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Genetic variation rs1121980 in the fat mass and obesity-associated gene (FTO) is associated with dietary intake in Koreans
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Abstract

Background: Fat mass and obesity-associated gene (FTO) is a well-known gene associated with body weight and obesity risk. Recent studies have suggested that genetic variations in FTO may play a role in the regulation of food preference and consumption. However, little is known with respect to Asian populations.

Objective: This study examined whether rs1121980 C > T in FTO is associated with food intake in Koreans.

Design: This study was performed using data from the Korean Genome and Epidemiology Study (Ansan/Ansung cohort). Dietary intake was determined using the semi-food frequency questionnaire, and the FTO rs1121980 genotypes of 6,262 individuals (3,049 males and 3,213 females) were analyzed along with sex and body mass index (BMI).

Result: Genetic variation did not show a significant association with the population’s energy-nutrient intake. However, female T allele carriers with BMI ≥ 25 consumed more blue fish and coffee, and their coffee creamer consumption was decisively higher than that of T allele non-carriers (Padjusted = 0.004). In males, the presence of the T allele showed a putative association with the consumption of sweets, snacks, and coffee creamer by the BMI level.

Conclusion: The FTO rs1121980 variation was associated with a preference for foods particularly high in fat (e.g. coffee creamer, blue fish, sweets, and snacks) in Koreans; these preferences varied by sex and BMI.
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Popular scientific summary


	This study examined the association between the genetic variation rs1121980 in FTO and dietary and nutritional intakes in a large-scale epidemiological study cohort of Koreans.

	The FTO rs1121980 T obesity risk allele was associated with fat-tasting food intake, including coffee creamer, in Koreans.

	FTO genetic variation had no significant effect on macronutrient intake in Koreans.



Obesity is a disease in which fat accumulates in fat tissues in the body (1), and such excess body fat can negatively affect health. In 2018, the prevalence of obesity among Korean adults was 45.4% among males and 26.5% among females (2). Moreover, the prevalence of abdominal obesity in Korea has increased over the past decade, especially among males (28.1%) (2). Obesity increases the risk of developing type 2 diabetes, cardiovascular diseases, metabolic syndrome, and cancers (3). Obesity is also known to be related to psychological conditions, such as depression, anorexia, and bulimia (4).

Genetic variants have an important role in adiposity including in the number of adipocytes, the distribution of body fat, obesity development, and energy consumption (1). Earlier genome-wide association studies reported that single nucleotide polymorphisms (SNPs) present in the first intron of the fat mass and obesity-associated gene (FTO) increase the risk of obesity by 1.2-fold and are associated with an average increase in body mass index (BMI) of 0.39 kg/m2 (body weight 1,130 g) (5). For instance, SNPs in the FTO gene (rs178117449, rs8050136, rs1421085, rs9930506, rs9939609, and rs1121980) are associated with weight, BMI, body composition, and obesity risk. Such an association has been commonly evident in multiple age and ethnic groups (5).

The precise role of FTO in obesity etiology has not yet been revealed. However, among the potential mechanisms of action, FTO may be associated with controlling dietary intake, and this may possibly contribute to FTO-related disease risk: FTO is highly expressed in the hypothalamus, a region involved in appetite regulation. People with a higher risk of obesity had higher levels of ghrelin, an appetite-promoting hormone, than those with a lower risk of obesity and showed a strong appetite or preference (6). Earlier studies have provided evidence that FTO genetic variation may play a role in the regulation of food intake and preference (7, 8). In a study of 4,839 subjects from the Swedish Malmö Diet and Cancer study (MDCS) cohort, rs9939609 of the FTO gene showed a significant association with obesity risk related to fat and carbohydrate intake (7). Another study in the same cohort also reported that FTO genetic variation was associated with certain food intake, especially energy-dense foods (8). In the case of FTO rs1121980, homozygous subjects for the obesity risk allele had a higher saturated fat intake in Americans, but no significant association with carbohydrate intake was evident (9). However, little is known with respect to Asian populations. Since each race/ethnicity has its own physiological metabolism, eating habits, and cultures, the effects of genetic variants may vary. Therefore, we evaluated whether FTO rs1121980 is associated with dietary intake in Koreans. This study was performed to ascertain the association of the FTO rs1121980 genetic variation with the intake of macronutrients and selected food groups in Koreans stratified by the BMI level. Additionally, the study employed a sex-stratified approach since sex differences exist in health and dietary behaviors (10).

