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Abstract

Background: Chronic kidney disease(CKD) is a major public health issue and is highly prevalent in the general
population. Leptin is an adipose tissue-derived endocrine factor that has been associated with several metabolic
factors involved in cardiovascular diseases. Several studies have investigated the association between leptin and renal
diseases so far. But the results are conflicting between the studies. The objective of our study was to verify the direct
association of serum leptin level with CKD development.

Methods: This prospective cohort study included 2646 adult aged 40-70 without CKD in the Korean Genome and
Epidemiology Study(KoGES) across South Korea from November 2005 to February 2012. The primary outcome was
the development of CKD as defined by National Kidney Foundation Kidney Disease Outcomes Quality Initiative
(KDOQI). Multivariate stepwise logistic regression analysis was done to assess the independent associations, for with
the incident of CKD as the dependent variable, in tertiles of leptin values.

Results: Among 1100 men and 1546 women with 2.8 mean years of follow-up, incidence of CKD was 18(1.63%)

for men and 50(3.23%) for women. In the multivariate logistic regression models, individuals in the highest serum
leptin tertile showed significant associations with risk of CKD after adjustment compared to the lowest tertiles in the
population. The crude odds ratio for trend was 2.95(p = 0.004) for men. After adjusting for age, baseline eGFR variables
showed correlation with statistical significance (OR for trend =2.25, p=0.037) for men. The same trends were also
seen observed in all population and women also, but no statistical significance was found.

Conclusions: Higher plasma leptin levels are associated with the incidence of CKD, independent of traditional fac-

tors such as age, baseline eGFR. Our results suggest that leptin may partly explain part of the reported association
between obesity and kidney disease.

"Bom-Taeck Kim and Sang Baek Koh are equally contributed to this work.

*Correspondence: lovesong@ajou.ac.kr; kohhj@yonsei.ackr

2 Department of Preventive Medicine, Yonsei University Wonju College
of Medicine, Wonju, Republic of Korea

’ Department of Family Practice and Community Health, Ajou University
School of Medicine and Graduate School of Medicine, Suwon, Republic
of Korea

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-022-02795-7&domain=pdf

Park et al. BMC Nephrology =~ (2022) 23:197

Page 2 of 9

[ Keywords: Leptin, Chronic kidney disease(CKD), Korean Genome and Epidemiology Study(KoGES) j

Background

Chronic kidney disease(CKD) is characterized by a pro-
gressive deterioration in renal function over a period of
months or years accompanied by structural abnormali-
ties of the kidney and other organs in the body, such as
those involved in the skeletal and cardiovascular systems
[1].

CKD is a major public health issue and is; highly preva-
lent in the general population. The National Health and
Nutrition Examination Surveys showed that the preva-
lence of CKD increased from 10.0% in 1994-1998 to
13.1% in 1999-2004 [2]. CKD is extremely common
among Asian populations. The prevalence of CKD in the
adult Japanese population is 19.1% [3], and that in Beijing
is 13.0% [4]. In the Korean population, the prevalence of
CKD is 13.7% in those living in urban areas; according to
these findings, 3.2 million urban Korean individuals aged
35 years or older may have CKD [5].

Reduced estimated glomerular filtration rate(eGFR)
and excessive proteinuria are associated with increased
risks of end stage renal disease (ESRD), CKD related
cardiovascular diseases and other comorbidities [6].
CKD was defined as an eGFR of <60 mL/min/1.73m2,
consistent with the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (KDOQI) guide-
lines for stage 3 chronic kidney disease [7] For the pre-
vention of these detrimental consequences of CKD, it is
essential to determine the highly predictable risk factors
of CKD.

Leptin is an adipose tissue-derived endocrine factor
that has been associated with several metabolic, inflam-
matory, and hemostatic factors involved in the develop-
ment of hypertension and cardiovascular diseases [8].
Several studies have investigated the association between
leptin and renal diseases, Previous experimental animal
studies have suggested that higher leptin levels may cause
hyperglycemia, elevations in blood pressure (mediated
through increased sympathetic activity), and renal dys-
function [9]. In general population-based studies, higher
plasma leptin levels were positively associated with CKD
in a multi-ethnic, population-based sample of US adults
[10].

