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ABSTRACT
Introduction  Risk of non-obese or lean non-alcoholic 
fatty liver disease (NAFLD) for cancer in patients with type 
2 diabetes mellitus (T2DM) is less known. We aimed to 
evaluate independent associations of NAFLD, especially 
non-obese or lean NAFLD, and body mass index (BMI) on 
risks of cancer in patients with T2DM.
Research design and methods  Cross-sectional analyses 
of baseline information on a cohort of 233 patients with 
T2DM were conducted in Xiamen, China. NAFLD was 
identified by hepatic ultrasonography diagnosis of hepatic 
steatosis without excessive alcohol consumption, viral or 
autoimmune liver disease. Fibrosis-4 (FIB-4) score was 
calculated to quantify severity of hepatic fibrosis.
Results  All types of cancers were diagnosed on 19 
(8.2%) patients. Prevalence of cancer was significantly 
higher in those with NAFLD than those without (15.5% 
vs 4.0%, p=0.002), but were not significantly different 
among BMI categories (6.8%, 13.7% and 6.5% for those 
with underweight or normal weight (n=74), overweight 
(n=51) and obesity (n=108), respectively, p=0.258). 
With adjustment for potential confounding factors in the 
multivariable logistic regression models, NAFLD was 
significantly associated with increased risk of cancer 
with the adjusted OR (95% CI) of 5.969 (1.349 to 26.413, 
p=0.019). Stratified analyses across BMI categories 
found similar association of NAFLD with risk of cancer 
for those non-obese or lean (the adjusted OR (95% CI) 
17.446 (1.690 to 180.095, p=0.016)) but not for those with 
either overweight (OR (95% CI) 11.642 (0.832 to 162.963, 
p=0.068) or obesity (OR (95% CI) 0.917 (0.170 to 4.954, 
p=0.920). FIB-4 score was not significantly associated 
with risk of cancer for all subjects or stratified across BMI 
categories. BMI was not significantly associated with risk 
of cancer for all patients or stratified by NAFLD.
Conclusions  NAFLD, even non-obese or lean NAFLD, was 
independently associated with increased risk of cancer 
in patients with T2DM. Screening and management of 
NAFLD, especially for those with underweight or normal 
weight, should be strengthened from the perspective 
of improving prevention and management of cancer in 
patients with T2DM.

The global prevalence of diabetes was esti-
mated to be 9.3% (463 million people) in 
2019 and would rise to 10.2% (578 million) 
by 2030 and 10.9% (700 million) by 2045.1–3 

Type 2 diabetes mellitus (T2DM) accounts for 
90% of diabetes, which arouses a heavy public 
health burden worldwide.1–4 Accumulated 
evidence has shown that T2DM is a risk factor 
for certain types of cancer, such as liver, colon 
and breast cancer.5 6 Although it is known 
that T2DM and cancer share some common 
risk factors, such as aging, smoking, physical 
inactivity and unhealthy diet7 and that hyper-
glycemia, insulin resistance, elevated insulin, 
inflammatory cytokines and dyslipidemia 
attribute to the increased risk of cancer in 
patients with diabetes,8 identifying risk factors 
and mechanisms linking T2DM and cancer 
are still big challenges from the perspective 
of improving prevention and management of 
these comorbidities.9

Growing evidence has shown that non-
alcoholic fatty liver disease (NAFLD) is a kind 
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of chronic liver disease and contributes to extrahepatic 
diseases, such as T2DM, cardiovascular disease (CVD) 
and certain sites of cancer.10–12 NAFLD is closely associ-
ated with metabolic/insulin resistance syndrome, which 
may therefore predict T2DM incidence.13 Meanwhile, 
NAFLD has been becoming the most important cause 
of hepatocellular carcinoma (HCC), and it is expected 
the annual incidence of NAFLD-related HCC is about 
to increase by 45%–130% by 2030.14–16 More and more 
evidence has documented the associations of NAFLD 
with other extrahepatic cancers, such as colon, esoph-
agus, stomach, pancreas, kidney in men and breast cancer 
in women,17 18 but less is known about the independent 
association of NAFLD with risks of all types of cancer in 
patients with T2DM.

Obesity has been well documented to contribute a 
broad array of chronic diseases, including diabetes, hyper-
tension, CVD, chronic kidney disease and certain sites of 
cancer.19–21 Since NAFLD usually occurs simultaneously 
when obesity happens, the risk of NAFLD for cancer 
development may further increase when associated with 
other metabolic traits, such as obesity, hypertension and 
dyslipidemia,16 and little evidence is available on the 
independent effects of NAFLD and obesity for cancer, 
especially in patients with T2DM.

