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Purpose: The ratio of serum leptin to adiponectin (L/A ratio) could be used as a marker for insulin resistance. However, few pro-
spective studies have investigated the impact of L/A ratio on improvement of metabolic components in high-risk individuals with
metabolic syndrome. We examined the association between L/A ratio and the regression of metabolic syndrome in a population-
based longitudinal study.

Materials and Methods: A total of 1017 subjects (431 men and 586 women) with metabolic syndrome at baseline (2005-2008)
were examined and followed (2008-2011). Baseline serum levels of leptin and adiponectin were analyzed by radioimmunoassay.
Area under the receiver operating characteristics curve (AUROC) analyses were used to assess the predictive ability of L/A ratio
for the regression of metabolic syndrome.

Results: During an average of 2.8 years of follow-up, metabolic syndrome disappeared in 142 men (32.9%) and 196 women
(33.4%). After multivariable adjustment, the odds ratios (95% confidence interval) for regression of metabolic syndrome in com-
parisons of the lowest to the highest tertiles of L/A ratio were 1.84 (1.02-3.31) in men and 2.32 (1.37-3.91) in women. In AUROC
analyses, L/A ratio had a greater predictive power than serum adiponectin for the regression of metabolic syndrome in both men
(p=0.024) and women (p=0.019).

Conclusion: Low L/A ratio is a predictor for the regression of metabolic syndrome. The L/A ratio could be a useful clinical marker
for management of high-risk individuals with metabolic syndrome.
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INTRODUCTION

Adipose tissue biology plays an important role in defining the
mechanisms related to the pathophysiology of metabolic dis-
eases, such as obesity, hypertension, metabolic syndrome, and
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type 2 diabetes."” White adipose tissue synthesizes and releases
various anti-inflammatory and pro-inflammatory cytokines
known as adipokines.** Adiponectin and leptin are two impor-
tant adipokines in the regulation of energy homeostasis. Adipo-
nectin is the most abundant adipokine and is recognized as a
key regulator of insulin sensitivity, tissue inflammation, and
endothelial function.>® Previous studies have reported that low
serum levels of adiponectin are associated with risk of obesity,
type 2 diabetes, and metabolic syndrome.”® Leptin is another
key regulator of food intake and energy expenditure.” High lev-
els of circulatory leptin are known to be associated with insulin
resistance, obesity, and metabolic syndrome.'*"

Since adiponectin and leptin have opposite effects on glu-
cose and fat metabolism, the ratio of serum leptin to adiponec-
tin (L/A ratio) has been proposed as a better marker for insulin
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resistance than leptin or adiponectin alone.'*** The L/A ratio
has also been evaluated as a potential atherogenic index in
obese diabetic patients."* However, little information is avail-
able about the ability of L/A ratio to predict improvement of
metabolic components in high-risk individuals with metabolic
syndrome.

Accordingly, we investigated the prospective association be-
tween L/A ratio and the regression of metabolic syndrome and
its components in individuals with metabolic syndrome. Fur-
thermore, we analyzed the predictive ability of L/A ratio for the
regression of metabolic syndrome, beyond that of adiponectin
alone.

MATERIALS AND METHODS

Study population

We analyzed study data from the Korean Genome and Epide-
miology Study on Atherosclerosis Risk of Rural Areas in the Ko-
rean General Population (KoGES-ARIRANG), a community-
based prospective cohort study that was primarily designed to
estimate the prevalence, incidence, and risk factors for cardio-
vascular and metabolic diseases, such as hypertension, diabe-
tes, dyslipidemia, and metabolic syndrome.? The study design
and protocol were approved by the Institutional Review Board
of Wonju Severance Christian Hospital. All study participants
provided written informed consent prior to the commence-
ment of the study.

