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Abstract: The COBLLI gene is associated with leptin, a hormone important for appetite and weight
maintenance. Dietary fat is a significant factor in obesity. This study aimed to determine the
association between COBLL1 gene, dietary fat, and incidence of obesity. Data from the Korean
Genome and Epidemiology Study were used, and 3055 Korean adults aged > 40 years were included.
Obesity was defined as a body mass index > 25 kg/m?. Patients with obesity at baseline were
excluded. The effects of the COBLL1 rs6717858 genotypes and dietary fat on incidence of obesity
were evaluated using multivariable Cox proportional hazard models. During an average follow-up
period of 9.2 years, 627 obesity cases were documented. In men, the hazard ratio (HR) for obesity was
higher in CT, CC carriers (minor allele carriers) in the highest tertile of dietary fat intake than for men
with TT carriers in the lowest tertile of dietary fat intake (Model 1: HR: 1.66, 95% confidence interval
[CI]: 1.07-2.58; Model 2: HR: 1.63, 95% CI: 1.04-2.56). In women, the HR for obesity was higher in TT
carriers in the highest tertile of dietary fat intake than for women with TT carriers in the lowest tertile
of dietary fat intake (Model 1: HR: 1.49, 95% CI: 1.08-2.06; Model 2: HR: 1.53, 95% CI: 1.10-2.13).
COBLL1 genetic variants and dietary fat intake had different sex-dependent effects in obesity. These
results imply that a low-fat diet may protect against the effects of COBLLI genetic variants on future
obesity risk.
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1. Introduction

The prevalence of obesity is steadily increasing worldwide [1]. Obesity is a major
health issue that causes many complications, including mental illness, cardiovascular
disease (CVD), metabolic syndrome, cancer, and even death [1]. According to a study com-
paring chronic disease prevalence before and after the coronavirus disease 2019 (COVID-19)
pandemic using data from the 2011 to 2020 National Health and Nutrition Examination
Survey (NHANES), the prevalence of obesity in 2017-2019 was 34.2%, and that in 2020
was 38.4%; an increase of 4.2% was observed in Korean adults [2]. In middle-aged men
aged 50-59 years, the prevalence of obesity was 42.8% in 2017-2019 and 48.3% in 2020, an
increase of 5.4% [2]. In middle-aged women aged 50-59 years, the prevalence of obesity was
30.2% in 2017-2019 and 32.4% in 2020, an increase of 2.2% [2]. Overweight and obesity in
middle aged individuals are risk factors for Alzheimer’s disease in the elderly [3]. Obesity
in middle-aged individuals may precede dementia as a vascular risk factor and decreased
neuroprotective effects of leptin due to obesity contribute to Alzheimer’s disease [3]. In
2020, the prevalence of hypercholesterolemia, hypertension, and diabetes increased by
1.7%, 0.4%, and 1.4%, respectively, compared to that in 2017-2019 [2]. The prevalence of
obesity has increased rapidly since the COVID-19 pandemic compared to its prevalence as
associated with other chronic diseases [2]. This suggests that obesity is a consequence of the
recent COVID-19 pandemic and environmental factors, including increased stress, reduced
physical activity, and dietary changes [4,5]. Genetic factors also significantly influence

Int. . Mol. Sci. 2023, 24, 3758. https:/ /doi.org/10.3390/ijms24043758

https:/ /www.mdpi.com/journal/ijms


https://doi.org/10.3390/ijms24043758
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0003-4030-4474
https://orcid.org/0000-0003-0828-184X
https://doi.org/10.3390/ijms24043758
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms24043758?type=check_update&version=2

Int. J. Mol. Sci. 2023, 24, 3758

2 of 14

obesity risk [6]. Approximately 3% of severely obese patients are genetically deficient in
leptin and leptin receptors [7]. Leptin and leptin receptor deficiency lead to overeating,
impaired satiety, and increased body fat due to difficulties in energy intake regulation [8,9].

Dietary fat contributes to obesity risk [10]. In the 1991-2015 China Health and Nu-
trition Survey, dietary fat was positively linked to overweight and obesity [11]. In ad-
dition, the ratio of dietary fat (kcal/day) to total energy intake was positively linked to
obesity [11]. A dietary-fat-restricted diet caused a greater reduction in fat mass than a
dietary-carbohydrate-restricted diet in 19 obese adults in the United States [12]. In a 4-week
experimental animal study, a high-fat (HF) diet caused an imbalance in intestinal microor-
ganisms, which was associated with weight gain and fat development in 12-week-old
male C57bl6/] mice [13]. In an 8-week experimental animal study, a HF diet increased
obesity risk, adipose tissue, and plasma cholesterol along with changes in the intestinal
microbiome in healthy female C57BL/6N mice [14]. In a 16-week experimental animal
study, the HF diet significantly increased body weight, triglyceride (TG) and cholesterol
levels, and insulin intolerance compared to those associated with a low-fat (LF) diet, which
resulted in obesity and diabetes in 6-week-old C57BL/6 mice [15]. Reduced dietary fat
intake induces increases leptin sensitivity, which aids in weight loss [16]. The dietary fat
has been linked to increased obesity risk in humans and animals through body fat and
weight gain, increased leptin sensitivity, promotion of intestinal microbial destruction, and
accumulation of TG and cholesterol [11-17].