Although NAFLD is commonly associated with obesity, 
NAFLD in non-obese or lean individuals is increasingly 
being identified.22 Around 40% of the global NAFLD 
population was classified as non-obese and almost a fifth 
was lean.23 However, the risk of non-obese or lean NAFLD 
for cancer in patients with T2DM is less known. There-
fore, in the present study with 233 patients with T2DM, we 
mainly aimed to evaluate the independent associations of 
NAFLD, especially non-obese or lean NAFLD, and BMI 
on risks of all types of cancer in patients with T2DM.

RESEARCH DESIGN AND METHODS
Study design and subjects
From January 2018 to April 2020, a total of 251 patients 
with T2DM from the Department of Endocrinology, 
Zhongshan Hospital, Fudan University (Xiamen Branch) 
(Xiamen, China) had been recruited into the present 
ongoing cohort. Patients were diagnosed as diabetes 
based on American Diabetes Association 2018 criteria: 
(1) a self-reported history of diabetes previously diag-
nosed by healthcare professionals; (2) fasting plasma 
glucose (FGP) ≥126 mg/dL (7.0 mmol/L); (3) 2-hour 
plasma glucose (2-hour PG, oral glucose tolerance test) 
≥200 mg/dL (11.1 mmol/L) or (4) glycosylated hemo-
globin A1c (HbA1c) ≥6.5% (48 mmol/mol).24 T2DM was 
identified for diabetes cases with the age of 20 years or 
older who are overweight or obese and/or have a family 
history of diabetes. Finally, 18 patients were excluded 
due to incomplete data and 233 patients were left for 
the present analyses. This study was designed as a cross-
sectional analysis of this T2DM patient cohort.

Measurements
Face-to-face interview was conducted for each patient 
to collect sociodemographic status, lifestyle habits, 
present and previous history of health and medications, 
including histories of diabetic complications and treat-
ment. Subjects underwent weight and height measure-
ments by using a calibrated scale after removing shoes 
and heavy clothes. Body mass index (BMI) was calculated 
as the weight in kilograms divided by the square of the 
height in meters. Arterial blood pressure was measured 
with OMRON electronic sphygmomanometer after 
sitting for at least 15 min. Three readings were taken at 
5 min intervals and the mean of them was recorded.

After a 12-hour overnight fasting, blood samples were 
collected to measure FPG, HbA1c, liver function, renal 
function and lipid profiles. All biochemical measure-
ments were tested in the clinical laboratory of the Zhong-
shan Hospital, Fudan University (Xiamen Branch). 
Serum creatinine, uric acid (UA), triglyceride (TG), total 
cholesterol (TC) and high-density lipoprotein cholesterol 
(HDL-C), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) were determined on an analyzer 
(Roche Elecsys Insulin Test, Roche Diagnostics). Low-
density lipoprotein cholesterol (LDL-C) was calculated 
by Friedewald’s formula: LDL-C=(TC−HDL-C)−TG/5.25 
FPG concentration was measured by the hexokinase 
method and HbA1c by the Bio-Rad Variant Hemoglobin 
A1c assay.

Liver ultrasonography and definition of non-alcoholic fatty 
liver disease
Hepatic ultrasonography scanning was performed by an 
experienced radiologist who was blinded to the patients’ 
health status using GE LOGIQ P5 scanner (GE Health-
care, Milwaukee, USA) with a 4 MHz probe. Hepatic 
steatosis was diagnosed on the basis of characteristic sono-
graphic features, including hepatorenal echo contrast, 
liver parenchymal brightness, deep beam attenuation 
and vessel blurring.26 The definition of NAFLD was based 
on hepatic ultrasonography diagnosis of hepatic steatosis 
without excessive alcohol consumption, viral or autoim-
mune liver disease.

Fibrosis-4 (FIB-4) score was calculated for each subject 
based on the formula: FIB-4=age ((year)×AST (U/L))/
((PLT (109/L))×(ALT (U/L))1/2), and a cut-off of >3.25 
was used to define advanced hepatic fibrosis.27

Definition of cancers and BMI categories
All types of cancers were identified by checking the 
patients’ medical records after they recalled histories 
of any kind of cancer which were diagnosed by profes-
sional health workers previously or after admission to 
the hospital. Subjects were classified by WHO guidelines 
for the Asian Pacific population into five BMI catego-
ries: underweight (<18.5 kg/m2), normal weight (18.5–
22.9 kg/m2), overweight (23.0–24.9 kg/m2), obesity I 
(25.0–29.9 kg/m2) and obesity II (≥30.0 kg/m2).28 29 Since 
there were only 7 (3.0%) patients with underweight and 
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17 (7.3%) patients with obesity II, three BMI categories 
were used in the present study, including underweight or 
normal weight (non-obese or lean, <23.0 kg/m2), over-
weight (23.0–24.9 kg/m2) and obesity (25.0 kg/m2 or 
over).

