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Background: The Multi-Rural Communities Cohort (MRCohort) was established as part of the Korean Genome and Epidemiology
Study, which identified risk factors for cardiovascular diseases in the population between January 2005 and
December 2011. This was a prospective study, aimed to investigate the association between serum albumin
levels and the risk of developing chronic kidney disease (CKD) in obese patients using data from the MRCohort
population database.

Material/Methods: For analysis, we selected a total of 9695 people from the MRCohort from 2004 to 2013: 3105 people from
Goryeong, 3183 from Yangpyeong, and 3407 from Namwon, without previous history of myocardial infarction,
cerebrovascular disease, cancer, and CKD, or missing values on confounders. As a result, 2300 metabolically
healthy participants were studied as a whole, and then by body mass index of >23 kg/m?2. The groups were di-
vided into 4 subgroups by albumin quartiles, and the effects of albumin levels compared to the lowest quar-
tile were studied by Cox proportional hazard analysis, after adjusting for potential confounders.

Results: The results showed that the highest quartile of albumin, compared to the lowest quartile, was a protective fac-
tor of CKD development only in the overweight and obese group with adjusted hazard ratio (HR)=0.38 (95%
confidence interval (Cl) 0.16-0.95, p<0.05). In the normal-weight group, results were insignificant, with adjust-
ed HR=0.54 (95% Cl 0.24-1.25, not significant).
Conclusions: Data from the Korean MRCohort population database showed that obesity and increased serum albumin lev-
els were protective factors for the development of CKD.
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Background

The Multi-Rural Communities Cohort (MRCohort) was es-
tablished as part of the Korean Genome and Epidemiology
Study (KoGES), which identified risk factors for cardiovas-
cular diseases in the population between January 2005 and
December 2011 [1]. The cohort consists of 3 regions, Goryeong,
Yangpyeong, and Namwon, each located in southeastern, north-
western, and southwestern areas of Korea, respectively. Most
of the subjects were farmers and housewives, and all were age
40 years or older [1]. Therefore, this population was suitable
for studying long-term effects of various factors on chronic
diseases, including chronic kidney disease (CKD).

CKD is a major global health problem, with 2 million or more
patients in renal replacement therapy, and more than 10 times
this number in need [2]. The most common cause of CKD was
diabetes (48%), and hypertension (21.2%), with other causes
including old age, obesity, inflammation, abnormal levels of uric
acid, and rural residential area [3,4]. Therefore, preventing and
predicting CKD development is a major public health problem.

Albumin levels tend to be low in CKD patients and are a pre-
dictor of poor clinical outcomes [5,6]. Although the mecha-
nisms by which hypoalbuminemia is associated with mor-
tality and other clinical outcomes are unclear, albumin is an
acute-phase reactant, and this could be associated with clin-
ical outcomes [5,6]. Albumin levels of <3.8 g/dL, if corrected,
could prevent 19% of patient deaths in maintenance hemo-
dialysis patients [5]. Furthermore, hypoalbuminemia was as-
sociated with inflammation and mortality in peritoneal dialy-
sis patients [5,6]. Low serum albumin levels have been known
to increase poor outcomes in CKD patients, as seen in various
studies, but few studies have reported an association with CKD
development, and this needs further research [5,6].

Several studies have shown a positive relationship between
obesity and CKD [7]. A study has shown a protective effect of
high body mass index (BMI) on short-term and long-term mor-
tality [8]. Also, another study has shown lower mortality risk
in old people, compared to normal-weight [9]. However, the
effect of obesity on CKD development has been challenged
by various studies [10-12]. The obesity paradox, a phenom-
enon observed in CKD patients, reports better outcomes in
obese patients [10]. The diabetic CKD group had a lower prev-
alence of obesity compared to the non-CKD group in study in
Thailand [11]. A meta-analysis suggested that in CKD patients,
in both predialysis and dialysis patients, BMIs equivalent to
overweight and obese were associated with longer survival [12].
In conclusion, obesity has been associated with better clinical
outcomes of CKD, regardless of treatment or patient status.
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Recent studies have classified obesity with low levels of met-
abolic abnormalities as metabolically obese, thereby classify-
ing patients into metabolically healthy non-obese, metaboli-
cally healthy obese, metabolically unhealthy non-obese, and
metabolically unhealthy obese [13]. Metabolically healthy pa-
tients are free of metabolic abnormalities, including hyper-
tension, insulin resistance, and dyslipidemia [13]. However,
whether a metabolically healthy obese state is benign or has
an effect on mortality and clinical outcomes such as CKD are
debatable [14]. In metabolically healthy patients, the risk of
CKD development is controversial, with both reports on low-
er and higher risk of CKD development [15,16]. In a Japanese
study, metabolically healthy subjects were not associated with
CKD development [14]. On the other hand, studies have shown
that metabolically healthy status increased CKD development,
even in subjects with low-grade inflammation [15,16].