Not all types of dietary fat adversely affect leptin secretion and sensitivity [18]. A
high-polyunsaturated fatty acid diet prevents obesity [18]. Leptin, a known weight control
protein, inhibits appetite and increases energy consumption by providing energy storage
signals from adipocytes to the central nervous system [19]. Additionally, leptin resistance
indicates an increased susceptibility to diet-induced obesity [20].

Inconsistent findings regarding the contribution of dietary fat in obesity exist [21,22]. A
12-month randomized trial found no difference between an LF diet and body fat percentage
and weight in 194 adult women [21]. In an 18-month randomized trial, involving 122 obese
women, an LF diet caused weight loss after 6 months; however, weight returned to baseline
after 18 months [22]. These findings suggest that dietary fat does not significantly affect
weight and body fat reduction [21,22].

COBLL1 (cordon-bleu WH2 repeat protein-like 1) gene is associated with neural tube
formation [23], central obesity [24], fasting insulin [25], type 2 diabetes risk [26], blood
lipids [27], CVD risk [28], gastric cancer [29], prostate cancer [30], and leukemia [31,32].
COBLL1 rs6717858 is associated with plasma leptin levels secreted from adipose tissue and
obesity-related factors, such as body mass index (BMI), central obesity, waist circumference
(WCQ), fat mass, and lipid levels (prominent effect in women) [26,27,33-35]. Decreased
COBLL1 expression is associated with adipose tissue dysfunction [36,37]. Genetic studies
related to leptin circulation have identified a leptin-decreasing allele linked to higher fat
mass, BMI, and obesity in adults [38,39]. The leptin increasing allele of COBLL1/GRB14
(rs6738627) is strongly associated with body fat ratio, and the COBLLI gene is upregulated
by a HF diet [40]. Decreased COBLL1 expression affects obesity and dyslipidemia risk by
increasing lipid storage in adipose tissue [36].

Several studies have examined the individual effects of the COBLLI gene and dietary
fat intake in obesity [11-17,26,27,33-35]. However, only few studies have investigated the
interaction between dietary fat and the COBLLI gene in obesity. Therefore, this study aimed
to examine the interaction between COBLLI genetic variants and dietary fat in obesity
using urban-rural prospective cohort data.

2. Results
2.1. General Characteristics of Participants at Baseline
We documented 627 cases of obesity over an average period of 9.2 years. Table 1

shows the general characteristics, biomarkers, and dietary intake based on sex and obesity
status (obese men, n = 312; non-obese men, n = 1228; obese women, n = 315; non-obese
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women, 1 = 1200). Regardless of sex, the obese group had higher BMI and WC than those
of the non-obese group (all p-values < 0.0001). Among men, the obese group had lower
mean age, metabolic equivalent of task (MET), resident in Ausung, high-density lipoprotein
(HDL) cholesterol level, and carbohydrate intake and higher household income, alcohol
consumption, TG, total energy, protein, and fat intake than those of the non-obese group
(all p-values < 0.05). Among women, the obese group had higher average diastolic blood
pressure than that of the non-obese group (p < 0.05).

Table 1. General characteristics, biomarkers, and dietary intake of study participants based on sex
and obesity status.

Men (n = 1540) Women (n = 1515)

Variables

Non-Obese Obese p-Value @ Non-Obese Obese p-Value @
Participants, n 1228 312 1200 315
156717858 genotypes 0.34 0.36
TT (n = 2473) 979 (79.7%) 241 (77.2%) 998 (83.2%) 255 (81.0%)
CT, CC (n = 582) 249 (20.3%) 71 (22.8%) 202 (16.8%) 60 (19.1%)
Age (years) 51.8 +89 489+7.6 <0.0001 50.7 + 8.9 50.9 + 8.6 0.66
Area 0.002 0.57
Ansung 419 (34.1%) 72 (23.1%) 444 (37.0%) 122 (38.7%)
Ansan 809 (65.9%) 240 (76.9%) 756 (63.0%) 193 (61.3%)
Education level 0.84 0.88
College or lower 1040 (84.7%) 260 (83.3%) 1126 (93.8%) 295 (93.7%)
University 156 (12.7%) 43 (13.8%) 69 (5.8%) 18 (5.7%)
Graduate school or higher 32 (2.6%) 9 (2.9%) 5 (0.4%) 2 (0.6%)
Household income (1 million 0.0035 02
won/month)
<1 336 (27.4%) 64 (20.5%) 388 (32.3%) 117 (37.2%)
1-3 624 (50.8%) 155 (49.7%) 594 (49.5%) 139 (44.1%)
>3 268 (21.8%) 93 (29.8%) 218 (18.2%) 59 (18.7%)
BMI (kg/m?) 221+18 2404038 <0.0001 222417 239+1.0 <0.0001
Alcohol consumption 0.0035 0.4
None 336 (27.4%) 64 (20.5%) 850 (70.8%) 219 (69.5%)
Past 624 (50.8%) 155 (49.7%) 32 (2.7%) 13 (4.1%)
Current 268 (21.8%) 93 (29.8%) 318 (26.5%) 83 (26.4%)
Smoking status 0.16 0.96
None 240 (19.5%) 61 (19.6%) 1149 (95.8%) 301 (95.6%)
Past 121 (9.9%) 20 (6.4%) 13 (1.1%) 4 (1.3%)
Current 867 (70.6%) 231 (74.0%) 38 (3.1%) 10 (3.1%)
MET (hours/day) @ 170.6 = 106.6  156.0 £97.1 0.02 151.5+926 1574 £96.2 0.32
Biomarkers
Waist circumference (cm) 785 £ 5.8 82.6 4.2 <0.0001 748 +£7.1 78.8 £7.2 <0.0001
HDL-cholesterol (mg/dL) ® 45.7 £10.3 43.8 +10.2 0.003 47.7 +£10.3 46.8 £ 10.6 0.17
Triglyceride (mg/dL) 155.1 £109.8 173.3 +£99.8 0.0048 129.2 +£71.73 140.1 £101.3 0.07
Fasting glucose (mg/dL) 88.9 +21.8 89.0 +£29.9 0.96 824 +14.7 83.5+21.1 0.39
Blood pressure
Average systolic blood 1194 +166 1188 +165 0.62 1150+ 184 1162 +178 0.27
pressure (mmHg)
Average diastolic blood 79.7 £10.69  80.24 + 10.52 0.42 750 +113 764 +108 0.04
pressure (mmHg)
Dietary intake
Total energy intake (kcal/day) 1979 + 609 2070 £ 619 0.02 1886 + 696 1876 + 682 0.83
Protein intake (% energy) 13.6 £2.3 139 £2.1 0.0069 135 +24 135 £22 0.72
Fat intake (% energy) 154 £5.1 16.4 + 4.8 0.001 140 £ 54 141 £5.1 0.78
Carbohydrate intake (% energy) 69.8 £ 6.6 68.5+ 6.1 0.001 71.5+7.1 714+ 6.6 0.86
Fiber intake (g/day) 6.7+3.0 6.9 +3.6 0.46 69+33 72443 0.23