Statistical analyses
Data were presented as the mean±SD for continuous vari-
ables or number and percentage for categorical variables. 
Skewness and kurtosis tests for continuous variables were 
conducted and found all followed approximation of 
normal distributions. Differences between subjects cate-
gorized by NAFLD (vs non-NAFLD) and cancer (yes vs 
no) were analyzed using one-way analysis of variance for 
continuous variables and χ2 test for categorical variables. 
Bar graphs showing prevalence rates of all cancers were 
made stratified by BMI categories and NAFLD.

Multivariable logistic regression models were used to 
calculate the adjusted ORs and 95% CIs for all cancers 
with adjustment for potential confounders (including 
age, sex, ever smoking and drinking habits, systolic and 
diastolic blood pressure, TG, TC, HDL-C and LDL-C, 
HbA1c, serum UA, oral hypoglycemic medications and 
insulin use, BMI and NAFLD). Interaction tests between 
BMI and NAFLD were conducted. Furthermore, multi-
variable logistic regression analyses of NAFLD (yes vs 
no) stratified by BMI categories as well as multivariable 
logistic regression analyses of BMI categories (under-
weight or normal weight as the reference) stratified 
by NAFLD for all cancers were conducted separately 
with adjustment for the same potential confounding 
variables. All p values were two-sided and p<0.05 was 
considered statistically significant. All statistical analyses 
were performed using Stata V.14.0 (StataCorp, College 
Station, Texas, USA).

RESULTS
Prevalence rates of all cancers stratified by BMI categories 
and NAFLD
For all the 233 patients with T2DM, the means (±SDs) of 
age were 63.7 (±8.0) years for women (n=95, 40.8%) and 
53.5 (±12.3) years for men (n=138, 59.2%) (p<0.001). 
Among them, 19 (8.2%) patients were identified as 
having cancers, and the primary cancers sites included 
breast cancer (n=2), cervical cancer (n=3), thyroid 
cancer (n=3), rectal cancer (n=3), liver cancer (n=1), 
lung cancer (n=3), gastric cancer (n=1), bladder cancer 
(n=1) and unclear cancer (n=2). Overall, the preva-
lence rates of cancer were significantly higher in those 
with NAFLD than those without NAFLD (15.5% vs 4.0%, 
p=0.002), but were not significantly different among BMI 
categories (6.8%, 13.7% and 6.5% for those with under-
weight or normal weight (n=74), overweight (n=51) and 
obesity (n=108), respectively, p=0.258). Figure  1 shows 
the prevalence rates of cancers in patients with NAFLD 
were significantly higher than those without NAFLD 
for those with underweight or normal weight (33.3% 
vs 3.1%, p=0.001) and those with overweight (25.0% vs 
3.7%, p=0.027) but not for those with obesity (7.8% vs 
5.3%, p=0.587). Figure 1 also shows the prevalence rates 
of cancer decreased significantly with increasing BMI 
categories (from underweight or normal weight, over-
weight to obesity) for those with NAFLD (33.3%, 25.0% 
and 7.8%, respectively, p=0.047) but not for those without 
NAFLD (3.1%, 3.7% and 5.3%, respectively, p=0.825).

Demographic and clinical characteristics stratified by NAFLD 
and cancer
Table  1 shows differences of demographics, lifestyle 
habits and clinical characteristics stratified by NAFLD 
and cancer separately. Generally, compared with those 

Figure 1  Prevalence rate (%) of cancer stratified by body mass index (BMI) categories and non-alcoholic fatty liver disease 
(NAFLD). *p<0.05
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Table 1  Demographic, lifestyle and clinical characteristics of subjects by NAFLD and cancer in 233 patients with T2DM

Variables

NAFLD All cancer

TotalNo Yes P value No Yes P value

Demographics

N (%) 149 (63.9%) 84 (36.1%) 214 (91.8%) 19 (8.2%) 233 (100.0%)

Female sex (n, %) 49 (32.9%) 46 (54.8%) 0.001† 82 (38.3%) 13 (68.4%) 0.010* 95 (40.8%)