Materials and methods

Study subjects and data collection

This study was conducted with data from a population-based cohort, the Ansan and Ansung study, a part of the Korean Genome and Epidemiology Study (KoGES) conducted from 2001 to 2002. The KoGES is a cohort project initiated by the Korea Centers for Disease Control and Prevention to identify the relationship between risk factors and chronic diseases that commonly affect Koreans. Subjects were 40- to 69-year-old adults living in Ansan (urban) and Ansung (rural) in Gyeonggi Province (11). Of the 8,840 subjects with genetic and epidemiological characteristic data, subjects with a history of diabetes (n = 554), hyperlipidemia (n = 128), myocardial infarction (n = 35), or cancer (n = 85) and no information or history of hypertension (n = 1,062) were excluded. Additionally, subjects without anthropometric (n = 4), alcohol consumption (n = 77), or smoking (n = 67), physical activity (n = 270), and education level (n = 47) information were also excluded from the dataset. Finally, this study was conducted with 3,049 males and 3,213 females, for a total of 6,262 subjects, excluding those with unknown daily energy intake (n = 182) or implausible total caloric intake (<500 or >5,000 kcal/day, n = 67, Fig. 1). The KoGES was conducted following a protocol approved by the Institutional Review Board (IRB). All subjects provided written consent before study initiation. This study was approved by the IRB (40525-201802-HR-121-07).

Fig. 1.Simplified process of study subjects selection.
n, number of subjects.
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Collection of general characteristics and anthropometric measures

General characteristics such as sex, region, age, and educational level of KoGES study subjects were collected through a baseline survey (11). According to smoking and alcohol consumption, subjects were classified into three groups: never, past, and current. The level of education was classified into three groups: low (elementary school or less), middle (middle or high school), and high (college or higher). The intensity of each type of physical activity was evaluated by calculating the metabolic equivalent of task (MET) using the type and duration of physical activity (12). The BMI of the subjects was computed as weight (kg) divided by the squared height (m2).

Collection and analyses of dietary data

Using semi-quantitative food frequency questionnaire (SQFFQ) data collected by the KoGES, the subjects’ diet and nutrition conditions were investigated (13). Subjects were interviewed on the amount and frequency of 103 food items they ate over the past year. To investigate the influence of FTO rs1121980 on Koreans’ food intake, among the 103 foods, selected items were grouped as follows by taking into account Koreans’ dietary culture and earlier studies (8): all vegetables, all fruits, meats, white meats, red meats, organ meats, fishes, blue fishes, white fishes, sweets and snacks, coffee, and coffee creamer. Additionally, there were nine options for the frequency of intake: never or barely, 1 time a month, 2~3 times a month, 1~2 times a week, 3~4 times a week, 5~6 times a week, 1 time a day, 2 times a day, or ≥3 times a day. The serving size of each food item consists of three options: small, medium, or large. Food intake was converted to daily average nutritional intake using the database of The Korean Nutrition Society (14).

Genotyping and SNP selection

DNA samples for genotype analysis were obtained from the subject’s peripheral blood. Detailed information is described elsewhere (15). Briefly, the genotype was analyzed using Affymetrix Genome-Wide Human SNP array 5.0 (Affymetrix Inc., Santa Clara, CA, USA), and quality control of data was performed under Bayesian robust linear modelling using the Mahalanobis distance algorithm. Samples were excluded if they presented low quality, including sex and ethnic inconsistencies, genotyping call rate <96%, excessive heterozygosity, or cryptic relatedness. Genetic loci were excluded if they possessed a call rate <95%, had a low minor allele frequency (MAF) of <0.01, or deviated from Hardy–Weinberg equilibrium (P < 1 × 10-6). From the KoGES dataset, three genetic variants (rs9939973, rs9939609, and rs1121980) in FTO region were available. According to the LDlink analyses, rs1121980 was strongly associated with the other two variants in the Asian population (D’ = 1.0 for both, r
2 = 0.78 and 1.0 for rs9939973 and rs9939609, respectively) (16). From the preliminary analyses, rs1121980 showed a similar but rational association with dietary intake than the two other variants. For this reason, further analyses were performed with the rs1121980 variation (Supplementary Tables 1–4).

