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Abstract

Background: Prevalence of metabolic syndrome with aging is higher in women than in men, and it increases
after menopause. Interventions to reduce the risk of metabolic syndrome in women are important. A low-
carbohydrate, high-fat diet is effective in weight loss and improvement cardiovascular risk factors including
abdominal circumference, blood pressure, and blood lipid profile. We aimed to determine the relationship be-
tween a low-carbohydrate, high-fat diet and the risk of metabolic syndrome in Korean women.

Methods: This cross-sectional study was conducted using secondary data from the 2014—2018 Korean Nation-
al Health and Nutrition Examination Survey. Overall, 8,222 women aged >19 yr were included. The effect of a
low-carbohydrate, high-fat diet on the risk of metabolic syndrome was analyzed by multiple logistic regression
analysis using a complex sampling procedure.

Results: The diet significantly reduced the likelihood of metabolic syndrome development (P=0.044). In addi-
tion, regardless of the fat type, the diet significantly reduced the likelihood of low high-density lipoprotein cho-
lesterolemia (low-carbohydrate, high-total fat, P=0.013; low-carbohydrate, high-unsaturated fat, P=0.006; low-
carbohydrate, high-saturated fat, P=0.000).

Conclusion: A low-carbohydrate, high-fat diet is an important intervention that can reduce the risk of meta-
bolic syndrome, and the reduced consumption of carbohydrates can decrease the risk of low high-density lipo-
protein cholesterolemia regardless of fat type. Therefore, it is necessary to actively explore the potential of this
diet, targeting Asians, including Koreans.
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Introduction

Metabolic syndrome (MetS) is a cluster of cardi-
ometabolic risk factors that include abdominal
obesity, high blood pressure, high levels of fast-
ing blood sugar, triglycerides, and low high-
density lipoprotein (HDL) cholesterol (1). It is
associated with an increased risk of chronic dis-
eases such as diabetes, hypertension, cardiovascu-

lar disease, and kidney disease, and certain can-
cers, such as breast and colon cancer (2, 3), and is
associated with increased mortality (2), so ongo-
ing prevention and control are required. The
prevalence of MetS in Korea was 32.1% in 2015
and is increasing (4, 5). The prevalence is higher
in men (26.9%-35.2%) than in women (17.9%-
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29.1%) (4), but the prevalence in women increas-
es with age, especially after menopause (6). MetS
is an important health problem in women be-
cause cardiovascular disease is a major cause of
death (7).

The exact pathogenesis of MetS remains unclear,
but overnutrition, lack of exercise, and environ-
mental factors play a role (6, 8, 9). In Korea, the
increasing prevalence is due to lifestyle factors,
such as overnutrition and lack of exercise (1, 6,
8). Thus, lifestyle interventions targeting diet and
exercise can delay or prevent the onset of MetS
(10). Previous studies have suggested the im-
portance of diet in MetS prevention (11, 12).
Low-carbohydrate diets limit carbohydrate intake
to <130 g/day or <26% of total calotie intake
(13). Low-carbohydrate, high-fat (LCHF) diets
result in weight loss within a relatively short peri-
od (14), and effectively increase the HDL choles-
terol level, associated with prevention of ab-
dominal obesity (15, 16). As an LCHF diet im-
proves blood sugar control in patients with dia-
betes mellitus (17), it can help to prevent MetS.
An LCHF diet may increase in the risk of cardio-
vascular disease due to an increase in total and
low-density lipoprotein cholesterol as a result of
increased fat intake (14). However, saturated fat-
centered low-carbohydrate diets were associated
with an increased total mortality rate, whereas
unsaturated fat-based low-carbohydrate diets
were associated with a reduced overall and cardi-
ovascular mortality (18). Therefore, the effects of
dietary sources of fat on MetS are important. In
addition, most studies of the relationship be-
tween the consumption of an LCHF diet and
MetS have been conducted among Western pop-
ulations. Westerners and Koreans have different
dietary habits and body composition (8); there-
fore, an LCHF diet may have different effects.
Thus, it is important to determine the relation-
ship between an LCHF diet and the risk of de-
veloping MetS in Koreans.

