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ABSTRACT

Objectives: Environmental, social and personal factors influence eating patterns. This study
aimed to investigate the relationship between unhealthy food outlets within a residential area
and obesity using nationally representative Korean survey data and data from the Census on
Establishments.

Methods: Data on the food intakes and socioeconomic variables of a total of 9,978 adults
aged >19 years were obtained from the 2013-2014 Korea National Health and Nutrition
Examination Survey. Geographic locations of restaurants were obtained from the 2013
Census on Establishments in Korea. Administrative area was categorized into tertiles of
count of unhealthy food outlets based on the distribution of number of unhealthy food
outlets among all urban (Dong) and rural (Eup or Myun) administrative districts in Korea.
Multilevel logistic regressions model were used to assess the association between the
number of unhealthy food outlets and obesity.

Results: People living in the district with the highest count of unhealthy food outlets had
higher intakes of fat (45.8 vs. 44.4 g/day), sodium (4,142.6 vs. 3,949.8 mg/day), and vitamin
A (753.7 vs. 631.6 ugRE/day) compared to those living in the district with the lowest count
of unhealthy food outlets. A higher count of unhealthy food outlets was positively associated
with frequent consumption of instant noodles, pizza, hamburgers and sandwiches, sweets and
sour pork or pork cutlets, fried chicken, snacks, and cookies. Higher exposure to unhealthy
food outlets was associated with increased odds of obesity (Ist vs. 3rd tertile; OR 1.689;
95% CI 1.098-2.599).

Conclusions: A high count of unhealthy food outlets within a residential area is positively
associated with the prevalence of obesity in Korea. The results suggest that food environmental
factors affects the health outcomes and interventions aiming to restrict the availability of
unhealthy food outlets in local neighborhoods may be a useful obesity prevention strategy.
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Table 1. Distribution of terfile groups according to the count of unhealthy food outlets

No. in CE database (3,482 areas) No. in study’s database (364 areas)

LCG MCG HCG LCG MCG HCG
Convenience Maxi. 5 22 118 4 15 118
store 75ih 1 7 20 1 7 20
50th. 0 5 14 0 4 15
25th 0 3 10 0 3 10
Mini. 0 0 1 0 1 3
Bakery Maoxi. 5 19 56 2 9 35
75th 0 5 12 0 5 13

50th. 0 3 0 3

25th 0 2 0 2

Mini. 0 0 1 0 0
Fast-food Maxi. 4 11 40 2 10 40
fesfaurants 75ih 0 4 1 0 4 12
50th. 0 2 0 3 8

25th 0 1 0 1

Mini. 0 0 0 0
Chicken Maxi. 6 20 74 5 20 74
restaurant 75th 2 9 23 2 1 25
50th. 1 17 1 19
25th 0 13 0 5 14
Mini. 0 1 0 3
Unhealthy food Maxi. 7 30 244 7 30 244
outiets 75th 3 24 64 5 26 70
50th. 1 18 47 2 21 48
25th 0 13 38 1 14 38
Mini. 0 8 31 0 8 31

T 75, BMI, 2A2d ot S5 A5 ol -2 AR qlo], AlghE o FAE 5 Sl SAIEALS: A ek
SF3ATE. 23 stedTats A oA Fsilon, AR S

A1) HINE Aol 3RS w = JHRIA Q19 A el ek HelulelA] ARl EA] AR EEie] 59l
Qolo] g3 Eate] 243817 Y8 GLIMMIZ Pro— 2 - Ayuks ALgslint

cedures o] g3t thrE A AE 3]7AEA (Multilevel

Logistic ModeD= AA8k3l o™ k] (OR, Odds H 1
Ratio) 2} 95% A= F7+(95% CI, 95% Confidence

