
E
merging data suggest an association between diabetes

mellitus and an increased risk of cancer,1 including

breast cancer in women;2 colorectal,3 pancreatic4,5 and

liver6 cancer in both men and women; and prostate cancer in

men.7 Several prospective analyses, including the US National

Health and Nutrition Examination Survey,8 have demonstrated

an inverse relation between serum total cholesterol and cancer

incidence and mortality in the general population, although

few studies have investigated this relation among patients with

type 2 diabetes mellitus. In 2004, the US National Cholesterol

Education Program Adult Treatment Panel III recommended

treatment targets for low-density lipoprotein (LDL) cholesterol

of less than 1.81 mmol/L (less than 70 mg/dL) for patients

with very high risk of coronary artery disease and less than

2.59 mmol/L (less than 100 mg/dL) for patients with high risk

of coronary artery disease;9 these targets were intended for

both diabetic and nondiabetic patients.

These recommendations remain controversial. Although

one recent analysis of a large cohort of patients treated with

statins showed a greater risk of cancer with achievement of low

LDL cholesterol,10 a more recent study reported otherwise.11

Furthermore, the independent associations between LDL cho-

lesterol level and cancer in both the general population and in

patients with type 2 diabetes have not been explored. We con-

ducted a hypothesis-generating study to explore the possible in-

dependent association between LDL cholesterol and cancer

risk in Chinese patients with type 2 diabetes mellitus. 

Methods

Study population
In 1995, we established the Hong Kong Diabetes Registry at a

regional Hong Kong hospital as part of a quality improvement

program and for the study of outcomes for Chinese patients

with diabetes. The registry was maintained within the Prince of

Wales Hospital, the teaching hospital of the Chinese University
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Background: The risk association between low-density
lipoprotein (LDL) cholesterol and cancer remains contro-
versial and largely unexplored for people not receiving
statin therapy.

Methods: We examined the risk association between LDL
cholesterol and cancer among patients with type 2 dia-
betes mellitus who were free of cancer at enrolment and
whose statin use was known. We considered a variety of
nonlinear relationships in our analysis.

Results: During a median follow-up period of 4.90 years,
cancer developed in 270 (4.4%) of 6107 patients. Among
the 3800 patients who did not receive statin therapy, the
risk association between LDL cholesterol and cancer was
represented by a V-shaped curve. Compared with patients
whose LDL cholesterol was at least 2.80 mmol/L but less
than 3.80 mmol/L, the risk of cancer, death from any cause
or the composite outcome of cancer or death was greater
among those with an LDL cholesterol level of less than
2.80 mmol/L (hazard ratio for cancer 1.74, 95% confidence
interval [CI] 1.20–2.52) and those with an LDL cholesterol
level of 3.80 mmol/L or greater (hazard ratio for cancer
1.87, 95% CI 1.29–2.71). Using 3.8 mmol/L as a reference
point, we found that the hazard ratio for cancer for every
millimole per litre absolute change in LDL cholesterol was
1.54 (95% CI 1.19–1.99) among patients not using statins;
the hazard ratio was reduced to 1.24 (1.01–1.53) for the
entire sample (statin users and those not using statins).
These associations persisted after adjustment for covari-
ates and exclusion of patients with less than 2.5 years of
follow-up.

Interpretation: Among patients with type 2 diabetes, the
association between LDL cholesterol and cancer was V-
shaped, whereby both low and high levels of LDL choles-
terol were associated with elevated risk of cancer.
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of Hong Kong, which, at the time of the study reported here,

served a population of more than 1.2 million. By 2008, the reg-

istry was enrolling 30 to 50 ambulatory patients per week. Pa-

tients were referred by general practitioners and internists from

community- and hospital-based clinics; patients discharged

from the Prince of Wales Hospital and other regional hospitals

were also being enrolled. Less than 10% of enrolled patients

had been admitted to hospital within the 6- to 8-week period

before their registry assessment (as described below).

Each patient enrolled in the registry underwent a 4-hour

outpatient assessment of complications and risk factors; the

protocol for this assessment was modified from the European

DiabCare protocol.12 Any patient who underwent the assess-

ment was considered to have entered the study cohort and

was observed until death or until July 30, 2005. Ethics ap-

proval for the study was obtained from the Clinical Research

Ethics Committee of the Chinese University of Hong Kong.

At the time of our study, Hong Kong had a highly subsi-

dized health care system, with the public sector being the

dominant provider of secondary and tertiary services. Hospital

services were subsidized to a large extent by the government,

through the Hospital Authority, the governing body for all

publicly funded hospitals and outpatient clinics.13 For all pa-

tients attending Hospital Authority clinics either as outpatients

or inpatients, any medications prescribed were dispensed on

site. In defining the outcomes of our study, we used clinical

outcomes, including discharge diagnoses for patients admitted

to hospital and deaths from the index assessment to July 30,

2005. The Hospital Authority’s central computer system was

used to retrieve all hospital admission and dispensing data. We

linked these databases by means of each patient’s Hong Kong

Identity Card number, a unique identification number that was

compulsory for all Hong Kong residents and which was used

by all government departments and major organizations.

