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Design: Prospective cohort study.

Results: During 369 088 person-years of follow-up, 906 incident
CKD cases were identiﬁed. The multivariable-adjusted differences in 5-year cumulative incidence of CKD in underweight,
overweight, and obese participants compared with normalweight participants were ⫺4.0 (95% CI, ⫺7.8 to ⫺0.3), 3.5 (CI, 0.9
to 6.1), and 6.7 (CI, 3.0 to 10.4) cases per 1000 persons, respectively. These associations were consistently seen in all clinically
relevant subgroups.

Setting: Kangbuk Samsung Health Study, Kangbuk Samsung
Hospital, Seoul, South Korea.

Limitation: Chronic kidney disease was identiﬁed by a single
measurement at each visit.

Participants: 62 249 metabolically healthy, young and middleaged men and women without CKD or proteinuria at baseline.

Conclusion: Overweight and obesity are associated with an increased incidence of CKD in metabolically healthy young and
middle-aged participants. These ﬁndings show that metabolically healthy obesity is not a harmless condition and that the
obese phenotype, regardless of metabolic abnormalities, can
adversely affect renal function.

Background: The risk for chronic kidney disease (CKD) among
obese persons without obesity-related metabolic abnormalities,
called metabolically healthy obesity, is largely unexplored.
Objective: To investigate the risk for incident CKD across categories of body mass index in a large cohort of metabolically
healthy men and women.

Measurements: Metabolic health was deﬁned as a homeostasis
model assessment of insulin resistance less than 2.5 and absence of any component of the metabolic syndrome. Underweight, normal weight, overweight, and obesity were deﬁned as
a body mass index less than 18.5 kg/m2, 18.5 to 22.9 kg/m2, 23
to 24.9 kg/m2, and 25 kg/m2 or greater, respectively. The outcome was incident CKD, deﬁned as an estimated glomerular
ﬁltration rate less than 60 mL/min/1.73 m2.

C

hronic kidney disease (CKD) is a major clinical
and public health problem (1). It is a precursor for
end-stage renal disease and a strong risk factor
for cardiovascular morbidity and mortality (2). Its prevalence is increasing worldwide along with the growing
prevalence of obesity and metabolic disease (3). Indeed, obesity—mediated by hypertension, insulin resistance, hyperglycemia, dyslipidemia, and other metabolic abnormalities—is a major risk factor for
CKD (4).
Although the role of obesity-induced metabolic abnormalities in CKD development is well-established,
metabolically healthy obese (MHO) persons, seem to
have a favorable proﬁle with no metabolic abnormalities (5, 6). The association between MHO and CKD,
however, is largely unknown. The only study available
found no association (7), but the comparison between MHO and normal-weight participants could be
biased because the reference group included overweight participants, and metabolically healthy participants were deﬁned as those with fewer than 2 metabolic components. Therefore, we examined the
association between categories of body mass index
(BMI) and CKD in a large sample of metabolically
healthy men and women who had health screening
examinations.
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METHODS
Study Population
The Kangbuk Samsung Health Study is a cohort
study of South Korean men and women aged 18 years
or older who had a comprehensive annual or biennial
health examination at the clinics of the Kangbuk Samsung Hospital Health Screening Centers in Seoul and
Suwon, South Korea (8). More than 80% of participants
were employees of various companies and local governmental organizations and their spouses. In South
Korea, the Industrial Safety and Health Act requires all
employees to receive annual or biennial health screening examinations, offered free of charge. The remaining participants registered for the screening examinations on their own.
Our analysis included all persons who had comprehensive health examinations from 1 January 2002 to 31
December 2009 and had at least 1 other screening examination before 31 December 2013 (that is, they all
had a baseline visit and ≥1 follow-up visit [n = 175 859])
(Figure 1). We excluded persons who had metabolic
abnormalities (5, 9, 10) or evidence of kidney disease at
baseline (n = 108 263). We excluded those with fasting
glucose levels of 100 mg/dL or greater or who used
glucose-lowering agents; blood pressure (BP) of
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Context
The risk for chronic kidney disease (CKD) among obese
patients without metabolic abnormalities is unknown.
Contribution
In this cohort study of South Korean men and women,
metabolically healthy overweight and obese participants had increased incidence of CKD compared with
normal-weight participants.
Caution
Body mass index was a marker of obesity and was
assessed only once at baseline.
Implication
Physicians should monitor metabolically healthy obese
and overweight patients for CKD and counsel them
about maintaining a healthy weight and lifestyle.

