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Abstract: Single nucleotide polymorphisms (SNPs) in the genes coding for leptin (LEP) and its receptor (LEPR) might 
regulate energy balance and be implicated in the development of colorectal cancer (CRC). In the present investiga-
tion, 1,003 CRC cases and 1,303 matched controls was compared. Five functional SNPs in LEP and LEPR genes 
were chosen to evaluate the correlation of these chosen SNPs with CRC susceptibility. We used the SNPscanTM 
genotyping assay to genotype LEP and LEPR SNPs. A significantly decreased risk of CRC was found to be associ-
ated with the LEPR rs6588147 polymorphism (GA vs. GG: crude P=0.007 and GA/AA vs. GG: crude P=0.018). With 
adjustments for risk factors (e.g. age, gender, drinking, BMI and smoking), these associations were not changed. In 
subgroup analyses, the association of LEP rs2167270 with a decreased risk of CRC was found in the ≥61 years old 
subgroup. For LEPR rs1137100, the association of this SNP with an increased susceptibility of CRC was found in the 
BMI <24 kg/m2 subgroup. In subgroup analyses for LEPR rs6588147, we identified that this locus also decreased 
the susceptibility of CRC in the male subgroup, <61 years old subgroup, never smoking subgroup and never drinking 
subgroup. For LEPR rs1137101, the relationship of this polymorphism with a decreased susceptibility to CRC was 
found in the never drinking subgroup. In summary, the present study highlights that LEPR rs6588147, rs1137101 
and LEP rs2167270 may decrease the risk of CRC. However, LEPR rs1137100 is associated with susceptibility to 
CRC. Further case-control studies with larger sample sizes should be conducted to validate our findings.
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Introduction

Obesity and/or overweight are common public 
health issues all over the world [1, 2]. Several 
investigations have focused on the correlation 
of obesity and overweight with colorectal can-
cer (CRC) [3-7]. Some studies have reported 
that obesity and overweight are risk factor for 
the development of CRC [3, 8-10]. Among CRC 
cases, obesity and overweight may influence 
the survival of CRC patients [9, 11, 12]. 

The intake of excess calories contributes to the 
development of overweight and obesity, which 
is considered to be controlledby important 
molecular mechanisms and pathways [e.g. 
leptin (LEP), LEP receptor (LEPR), insulin, 
microRNA expression and DNA methylation] [5, 
7]. LEP is produced by adipocytes. It has been 
reported that the level of LEP is increased in 
obese and overweight individuals [13]. LEP has 
been found to be associated with both appetite 
and body weight [14, 15]. LEP binds with the 

http://www.ajtr.org


LEP/LEPR polymorphisms and colorectal cancer

3614	 Am J Transl Res 2020;12(7):3613-3628

LEPR and plays a significant role in energy 
metabolism in the body [16]. Previous investi-
gations have reported that LEP and LEPR are 
associated with the development of colorectal 
cancer, and could be used as important thera-
py targetsin CRC [17]. Ho et al. reported that a 
high level of LEP conferred a susceptibility to 
the development of CRC [18]. Song et al. found 
that the level of soluble LEPR in the plasma 
was significantly associated with an increased 
risk of rectal cancer [19]. These previous stud-
ies showed that the LEP/LEPR pathway may be 
implicated in the occurrence of CRC.

A study has suggested that the rs1137101 A>G 
(Gln223Arg) single nucleotide polymorphisms 
(SNPs) in the LEPR gene are correlated with 
obesity [20]. Another investigation also found 
that LEPR rs1137100 G>A (Arg109Lys) and 
LEP rs7799039 G>A (-2548 G/A) polymor-
phisms were related to the level of LEP and the 
development of obesity [21]. Dasgupta et al. 
reported that the LEP variants rs2167270 A 
allele and rs7799039 A allele were indepen-
dently associated with the susceptibility to obe-
sity [22]. Nock et al. also showed an associa-
tion of LEPR rs6588147 SNP to physical activ-
ity and food intake [23]. SNPs in LEP and LEPR 
genes have also been explored for their rela-
tionship to the etiology of CRC. Some case-con-
trol studies have suggested that the rs2167270 
A (19A) allele of the LEP gene might be a pro-
tective factor for the occurrence of CRC [24, 
25]. A meta-analysis indicated that LEP 
rs7799039 G>A SNP might decrease the sus-
ceptibility to CRC [26]. The LEPR Gln223Arg 
SNP was found to be associated with the tumor 
stage of CRC [27], and Slattery et al. reported 
that the combination of LEP rs2167270 GG and 
LEPR rs6588147 GG genotypes had a tenden-
cy to be associated with a decreased CRC risk 
[24]. However, these observations were not 
studied in Asians. In addition, the association 
between LEPR rs1137100 G>A (Arg109Lys) 
and the risk of CRC is unknown.

Here we report our evaluation of the correlation 
between LEP rs2167270 G>A, rs7799039 
A>G, LEPR rs6588147 G>A, rs1137100 G>A, 
and rs1137101 G>A SNPs with the susceptibil��i-
ty to CRC. We recruited 2,306 participants from 
eastern China. Additionally, we assessed 
whether the CRC correlations with these SNPs 
were influenced by some risk factors [e.g. body 

mass index (BMI), age, gender, smoking and 
drinking].