This study aimed to provide basic data about die-
tary interventions for the prevention and man-
agement of MetS in women by analyzing the ef-
fect of an LCHF diet on the prevalence of MetS
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using data from the Korea National Health and
Nutrition Survey (KNHANES).

Materials and Methods

Research design and samples

This cross-sectional study was conducted using
secondary data from the 2014-2018 KNHANES,
a nationwide survey evaluating the nutrition and
health status of the Korean population. It is a
survey based on the National Health Promotion
Act and is conducted by the Korea Disease Con-
trol and Prevention Agency (KDCA) and the
Korean Ministry of Health and Welfare. Prior to
the survey, the study was approved by the Insti-
tutional Review Board of the KDCA. The partic-
ipants were determined through a complex, strat-
ified, multistage, probability, cluster sampling.
Among 17,577 women aged >19 yr, participants
diagnosed with hypertension, diabetes mellitus,
dyslipidemia, cardio-cerebrovascular  disease;
those using medications (n = 3,874); and preg-
nant or lactating participants (n=114) were ex-
cluded. In total, 8,222 participants who complet-
ed the survey were included in the final analysis.

Measurements

MetS

MetS was defined according to the diagnostic
criteria of the American Heart Association and
the National Heart, Lung, and Blood Institute
(19), and waist circumference was measured
based on the criteria of the Korean Society for
the Study of Obesity (20). MetS was defined as
the presence of =3 of the following: waist cir-
cumference = 85 c¢m, blood pressure = 130/85
mm/Hg or anti-hypertensive treatment, triglycer-
ide level = 150 mg/dl or dyslipidemia treatment,
HDL cholesterol <50 mg/dl or dyslipidemia
treatment, and fasting glucose level = 100 mg/dl
or diabetes treatment.

LCHEF diet

For dietary assessment, a 24-hour recall method
was used. Macronutrient intake was calculated as
a percentage of total energy using standard con-
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version factors (4 kcal/g for carbohydrate and 9
kcal/g for fat). The scores for the LCHF diet
were determined according to the study by Ha et
al(21) and the percentages of carbohydrate and
fat intake relative to total energy were calculated
as deciles. Participants in the highest decile of fat
intake were assigned 10 points, and those in the
lowest decile were assigned 1 point. One point
was assigned to those in the highest decile of car-
bohydrate intake and 10 points to those in the
lowest decile. Therefore, the score for the con-
sumption of an LCHF diet was the sum of the
scores for carbohydrate and fat intake, which
ranged from 2 to 20 points, indicating that the
higher the scores, the higher the participant ad-
herence to an LCHF diet. In addition, fat was
divided into unsaturated and saturated fat, calcu-
lated using the same method described above,
and described as unsaturated LCHF diet and sat-
urated LCHF diet, respectively. Thus, the partici-
pants were assigned scores according to the fat
type (i.e., total, unsaturated, and saturated).

Covariates

The biopsychosocial model proposed by Hoff-
man and Driscoll was used to investigate the co-
variates associated with the risk of MetS devel-
opment (22). Biomedical factors (age, body mass
index, family history of hypertension, dyslipidem-
ia, type 2 diabetes, cardio-cerebrovascular disease,
and menopause), biosocial factors (socioeconom-
ic status and education level), and psychosocial
factors (stress, smoking, alcohol consumption,
physical activity, sedentary time, and total energy
intake) were evaluated to adjust the variables re-
lated to MetS development.