Interval) & AFE3ISILE & AFXE Al 714 R8-S 1 1. YHAOI EN

Halglom, By 18 252 7| 2P HE gRlsr] £+ 7N 7T

]
NG} AAFE] M4 B F71ehA] ool danks 2] Avky 5742 Table 2011 MHO% Ak AEL 1t
X 7| 2RES A, B 2 W% AAFES] FARI Afe) 7} Yo, BE SellA] oz} bRt
et AL bl 214 Zpol7k 2l e, LCG 60
1S 9.2%)°], MCG#} HCGT& 40-50t)
T TRt @44 (39.1%, 41. 1%)7} 71 woxt. Ju%#%& LCGrellA

13
Hm
ﬁ
of
o
2
o
-
|
X
o
> 0
2,
W~



)
o
o,
e
oX
o
o
()}
~

Table 2. Characteristics of tertile groups according o the count of unhealthy food outlets

Variables Low Counj Group Middle Coqn’r Group High Coum Group p value
(LCG; 1sttertle, n=895)  (MCG; 2nd fertile, n=3,150) (HCG; 3rd tertile, n=5,933)
Gender
Male 379 (47.1) 1,243 (45.9) 2,406 (47.3) 0.3814
Female 516 (52.9) 1,907 (54.1) 3,527 (52.7)
Age
19 — 39 years 78 (13.8) 865 (35.8) 1,826 39.1) <0.0001
40 - 59 years 240 (37.0) 1,112 (39.1) 2,337 41.m
60 years and over 577 (49.2) 1.173 (25.0) 1,770 (19.8)
Education level
Less than elementary school 471 (51.9) 751 (18.8) 1,053 (14.1) <0.0001
Middle school 102 (12.1) 351 (10.8) 533 (8.4)
High school 152 (25.2) 962 (38.5) 1,910 (38.7)
University or above 66 (10.7) 825 (31.9) 1,925 (38.8)
Employment status
Non-manual 312 (33.8) 1,280 (40.7) 2,353 (38.9) <0.0001
Manual 395 (63.0) 675 (23.4) 1,057 (20.2)
Service 48 (7.2 361 (13.4) 721 (14.5)
Students, housewives, not working 34 (5.9 573 (22.5) 1,287 (26.4)
Marital status
Married 856 (93.0) 2,703 (79.4) 5,078 (79.4) <0.0001
Unmarried 39 (7.0 446 (20.6) 845 (20.6)
Perceived health state (% =+ SE) 21.9+2.1 31.9+£1.3 33.7+0.8 <0.0001
Walking physical activity (% = SE) 30.0x24 400+1.3 39.0+0.9 0.0048
BMI
Underweight 35 (3.7) 137 (4.2 253 (4.8) 0.5065
Normal 553 (62.9) 1,995 (62.9) 3,757 (63.7)
Obese 304 (33.5) 1,000 (32.8) 1,871 (31.5)
Current diet control
No 765 (86.6) 2,423 (77.0) 4,506 (77.0) <0.0001
Yes 130 (13.4) 727 (23.0) 1,427 (23.0)
Frequency of eating out
> 2 fimes a day 28 ( 4.4) 200 (8.2 462 (10.0) <0.0001
1 time a day 47 (7.4 445 (17.0) 977 (19.7)
5 — 6 times a week 56 (7.8) 377 (14.1) 799 (14.3)
3 — 4 times a week 40 ( 5.0 328 (11.1) 674 (12.0)
1 -2 fimes a week 203 (24.3) 764 (23.1) 1,426 (22.3)
1 - 3 fimes a month 287 (28.8) 691 (18.8) 1,160 (16.7)
< once a month 234 (22.3) 328 (7.6) 393 (5.0)
Household monthly income
1st quartile (low) 417 (40.6) 677 (16.2) 973 (13.9) <0.0001
2nd quartile 243 (30.1) 844 (27.5) 1,472 (24.2)
3rd quartile 144 (18.0) 860 (29.7) 1,644 (29.5)
4th quartile (high) 83 (11.4) 755 (26.6) 1,811 (32.5)
Urban-rural status
Urban (Dong) 92 ( 9.9 2,833 (91.9) 5,015 (84.1) <0.0001
Rural (Eup or Myun) 803 (90.4) 317 (8.1) 918 (15.9)
House type
Conventional house 819 (89.9) 1,654 (54.3) 2,609 (46.6) 0.0003
Aparment 76 (10.1) 1,496 (45.7) 3,324 (563.4)