Several studies have reported an association between obesi-
ty and serum albumin levels. Obesity could reflect malnutrition
and deficiency in various nutritional factors, including antioxi-
dants [17,18]. These factors of obesity might result in hypoalbu-
minemia, as albumin decreases in chronic inflammation and mal-
nutrition [19]. As obesity affects serum albumin levels through
various pathways, the presence of obesity should be considered
when studying the effect of serum albumin on CKD development.

A study regarding albumin as an indicator of nutritional sta-
tus showed that the combined effect of low BMI and low al-
bumin is a risk factor of CKD development [20] and that BMI
or albumin alone was insufficient factor of CKD development.
However, the participants were predialysis patients, with base-
line characteristics of the study including mean blood pres-
sure of 140.5/78.2 mmHg and hemoglobin of 11.9 g/dL [20].
Another study has shown that albumin and BMI to be inde-
pendent risk factors of mortality in hemodialysis patients [21].
There are no published studies on albumin, BMI, and CKD in
the general population. Therefore, further study is needed
to understand these relationships in the general population.

To sum up, a few studies have shown an association be-
tween serum albumin and clinical outcomes in CKD patients,
regardless of treatment or severity [5,6]. However, the effect
of albumin on CKD development itself is yet to be clarified.
Furthermore, the effect of obesity is also unclear, and diseas-
es affecting metabolic health such as diabetes and hyperten-
sion are major contributors to CKD development. Thus, the
present study hypothesized that high levels of serum albumin
protect against CKD development and kidney function decline,
and that the effect of albumin differs by obesity status, af-
ter excluding metabolically unhealthy individuals. Therefore,
this study aimed to investigate the association between se-
rum albumin levels and the risk of developing CKD in obese
patients using data from the MRCohort population database.
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Material and Methods

This study was approved by the Institutional Review Board of
Keimyung University in Korea (IRB No. 40525-201808-HR-71-
02). During baseline recruitment, written informed consent for
data and biospecimens was obtained by trained staff from all
participants prior to beginning the survey [1].

Study Population

The study participants were recruited from the MRCohort, a co-
hort started as a part of the Korean Genomic and Epidemiology
Study, which began in 2004 [1]. The study was conducted in 3
communities: Goryeong, Yangpyeong, and Namwon. Candidate
villages were chosen by multistage cluster sampling, and par-
ticipants age 40 years and older were recruited. The baseline
study was conducted until 2009, with 9695 participants re-
cruited. Participants were followed up every 2-4 years. As of
2013, 7020 participants have returned for follow-up.

The patient selection is shown in Figure 1. From 9695 par-
ticipants, 2675 participants without follow-up data were ex-
cluded. Furthermore, 781 participants were excluded due to
presence of myocardial infarction, cerebrovascular disease, or
cancer at the baseline examination. We also excluded partic-
ipants without laboratory data, including albumin, creatinine,
total cholesterol, triglyceride, high-density lipoprotein (HDL),
C-reactive protein (CRP), aspartate transaminase (AST), ala-
nine transferase (ALT), and gamma- glutamyltransferase (y-
GTP), fasting glucose levels were excluded from the study.
Participants with void information on lifestyle factors (smok-
ing, drinking, exercise), and other confounding variables such
as BMI, systolic blood pressure (SBP), and diastolic blood pres-
sure (DBP). Participants with baseline estimated glomerular
filtration rate (eGFR) of 60 mL/min/1.73 m? or lower were ex-
cluded, as it is equivalent to CKD stage of 3 or higher. Lastly,
participants defined as metabolically unhealthy were exclud-
ed because metabolic abnormalities such as diabetes and hy-
pertension are major causes of CKD development. As a result,
2300 participants were used for the study, of which consist-
ed 1060 were normal-weight (BMI <23 kg/m?) and 1240 were
overweight and obese (BMI >23 kg/m?).