Data are presented as the mean =+ standard deviation (SD) or number (%). M p-values were calculated using the
chi-squared test for categorical variables and t-test for continuous variables. ¥ MET, metabolic equivalent of task.
©® HDL-cholesterol, high-density lipoprotein cholesterol.



Int. J. Mol. Sci. 2023, 24, 3758

4 of 14

Table 2 shows the general characteristics, biomarkers, and dietary intake based on sex
and COBLL1 rs6717858 genotypes (TT vs. CT or CC) (ITT genotype in men, n = 1220; CT
or CC genotype in men, n = 320; TT genotype in women, n = 1253; CT or CC genotype in
women, 1 = 262). HDL-cholesterol was higher in men with the CT or CC genotype than
in men with the TT genotype (p = 0.03; 45.0 & 10.2 vs. 46.5 &= 10.6). TG was lower in men
with the CT or CC genotype than in men with the TT genotype (p = 0.0027; 162.0 & 114.9
vs. 145.8 £ 76.2). The mean age was higher in women with the CT or CC genotype than
in women with the TT genotype (p = 0.0082; 50.4 & 8.8 vs. 52.0 & 9.1). In women with
the CT or CC genotype, average systolic blood pressure and diastolic blood pressure were
higher than those in women with the TT genotype (all p-values = 0.01; 114.7 & 18.0 vs.
117.8 +219.4; 74.9 £ 11.0 vs. 76.9 & 12.1, respectively). In women with the TT genotype, fat
intake was higher than that in women with the CT or CC genotype (p = 0.04; 14.2 & 5.3 vs.
13.5 +5.5).

Table 2. General characteristics, biomarkers, and dietary intake of study participants based on sex
and COBLLI rs6717858 genotypes.

Men (n = 1540)

Women (n = 1515)

Variables COBLL1 rs6717858 Genotypes
TT CT, CC p-Value @ TT CT, CC p-Value @
Participants, n 1220 320 1253 262
Age (years) 51.3 8.7 50.8 £ 8.7 0.33 50.4 8.8 520491 0.0082
Area 0.34 0.39
Ansung 396 (32.5%) 95 (29.7%) 462 (36.9%) 104 (39.7%)
Ansan 824 (67.5%) 225 (70.3%) 791 (63.1%) 158 (60.3%)
Education level 0.2 0.32
College or lower 1033 (84.7%) 267 (83.4%) 1171 (93.5%) 250 (95.4%)
University 151 (12.3%) 48 (15.0%) 75 (6.0%) 12 (4.6%)
Graduate school or higher 36 (3.0%) 5 (1.6%) 7 (0.5%) 0 (0%)
Household income (1 million 0.91 0.68
won/month)
<1 320 (262%) 80 (25.0%) 417 (33.3%) 88 (33.6%)
1-3 615 (50.4%) 164 (51.2%) 602 (48.0%) 131 (50.0%)
>3 285 (23.4%) 76 (23.8%) 234 (18.7%) 43 (16.4%)
Body mass index (kg/m2) 225+1.38 226+£18 0.42 225+£17 224+1.8 0.35
Alcohol consumption 0.4 0.16
None 247 (20.2%) 54 (16.9%) 889 (71.0%) 180 (68.7%)
Past 111 (9.1%) 30 (9.3%) 41 (3.2%) 4 (1.5%)
Current 862 (70.7%) 236 (73.8%) 323 (25.8%) 78 (29.8%)
Smoking status 0.54 0.17
None 242 (19.8%) 72 (22.5%) 1201 (95.9%) 249 (95.0%)
Past 370 (30.4%) 91 (28.4%) 16 (1.2%) 1(0.4%)
Current 608 (49.8%) 157 (49.1%) 36 (2.9%) 12 (4.6%)
MET (hours/day) @ 1682+ 1054 167.1 +102.5 0.88 151.6 £93.6  157.9 £92.3 033
Waist circumference (cm) 793 +5.7 792 +58 0.77 756 +7.2 757+ 7.6 0.78
HDL-cholesterol (mg/dL) &) 45.0 £10.2 46.5 £ 10.6 0.03 47.6 £10.3 47.0 £10.4 0.41
Triglyceride (mg/dL) 162.0 £1149 1458 £76.2 0.0027 129.7 £ 77.8 140.1 £ 83.7 0.05
Fasting glucose (mg/dL) 89.0 £21.9 89.0 £29.5 0.96 82.7 £16.8 82.0 £13.3 0.46
Blood pressure
Average systolic blood 11914163 1198 +17.8 0.56 1147 £180 1178 +19.4 0.01
pressure (mmHg)
Average diastolic blood 798 +106  79.7+11.0 0.83 749 £110 769 +121 0.01
pressure (mmHg)
Dietary intake
Total energy intake (kcal/day) 1998 + 595 1993 £ 676 0.89 1890 £ 674 1854 + 777 0.48