130/85 mm Hg or greater or who used BP-lowering
agents; triglyceride levels of 150 mg/dL or greater or
who used lipid-lowering agents; high-density lipoprotein (HDL) cholesterol levels less than 40 mg/dL in men
or less than 50 mg/dL in women; insulin resistance, deﬁned as homeostasis model assessment of insulin resistance (HOMA-IR) scores of 2.5 or greater (11); estimated glomerular ﬁltration rate (GFR) less than 60 mL/
min/1.73 m2; proteinuria; history of CKD; or history of
cancer. Among eligible participants (n = 67 596), we
further excluded those with missing values in any of the
study variables (n = 5347 [7.9%]). The ﬁnal sample size
was 62 249 participants (Figure 1), all of whom were
metabolically healthy and did not have markers of kidney disease at baseline. This study was approved by
the Institutional Review Board of the Kangbuk Samsung
Hospital, which exempted the requirement for informed consent because we only accessed deidentiﬁed
data routinely collected as part of health screening examinations.
Measurements
Data on medical history, medication use, family history, physical activity, alcohol intake, smoking habits,
and education level were collected by a standardized,
self-administered questionnaire. Anthropometry data,
BP, and blood samples were obtained by trained staff
during the examinations (8, 12). Smoking status was
categorized as never, former, or current. Alcohol consumption was categorized as none, moderate (≤20 g
per day), or high (>20 g per day). The weekly frequency
of moderate- or vigorous-intensity physical activity was
also assessed.
Sitting BP, height, and weight were measured by
trained nurses. Height was measured to the nearest 1
cm with a stadiometer while the participant stood barefoot. Weight was measured to the nearest 0.1 kg on a
bioimpedance analyzer (InBody 3.0 and Inbody 720,
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Biospace), which was validated for reproducibility and
accuracy of body composition measurements (13) and
calibrated every morning before testing started. Body
mass index was calculated as weight in kilograms divided by height in meters squared and was classiﬁed
according to Asian-speciﬁc criteria (14) (underweight,
BMI <18.5 kg/m2; normal weight, BMI of 18.5 to 22.9
kg/m2; overweight, BMI of 23 to 24.9 kg/m2; and
obese, BMI ≥25 kg/m2).
Blood specimens were sampled from the antecubital vein after at least a 10-hour fast. The methods for
measuring serum levels of glucose, uric acid, total cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, HDL cholesterol, aspartate aminotransferase, alanine aminotransferase, ␥-glutamyltransferase,
insulin, and high-sensitivity C-reactive protein (hsCRP)
have been reported elsewhere (8, 12). The Department
of Laboratory Medicine of the Kangbuk Samsung Hospital has been accredited by the Korean Society for
Laboratory Medicine and the Korean Association of
Quality Assurance for Clinical Laboratories and participates in the College of American Pathologists Proﬁciency Testing survey.
Insulin resistance was assessed with the HOMA-IR
equation (fasting insulin [uU/mL] × fasting glucose
[mmol/L] ÷ 22.5). An ultrasonographic diagnosis of
fatty liver was deﬁned as a diffuse increase of ﬁne
echoes in the liver parenchyma compared with the kidney or spleen parenchyma (15, 16).
During the study period, serum creatinine levels
were measured with the kinetic alkaline picrate method
(Jaffe method) in an automated chemistry analyzer
(from 2002 to 2009, we used the Advia 1650a Autoanalyzer [Bayer Diagnostics]; from 2010 to 2013, we used
the Modular D2400 [Roche]). The within-batch and total
coefﬁcients of variation were 1.8% to 3.9% for low-level
and 1.4% to 1.8% for high-level quality control specimens throughout the study. Because the laboratory
method that was used to measure serum creatinine levels from 2002 to 2009 was not traceable to isotopedilution mass spectrometry, we estimated GFR by using
the 4-variable Modiﬁcation of Diet in Renal Disease
Study equation (17). The conclusions did not change if
we used the Chronic Kidney Disease Epidemiology
Collaboration equation (18) for GFR estimation (data
not shown).
Urine protein was measured semiquantitatively by
urine dipstick (URiSCAN Urine test strips, YD Diagnostics) tested on fresh, midstream urine samples and was
reported in the following 6 grades: absent, trace, 1+,
2+, 3+, and 4+ (corresponding to protein levels of undetectable, 10 mg/dL, 30 mg/dL, 100 mg/dL, 300 mg/
dL, and 1000 mg/dL, respectively). Proteinuria was deﬁned as a grade of 1+ or greater.
Statistical Analysis
Person-years of follow-up were calculated from the
date of the baseline health examination until the date
of CKD diagnosis or the last screening examination,
whichever came ﬁrst. The cumulative incidence of CKD
for baseline BMI categories (<18.5, 18.5 to 22.9, 23.0 to
www.annals.org