Thus, to resolve this issue given the conflicting results
between animal and human studies, we prospectively
evaluated the relationship between baseline leptin levels
and the new onset CKD events for 2.8 years in a Korean
Genome and. Epidemiology Study(KoGES) cohort. This
study aimed to verify the direct association of serum lep-
tin level with CKD development.

Methods

Data Source and Study Approval

The Korean Genome and Epidemiology Study (KoGES)
is a population-based prospective cohort in South Korea
which is conducted in the Korean general population by
the Korea National Institute of Health (KNIH). The par-
ticipants have been followed-up every 2 years. The health
check-up and measurements of biomarkers are carried
out at each visit to identify risk factors for the develop-
ment of chronic disease (e.g., hypertension, diabetes,
osteoporosis, and cardiovascular disease), diet profile,
lifestyle (e.g., alcohol intake, smoking, and exercise) and
diverse environmental factors. The study was based on
data Korean Genome and Epidemiology Study on the
Atherosclerosis Risk of Rural Areas in the Korean Gen-
eral Population (KoGES-ARIRANG), part of the KoGES
which included participants from 40-70 years of age
who resided in the Wonju and Pyengchang areas of the
Republic of Korea. In this study, 6,444 Korean adults
aged 40-69 years were recruited from two Korean cit-
ies (Wonju and Pyeongchang), and were followed up
biennially over a 7-year period [11-13]. The study was
conducted in accordance with the Declaration of Hel-
sinki. Informed written consent was obtained from all
participants. Demographic information was collected at
the baseline and follow-up examination using a standard
questionnaire that was administered during face-to-face
interviews. The study was approved by the institutional
review board of Yonsei University Wonju College of
Medicine (IRB No. 2020-02-0018).

Study population

We used data from KoGES-ARIRANG to assess the inci-
dence and risk factors of chronic kidney disease as per
serum leptin level. Adults aged 40-70 years from the
rural areas of Wonju and Pyeongchang were enrolled
where demographic shifts are infrequent and high long-
term follow up rates are expected. All study participants
which did not done the first follow-up survey were first
excluded. And individuals whose leptin levels were not
evaluated at baseline, and whose GFR was less than
60 mL/min/1.73m? also excluded.

Endpoint definition

The endpoint was the development of CKD at the follow-
up visit, defined based on the National Kidney Founda-
tion KDOQI definition for chronic kidney disease (eGFR
of <60 mL/min/1.73m2). eGFR was calculated using the
Modification of Diet in Renal Disease (MDRD) equation
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(eGFR=186 x [serum Cr]-1.154 x [age]—0.203 x [0.742
if women]) which is known to be more accurate than
other Equation [14].

Statistical analysis

The data were expressed as means, medians, and fre-
quencies. A t-test or Mann—Whitney U test was con-
ducted to compare continuous variables. Meanwhile,
the chi-square test was performed to compare categori-
cal variables. All analyses were performed separately
according to sex. Analysis of variance was performed to
check the differences in the variables between the three
groups. Multivariate logistic regression analysis was
used to assess independent associations with incident
CKD as the dependent variable in tertiles of leptin val-
ues. The potential confounder included age and base-
line eGFR. No imputation was used for missing values
as any subject with missing leptin and eGFR at baseline
and follow-up were excluded during participant selec-
tion. The tertile cut-off points were 1.69 and 2.91 ng/mL
for men (2=1,039) and 6.08 and 9.89 ng/mL for women
(m=1,409). Results were expressed as odds ratios (ORs)
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along with their corresponding 95% confidence intervals
(CIs). Age-adjusted ORs were first calculated (model 1),
and the results were further adjusted for baseline eGFR
(model 2). The results were further adjusted for age and
baseline eGFR as continuous variables (model 3).