Age (years) 57.6±11.6 57.8±12.4 0.909 57.3±11.9 61.6±10.2 0.129 57.6±11.8

Ever smoking (n, %) 63 (42.3%) 20 (23.8%) 0.005† 78 (36.5%) 5 (26.3%) 0.377 83 (35.6%)

Ever drinking (n, %) 57 (38.3%) 0 (0.0%) <0.001‡ 55 (25.7%) 2 (10.5%) 0.140 57 (24.5%)

Clinical characteristics

Weight (kg) 66.2±12.9 71.4±11.8 0.003† 68.5±12.9 63.1±9.2 0.079 68.0±12.7

BMI (kg/m2) 23.9±3.3 26.6±3.4 <0.001‡ 24.9±3.6 24.4±2.9 0.502 24.9±3.6

BMI category (kg/m2, n (%)) <0.001‡ 0.258

 � Underweight or normal weight 
(<23.0)

65 (43.6%) 9 (10.7%) 69 (32.2%) 5 (26.3%) 74 (31.8%)

 � Overweight (23.0–24.9) 27 (18.1%) 24 (28.6%) 44 (20.6%) 7 (36.8%) 51 (21.9%)

 � Obesity (≥25.0) 57 (38.3%) 51 (60.7%) 101 (47.2%) 7 (36.8%) 108 (46.4%)

Systolic blood pressure (mm Hg) 130.5±16.0 132.3±17.4 0.425 131.0±16.1 133.8±21.0 0.467 131.2±16.5

Diastolic blood pressure (mm Hg) 81.5±10.0 82.7±10.1 0.388 81.9±10.1 82.6±9.9 0.765 82.0±10.0

Triglyceride (mmol/L) 1.66±1.08 2.66±3.25 <0.001‡ 2.03±2.26 1.90±1.04 0.810 2.02±2.18

Total cholesterol (mmol/L) 4.44±1.11 4.79±2.14 0.107 4.57±1.62 4.46±0.86 0.765 4.57±1.57

HDL-cholesterol (mmol/L) 1.18±0.34 1.02±0.26 <0.001‡ 1.12±0.33 1.07±0.25 0.503 1.12±0.32

LDL-cholesterol (mmol/L) 2.56±0.99 2.50±1.01 0.651 2.54±1.01 2.57±0.75 0.892 2.54±0.99

Fasting plasma glucose (mmol/L) 8.05±2.61 8.97±3.67 0.028* 8.35±3.07 8.68±2.92 0.655 8.38±3.06

HbA1c (%) 9.04±2.35 9.36±2.23 0.317 9.20±2.36 8.73±1.63 0.401 9.16±2.31

Blood uric acid (mmol/L) 333.9±87.7 382.7±105.9 <0.001‡ 352.2±98.2 344.8±89.2 0.753 351.6±97.3

Diabetes treatment ((%))

 � Biguanides 76 (51.0%) 43 (51.2%) 0.979 109 (50.9%) 10 (52.6%) 0.887 119 (51.1%)

 � Glycosidase inhibitor 39 (26.2%) 17 (20.2%) 0.309 52 (24.3%) 4 (21.1%) 0.751 56 (24.0%)

 � Sulfonylureas 47 (31.5%) 31 (36.9%) 0.405 70 (32.7%) 8 (42.1%) 0.406 78 (33.5%)

 � TZD 7 (4.7%) 9 (10.7%) 0.081 15 (7.0%) 1 (5.3%) 0.773 16 (6.9%)

 � Glinides 14 (9.4%) 8 (9.5%) 0.974 22 (10.3%) 0 (0.0%) 0.142 22 (9.4%)

 � GLP-1 agonists 1 (0.7%) 0 (0.0%) 0.452 1 (0.5%) 0 (0.0%) 0.765 1 (0.4%)

 � DPP-4 inhibitors 32 (21.5%) 17 (20.2%) 0.824 44 (20.6%) 5 (26.3%) 0.555 49 (21.0%)

 � SGLT-2 inhibitors 1 (0.7%) 0 (0.0%) 0.452 1 (0.5%) 0 (0.0%) 0.765 1 (0.4%)

 � Oral hypoglycemic 
medications use

114 (76.5%) 61 (72.6%) 0.510 161 (75.2%) 14 (73.7%) 0.881 175 (75.1%)

 � Insulin use 52 (34.9%) 20 (23.8%) 0.079 70 (32.7%) 2 (10.5%) 0.045* 72 (30.9%)

NAFLD … … … 71 (33.2%) 13 (68.4%) 0.002† 84 (36.1%)