Int. J. Mol. Sci. 2023, 24, 3758

50f 14

Table 2. Cont.

Men (n = 1540) Women (n = 1515)

Variables COBLL1 rs6717858 Genotypes
TT CT, CC p-Value TT CT, CC p-Value
Protein intake (% energy) 135+24 13.5+22 0.72 135+23 134 £25 0.42
Fat intake (% energy) 15.6 £ 5.1 157 £ 4.8 0.54 142 +53 13.5+55 0.04
Carbohydrate intake (% energy) 69.6 = 6.6 69.3 6.2 0.37 71.3 £ 6.9 721+72 0.08
Fiber intake (g/day) 6.7+3.0 69137 0.41 70+35 70+39 0.98

Data are presented as the mean =+ standard deviation (SD) or number (%). M p-values were calculated using the
chi-squared test for categorical variables and t-test for continuous variables. (2 MET, metabolic equivalent of task.
®) HDL-cholesterol, high-density lipoprotein cholesterol.

2.2. Association between Dietary Fat Intake and BMI

Table 3 shows the association between dietary fat intake (g/1000 kcal) and BML In
men, there was no significant difference between dietary fat and BMI (beta + standard error
[SE]: —0.001 £ 0.009, p = 0.89 in Model 1; beta &= SE: —0.015 &£ 0.009, p = 0.12 in Model 2).
In women, there was no significant difference between dietary fat and BMI (beta + SE:
—0.004 £ 0.008, p = 0.58 in Model 1; beta & SE: —0.003 £ 0.008, p = 0.71 in Model 2).

Table 3. Association between dietary fat intake and BMIL

Men (n = 1540) Women (n = 1515)

BMI (kg/m?)
Beta & SE p-Value Beta &+ SE p-Value
Model 1 ® —0.001 % 0.009 0.89 —0.004 + 0.008 0.58
Dietary fat (g/1000 kcal)
Model 2 @ —0.015 =+ 0.009 0.12 —0.003 £ 0.008 0.71

SE, standard error; BMI, body mass index. @ Adjusted for age, area, alcohol consumption, smoking, BMI,
education level, household income, and metabolic equivalent of task (MET). @ Adjusted for age, area, alco-
hol consumption, smoking, BMI, education level, household income, MET, total energy intake, and dietary
fiber intake.

2.3. Association between Dietary Fat Intake and Incidence of Obesity

Table 4 shows the association between the tertiles of dietary fat intake (% energy) and
incidence of obesity. The participants were divided into three groups according to dietary
fat intake in men (Tertile 1: 10.7, 2.9-13.2; tertile 2: 15.4, 13.2-17.5; tertile 3: 20.3, 17.5-35.1)
and women (Tertile 1: 8.9, 1.9-11.5; tertile 2: 13.7, 11.5-15.9; tertile 3: 18.9, 15.9-42.0).

In men, the highest fat intake was associated with a 41% higher incidence of obesity
than that with the lowest fat intake in Model 1 (hazard ratio [HR]: 1.41, 95% confidence
interval [CI]: 1.02-1.95). No significant difference in obesity was observed in Model 2
(HR: 1.37, 95% CI: 0.98-1.93). In women, no significant association with obesity was
observed in tertile 3 (compared to that observed in tertile 1) (HR: 1.31, 95% CI: 0.97-1.78 in
Model 1; HR: 1.35, 95% CI: 0.99-1.84 in Model 2).