Statistical methods

General characteristics of the subjects were analyzed by applying Student’s t-test and Chi-squared test according to the types of variables. Continuous variables such as age, height, weight, BMI, METs, and food and nutrition intake were logarithmically transformed before analyses. Food and macronutrient intake data were analyzed after adjustment for total energy intake using Willett’s residual method (17). In the case of any food intake being zero, a small value (0.001) was added before logarithmic transformation (8).

Analyses were also performed in two BMI subgroups defined following the Korean Society for the Study of Obesity guidelines: normal weight and obese (BMI < 25 or ≥25 kg/m2) (18). General linear models were used to test the difference in dietary and nutrient intake according to FTO genotype. Model I is a crude statistical model. Model II is an adjusted model considering covariates such as residential area, age, BMI, educational level, alcohol consumption, smoking status, and physical activity.

Statistical analyses were performed using SAS version 9.4 (Statistical Analysis System, SAS Institute Inc., Cary, NC, USA) and SPSS version 26 (Statistical Package for Social Science, SPSS Inc., Chicago, IL, USA). Two-tailed P-values < 0.0042 were recognized as statistically significant to correct for multiple testing issues following Bonferroni’s rule (0.0042 = 0.05/12, number of dietary-related variables examined).

Results

General characteristics of study subjects by FTO rs1121980 genotype and BMI level

The descriptive data of the subjects according to FTO rs1121980 genotype and sex are shown in Table 1. A total of 6,262 individuals (male = 3,049; female = 3,213) with known FTO rs1121980 genotypes were analyzed using a sex-stratified approach. Among them, 2,166 males (71.0%) and 2,286 females (71.1%) had the CC genotype, while 83 males (2.7%) and 85 females (2.6%) had the TT genotype. Because of the limited number of subjects with the TT genotype, the subjects were grouped according to the presence of the T allele. Thus, 883 males (29.0%) and 927 females (28.9%) were defined as minor T allele carriers, and the following analyses were performed according to the presence of the T allele (CT + TT versus CC genotype).




Table 1.General characteristics of the study population by taking into account the FTO rs1121980 genotype and sex


	Males (n = 3,049)
	BMI < 25 (n = 1,915)
	BMI ≥ 25 (n = 1,134)



	CC (n = 1,375)
	CT + TT (n = 540)
	P
	CC (n = 791)
	CT + TT (n = 343)
	P





	Age (years)
	51.7 ± 9.0
	51.8 ± 9.0
	0.885
	49.5 ± 7.8
	48.4 ± 7.1
	0.028



	Region
	
	
	0.490
	
	
	0.638



	 Rural (Ansung)
	607 (72.6)
	229 (27.4)
	258 (70.7)
	107 (29.3)



	 Urban (Ansan)
	768 (71.2)
	311 (28.8)
	533 (69.3)
	236 (30.7)



	Height (cm)
	166.8 ± 5.9
	166.7 ± 5.9
	0.809
	167.6 ± 5.7
	167.3 ± 5.5
	0.437



	Weight (kg)
	62.0 ± 7.2
	62.5 ± 6.9
	0.161
	76.0 ± 7.1
	75.7 ± 6.8
	0.517



	BMI (kg/m2)
	22.3 ± 1.9
	22.5 ± 1.9
	0.038
	27.0 ± 1.6
	27.0 ± 1.6
	0.913



	Physical activity, METs
	25.7 ± 15.6
	25.0 ± 15.5
	0.222
	22.0 ± 13.7
	21.5 ± 12.9
	0.577



	Alcohol consumption
	
	
	0.909
	
	
	0.461



	 Non-drinker
	258 (71.9)
	101 (28.1)
	135 (67.8)
	64 (32.2)



	 Ex-drinker
	123 (73.2)
	45 (26.8)
	71 (65.7)
	37 (34.3)



	 Current drinker
	994 (71.6)
	394 (28.4)
	585 (70.7)
	242 (29.3)



	Smoking status
	
	
	0.557
	
	
	0.815



	 Non-smoker
	245 (69.6)
	107 (30.4)
	163 (71.5)
	65 (28.5)



	 Ex-smoker
	445 (72.8)
	166 (27.2)
	305 (69.3)
	135 (30.7)