Materials and methods

Subjects

This study was carried out with 1,003 CRC 
cases (mean age 61.10 ± 12.17 years) and 
1,303 cancer-free controls (mean age 61.40 ± 
9.61 years). The CRC cases were recruited from 
the Department of General Surgery at the Union 
Clinical Medical College of Fujian Medical 
University (Fuzhou City, China) and the Clinical 
Medical College of Jiangsu University (Zhenjiang 
City, China) between 2014-2017. CRC patients 
were diagnosed by two pathologists. Our inves-
tigation was performed after gaining the 
approval of the ethics committee of Fujian 
Medical University. Additionally, before recruit-
ment, a written informed consent was also 
obtained from each participant. We collected 
the clinical data from their medical records 
where we also selected some important risk 
factors (e.g. gender, age of onset, BMI, tobacco 
consumption and drinking). In this study, we 
matched age and gender in the two groups.

DNA extraction and genotyping

We collected 2 ml blood samples from each 
participant and stored it at -80°C. Leukocytes 
was harvested to extract and purify DNA 
according to manual of Promega DNA Kit 
(Promega, Madison, USA). A NanoDrop ND- 
1000 spectrophotometer was used to mea- 
sure the quality of obtained DNA. We used the 
SNPscanTM genotyping method to obtain the 
genotypes of the LEP and LEPR SNPs. Ninety-
two (4%) of the DNA samples were randomly 
selected and a second technician repeated the 
polymerase chain reaction process. The retest-
ed genotypes were found to be accurate.

Statistical analysis

We used SAS 9.4 software (SAS Institute, Cary, 
NC) to analyze the data. The distribution of the 
LEP and LEPR genotypes in controls was evalu-
ated to determine whether they were consis-
tent with a Hardy-Weinberg equilibrium (HWE) 
by using an online calculator (http://ihg.gsf.de/
cgi-bin/hw/hwa1.pl) [28-32]. Chi-square (χ2)  
or a Fisher’s exact test were used to compare 
the differences of LEP and LEPR genotypes. 
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Continuous variables were expressed as mean 
± standard deviation. The differences in con-
tinuous variables were analyzed by a Student’s 
t-test. The distribution of categorical variables 
[e.g. age, sex, body mass index (BMI), smoking 
status, alcohol consumption, and LEP and 
LEPR genotypes] was compared by χ2 or a 
Fisher’s exact test. A P<0.05 was consider 
significant.

Results

Characteristics

There were 2,306 participants (1,003 CRC 
cases and 1,303 cancer-free controls) included 
in this investigation. Table 1 summarizes the 
distribution of age, gender, BMI, smoking sta-
tus, and alcohol consumption between the two 
groups. In the current study, the distribution  
by age [number of CRC cases/controls (<61 
years vs. ≥61 years): 451/552 vs. 600/703, 
P=0.605], gender [number of cases vs. con-
trols (male/female): 620/383 vs. 801/502, 
P=0.867] were not significantly different. 
However, the distribution by BMI [number of 

The occurrence of the genotypes of the LEPR 
rs6588147 locus were 735 (GG), 229 (GA) and 
16 (AA) in the CRC cases and 917 (GG), 362 
(GA) and 21 (AA) in controls. When we com-
pared LEPR rs6588147 GA to GG, a significant-
ly decreased occurence of the LEPR rs6588147 
GA genotype was associated with the develop-
ment of CRC (crude OR=0.77, 95% CI, 0.63-
0.93, P=0.007). We also compared the LEPR 
rs6588147 GA/AA genotype to the GG geno-
type and found a protective role for the GA/AA 
genotype against the development of CRC 
(crude OR=0.80, 95% CI, 0.66-0.96, P=0.018). 
When we made adjustments for included risk 
factors (e.g. age, gender, drinking, BMI, and 
smoking), these associations were not changed 
(GA vs. GG: adjusted OR, 0.77; 95% CI, 0.63-
0.93; P=0.007 and AA/GA vs. GG: adjusted OR, 
0.79; 95% CI, 0.66-0.96; P=0.018; Table 3).

When we focused on the potential correlation 
of the rs2167270, rs7799039, rs1137100 and 
rs1137101 loci with the occurrence of CRC, we 
found a null association between them (Table 
3).

Table 1. Distribution of selected characteristics in CRC cases and 
controls

Variable
Cases (n=1,003) Controls (n=1,303)

Pa

n % n %
Age (years), mean (± SD) 61.10 ± 12.17 61.40 ± 9.61 0.496
Age (years) 0.605
    <61 451 44.97 600 46.05
    ≥61 552 55.03 703 53.95
Sex 0.867
    Male 620 61.81 801 61.47
    Female 383 38.19 502 38.53
Smoking status 0.002
    Never 744 74.18 1038 79.66
    Ever 259 25.82 265 20.34
Alcohol use <0.001
    Never 829 82.65 1,167 89.56
    Ever 174 17.35 136 10.44
BMI (kg/m2)
    <24 670 66.80 688 52.80 <0.001
    ≥24 333 33.20 615 47.20
Site of tumor
    Colon cancer 431 42.97
    Rectum cancer 572 57.03
aTwo-sided χ2 test and student t-test; Bold values are statistically significant 
(P<0.05).