We further investigated the association between dietary fat intake and obesity
(Tables S1 and S2). The participants were divided according to the median dietary fat
value (men: < 15.4 vs. > 15.4, women: < 13.7 vs. > 13.7; Table S1). Obesity and dietary
fat did not differ significantly according to the median value. In men, a 1% increase in fat
intake was associated with a 3% higher incidence of obesity in Model 1 (HR: 1.03, 95% CI:
1.01-1.05). In women, there was no significant difference in obesity as fat intake increased
by 1%. Furthermore, the participants were divided according to dietary fat (% energy)
(<15% vs. >15%; Table S2), and no significant differences were noted.
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Table 4. Association between tertiles of dietary fat intake and incidence of obesity.
Dietary Fat (% Energy)
Men (n = 1540) Tertile 1 Tertile 2 Tertile 3
Median (ranges) 10.7 (2.9-13.2) 15.4 (13.2-17.5) 20.3 (17.5-35.1)
Person-years 4717.5 4653.1 4634.0
Incident cases (1) 84/513 109/514 119/513
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Model 1 M 1.00 (Ref.) 1.13 (0.81-1.57) 0.46 1.41 (1.02-1.95) 0.04
Model 2 @ 1.00 (Ref.) 1.13 (0.81-1.57) 0.48 1.37 (0.98-1.93) 0.07
Women (n = 1515) Tertile 1 Tertile 2 Tertile 3
Median (ranges) 8.9 (1.9-11.5) 13.7 (11.5-15.9) 18.9 (15.9-42.0)
Person-years 4582.6 4622.1 4753.4
Incident cases (1) 97/505 108/505 110/505
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Model 1 M 1.00 (Ref.) 0.96 (0.72-1.28) 0.79 1.31 (0.97-1.78) 0.08
Model 2 @ 1.00 (Ref.) 0.97 (0.72-1.29) 0.81 1.35 (0.99-1.84) 0.06

HR, hazard ratio; CI, confidence interval; Ref., reference. 1) Adjusted for age, sex, area, alcohol consumption,
smoking, body mass index (BMI), education level, household income, metabolic equivalent of task (MET).
@ Adjusted for age, sex, area, alcohol consumption, smoking, BMI, education level, household income, MET, total
energy, and dietary fiber.

2.4. Association between COBLLI rs6717858 Genotypes and Incidence of Obesity

Table 5 shows the association between the COBLL1 rs6717858 genotypes and incidence
of obesity. In men, there was no significant difference in obesity based on the CT or CC
genotype (HR: 1.08, 95% CI: 0.83-1.41 in Model 1; HR: 1.08, 95% CI: 0.83-1.41 in Model 2).
In women, there was no significant association between the incidence of obesity and CT
or CC genotype (HR: 1.29, 95% CI: 0.97-1.71 in Model 1; HR: 1.27, 95% CI: 0.95-1.69 in
Model 2). After adjusting for age, sex, and area, there was no significant difference between
COBLL1 rs6717858 genotypes and BMI in the additive model (Table S3).

Table 5. Association between COBLLI rs6717858 genotypes and incidence of obesity.

COBLL1 rs6717858 Genotypes

Men (n = 1540) TT CT, CC
HR (95% CI) HR (95% CI) p-value
Model 1 @ 1.00 (Ref.) 1.08 (0.83-1.41) 0.58
Model 2 @ 1.00 (Ref.) 1.08 (0.83-1.41) 0.58
Women (n = 1515) TT CT, CC
HR (95% CI) HR (95% CI) p-value
Model 1 @ 1.00 (Ref.) 1.29 (0.97-1.71) 0.09
Model 2 @ 1.00 (Ref.) 1.27 (0.95-1.69) 0.10

HR, hazard ratio; CI, confidence interval; Ref., reference. V) Adjusted for age, sex, area, alcohol consumption,
smoking, body mass index (BMI), education level, household income, and metabolic equivalent of task (MET). @
Adjusted for age, sex, area, alcohol consumption, smoking, BMI, education level, household income, MET, total
energy, and dietary fiber.

2.5. Association between COBLLI rs6717858 Genotypes, Dietary Fat Intake, and Incidence
of Obesity

Table 6 shows the association between the COBLL1 rs6717858 genotypes and incidence
of obesity, stratified by tertiles of dietary fat. In Model 1, men in tertile 3 of dietary fat
with the CT or CC genotype had a 66% higher incidence of obesity than that of men in
tertile 1 with the TT genotype (95% CI: 1.07-2.58, p-interaction = 0.52). Women in tertile 3 of
dietary fat with the TT genotype had a 49% higher incidence of obesity than that of women
in tertile 1 with the TT genotype (95% CI: 1.08-2.06, p-interaction = 0.09). In Model 2,
men in tertile 3 of dietary fat with the CT or CC genotype had a 63% higher incidence of
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obesity than that of men in tertile 1 with the TT genotype (HR: 1.63, 95% CI: 1.04-2.56, p-
interaction = 0.49). Women in tertile 3 of dietary fat with the TT genotype had a 53% higher
incidence of obesity than that of women in tertile 1 with the TT genotype (95% CI: 1.10-2.13,
p-interaction = 0.08).

Table 6. Association between COBLLI 156717858 genotypes and incidence of obesity, stratified by
tertiles of dietary fat intake.