	 Current smoker
	685 (72.0)
	267 (28.0)
	323 (69.3)
	143 (30.7)



	Education
	
	
	0.462
	
	
	0.702



	 High
	276 (74.2)
	96 (25.8)
	197 (69.4)
	87 (30.6)



	 Middle
	791 (70.9)
	325 (29.1)
	480 (69.3)
	213 (30.7)



	 Low
	308 (72.1)
	119 (27.9)
	114 (72.6)
	43 (27.4)



	




	Females (n = 3,213)
	BMI < 25 (n = 1,921)

	BMI ≥ 25 (n = 1,292)




	CC (n = 1,384)
	CT + TT (n = 537)
	P
	CC (n = 902)
	CT + TT (n = 390)
	P



	




	Age (years)
	50.7 ± 9.0
	50.5 ± 9.1
	0.702
	52.1 ± 8.5
	51.7 ± 8.5
	0.485



	Region
	
	
	0.821
	
	
	0.882



	 Rural (Ansung)
	611 (72.3)
	234 (27.7)
	440 (69.6)
	192 (30.4)



	 Urban (Ansan)
	773 (71.8)
	303 (28.2)
	462 (70.0)
	198 (30.0)



	Height (cm)
	154.4 ± 5.7
	154.6 ± 5.6
	0.551
	153.4 ± 5.3
	154.0 ± 5.5
	0.099



	Weight (kg)
	53.7 ± 5.8
	53.9 ± 5.7
	0.398
	65.0 ± 7.0
	65.3 ± 7.2
	0.448



	BMI (kg/m2)
	22.5 ± 1.8
	22.5 ± 1.8
	0.543
	27.6 ± 2.2
	27.5 ± 2.4
	0.644



	Physical activity, METs
	22.3 ± 14.0
	22.6 ± 14.2
	0.470
	23.3 ± 14.5
	22.8 ± 14.1
	0.923



	Alcohol consumption
	
	
	0.773
	
	
	0.147



	 Non-drinker
	972 (72.2)
	375 (27.8)
	636 (71.1)
	258 (28.9)



	 Ex-drinker
	38 (76.0)
	12 (24.0)
	30 (75.0)
	10 (25.0)



	 Current drinker
	374 (71.4)
	150 (28.6)
	236 (65.9)
	122 (34.1)



	Smoking status
	
	
	0.263
	
	
	0.258



	 Non-smoker
	1,328 (72.4)
	506 (27.6)
	850 (69.3)
	376 (30.7)



	 Ex-smoker
	29 (64.4)
	16 (35.6)
	28 (80.0)
	7 (20.0)



	 Current smoker
	27 (64.3)
	15 (35.7)
	24 (77.4)
	7 (22.6)



	Education
	
	
	0.235
	
	
	0.976



	 High
	113 (77.4)
	33 (22.6)
	46 (70.8)
	19 (29.2)



	 Middle
	758 (70.9)
	311 (29.1)
	442 (69.9)
	190 (30.1)



	 Low
	513 (72.7)
	193 (27.3)
	414 (69.6)
	181 (30.4)



	BMI, body mass index; METs, metabolic equivalent of task; n, number of subjects.
Values are presented as the means and standard deviations for age, height, weight, body mass index, metabolic equivalent of task, and nutrients; the others are the numbers of subjects with percentages in parentheses.
P-values were from Student’s t-tests for age, height, weight, and BMI, otherwise Chi-squared tests.





Age, residential area, height, weight, physical activity, alcohol consumption, smoking status, and the level of education in subjects were not significantly different by the FTO rs1121980 genotype. In the case of BMI, there was a difference between normal male genotypes. T allele carriers (CT and TT genotypes) tended to have a higher BMI than CC carriers (22.5 ± 1.9 and 22.3 ± 1.9 kg/m2, P = 0.038). In females, neither the normal nor obese groups were associated with BMI.

FTO rs1121980 genotype, total energy, and macronutrient intake

The results of the analysis of whether the FTO rs1121980 genotype, total energy, and macronutrient intake were associated are shown in Table 2. In males, both crude model I and adjusted model II suggested that the presence of the T allele was not associated with differences in the consumption of total energy, carbohydrate, fat, and protein. In the case of females, again, both models I and II suggested that the T allele showed no association with total energy and macronutrient intake.