ORIGINAL RESEARCH

Obesity and CKD

24.9, or ≥25.0 kg/m2) were standardized to the empirical distribution of baseline confounders in the overall
study sample with inverse probability weighting (19,
20). We ﬁrst ﬁtted a multinomial logistic regression to
estimate each participant's probability of being in his or
her own BMI category given the observed confounders. Stabilized weights were then calculated as the inverse of the estimated conditional probabilities of exposure, further rescaled by the overall proportion of
participants in each BMI category to reduce variability
of weights across groups and to avoid inﬂuential observations involving extremely obese persons (19).
For risk analyses, we ﬁtted a spline-based, parametric survival model (21) according to the stabilized
weights and stratiﬁed by BMI category to obtain
smooth estimates of the CKD cumulative incidence
curves that would have been seen in the entire population if every participant had been in each category
(20). This survival model parameterized stratumspeciﬁc log cumulative hazards as distinct natural
cubic splines of log time with 3 internal knots at the
25th, 50th, and 75th percentiles; allowed for intervalcensored events (incident CKD occurred at an unknown time point between the visit at which CKD was
diagnosed and the previous visit); and used robust SEs
for spline parameters that accounted for the correlation
induced by weighting (21). For comparison, we also
applied weighted Kaplan–Meier methods to estimate
nonparametric cumulative incidence curves for each
BMI category. We used the previously mentioned
weighted, spline-based survival model to calculate adjusted differences in cumulative incidences of CKD at 2,
5, and 10 years of follow-up of normal-weight partici-