Men (n = 1540)

Women (1 = 1515)

Dietary Fat (% energy)
Tertile 1 Tertile 2 Tertile 3 . Tertile 1 Tertile 2 Tertile 3 .
Interaction Interaction
Median 10.7 15.4 20.3 8.9 13.7 18.9
HR g HR ~ R g HR g HR HR g
((9:%% V’;lue (g?;/o vzlue (?:51(;/0 va’iue (QCSI;/O Vﬁlue (9C5I;/0 value (2:51;/0 va’iue
Model 1 1.19 1.37 1.43 1.49
) T 1.00 (Ref.)  (0.82- 036  (0.95- 0.09 0.52 1.00 (Ref.) (0.95- 0.62 (1.08- 0.02 0.09
1.71) 1.96) 2.17) 2.06)
CT 1.08 1.03 1.66 1.50 1.68 0.90
CC, (0.54- 0.82 (0.62- 091 (1.07- 0.03 (0.95- 0.09 (1.04- 0.03 (0.43- 0.78
2.15) 1.70) 2.58) 2.37) 2.72) 1.88)
Model 2 1.18 1.32 0.93 1.53
) TT 1.00 (Ref.)  (0.82- 037 (0.91- 0.15 0.49 1.00 (Ref.) 0.67- 0.67 (1.10- 0.01 0.08
1.71) 1.92) 1.29) 2.13)
CT 1.09 1.01 1.63 1.44 1.63 0.92
CC’ (0.55- 0.80 (0.61- 096  (1.04- 0.03 (0.95- 0.09 (1.01- 0.0458 (0.44— 0.84
2.17) 1.68) 2.56) 2.18) 2.64) 1.94)

HR, hazard ratio; CI, confidence interval; Ref., reference. () Adjusted for age, sex, area, alcohol consumption,
smoking, body mass index (BMI), education level, household income, metabolic equivalent of task (MET).
@ Adjusted for age, sex, area, alcohol consumption, smoking, BMI, education level, household income, MET, total
energy, and dietary fiber.

We further investigated the association between COBLLI rs6717858 genotypes and
incidence of obesity, stratified by dietary fat intake (<15% vs. >15%; Table S4). In men, there
was no association between COBLL1 rs6717858 genotypes and obesity, stratified by dietary
fat. In Model 1, women with the TT genotype had a 31% higher incidence of obesity than
that of women in the <15% group (>15%: 95% CI: 1.01-1.70, p-interaction = 0.03). Women
with the CT or CC genotype had a 64% higher incidence of obesity than that of women
with TT genotype in the <15% group (< 15%: 95% CI: 1.16-2.30, p-interaction = 0.03). In
Model 2, women with the TT genotype had a 34% higher incidence of obesity than that of
women in the <15% group (>15%: 95% CI: 1.02-1.75, p-interaction = 0.02). Women with
the CT or CC genotype had a 64% higher incidence of obesity than that of women with the
TT genotype in the <15% group (<15%: 95% CI: 1.17-2.31, p-interaction = 0.02).

3. Discussion

Using large-scale prospective cohort data from Ansan and Ansung, we identified an
interaction between COBLLI genetic variants and dietary fat intake in obese patients. After
adjusting for covariates, men in the highest tertile of dietary fat intake with the CT or CC
genotype had 63% increased incidence of obesity compared to those men in the lowest
tertile of dietary fat intake with the TT genotype. In women, those in the highest tertile of
dietary fat intake with the TT genotype had 53% increased incidence of obesity compared
to those in the lowest tertile of dietary fat intake with the TT genotype.

The association between the COBLLI rs6717858 genotypes and the incidence of obe-
sity based on sex was not significant. The COBLLI gene is associated with abdominal
obesity, BMI, fat mass, WC, waist-to-hip ratio, and blood lipids [26,27,34,35], and influ-
ences obesity risk by inhibiting lipid storage in adipose tissue [36]. The current study
examined middle-aged Korean adults, whereas a genetic study of European and European-
American populations revealed a negative association between GRB14/COBLL1 rs6717858
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(T allele) and BMI, weight, and BMI-adjusted WC [40]. In addition, the previous study in-
cluded 120,975 men and 142,332 women [40], in contrast to our study, which included only
1540 men and 1515 women. Therefore, differences in race and number of study participants
may have influenced the results.

Men in the highest tertile of dietary fat had a 41% higher incidence of obesity compared
to men in the lowest tertile of dietary fat. In women, there was no significant difference
in obesity regardless of the adjusted covariates. The association between dietary fat and
obesity was stronger in men because the rate of lipoprotein metabolism for dietary fat is
lowered owing to the androgen-inhibitory effect [41]. These findings are consistent with
those of previous studies indicating that dietary fat increases the risk of obesity [42—48]. In
several experimental animal studies, a HF diet was found to increase energy intake, body
weight, and body fat [42—-44]. A calorie-limited HF diet decreased the weight of 16-week-old
C57BL/ 6] mice during the early stages but caused rebound weight gain later [44]. The fat
intake was positively linked to BMI in 3484 Chinese adults aged 20-45 years [46]. The high
ratio of dietary fat resulted in weight gain in 41,518 American women aged 30-55 years [47].
The high intake of animal, saturated, and trans fats resulted in higher weight gain [48].

Fat intake also increases the risk of obesity by altering several hormones, such as
serotonin and leptin [42,45]. Dietary fat interferes with hypothalamic neurotransmission
by decreasing serotonin levels, which is crucial for controlling energy homeostasis and
leading to weight gain [42]. A 27-week HF diet increased the weight, energy intake, and
adipocyte size with hyperleptinemia risk in 14-16-week-old C57BL/6] mice [45]. Fat intake
increases the risk of obesity by decreasing serotonin and increasing leptin, leptin resistance,
adipose tissue, fat mass, body weight, and energy intake [42—48].