Table 2.Level of macronutrient consumption and the association with FTO rs1121980 genotype in normal weight and overweight individuals


	Macronutrient
	BMI < 25
	BMI ≥ 25



	CC
	CT + TT
	Pcrude
	Padjusted
	CC
	CT + TT
	Pcrude
	Padjusted





	Males
	n = 1,375
	n = 540
	
	
	n = 791
	n = 343
	
	



	 Total energy (kcal/day)
	1,963.9 ± 572.2
	1,983.4 ± 573.5
	0.558
	0.548
	2,060.0 ± 582.9
	2,052.4 ± 531.8
	0.981
	0.941



	 Carbohydrate (g/day)
	341.4 ± 95.9
	343.1 ± 93.2
	0.731
	0.721
	353.8 ± 96.1
	350.1 ± 84.8
	0.718
	0.757



	 Protein (g/day)
	66.8 ± 24.6
	67.8 ± 26.2
	0.479
	0.480
	71.8 ± 25.6
	71.6 ± 24.6
	0.895
	0.833



	 Fat (g/day)
	34.3 ± 18.0
	35.2 ± 19.2
	0.407
	0.370
	37.3 ± 18.9
	38.1 ± 17.2
	0.300
	0.436



	Females
	n = 1,384
	n = 537
	
	
	n = 902
	n = 390
	
	



	 Total energy (kcal/day)
	1,859.2 ± 635.3
	1,882.8 ± 602.9
	0.240
	0.225
	1,890.9 ± 605.8
	1,894.6 ± 636.5
	0.900
	0.781



	 Carbohydrate (g/day)
	331.0 ± 112.6
	334.3 ± 106.7
	0.323
	0.301
	340.1 ± 106.9
	339.0 ± 114.2
	0.606
	0.528



	 Protein (g/day)
	62.9 ± 26.4
	63.7 ± 23.7
	0.217
	0.207
	63.6 ± 25.2
	63.8 ± 25.4
	0.981
	0.932



	 Fat (g/day)
	29.7 ± 18.2
	30.4 ± 16.9
	0.162
	0.141
	28.8 ± 16.7
	29.6 ± 16.9
	0.479
	0.623



	BMI, body mass index; n, number of subjects.
Values are presented as the means and standard deviations.
Pcrudes were from crude general linear models.
Padjusteds were from general linear models including region, age, body mass index, education level, alcohol consumption, smoking status, and physical activity level.





FTO rs1121980 genotype and dietary intake

In further analyses, we evaluated the association between the FTO rs1121980 genetic variant and dietary consumption, taking into account obesity status and sex. Our findings suggested that obese males with FTO rs1121980 T alleles tended to consume more sweets and snacks; moreover, in the group of males with normal BMI, minor T allele carriers tended to consume more coffee creamer (Table 3). However, such diet and genotype associations were not significant in model II adjusted for covariates, including residential area, age, BMI, education level, alcohol consumption, smoking status, and physical activity METs.




Table 3.Consumption of selected foods (g/day) and the association with the FTO rs1121980 genotype in males


	Food group
	BMI < 25 (n = 1,915, 62.8%)
	BMI ≥ 25 (n = 1,134, 37.2%)



	CC (n = 1,375)
	CT + TT (n = 540)
	Pcrude
	Padjusted
	CC (n = 791)
	CT + TT (n = 343)
	Pcrude
	Padjusted





	All vegetables
	106.9 ± 74.6
	105.3 ± 69.6
	0.799
	0.853
	108.0 ± 73.0
	106.7 ± 69.7
	0.862
	0.835



	All fruits
	221.1 ± 213.1
	227.3 ± 273.0
	0.421
	0.407
	237.3 ± 228.8
	204.4 ± 185.9
	0.092
	0.126



	Meats
	62.2 ± 43.0
	63.5 ± 47.5
	0.935
	0.919
	68.0 ± 43.3
	65.0 ± 36.5
	0.577
	0.501



	 White meats
	8.2 ± 10.0
	8.0 ± 9.0
	0.535
	0.590
	8.7 ± 10.2
	8.3 ± 8.2
	0.484
	0.592



	 Red meats
	52.8 ± 48.9
	55.8 ± 56.2
	0.730
	0.718
	61.5 ± 53.0
	57.4 ± 42.1
	0.961
	0.907