pants compared with those in the other BMI categories.
We calculated 95% CIs by applying delta methods to
the robust variance estimates of spline parameters. In
addition to risk differences, we estimated adjusted differences in follow-up times to 0.5%, 1.0%, and 1.5%
cumulative incidences of CKD and their CIs of normalweight participants compared with those in the other
BMI categories.
For confounder adjustment, we included 4 increasing sets of baseline covariates in the multinomial logistic model for baseline BMI categories. The ﬁrst exposure model (model 1) included age (<30, 30 to 34, 35
to 39, 40 to 44, 45 to 49, or ≥50 years), sex (female or
male), study center (Seoul or Suwon), and year of
screening examination (2002 to 2003, 2004 to 2005,
2006 to 2007, or 2008 to 2009). The second model
(model 2) further adjusted for potential confounding
factors, such as smoking status (never, former, or current), alcohol intake (0, <20, or ≥20 g per day), and
regular exercise (<3 or ≥3 times per week). To evaluate
the residual association between BMI and CKD risk after adjustment for physiologic variables, the third exposure model (model 3) also included fasting glucose
level (<90 or 90 to 99 mg/dL), systolic BP (<120 or 120
to 129 mm Hg), triglyceride level (<100 or 100 to 149
mg/dL), HDL cholesterol level (40/50 to 59 or ≥60 mg/
dL), LDL cholesterol level (<100, 100 to 159, or ≥160
mg/dL), HOMA-IR score (<2.00 or 2.00 to 2.49), hsCRP
level (<1.0, 1.0 to 2.9, or ≥3.0 mg/L), alanine aminotransferase level (<55 or ≥55 IU/L), aspartate aminotransferase
level
(<40
or
≥40
IU/L),
and
␥-glutamyltransferase level (<50 or ≥50 IU/L). The

Figure 1. Study ﬂow diagram.
Participants with a baseline screening visit from 1 January 2002 to 31 December 2009 and at ≥1 follow-up
visit before 31 December 2013 (n = 175 859)
Ineligible participants* (n = 108 263)
CKD at baseline: 3556
Proteinuria at baseline: 7713
Self-reported history of renal disease: 1427
Self-reported history of cancer: 1334
Metabolically unhealthy participants*: 103 348
Prediabetes, diabetes, or current use of blood glucose–lowering agents: 37 720
Prehypertension, hypertension, or current use of blood pressure–lowering agents: 38 569
Hypertriglyceridemia or current use of lipid-lowering agents: 46 890
Low HDL cholesterol levels: 24 925
Insulin resistance: 36 082
Metabolically healthy participants without CKD at baseline (n = 67 596)
Participants with missing data in study variables† (n = 5347)
Missing data on height, weight, or serum creatinine: 87
Missing data on smoking, alcohol intake, or physical activity: 2751
Missing data on laboratory variables: 2633
Participants included in the analysis (n = 62 249)

CKD = chronic kidney disease; HDL = high-density lipoprotein.
* Participants in the screening program could have >1 criterion that made them ineligible for the study.
† Eligible participants could have missing data in >1 study variable.
www.annals.org
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Table 1. Baseline Characteristics of Metabolically Healthy Participants in the Kangbuk Samsung Health Study, by BMI
Category, 2002–2009
Characteristic

Participants, n
Mean age (SD), y
Sex, n (%)
Women
Men
Study center, n (%)
Seoul
Suwon
Smoking status, n (%)
Never
Former
Current
Alcohol intake, n (%)
0 g/d
1–19 g/d
≥20 g/d
Physical activity, n (%)
<3 times/wk
≥3 times/wk
Mean fasting glucose level (SD)
mmol/L
mg/dL
Mean systolic blood pressure (SD), mm Hg
Mean triglyceride level (SD)
mmol/L
mg/dL
Mean HDL cholesterol level (SD)
mmol/L
mg/dL
Mean LDL cholesterol level (SD)
mmol/L
mg/dL
Mean HOMA-IR index score (SD)
Mean hsCRP level (SD), nmol/L†
Mean ALT level (SD), U/L†
Mean AST level (SD), U/L†
Mean GGT level (SD), μkat/L†
Mean estimated GFR (SD), mL/min/1.73 m2

Overall

BMI Category

P for Trend*

Underweight
(<18.5 kg/m2)

Normal Weight
(18.5–22.9 kg/m2)

Overweight
(23.0–24.9 kg/m2)

Obese
(>25.0 kg/m2)

62 249
36.1 (6.6)

4461
33.9 (5.5)

36 490
35.8 (6.3)

13 149
37.1 (7.0)

8149
37.2 (7.1)

<0.001

30 812 (49.5)
31 437 (50.5)

3459 (77.5)
1002 (22.5)

21 441 (58.8)
15 049 (41.2)