Patient selection
From 1995 to 2005, a total of 7920 patients with diabetes

were enrolled in the registry, but we limited our analysis to

the 7387 patients who had at least one assessment after

Dec. 1, 1996, when dispensing data were computerized; more

specifically, the patients included in our analyses underwent

assessments between Dec. 3, 1996, and Jan. 8, 2005. We sub-

sequently excluded 323 patients who had type 1 diabetes mel-

litus (defined as acute presentation with ketoacidosis, heavy

ketonuria [i.e., more than 3 positive signs of the condition] or

continuous requirement for insulin within 1 year of diagno-

sis14) and 5 patients whose diabetes type was missing. We ex-

cluded other patients because of non-Chinese or unknown na-

tionality, a history of cancer or cancer treatment, or missing

data for age, sex, waist circumference, duration of diabetes,

smoking status, glycosylated hemoglobin, blood pressure,

LDL cholesterol, high-density-lipoprotein (HDL) cholesterol,

triglyceride, spot urinary albumin-to-creatinine ratio or esti-

mated glomerular filtration rate (Figure 1). A total of 6107

patients with complete data and no known history of cancer

were included in this analysis (Figure 1).

Outcomes
A trained team of Hospital Authority personnel routinely coded

principal discharge diagnoses for all cancer-related and non-
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Excluded  n = 1280
• Type 1 diabetes  n = 323 
• Diabetes type missing  n = 5 
• Non-Chinese or uncertain ethnicity   

n = 45 
• Prior cancer  n = 175 
• Missing data for covariates used in 

analysis  n = 732 

Excluded  n = 533
• Computerized drug data  

lacking (before Dec. 1, 1996)

Patients enrolled 
since 1995 
n = 7920 

Patients with assessments after 
computerization of data on 

medication use (Dec. 1, 1996) 
n = 7387 

Study sample with 
complete data 

n = 6107 

Figure 1: Flow diagram showing study population of Chinese
patients with type 2 diabetes mellitus and reasons for exclusion
from the present analysis.

Table 1: All-site cancer incidence per 100 000 population 
among people 35 years of age or older in Hong Kong and in 
the Hong Kong diabetes registry 

 Men Women 

Age, yr 
Hong 
Kong* 

Diabetes 
registry† 

Hong 
Kong* 

Diabetes 
registry† 

35–39 80.3 413.5 136.0 78.4 

40–44 153.8 162.4 238.9 337.5 

45–49 264.3 447.7 328.4 181.7 

50–54 399.2 613.4 379.9 621.9 

55–59 647.8 1105.3 476.8 747.7 

60–64 947.7 1368.6 604.6 863.4 

65–69 1408.0 1921.0 808.9 1201.1 

70–74 1983.4 1622.5 1036.1 1553.9 

75–79 2478.0 2422.6 1308.1 1533.4 

80–84 2827.5 4457.0 1514.4 2945.1 

≥ 85 2821.4 2694.8 1983.7 0 

Standardized‡ 684.0 933.3 487.5 620.2 

*Incidence per 100 000 population. Data for 2001 obtained from the Hong 
Kong Cancer Registry (www3.ha.org.hk/cancereg/eng/annual/a.asp). 
†Incidence per 100 000 person-years.  
‡Standardized to World Health Organizationís world standard population 
(on a percentage basis), based on average world population for 2000–2025.
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Table 2: Characteristics of patients with type 2 diabetes mellitus who did and did not use statins 

 No. (%)* of patients   

Characteristic 
No statin use 

n = 3800 
Statin use 
n = 2307 p value 

Sex, male 1793 (47.2) 1013 (43.9) 0.013§ 

Smoking status   0.09§ 

Ex-smoker 558 (14.7) 378 (16.4)  

Current smoker 595 (15.7) 327 (14.2)  

Age, yr, median (IQR) 56   (45–67) 60   (51–68) < 0.001¶ 

Body mass index, kg/m2, median (IQR)  24.6 (22.3–27.2) 25.1 (22.9–27.7) < 0.001¶ 

Waist circumference, cm, median (IQR)    

Men 87   (81–93) 90   (83–96) < 0.001¶ 

Women 82   (76–89) 84   (78–91) < 0.001¶ 

Known duration of diabetes, yr,  
median (IQR) 

5     (1–10) 8     (3–13) < 0.001¶ 

Systolic blood pressure, mm Hg,  
median (IQR) 

132 (120–145) 138 (125–152) < 0.001¶ 

Diastolic blood pressure, mm Hg,  
median (IQR) 

75   (68–81) 75   (68–82) 0.010¶ 

Mean arterial pressure, mm Hg,† median (IQR) 94   (86–102) 96   (89–105) < 0.001¶ 

Glycosylated hemoglobin, %, median (IQR) 7.0 (6.2–8.2) 7.6 (6.7–8.8) < 0.001¶ 

Spot urinary albumin–creatinine ratio, 
mg/mmol,‡ median (IQR) 

1.63 (0.70–6.81) 3.71 (1.00–29.37) < 0.001¶ 

    Patients with microalbuminuria 994 (26.2) 613 (26.6) 

      Patients with macroalbuminuria 444 (11.7) 614 (26.6) 
< 0.001§ 

eGFR, mL • min–1
 • 1.73 m–2, median (IQR)  107.1 (87.7–128.2) 96.0 (74.0–115.9) < 0.001¶ 

    Patients with eGFR < 60 mL • min–1
 • 1.73 m–2 271 (7.1) 337 (14.6) < 0.001§ 

Total cholesterol, mmol/L, median (IQR) 4.90 (4.33–5.50) 5.50 (4.76–6.30) < 0.001¶ 