cases vs. controls (<24 kg/
m2/≥24 kg/m2): 670/333 vs. 
688/615, P<0.001], smoking 
status [number of cases vs. 
controls (never/ever): 774/259 
vs. 1,038/265, P=0.002] and 
alcohol consumption [number 
of cases vs. controls (never/
ever): 829/174 vs. 1,167/136, 
P<0.001] were significantly dif-
ferent. Table 2 contains the 
information in the database 
and our results for LEP and 
LEPR SNPs. The success rate 
for identifying LEP and LEPR 
SNPs genotyping was excellent 
(>98%). The minor allele fre-
quency (MAF) of LEP and LEPR 
SNPs is also shown in Table 2. 
For the included LEP and LEPR 
loci in controls, the distribution 
of variants was consistent with 
the HWE. The sequencing 
results of each of the SNPs 
were showed in Figures 1-6.

Association of LEP and LEPR 
polymorphisms with the devel-
opment of CRC



LEP/LEPR polymorphisms and colorectal cancer

3616	 Am J Transl Res 2020;12(7):3613-3628

Table 2. Primary information for LEP rs2167270 G>A, rs7799039 A>G, LEPR rs6588147 G>A, 
rs1137100 G>A and rs1137101 G>A polymorphisms

Genotyped SNPs Chromosome Chr Pos  
(NCBI Build 37) Region

MAFa for 
Chinese in 
database

MAF in our 
controls 

(n=1,303)

P value for 
HWEb test in 
our controls

Genotyping 
method

Genotyping 
value (%)

LEP rs7799039 A>G 7 127878783 Promoter 0.201 0.271 0.520 SNPscan 98.87

LEP rs2167270 G>A 7 127881349 5’UTR 0.175 0.228 0.185 SNPscan 98.87

LEPR rs1137100 G>A 1 66036441 Exon 4 0.169 0.155 0.852 SNPscan 98.87

LEPR rs1137101 G>A 1 66058513 Exon 6 0.111 0.124 0.783 SNPscan 98.83

LEPR rs6588147 G>A 1 65935494 Intron 2 0.150 0.155 0.028 SNPscan 98.87
aMAF: minor allele frequency. bHWE: Hardy-Weinberg equilibrium.

Association of LEP and LEPR polymorphisms 
with the development of CRC in subgroup 
analysis

The LEP rs7799039 genotype frequency in sub-
group analysis are shown in Table 4. No asso-
ciation of rs7799039 with the risk of CRC was 
found in any subgroup.

Table 5 shows the LEP rs2167270 genotype 
frequency in subgroup analysis. When we 
adjusted the potential risk factors (e.g. age, 
gender, drinking, BMI and smoking), the asso-
ciation of LEP rs2167270 with a decreased risk 
of CRC was found in the ≥61 year old subgroup 
(GA vs. GG adjusted OR=0.78, 95% CI, 0.61-
0.99, P=0.042).

For LEPR rs1137100, the association of this 
SNP with an increased susceptibility of CRC 
was found in the BMI <24 kg/m2 subgroup (GA/
AA vs. GG adjusted OR=1.29, 95% CI, 1.02-
1.63, P=0.036, Table 6).

In subgroup analysis for LEPR rs6588147, we 
identified that this locus also decreased the 
susceptibility of CRC (male subgroup: GA vs.  
GG adjusted OR=0.69, 95% CI, 0.54-0.89, P= 
0.004 and GA/AA vs. GG adjusted OR=0.72, 
95% CI, 0.57-0.92, P=0.010; <61 years old 
subgroup: GA vs. GG adjusted OR=0.68, 95% 
CI, 0.50-0.91, P=0.009 and GA/AA vs. GG 
adjusted OR=0.70, 95% CI, 0.53-0.94, P= 
0.016; never smoking subgroup: GA vs. GG 
adjusted OR=0.59, 95% CI, 0.39-0.89, P=0.012 
and GA/AA vs. GG adjusted OR=0.64, 95% CI, 
0.43-0.96, P=0.030 and never drinking sub-
group: GA vs. GG adjusted OR=0.33, 95% CI, 
0.19-0.57, P<0.001 and GA/AA vs. GG adjust-
ed OR=0.37, 95% CI, 0.22-0.63, P<0.001, 
Table 7).

For LEPR rs1137101, the relationship of this 
polymorphism with a decreased susceptibility 

to CRC was found in the never drinking sub-
group (GA vs. GG adjusted OR=0.47, 95% CI, 
0.27-0.80, P=0.006 and GA/AA vs. GG adjust-
ed OR=0.54, 95% CI, 0.32-0.90, P=0.019, 
Table 8).