FIB-4 score 1.11±0.55 1.20±0.80 0.323 1.14±0.67 1.24±0.49 0.494 1.15±0.65

FIB-4 score category (n (%)) 0.102 0.881

 � ≤3.25 148 (99.3%) 81 (96.4%) 210 (98.1%) 19 (100.0%) 229 (98.3%)

 � >3.25 1 (0.7%) 3 (3.6%) 4 (1.9%) 0 (0.0%) 4 (1.7%)

All cancer 6 (4.0%) 13 (15.5%) 0.002† … … … 19 (8.2%)

All percentages are column percentage; except for percentages, all values are mean±SD.
*P<0.05.
†P<0.01.
‡P<0.001.
BMI, body mass index; DPP-4, dipeptidyl peptidase 4; FIB-4, fibrosis-4; GLP-1, glucagon-like peptide 1; HbA1c, glycosylated hemoglobin A1c; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; SGLT-2, sodium-glucose co-transporter 
2; T2DM, type 2 diabetes mellitus; TZD, thiazolidinediones.
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without NAFLD, patients with NAFLD were more likely 
to be female and had significantly higher levels of body 
weight, BMI, TG, FPG, serum UA as well as higher prev-
alence of cancer and significantly lower level of HDL-C. 
Meanwhile, compared with those without cancer, patients 
with cancer were more likely to be female and had signifi-
cantly higher prevalence of NAFLD, but there was no 
significant difference on other clinical characteristics 
between them. And there was no significant difference 
on either FIB-4 score or FIB-4 score category stratified 
across NAFLD (yes vs no) or cancer (yes vs no).

Associations of NAFLD, BMI and clinical risk factors with 
cancer
Table 2 shows both crude and adjusted ORs with associ-
ated 95% CIs of NAFLD, BMI and clinical risk factors for 

cancer in 233 patients with T2DM. Women (vs men) and 
NAFLD (vs non-NAFLD) were significantly associated 
with increased risks of cancer, with the crude ORs (95% 
CIs) of 3.488 (1.276 to 9.536, p=0.015) and 4.364 (1.592 
to 11.961, p=0.004), respectively. With adjustment for the 
potential confounding risk factors in the multivariable 
logistic regression models, NAFLD was still significantly 
associated with increased risk of cancer, and the adjusted 
OR (95% CI) was 5.969 (1.349 to 26.413, p=0.019). But 
the association between sex and risk of cancer attenuated 
to be marginally significant (p=0.049). Neither BMI nor 
other clinical factors were significantly associated with 
risk of cancer. There was no significant interaction effect 
between BMI categories and NAFLD for risk of cancer 
(p>0.05). FIB-4 score was not significantly associated with 

Table 2  Crude and adjusted ORs with associated 95% CIs for cancer in 233 patients with T2DM

Variables

Crude OR Adjusted OR†

OR 95% CI P value OR 95% CI P value

Sex (female vs male) 3.488 1.276 to 9.536 0.015* 6.704 1.007 to 44.649 0.049*

Age (years) 1.034 0.990 to 1.079 0.131 1.008 0.950 to 1.069 0.794

Ever smoking 0.623 0.216 to 1.794 0.380 3.408 0.538 to 21.577 0.193

Ever drinking 0.340 0.076 to 1.520 0.158 1.380 0.169 to 11.302 0.764

Systolic blood pressure (mm Hg) 1.010 0.983 to 1.039 0.465 0.999 0.960 to 1.040 0.971

Diastolic blood pressure (mm Hg) 1.007 0.961 to 1.056 0.764 1.005 0.939 to 1.076 0.877

Triglyceride (mmol/L) 0.966 0.728 to 1.282 0.810 0.999 0.345 to 2.892 0.999

Total cholesterol (mmol/L) 0.947 0.666 to 1.348 0.763 0.432 0.026 to 7.121 0.558

HDL-cholesterol (mmol/L) 0.577 0.116 to 2.865 0.501 0.734 0.021 to 26.038 0.865

LDL-cholesterol (mmol/L) 1.033 0.646 to 1.652 0.892 2.355 0.132 to 41.913 0.560

Fasting plasma glucose (mmol/L) 1.034 0.895 to 1.194 0.654 1.136 0.919 to 1.405 0.239

HbA1c (%) 0.911 0.734 to 1.132 0.401 0.810 0.580 to 1.130 0.215

Blood uric acid (mmol/L) 0.999 0.994 to 1.004 0.752 0.998 0.992 to 1.004 0.567

Diabetes treatment (%)