Our findings showed that the influence of fat intake on the incidence of obesity differs
according to the COBLL1 rs6717858 genotypes and sex. Fat intake in men with the CT or
CC genotype and women with the TT genotype was positively associated with obesity,
independent of the adjusted covariates. Fat intake in tertile 2 was positively associated with
obesity in women with the CT or CC genotype, independent of the adjusted covariates.
Among the women with the CT or CC genotype, there were 60 cases in total (tertile 1:
30/121, tertile 2: 22/78, and tertile 3: 8/63). The small number of women may have a
significant effect on the lack of statistical tests.

To improve public health and prevent chronic diseases, the Korean Nutrition Society
recommends an appropriate fat intake of 15-30% in Korean adults [49]. In terms of the
percentage of energy from dietary fat (< 15% vs. > 15%), our study also shows that the
incidence of obesity differs according to the COBLL1 rs6717858 genotypes and sex. There
were no significant differences in obesity among the men. In women with the TT genotype,
a fat intake of > 15% increased the incidence of obesity. In women with the CT or CC
genotype, a fat intake of < 15% increased the incidence of obesity. Fat intake has a different
effect on obesity, depending on sex and genetic variants. Some studies have indicated
that fat intake can prevent obesity [50,51]. In a prospective cohort study, HF dairy intake
was negatively associated with obesity in 3157 American adults aged 18-30 years [50]. In
another prospective cohort study, the substitution of monounsaturated or polyunsaturated
fatty acids with saturated fatty acids resulted in weight loss in 6942 Spanish adults [51].

Controlling leptin levels by COBLL1 gene expression contributes to the influence
of a HF diet in obesity [39,52-54]. Increased leptin resistance due to dietary fat intake
affects obesity [52-54]. Dietary fat intake increases in leptin resistance as a result of
chronic increase in leptin levels, which hinders leptin signaling to satiety via hypotha-
lamic inflammation [52,53]. Leptin resistance increases food intake owing to loss of leptin
function, which promotes obesity [54]. Dietary fat intake is associated with leptin levels in
adipose tissues through COBLL1 gene expression [39]. In a genome-wide meta-analysis
of leptin-level-related genes, a HF diet was linked to higher COBLL1 gene expression in
adipocytes in 4-month-old mice [39].

In this study, the incidence of obesity for the COBLL1 rs6717858 genotypes differed
according to sex, suggesting an effect on sex hormones. The major T allele of COBLLI
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rs6717858 is associated with abdominal obesity, body fat, WC, and blood lipid accumulation,
especially in women [26,27,34,35]. In men, low levels of gonadal androgen and adrenal
C19 steroids contribute to obesity [55]. Menopause-related estrogen deficiency causes
abdominal obesity, which increases CVD risk in menopausal women [55]. Sex hormone
secretion varies between men and women; therefore, hormonal effects on the function
and deposition of adipose tissue will also differ [56]. As this study was conducted in
middle-aged adults, changes in sex hormones among the participants may have affected
obesity [56,57].

This study had certain strengths. First, to our knowledge, it was the first to investigate
the interaction between COBLLI rs6717858 genotypes and dietary fat in obesity based on
sex in a follow-up study. Second, the causal association between obesity and gene—nutrient
factor was clear because of the prospective cohort study design. Third, several covariates
that may interfere with obtaining accurate results were adjusted for. Fourth, the effects of
basic covariates (including socioeconomic indicators, alcohol consumption, smoking, MET,
and BMI) on incidence of obesity, and the effects of these factors after adjusting for dietary
variables, were taken into account.

This study also had some limitations. First, the number of women with the CT or CC
genotype (minor C allele) was small, which may have affected the statistical power. Second,
because this study was conducted among Koreans, the findings cannot be generalized to
other races/ethnicities. Third, obesity is common regardless of age; however, this study
focused on middle-aged adults. Fourth, because only dietary data at baseline were used
during analysis, dietary changes over time should be considered.

Based on these limitations, future research directions must consider three perspectives.
First, because different types of dietary fat have different effects in obesity, the influence of
dietary fat type on the incidence of obesity requires further investigation. Second, because
obesity occurs regardless of age, its incidence should be studied across all age groups, not
only among middle-aged individuals. Third, the ratio of various nutrients to total energy
intake will determine the influence of dietary fat in obesity.

In conclusion, we present new information on the interaction between dietary fat and
COBLL1 in obesity among middle-aged Korean adults. Dietary fat is positively associated
with obesity in men. An important finding was that dietary fat was positively associated
with obesity in men with the CT or CC genotype independent of the adjusted covariates.
Dietary fat intake in women with the TT genotype was positively associated with obesity
independent of the adjusted covariates. These results suggest that fat intake in obesity
differs according to sex and genetic variants. Our results highlight the importance of
environmental factors considering individual genotypes and could help to reduce obesity
using basic scientific data for personalized nutrition.