Baseline data were collected for 5178 adults (2127 men and
3051 women) aged 40 to 70 years from November 2005 to Janu-
ary 2008. The first follow-up survey conducted from April 2008
to January 2011 involved 3862 subjects. We excluded 2317 sub-
jects without metabolic syndrome at baseline, 190 without base-
line adiponectin measurement, 334 without baseline leptin
measurement, and four with incomplete data. Finally, 1017 in-
dividuals (431 men and 586 women) with metabolic syndrome
at baseline were included in the analysis (Supplementary Fig. 1,
only online).

Measurement of anthropometric and biochemical
characteristics

Standardized questionnaires related to medical history and life-
style factors were collected at baseline and on follow-up exami-
nation. Body weights and heights were measured with subjects
wearing light indoor clothing without shoes. Waist circumfer-
ence was measured in a horizontal plane midway between the
inferior margin of the ribs and the superior border of the iliac
crest using a tape measure (SECA 200; SECA, Hamburg, Ger-
many). Systolic and diastolic blood pressures were measured
twice in the right arm at a 5-minute interval at least using a
mercury sphygmomanometer (Baumanometer, Copiague, NY,
USA). The mean of two blood pressure readings was used for
analysis. Smoking, alcohol drinking, and regular exercise habits
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were determined by self-reported questionnaires according to
a procedure described elsewhere.?

A venous blood sample was collected from study subjects af-
ter fasting for 212 hours. Serum levels of adiponectin and leptin
were analyzed by radioimmunoassay (LINCO Research Inc., St.
Charles, MO, USA). The intra-assay and inter-assay coefficients
of variation for serum adiponectin and leptin levels ranged
from 2.9% to 6.6% and 3.0% to 6.2%, respectively. The fasting
serum glucose and insulin levels were determined by a glucose
oxidase-based assay and double-antibody radioimmunoassay.
The intra-assay and inter-assay coefficients of variation for se-
rum insulin ranged from 2.1% to 8.3%. High-sensitivity C-reac-
tive protein (hs-CRP) was measured using the Denka Seiken
(Tokyo, Japan) assay. Serum levels of high-density lipoprotein
(HDL) cholesterol and triglycerides were determined by enzy-
matic methods (Advia 1650, Siemens, Tarrytown, NY, USA). In-
sulin resistance was calculated using the homeostasis model
assessment of insulin resistance (HOMA-IR) method with the
following formula: fasting insulin (u[U/mL)xfasting blood glu-
cose (mg/dL)/405."°

Definition of metabolic syndrome

We diagnosed metabolic syndrome according to a harmonized
definition'® as the presence of at least three of the following risk
factors: 1) waist circumference >90 cm for men or >85 cm for
women (using cut-offs established by the Korean Society of
Obesity);'” 2) serum HDL cholesterol level <40 mg/dL for men
or <50 mg/dL for women; 3) serum triglyceride level 2150 mg/
dL; 4) systolic blood pressure =130 mm Hg, or diastolic blood
pressure 285 mm Hg, or treatment with antihypertensives; and
5) fasting serum glucose level 2100 mg/dL or previously diag-
nosed type 2 diabetes.

Statistical analysis

The data are expressed as frequencies with percentage, means
with standard deviation or median with interquartile range. All
statistical analyses were performed separately for men and
women because women have higher levels of adiponectin and
leptin, compared to men. We stratified the study population
into sex-specific tertiles of L/A ratio, with cut-off points of 0.391
and 0.748 mg/g for men and 0.813 and 1.501 mg/g for women.
The independent effects of L/A ratio on regression of metabolic
syndrome were analyzed through multivariable logistic regres-
sion models. The study used four models with a gradual degree
of adjustment. First, we conducted an age-adjusted analysis.
Second, we adjusted for age, smoking, alcohol intake, and regu-
lar exercise. Third, we additionally adjusted model 2 with base-
line body mass index, hs-CRP and HOMA-IR. Fourth, we addi-
tionally adjusted model 3 with changes in body weight between
baseline and follow-up. The odd ratios with 95% confidence in-
terval (CI) were calculated according to increasing tertiles of L/
A ratio. We also calculated the individual contributions of L/A
ratio and serum adiponectin for predicting regression of meta-
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bolic syndrome. Area under the receiver operating characteris-
tics curve (AUROC) analyses were used to compare the predic-
tive powers of serum levels of leptin, adiponectin, and L/A ratio
for regression of metabolic syndrome. Statistical significance
was considered at p<0.05 for all comparisons. All statistical
analyses were performed using SAS, version 9.3 (SAS Institute,
Cary, NC, USA).