	 Organ meats
	1.4 ± 3.6
	1.4 ± 4.5
	0.638
	0.656
	1.6 ± 3.9
	1.6 ± 3.6
	0.259
	0.333



	Fishes
	23.7 ± 24.3
	23.7 ± 20.7
	0.572
	0.650
	27.5 ± 22.9
	28.1 ± 24.5
	0.480
	0.364



	 Blue fishes
	5.3 ± 6.7
	4.6 ± 4.8
	0.212
	0.185
	6.2 ± 7.6
	6.0 ± 6.6
	0.388
	0.666



	 White fishes
	13.9 ± 18.5
	15.0 ± 18.1
	0.385
	0.435
	16.4 ± 18.2
	16.7 ± 22.0
	0.802
	0.721



	Sweets and snacks
	5.2 ± 12.7
	4.9 ± 10.1
	0.289
	0.330
	4.3 ± 8.1
	6.4 ± 10.5
	0.003
	0.005



	Coffee
	3.4 ± 3.6
	3.7 ± 3.9
	0.225
	0.184
	4.0 ± 3.9
	3.9 ± 3.7
	0.564
	0.750



	Coffee creamer
	3.7 ± 4.3
	4.0 ± 4.6
	0.022
	0.017
	4.0 ± 4.6
	4.1 ± 4.5
	0.448
	0.495



	BMI, body mass index; n, number of subjects.
Values are presented as the means and standard deviations.
Pcrudes were from crude general linear models.
Padjusteds were from general linear models, including region, age, body mass index, education level, alcohol consumption, smoking status, and physical activity level.





In obese females, T allele carriers tended to consume more organ meats, blue fishes, and coffee than T allele non-carriers (Table 4). In particular, the association between T alleles and food intake differed significantly for coffee creamer intake. T alleles of FTO rs1121980 in obese females were significantly associated with the higher intake of coffee creamer, and this significant gene-dietary intake association was retained in statistical model II considering subjects’ lifestyle factors (2.4 ± 3.4 and 1.9 ± 3.1 g/day, Padjusted = 0.004). These results suggested that although the type of foods was different by sex and BMI, the presence of the FTO-obesity risk allele was associated with some fat-tasting foods.




Table 4.Consumption of selected foods (g/day) and the association with the FTO rs1121980 genotype in females


	Food group
	BMI < 25 (n = 1,921, 59.8%)
	BMI ≥ 25 (n = 1,292, 40.2%)



	CC (n = 1,384)
	CT + TT (n = 537)
	Pcrude
	Padjusted
	CC (n = 902)
	CT + TT (n = 390)
	Pcrude
	Padjusted





	All vegetables
	110.7 ± 87.1
	111.4 ± 79.9
	0.371
	0.437
	111.5 ± 79.8
	108.4 ± 73.7
	0.643
	0.673



	All fruits
	308.2 ± 288.2
	309.5 ± 287.3
	0.395
	0.474
	306.3 ± 272.2
	294.5 ± 268.9
	0.785
	0.703



	Meats
	45.1 ± 40.1
	46.3 ± 39.1
	0.291
	0.279
	42.6 ± 38.2
	43.5 ± 35.2
	0.113
	0.162



	 White meats
	7.0 ± 10.6
	7.6 ± 11.0
	0.079
	0.056
	7.4 ± 15.4
	7.0 ± 9.4
	0.188
	0.297



	 Red meats
	39.0 ± 48.5
	38.4 ± 38.7
	0.947
	0.959
	36.3 ± 44.0
	36.3 ± 35.9
	0.127
	0.173



	 Organ meats
	0.5 ± 2.8
	0.5 ± 2.6
	0.331
	0.313
	0.6 ± 2.4
	0.8 ± 2.6
	0.008
	0.012



	Fishes
	24.0 ± 26.9
	22.0 ± 20.6
	0.829
	0.747
	22.8 ± 22.8
	23.2 ± 21.5
	0.238
	0.253



	 Blue fishes
	4.8 ± 6.6
	5.0 ± 6.3
	0.240
	0.248
	4.9 ± 6.7
	5.5 ± 6.8
	0.008
	0.009



	 White fishes
	16.8 ± 25.9
	15.0 ± 16.8
	0.644
	0.592
	16.4 ± 21.1
	16.7 ± 21.3
	0.232
	0.202