Discussion

Obesity/overweight is a contemporary common 
public health issue worldwide. A number of 
investigations have suggested that obesity 
and/or overweight may be associated with the 
occurrence of CRC [3, 8]. Thus, any obesity/
overweight related genes may also be implicat-
ed in the development and survival of CRC 
patients [9, 11, 12]. Here, we recruited 2,306 
participants (1,003 CRC cases and 1,303 can-
cer-free controls) to assess the correlation 
between LEP/LEPR SNPs and the susceptibility 
of CRC. We found a significant association 
between the LEPR rs6588147 locus and the 
decreased risk of CRC. In subgroup analysis for 
LEPR rs6588147 and rs1137101 and LEP 
rs2167270, the association of these SNPs with 
the decreased risk of CRC was found in some 
subgroups. For example, we found that the 
LEPR rs1137100 locus might increase the  
susceptibility of CRC in the BMI <24 kg/m2 
subgroup.

The rs6588147 site is an intron locus in the 
LEPR gene and Zhang et al. had reported that 
the LEPR rs6588147 A allele is implicated in 
the occurence of hepatocellular carcinoma 
[33]. Another study in a mixed population has 
also indicated that the presence of the rs- 
6588147 A allele tended to decrease the risk 
of colon cancer [24]. However, Nyante et al. 
suggested that this locus might promote the 
occurrence of breast cancer in some subtypes 
[34]. In the current study the correlation of the 
rs6588147 A allele to the decreased risk of 
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Figure 1. LEPR rs1137101 G>A SNPs, GG, AA, GA from top to bottom.
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Figure 2. LEPR rs2167270 G>A SNPs, GG, AA, GA from top to bottom.

CRC was significant. In subgroup analysis we 
identified that this locus also decreased the 

susceptibility of CRC in male, <61 years, never 
smoking and never drinking subgroups. Few 
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Figure 3. LEPR rs7799039 A>G SNPs, GG, AA, GA from top to bottom.

studies have explored the relationship of LEPR 
rs6588147 polymorphisms with the develop-
ment of cancer. And the function of this locus 
was also unknown. In the future, the role of this 

locus should be further studied to explore the 
correlation to the development cancer. Addi- 
tionally, a functional study should also be con- 
ducted.
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Figure 4. LEPR rs6588147 G>A SNPs, GG, AA, GA from top to bottom.

Rs2167270 is located in the 5’-utr of the LEP 
gene and a 5’-utr SNP might affect the mRNA 
translation process. For example, it has been 
suggested that the rs2167270 locus in the LEP 

gene could be implicated in the development of 
diabetes in a post-transplant populations [35]. 
A previous investigaton indicated that the 
serum LEP level in individuals who carry the GA 
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Figure 5. LEPR rs1137100 G>A SNPs, GG, AA, GA from top to bottom.

genotype of the LEP rs2167270 was higher 
than in those who carried with GG genotype 
[36]. In a more recent meta-analysis, Yang et 
al. found that LEP rs2167270 variants were 
associated with a decreased risk of cancer 

[37]. In this case-control study, we did not find 
any association between LEP rs2167270 and 
the overall risk of CRC. However, in subgroup 
analysis for LEP rs2167270, the association of 
this SNP with the decreased risk of CRC was 
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Figure 6. Using the SNPscanTM genotyping method to obtain the genotypes of LEP and LEPR SNPs. the sequenc-
ing results of each of the SNPs. *; number of miss cases in Cases =23, **; number of miss cases in Controls =3.

Table 3. Logistic regression analyses of association between LEP rs2167270 G>A, rs7799039 A>G, 
LEPR rs6588147 G>A, rs1137100 G>A and rs1137101 G>A SNPs and risk of CRC

Genotype
Cases (n=1,003) Controls (n=1,303)