RESULTS

During a mean (range) follow-up of 2.8 (1.5-4.9) years, meta-
bolic syndrome disappeared in 142 men (32.9%) and 196 wom-
en (33.4%). The baseline characteristics of the study subjects
are shown in Table 1 according to the presence and absence of
metabolic syndrome on follow-up. In both men and women,
waist circumference, body mass index, levels of fasting serum
glucose and serum leptin, HOMA-IR, and L/A ratio were signif-
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icantly lower in subjects with regression of metabolic syndrome
than in those with persistent metabolic syndrome. In women,
systolic blood pressure, serum triglyceride, and hs-CRP levels
were significantly lower and adiponectin level was significantly
higher in subjects with regression of metabolic syndrome, com-
pared to those with persistent metabolic syndrome. Men who
regressed from metabolic syndrome exhibited higher levels of
serum HDL cholesterol than those with persistent metabolic
syndrome. Prevalence of diabetes was higher in subjects with
persistent metabolic syndrome than in those with regression of
metabolic syndrome. Prevalence of hypertension, smoking, al-
cohol drinking, and regular exercise were not significantly dif-
ferent between subjects with persistent metabolic syndrome
and those with regression of metabolic syndrome. The majority
of subjects with regression metabolic syndrome at follow-up
had three components of metabolic syndrome at baseline
(73.9% of men and 79.1% of women), whereas more than a half
of subjects with persistent metabolic syndrome had four or five

Table 1. Baseline Characteristics of Study Subjects According to Regression of Metabolic Syndrome on Follow-Up

Men Women
Regression of No regression of Regression of No regression of
. . pvalue . . pvalue
metabolic syndrome metabolic syndrome metabolic syndrome metabolic syndrome
n (%) 142 (32.9) 289(67.1) 196 (33.4) 390 (66.6)
Age, yrs 55.3+8.1 56.5+7.8 0.137 56.8+8.4 57.4+79 0.383
Waist circumference, cm 89.1+6.2 92.4+6.1 <0.001 849174 89.0+7.1 <0.001
Body mass index, kg/m? 252426 26.6+2.5 <0.001 25.5%3.0 27.3+2.9 <0.001
Systolic BP, mm Hg 134.6%£17.0 13478177 0.931 132.7+16.6 136.0£17.2 0.027
Diastolic BP, mm Hg 88.2+10.6 88.3£11.5 0.964 87.1£10.2 87.1£11.3 0.987
Fasting glucose, mg/dL 99.7420.1 110.0£27.4 <0.001 96.0£20.7 103.8£28.6 <0.001
HDL cholesterol, mg/dL 4194108 38.5+8.0 0.001 441481 426185 0.051
LDL cholesterol, mg/dL 114.84+36.4 11454331 0.924 128.4+31.6 129.9+37.3 0.616
Triglycerides, mg/dL 199.0(156.0, 254.0)  206.0(151.0, 280.0) 0.421* 168.0(120.5,213.0)  179.0(133.0, 237.0) 0.004*
hs-CRP, mg/L 1.12(0.66, 1.87) 1.36(0.70, 2.40) 0.126* 1.00(0.50, 1.75) 1.30(0.70, 2.61) 0.001*
HOMA-IR, units 1.78(1.38, 2.38) 2.19(1.73,3.17) <0.001* 1.82(1.44,2.28) 2.29(1.74, 3.16) <0.001*
Leptin, ng/mL 2.68(1.85, 3.94) 3.31(2.37, 4.57) <0.001* 8.39(5.93, 12.40) 10.96(7.69, 15.22) <0.001*
Adiponectin, pg/mL 6.32(4.20, 8.33) 5.46 (3.93, 7.46) 0.052* 10.79(7.71,13.70) 8.80(6.54, 11.23) <0.001*
L/A ratio, mg/g 0.447(0.287,0.723)  0.604(0.373, 1.039) <0.001* 0.836(0.492,1.299)  1.263(0.812,2.020)  <0.001*
Diabetes' (%) 14(9.9) 76(26.3) <0.001 20(10.2) 82(21.0) 0.001
Hypertension* (%) 108 (76.1) 235(81.3) 0.203 153(78.1) 323(82.8) 0.164
Current smoker (%) 54 (38.0) 108 (37.4) 0.979 4(2.0) 4(1.0) 0.534
Current drinker (%) 107 (75.4) 213(73.7) 0.154 45(23.0) 69(17.7) 0.159
Regular exercise (%) 39(27.5) 76 (26.3) 0.887 47 (24.0) 102 (26.2) 0.639
No. of metabolic syndrome <0.001 <0001
components at baseline (%)
3 105(73.9) 140 (48.4) 155(79.1) 176 (45.1)
4 35(24.7) 106 (36.7) 39(19.9) 154 (39.5)
5 2(1.4) 43(14.9) 2(1.0) 60 (15.4)

