Cardiovascular disease markers
  Blood pressure
    Normal
    Prehypertension
    Hypertension
  Total cholesterol (mmol/L)
    ≥6.22
    5.19 to 6.21
    4.67 to 5.18
    4.15 to 4.66
    <4.15
  Heart rate (beats/min)
    <70
    70 to 79
    80 to 89
    ≥90
Diabetes
  Normal
  Prediabetes
  Diabetes
Chronic kidney disease markers
  Proteinuria
    Normal
    Trace proteinuria
    Proteinuria
  Glomerular �ltration rate (mL/min/1.73 m2)
    <60
    60 to 89
    ≥90
Pulmonary disease
  Normal
  Restrictive
  Chronic obstructive pulmonary disease
Gouty arthritis marker: uric acid (µmol/L)
  ≥476
  416 to 475
  357 to 415
  297 to 356
  <297

Reference
1.05 (0.98 to 1.12)
1.07 (0.99 to 1.15)

 
Reference

1.13 (1.04 to 1.22)
1.17 (1.08 to 1.28)
1.34 (1.22 to 1.47)
1.54 (1.40 to 1.70)

 
Reference

1.03 (0.97 to 1.10)
1.07 (1.00 to 1.15)
1.07 (0.97 to 1.18)

 
Reference

1.11 (1.01 to 1.21)
1.08 (0.99 to 1.17)

 
 

Reference
1.11 (1.01 to 1.22)
1.19 (1.04 to 1.36)

 
1.12 (1.04 to 1.21)

Reference
1.09 (1.02 to 1.18)

 
Reference

0.99 (0.94 to 1.06)
0.96 (0.88 to 1.04)

 
0.97 (0.89 to 1.07)

Reference
1.00 (0.92 to 1.09)
1.04 (0.96 to 1.14)
1.11 (1.01 to 1.21)

0
1
1

0
2
3
5
7

0
1
1
1

0
2
1

0
2
3

2
0
1

0
0
0

0
0
0
1
2

0.5 1 2

Chronic diseases/markers

Reference
1.00 (0.94 to 1.05)
1.03 (0.98 to 1.09)

 
Reference

1.07 (1.00 to 1.14)
1.16 (1.08 to 1.24)
1.27 (1.18 to 1.37)
1.44 (1.33 to 1.56)

 
Reference

1.00 (0.95 to 1.05)
1.05 (0.99 to 1.11)
1.09 (1.01 to 1.18)

 
Reference

1.06 (0.98 to 1.14)
1.10 (1.03 to 1.18)

 
 

Reference
1.12 (1.04 to 1.21)
1.21 (1.09 to 1.35)

 
1.11 (1.04 to 1.18)

Reference
1.10 (1.04 to 1.16)

 
Reference

1.02 (0.97 to 1.08)
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1.04 (0.97 to 1.12)
1.07 (1.00 to 1.15)
1.15 (1.07 to 1.24)
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202 149 (51)
119 896 (30)
76 505 (19)

40 955 (10)
109 173 (28)
84 883 (22)
80 641 (21)
74 949 (19)

143 525 (36)
149 894 (38)
76 116 (19)
28 934 (7)

360 670 (90)
20 900 (5)
19 954 (5)

308 387 (92)
20 103 (6)
6215 (2)

19 137 (5)
236 005 (59)
147 398 (37)

255 745 (75)
61 822 (18)
23 475 (7)

48 863 (12)
57 501 (14)
84 984 (21)
97 933 (24)

114 273 (28)

Population
size (%)

2860
2636
3681

1317
2824
1860
1587
1363

3099
3371
1939
835

7381
809

1059
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722
376

1450
5988
1815
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2440
1058

1248
1355
2052
2262
2335

Incidence Fully adjusted†
hazard ratio (95% CI)

Adjusted* hazard
ratio (95% CI)

Adjusted* hazard
ratio (95% CI)

Fig 1 | Chronic diseases and markers and risk of incident cancer. *Adjusted for age (continuous), age squared, sex, 
education (middle school or lower, high school, junior college, or college or higher), occupation (white collar, blue 
collar, self employed, housewife or house husband, or other), smoking status (never, former, or current), pack years 
of smoking (continuous), alcohol consumption status (never, ever), grams of alcohol/day (continuous), body mass 
index (continuous), body mass index squared, physical activity (inactive, low active, medium active, high active, and 
very high active), and fruit and vegetable intake (continuous). †All chronic diseases and markers were simultaneously 
included in the model in addition to the covariates
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bladder cancer, kidney cancer, oral cancer, and 
stomach cancer; the highest risk of cancer death 
was observed for bladder cancer followed by liver 
cancer, kidney cancer, oral cancer, and colorectal 
cancer.