Crude OR (95% CI) P Adjusted ORa (95% CI) P
n % n %

LEP rs7799039 A>G
    AA 521 53.16 686 52.77 1.00 1.00
    AG 394 40.20 523 40.23 0.95 (0.80-1.13) 0.594 0.96 (0.81-1.15) 0.658
    GG 65 6.63 91 7.00 0.91 (0.65-1.27) 0.562 0.87 (0.62-1.23) 0.432
    AG+GG 459 46.84 614 47.23 0.98 (0.83-1.16) 0.852 0.99 (0.83-1.17) 0.872
    AA+AG 915 93.37 1209 93.00 1.00 1.00
    GG 65 6.63 91 7.00 0.94 (0.68-1.31) 0.732 0.91 (0.65-1.27) 0.565
    G allele 524 26.73 705 27.12 
LEP rs2167270 G>A
    GG 589 60.10 767 59.00 1.00 1.00
    GA 340 34.69 474 36.46 0.90 (0.76-1.08) 0.251 0.91 (0.76-1.09) 0.300
    AA 51 5.20 59 4.54 1.09 (0.74-1.61) 0.673 1.06 (0.71-1.57) 0.787
    GA+AA 391 39.90 533 41.00 0.96 (0.81-1.13) 0.596 0.96 (0.81-1.14) 0.641
    GG+GA 929 94.80 1241 95.46 1.00 1.00
    AA 51 5.20 59 4.54 1.16 (0.79-1.70) 0.463 1.12 (0.76-1.66) 0.574
    A allele 442 22.55 592 22.77 
LEPR rs6588147 G>A
    GG 735 75.00 917 70.54 1.00 1.00
    GA 229 23.37 362 27.85 0.77 (0.63-0.93) 0.007 0.77 (0.63-0.93) 0.007
    AA 16 1.63 21 1.62 0.93 (0.48-1.79) 0.816 0.89 (0.46-1.74) 0.740
    GA + AA 245 25.00 383 29.46 0.80 (0.66-0.96) 0.018 0.79 (0.66-0.96) 0.018
    GG+GA 964 98.37 1279 98.38 1.00 1.00
    AA 16 1.63 21 1.62 1.01 (0.53-1.95) 0.974 0.98 (0.50-1.90) 0.944
    A allele 261 13.32 404 15.54 
LEPR rs1137100 G>A
    GG 667 68.06 914 70.91 1.00 1.00
    GA 289 29.49 351 27.23 1.09 (0.91-1.32) 0.338 1.09 (0.90-1.31) 0.379
    AA 24 2.45 35 1.86 0.91 (0.54-1.55) 0.731 0.88 (0.52-1.50) 0.642
    GA+AA 313 31.94 375 29.09 1.11 (0.93-1.33) 0.250 1.10 (0.92-1.32) 0.293
    GG+GA 956 97.55 1265 98.14 1.00 1.00
    AA 24 2.45 35 1.86 0.91 (0.54-1.54) 0.719 0.88 (0.52-1.50) 0.638
    A allele 337 17.19 399 15.48
LEPR rs1137101 G>A
    GG 760 76.85 995 76.60 1.00 1.00
    GA 205 20.73 285 21.94 0.92 (0.75-1.12) 0.407 0.92 (0.75-1.13) 0.435
    AA 15 2.43 19 1.46 1.01 (0.51-2.00) 0.983 1.01 (0.50-2.02) 0.983
    GA+AA 229 2.43 304 23.40 0.95 (0.78-1.15) 0.593 0.95 (0.78-1.16) 0.630
    GG+GA 965 23.15 1280 98.54 1.00 1.00
    AA 15 2.43 19 1.46 1.05 (0.53-2.07) 0.894 1.05 (0.52-2.10) 0.894
    A allele 253 12.79 323 12.43
aAdjusted for age, sex, smoking status, alcohol use and BMI. Bold values are statistically significant (P<0.05).
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Table 4. Stratified analyses between LEP rs7799039 A>G polymorphism and CRC risk by sex, age, smoking status and alcohol consumption

Variable
LEP rs7799039 A>G (case/control)a Adjusted ORb (95% CI); P

AA AG GG AA AG GG AG/GG GG vs. (AG/AA)
Sex

    Male 322/415 238/328 44/56 1.00 0.91 (0.73-1.14); P: 0.398 0.95 (0.62-1.46); P: 0.814 0.96 (0.77-1.19); P: 0.694 1.02 (0.67-1.54); P: 0.944

    Female 199/271 156/195 21/35 1.00 1.02 (0.77-1.36); P: 0.871 0.73 (0.41-1.31); P: 0.294 1.01 (0.77-1.33); P: 0.960 0.74 (0.42-1.30); P: 0.295

Age

    <61 229/329 182/228 32/41 1.00 1.16 (0.89-1.51); P: 0.266 1.11 (0.67-1.85); P: 0.678 1.19 (0.92-1.53); P: 0.183 1.06 (0.65-1.74); P: 0.810

    ≥61 292/357 212/295 33/50 1.00 0.83 (0.66-1.05); P: 0.128 0.71 (0.44-1.14); P: 0.158 0.85 (0.68-1.07); P: 0.174 0.79 (0.50-1.26); P: 0.321

Smoking status

    Never 391/548 291/414 46/73 1.00 0.96 (0.79-1.18); P: 0.723 0.87 (0.58-1.29); P: 0.478 0.98 (0.81-1.19); P: 0.873 0.90 (0.61-1.32); P: 0.585

    Ever 130/138 103/109 19/18 1.00 0.96 (0.67-1.38); P: 0.830 0.92 (0.45-1.84); P: 0.803 1.01 (0.71-1.43); P: 0.974 0.96 (0.48-1.89); P: 0.899

Alcohol consumption

    Never 433/609 326/474 51/81 1.00 0.93 (0.77-1.12); P: 0.459 0.85 (0.58-1.24); P: 0.391 0.96 (0.80-1.15); P: 0.621 0.89 (0.62-1.29); P: 0.548

    Ever 88/77 68/49 14/10 1.00 1.17 (0.72-1.90); P: 0.525 1.05 (0.43-2.53); P: 0.916 1.20 (0.76-1.90); P: 0.441 1.01 (0.43-2.38); P: 0.989

BMI (kg/m2)

    <24 338/373 271/261 47/52 1.00 1.10 (0.88-1.38); P: 0.391 0.92 (0.61-1.41); P: 0.715 1.11 (0.90-1.38); P: 0.332 0.90 (0.60-1.37); P: 0.633

    ≥24 183/313 123/262 18/39 1.00 0.76 (0.58-1.01); P: 0.061 0.79 (0.44-1.43); P: 0.439 0.80 (0.61-1.06); P: 0.115 0.91 (0.51-1.63); P: 0.756
aFor LEP rs7799039 A>G, the genotyping was successful in 980 (97.71%) CRC cases, and 1,300 (99.77%) controls; bAdjusted for multiple comparisons [age, sex, BMI, smoking status and alcohol consumption (besides stratified factors ac-
cordingly)] in a logistic regression model.