BP. blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; hs-CRP, high sensitivity-C reactive protein; HOMA-IR, homeostasis model assess-
ment of insulin resistance; L/A ratio, ratio of serum leptin to adiponectin.
Values are expressed as mean (SD), number (%), or median (25th, 75th percentiles).
*p value from Mann-Whitney U test, 'Diabetes is defined as fasting serum glucose >126 mg/dL or current usage of antidiabetics, *Hypertension is defined as
systolic BP =140 mm Hg or diastolic BP =90 mm Hg or current usage of antihypertensives.
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components of metabolic syndrome at baseline (51.6% of men
and 54.9% of women). The baseline characteristics of study
subjects according to tertiles of L/A ratio are shown in Supple-
mentary Table 1 (only online).

Fig. 1 shows the proportion of individuals who experienced
regression of metabolic syndrome according to baseline leptin
and adiponectin tertiles. The proportions of regression of meta-
bolic syndrome in the highest tertile of leptin and the lowest
tertile of adiponectin were 17.6 % in men and 22.2% in women,
respectively. Proportions of regression of metabolic syndrome
in the lowest tertile of leptin and the highest tertile of adiponec-
tin were 46.8 % in men and 62.8% in women, respectively.

Table 2 shows the odds ratios for regression of metabolic syn-

Men
60%
40%
20%
Adiponectin T3
0% Adiponectin T2
0
i Adiponectin T1
Leptin T antin T2

Leptin T3

L/A Ratio and Regression of Metabolic Syndrome

drome according to tertiles of baseline L/A ratio. In men, after
adjustment for several confounding factors, such as age, smok-
ing, alcohol consumption, regular exercise, baseline body mass
index, hs-CRP level, HOMA-IR, and changes in body weight,
the odds ratio for the regression of metabolic syndrome in the
lowest tertile of L/A ratio was 1.84 (95% CI 1.02-3.31), com-
pared to the highest tertile of L/A ratio (p for trend=0.036). In
women, after multivariable adjustment, the odds ratio for the
regression of metabolic syndrome in the lowest tertile of L/A
ratio was 2.32 (95% CI 1.37-3.91), compared to the highest ter-
tile of L/A ratio (p for trend=0.002).