Life expectancy
Higher chronic disease risk scores were associated 
with greater years of life lost, with the highest 
scores associated with 13.3 years of life lost in 
men and 15.9 years of life lost in women (fig 5). 
Among men, the greatest years of life lost was 

associated with heart rate ≥90 beats/min (7.4 years) 
followed by trace proteinuria or proteinuria (6.6 
years), pulmonary disease (5.8 years), diabetes 
(5.0 years), glomerular filtration rate <60 mL/
min/1.73 m2 (3.3 years), hypertension (3.1 years), 
total cholesterol <4.15 mmol/L (2.6 years), and uric 
acid <297 µmol/L (1.5 years). Among women, the 
greatest years of life lost was associated with trace 
proteinuria or proteinuria (6.9 years) followed by 
diabetes (5.9 years), glomerular filtration rate <60 
mL/min/1.73 m2 (5.7 years), heart rate ≥90 beats/
min (5.4 years), total cholesterol <4.15 mmol/L (4.6 
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143 525 (36)
149 894 (38)
76 116 (19)
28 934 (7)

360 670 (90)
20 900 (5)
19 954 (5)

308 387 (92)
20 103 (6)
6215 (2)

19 137 (5)
236 005 (59)
147 398 (37)

255 745 (75)
61 822 (18)
23 475 (7)

48 863 (12)
57 501 (14)
84 984 (21)
97 933 (24)
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size (%)

889
1052
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549
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571
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1316
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391

2831
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589
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374
220
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1170
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609
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835
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Incidence

Cardiovascular disease markers
  Blood pressure
    Normal
    Prehypertension
    Hypertension
  Total cholesterol (mmol/L)
    ≥6.22
    5.19 to 6.21
    4.67 to 5.18
    4.15 to 4.66
    <4.15
  Heart rate (beats/min)
    <70
    70 to 79
    80 to 89
    ≥90
Diabetes
  Normal
  Prediabetes
  Diabetes
Chronic kidney disease markers
  Proteinuria
    Normal
    Trace proteinuria
    Proteinuria
  Glomerular �ltration rate (mL/min/1.73 m2)
    <60
    60 to 89
    ≥90
Pulmonary disease
  Normal
  Restrictive
  Chronic obstructive pulmonary disease
Gouty arthritis marker: uric acid (µmol/L)
  ≥476
  416 to 475
  357 to 415
  297 to 356
  <297

Fully adjusted†
hazard ratio (95% CI)

Adjusted* hazard
ratio (95% CI)

Adjusted* hazard
ratio (95% CI)

Fig 2 | Chronic diseases and markers and risk of cancer death. *Adjusted for age (continuous), age squared, sex, 
education (middle school or lower, high school, junior college, or college or higher), occupation (white collar, blue 
collar, self employed, housewife or house husband, or other), smoking status (never, former, or current), pack years 
of smoking (continuous), alcohol consumption status (never, ever), grams of alcohol/day (continuous), body mass 
index (continuous), body mass index squared, physical activity (inactive, low active, medium active, high active, and 
very high active), and fruit and vegetable intake (continuous). †All chronic diseases and markers were simultaneously 
included in the model in addition to the covariates
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years), hypertension (4.2 years), and pulmonary 
disease (3.7 years). Uric acid <297 µmol/L was 
associated with a gain of 2.8 years of life in women. 
For the lifestyle factors, ever smoking was related to 
the greatest years of life lost in both men (4.3 years) 
and women (4.8 years).