LDL cholesterol, mmol/L, median (IQR) 2.90 (2.44–3.50) 3.40 (2.70–4.10) < 0.001¶ 

< 2.80 1559 (41.0) 620 (26.9) 

≥ 2.80 to < 3.80 1628 (42.8) 816 (35.4) 

≥ 3.80 613 (16.1) 871 (37.8) 

< 0.001§ 

HDL cholesterol, mmol/L, median (IQR) 1.27 (1.07–1.54) 1.24 (1.06–1.48) 0.004¶ 

Triglyceride, mmol/L, median (IQR) 1.21 (0.87–1.75) 1.54 (1.12–2.20) < 0.001¶ 

Cancer at any site 209   (5.5) 61   (2.6) < 0.001§ 

Death from any cause 341   (9.0) 169   (7.3) 0.024§ 

Cancer or death 439 (11.6) 206   (8.9) 0.001§ 

Diet treatment at baseline  451  (11.9) 92   (4.0) < 0.001§ 

Drug use (from enrolment to cancer, death 
or censoring)  

   

Fibrates 281   (7.4) 329 (14.3) < 0.001§ 

Other lipid-lowering drugs 8   (0.2) 21   (0.9) < 0.001** 

Angiotensin-converting-enzyme inhibitor 1736 (45.7) 1665 (72.2) < 0.001§ 

Angiotensin II receptor blocker 205   (5.4) 382 (16.6) < 0.001§ 

Insulin 1120 (29.5) 1178 (51.1) < 0.001§ 

Note: ACR = albumin–creatinine ratio, eGFR = estimated glomerular filtration rate, HDL = high-density lipoprotein, IQR = interquartile 
range, LDL = low-density lipoprotein. 
*Unless indicated otherwise. 
†Calculated as [(systolic blood pressure – diastolic blood pressure)/3] + diastolic blood pressure. 
‡Microalbuminuria defined as ACR ≥ 2.5 mg/mmol but < 25 mg/mmol in men and as ACR ≥ 3.5 mg/mmol but < 25 mg/mmol in women; 

macroalbuminuria defined as ACR ≥ 25 mg/mmol. 

§χ
2
 test. 

¶Wilcoxon 2-sample test. 
**Fisher exact test. 
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Table 3: Characteristics of patients with type 2 diabetes who did not use statins, according to cancer status 

 No. (%) of patients*  

Characteristic 
Without cancer 

n = 3591 
With cancer 

n = 209 p value 

Sex, male 1685 (46.9) 108 (51.7) 0.18§ 

Smoking status   < 0.001§ 

Ex-smoker 515 (14.3) 43 (20.6)  

Current smoker 549 (15.3) 46 (22.0)  

Age, yr, median (IQR) 55   (45–67) 66   (57–73) < 0.001¶ 

Body mass index, kg/m2, median (IQR) 24.6 (22.2– 27.2) 24.0 (22.3–26.8) 0.17¶ 

Waist circumference, cm, median (IQR)    

Men 87   (81–93) 86   (80–93) 0.41¶ 

Women  82   (76–89) 83   (78–88) 0.23¶ 

Known duration of diabetes, yr,  
median (IQR) 

5     (1–10) 7     (2–12) 0.015¶ 

Systolic blood pressure, mm Hg,  
median (IQR) 

132 (120–145) 136 (126–149) < 0.001¶ 

Diastolic blood pressure, mm Hg, 
median (IQR) 

75   (68–81) 75   (68–83) 0.47¶ 

Mean arterial pressure, mm Hg,† 
median (IQR) 

94   (86–102) 96   (89–103) 0.015¶ 

Glycosylated hemoglobin, %,  
median (IQR) 

7.0 (6.2–8.2) 7.2 (6.2–8.4) 0.16¶ 

Spot urinary ACR, mg/mmol,‡  
median (IQR) 

1.58 (0.69–6.50) 2.96 (0.93–13.83) < 0.001¶ 

Patients with microalbuminuria 923 (25.7) 71 (34.0) 

Patients with macroalbuminuria 409 (11.4) 35 (16.7) 
< 0.001§ 

eGFR, mL • min–1
 • 1.73 m–2, median (IQR) 107.6 (88.5–128.6) 100.2 (79.6–117.3) < 0.001¶ 

Patients with eGFR < 60 mL • min–1
 • 1.73 m–2 251   (7.0) 20   (9.6) 0.16§ 

Total cholesterol, mmol/L, median (IQR) 4.90 (4.40–5.50) 4.90 (4.30–5.70) 0.72¶ 

LDL cholesterol, mmol/L, median (IQR) 2.90 (2.44–3.50) 3.00 (2.40–3.70) 0.52¶ 

< 2.80 1466 (40.8) 93 (44.5) 

≥ 2.80 to < 3.80 1563 (43.5) 65 (31.1) 

≥ 3.80 562 (15.7) 51 (24.4) 

< 0.001§ 

HDL cholesterol, mmol/L, median (IQR) 1.27 (1.07–1.53) 1.29 (1.03–1.57) 0.97¶ 

Triglyceride, mmol/L, median (IQR)  1.21 (0.87–1.76) 1.15 (0.85–1.52) 0.06¶ 

Death from any cause 230   (6.4) 111 (53.1) < 0.001§ 

Diet treatment at baseline  435 (12.1) 16   (7.7) 0.053§ 

Drug use (from enrolment to cancer, death 
or censoring) 