 � Oral hypoglycemic medications use 0.922 0.317 to 2.680 0.881 0.996 0.242 to 4.093 0.995

 � Insulin use 0.242 0.054 to 1.077 0.062 0.256 0.051 to 1.290 0.099

Weight (kg) 0.964 0.925 to 1.004 0.079 0.938 0.877 to 1.003 0.062

BMI (kg/m2) 0.954 0.832 to 1.094 0.500 0.847 0.702 to 1.021 0.082

BMI category (kg/m2)

 � Underweight or normal weight (<23.0) 1.000 1.000

 � Overweight (23.0–24.9) 2.195 0.656 to 7.350 0.202 1.640 0.319 to 8.415 0.554

 � Obesity (≥25.0) 0.956 0.292 to 3.137 0.941 0.584 0.127 to 2.687 0.490

 � Trend test 0.832 0.296

NAFLD (yes vs no) 4.364 1.592 to 11.961 0.004* 5.969 1.349 to 26.413 0.019*

Interaction test: NAFLD* BMI category 0.692 0.586

FIB-4 score 1.235 0.674 to 2.261 0.495 0.958 0.484 to 1.896 0.901

*P<0.05.
†Adjusted for sex, age, ever smoking, ever drinking, systolic and diastolic blood pressure, triglyceride, total cholesterol, HDL-cholesterol and 
LDL-cholesterol, HbA1c, serum uric acid, oral hypoglycemic medications and insulin use, BMI and NAFLD.
BMI, body mass index; FIB-4, fibrosis-4; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes mellitus.
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risk of cancer, with the crude and adjusted ORs (95% 
CIs) of 1.235 (0.674 to 2.261) and 0.958 (0.484 to 1.896) 
(both p>0.05), respectively.

Association of NAFLD with risk of cancer stratified by BMI 
categories
Table 3 shows both crude and adjusted ORs with associ-
ated 95% CIs of NAFLD for risk of cancers stratified by 
BMI categories. For those with underweight or normal 
weight, NAFLD was significantly associated with increased 
risk of cancer, and the adjusted OR (95% CI) was 17.446 
(1.690 to 180.095, p=0.016). But for those with either 
overweight or obesity, NAFLD was not significantly associ-
ated with risk of cancer, and the adjusted ORs (95% CIs) 
were 11.642 (0.832 to 162.963, p=0.068) and 0.917 (0.170 
to 4.954, p=0.920), respectively. Either the crude or the 
adjusted ORs of FIB-4 score in table 3 further show that 
FIB-4 was not significantly associated with risk of cancer 
across BMI categories (underweight or normal weight; 
overweight, obesity).

Associations of BMI categories with risks of cancer stratified 
by NAFLD
Table 4 shows both crude and adjusted ORs with associ-
ated 95% CIs of BMI categories for risk of cancer strati-
fied by NAFLD. For patients with NAFLD, compared with 
underweight or normal weight, obesity had significantly 
decreased risk of cancer with the crude OR ((95% CI) 
of 0.170 (0.030 to 0.952, p=0.044), but the adjusted OR 
(0.244 (0.025 to 2.390), p=0.226) attenuated to be statisti-
cally non-significant with adjustment for the confounding 
variables. For those without NAFLD, both the crude and 
adjusted ORs (95% CIs) showed BMI categories were not 
significantly associated with risk of cancer.

DISCUSSION
In the present study of 233 patients with T2DM, the preva-
lence of NAFLD were 36.1% and 10.7% were classified as 
non-obese or lean NAFLD. We found that 8.2% patients 
were identified as having cancers, and the prevalence rate 
of cancer in those with NAFLD was significantly higher 
than those without (15.5% vs 4.0%, p=0.002). With 
adjustment for the potential confounding risk factors 
in the multivariable logistic regression models, NAFLD 
was significantly associated with increased risk of cancer 
with the adjusted OR (95% CI) of 5.969 (1.349 to 26.413, 
p=0.019). Stratified analyses further showed that non-
obese or lean NAFLD was still significantly associated with 
increased risk of cancer with the adjusted OR (95% CI) 
of 17.446 (1.690 to 180.095, p=0.016). FIB-4 score was not 
significantly associated with risk of cancer for all subjects 
or stratified across BMI categories. Neither continuous 
nor categorical BMI was independently associated with 
risks of cancer for all subjects or stratified across NAFLD.

