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Association between Serum Folic Acid Level and the Risk of Hypertriglyceridemia in Korean
Female: Analysis Based on 2016—2018 Korea National Health and Nutrition Examination Survey

JiYeon Lee, Duk Chul Lee, Nan Yi Yoo, Hye Jun Lee*
Department of Family Medicine, Yonsei University College of Medicine, Seoul, Korea

Background: Serum folic acid is associated with atherosclerosis and dyslipidemia. However, the association between folic acid and triglycerides is
controversial. Therefore, we aimed to analyze the association between serum folic acid levels and hypertriglyceridemia risk in Korean female.

Methods: We analyzed data of 2,823 female from the 2016-2018 Korean National Health and Nutrition Examination Survey. Serum folic acid levels
were grouped into quartiles, and hypertriglyceridemia was defined as a serum triglyceride level =200 mg/dL. We examined the association between
quartile-categorized serum folic acid levels and hypertriglyceridemia using multivariate logistic regression after adjusting for age, hypertension,
diabetes, dyslipidemia, current smoking status, alcohol intake, aerobic exercise, and body mass index.

Results: In the multivariate model, the odds ratio for hypertriglyceridemia in the third quartile (8.00-10.80 ng/mL) of serum folic acid levels was
significantly lower than that in the first quartile (reference: <5.70 ng/mL).

Conclusion: Higher serum folic acid levels were associated with a lower incidence of hypertriglyceridemia in Korean female. Further prospective studies
with larger sample sizes are needed to confirm a clear causal relationship.

Keywords: Hypertriglyceridemia; Triglyceride; Serum Folic Acid; Folate; Atherosclerosis; Korean Female

M= AR e BRAAEIS] T 2
ANA B ABE 2PN A0 R YA U] ]9 &

GAHEIERY o) 584 HIEFRIO R ety B BUA @ WS g 9Pstel SEAAHQIE HEedoR
EHolek. AolA DNA 4, otulicdt 4, HET Aol wofst  iAIA ATL S EF AN TS TMITIE Aol B 45
3 Q4L A ool Hol] AV B ol SIS ALBERY A ool 28 E A0 AL Yk
Aokt W) A, Fxstolugste] FAHE FHA k) FUHE A 15T 5 e AER

rlo
gl
o ¢
)
i)
=
[3=]
(i
b

olgxFEZ] 9ho.

L=

. (e} =
S s WY} Bste] HEU-ZRAAHR 2 B, FF At T o IR FESI] /ol tigt A AT
(Methionine-Homocysteine cycle)ol 9] @4te] ek Tt F8sHA o] Itk SRt @A7HA] D5 DAL w0t S8 #ad
Received July 31,2021 Revised April 25, 2022 Copyright © 2022 The Korean Academy of Family Medicine
Accepted April 27, 2022 This is an open-access article distributed under the terms of the Creative Commons At-

Corresponding author Hye Jun Lee tribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
Tel: +82-2-7224-1628. Fax: +82-2-367-2473 which permits unrestricted noncommercial use, distribution, and reproduction in any
el +0c-2- B  FAX. +0£-£-002- medium, provided the original work is properly cited.

E-mail: infiniteme@yuhs.ac
ORCID: https://orcid.org/0000-0001-5810-9787

www kjfp.or.kr 167


http://crossmark.crossref.org/dialog/?doi=10.21215/kjfp.2022.12.3.167&domain=pdf&date_stamp=2022-06-20

KJFP

Korean Journal of Family Practice

2 w0l 9k @ Aol
AL AR E O
EEE Y on] o717 19} HE FHAY AE B2
oA B ARe FuA7}gYR A Korea National Health &
Nutrition Examination Survey, KNHANES) A7 5 o]gsto] 204 o]

J
rﬁ r IF
é
o)
r|r
o
e
e
2
i
2
L
rir
m%
i

9] oS tgo R B IA SES IFHAYBZIY Bl
g 2AYIA ek
u

1. 897 Xt ¥ iy
B A FUAFGERAL A77) 1-32PAE(2016-2018) A RS
£ B47) A1 PRE FFokglen, A77
:?“JZPJ JFERA —t— Aol we 27 Ay 33 EYE
iy ool A2 HOIR1US] HolE WA ¢k
et 7H47] oA A4 A 1 9FFtolu HE &
H te o AEZ Al
OHe A8 ArEo] wheew
- Fz AA) 24,260

ok QAL 9 3 A

l‘

fo
18
e o
o
[e)