Table 3 shows the odds ratios for regression of each metabol-
ic syndrome component according to baseline L/A ratios. In

Women
60%
40%
20%
Adiponectin T3
0% Adipongctin T2
Leptin T1 Adiponectin T1

Leptin T2 Leptin T3

Fig. 1. Proportion (%) of regression of metabolic syndrome according to baseline leptin (ng/mL) and adiponectin (ug/mL) tertiles. Leptin T1: <2.45 in men,
<8.02 in women; Leptin T2: 2.45-3.89 in men, 8.02—12.68 in women; Leptin T3: >3.90 in men, >12.69 in women; Adiponectin T1: <4.61in men, <7.69 in women;
Adiponectin T2: 4.61-6.95 in men, 7.69-11.12 in women; Adiponectin T3: >6.96 in men, >11.13 in women.

Table 2. 0dds Ratios for Regression of Metabolic Syndrome According to Baseline L/A Ratio

L/A ratio
Tertile 3 Tertile 2 Tertile 1 pfor trend
Men
L/A ratio, mg/g >0.749 0.391-0.748 <0.391
Regression of metabolic syndrome on follow-up, n (%) 34(23.6) 44(30.8) 64 (44.4)
Regression of Metabolic syndrome, OR (95% Cl)
Model 1 1.00 1.48(0.87-2.50) 2.69(1.62—4.49) <0.001
Model 2 1.00 1.46(0.86-2.49) 2.86 (1.70-4.81) <0.001
Model 3 1.00 1.15(0.66-2.02) 1.81(1.03-3.20) 0.035
Model 4 1.00 1.13(0.63-2.01) 1.84(1.02-3.31) 0.036
Women
L/A ratio, mg/g >1.502 0.813-1.501 <0813
Regression of metabolic syndrome on follow-up, n (%) 43(22.1) 57(29.2) 96 (49.0)
Regression of Metabolic syndrome, OR (95% Cl)
Model 1 1.00 1.49(0.94-2.36) 3.69(2.35-5.79) <0.001
Model 2 1.00 1.54(0.97-2.47) 3.71(2.34-5.87) <0.001
Model 3 1.00 1.22(0.75-1.98) 2.08(1.24-3.47) 0.005
Model 4 1.00 1.31(0.80-2.14) 2.32(1.37-3.91) 0.002

L/A ratio, ratio of serum leptin to adiponectin; OR, odds ratio; Cl, confidence interval; hs-CRP. high sensitivity-C reactive protein; HOMA-IR, homeostasis model
assessment of insulin resistance.

Model 1: adjusted for age. Model 2: Model 1+additionally adjusted for smoking, alcohol consumption, regular exercise. Model 3: Model 2+additionally adjusted
for baseline body mass index, hs-CRP, HOMA-IR. Model 4: Model 3+changes in body weight.
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men, the corresponding odds ratios (95% CI) for disappearance
of high waist circumference, low HDL cholesterol, high triglyc-
eride, high blood pressure, and high blood glucose level were
4.23 (1.81-9.88), 1.28 (0.67-2.42), 1.72 (0.96-3.06), 1.15 (0.67-
1.98), and 3.63 (1.50-8.76), respectively, in the lowest compared
to the highest tertile of L/A ratio. Low L/A ratios were signifi-
cantly associated with improvement of waist circumference
and blood glucose level in men. In women, the corresponding
odds ratios (95% CI) for disappearance of high waist circumfer-
ence, low HDL cholesterol and high triglyceride levels, high
blood pressure, and high blood glucose level were 2.31 (1.01-
5.28), 1.50 (0.80-2.82), 1.41 (0.76-2.59), 1.49 (0.86-2.59), and

YMJ

1.33 (0.52-3.41), respectively, in the lowest compared to the
highest tertile of L/A ratio. Low L/A ratios were significantly as-
sociated with improvement of waist circumference in women.

Fig. 2 shows the comparison of the predictive powers of se-
rum levels of leptin, adiponectin, and L/A ratio for regression of
metabolic syndrome. In both sexes, L/A ratio had a higher pre-
dictive power than serum adiponectin for regression of meta-
bolic syndrome (AUROC of L/A ratio vs. adiponectin, 0.613 vs.
0.558, p=0.024 for men; 0.662 vs. 0.616, p=0.019 for women). L/
A ratio also showed a higher predictive power than serum
leptin for regression of metabolic syndrome in women (AUROC
of L/A ratio vs. leptin, 0.662 vs. 0.630, p=0.047 for women).