NAFLD typically comprises a spectrum of patholog-
ical conditions, including simple steatosis, non-alcoholic 
steatohepatisis (NASH) and cirrhosis due to significant 
fat accumulation in the liver. NAFLD is a kind of chronic 
liver disease and consequently increases the risk of extra-
hepatic diseases, such as T2DM, CVD and chronic kidney 
disease.30 Nowadays, NAFLD has also been consistently 
linked to different types of cancer, including HCC and 
extrahepatic cancer, such as colorectal cancer, esoph-
ageal and gastric cancer, pancreatic, renal, breast and 
prostate cancer.17 18 31 32 But less is known about the effect 
of NAFLD on risk of all types of cancer in patients with 
T2DM independent of obesity. In the present study, 
we found that NAFLD was significantly associated with 
increased risk of all cancer in patients with T2DM which 
was independent of all the potential confounding factors, 

Table 3  Crude and adjusted ORs with associated 95% CIs of NAFLD for cancer stratified by BMI categories in 233 patients 
with T2DM

Variables

Crude OR Adjusted OR†

OR 95% CI P value OR 95% CI P value

Underweight or normal weight (BMI <23.0 kg/m2)

 � NAFLD (yes vs no) 15.750 2.184 to 113.556 0.006* 17.446 1.690 to 180.095 0.016*

 � FIB-4 score 1.024 0.193 to 5.426 0.978 0.600 0.065 to 5.516 0.652

Overweight (BMI 23.0–24.9 kg/m2)

 � NAFLD (yes vs no) 8.667 0.960 to 78.268 0.054 11.642 0.832 to 162.963 0.068

 � FIB-4 score 1.087 0.364 to 3.245 0.882 1.369 0.268 to 7.007 0.706

Obesity (BMI ≥25.0 kg/m2)

 � NAFLD (yes vs no) 1.532 0.326 to 7.197 0.589 0.917 0.170 to 4.954 0.920

 � FIB-4 score 1.297 0.574 to 2.931 0.531 0.985 0.347 to 2.791 0.977

*P<0.05.
†Adjusted for sex, age, ever smoking, ever drinking, systolic and diastolic blood pressure, triglyceride, total cholesterol, HDL-cholesterol and 
LDL-cholesterol, HbA1c, serum uric acid, oral hypoglycemic medications and insulin use.
BMI, body mass index; FIB-4, fibrosis-4; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes mellitus.
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including indices of obesity (BMI), and the adjusted OR 
(95% CI) was about 5.969 (1.349 to 26.413). It must be 
noted that, due to the small sample size, the estimated 
OR in the present study was quite crude with much wider 
CI. Therefore, much bigger sample size is warranted for 
future studies.

Although NAFLD has been strongly associated with 
obesity, there is a substantial proportion of NAFLD cases 
who have low or normal BMI, which refers to the ‘non-
obese or lean NAFLD’.22 23 33 34 The underlying patho-
physiology of non-obese or lean NAFLD has not been 
fully elucidated and may be quite different from general 
NAFLD. Some suggested the pathogenesis of non-obese 
or lean NAFLD is associated with various genetic predis-
positions, which results in the accumulation of TG in the 
liver and resistance to insulin.34 Furthermore, the defini-
tion of non-obese or lean may vary from the existing liter-
ature.35 36 Therefore, the risk of non-obese or lean NAFLD 
for cancer in T2DM may further become complicated 
when comparing other NAFLD. We therefore conducted 
stratified analyses on the associations of NAFLD with risk 
of all cancer for patients with T2DM across different BMI 
categories. For those with underweight or normal weight 
(non-obese or lean, BMI <23.0 kg/m2), NAFLD was 
significantly associated with increased risk of cancer with 
the adjusted ORs (95% CIs) of 17.446 (1.690 to 180.095, 
p=0.016). But for those with overweight or obesity, 
NAFLD was not significantly associated with increased 
risk of cancer. Although we may not have enough power 
to evaluate the true associations of NAFLD for risk of 
all cancer in different BMI categories due to the small 
sample size, our findings for those patients with T2DM 

with underweight or normal weight did imply that non-
obese or lean NAFLD was independently associated with 
excessive risk of cancer. But it should be noted that the 
interaction effects between NAFLD and BMI catego-
ries on risk of cancer was not statistically significant and 
therefore we could not rule out the possible effect of 
NAFLD on risk of cancer for those with overweight or 
obesity. To the best of our knowledge, we were probably 
the first to find the positive association of non-obese or 
lean NAFLD with risk of cancer for patients with T2DM. 
Our findings indicated that, even for those patients with 
T2DM with underweight or normal weight, screening of 
NAFLD and intervention to reduce liver content should 
be strengthened from the perspective of improving 
cancer prevention.