All analyses were performed using R version 3.6.2. P
values of < 0.05 were considered significant.

Results
Cohort characteristics
The baseline survey, carried out from November 2005
to February 2012, included 6,444 adults (2,563 men and
3,881 women) aged 40—70 years. All study participants
were invited to the first follow-up survey (May 2008 to
October 2017) and 4,859 (75.4%) attended. We excluded
2,051 individuals whose leptin levels were not evaluated
at baseline, and 162 whose GFR was less than 60 mL/
min/1.73m? A total of 2,646 individuals were included in
the final analysis (1100 men and 1546 women) (Fig. 1).
Table 1 shows the clinical and biochemical features of
the study cohort. The mean age of the study population
was 56.20 (standard deviation[SD]: 8.04) years for men

[ 6,444 individuals as the baseline cohort ’

y

Attended the first|follow-up survey

L 4,859 individuals (75.4% of attendees) ’

A 4

Excluded

No available for baseline leptn levels
(n=2051)

GFR<60 mL/min/1.73m? at baseline (n=162)

2646 individuals

Men = 1,100 / Women = 1,546

Mean follow-up: 2.8 years

Men

New-onset chronic kidney
disease:

18 (1.63%)

Women

New-onset chronic kidney
disease:

50 (3.23%)

Fig.1 Study population
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Table 1 Baseline characteristics of study population
Men Women P

N 2646 1100 1546 <0.001
Age, years 54.99 (8.18) 56.20 (8.04) 5414 (8.18) <0.001
Hypertension, n (%) 550 (20.79) 213 (19.39) 337(21.79) 0.135
Diabetes mellitus, n (%) 230 (8.70) 118 (10.75) 112 (7.22) 0.002
Dyslipidemia, n (%) 147 (5.54) 64 (5.79) 83 (5.36) 0.642
Myocardial infarction, n (%) 46 (1.73) 15(1.38) 31(1.99) 0.228
Cerebrovascular accident, n (%) 40 (1.50) 22 (2.020) 17 (1.13) 0.077
Current smoking, n (%) 463 (17.50) 441 (40.01) 22 (1.43) <0.001
Regular exercise, n (%) 720 (27.20) 272 (24.70) 448 (28.98) 0014
Body mass index, kg/m? 24.65 (3.14) 24.33 (2.95) 24.88 (3.25) <0.001
Waist circumference, cm 83.67 (8.62) 86.40(7.72) 81.72 (8.70) <0.001
Systolic BP, mmHg 127.20 (17.55) 129.01(17.14) 12591 (17.74) <0.001
Diastolic BR, mmHg 83.00(11.79) 8473 (11.34) 81.76 (11.95) <0.001
Fasting glucose, mg/dL 95.29 (19.92) 98.83 (24.05) 92.76 (17.83) <0.001
HbA1c 5.61(0.80) 5.65 (0.85) 558 (0.76) 0.022
HDL-cholesterol, mg/dL 46.91 (11.09) 4554 (11.59) 4489 (10.62) <0.001
LDL-cholesterol, mg/dL 118.67 (33.07) 113.93 (32.35) 122.05 (33.17) <0.001
Triglycerides, mg/dL 147.94 (98.06) 167.00 (115.88) 134.39 (8043) <0.001
HOMA-IR, units 1.98 (1.60) 1.97 (2.10) 1.99 (1.13) 0.782
hs-CRP, mg/L 2.07 (4.95) 240 (6.02) 1.82(3.98) 0.006
eGFR, mL/min/1.73m? 76.14 (9.90) 78.38(10.81) 74.55 (8.86) <0.001
Leptin, ng/L 642 (547) 274 (2.04) 9.04 (5.64) <0.001

BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; HOMA-IR, Homeostasis Model Assessment of Insulin
Resistance; hs-CRP, high sensitivity-C reactive protein; eGFR, estimated glomerular filtration rate

and 54.14 (SD 8.18) years for women. The mean eGFR
were 78.38 £10.81 mL/min/1.73m? and 74.55 4 8.86 mL/
min/1.73m? in men and women, respectively. The aver-
age BMI were 24.33 kg/m?* in men and 24.88 kg/m? in
women. The median leptin level in women (9.04 ng/
mL, SD 2.04) was significantly higher than that in men
(2.74 ng/mL, SD 5.64)(P<0.001).