4036 (30.7)
9113 (69.3)

1876 (23.0)
6273 (77.0)

<0.001

36 545 (58.7)
25 704 (41.3)

2699 (60.5)
1762 (39.5)

21 141 (57.9)
15 349 (42.1)

7814 (59.4)
5335 (40.6)

4891 (60.0)
3258 (40.0)

0.020

38 326 (61.6)
8792 (14.1)
15 131 (24.3)

3466 (77.7)
276 (6.2)
719 (16.1)

24 598 (67.4)
4201 (11.5)
7691 (21.1)

6707 (51.0)
2499 (19.0)
3943 (30.0)

3555 (43.6)
1816 (22.3)
2778 (34.1)

<0.001

26 448 (42.5)
30 747 (49.4)
5054 (8.1)

2632 (59.0)
1693 (38.0)
136 (3.0)

17 301 (47.4)
16 972 (46.5)
2217 (6.1)

4266 (32.4)
7401 (56.3)
1482 (11.3)

2249 (27.6)
4681 (57.4)
1219 (15.0)

<0.001

52 074 (83.7)
10 175 (16.3)

4130 (92.6)
331 (7.4)

30 935 (84.8)
5555 (15.2)

10 577 (80.4)
2572 (19.6)

6432 (78.9)
1717 (21.1)

4.9 (0.3)
88.1 (6.3)
106.8 (9.5)

5.0 (0.3)
89.2 (6.1)
109.7 (8.7)

4.9 (0.3)
88.5 (6.3)
107.8 (9.4)

4.8 (0.4)
86.9 (6.5)
103.8 (9.7)

5.0 (0.3)
89.6 (6.2)
111.2 (8.2)

1.0 (0.3)
84.1 (28.7)

0.8 (0.3)
70.7 (23.2)

0.9 (0.3)
79.4 (27.3)

1.0 (0.3)
92.0 (28.5)

1.1 (0.3)
100.0 (28.1)

1.6 (0.3)
60.4 (11.7)

1.7 (0.3)
65.8 (11.6)

1.6 (0.3)
62.1 (11.7)

1.5 (0.3)
57.3 (10.7)

1.4 (0.3)
55.1 (9.9)

2.8 (0.7)
107.0 (27.5)
1.53 (0.48)
3.05 (31.52)
18.9 (1.58)
21.7 (1.31)
0.3 (0.03)
80.9 (9.6)

2.4 (0.6)
92.4 (23.0)
1.43 (0.49)
1.90 (28.29)
15.6 (1.44)
20.6 (1.28)
0.2 (0.03)
82.9 (10.0)

2.7 (0.7)
102.8 (25.9)
1.49 (0.48)
2.57 (30.38)
17.2 (1.51)
21.0 (1.30)
0.2 (0.03)
81.3 (9.7)

3.0 (0.7)
114.6 (27.2)
1.58 (0.47)
4.00 (30.57)
21.5 (1.57)
22.5 (1.31)
0.3 (0.03)
80.1 (9.3)

3.1 (0.7)
121.2 (28.1)
1.69 (0.46)
5.62 (29.91)
25.8 (1.64)
24.0 (1.35)
0.4 (0.03)
79.5 (9.3)

<0.001
<0.001

<0.001
<0.001

<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; GFR = glomerular ﬁltration rate; GGT = ␥-glutamyltransferase; HDL = high-density lipoprotein; HOMA-IR = homeostatic model assessment of insulin resistance; hsCRP = high-sensitivity C-reactive
protein; LDL = low-density lipoprotein.
* P value for linear trend in means or proportions across BMI categories.
† Data are geometric means (geometric SDs).