Data Collection

Standardized protocols were used for questionnaires and ex-
aminations, including questionnaires on general characteristics,
blood pressure, blood sampling, and measuring of anthropo-
metric measures [1]. All of the questionnaires and examina-
tions were performed by trained interviewers and examin-
ers who were trained by the same coordinating center staff.
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9695 participants at the baseline Participan};;x(cllllfzeg;;r follow up
Participants excluded for CVA,
.. MI, cancer (n=781)
7020 participants Participants excluded for missing
data (n=84)
Participants excluded for
6155 participants baseline eGFR of stage 3
or higher (n=578)
Participants excluded for
5577 participants Metabolically Unhealthy
Status (n=2277)
2300 participants
(1060 nornal weight,
1240 overweight and obese
participants)

Figure 1. Flow chart for participant selection. Flow chart
showing selection criteria of cohort population.
Missing data include variables of creatinine,
smoking, drinking, exercise, height, and weight.
CVA - cerebrovascular disease; eGFR — estimated
glomerular filtration rate; Ml — myocardial infarction.
Figure was drawn using Diagrams.net version 14.9.3
(https://app.diagrams.net/).

Structured questionnaire research was performed, asking
questions on demographic information including identification
number, age, and gender. Lifestyle patterns, including smok-
ing, drinking and exercise status, classified by non, ex, and cur-
rent, were assessed. The information on previous history of
disease and medicine, including hypertension (HTN), diabetes
(DM), myocardial infarction, cerebrovascular disease, and can-
cer, were also collected by questionnaire. Patients with current
or former history of disease and medicine were asked to an-

“« o«

swer by “non-“, “ex-“, and “current” status of medical history.

The food frequency questionnaire (FFQ) was used to collect
dietary data. For each 108 food items, frequency (never to 3
times/day) and normal intake amount was collected. Duration
of intake (3, 6, 9, 12 months) was also collected for season-
al items. Nutrient intake, such as calorie and protein intake,
was calculated from the total of all food and dietary supple-
ment consumption.

Anthropometric measurements were obtained by examiners
who were trained in a single center, using the standard proto-
col. Height and weight were obtained by standard height and
weight scales, with zero-balancing before each measurement.
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Height was measured to the nearest 0.1 cm, and weight was
measured to the nearest 0.01 kg. BMI was calculated as weight
(kg) divided by height squared (m?). Participants were catego-
rized by BMI: BMI of <23 kg/m?as the normal group and BMI
of >23 kg/m?as the overweight and obese group.

Blood pressure was measured in seated position, from the
right arm at the heart level using a standard sphygmomanom-
eter. Participants were measured after resting of 10 min, fol-
lowed by 2 consecutive measures with 5-min intervals. SBP
and DBP were obtained by the average of the 2 measurements
to the nearest 2 mmHg. If the difference of the 2 measures
was greater than 5 mmHg, an additional measurement was
performed. HTN was defined as blood pressure of >140/90
mmHg, or the use of antihypertensives, or prior diagnosis of
HTN in other clinics.

Laboratory data were collected from blood samples, which were
collected after 8 h of overnight fasting. All of the samples were
analyzed on the same day. Total cholesterol, HDL, triglyceride
(TG), fasting glucose, WBC (white blood cell), CRP, AST, ALT,
v-GTP, albumin, and creatinine were measured using an ADVIA
1650 Automated Analyzer (Siemens, New York, NY, USA) [1].

Definition of Renal Functions

eGFR was obtained using the CKD-EPI equation, which has
been validated elsewhere [22]. eGFR of 60 mL/min/1.73 m? or
lower at the time of follow-up was defined as CKD develop-
ment. All of the participants were followed up until CKD de-
velopment or until the final follow-up examination.

Definition of Metabolic Health

The standard ATP-Ill protocol was used to define metabolically
healthy status [23]. As BMI has strong collinearity with waist
circumference, the waist was excluded from the definition cri-
teria. Participant with fewer than 2 of the following criteria
were defined as metabolically healthy: 1) blood pressure of
130/85 mmHg or higher, or diagnosed of HTN, or taking HTN
medication; 2) fasting glucose of 100 mg/dL or higher, or di-
agnosed of DM, or taking DM medication; 3) TG of 150 mg/
dL or higher; 4) HDL of 40 mg/dL or lower in men, or 50 mg/
dL or lower in women.