The patients’ characteristics were divided in to three
groups based on tertiles of leptin values; since leptin
values differ according to sex, analysis were performed
separately. (Table 2) For all populations, age, hyperten-
sion history, smoking history, BMI, fasting glucose lev-
els, waist circumference, LDL-cholesterol levels, and
Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR), baseline eGFR were different among the
groups. In the male population, significant differences
were observed in history of diabetes mellitus, history of
dyslipidemia, systolic and diastolic blood pressure his-
tory of diabetes mellitus, history of hypertension, HbAlc
and triglyceride levels, in addition to the aforementioned
variables. In the female population, significant differences
were observed in history of dyslipidemia, BMI, waist
circumference, systolic and diastolic blood pressure,

LDL-cholesterol levels, triglyceride levels, HOMA-IR,
and hs-CRP level.

Serum leptin and CKD

In the multivariate logistic regression models, individuals
in the highest serum leptin tertile showed significant asso-
ciations with CKD risk after adjustment compared with
those in the lowest tertiles in the population. The odds
ratio for trend was 1.15(P=0.394) (Table 3). More pro-
nounced tendency was observed in men. The odds ratio
for trend was 3.19 after adjusting for age in men and sta-
tistical significance was noted (P=0.002). Model 2 showed
same tendency after adjusting eGFR. (OR for trend =2.13,
P>0.049) Analyses after additionally adjusting for age
and eGFR showed correlation with statistical significance
between serum leptin and CKD risk (OR for trend =2.25,
P=0.037). The same trends were also observed in women
but no statistical significance was found.

Discussion

Our results showed that CKD recurred significantly
more frequently in the high serum leptin group in men.
The findings of some studies support this result. In a
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Table 2 Correlation between serum leptin level group and other components