HZo| &

3l
l'

S
0,
ro,
olX
N
1o
l‘.&
i
o,
%0,
filo
4
%0,

iy

rir

{o
fru
ol
)
_g

24 ShgL 204 o149 o}y
& 204 o14 o5l 39 1,

~1

32

oL
o,
39,
_1

#3942 AL 10,3387019 e, °] F BF ke v
H[ER Zﬁf‘P U2AA} 6,8407, BF AT s A5 67582

A2k HF= 0 & 2,823%0]9lch

2. 55Hs

E AL 2016-2018F ZFUAZIUYRAL F= & A, &
5, ISSE AT AH, BT oR, @3 FEYAHE, % 4
A, 8% AL AEYAHE, S5 TUE Al A
g 85 G4 X, 1EY, dhaH, o] XA EZY] QAL Xtk of
5234 9, 97 25 A A s HEE ARSI

& A3H9] A 24 59 100744 o] Fige] glowA
A g B AE A A= Ao, 5 e Ad

2 240 0 ol i 4% AATEL 10 158 o} E
FHES IR AABES HMEAE 152 F4% 29) 2
P50l sk ATHe AR A9 Ao 254EL

AT, BESEL Lo 9 vlvi}

A5 S ol

ol
-

FoFAE. ﬂ]?—-_l%*xl-rt A& (kg)Z 7Im)2] AlEo=

168 www kjfp.or.kr

Ji Yeon Lee, et al. The Association between Folic Acid and Hypertriglyceridemia in Korean Female

Fom, vk -] 25 kg/m® 01491 HL-E HoJetYLt 1
FAAY 5= 200 mg/dL o]A}o 2 o]5}9]
A 55 7|&3510] ¥ L7t 2 BRI
3, ZF 7749 71&A= 5.70, 8.00, 10.80 ng/mLo]t}. EF HAt
ARCHITECT i4000Sr (Abbott, Chicago, IL, USA)= ©]-&

chemiluminescent microparticle immunoassay, % SZHAHE, €

5 34, @5 AL ATEYAEHE, 5 1UE AHHE
HAEHE-2 Hitachi Automatic Analyzer 7600-210 (Hitachi, Tokyo,
Japan)Z ©|-&-3t0] Z7g31 3.

ek ok rlo

w
ofm
kY
AT
1%

A AROIR R F15AE 183}

=3 2o 3, AT E

H

g
ol rﬁ
2 %
oo

N
ke
2 e
ch
= o
oo H
rlo rl-n:
oo
o

E N do Az

4 o o 1x

r oz =

Z e =

o

& [u:lo A =

Sz

& I o

]'E ofll —;E
% o & A

s

) rlr

opo

rol

N

o]

g

ohl

o,

ox

re

1P

09!'4

I

4y o

©oof i d o &
ro{rL]Jl@‘o&ﬁl

o
rulo

9—%0 °P7] HOH =y EXV\E 94-71—‘?‘—’51% AAISEAL, A 9
ZH](odds ratio, OR) @ 95% A1Z] 7 (confidence
interval, CI)—% A& 2l 12 BEEAY pd ) oy AL
& WS TE, ASAH, 18Y, G, o IXEEF] ¥
gotalon, 2F HdQl Hdl 32 A4 F9, 97 &5 A
g, vvt o 7S F7ke BG4 282 IBM
SPSS 26 (IBM Co., Armonk, NY, USA)S AF&3191, §-9%H&
(Pralu) 0058 7]20.2 BASE o142 ekt

el
1
fu
_g

Table 12 TATe] ARba] S/doltt. & A7+ HiAAH= 2,823

Y, 1S9 ESe] e

T 2 A, wSSE AEH, AEEAS
S A, TUE AohEy
A3 oAt Ae, A 5, A7t
S, Ak AR Fo3t AfolE HATHP<0.05). 115/3R

42 55.93+0.92A4], AEFA G 25.7840.24
kg/m?, 8% SSHAHE 211.47+2.97 mg/dL, @F FAAY

vt 9% SE

il

w
Ak

Korean J Fam Pract. 2022;12(3):167-172



0[R2 2| oh= 42l 0’2 Pt st DS YA YLSUO| 2

KJFP

Korean Journal of Family Practice

Table 1. Demographic characteristics according to the hypertriglyceridemia in Korean female

Hypertriglyceridemia? (+)