   

Fibrates 271   (7.5) 10   (4.8) 0.14§ 

Other lipid-lowering drugs 7   (0.2) 1   (0.5) 0.36** 

Angiotensin-converting-enzyme inhibitor 1641 (45.7) 95 (45.5) 0.95§ 

Angiotensin II receptor blocker 198   (5.5) 7   (3.3) 0.18§ 

Insulin 1055 (29.4) 65 (31.1) 0.60§ 

Note: ACR = albumin–creatinine ratio, eGFR = estimated glomerular filtration rate, HDL = high-density lipoprotein, IQR = interquartile range, 
LDL = low-density lipoprotein.  
*Unless indicated otherwise. 
†Calculated as [(systolic blood pressure – diastolic blood pressure)/3] + diastolic blood pressure. 
‡Microalbuminuria defined as ACR ≥ 2.5 mg/mmol but < 25 mg/mmol in men and as ACR ≥ 3.5 mg/mmol but < 25 mg/mmol in women; 

macroalbuminuria defined as ACR ≥ 25 mg/mmol. 

§χ
2
 test. 

¶Wilcoxon 2-sample test. 
**Fisher exact test. 



cancer-related admissions to the Prince of Wales Hospital, ac-

cording to the International Classification of Diseases, 9th revi-

sion. We retrieved mortality data from the Hong Kong Death

Registry and cross-checked causes of death against hospital ad-

missions recorded in the Hospital Authority computer system.

We used the International Classification of Diseases codes to

identify first admissions because of cancer. For the purposes of

this study, the outcome was defined as a first cancer event (ei-

ther fatal or nonfatal) during the follow-up period (codes 140 to

208). The follow-up time was calculated as the period from en-

rolment to the date of first admission because of cancer, the

date of death or July 30, 2005, whichever came first.

Clinical and laboratory measurements
On the day of a patient’s baseline assessment for the registry, he

or she attended the diabetes clinic after at least 8 hours of fasting

and abstention from all medications. Clinic staff determined

body mass index from measurements obtained with patients

wearing light clothing and no shoes. Clinic staff also measured

patients’ sitting blood pressure after at least 5 minutes of rest.15,16

They used the abbreviated Modification of Diet in Renal Dis-

ease formula recalibrated for Chinese people17 to estimate

glomerular filtration rate (mL • min–1
• 1.73 m–2) as follows:

186 × (serum creatinine × 0.011)–1.154 × (age)–0.203 × (0.742 if fe-

male or 1 if male) × 1.233, where serum creatinine is expressed

in micromoles per litre (converted from original measurement in

milligrams per decilitre), age is expressed in years, and 1.233 is

the adjustment coefficient for Chinese people. In addition, they

measured total cholesterol, triglyceride and HDL cholesterol by

enzymatic methods using an automated analyzer (Hitachi 911,

Boehringer Mannheim, Mannheim, Germany) and reagent kits

supplied by the manufacturer. They calculated LDL cholesterol

using the Friedewald equation.18 The precision performance of

all assays was within the manufacturer’s specifications. 

Statistical analyses
For the purposes of this study, we calculated the age-

standardized incidence of all-site cancer for patients 35 years of

age and older and for the general population of Hong Kong in

the same age group. We then used Cox proportional hazard re-

gression to obtain hazard ratios of LDL cholesterol while con-

trolling for covariates. Visual inspection of a bar graph (see

Appendix 1, available online at www.cmaj.ca/cgi/content/full

/179/5/427/DC2) suggested that the association between LDL

cholesterol and all-site cancer was nonlinear, with a general V

shape. Therefore, restricted cubic spline analysis was used in

subsequent Cox proportional hazard regressions19 to derive haz-

ard ratio curves20,21 (see Appendix 2, available online at

www.cmaj.ca/cgi/content/full/179/5/427/DC2, for the details of

this analysis). We also used categorization and linear transfor-

mation schemes,20 applied separately, to capture V-shaped asso-

ciations between LDL cholesterol and all-site cancer.

In cohort analysis, adequate adjustment for potential con-

founders is critically important.22 To better control for covari-

ates, we directly applied the spline function to control for the

potentially nonlinear confounding effects of all continuous co-

variates. Prolonged use of disease-modifying drugs such as

statins may reduce the likelihood of particular outcomes or in-

troduce “healthy volunteer” bias.22,23 Use of drugs other than

statins might also confound the independent associations be-

tween LDL cholesterol and cancer. We used yes/no coding for

use of statins and other drugs during the follow-up period. The
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Figure 2: Hazard ratios for low-density lipoprotein (LDL) cholesterol levels associated with cancer at any site among patients who did
not use statins (A) and among all patients with type 2 diabetes mellitus (B). The LDL cholesterol level associated with the lowest can-
cer risk (3.28 mmol/L) was used as the reference value. All curves were adjusted for smoking status, use of fibrates and spline func-
tions of age, duration of diabetes, waist circumference, high-density lipoprotein cholesterol level and triglyceride levels (i.e., vari-
ables with a p value < 0.10). Figure 2A, showing hazard ratios and 95% confidence intervals, was derived from data for patients who
did not use statins. Figure 2B shows two hazard ratio curves: one for people not using statins (as in Figure 2A, with data points indi-
cated by stars), and one for the whole cohort, with further adjustment for use of statins from enrolment to date of cancer, death or
censoring (data points indicated by circles).



rationale for this approach is detailed in Appendix 2 (available

online at www.cmaj.ca/cgi/content/full/179/5/427/DC2).