Statistical Analysis

Participants were studied according to Q1-4 by albumin lev-
els of quartile cut-off levels (<4.3 mg/L, 4.3-4.4 mg/L, 4.5-4.6
mg/L, >4.6 mg/L). Furthermore, participants were divided into
4 groups according to high albumin (Q4), and BMI of 23 kg/m?;
G1, high albumin, low BMI group; G2, high albumin, high BMI
group; G3, low albumin, low BMI group; G4, low albumin, and
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high BMI group. Lastly, participants were divided into Q1-4 in
each overweight and obese group and normal-weight group,
with identical cut-off points. Lifestyle factors, laboratory data,
and other confounders were compared between each group us-
ing one-way analysis of variance for continuous variables and
chi-square test for categorical variables. Results are shown as
meanztstandard deviation (SD) for continuous variables, while
the outcome was CKD development.

Cox proportional hazard analysis was used to obtain hazard
ratios (HR) and 95% confidence interval (Cl) to assess the ef-
fect of albumin and obesity on CKD development. Firstly, the
effects of albumin levels compared to the lowest quartile (Q1)
in the whole participants were studied. Secondly, the com-
bined effect of albumin and obesity was studied in all partic-
ipants, with the high albumin and low BMI group as a refer-
ence. Thirdly, in both obese and normal-weight groups, the
effect of albumin was studied by albumin quartiles, with low-
est albumin (Q1) as a reference in each group. The analy-
ses were adjusted for confounders significantly associated
in the analysis, or were strong confounders in other studies.
In Model 1, no confounders were adjusted. In Model 2, age
(by every 10 years), gender, smoking, drinking, exercise, total
cholesterol, triglyceride, HDL, CRP, AST, ALT, y-GTP, WBC, and
CRP were further adjusted. In Model 3, the effect of albumin
was further adjusted by calorie and protein, by recommend-
ed amount, to adjust for dietary components. A P value of <
0.05 was used to indicate statistical significance. All analyses
were performed using SPSS version 23.0 (IBM Corp, Armonk,
NY, USA) and R version 3.5.1 (http://www.r-project.org, pack-
age “survival”). Figures were created using Diagrams.net ver-
sion 14.9.3 (https://app.diagrams.net/)

Results

The baseline characteristics of the participants by obesity are
shown in Table 1. During the average follow-up period of
47.2+19.0 months, 156 people (6.8%) developed CKD. The av-
erage age of the participants was 59.3+9.6 years, and 38.9%
were men. Among the participants, the blood pressure was
117.3+15.1/75.7+9.0 mmHg, with fasting glucose of 92.7+17.7
mg/dL. Furthermore, 14.3% were current smokers, 29.2% were
current drinkers, and 29.2% were actively exercising among the
participants. The average level of serum albumin was 4.4+0.2
mg/L. The prevalence of CKD in normal-weight participants was
5.7%, while the prevalence was 7.7% in overweight and obese par-
ticipants. However, the difference in eGFR decline was not statis-
tically significant, as 12.1% in normal-weight and 11.4% in over-
weight and obese participants were reported with eGFR decline.

In normal-weight participants, age, HDL, AST, baseline eGFR,
number of men, and smokers were higher compared to obese
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Table 1. Baseline characteristics of the participants by obesity.

Whole
(n=2300)

Normal weight

CLINICAL RESEARCH

Overweight and obese

59.3£9.6

SBP, mmHg 117.3+15.1
CoBRmmMg 757890
CGlucose,mgrdl o7z
CeMiLkgm 23529
Total cholesterol, mg/dl 19644343
Triglyceride, mg/dl 996372
WOLmgl  499s104
wec ey 6as1s
CRPmgl  lesA2
ATl 260196
CaTwe 2zns
CyeTRUML 2521397
Calorie, kealiday 1618954738
Protein g/day  4ss7e1ss
Abuminmgt aas02
CeGRmUmInL7Im  785:95