Table 3. ORs for Regression of Metabolic Syndrome Components According to Baseline L/A Ratio

Serum L/A ratio

Tertile 3 Tertile 2 Tertile 1 p for trend

Men

L/A ratio, mg/g >0.749 0.391-0.748 <0.391

High waist circumference, OR (95% CI)* 1.00 2.89(1.25-6.65) 423(1.81-9.88) <0.001

Low HDL cholesteral, OR (95% CI)* 1.00 1.07 (0.55-2.07) 1.28(0.67-2.42) 0.453

High triglyceride, OR (95% CI)* 1.00 0.95(0.53-1.72) 1.72 (0.96-3.06) 0.066

High blood pressure, OR (95% CI)* 1.00 1.24(0.73-2.10) 1.15(0.67-1.98) 0.599

High blood glucose, OR (95% CI)* 1.00 2.05(0.85-4.97) 3.63(1.50-8.76) 0.004
Women

L/A ratio, mg/g >1.502 0.813-1.501 <0813

High waist circumference, OR (95% CI)* 1.00 1.70(0.75-3.87) 2.31(1.01-5.28) 0.048

Low HDL cholesteral, OR (95% CI)* 1.00 0.95(0.52-1.74) 1.50(0.80-2.82) 0.198

High triglyceride, OR (35% CI)* 1.00 1.48 (0.88-2.51) 1.41(0.76-2.59) 0.242

High blood pressure, OR (95% CI)* 1.00 0.80(0.47-1.36) 1.49(0.86-2.59) 0.151

High blood glucose, OR (95% CI)* 1.00 0.44(0.18-1.13) 1.33(0.52-3.41) 0.663

L/A ratio, ratio of serum Ieptin to adiponectin; OR, odds ratio; Cl, confidence interval; HDL, high-density lipoprotein; hs-CRP, high sensitivity-C reactive protein;

HOMA-IR, homeostasis model assessment of insulin resistance.

Adjusted for age, smoking, alcohol consumption, regular exercise, baseline body mass index, hs-CRP, HOMA-IR, changes in body weight.
*Subjects without each component of metabolic syndrome at baseline have been excluded.

Men
1.00
4
.r/';;r—l ,
0.75 - v
,j;’ i
= £
=
= 0504 7
3 7/ ’
r—'f ,-"‘
0.25 Il
-
d AUROC
A |/Aratio: 0613
T leptin 061070888 ] p=0.024
0.00 1 — - — Adiponectin: 0.558
T T T T T
0.00 0.25 0.50 0.75 1.00

1-specificity

Women
1.00
J/‘
0.75 | e
prg
Ll
> ! -
k= /_n
= 050 4/’/
3 /
0.25 4 /
f AUROC
Y/ |/Aratio:  0.662
T leptin 06301700¥ ]p0019
0.00 1 — - — Adiponectin: 0.616
T T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity

Fig. 2. Comparison of predictive powers of serum levels of leptin, adiponectin and L/A ratio for regression of metabolic syndrome. AURQC, area under the

receiver operating characteristics curve; L/A ratio, ratio of leptin to adiponectin.
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Further, we assessed the prospective association between
baseline L/A ratio and development of metabolic syndrome in
1610 subjects without metabolic syndrome at baseline (Supple-
mentary Table 2, only online). A higher L/A ratio was associated
with an increased risk of developing metabolic syndrome in both
men and women (p for trend=0.029 in men; p for trend <0.036 in
women).

DISCUSSION

This is the first study to report the impact of L/A ratio on the re-
gression of metabolic syndrome in high-risk individuals. The L/
A ratio showed an inverse association with the regression of
metabolic syndrome and had a higher predictive power than
serum adiponectin for regression of metabolic syndrome in
both men and women.