Serum leptin level

Tertile 1 Tertile 2 Tertile 3 P
All
N (%) 872 873 901
Age, years 56.53 (8.09) 54.36 (8.28) 54.13 (7.98) <0.001
Hypertension, n (%) 137 (15.7) 168 (19.3) 245 (27.18) <0.001
Diabetes mellitus, n (%) 75 (8.6) 89(10.18) 66 (7.36) 0.350
Dyslipidemia, n (%) 40 (4.53) 50 (5.73) 57 (6.34) 0.100
Myocardial infarction, n (%) 9(1.05) 17 (1.99) 19 (2.15) 0.078
Cerebrovascular accident, n (%) 13(1.51) 18(2.11) 8(091) 0.293
Current smoking (%) 334 (38.25) 110 (12.65) 19(2.12) <0.005
Regular exercise (%) 211 (24.25) 25448 (29.15) 254 (28.17) 0.067
Body mass index, kg/m? 23.07 (2.60) 24.3392.69) 26.49 (3.08) <0.001
Waist circumference, cm 8248 (7.74) 82.88(9.21) 85.57 (8.52) <0.001
Systolic BR, mmHg 126.89 (17.05) 12691 (17.59) 127.77 (18.00) 0.295
Diastolic BR, mmHg 83.23(11.49) 82.89(11.78) 82.87 (12.09) 0.530
Fasting glucose, mg/dL 95.96 (21.02) 96.47 (22.37) 93.49 (15.76) 0.008
HbA1c 5.56 (0.80) 5.64(0.93) 5.62(0.67) 0218
HDL-cholesterol, mg/dL 47.14 (11.79) 45,98 (11.03) 4760 (10.39) 0.365
LDL-cholesterol, mg/dL 111.15(31.86) 11722 (31.63) 12737 (33.61) <0.001
Triglycerides, mg/dL 149.12 (114.04) 14538 (95.17) 149.29 (83.00) 0.964
HOMA-IR, units 1.59 (1.16) 2.05 (2.14) 2.29(1.25) <0.001
hs-CRP, mg/L 212 (6.09) 2.02(4.29) 2.06 (4.26) 0.825
Baseline eGFR, mL/min/1.73m? 7857 (10.21) 75.87 (9.91) 74.05 (9.04) <0.001
Follow-up eGFR, mL/min/1.73m? 82.71(11.72) 80.18 (11.45) 77.73 (10.45) <0.001
Leptin, ng/L 1.82(0.69) 496 (1.18) 12.29 (5.40) <0.001
Male
N (%) 362 363 375
Age, years 5720 (8.18) 55.79 (7.97) 55.62 (7.91) 0.008
Hypertension, n (%) 40 (11.08) 73(20.11) 101 (26.83) <0.001
Diabetes mellitus, n (%) 15 (4.16) 48 (13.13) 56 (14.91) <0.001
Dyslipidemia, n (%) 13(3.6) 17 (4.75) 34 (8.94) 0.002
Myocardial infarction, n (%) 3(0.83) 4(1.12) 8(2.17) 0.121
Cerebrovascular accident, n (%) 3(0.83) 9(2.51) 10 (2.71) 0.072
Current smoking (%) 176 (48.75) 142 (39.05) 122 (32.53) <0.001
Regular exercise (%) 76 (21.11) 99 (27.22) 97 (25.74) 0.151
Body mass index, kg/m? 22.11(2.19) 2433 (2.21) 2647 (2.63) <0.001
Waist circumference, cm 80.65 (6.40) 86.37 (5.92) 91.98 (6.19) <0.001
Systolic BR, mmHg 125.96 (16.15) 129.07 (17.15) 131.89(17.58) <0.001
Diastolic BR, mmHg 82.86 (10.86) 84.55 (11.67) 86.70 (11.19) <0.001
Fasting glucose, mg/dL 94.17 (20.63) 99.82 (22.85) 102.37 (21.86) <0.001
HbA1c 5.51(0.84) 5.65 (0.83) 5.79(0.87) <0.001
HDL-cholesterol, mg/dL 48.58 (12.38) 45,02 (10.35) 43,12 (11.33) <0.001
LDL-cholesterol, mg/dL 107.58 (30.48) 114.75 (33.29) 119.25 (32.23) <0.001
Triglycerides, mg/dL 130.49 (93.56) 17723 (134.73) 192.33 (106.79) <0.001
HOMA-IR, units 141 (1.17) 1.80(1.32) 2.67 (3.04) <0.001
hs-CRP, mg/L 227(7.78) 2.17 (4.817) 2.75 (4.99) 0.280
Baseline eGFR, mL/min/1.73m? 80.58 (10.66) 78.04 (9.93) 76.57 (11.42) <0.001
Follow-up eGFR, mL/min/1.73m? 85.25 (11.50) 82.03(11.04) 81.18(12.72) <0.001
Leptin, ng/L 1.15(0.32) 2.20(0.34) 4.79 (2.26) <0.001
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Table 2 (continued)