Population attributable fraction of cancer incidence 
and cancer mortality
Among the eight chronic diseases or markers, low 
total cholesterol level contributed the most and 
accounted for 5.7% of cancer incidence (fig 6). The 
three cardiovascular disease markers (low total 
cholesterol level, hypertension or prehypertension, 
and high heart rate) together accounted for 12.4%, 
chronic kidney disease markers (trace proteinuria or 
proteinuria and abnormal glomerular filtration rate 
combined) for 4.4%, abnormal uric acid for 3.0%, 
diabetes or prediabetes for 1.7%, and pulmonary 
disease for 0%. The total contribution to cancer 
incidence from the eight chronic diseases or markers 
(population attributable fraction 20.5%) was close to 
that of five major lifestyle factors (24.8%), including 
ever smoking, insufficient physical activity, insufficient 
fruit and vegetable intake, ever alcohol consumption, 
and non-ideal body mass index. The total contribution 
to cancer mortality (fig 7) from the eight chronic 
diseases or markers (population attributable fraction 
38.9%) was also close to that of five major lifestyle 
factors (39.7%).

Physical activity for reduction of cancer incidence 
and cancer mortality associated with chronic 
diseases
We assessed whether physical activity could reduce 
the risk of incident cancer or cancer death associated 
with chronic diseases and markers (as indicated by the 
chronic disease risk scores). The positive associations 
of chronic disease risk scores with cancer incidence 
and cancer mortality were weaker among those who 
were physically active compared with those who were 
physically inactive (fig 3). Physical activity attenuated 
the increased hazards by 38% to 54% (an average 
of 48%) for cancer incidence and 14% to 39% (an 
average of 27%) for cancer mortality.

discussion
In this large cohort study, we found that cardiovascular 
disease markers, diabetes, chronic kidney disease 
markers, pulmonary disease, and gouty arthritis 
marker were individually associated with risk of 
incident cancer or cancer death. Higher chronic 
disease risk scores based on these diseases or markers 
were linked with an increased risk of incident cancer 
and cancer death in a dose-response manner, with 
the highest level associated with a more than twofold 
increase in risk of incident cancer and a fourfold 
increase in risk of cancer death. Jointly, they accounted 
for more than one fifth of all incident cancers and 
more than one third of all cancer deaths, which was 
comparable to the contribution of five major lifestyle 
risk factors combined. Physical activity was associated 
with a nearly 40% reduction in the excess risks of 
incident cancer and cancer death associated with 
chronic diseases and markers.

Chronic diseases are not targeted in current cancer 
prevention strategies5-7; nevertheless, our study 
revealed a previously overlooked yet substantial impact 
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Fig 3 | Chronic disease risk score and risk of incident cancer and cancer death 
overall and stratified by physical activity. Numbers at bottom of graphs represent 
adjusted hazard ratios (95% confidence intervals) adjusted for age (continuous), 
age squared, sex, education (middle school or lower, high school, junior college, or 
college or higher), occupation (white collar, blue collar, self employed, housewife or 
house husband, or other), smoking status (never, former, or current), pack years of 
smoking (continuous), alcohol consumption status (never, ever), grams of alcohol/
day (continuous), body mass index (continuous), body mass index squared, physical 
activity (inactive, low active, medium active, high active, and very high active), and fruit 
and vegetable intake (continuous), wherever appropriate. Physically inactive: <3.75 
metabolic equivalent (MET) hours/week; physically active: ≥3.75 MET hours/week. The 
relative reduction in risk of incident cancer and cancer death associated with chronic 
diseases or disease markers by physical activity was calculated as (hazard ratioinactive-
hazard ratioactive)/(hazard ratioinactive-1)×100, where hazard ratioinactive is the hazard ratio 
of chronic diseases/markers among those who were physically inactive, and hazard 
ratioactive is the hazard ratio among those who were physically active
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of chronic diseases on cancer risk. To quantify the joint 
contribution of the eight chronic diseases or markers to 
cancer risk and to estimate the proportional reduction 
in cancer risk that would occur if the eight diseases or 
markers were reduced to ideal levels, we calculated the 
population attributable fractions of cancer incidence 
and cancer mortality associated with the eight 
chronic diseases and markers. We found that they 
jointly contributed to more than one fifth (population 
attributable fraction 20.5%) of cancer incidence and 
more than one third of cancer mortality (38.9%), 
equally important as five major lifestyle factors, 
including ever smoking, insufficient physical activity, 
insufficient fruit and vegetable intake, ever alcohol 
consumption, and obesity. To date, three studies 
have estimated the population attributable fraction 
for diabetes in relation to overall cancer or specific 
cancers, which ranged from 1.4% for overall cancer 
incidence to 7.3% for pancreatic cancer mortality.51-53 
Population attributable fraction estimates for other 
diseases and markers are not available. Even if they 
were available, the joint contribution, by simply 
summing the population attributable fraction estimate 

of each disease or marker from individual studies, 
could be overestimated owing to the correlations 
among the diseases and markers.