The risk factors for cancer in patients with type 2 diabetes

are largely unknown. Therefore, to control for potential con-

founding effects and to ensure that the ratio of the number of

outcomes to the number of covariates was above 10:1 for the

fitted multivariable models,19 we entered age and LDL choles-

terol, HDL cholesterol and triglyceride levels and used a

backward elimination algorithm to remove all other covari-

ates with a p value of 0.10 or above. To avoid collinearity, we

used mean arterial pressure (in place of systolic and diastolic

blood pressures) and waist circumference (but not body mass

index) in fitting the model. We used Pearson correlation to

verify that there were no highly correlated covariates in the

models (correlation coefficient < 0.60).24

We repeated all of these analyses, using recoded or trans-

formed LDL cholesterol values, after removing patients who

had been followed for less than 2.5 years and also in the 2

randomly split half-databases (to check the stability of key

findings). We used plots of log (–log [survival function]) v.

log (follow-up time in years) to check the proportional haz-

ards assumption for categorical variables and the Supremum

test to check the assumption for continuous variables.25 We

also checked interactions of LDL cholesterol with other co-

variates. P values and 95% confidence intervals derived from

multiple comparisons were adjusted using the Ryan–Holm

step-down Bonferroni procedure.26,27

We performed the same analyses for patients who did not

use statins and for the whole cohort (i.e., those who did and did

not use statins). We used additional outcomes — death from
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Table 4: Hazard ratios of LDL cholesterol levels for cancer of any type occurring in patients with type 2 diabetes mellitus 

 
Patients not using statins  

n = 3800 
All patients* 

n = 6107 

Baseline LDL cholesterol Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value 

All patients, complete follow-up period       

Model 1: univariable†       

LDL cholesterol, mmol/L       

< 2.80 1.74 (1.27–2.39) < 0.001 1.60 (1.16 to 2.20) 0.002 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.96 (1.29–2.97) < 0.001 1.25 (0.92–1.70) 0.15 

Model 2: multivariable†‡       

LDL cholesterol, mmol/L       

< 2.80 1.74 (1.20–2.52) 0.002 1.53 (1.10–2.12) 0.008 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.87 (1.29–2.71) 0.001 1.43 (1.04–1.97) 0.027 

Model 3: multivariable‡       

|3.28 – LDL cholesterol (mmol/L)| § 1.54 (1.19–1.99) 0.001 1.24 (1.01–1.53) 0.044 

Excluding patients with follow-up  
< 2.5 yr 

      

Model 4: univariable†       

LDL cholesterol, mmol/L       

< 2.80 1.88 (1.19–2.99) 0.007 1.63 (1.03–2.57) 0.033 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 2.15 (1.20–3.86) 0.007 1.36 (0.90–2.05) 0.15 

Model 5: multivariable†‡       

LDL cholesterol, mmol/L       

< 2.80 2.15 (1.25–3.71) 0.003 1.70 (1.06–2.70) 0.022 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 2.08 (1.23–3.50) 0.006 1.46 (0.95–2.25) 0.08 

Model 6: multivariable‡       

|3.28 – LDL cholesterol (mmol/L)| § 1.53 (1.05–2.23) 0.028 1.20 (0.90–1.60) 0.23 

Note: CI = confidence interval, LDL = low-density lipoprotein. 
*Additional adjustment for use of statins from enrolment to date of cancer, death or censoring (yes/no), except in univariable models. 
†p values and 95% CIs were adjusted for multiple comparisons using the Ryan–Holm step-down Bonferroni procedure.

26,27
 

‡Adjusted for smoking status, use of fibrates from enrolment to date of cancer, death or censoring (yes/no) and spline functions of age, duration of diabetes, 
high-density lipoprotein cholesterol, triglycerides and waist circumference (variables with p < 0.10). 
§Absolute value of the difference between 3.28 and LDL cholesterol (mmol/L). 



any cause and the composite outcome of cancer at any site and

death from any cause — to check the consistency of the associ-

ations of high and low LDL cholesterol levels with these out-

comes in an array of models. We considered a p value of less

than 0.05 for 2-sided tests to be statistically significant. 

Results

Incidence of all-site cancer among patients
with type 2 diabetes mellitus

During a total follow-up of 29 377 person-years (median 4.90

years, interquartile range 2.80–6.98 years), cancer was diag-

nosed in 270 (4.4%) of 6107 patients. The median calendar

year of follow-up was 2001, at which point the age-

standardized incidence of all-site cancer among those 35

years of age and older was 933.3 per 100 000 person-years

for men and 620.2 per 100 000 person-years for women. In

the same calendar year, according to figures published by the

Hong Kong Department of Health,28 the incidence of all-site

cancer in the same age group was 684.0 per 100 000 popula-

tion for men and 487.5 per 100 000 population for women in

the general population of Hong Kong (Table 1).

Characteristics associated with use 
and non-use of statins

At baseline, statin users were older, had a longer duration of

diabetes and had a poorer metabolic profile than those who

did not use statins (Table 2). Nonetheless, those who used

statins were less likely to develop cancer, less likely to die

and less likely to have the composite outcome of all-site can-

cer and all-cause death (Table 2). At enrolment, patients who

used statins were more likely to have an LDL cholesterol

level of at least 3.80 mmol/L but less likely to have a level of

less than 2.80 mmol/L (Table 2).