Table 5. Stratified analyses between LEP rs2167270 G>A polymorphism and CRC risk by sex, age, smoking status and alcohol consumption

Variable
LEP rs2167270 G>A (case/control)a Adjusted ORb (95% CI); P

GG GA AA GG GA AA GA / AA AA vs. (GA/GG)
Sex

    Male 362/467 207/294 35/38 1.00 0.88 (0.70-1.11); P: 0.274 1.13 (0.69-1.84); P: 0.624 0.95 (0.76-1.18); P: 0.634 1.21 (0.75-1.97); P: 0.429

    Female 227/300 133/180 16/21 1.00 0.93 (0.70-1.25); P: 0.641 0.92 (0.46-1.82); P: 0.803 0.96 (0.72-1.26); P: 0.751 0.96 (0.49-1.88); P: 0.898

Age

    <61 261/369 158/204 24/25 1.00 1.12 (0.86-1.47); P: 0.394 1.39 (0.76-2.53); P: 0.282 1.18 (0.91-1.53); P: 0.205 1.35 (0.75-2.44); P: 0.315

    ≥61 328/398 182/270 27/34 1.00 0.78 (0.61-0.99); P: 0.042 0.86 (0.50-1.46); P: 0.569 0.82 (0.65-1.04); P: 0.097 0.97 (0.57-1.64); P: 0.899

Smoking status

    Never 437/609 255/379 36/47 1.00 0.93 (0.76-1.14); P: 0.476 1.05 (0.67-1.66); P: 0.824 0.97 (0.80-1.19); P: 0.790 1.11 (0.70-1.74); P: 0.665

    Ever 152/158 85/95 15/12 1.00 0.87 (0.60-1.26); P: 0.452 1.10 (0.49-2.44); P: 0.823 0.93 (0.65-1.34); P: 0.711 1.19 (0.54-2.62); P: 0.670

Alcohol consumption

    Never 489/685 282/425 39/54 1.00 0.91 (0.75-1.10); P: 0.325 0.97 (0.63-1.50); P: 0.891 0.95 (0.79-1.14); P: 0.565 1.03 (0.67-1.58); P: 0.901

    Ever 100/82 58/49 12/5 1.00 0.96 (0.59-1.56); P: 0.857 1.78 (0.59-5.30); P: 0.304 1.07 (0.67-1.71); P: 0.768 1.85 (0.63-5.43); P: 0.265

BMI (kg/m2)

    <24 390/ 230/ 36/34 1.00 0.98 (0.78-1.23); P: 0.852 1.06 (0.65-1.73); P: 0.819 1.02 (0.82-1.27); P: 0.860 1.09 (0.67-1.77); P: 0.729

    ≥24 199/354 110/235 15/25 1.00 0.81 (0.61-1.08); P: 0.144 1.05 (0.54-2.06); P: 0.879 0.87 (0.66-1.14); P: 0.310 1.17 (0.61-2.27); P: 0.633
aFor LEP rs2167270 G>A,the genotyping was successful in 980 (97.71%) CRC cases, and 1,300 (99.77%) controls; bAdjusted for multiple comparisons [age, sex, BMI, smoking status and alcohol consumption (besides stratified factors ac-
cordingly)] in a logistic regression model. Bold value is statistically significant (P<0.05).
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Table 6. Stratified analyses between LEPR rs1137100 G>A polymorphism and CRC risk by sex, age, smoking status and alcohol consumption

Variable
LEPR rs1137100 G>A (case/control)a Adjusted ORb (95% CI); P

GG GA AA GG GA AA GA/AA AA vs. (GA/GG)
Sex

    Male 409/561 180/221 15/17 1.00 1.07 (0.85-1.36); P: 0.568 1.12 (0.54-2.30); P: 0.761 1.12 (0.89-1.41); P: 0.354 1.13 (0.55-2.31); P: 0.744

    Female 258/353 109/130 9/18 1.00 1.09 (0.81-1.49); P: 0.570 0.76 (0.33-1.74); P: 0.509 1.07 (0.80-1.45); P: 0.617 0.75 (0.33-1.72); P: 0.495

Age

    <61 310/425 127/162 6/11 1.00 1.04 (0.79-1.38); P: 0.782 0.77 (0.27-2.18); P: 0.623 1.05 (0.79-1.38); P: 0.745 0.77 (0.28-2.18); P: 0.628

    ≥61 357/489 162/189 18/24 1.00 1.11 (0.86-1.42); P: 0.437 1.04 (0.55-1.97); P: 0.897 1.14 (0.90-1.46); P: 0.284 1.04 (0.55-1.95); P: 0.907

Smoking status

    Never 496/730 216/272 16/33 1.00 1.14 (0.92-1.41); P: 0.229 0.69 (0.37-1.28); P: 0.235 1.12 (0.91-1.38); P: 0.274 0.68 (0.37-1.25); P: 0.214