Data are expressed as unweighted frequency and weighted percentage or mean.
p-value was obtained from the Rao-Scott y? test for categorical variables and Bonferroni corection of multiple comparison for con-
finuous variables.
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(631.6£36.4 pgRE/day)°] MCG*(784.4%+25.1 ugRE/
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0.0150), #A 7] B55 (=72~ X3 (p for trend=
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S =
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EA7SAA 7) AL Aol njs) W x|oof AFEE
= (OR 1.680, 2nd vs. 1st; OR 1.689, 3rd vs. 1st) 7l
Q19] vlgk dHAgof f-2) 3t JakS n]X]i= A o7 FRIF ST}
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Table 6. Associations between unhealthy food outlets and obesity (n=8,912)

A AT 2013 AFARIA AL} 2013-2014 FRI7 7 e Sk 2AL ALRE- 0]-8-3)

Model 2" Model 3
OR? 95% CPP OR 95% Cl
Individual level
Gender
Male 1.901 (1.717 2.106)%** 1.898 (1.714 2.102)%**
Female 1.000 1.000
Age
19 — 39 years 1.102 (0.919 1.323) 1.096 (0.913 1.319)
40 - 59 years 1.176 (1.013 1.364)* 1171 (1.009 1.358)*
> 60 years 1.000 1.000
Marital status
Married 1.379 (1.190 1.598)**x* 1.388 (1.197 1.610)***
Unmarried 1.000 1.000
Education level
Less than elementary school 0.546 (0.453 0.658)*** 0.555 (0.460 0.670)***
Middle school 0.607 (0.514 0.718)**x* 0.612 (0.517 0.724)***
High school 0.770 (0.638 0.929)%* 0.770 (0.637 0.930)**
College or over 1.000 1.000
Employment status
Non-manual 1.000 1.000
Manual 1.013 (0.879 1.167) 1.017 (0.883 1.171)
Service 1.073 (0.924 1.245) 1.071 (0.923 1.242)
Not working 1.026 (0.872 1.209) 1.024 (0.871 1.204)
Household monthly income
1st quartile (low) 1.000 1.000
2nd quartile 0.870 (0.735 1.030) 0.887 (0.749 1.051)
3rd quartile 0.999 (0.851 1.173) 1.006 (0.857 1.181)
4th quartile (high) 1.014 (0.867 1.184) 1.018 (0.871 1.190)
Current diet control
No 1.000
Yes 1.769 (1.589 1.968)*** 1.770 (1.591 1.970)***
Frequency of eating out
>once a day 1.201 (1.033 1.397)* 1.193 (1.025 1.387)*
1 -6 times a week 1.024 (0.905 1.159) 1.020 (0.902 1.155)
< 3 times a month 1.000 1.000
Walking physical activity
No 0.956 (0.870 1.050) 0.953 (0.867 1.047)
Yes 1.000 1.000
Local level
Urban-rural status
Urban (Dong) 0.859 (0.725 1.017)
Rural (Eup or Myun) 1.000
House type
Conventional house 1.193 (1.059 1.344)**
Apartment 1.000
Density of population
1st tertile (low) 1.000
2nd fertile 0.862 (0.608 1.223)
3rd fertile (high) 0.977 (0.686 1.393)
Count of unhealthy food outlets
1st tertile (low) 1.000
2nd fertile 1.680 (1.112 2.538)*
3rd fertile (high) 1.689 (1.098 2.599)*

1) Model 2: Adjusted for individual level variable; Model 3: Adjusted for Model 2+local level variable

2) OR; Odds Ratio, 95%

3) Cl; 95% Confidence Inferval
* p<0.05, **: p<0.01, ***: p<0.001
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