Statistical analysis

Data were analyzed using the SPSS 24.0 complex
sample analysis module (IBM, Armonk, NY,
USA) that considered strata, clusters, and weights
according to the analysis guidelines of the
KNHANES. LCHF diet scores and non-dietary
variables (biomedical, biosocial, and psychosocial
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factors) were analyzed using descriptive statistics.
LCHF diet scores are presented as mean and
standard deviation, and other variables are pre-
sented as frequency and percentage. The differ-
ences in LCHF diet scores and non-dietary varia-
bles according to the prevalence of MetS were
analyzed by t-test and the Rao-Scott chi-square
test. The differences in LCHF diet scores accord-
ing to components of MetS and non-dietary vari-
ables were analyzed using t-test and analysis of
variance, followed by the Bonferroni post-hoc
test. Logistic regression analysis was performed
to determine the effect of LCHF diet on the
prevalence of MetS and its components, and sta-
tistically significant variables in the Rao-Scott chi-
square test were included to adjust for covariates.
P-values of <.05 were considered statistically sig-
nificant.

E'thics approval

The KNHANES was conducted after obtaining
approval from the Institutional Review Board of
the KDCA, and it consisted of anonymized data
from participants. In this study, data were down-
loaded from the KINHANES website with the
approval of the KDCA. For secondary analysis,
this study was approved for review exemption by
the Institutional Review Board of the institution
the researcher is affiliated with (approval no.
2021-03-012).

Results

Table 1 shows the differences between the
groups with and without MetS according to bio-
medical, biosocial, and psychosocial variables. All
biomedical and biosocial variables showed differ-
ences between the two groups. Among psycho-
social variables, there were differences in current
binge alcohol consumption, physical activity, and
total energy intake between the two groups.
LCHF diet scores were significantly higher in
women without MetS than in those with MetS.
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Table 1: Difference in the prevalence of metabolic syndrome according to biomedical, biosocial, and psychosocial

variables (N = 8,222)

Variables Categoties With Without 1784 P
Total metabolic metabolic
(N = syndrome syndrome
8,222) n = 1,004 n=7218
(10.8%) (89.2%)
n" (%)t or n* (%Yot or n" (%)t or
M+ SD M+ SD M+ SD
Biomedical variables
Age (y1) 19-39 3236 (46.4) 181 (22.2) 3,055 (49.3)  163.668  <.001
40-64 4294 (48.0) 614 (61.6) 3,680 (46.4)
>65 692 (5.6) 209 (16.2) 483 (4.3)
41.38 = 50.09 £ 049  40.32%£0.20 -19.099  <.001
0.20
Body mass index Non-obesity 4,790 (60.6) 155 (15.0) 4,635 (66.1) 744207  <.001
Overweight or obese 3432 (39.4) 849 (85.0) 2,583 (33.9)
Family history Yes 4,951 (59.2) 642 (64.9) 4,309 (58.5) 9.449 .002
No 3271 (40.8) 362 (35.1) 2,909 (41.5)
Menopause Yes 2,662 (262)  552(47.9) 2,110 (23.6) 217734  <.001
No 5,560 (73.8) 452 (52.1) 5,108 (76.4)
Biosocial variables
Socioeconomic  status  of High 2,813 (35.0) 234 (25.6) 2,579 (36.2) 41.342 <.001
family Middle 4,536 (55.5) 571 (56.6) 3,965 (55.3)
Low 873 (9.5) 199 (17.8) 674 (8.5)
Education level Less than graduation 1,528 (14.7) 401 (34.2) 1,127 (12.3) 139.288  <.001
of middle school
Graduation of high 2,969 (38.0) 341 (36.6) 2,628 (38.2)
school
Higher than college 3,725 (47.3) 262 (29.1) 3,463 (49.5)
education
Psychosocial variables
Stress Alittle or less 5,786 (69.2) 728 (71.0) 5058 (68.9) 1215 271
Severe 2,436 (30.8) 276 (29.0) 2,160 (31.1)
Smoking Caurrent or past 951 (12.6) 114 (11.7) 837 (12.7) 0527 468
smoker
Never 7271 (87.4) 890 (88.3) 6,381 (87.3)
Current binge alcohol con- Yes 1474 20.7) 152 (16.3) 1322(21.2) 8772 .003
sumption No 6,748 (79.3) 852 (83.7) 5,896 (78.8)
Physical  activity ~ (MET- <600 2,847 (32.7) 399 (36.8) 2448 (322) 6833  .009
min/week) >600 5375(673)  605(63.2) 4,770 (67.8)
Sedentary time (h) <8 3,966 (46.1) 498 (48.3) 3468 (45.9) 1526 217
>8 4256 (53.9) 506 (51.7) 3,750 (54.1)
Total energy intake (kcal/day) 1,773.76 £ 1,683.76 £ 1,784.66 3.795 <.001
9.52 24.99 10.10
Note. "Unweighted; tweighted.
Comparison of LCHF diet scores by fat type were higher in women without MetS than in
for MetS and its components those with MetS. In addition, the LCHF scores
Table 2 presents the comparison of LCHF diet were significantly different depending on the
scores by fat type for MetS and its components. presence of the metabolic components.