    Ever 171/184 73/79 8/2 1.00 0.94 (0.64-1.38); P: 0.739 4.20 (0.87-20.38); P: 0.075 1.06 (0.73-1.55); P: 0.768 4.43 (0.92-21.42); P: 0.064

Alcohol consumption

    Never 551/825 240/309 19/30 1.00 1.13 (0.92-1.38); P: 0.246 0.96 (0.53-1.73); P: 0.882 1.15 (0.94-1.40); P: 0.171 0.95 (0.52-1.71); P: 0.853

    Ever 116/89 49/42 5/5 1.00 0.84 (0.51-1.39); P: 0.493 0.85 (0.23-3.09); P: 0.803 0.87 (0.53-1.41); P: 0.568 0.91 (0.25-3.28); P: 0.886

BMI (kg/m2)

    <24 439/497 203/174 14/15 1.00 1.27 (1.00-1.62); P: 0.051 1.00 (0.47-2.10); P: 0.990 1.29 (1.02-1.63); P: 0.036 0.95 (0.45-1.99); P: 0.890

    ≥24 228/417 86/177 10/20 1.00 0.85 (0.63-1.15); P: 0.291 0.86 (0.39-1.90); P: 0.716 0.88 (0.66-1.18); P: 0.401 0.93 (0.42-2.03); P: 0.849
aFor LEPR rs1137100 G>A, the genotyping was successful in 980 (97.71%) CRC cases, and 1,300 (99.77%) controls; bAdjusted for multiple comparisons [age, sex, BMI, smoking status and alcohol consumption (besides stratified factors 
accordingly)] in a logistic regression model. Bold value is statistically significant (P<0.05).

Table 7. Stratified analyses between LEPR rs6588147 G>A polymorphism and CRC risk by sex, age, smoking status and alcohol consumption

Variable
LEPR rs6588147 G>A (case/control)a Adjusted ORb (95% CI); P

GG GA AA GG GA AA GA/AA AA vs. (GA/GG)
Sex

    Male 460/559 135/228 9/12 1.00 0.69 (0.54-0.89); P: 0.004 0.82 (0.34-1.98); P: 0.652 0.72 (0.57-0.92); P: 0.010 0.91 (0.38-2.22); P: 0.842

    Female 275/358 94/134 7/9 1.00 0.87 (0.63-1.18); P: 0.365 1.05 (0.38-2.92); P: 0.928 0.89 (0.66-1.21); P: 0.474 1.10 (0.40-3.06); P: 0.850

Age

    <61 339/421 96/166 8/11 1.00 0.68 (0.50-0.91); P: 0.009 0.91 (0.35-2.32); P: 0.838 0.70 (0.53-0.94); P: 0.016 1.01 (0.40-2.58); P: 0.982

    ≥61 396/496 131/196 8/10 1.00 0.82 (0.63-1.07); P: 0.140 0.85 (0.33-2.23); P: 0.747 0.85 (0.66-1.10); P: 0.225 0.92 (0.36-2.40); P: 0.869

Smoking status

    Never 539/732 179/286 10/17 1.00 0.83 (0.66-1.03); P: 0.089 0.80 (0.36-1.78); P: 0.589 0.85 (0.68-1.05); P: 0.130 0.86 (0.39-1.90); P: 0.704

    Ever 196/185 50/76 6/4 1.00 0.59 (0.39-0.89); P: 0.012 1.16 (0.32-4.23); P: 0.826 0.64 (0.43-0.96); P: 0.030 1.36 (0.37-4.93); P: 0.644

Alcohol consumption

    Never 597/832 200/312 13/20 1.00 0.86 (0.70-1.06); P: 0.156 0.85 (0.41-1.73); P: 0.647 0.88 (0.72-1.08); P: 0.234 0.90 (0.44-1.83); P: 0.764

    Ever 138/85 29/50 3/1 1.00 0.33 (0.19-0.57); P: <0.001 1.89 (0.19-19.06); P: 0.588 0.37 (0.22-0.63); P: <0.001 2.50 (0.25-25.07); P: 0.435

BMI (kg/m2)

    <24 489/483 156/190 11/13 1.00 0.79 (0.62-1.02); P: 0.068 0.82 (0.36-1.86); P: 0.637 0.82 (0.64-1.04); P: 0.099 0.89 (0.39-2.01); P: 0.776

    ≥24 246/434 73/172 5/8 1.00 0.71 (0.52-0.98); P: 0.035 1.15 (0.37-3.60); P: 0.809 0.75 (0.55-1.03); P: 0.076 1.28 (0.41-3.98); P: 0.674
aFor LEPR rs6588147 G>A, the genotyping was successful in 980 (97.71%) CRC cases, and 1,300 (99.77%) controls; bAdjusted for multiple comparisons [age, sex, BMI, smoking status and alcohol consumption (besides stratified factors 
accordingly)] in a logistic regression model. Bold values are statistically significant (P<0.05).
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Table 8. Stratified analyses between LEPR rs1137101 G>A polymorphism and CRC risk by sex, age, smoking status and alcohol consumption