In our study, we weighted eight chronic diseases or 
markers into chronic disease risk scores and found 
that those with higher risk scores were at substantially 
increased risk of incident cancer and cancer death in 
a dose-response manner. Among the eight diseases 
and markers, total cholesterol level and proteinuria 
carried the most weight in the computation of the 
overall chronic disease risk scores, suggesting that 
these two markers are stronger predictors of cancer 
risk than are the other diseases or markers. Also, we 
found that the risks of liver, bladder, kidney, stomach, 
oral, and colorectal cancers were increased with 
increased chronic disease risk scores, suggesting that 
chronic diseases or underlying biological alterations 
may play an important role in the cause of these 
specific cancers.

The association between total cholesterol level 
and cancer risk has been controversial.54 Based on 
the relatively well established association between 
high cholesterol levels and cardiovascular disease 
risk, we may extrapolate that a high cholesterol 
level is also linked with cancer risk. However, the 
association between cholesterol level and cancer risk 
is less established. Our study showed that those with 
low cholesterol levels are at higher risk of cancer. 
Similar findings were also observed in two Korean 
cohorts18 23 and a Japanese cohort,19 and in white 
populations.20-22 More evidence was needed to clarify 
whether the inverse association was causal or related 
to undiagnosed cancer or liver disease, which can 
lower total cholesterol levels. In our study, the inverse 
association was sustained after exclusion of cancer 
cases developed within 10 years of follow-up (see 
supplementary table S4) and after further adjustment 
for aspartate transaminase, alanine transaminase, α 
fetoprotein, and hepatitis B virus infection status (see 
supplementary table S5). Although we were unable 
to completely rule out the possibility that a low total 
cholesterol level is just a marker of risk, the dose-
response relation, the exclusion of cancers during 
recent follow-up, and further adjustment for liver 
enzymes, tumor marker, and liver infection minimize 
the likelihood of reverse causation and lend support 
for causality.

Our observation of an increased risk associated 
with low glomerular filtration rate is consistent with 
previous findings.25-29 Our results also suggested 
that a high glomerular filtration rate (≥90 mL/
min/1.73 m2) was associated with an increased risk 
of incident cancer and cancer death, consistent with 
a previous finding of a U-shaped association between 
glomerular filtration rate and cancer.25 We also found 
that cancer incidence and cancer mortality increased 
substantially with increasing severity of proteinuria 
in a dose-response manner, which was consistent 
with the findings from a previous study of overall 
cancer mortality.55 This positive association remained 
after further adjustment for glomerular filtration rate 
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    Oral cancer
    Stomach cancer
    Lung cancer
    Breast cancer
    Pancreatic cancer
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Fig 4 | Adjusted hazard ratios associated every increment of five chronic disease risk 
scores for cancer incidence and cancer mortality of overall cancers and specific cancers. 
*Hazard ratios were adjusted for age (continuous), age squared, sex, education 
(middle school or lower, high school, junior college, or college or higher), occupation 
(white collar, blue collar, self employed, housewife or house husband, or other), 
smoking status (never, former, or current), pack years of smoking (continuous), alcohol 
consumption status (never, ever), grams of alcohol/day (continuous), body mass index 
(continuous), body mass index squared, physical activity (inactive, low active, medium 
active, high active, and very high active), and fruit and vegetable intake (continuous)
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and other chronic diseases and markers, suggesting 
that proteinuria is independently associated with 
cancer risk.

In our previous study, we showed that exercise for 
as little as 15 minutes a day was associated with a 
10% reduced risk of cancer mortality and that every 
additional 15 minutes of daily exercise beyond this 
minimum amount was associated with an additional 
1% reduction.36 In the present study, we further 
found that physical activity was associated with a 
48% reduction in risk of incident cancer and a 27% 
reduction in risk of cancer death related to chronic 

diseases and markers. However, since physical activity 
was self reported and might be associated with other 
unmeasured health related behaviors, more studies 
are warranted to explore how exercise might modify 
chronic disease related cancer risk independent of 
other factors.