Serum leptin level

Tertile 1 Tertile 2 Tertile 3 P
Female
N (%) 510 510 526
Age, years 54.43 (8.49) 53.97 (8.06) 54.01 (7.98) 0416
Hypertension, n (%) 71(14) 120 (23.45) 145 (27.61) <0.001
Diabetes mellitus, n (%) 30 (5.88) 47 (9.22) 35 (6.56) 0.698
Dyslipidemia, n (%) 18 (3.6) 24 (4.75) 47 (8.94) 0.004
Myocardial infarction, n (%) 6(1.22) 12(124) 12(2.32) 0215
Cerebrovascular accident, n (%) 6(1.22) 6(1.2) 5(0.97) 0.703
Current smoking (%) 9(1.78) 5(0.99) 8(1.52) 0.736
Regular exercise (%) 145 (28.46) 156 (30.65) 147 (27.86) 0.825
Body mass index, kg/m? 2250 (2.24) 2480 (2.47) 27.25(3.01) <0.001
Waist circumference, cm 76.52 (7.18) 81.44 (7.28) 87.04 (8.17) <0.001
Systolic BR, mmHg 122.96 (17.29) 125.25(17.57) 12940 (17.77) <0.001
Diastolic B, mmHg 80.11(11.92) 81.49(11.87) 83.63 (11.81) <0.001
Fasting glucose, mg/dL 91.21 (18.06) 93.94 (20.41) 93.12 (14.55) 0.088
HbAlc 5.48(0.83) 559(0.77) 5.66 (0.68) <0.001
HDL-cholesterol, mg/dL 48.71(10.94) 47.52(10.70) 4744 (10.17) 0.055
LDL-cholesterol, mg/dL 113.12 (28.76) 12434 (33.71) 12849 (34.78) <0.001
Triglycerides, mg/dL 110.03 (65.86) 14241 (84.75) 150.23 (83.54) <0.001
HOMA-IR, units 1.58(0.81) 1.96 (1.10) 241(1.27) <0.001
hs-CRP, mg/L 1.51(3.38) 1.83 (4.25) 2.12(4.22) 0.017
Baseline eGFR, mL/min/1.73m? 7541 (8.85) 74.40 (8.00) 73.85(9.59) 0.005
Follow-up eGFR, mL/min/1.73m? 7942 (11.28) 78.13(9.63) 7743 (10.80) 0.002
Leptin, ng/L 420(1.22) 7.88 (1.08) 14.86 (5.74) <0.001

Values are expressed as mean (SD) or number (%)

BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; HOMA-IR, Homeostasis Model Assessment of Insulin
Resistance; hs-CRP, high sensitivity-C reactive protein; eGFR, estimated glomerular filtration rate

population-based study, higher plasma leptin levels were
positively associated with CKD [9]. Leptin has shown
positive correlations with high C-reactive protein levels
[15], as well as with insulin resistance [16], which have
been shown to be related to CKD [17, 18]. In the aspect
of genetics, leptin gene expression is decreased in the
adipose tissue of individuals with CKD, which may be
a compensatory mechanism with regard to decreased
clearance [19]. Moreover, infusion of recombinant leptin
in rats triggered the development of focal glomeruloscle-
rosis [20].

The study has several strengths. This is the first and
only cohort study to establish the associations between
leptin and CKD. As a prospective cohort study, the causal
relationship between leptin and CKD can be analogize
through this study.

Meanwhile, several limitations of our study should also
be considered. First, although this is a prospective cohort
study, the follow-up interval of the participants is diverse
and the median f/u interval is only 2.8 years long. And
the sample size was small, especially for the women,

which are insufficient to perform multivariable logistic
regression analysis of various variables. Second, the rep-
resentativeness of the background population is limited
because the study only included middle-aged and older
Korean adults living in rural areas. Hence, our results
may not be generalizable to other populations, such as
urban residents, groups with different lifestyles or differ-
ent incidence trends of CKD, and those with a younger
age. Third, a single assessment of leptin and creatinine
levels may be susceptible to short-term variations, which
could bias the results toward null.

There are several hypotheses supporting this result.
First, leptin activates the sympathetic nervous system
and causes chronic elevations in blood pressure which
leads to renal dysfunction [9]. Second, leptin induces
natriuresis [21] which increases the arterial pressure
to maintain the sodium and water balance [22]. Third,
leptin, a cofactor in transforming growth factor-beta
activation, promotes renal endothelial cell prolifera-
tion, and subsequently glomerulosclerosis [20, 23, 24].