4. Materials and Methods
4.1. Data Source and Study Participants

This study used data from the Korean Genome and Epidemiology Study (KoGES) and
included a total of 3055 Korean adults (1540 men and 1515 women). To identify potential
risks for common diseases, KoGES, a large population-based prospective cohort study, has
recruited participants since 2001 and conducted follow-up surveys on occurrence of new
diseases and lifestyle changes. Participants were followed up every 2 years to determine
the association between genetic and environmental factors. This study included KoGES
data from baseline (2001-2002) to follow-up (2003-2014). The study protocol was examined
and approved by the Institutional Review Board (IRB) of Inha University on 31 January
2020 (IRB No. 200129-1A).

The participants included 10,030 adults, 5018 of whom were recruited from an urban
area in Ansan and 5012 from an agricultural area in Ansung. At baseline, we excluded
those who had no single nucleotide polymorphism (SNP) data (n = 1193), no information
of area, sex, age, BMI, alcohol consumption, smoking status, metabolic equivalent of task
(MET) (n = 2358), total energy, carbohydrate, protein, fat, or fiber intake (n = 128), obesity
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or observation period (n = 3296). Finally, this study included 3055 participants (1540 men
and 1515 women) (Figure 1).

Total number of KoGES cohort study participants

(n = 10,030)
Participants who had no gene information of rs6717858 were excluded
v (n = 1193)
n = 8837
Participants who had no information of area, sex, age, body mass index (BMI),
education level, household income, smoking status, alcohol consumption, or
v metabolic equivalent of task (MET) were excluded
(n = 2358)
n = 6479
Participants who had no information of energy intake, protein intake, fat intake,
> carbohydrate intake, or fiber intake were excluded
v (n = 128)
n = 6351
Obesity patients or participants who had no information of follow time
»
» were excluded
4 (n = 3296)

Final number of participants
(n = 3055)

— T~

Men
(n = 1540)

Women
(n = 1515)

Figure 1. Process flow diagram outlining the steps involved in the recruitment process.

4.2. Dietary Assessment

A semi-quantitative food-frequency questionnaire (SQ-FFQ) was used to obtain dietary
information at baseline. The SQ-FFQ was used to evaluate the amount and frequency of
food consumption by Koreans aged 40-69 years in the past year. The SQ-FFQ excluded
those with a total energy intake of <100 kcal or >10,000 kcal of energy per day. Intake of
fatty foods was calculated by multiplying the nutrient content of each food unit. Dietary
fat intake (g/1000 kcal) was assessed as fat (g/day)/total energy (kcal) x 1000. The ratio of
dietary fat intake (kcal/day) was calculated as fat (g/day) x 9/total energy (kcal) x 100 and
classified into tertiles according to dietary fat (lowest, medium, and highest). According
to the Korean Nutrition Society in 2020, the recommended range of dietary fat intake
(% energy) was 15-30% for Koreans [49]. The association between COBLL1 rs6717858
genotypes and the incidence of obesity was classified into two groups: <15% and >15%.
Few study participants consumed >30% fat (9 men and 14 women); therefore, groups with
>15% fat intake were combined.

4.3. Definition of Obesity

The BMI for diagnosing obesity was calculated as kg/m?. Height was measured with
the participants standing on a horizontal surface while wearing light clothing, with the heel,
buttocks, back, and head bordered by a vertical plate and the head facing forward. The
measured height was read to one decimal place in centimeters. Body weight was measured
with the participants wearing minimal clothing and standing on a flat floor. The measured
weight was read to the nearest 10 g. Obesity was assessed as BMI > 25 kg/m? using World
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Health Organization standards for Asians [58]. In this study, only the second to the seventh
obese patients were targeted, and obese patients at baseline were excluded.

4.4. Genotyping and Imputation

Korean genome data were obtained using the genome-wide human SNP Array 5.0
from Affymetrix, which is commonly used in many studies on the genomes of various
diseases [59-61]. We selected the COBLLI gene (rs6717858) because it has previously been
linked to blood lipid accumulation, plasma leptin levels, central obesity, body fat, BMI,
and WC [26,27,33-35]. Markers were included as criteria for a call rate > 95%, INFO > 0.8,
and Hardy-Weinberg equilibrium p > 1.0 x 10~ based on standard quality control proce-
dures [62].

4.5. Statistical Analyses

Genetic analysis of COBLL1 rs6717858 (minor allele, C) was conducted using PLINK
(version 1.90 beta). Dietary fat intake was divided according to sex into tertiles, medians,
and continuous types. The association between dietary fat (g/1000 kcal) and BMI was also
analyzed. The association between COBLL1I rs6717858 genotypes and BMI was evaluated
using linear regression analysis and presented as beta and SE. The general characteristics
of obesity (obese vs. non-obese) and COBLLI rs6717858 genotypes (TT vs. CT or CC)
were compared using t-tests for continuous variables and chi-squared tests for categorical
variables. The HRs and 95% ClIs for the interactions between COBLLI rs6717858 genotypes
and dietary fat intake in obesity were calculated using multivariable Cox proportional
hazard models. Model 1 included the following variables: age, area, education level, income
level, alcohol consumption, smoking status, MET, and BMI. Model 2 further included the
following variables: total energy and dietary fiber. All statistical analyses were performed
using SAS software (version 9.4; SAS Institute, Cary, NC, USA). The significance level was
set at p < 0.05.
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