Implications of findings
These findings have important implications for cancer 
prevention. Current global cancer prevention strategies 
usually focus on modifying lifestyle risk factors. In 
our study, more than one fifth of incident cancers and 

Category
  Chronic disease risk score
    High (≥15)
    Medium-high (12-14)
    Medium (7-11)
    Medium-low (3-6)
  Individual chronic diseases/markers
    Heart rate ≥90 beats/min
    Trace proteinuria or proteinuria
    Pulmonary disease
    Diabetes
    Glomerular �ltration rate <60 mL/min/1.73m2

    Hypertension
    Total cholesterol <4.15 mmol/L
    Uric acid <297 µmol/L
  Lifestyle factors
    Ever smoking
    Physical inactivity
    Ever alcohol consumption
    Low fruit/vegetable intake
    Obesity

Men

Years of life lost

-4 -2 0 2 4 6 8 10 12 14 16

Category
  Chronic disease risk score
    High (≥15)
    Medium-high (12-14)
    Medium (7-11)
    Medium-low (3-6)
  Individual chronic diseases/markers
    Trace proteinuria or proteinuria
    Diabetes
    Glomerular �ltration rate <60 mL/min/1.73m2

    Heart rate ≥90 beats/min
    Total cholesterol <4.15 mmol/L
    Hypertension
    Pulmonary disease
    Uric acid <297 µmol/L
  Lifestyle factors
    Ever smoking
    Physical inactivity
    Obesity
    Ever alcohol consumption
    Low fruit/vegetable intake

Women

Fig 5 | Years of life lost associated with chronic disease risk score, individual chronic disease or marker, and lifestyle 
risk factors among men and women. Physically inactivity refers to <3.75 metabolic equivalent hours/week, and low 
fruit and vegetable intake refers to <2 portions/day
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more than one third of cancer deaths were attributable 
to the eight chronic diseases or markers assuming the 
observed associations are causal, and this was equal to 
the combined contribution of five lifestyle risk factors. 
Therefore, a major player will be missed if future 
cancer prevention strategies do not target non-cancer 
chronic diseases. At the same time, these findings have 
important implications for the management of non-
cancer chronic diseases. Although chronic diseases 
are responsible for most deaths globally, ineffective 
management of such diseases in primary care is a 
global problem and leads to poor health outcomes 
and increased healthcare costs.56 Our results showed 
that chronic diseases and markers were associated 
with a substantial reduction in life span that is more 

intuitive and easier to communicate than commonly 
used hazard ratios. In addition, our study revealed an 
overlooked link between chronic diseases and markers 
and risk of cancer, which is the disease most feared 
by people.57 58 Therefore, recognizing the substantial 
reduction in life span and increase in cancer risk 
associated with non-cancer chronic diseases could be 
used as a “teachable moment” to stimulate motivation 
for better management of such diseases.

Strengths and weaknesses of this study
Our study has several strengths. First, we examined 
several major chronic diseases and markers 
simultaneously, which allowed the estimate of their 
joint effects on cancer risk. Second, the chronic diseases 
were diagnosed on the basis of quantitative medical 
examinations, which allowed for the assessment of 
the dose-response relation and reduced measurement 
errors owing to self report. Third, because Taiwan has 
a central population based death file and a cancer 
registry, few people were lost to follow-up. Fourth, 
the increased risk of cancer associated with chronic 
diseases could result from the shared risk factors 
between chronic diseases and cancer. For example, 
physically inactive participants are more likely to 
have chronic diseases or abnormal disease markers 
and are also at higher risk of cancer. In our study, we 
were able to adjust for the major shared risk factors 
in all statistical models. We also conducted stratified 
analyses by those risk factors, and the stratified results 
suggested that the associations between chronic 
diseases and cancer risks generally remained within 
each stratum. However, we could not exclude the 
possibility that some of the observed cancer risk is still 
due to residual confounding from misclassification of 
the adjusted confounders, which were self reported or 
related to unmeasured lifestyle factors that can lead 
to both the chronic diseases and the cancer. Fifth, we 
mutually adjusted for the eight chronic diseases or 
markers, which allowed us to estimate the association 
between individual chronic diseases and markers and 
cancer risk independent of other correlated chronic 
diseases and markers. Finally, we incorporated chronic 
disease and marker measurements at both baseline 
and a second visit, which showed similar associations 
with cancer risk.