(n=1060) (n=1240)
60.7£9.9 58.149.1 <0.001
469 443%) 426 (344%) 0001
4634186 4804192 005
C101(80% 138 111%) 0001
465 439%) 570 (46.0%) | NS
273 (58%) 300 G22%) 001
""" 1159+153  1184:149 <0001
746100 767489 0001
 oaar232  930s112 | NS
J10e15 25621 0001
""" 19174335 20054345 <0001
 osgsssz 1028:381 0001
"""" 508:106 4928103 <0001
a3l 64:18 | NS
1753 15229 NS
264102 256191 ©os
 200:103 2334129 0001
250471 2554321 | NS
1587744684 1645684769 o1
 a7se182 s004193 001
"""" 44502 44202 <001
780104 781495 005

ALT - alanine transferase; AST — aspartate transaminase; BMI — body mass index; CRP — c-reactive protein; DBP — diastolic blood
pressure; eGFR — estimated glomerular filtration rate; F/U — follow-up; HDL — high-density lipoprotein; NS — not significant;
r-GTP — gamma-glutamyltransferase; SBP — systolic blood pressure; WBC — white blood cell. Data are expressed as meantstandard

deviation for continuous variables and n(%) for categorical variables.

participants. Baseline eGFR was 78.949.4 mL/min/1.73 m?2 in
the normal group, compared to 78.1+9.5 mL/min/1.73 m? in
the obese group. In the obese group, follow-up time, total cho-
lesterol, TG, ALT, number of drinkers, and number of exercisers
were higher compared to the normal group. Calorie and pro-
tein intake were also higher in the obese group, and albumin
levels were also higher in the obese group (P<0.01).

The participants were divided into 4 groups according to the
albumin and BMI levels, as shown in Table 2. A lower CKD de-
velopment of 3.8% was observed in the high albumin low BMI
group (G1), compared to the low albumin high BMI group (G4)

of 9.0% (p<0.01). Compared to G1, higher rates of drinking,
ALT, and calorie and protein intake were observed in G4. G1
had longer follow-up time, number of men, smokers, and ex-
ercisers. SBP, DBP levels were higher in G1 compared to G4.
Furthermore, total cholesterol, TG, and WBC levels were also
higher in G1 compared to G4.

Table 3 shows the effect of albumin on CKD development.
Compared to lowest albumin level (Q1), CKD development de-
creased in highest albumin levels (Q4) with adjusted HR=0.49
95% Cl 0.25-0.93 (p<0.05). The joint effect of albumin on CKD
development by albumin and obesity is shown in Table 4.
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Table 2. Baseline characteristics of the participants by albumin and obesity.

G1 (cP]

G3 G4

High albumin, High albumin, Low albumin, Low albumin,

low BMI high BMI

eGFR, mL/min/1.73 m? 79.1+9.1 78.4+9.7

low BMI high BMI

78.9+9.5 77.9+9.5 NS

ALT — alanine transferase; AST — aspartate transaminase; BMI — body mass index; CKD — chronic kidney disease; CRP — c-reactive
protein; DBP — diastolic blood pressure; eGFR — estimated glomerular filtration rate; F/U — follow-up; HDL — high-density lipoprotein;
NS — not significant; y-GTP — gamma-glutamyltransferase; SBP — systolic blood pressure; WBC — white blood cell. Data were expressed
as meanzstandard deviation for continuous variables and n(%) for categorical variables.

Compared to the high albumin low BMI group (G1), higher
CKD development was observed in the low albumin high BMI
group (G4), with adjusted HR=2.66, 95% Cl 1.35-5.24 (P<0.01).

Table 5 shows the effect of albumin on CKD development in
the overweight and obese groups and in the normal-weight
group. Compared to lower quartile of albumin (Q1), lower CKD

This work is licensed under Creative Common Attribution-
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development was observed in the highest albumin level (Q4)
with adjusted HR= 0.38, 95% Cl 0.16-0.95 (P<0.05). However,
in the normal-weight group, there was no effect of albumin
on CKD development, even in the highest albumin levels (ad-
justed HR=0.54, 95% Cl 0.24-1.25, not significant).
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Table 3. Hazard ratios of chronic kidney disease development according to albumin quartiles in all participants.