Our results were only statistically significant in men.
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Table 3 Odds ratios for new-onset chronic kidney disease according to baseline serum leptin level
Serum leptin level Odds ratio (95% Cl)
Tertile 1 Tertile 2 Tertile 3 Odds ratio for trend P for trend
All (n=2646)
Serum leptin (ng/L) <3.09 3.09-723 >723
No. of new-onset CKD 14 26 28
Crude Reference 1.88 (0.98 - 3.63) 197 (1.03-3.76) 1.36(1.00 - 1.83) 0.048
Model 1 Reference 2.25(1.16 - 4.37) 244 (127 -4.71) 1.50 (1.11-2.03) 0.009
Model 2 Reference 144 (0.74 - 2.82) 1.17 (0.60 - 2.28) 1.05 (O 77 - 1.43) 0.770
Model 3 Reference 1.62(0.83-3.19) 141(0.72-2.78) 1.15(0.34-157) 0.394
Men (n=1100)
Serum leptin (ng/L) <168 1.68-287 >287
No. of new-onset CKD 2 3 13
Crude Reference 1.50 (0.25 - 9.03) 6.46 (145 - 28.83) 295141 -6.18) 0.004
Model 1 Reference 1.76 (0.29 - 10.68) 91 (1.75 - 35.64) 3.19(1.53 - 6.68) 0.037
Model 2 Reference 117(0.19-721) 3.53(0.76 - 16.30) 2.13(1.00-4.53) 0.049
Model 3 Reference 1.14(0.18-7.12) 81(0.82-17.77) 2.25(1.05 - 4.85) 0.037
Women (n=1546)
Serum leptin (ng/L) <6.07 6.07 -9.77 >977
No. of new-onset CKD 17 13 20
Crude Reference 0.76 (0.37 - 1.58) 1.14(0.59-2.21) 1.08 (0.76 - 1.52) 0.667
Model 1 Reference 0.80 (0.38- 1 ) 1.22(0.63-2.37) 1.11(0.79-1.57) 0.550
Model 2 Reference 0.70 (0.33 - 1.46) 91 (0.47 - 1.80) 0.96 (0.68 - 1.37) 0.829
Model 3 Reference 0.73(0.34-1.53) 0.97 (049 -191) 0.99 ()0.70 - 141) 0.967

Model 1: adjusted for age
Model 2: adjusted for baseline eGFR
Model 3: adjusted for age and baseline eGFR

Several leptin associated studies have also shown
similar results according to sex difference. One study
showed that a high leptin level independently predicted
stroke in men but not in women [25]. Increased base-
line leptin levels are associated with an increased risk
of diabetes in men but not in women among Japanese
Americans [26].

The role of sex based differences in the association
between leptin and CKD still needs to be established;
however, several suggestive pathophysiological clues have
been reported.

First, leptin levels are higher in women than in men,
suggesting an important biologic sex-specific difference
due to lipid distribution [27].

Second, there is a physiological sex difference. In ani-
mal studies, the rate of leptin transport over the blood—
brain barrier or during intracellular signaling cascades
differs according to sex [28].

The role of leptin in mediating sympathetic nerve acti-
vation is well known. A previous study showed that infu-
sions of leptin into rats increased the renal sympathetic
nervous activity leading to CKD [20]. In the transgenic

skinny mouse, which overexpresses leptin, systolic blood
pressure and urinary catecholamine excretion were
elevated [15]. It is possible that women may have lower
responses or are less sensitive to the actions of leptin in
the central sympathetic nervous system [29] These could
be one of the reasons why the correlation was shown only
in men.

Conclusion

In conclusion, higher plasma leptin levels are associ-
ated with the incidence of CKD, independent of tradi-
tional factors such as age, BMI, systolic blood pressure,
smoking, regular exercise, and levels of serum fasting
glucose, HDL-cholesterol, and hs-CRP. Our results
suggest that leptin may partly explain the reported
association between obesity and kidney disease. How-
ever, future experimental studies are needed to con-
firm our findings which were only significant in men.
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