Our study had several potential limitations. First, it 
was an observational study; therefore, the observed 
associations might not be causal. However, the strength 
of association, dose-response relation, consistency 
with previous studies, temporality, and biological 
plausibility lend support for causality. Second, 
although the observed associations are expected to be 
generalizable to other populations, the generalizability 
of the population attributable fraction estimates also 
depends on the population specific prevalence of 
chronic diseases and markers and lifestyle risk factors. 
Third, we only included the major non-cancer chronic 
diseases and markers that represent the majority of 
chronic disease burden, so the total contribution 
of non-cancer chronic diseases would be greater if 
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Cardiovascular
disease markers
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Pulmonary disease (0%)

Low total cholesterol level (5.7%)

Hypertension or prehypertension (4.0%)

Abnormal glomerular ltration rate (3.3%)

Diabetes or prediabetes (1.7%)

High heart rate (3.2%)

Smoking (10.3%)

Alcohol consumption (4.1%)

Insu�cient physical activity (5.7%) 

Insu�cient fruit/vegetable intake (5.9%) 

Trace proteinuria or proteinuria (1.5%)

Non-ideal body mass index (1.6%)

Abnormal uric acid level (3.0%)

Fig 6 | Population attributable fractions of cancer incidence due to chronic diseases 
or markers and lifestyle risk factors. Abnormal glomerular filtration rate=<60 or ≥90 
mL/min/1.73 m2; abnormal uric acid level=<416 or ≥476 µmol/L; high heart rate=≥70 
beats/min; low total cholesterol level=<4.15 or 4.15-4.66 mmol/L; smoking=ever 
smoking; insufficient physical activity refers to levels that do not meet current leisure 
time physical activity recommendation of 150 minutes a week of moderate intensity  
or 75 minutes a week of vigorous intensity (ie, <7.50 metabolic equivalent hours/
week)36 39; insufficient fruit/vegetable intake refers to <5 portions/day recommended 
by the Word Health Organization50; alcohol consumption refers to ever alcohol 
consumption; non-ideal body mass index refers to body mass index of more than  
21.9 kg/m2, which was the mean body mass index in the normal body mass index  
(18.5-24.9) category in this study population 
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Fig 7 | Population attributable fractions of cancer mortality due to chronic diseases or 
markers and lifestyle risk factors. Abnormal glomerular filtration rate=<60 or ≥90 mL/
min/1.73 m2; abnormal uric acid level=<416 or ≥476 µmol/L; high heart rate=≥70 beats/
min; low total cholesterol level=<4.15 or 4.15-4.66 mmol/L; smoking=ever smoking; 
insufficient physical activity refers to levels that do not meet current leisure time physical 
activity recommendation of 150 minutes a week of moderate intensity or 75 minutes a 
week of vigorous intensity (ie, <7.50 metabolic equivalent hours/week)36 39; insufficient 
fruit/vegetable intake refers to <5 portions/day recommended by the Word Health 
Organization50; alcohol consumption refers to ever alcohol consumption; non-ideal body 
mass index refers to body mass index less than or more than 25.6 kg/m2, which was 
associated with the lowest risk of cancer mortality in this study
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additional chronic diseases were included. Finally, 
we used death certificates for determination of cancer 
mortality, and death certificates in general might not 
be reliable in differentiating death with cancer from 
death due to cancer. However, according to a previous 
study from Taiwan, which assessed the accuracy of 
underlying cause of death in a systematic sample 
of 5621 death certificates, the overall accuracy for 
cancer death was high (κ=0.94), suggesting that death 
certificates on cancer death are reasonably reliable in 
Taiwan.

Conclusion
Our study uncovered a substantial impact of chronic 
diseases jointly on cancer risk, which were equally 
as important as five lifestyle factors combined. More 
than one fifth of new cancer cases and more than 
one third of cancer deaths were attributable to eight 
common chronic diseases or markers and cancer risk 
was more substantial when we considered chronic 
diseases and markers jointly rather than individually. 
Physical activity is a promising approach to reduce 
the cancer risk associated with chronic diseases and 
markers. These findings have important implications 
for developing new cancer prevention strategies and 
improving the management of chronic diseases.
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