The scores of LCHF diet regardless of fat type
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Table 2: Comparison of low-carbohydrate, high-fat diet scores by fat type for metabolic syndrome and components
of metabolic syndrome (IN==8,222)

Variables Categories Low-carbohydrate, high- Low-carbohydrate, Low-carbohydrate,
total fat diet score high-unsaturated fat high-saturated fat diet
diet score score
M £ SD t/F P M £ SD t/F P M=+ t/F P
SD
Metabolic syndrome Yes 10.74 £ 8923 <.001 1078+ 8772 <.001 10.66 9.161 <.001
0.20 0.20 *
0.18
No 12.54 12.55 £ 12.38
0.07 0.07 *
0.07
Abdominal obesity Yes 11.53 £ 5541 <001 11.52% 5738 <001 1143 5445 <.001
0.17 0.17 *
0.16
No 12.50 = 12.52 £ 12.34
0.07 0.07 *
0.07
Elevated blood pres- Yes 10.68 £ 10536 <.001 10.81 £ 10.003 <.001 10.59 10.598 <.001
sure 0.17 0.17 *
0.17
No 12.60 £ 12.61 £ 12.45
0.07 0.07 *
0.07
High triglyceride Yes 11.29 6.692 <.001 1134+ 6522 <001 1121 6.679 <.001
0.17 0.17 *
0.16
No 1251 £ 12.53 £ 12.36
0.07 0.07 T
0.07
Low high-density Yes 11.65 £ 6918 <001 1166 7106 <001 11.51 7214 <.001
lipoprotein cholesterol 0.12 0.12 *
0.12
No 12.66 = 12.68 £ 12.51
0.08 0.08 *
0.08
Impaired glucose lev- Yes 11.39 £ 6.552 <001 1149* 5866 <001 1123 7.096 <.001
els 0.16 0.17 T
0.15
No 12.54 12.54 £ 12.39
0.07 0.07 *
0.07

LCHF diet scores by fat type associated with
MetS and its components

Table 3 shows the association between LCHF
diet scores according to the fat type and the like-
lihood of developing MetS and its components.
The consumption of a low-carbohydrate, high-
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unsaturated fat diet significantly reduced the like-
lihood of MetS development. In addition, regard-
less of the fat type, the consumption of an LCHF
diet significantly reduced the likelihood of low
HDL cholesterolemia.
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Table 3: Adjusted odds ratios for prevalence of metabolic syndrome and metabolic components according to the
low-carbohydrate, high-fat diet scores by fat type (IN=8,222)