Hypertriglyceridemia (-)

Variable (n=278) (n=2.545) P-value

Age (y) 55.93+0.92 48.24+0.35 <0.01
Income 0.229

Low (24 5) 645 (24.7)

Lower middle (28.9) 617 (22.3)

Upper middle 59 (24.2) 643 (25.8)

High 56 (22.5) 633 (27.2)
Education level <0.01

Middle school or less 143 (51.0) 717 (26.3)

High school or over 122 (49.0) 1,734 (73.7)
Marital status <0.01

Unmarried 12 (5.5) 367 (17.6)

Married 198 (73.1) 1,750 (68.7)

Seperated or widowed 68 (21.4) 426 (13.7)
Body mass index (kg/m?) 25.78+0.24 23.13+0.09 <0.01
Obesity 154 (58.0) 664 (25.2) <0.01
Serum total cholesterol (mg/dL) 211474297 192.80+0.87 <0.01
Serum triglyceride (mg/dL) 294.7349.06 95.65+0.92 <0.01
Serum low density lipoprotein cholesterol (mg/dL) 109.32+3.39 117.64+0.78 0.017
Serum high density lipoprotein cholesterol (mg/dL) 43.20£0.69 56.04+0.30 <0.01
Serum folic acid (ng/mL) 8.1210.28 8.58+0.09 0.105
Physician-diagnosed

Hypertension 9 (33.1) 516 (18.5) <0.01

Diabetes 44 (15.0) 176 (6.0) <0.01

Dyslipidemia 6 (37.1) 427 (16.4) <0.01
Current smoking® 26 (9.3) 126 (4.8) <0.01
Monthly alcohol intake® 93 (35.9) 1,073 (44.9) 0.029
Aerobic exercise? 95 (36.4) 1,066 (44.7) 0.049

Continuous variables are expressed as meantstandard deviations, and categorical variables are expressed as unweighted number (weighted %).
*Defined as a serum triglyceride level of 200 mg/dL or higher. *Defined as having smoked >100 cigarettes in the lifetime and continued smoking. “Defined as drinking at
least one drink per month in the last year. “Defined as 150 minutes of moderate-intensity physical activity or 75 minutes of high-intensity physical activity, or an equiva-

lent time of mixed moderate- and high-intensity physical activities per week.
P-values were calculated using an independent t-test or chi-squared test.

Data from the 2016-2018 Korean National Health and Nutrition Examination Survey.
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Table 2. Association between serum folic acid level and serum triglyc-
eride level in Korean female
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Table 3. Association between quartile-categorized serum folic acid lev-
els and hypertriglyceridemia in Korean female

Multivariate model

Triglyceride
Model 1 Model 2 Model 3
B (95% Cl) -0.77 -1.77 -1.12
(-1.80t00.27) (-2.8910-0.65)  (-2.22t0-0.02)
P=0.146 P=0.002 P=0.045

Cl, confidence interval.

Model 1 was crude. Model 2 was adjusted for age, income, education level,
marital status, hypertension, diabetes, and dyslipidemia. Model 3 was adjusted
for current smoking, monthly alcohol intake, aerobic exercise and obesity in ad-
dition to the variables adjusted in Model 2.

B is the regression coefficient, and statistical significance is represented by 95%
the confidence intervals and P-values.

Data from the 2016-2018 Korean National Health and Nutrition Examination
Survey.
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Multivariate model

Folic acid OR (95% Q)

Model 1 Model 2 Model 3

P for trend <0.001 <0.001 0.006

Q1 Reference Reference Reference

Q2 0.82(0.56-1.20) 0.74(0.49-1.11) 0.85(0.55-1.30)
P=0.308 P=0.146 P=0.449

Q3 0.57 (0.37-0.88) 0.46(0.29-0.73) 0.59 (0.37-0.93)
P=0.010 P=0.001 P=0.017

Q4 0.69(0.46-1.04) 0.52(0.33-0.83) 0.69(0.43-1.10)
P=0.074 P=0.006 P=0.117

OR, odds ratio; Cl, confidence interval.

Model 1 was crude. Model 2 was adjusted for age, income, education level,
marital status, hypertension, diabetes, and dyslipidemia. Model 3 was adjusted
for current smoking, monthly alcohol intake, aerobic exercise and obesity in ad-
dition to the variables adjusted in Model 2.

Data from the 2016-2018 Korean National Health and Nutrition Examination
Survey.
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