Q2 Q3 Q4
HR (95% Cl) P HR (95% CI) P HR (95% CI) 4
Model 1 0.95 (0.63-1.42) NS 0.60 (0.40-0.89) NS 0.38 (0.21-0.70) <0.01
”””” Model2  105(069-160) NS 071(047-1.08 NS 047(025091) <005
”””” Model3  105(069-159) NS 072(047-110) NS 049(025093) <005

Model 1: not adjusted; Model 2: adjusted for age (by 10 years), sex, body mass index, smoking, alcohol, exercise, systolic blood
pressure, diastolic blood pressure, glucose, total cholesterol, triglyceride, high-density lipoprotein, aspartate aminotransferase, alanine
aminotransferase and y-glutamyl transpeptidase; Model 3: Model 2+calorie and protein (by recommended amount). Albumin levels
were studied by albumin quartiles (Q1-4), with lowest group (Q1) as reference. HR — hazard ratio; NS — not significant.

Table 4. Hazard ratios of chronic kidney disease development according to albumin and obesity.

G2 G3 G4
HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Model 1 1.20 (0.54-2.61) NS 1.94 (0.98-3.82) NS 2.42 (1.25-4.68) <0.01
”””” Model2  169(076375 NS 155(077-313) NS 270(137-530) <001
”””” Model3  168(076:375 NS 154(076-311) NS 266(135524) <001

Model 1: not adjusted; Model 2: adjusted for age (by 10 years), sex, body mass index, smoking, alcohol, exercise, systolic blood
pressure, diastolic blood pressure, glucose, total cholesterol, triglyceride, high-density lipoprotein, aspartate aminotransferase, alanine
aminotransferase and y-glutamyl transpeptidase; Model 3: Model 2+calorie and protein (by recommended amount). Albumin levels
were studied by albumin quartiles (Q1-4), with lowest group (Q1) as reference. HR — hazard ratio; NS — not significant.

Table 5. Hazard ratios for risk of CKD development according to quartiles of albumin.

Q2 (0} Q4
HR (95% CI) 4 HR (95% CI) 4 HR (95% Cl) 4
Overweight and
et 1.27 (0.74-2.18) NS 1.08 (0.64-1.81) NS 0.38 (0.16-0.95) <0.05
Normal weight 0.73 (0.35-1.53) NS 0.45 (0.17-1.22) NS 0.54 (0.24-1.25) NS

Normal-weight: BMI <23 kg/m?, overweight and Obese: BMI 223 kg/m?2. Both groups were adjusted for age (by 10 years), sex,

BMI, smoking, alcohol, exercise, systolic blood pressure, diastolic blood pressure, glucose, total cholesterol, triglyceride, high-
density lipoprotein, aspartate aminotransferase, alanine aminotransferase and y-glutamy! transpeptidase, calorie and protein (by
recommended amount). Albumin levels were studied by albumin quartiles (Q1-4), with lowest group (Q1) as reference. BMI — body

mass index; HR — hazard ratio; NS — not significant.

Discussion

Data from the Korean MRCohort population database showed
that obesity and increased serum albumin levels were protective
factors for CKD development. Compared to the low BMI high
albumin group, only the high BMI low albumin group showed
higher CKD development. Moreover, the effect of albumin was
consistent only in the overweight obese group. Finally, the ef-
fect of albumin levels was compared in overweight and obese
and normal-weight patients, with albumin levels having an ef-
fect on CKD development only in overweight and obese groups.
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CKD development, defined by the CKD-EPI equation [22], was
10.4% in the whole group, and 6.8% in the metabolically healthy
population, during 4-year follow-up period. In Korea, the prev-
alence of CKD in adults age >30 is 4.1% [4], but the prevalence
of CKD in those ages 60-69 and >70 is 7.9% and 20.4%, re-
spectively. Thus, the prevalence of CKD increases dramatically
as age increases, especially in old age. Moreover, other stud-
ies show similar results compared to our study. During an av-
erage follow-up of 4 years, 7.6% of the population developed
CKD, with an average age of 45.4 years [24]. Another study
with an average follow-up of 6 years, have shown 17.9% of
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CKD development across the population [25]. Therefore, the
CKD development of the study is plausible, with similarity and
explicability by statistics on the Korean general population as
well as studies of foreign populations.