FIB-4 score was validated as a simple noninvasive index 
of hepatic fibrosis, and a cut-off of >3.25 was widely used 
to define advanced fibrosis.27 In the present study, FIB-4 
score was not significantly associated with risk of cancer 
for all or stratified across different BMI categories. But 
we cannot exclude the possible effect of hepatic fibrosis 
on risk of cancer, since the average FIB-4 score was rela-
tively lower and only 4 (1.7%) subjects were classified 
as advanced fibrosis due to the small sample size in the 
present study.

Obesity has well been documented to be associated 
with risks of NAFLD, T2DM and certain sites of cancer. 
But little evidence is available on association of obesity 
on the risk of all cancer in patients with T2DM indepen-
dent of NAFLD. In the present study, we found that BMI 
(either continuous or categorical vales) was not signifi-
cantly associated with risk of cancer with adjustment for 

Table 4  Crude and adjusted ORs with associated 95% CIs of BMI categories for cancer stratified by NAFLD in 233 patients 
with T2DM

Variables

Crude OR Adjusted OR†

OR 95% CI P value OR 95% CI P value

Non-NAFLD

BMI category (kg/m2)

 � Underweight or normal weight (<23.0) 1.000 1.000

 � Overweight (23.0–24.9) 1.212 0.105 to 13.949 0.878 4.868 0.121 to 196.076 0.401

 � Obesity (≥25.0) 1.750 0.282 to 10.863 0.548 2.943 0.228 to 38.023 0.408

 � Trend test 0.545 0.476

NAFLD

BMI category (kg/m2)

 � Underweight or normal weight (<23.0) 1.000 1.000

 � Overweight (23.0–24.9) 0.667 0.126 to 3.526 0.633 1.919 0.174 to 21.223 0.595

 � Obesity (≥25.0) 0.170 0.030 to 0.952 0.044* 0.244 0.025 to 2.390 0.226

 � Trend test 0.021* 0.060

*P<0.05.
†Adjusted for sex, age, ever smoking, ever drinking, systolic and diastolic blood pressure, triglyceride, total cholesterol, HDL-cholesterol and 
LDL-cholesterol, HbA1c, serum uric acid, oral hypoglycemic medications and insulin use.
BMI, body mass index; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, non-
alcoholic fatty liver disease.
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potential confounding factors, including NAFLD. We 
further explored the associations of BMI categories with 
risk of cancer for patients with T2DM stratified by NAFLD 
and found that neither for patients with NAFLD nor 
for those without, BMI categories were not significantly 
associated with risk of all cancers. We cannot exclude 
the possible association between BMI and risk of cancer 
independent of NAFLD since we have not enough power 
due to the relatively small sample size, and we will further 
clarify it when the sample size of our ongoing cohort is 
big enough in future, especially from the prospective 
study design.

A few limitations of the present study should be recog-
nized when generalizing our findings. First, all subjects 
in the present study were sampled from only one hospital 
in China, and their representativeness were quite limited. 
Second, our sample size was quite small, and only 19 
(8.2%) and 4 (1.7%) patients were identified as having 
cancers or advanced hepatic fibrosis, respectively; there-
fore, we may not have enough power to determine their 
true associations, especially we could not rule out the 
possible effects of either obese NAFLD or hepatic fibrosis 
on risk of cancers. Third, the present analyses were based 
on the baseline information of our ongoing cohort study, 
therefore we cannot determine the temporal sequence 
among NAFLD and cancer. Last but not the least, NAFLD 
was determined by hepatic ultrasonography scanning in 
the present study, and we had only data on description 
of hepatic steatosis diagnoses but did not have data on 
more rigorous assessment of NAFLD. Therefore, future 
studies with more accurate and severities data on NAFLD 
are needed. On the other hand, we still have some 
strengths in the present study. For example, cancer was 
confirmed by patients’ medical records and were diag-
nosed by professional health workers previously. And we 
were probably the first to find the increased risk of non-
obese or lean NAFLD on cancer in patients with T2DM 
which was independent of potential confounding factors, 
including indices of obesity.

CONCLUSIONS
The prevalence rate of cancer in those with NAFLD was 
significantly higher than those without in patients with 
T2DM. NAFLD, especially non-obese or lean NAFLD, 
were significantly associated with increased risk of 
cancer. Therefore, our findings implied that screening 
of NAFLD and intervention to reduce liver fat in patients 
with T2DM should be strengthened, even for those non-
obese or lean patients with T2DM, from the perspective 
of cancer prevention.
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