	Sweets and snacks
	5.4 ± 11.2
	5.4 ± 10.3
	0.283
	0.238
	4.1 ± 8.9
	4.8 ± 9.2
	0.209
	0.297



	Coffee
	2.3 ± 2.8
	2.5 ± 3.1
	0.650
	0.830
	2.5 ± 3.0
	2.9 ± 3.1
	0.010
	0.009



	Coffee creamer
	2.2 ± 3.2
	2.1 ± 3.1
	0.991
	0.938
	1.9 ± 3.1
	2.4 ± 3.4
	0.007
	0.004



	BMI, body mass index; n, number of subjects.
Values are presented as the means and standard deviations.
Pcrudes were from crude general linear models.
Padjusteds were from general linear models, including region, age, body mass index, education level, alcohol consumption, smoking status, and physical activity level.





Discussion

FTO is a well-known genetic risk factor for obesity. This study examined the association between the genetic variation rs1121980 in FTO and dietary and nutritional intake in Koreans with an epidemiological approach. The findings of the current study suggested that rs1121980 T alleles in obese subjects were associated with some fat-tasting food intake including coffee creamer.

Earlier studies have suggested that variations in FTO may be associated with adipose metabolism and the regulation of food preference/intake. A common genetic variation rs9939609 in FTO was evident to be associated with BMI in multi-cohort studies (19). Genetic variation was also associated with both nutritional and food group-based intake (7, 8). Individuals with a homozygous genotype for another obesity risk allele in FTO rs1121980 were also associated with increased energy intake, especially fat intake (9). One meta-analyze suggested that risk alleles in FTO showed a significant association with lower total energy intake, but higher fat intake (20). However, inconsistencies in findings regarding FTO genetic variations and obesity and its related factors have also been reported. In another meta-analysis with multiple ethnicities, including African/Hispanic and Caucasian populations, no significant associations were observed between genetic variations and obesity risk (21). In a study in Europeans, rs1121980 was not associated with total energy, carbohydrate, fat, or protein intake (22). One Korean study reported that FTO variations were associated with fat intake, but this was only significant in adolescent and children, but not in adults (23). The cause for such differential findings regarding nutritional intake and FTO genetic variation in the studies remained unclear (24). However, FTO genetic variation studies have been conducted in various ethnicities, ages, sexes, and SNPs. The differences in ethnicity-specific genetics, physiological metabolism, and dietary culture might be associated with such varied findings. In line with this, in the present study, FTO genetic variation had no significant effect on macronutrient intake in Koreans. The reasons for the lack of association between the rs1121980 genetic variation and macronutrient intake in this Korean population may be hypothesized as follows: Koreans over 40 years old generally retain traditional eating habits centered on carbohydrates and vegetables. This type of traditional Korean diet contains less fat and sugar (25). The average calorie, fat, and sugar intakes of these Koreans were lower than those of subjects in previous studies, showing a significant association between genetic variation and dietary intake (26, 27). For this reason, the consumption of macronutrients was not decisively evident between genotype groups in Koreans.

In the present study, the FTO genotype tended to be associated with certain types of food, taking into account the BMI level and sex, although the effect of genetic variation was minimal in macronutrient intake. This gene-dietary intake association was mainly evident in both males and females with obesity. In females, the food that showed a decisive association with the FTO genotype was coffee creamer, which may be linked to fat taste. Coffee creamer, which Koreans usually add to instant coffee, is mainly made from vegetable oils with some food additives, such as emulsifiers, spices, and milk protein (28). In Korea, the fat content of coffee creamer is 7.7–14.0%, of which more than 99% are saturated fatty acids (29). In the case of coffee consumption, Koreans over the age of 40 prefer coffee with sugar or coffee creamer rather than black coffee. According to one Korean study, 50.3% of Koreans over the age of 40 had an instant coffee mix with sugar and cream (creamer) (30). The putative association between coffee preferences and the T allele in obese females may also possibly be attributed to the addition of coffee creamer to instant coffee. In addition, female T allele carriers tended to consume more organ meat and blue fish than poultry and white fish. Those organ meats and blue fish are also higher in fat than lean meat and white fish. Obese males with the T allele tended to consume more snacks and sweets, such as chocolate, cakes, biscuits, and ice cream, than fatty food. However, these types of foods also tend to have both high fat and sugar contents (31). Earlier studies of Swedish MDCS cohorts have reported that the obesity-susceptible minor A allele in FTO rs9939609 had no significant association with fat intake depending on genotype. The genetic variants seemed to be associated with the consumption of soft drinks and sucrose (8). However, FTO A allele carriers also showed a higher consumption of biscuits, pastries, and high-fat meat than A allele non-carriers (8). Other studies have observed an association between the FTO genotype and BMI among subjects consuming a high-fat diet, especially saturated fat and trans-fat (7, 9, 32, 33). Considering these and current findings comprehensively, it could not be dismissed that the genetic variation in FTO regulates food preference and intake in relation to fat taste.