Variable
LEPR rs1137101 G>A (case/control)a Adjusted ORb (95% CI); P

GG GA AA GG GA AA GA/AA AA vs. (GA/GG)
Sex

    Male 467/608 127/183 10/7 1.00 0.87 (0.67-1.13); P: 0.304 1.74 (0.65-4.70); P: 0.272 0.93 (0.72-1.21); P: 0.598 1.85 (0.69-4.97); P: 0.226

    Female 293/387 78/102 5/12 1.00 0.99 (0.70-1.38); P: 0.935 0.57 (0.19-1.65); P: 0.296 0.96 (0.69-1.33); P: 0.810 0.58 (0.20-1.68); P: 0.312

Age

    <61 340/458 99/133 4/6 1.00 1.01 (0.75-1.37); P: 0.947 0.92 (0.25-3.42); P: 0.903 1.03 (0.76-1.38); P: 0.867 0.93 (0.25-3.45); P: 0.916

    ≥61 420/287 106/152 11/13 1.00 0.84 (0.63-1.10); P: 0.215 1.08 (0.47-2.45); P: 0.861 0.88 (0.67-1.16); P: 0.374 1.14 (0.50-2.60); P: 0.750

Smoking status

    Never 561/799 157/216 10/19 1.00 1.03 (0.81-1.30); P: 0.829 0.69 (0.31-1.52); P: 0.356 1.02 (0.81-1.29); P: 0.853 0.70 (0.32-1.54); P: 0.376

    Ever 199/196 48/69 5/0 1.00 0.65 (0.42-0.99); P: 0.045 - 0.75(0.49-1.13); P: 0.165 -

Alcohol consumption

    Never 625/903 174/242 11/18 1.00 1.03 (0.83-1.29); P: 0.792 0.87 (0.40-1.86); P: 0.712 1.05 (0.84-1.30); P: 0.686 0.88 (0.41-1.89); P: 0.742

    Ever 135/92 31/43 4/1 1.00 0.47 (0.27-0.80); P: 0.006 2.95 (0.32-27.37); P: 0.342 0.54 (0.32-0.90); P: 0.019 3.59 (0.39-33.19); P: 0.261

BMI (kg/m2)

    <24 512/534 136/141 8/11 1.00 0.97 (0.74-1.27); P: 0.831 0.70 (0.28-1.78); P: 0.457 0.98 (0.75-1.26); P: 0.847 0.72 (0.29-1.82); P: 0.491

    ≥24 248/461 69/144 7/8 1.00 0.85 (0.61-1.18); P: 0.318 1.64 (0.58-4.60); P: 0.350 0.91 (0.67-1.26); P: 0.583 1.73 (0.62-4.86); P: 0.296
aFor LEPR rs1137101 G>A, the genotyping was successful in 980 (97.71%) CRC cases, and 1,299 (99.69%) controls; bAdjusted for multiple comparisons [age, sex, BMI, smoking status and alcohol consumption (besides stratified factors 
accordingly)] in a logistic regression model. Bold values are statistically significant (P<0.05).
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found in the ≥61 years old subgroup, which 
was similar to the results from a meta-analysis 
[37]. The vital relationship between LEP 
rs2167270 and the risk of CRC should be more 
carefully considered.

The LEPR rs1137101 G/A (Arg223Gln), a mis-
sense SNP, has been widely investigated for its 
correlation between this locus and cancer. This 
SNP leads to a G→A variant in exon 6 and 
results in a Arg→Gln substitution in the extra-
cellular region of the LEPR [38]. Recently, some 
case-control studies have reported that the 
rs1137101 A allele is a protective factor 
against cancer development [39, 40]. In the 
current study, we found that the rs1137101 
G>A SNP was associated with a decreased risk 
for CRC in the never drinking subgroup, a result 
consistent with the studies mentioned above.

The rs1137100 G/A SNP in the LEPR gene is a 
missense variant that might influence the LEPR 
structure and its function. In a meta-analysis, 
Shi et al. suggested that the rs1137100 A 
allele was a risk factor for gastric cancer [41]. 
In this study, we found that the rs1137100 A 
allele increased the risk of CRC in the BMI <24 
kg/m2 subgroup as well. In controls, the MAF of 
rs1137100 (A allele) was 0.155, which was 
similar to the database.

Some limitations in this study should be 
addressed. Firstly, although the number of par-
ticipants was relatively large, the sample size in 
certain subgroups was moderate. Thus, the 
power in these subgroups might be insuffi-
cient. Secondly, our study is designed as hospi-
tal-based and a potential bias cannot be 
ignored. Thirdly, we only foucus on the five risk 
factors (e.g. age, gender, BMI, smoking status 
and alcohol consumption). Other vital environ-
mental carcinogen exposure factors were not 
considered. Finally, we only focused on five 
SNPs in the LEP/LEPR pathways and other 
functional SNPs should be considered in the 
future.

In conclusion, this study highlights that poly-
morphisms in the LEPR rs6588147, rs1137101 
and LEP rs2167270 sites may decrease the 
risk of CRC. However, polymorphisms in the 
LEPR rs1137100 may increase the susceptibil-
ity of CRC. Further case-control studies with 
larger sample sizes should be conducted to 
valid our findings.
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