Characteristics of patients not using statins 
in relation to occurrence of cancer
Patients not using statins in whom cancer was diagnosed dur-

ing the follow-up period had a worse metabolic profile at

baseline than those in whom cancer was not diagnosed (Table

3). Although there was no significant difference in the median

values of LDL cholesterol between patients with and without

cancer, those with cancer were more likely to have an LDL

cholesterol level of less than 2.80 mmol/L or a level of at

least 3.80 mmol/L (Table 3).

Risk associations between cancer and LDL cholesterol
Among patients not using statins, LDL cholesterol was as-

sociated with cancer in a V-shaped manner, after adjust-

ment for possible covariates of cancer, including age, waist

circumference, smoking status, duration of diabetes, HDL

cholesterol and triglyceride levels, and use of fibrates dur-

ing follow-up (i.e., risk factors with a p value < 0.10) (Fig-

ure 2A). The LDL cholesterol level associated with the

lowest cancer risk was 3.28 mmol/L. At levels less than

2.80 mmol/L, LDL cholesterol was inversely associated

with cancer in a roughly linear manner. For LDL choles-

terol levels above 2.80 mmol/L, the hazard ratio declined

progressively, reaching 1 at 3.28 mmol/L, after which it in-

creased in a nearly linear fashion.

Among patients not using statins, cancer was more likely

to occur in those whose LDL cholesterol level was less than

2.80 mmol/L and those whose LDL cholesterol level was at

least 3.80 mmol/L than among those whose level was at least

2.80 but less than 3.80 mmol/L (Table 4). The significance

of this association persisted after adjustment for possible co-

variates. After exclusion of patients with follow-up less than

2.5 years, the p values for patients with low LDL cholesterol

levels or high LDL cholesterol levels compared with those

whose level was at least 2.80 but less than 3.80 mmol/L re-

mained less than 0.05 in both univariable and multivariable

analyses (Table 4). Treatment of the nonlinear association as

a perfect V shape indicated that each millimole per litre de-

parture of LDL cholesterol from 3.28 mmol/L was associated

with a 1.54-fold increase in the risk of cancer. 

For the whole cohort of patients, regardless of statin use,

the left arm of the V-shaped curve associating LDL choles-

terol with cancer shifted slightly to the left of the original

curve, whereas the slope of the right arm decreased substan-

tially (Figure 2B). Accordingly, the effect size of LDL cho-

lesterol levels of at least 3.80 mmol/L versus LDL cholesterol

levels of at least 2.80 but less than 3.80 mmol decreased from

1.87 (p = 0.001) among those not using statins to 1.43 (p =

0.027) for the whole cohort, with adjustment for use of statins

during the follow-up period (Table 4). 
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Figure 3: Cumulative incidence of cancer among Chinese pa-
tients with type 2 diabetes mellitus not using statins, stratified
by low-density lipoprotein (LDL) cholesterol levels at baseline.
Adjusted p value (log-rank test) < 0.05 for comparison of pa-
tients with LDL cholesterol level less than 2.80 mmol/L v. those
with LDL cholesterol level of at least 2.80 mmol/L but less than
3.80 mmol/L, and for comparison of patients with LDL choles-
terol level of at least 3.80 mmol/L v. those with LDL cholesterol
level of at least 2.80 mmol/L but less than 3.80 mmol/L. Plus signs
indicate data censored at the end of the study (July 30, 2005).



In patients not receiving statin therapy, the curves repre-

senting cumulative incidence of cancer for patients with

LDL cholesterol levels of less than 2.80 mmol/L and those

with LDL cholesterol levels of at least 3.80 mmol/L were

consistently above the curve for patients with LDL choles-

terol levels of at least 2.80 mmol/L but less than 3.80

mmol/L during the entire follow-up period (Figure 3).

Risk associations between LDL cholesterol 
and other outcomes
An LDL cholesterol level of less than 2.80 mmol/L and a

level of at least 3.80 mmol/L were both associated with ele-

vated risk of death from any cause and the composite out-

come of all-site cancer and all-cause death in both univariable

and multivariable analyses, for statin users and for the whole

cohort, as well as before and after exclusion of those who had

been followed for less than 2.5 years (Table 5). 

Risk of site-specific cancer associated 
with LDL cholesterol
The elevated risk of cancer at any site among patients with

an LDL cholesterol level of less than 2.80 mmol/L was

mainly driven by cancers of the digestive organs and peri-

toneum, genitourinary organs, and lymphatic and hemato-

poietic tissues, as well as by cancer of other and unspeci-

fied sites as a group. Conversely, the elevated risk of cancer
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Table 5: Hazard ratios of LDL cholesterol levels for death and the composite outcome of cancer at any site or death from any 
cause for patients with type 2 diabetes mellitus 

 Death from any cause Composite outcome (cancer or death) 

Baseline LDL cholesterol Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value 

Patients not using statins       

Model 1: univariable*       

LDL cholesterol, mmol/L       

< 2.80 1.46 (1.14–1.87) 0.003 1.44 (1.16–1.79) 0.001 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.78 (1.29–2.44) < 0.001 1.88 (1.42–2.49) < 0.001 