FTO is known to be the critical locus in obesity etiology, but its detailed pathological role has not yet been fully identified. However, earlier studies have shown that the FTO gene increases the risk of obesity in association with BMI and the hormone ghrelin, which promotes appetite (5, 6). In addition to BMI and ghrelin, the results of this study may reveal that FTO is associated with appetite control and dietary intake, particularly the consumption of foods with fat taste-energy dense food. Human taste can perceive sweet, sour, salty, bitter, and umami (34). Additionally, fat taste was recently recognized as the sixth taste. Multiple proteins seemed to be involved in fat-sensing mechanisms. Cluster of differentiation 36 is a protein that recognizes the taste of fat (35) and is known to be associated with a mechanism for recognizing long-chain fatty acids in cell membranes and recognizing the taste of fat (36). In addition, some types of G protein-coupled receptors (GPCRs), including GPR40 and GPR120, have been reported to be associated with fatty acid recognition and intake (35). Experimental studies have suggested a role of FTO in protein metabolism and amino acid sensing (37–39). However, these studies were performed in cell lines and animal models and were not confirmed with human sensory tests (37–39). A meta-analysis of the FTO obesity risk allele among multiple ethnicities indicated that the risk allele was associated with increased dietary protein intake (40). One Chinese study reported that FTO variants were associated with a preference for meat-based meals in children and adolescents (41), although little is known about their relationship with food intake in Asian populations. In the present study, foods rich in protein (e.g. organ meat and blue fish) seemed to be preferred by T-allele carriers. This finding suggests a role for FTO in protein sensing and preference. However, the association between coffee creamer preference and genetic variant was clear; moreover, a number of studies have suggested that FTO variants are associated with fat and fat-containing energy-dense food preference and intake (23, 42–45). Given these findings, we cannot rule out the idea that FTO is associated with a preference for rich and/or high-fat foods. More studies are required to verify the association of FTO with nutrient sensing, food preference, and intake in the etiology of obesity.

This study examined the association between FTO rs1121980 and dietary intake in Koreans. This study is the first to explore FTO-associated food intake in Koreans but could harbor a few limitations. First, this study utilized a cross-sectional design. Since this study collected data only at a certain point in time, it may be difficult to determine the causal relationship between food intake and genetic variants. Second, this study analyzed data for general and dietary intakes for middle- to old-aged adults using data from the KoGES Ansan/Ansung cohort from 2001 to 2002. The KoGES is a representative epidemiological survey in Korea. However, this study may not fully present all dietary and genetic features of Koreans and the recent change in dietary consumption over time. Third, dietary data were collected using the SQFFQ. Korean dishes commonly contain many mixed types of foods and spices. Furthermore, there are limited types of dishes cooked with oils and seasonings. Thus, food-based FFQs may not accurately capture small amounts of food and nutritional intake (46, 47). Finally, alcohol consumption was not included in this study. Alcohol is the most commonly used addictive substance as well as a type of food (48). This study mainly focused on the influence of FTO variation on food intake. The degree of alcohol use varies, and there may be more complex linkages between the factors contributing to alcohol consumption. To verify the precise association between FTO variation and alcohol consumption, more intensive studies targeting such addictive substances are needed. Therefore, the findings of this study should be interpreted with caution.

Conclusion

In conclusion, the T allele of rs1121980 in FTO is associated with food intake preferences, particularly with preferential intake of rich foods (high in fat; e.g. coffee creamer, blue fish, sweets, and snacks) in Koreans, although these preferences vary according to sex and BMI. Our findings may contribute understanding of the role of FTO in dietary intake as well as the etiology of obesity among the Korean population.
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