Variables

Low-carbohydrate,

high total-fat

Low-carbohydrate,
high-unsaturated fat

Low-carbohydrate,
high-saturated fat

AORT (95% P AORT (95% P AORT (95% P
Cl CI) Cl)
Metabolic syndrome Yes 0.985 (0.970— .077  0.984 (0.968— .044  0.986 (0.970—  .099
(Ref. No) 1.002) 0.999) 1.003)
Abdominal obesity Yes 0.994 (0.978— 422 0.989 (0.973— .164 0.997 (0.980- .725
(Ref. No) 1.009) 1.005) 1.014)
Elevated blood pressure  Yes 0.989 (0.974- 128  0.990 (0.976— .182  0.988 (0.973—  .128
(Ref. No) 1.003) 1.005) 1.003)
High triglyceride Yes 0.987 (0.972— .090  0.986 (0.971— .065 0.988 (0.973—  .137
(Ref. No) 1.002) 1.001) 1.004)
Low high-density lipo- Yes 0.985 (0.973— .013  0.984 (0.972— .006  0.983 (0.971—  .006
protein cholesterol 0.997) 0.995) 0.995)
(Ref. No)
Impaired glucose levels  Yes 0.997 (0.983—  .668  0.998 (0.984- 813  0.995 (0.981-  .509
(Ref. No) 1.011) 1.013) 1.010)

Note. = Adjusted for age, body mass index, family history of hypertension, dyslipidemia, T2DM, or cardio-cerebrovascular dis-
ease, menopause, socioeconomic status of family, education level, current binge alcohol consumption, physical activity, total

energy intake

Discussion

This study identified the effects of LCHF diets
on the risk of MetS development in Korean
women using data from the KNHANES between
2014 and 2018. According to the results of this
study, the prevalence of MetS in Korean women
was 10.8%, which is much lower than that in Ko-
rean women, reported to be 17.9%-29.1% ac-
cording to a previous study (4). This is because
we excluded from this study participants with
chronic  diseases such as  hypertension,
dyslipidemia, diabetes, and cardio-
cerebrovascular disease.

The LCHF diet score was significantly lower in
participants with components of MetS, regardless
of the type of fat consumed. In a previous meta-
analysis, the LCHF diet significantly lowered
weight, triglyceride level, insulin level, waist cir-
cumference, plasma C-reactive protein level, and
blood pressure (23). Furthermore, the reduction
in carbohydrate energy intake in LCHF diet im-
proved the levels of blood lipids, blood pressure,
and fasting blood sugar in the body (17, 23, 24).
The LCHF diet is effective in reducing the preva-
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lence of non-alcoholic fatty liver disease, diabetes,
and cardiovascular disease in Koreans consuming
65% of energy as carbohydrates (24). However,
the intervention period for these studies was
within 6 months (17, 23), and some studies sug-
gested that improvement in blood lipid level was
associated with a decrease in total energy intake
(24). Therefore, intervention studies of >6
months are needed, and differential studies are
needed to determine whether the improvement
in blood lipid level is the effect of LCHF alone or
the effect of reducing total energy intake.

LLCHF diets can reduce the incidence of MetS
because they decrease insulin resistance and
hormone resistance to leptin, considered the
causes of MetS (18). Consuming an LCHF diet
reduces the amount of glucose absorbed into the
blood, resulting in decreased levels of glycogen
stored in the liver and muscles and lower insulin
levels as a result of decreased blood sugar levels
(16). Lower insulin levels increase fat oxidation
and lipolysis (25), increasing the amount of fatty
acids available for fuel and decreasing the activity
of key enzymes in de novo lipogenesis, altering
lipoprotein metabolism and cardiometabolic pro-
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file (16, 26). In addition, the contribution of car-
bohydrates in the diet to the inflammatory pro-
cess is more than that of fats (27). A low-
carbohydrate diet improves biomarkers of in-
flammation, such as pro-inflammatory cytokines
(e.g., tumor necrosis factor-a, interleukin-8,
ICAM-1, and E-selectin), by regulating antioxi-
dant pathways that limit reactive oxygen species
generation (26, 27). Pro-inflammatory cytokines
are associated with an increased risk of endotheli-
al dysfunction and thrombosis, and reducing car-
bohydrate intake has a greater effect on reducing
pro-inflammatory cytokine levels than on reduc-
ing saturated fat intake (27). Moreover, a low-
carbohydrate diet decreases insulin and triiodo-
thyronine levels and increases levels of growth
hormone, catecholamine, cortisol, and glucagon
(25). Insulin acts as a potent inhibitor of lipolysis,
and growth hormone, catecholamine, cortisol,
and glucagon are expected to help prevent MetS
by stimulating lipolysis (25). Therefore, an LCHF
diet may reduce the risk of MetS, as shown in this
study.