Model 2: multivariable*†‡       

LDL cholesterol, mmol/L       

< 2.80 1.50 (1.12–2.01) 0.004 1.45 (1.16–1.82) 0.001 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.56 (1.17–2.08) 0.003 1.64 (1.23–2.19) < 0.001 

Model 3: multivariable†‡       

     |3.28 – LDL cholesterol (mmol/L)| § 1.42 (1.17–1.74) < 0.001 1.37 (1.15–1.63) < 0.001 

All patients¶       

Model 4: univariable*       

LDL cholesterol, mmol/L       

< 2.80 1.39 (1.12–1.72) 0.003 1.38 (1.14–1.67) 0.001 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.58 (1.24–2.02) < 0.001 1.53 (1.23–1.90) < 0.001 

Model 5: multivariable*†‡        

LDL cholesterol, mmol/L       

< 2.80 1.44 (1.15–1.79) 0.002 1.39 (1.14–1.69) 0.001 

≥ 2.80 to < 3.80 Reference  Reference  

≥ 3.80 1.46 (1.13–1.88) 0.002 1.43 (1.14–1.79) 0.001 

Model 6: multivariable†‡       

     |3.28 – LDL cholesterol (mmol/L)| § 1.31 (1.15–1.50) < 0.001 1.25 (1.11–1.42) < 0.001 

Note: CI = confidence interval, LDL = low-density lipoprotein. 
*p values and 95% CIs were adjusted for multiple comparisons using the Ryan–Holm step-down Bonferroni procedure.

26,27
 

†Adjusted for smoking status, use of fibrates from enrolment to date of death or censoring (yes/no, for outcome of death) or date of cancer, death or 
censoring (for composite outcome) and spline functions of age, duration of diabetes, high-density lipoprotein cholesterol, triglycerides and waist 
circumference. 
‡The age variable violated the proportional hazards assumption for death from any cause and for the composite outcome; stratified Cox models on age 
were therefore used to correct for the violation. 
§Absolute value of the difference between 3.28 and LDL cholesterol (mmol/L). 
¶Additional adjustment for use of statins from enrolment to date of death or censoring (yes/no, for outcome of death) or date of cancer, death or 
censoring (for composite outcome) except in univariable models. 



at any site among patients with an LDL cholesterol level of

at least 3.80 mmol/L was mainly due to cancers of the lip,

oral cavity and pharynx; the digestive organs and peri-

toneum; bone, connective tissue, skin and breast; the geni-

tourinary organs; and lymphatic and hematopoietic tissues

(Table 6).

Interpretation

Consistent with other studies,1–7 the incidence of cancer in this

cohort was about one-third higher than that in the general

population among patients 35 years of age and older. In addi-

tion, we observed a V-shaped risk relation between LDL cho-

lesterol and all-site cancer. LDL cholesterol levels below

2.80 mmol/L and levels of at least 3.80 mmol/L were both as-

sociated with markedly elevated risk of cancer among pa-

tients who did not use statins.

Large epidemiologic studies have suggested an inverse re-

lation between cancer risk and total cholesterol levels meas-

ured 5 years or more before diagnosis of cancer.30,31 In the cur-

rent study, both LDL cholesterol levels below 2.80 mmol/L

and levels of at least 3.80 mmol/L were associated with an in-

creased risk of cancer. The associations persisted, with a

slight increase in hazard ratios, after exclusion of patients

who had been followed for less than 2.5 years. These obser-

vations suggest that the increased risk of cancer among pa-

tients with high and low LDL cholesterol were probably not

attributable to undiagnosed cancer. 

Our detailed analysis also indicated that the use of statins

had major effects on the association between LDL cholesterol

and all-site cancer, obscuring the true nature of the associa-

tion. As such, we were justified in excluding patients who

were using statins from our investigation of the association

between LDL cholesterol and cancer. Although these exclu-

sions reduced the number of patients, especially in the high

LDL cholesterol group, the association of high LDL choles-

terol levels with all-site cancer remained highly significant.

Low LDL cholesterol levels (< 2.80 mmol/L) and high levels

(≥ 3.80 mmol/L) were also consistently associated with ele-

vated risk of death from any cause and the composite out-

come of all-site cancer and all-cause death; these results sug-

gest that false associations due to competing risk are unlikely.

Technically, in the presence of competing risk, Cox models

may still give valid results when used in testing the hazard ra-

tio,32 although the cumulative distribution will not be amen-

able to probabilistic interpretation.33

The mechanism for the link between cancer and LDL cho-

lesterol remains controversial. The mevalonate pathway,
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Table 6: Distribution of cancer subtypes and univariable hazard ratio of LDL cholesterol for cancer subtypes occurring in patients 
with type 2 diabetes mellitus who did not use statins (n = 209) 

 No. (%) of cases* Univariable hazard ratio (95% CI)† 

Cancer subtype‡ 
Male 

n = 1793 
Female 

n = 2007 
Total 

n = 3800 

LDL cholesterol 
< 2.80 v. ≥ 2.80 to < 3.80 mmol/L 

LDL cholesterol 
≥ 3.80 v. ≥ 2.80 to < 3.80 mmol/L

Individual subtype 
groups           

1: Lip, oral cavity and 
pharynx 

6 (0.3) 2 (0.1) 8 (0.2) 0.81 (0.13–4.83) 2.50 (0.40–15.57) 