Albumin function is an indicator of nutritional status and actions
of antioxidants. The serum levels of albumin are changed by sev-
eral factors, including reduction of albumin synthesis in the liver,
due to cirrhosis, liver failure, or cancer [17,26]. In the study, albu-
min was shown to reduce WBC levels in the overweight and obese
group, compared to the normal-weight group, even though the
baseline WBC and CRP levels were higher in the overweight and
obese group (data not shown). These results suggest the role of in-
flammation in CKD development, as well as serum albumin levels.

However, in metabolically healthy participants, CRP levels showed
an insignificant association with albumin level or CKD develop-
ment. There are other explanations of CKD development, sug-
gesting diverse roles of albumin independent of inflammation [3].
Firstly, serum albumin might represent true GFR levels, due to
increased tubular creatinine secretion [27]. Secondly, low serum
albumin might represent impairment of protein reabsorption,
which has been filtrated in the renal tubules, therefore represent-
ing tubular damage prior to the decline of kidney function [28].
Thus, serum albumin levels might reflect various conditions
of the human body resulting in CKD prior to its development.

Serum albumin of 3.4-3.5 g/dL was a cut-off point of out-
comes in clinical practice, such as heart failure and mortal-
ity [5,29]. However, various studies have shown that albu-
min levels higher than 3.3 have clinical significance, such as
3.9 g/dL of end-stage renal disease development in patients
with immunoglobulin A nephropathy, or 3.8 g/dL of increased
kidney function decline in elderly patients [30,31]. Moreover,
serum albumin less than 4.0 g/dL showed consistently high
incidences of heart failure compared those with higher albu-
min levels [29]. In the REGARDS study, serum albumin levels
of 4.0 g/dL or lower were associated with higher risk of CKD
compared to high serum albumin levels [32]. These findings
suggest that low serum albumin, even normal levels, should
be considered as a risk factor in clinical practice.

Only metabolically healthy participants were enrolled in the pres-
ent study. “Metabolically healthy” subjects are free of insulin
resistance, hypertension, dyslipidemia, and inflammation, and
have been reported to have lower mortality [13]. The criteria of
metabolically healthy varies from study to study, with diabetes,
hypertension, and dyslipidemia being common criteria used [33].
In the current study, metabolically healthy was defined based
on results of previous studies with similar populations and out-
comes [15,16]. The effect of metabolically healthy obesity on
CKD development is controversial [14-16]. The present study
shows that metabolically healthy obese patients have increased
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risk of developing CKD. The specific mechanisms linking obe-
sity and CKD regardless of metabolic abnormalities need to be
identified, although some studies have suggested hemodynam-
ic factors and burden on nephrons as potential factors [7,15].

The reason why BMI affects CKD development only in people
with low albumin levels might involve various causes. As obesity
has ambivalent effects on CKD development, other indicators,
such as albumin, should be considered. Albumin, which is an
indicator of various conditions such as nutritional status and
inflammation, should be considered in obese patients to un-
derstand the true conditions when predicting clinical outcomes.

There are several strengths to this study. Firstly, this is the first
study to explore the effect of albumin on the development
of CKD, especially between obese and non-obese patients in
Korea. Secondly, the study included a large number of partic-
ipants from a rural cohort study, unlike other Korean studies
which had recruited participants from health examinations in
medical centers [15,16]. The current cohort consists of 3 dif-
ferent rural areas, located in northern, western, and eastern
parts of Korea, allowing more generalization of study results
to rural communities. Lastly, as this was a large, prospective
study, a strong causal relationship between serum albumin
and CKD development is suggested.

However, there are some limitations of the study that should be
considered. First, the current study has defined CKD by eGFR,
without considering albuminuria or other factors that define
CKD, due to lack of data in the cohort database. However, eGFR
of <60 mL/min/1.73 m? has shown to be an acceptable defini-
tion of CKD in population-based studies [34]. Secondly, the cur-
rent study followed the participants every 2-4 years. However,
the exact time of CKD development within the follow-up peri-
od of the participants is unknown, which might alter the time
of CKD development. Lastly, due to the relatively short follow-
up period, generalization of the study results should be con-
firmed in a long-term follow-up study, although various stud-
ies have used similar follow-up periods of 4-6 years [24,25].

Conclusions

Data from the Korean MRCohort population database showed
that obesity and increased serum albumin levels were protec-
tive factors for the development of CKD.
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