After adjusting for the covariates in this study,
the LCHF diet composed of saturated fats did
not reduce the risk of MetS, whereas the LCHF
diet composed of unsaturated fats decreased the
risk of MetS. This suggest that fat type is also
important for lowering the risk of MetS devel-
opment. Unsaturated fat intake increases insulin
sensitivity (16), which yields cardiometabolic
benefits. However, saturated fat has a negative
effect on LDL cholesterol levels, and overeating
saturated fat increases LDL particle aggregation
and insulin resistance (28-30). In addition, a high
saturated fat diet induced endothelial fibrinolytic
dysfunction, resulting in decreased flow-mediated
dilatation and an increased concentration of en-
dothelial microparticles, an indicator of endothe-
lial injury, suggesting that a high saturated fat diet
has a negative effect on endothelial function (31).
Moreover, a high-saturated fat diet is highly pre-
ferred and has a low effect on satiety, potentially
leading to overconsumption and obesity (32).
Therefore, even reducing carbohydrate consump-
tion seems to counteract the effect of reducing
the risk of MetS due to the effect of saturated fat
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on MetS. Thus, unsaturated fatty foods should be
recommended when considering LCHF diets to
reduce the risk of MetS.

In this study, LCHF diets had a significant effect
on the prevention of HDL reduction, regardless
of the type of fat consumed by the study partici-
pants. LCHF diets directly improve the lipid pro-
file of patients with cardiovascular diseases, re-
sulting in an increase in HDL cholesterol level
(29). Low-carbohydrate diets are more effective
than low-fat diets in increasing HDL cholesterol
level, regardless of the fat type (12). In fact, HDL
cholesterol levels can increase with an increased
intake of saturated fat, and low-carbohydrate di-
ets have the greatest effect on HDL growth (29).
The intake of carbohydrates has more effect on
HDL cholesterol level than the intake of fat.

In contrast, the LCHF diet had no effect on waist
circumference, blood pressure, triglyceride level,
or blood sugar level, regardless of the fat type.
These findings are thought to be because of the
lack of calorie restriction, unlike previous studies
that showed benefits such as blood pressure level
decrease and weight loss, by limiting calorie in-
take. In this study, the total energy consumed by
the groups with MetS was 1,684 and 1,785
kcal/day for groups without MetS, indicating that
weight loss caused by reduction in energy intake
could be an important factor in reducing cardi-
ometabolic risk (10).

This study has some limitations. First, this study
used a cross-sectional design, and care should be
taken in interpreting the causal relationship be-
tween LCHF diet and the risk of MetS. Second,
LCHF diet data were evaluated using a self-
administered questionnaire with 24-h food recall.
Therefore, this may not represent the participants’
usual dietary intake. Nevertheless, this study rep-
resents the population of adult women in Korea
and provides relevant information to improve the
eating habits of patients with MetS. Therefore,
we propose a large-scale longitudinal study in the
future to clarify the relationship between LCHF
diets and MetS.

Based on the results of this study, long-term fu-
ture research to investigate the effects of the
LCHF diet is required, lasting for >6 months
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while ensuring participant safety. A differential
study on the effect of total energy intake should
also be conducted. It is also suggested to include
interventions for binge alcohol consumption and
physical activity when developing an intervention
program to reduce a risk of MetS.

Conclusion

This study analyzed the effect of LCHF diets on
the prevalence of MetS in Korean women by
analyzing data from the KNHANES. The preva-
lence of MetS decreased with the intake of LCHF
diets, especially with an LCHF diet composed of
unsaturated fats. In addition, the intake of an
LLCHF diet reduced the risk of low HDIL,, a com-
ponent of MetS, regardless of the fat type. There-
fore, LCHF diets composed of unsaturated fats
may offer potential benefits in reducing the risk
of MetS.
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