2: Digestive organs and 
peritoneum 

64 (3.6) 43 (2.1) 107 (2.8) 2.17 (1.30–3.62)** 1.91 (1.11–3.29)** 

3: Respiratory and 
intrathoracic organs 

13 (0.7) 9 (0.4) 22 (0.6) 0.88 (0.34–2.32) 1.20 (0.35–4.09) 

4: Bone, connective 
tissue, skin and breast 

7 (0.4) 24 (1.2) 31 (0.8) 1.26 (0.50–3.19) 3.47 (1.31–9.17)** 

5: Genitourinary organs 16 (0.9) 15 (0.7) 31 (0.8) 1.77 (0.71–4.42) 1.50 (0.54–4.11) 

6: Lymphatic and 
hematopoietic tissue 

4 (0.2) 4 (0.2) 8 (0.2) 6.39 (0.55–74.64) 4.76 (0.43–52.56) 

7: Other and 
unspecified sites 

15 (0.8) 16 (0.8) 31 (0.8) 1.73 (0.68–4.37) 1.72 (0.65–4.51) 

Combined subtype 
groups       

2 + 5 + 6 +7§ 87 (4.9) 75 (3.7) 162 (4.3) 1.99 (1.32–3.00)** 1.81 (1.17–2.81)** 

1 + 2 + 4 + 5 + 6 + 7¶ 98 (5.5) 94 (4.7) 192 (5.1) 1.82 (1.31–2.54)** 2.02 (1.30–3.14)** 

Note: CI = confidence interval, LDL = low-density lipoprotein. 
*Some patients had more than one type of cancer, so the sum is greater than the total number of patients. The denominators for calculating the percentages 
were based on the numbers of patients in the study who did not use stains (male, female and total). 
†Adjusted for multiple comparisons where appropriate. 
‡Classification based on the International Classification of Diseases, 9th revision. 
§Combined cancer events based on whether hazard ratio for LDL cholesterol < 2.80 v. ≥ 2.80 to < 3.80 mmol/L was greater than or equal to 1.50. 

¶Combined cancer events based on whether hazard ratio for LDL cholesterol ≥ 3.80 v. ≥ 2.80 to < 3.80 mmol/L was greater than or equal to 1.50. 
**p < 0.05. 



which leads to cholesterol synthesis, can produce molecules

such as the isoprenoids farnesol and geranylgeraniol, which

are important for a number of signaling proteins such as the

GTPases Ras and Rho.34,35 The Ras and Rho proteins are

known to be involved in cell proliferation, differentiation and

apoptosis.36 Thus, our observations that elevated LDL choles-

terol level was associated with increased cancer risk are con-

sistent with experimental findings that the mevalonate path-

way may be associated with the development and progression

of cancer.36 Conversely, the underlying mechanism for the

risk association between all-site cancer and low LDL choles-

terol level is not immediately obvious. One plausible explana-

tion is that low LDL cholesterol may upregulate the activity

or responsiveness (or both) of the mevalonate pathway in pe-

ripheral tissues.

Our findings have important clinical implications. A high

LDL cholesterol level in patients with type 2 diabetes implies

not just high risk for coronary artery disease but possibly an in-

creased risk of cancer. A low LDL cholesterol level is not nec-

essarily associated with optimal clinical outcomes but is predic-

tive of cancer and death. The use of these levels as risk markers

may help clinicians to assess their patients more fully and thus

to prevent premature deaths in patients who have high risk.

Our study has several strengths over other related

research.37 First, because many risk relations are nonlinear, we

applied spline functions of covariates in Cox models to con-

trol for confounders, instead of assuming linearity. Second,

we checked the cut-off points using hazard ratio curves. Our

analysis offers important insights, since the V-shaped associa-

tion would not have been detected if the relation had been

considered linear (p = 0.72 in the univariable model).

Our study also has some limitations. First, we aimed to re-

veal independent associations between LDL cholesterol level

and cancer. Because of the observational nature of our study,

we were able only to generate hypotheses, rather than evalu-

ate the benefits or effects of statin use on cancer. Second, we

did not measure, and thus could not control for, other con-

founding factors such as inflammatory markers. Third, the

cohort was predominantly clinic-based, not population-

based, with patients having different duration of disease at

enrolment in the diabetes registry. Nonetheless, because of

the lack of a comprehensive health insurance policy and the

existence of an integrated primary health care system in

Hong Kong, most patients, especially those with chronic ill-

nesses, are managed in public hospitals, where care is heav-

ily subsidized. In 2000, the Hong Kong Department of

Health reported that over 90% of patients with a diagnosis of

diabetes were managed in the public health sector.38 Thus, a

major referral bias is unlikely, as evidenced by the low rates

of complications at enrolment and the annual mortality rate

of 1%–2%, which is comparable to most community-based

cohorts of white patients.39 Fourth, it is possible that a very

small number of cancer events were missed. Fifth, the cut-off

points were derived by visually checking the curve, so their

selection was essentially arbitrary. Given that the incidence

of clinical outcomes and cancer patterns may differ from one

population to another,40 these cut-off values may not be ap-

plicable to other populations.

In conclusion, in a prospective cohort of Chinese patients

with type 2 diabetes mellitus who were not receiving statin

therapy, we detected a V-shaped association between LDL

cholesterol level and cancer risk. LDL cholesterol levels of

at least 2.80 mmol/L but less than 3.80 mmol/L were associ-

ated with the lowest cancer risk. Reanalysis of available data

from clinical trials is needed to verify or refute this

hypothesis.
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