Metabolic syndrome is a constellation of several cardiovas-
cular risk factors, which is a growing public health concern."®
Several biomarkers have been proposed for early detection of
metabolic syndrome. The two adipokines, leptin and adiponec-
tin, were suggested as being associated with risk of metabolic
syndrome in different ethnic populations.'*'** Several studies
have proposed L/A ratio to be a better marker for the prevalence
of metabolic syndrome than leptin or adiponectin alone."**' A
cross-sectional study conducted in a Chinese population re-
ported that L/A ratio exhibits higher AUROC than adiponectin
levels for predicting the prevalence of metabolic syndrome.*
Furthermore, our prospective findings additionally suggest that
L/A ratio is a useful predictor for the regression of metabolic
syndrome in high-risk individuals.

In the current study, low L/A ratio was associated with the re-
gression of metabolic syndrome. Low leptin and high adiponec-
tin levels could provide protection against the development of
metabolic disorders.*’ These findings have been explained by
the pro-inflammatory effects of leptin and anti-inflammatory
effects of adiponectin.® Both leptin and adiponectin regulate ni-
tric oxide production in endothelial cells and affect the renin-
angiotensin-aldosterone system.”? In addition, leptin activates
the sympathetic nervous system and causes chronic elevations
in blood pressure.*” Leptin, serving as a cofactor of TGF-beta ac-
tivation, also promotes vascular endothelial cell proliferation.”

Leptin and adiponectin levels are closely associated with
amounts of body fat. Excess adiposity is associated with up-reg-
ulation of leptin production and down-regulation of adiponec-
tin production, contributing to insulin resistance and metabolic
disorders, such as type 2 diabetes, hypertension, and dyslipid-
emia.'”*3! Leptin levels have been reported to be proportional
to body adiposity and to be high in obese individuals.** Adipo-
nectin levels are known to be negatively associated with intra-
abdominal fat mass and to be positively associated with insulin
sensitivity.* These are in accordance with our findings, show-
ing low L/A ratio as a predictor for improvement of waist cir-
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cumference.

Another important finding of the present study was that low
L/A ratio was associated with improvement of fasting blood glu-
cose in men. This finding is in line with previous studies report-
ing sex-based differences, in which higher leptin levels predict
development of diabetes mellitus in men but not in women.**
In women, the leptin levels are higher than those in men be-
cause of the higher proportion of adipose tissue and elevated
production rate of leptin per unit mass of adipose tissue in wom-
en.*® Sex-based differences in adiponectin levels have also been
reported, and it has been hypothesized that androgens inhibit
secretion of adiponectin, resulting in lower levels of adiponectin
in men.*” Furthermore, sex-based differences in fat distribution
may play a role in pathophysiology of leptin and adiponectin se-
creted from adipocytes, as women have more subcutaneous fat
than men.* Further studies are needed to understand sex-based
differences in the association of L/A ratio with regression of
metabolic syndrome components.

Several limitations of this study should be considered. First,
we measured total adiponectin levels to calculate the L/A ratio,
but not high molecular weight adiponectin. Several reports have
suggested that high molecular weight adiponectin is the active
form of adiponectin.* Further work is required to investigate the
role of leptin and the high molecular weight adiponectin ratio in
metabolic syndrome. Second, our analyses were based on a sin-
gle measurement of serum leptin and adiponectin, which may
be a source of random error. Third, the present study was limited
to middle-aged and older individuals living in rural areas of Ko-
rea. Thus, our findings may not be generalizable to other popu-
lations. Fourth, we have not considered treatment with antihy-
percholesterolemic drug in metabolic syndrome criteria of HDL
and triglyceride, because medication history on hypercholester-
olemia was not scrutinized in detail.

In conclusion, low L/A ratio was found to be independently
associated with regression of metabolic syndrome. Further-
more, L/A ratio provided significant adjunctive information of
use in predicting the regression of metabolic syndrome beyond
adiponectin alone. These findings suggest that the L/A ratio
could be a useful clinical marker for management of high-risk
individuals with metabolic syndrome.
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