fourth model (model 4) further adjusted for estimated
GFR (60 to 89 or ≥90 mL/min/1.73 m2) at baseline. The
mean (range) stabilized inverse probability weights derived from these exposure models were 1.00 (0.35 to
9.53), 1.00 (0.24 to 23.12), 1.00 (0.15 to 33.74), and
1.00 (0.15 to 35.87), respectively. Inverse probability
weighting provided an effective standardization because the weighted distributions of baseline covariates
were nearly identical across BMI categories and closely
matched their empirical distributions in the overall
study sample (data not shown).
We evaluated heterogeneity in risk differences
among BMI categories across prespeciﬁed subgroups
deﬁned by age (<40 or ≥40 years), sex (female or
male), study center (Seoul or Suwon), year of baseline
examination (2002 to 2005 or 2006 to 2009), smoking
status (noncurrent or current), alcohol intake (no or
yes), and regular exercise (<3 or ≥3 times per week) by
308 Annals of Internal Medicine • Vol. 164 No. 5 • 1 March 2016
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ﬁtting spline-based survival models weighted by stabilized inverse probability weights and stratiﬁed by BMI
category and covariate subgroup. We used stratumspeciﬁc weights in subgroup analyses to standardize
the CKD cumulative incidence curves in each BMI category and covariate subgroup to the empirical distribution of confounders in the entire covariate stratum (19).
Adjusted differences in 5-year cumulative incidences of
CKD and CIs for each BMI category compared with the
normal-weight category were estimated within each covariate stratum and tested for heterogeneity across
strata with joint Wald tests. Statistical analyses were
performed using the stpm command in Stata, version
13 (StataCorp), and graphics were produced in R, version 3 (R Foundation for Statistical Computing).
Role of the Funding Source
This study did not receive external funding.
www.annals.org
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At baseline, the mean (SD) age of the 62 249 participants was 36.1 years (6.6) and mean (SD) BMI was
22.1 kg/m2 (2.6), with a range of 14.3 to 35.9 kg/m2.
Participants with higher BMI were more likely to be
older, men, current smokers, alcohol drinkers, and regular exercisers (Table 1). Baseline fasting glucose levels, systolic BP, triglyceride levels, LDL cholesterol levels, HOMA-IR scores, hsCRP levels, and hepatic enzyme
(alanine aminotransferase, aspartate aminotransferase,
and ␥-glutamyltransferase) levels increased gradually
across BMI categories, whereas HDL cholesterol levels
and estimated GFR decreased with increasing BMI.
During 369 088 person-years of follow-up, 906 participants developed CKD, with an overall incidence rate
of 2.5 cases per 1000 person-years. The average (SD)
follow-up for participants without CKD was 6.0 years
(3.0). After direct standardization to the overall sample
distribution of age, sex, study center, year of screening
examination, smoking status, alcohol intake, and physical activity at baseline, the cumulative incidence of
CKD was consistently higher in persons with higher BMI
over the entire follow-up (Figure 2). Compared with
normal-weight participants, the adjusted differences in
5-year cumulative incidence of CKD for underweight,
overweight, and obese participants were ⫺4.0 (95% CI,
⫺7.8 to ⫺0.3), 3.5 (CI, 0.9 to 6.1), and 6.7 (CI, 3.0 to
10.4) cases per 1000 persons, respectively (Table 2,
model 2). The adjusted differences in the time at which
1.0% of participants developed CKD for underweight,
overweight, and obese participants compared with
normal-weight participants were 2.0 (CI, ⫺0.5 to 4.4),
⫺1.2 (CI, ⫺2.2 to ⫺0.3), and ⫺2.4 (CI, ⫺3.4 to ⫺1.5)
years, respectively (Appendix Table, model 2 [available
at www.annals.org]).
After further standardization of the overall baseline
distribution of metabolic risk factors associated with
obesity (fasting glucose level, systolic BP, triglyceride
level, LDL cholesterol level, HDL cholesterol level,
HOMA-IR score, hsCRP level, and hepatic enzyme levels), the association of BMI categories with CKD risk
that was not mediated by these metabolic components
was slightly attenuated but remained strong: The respective adjusted 5-year risk differences in cumulative
incidence of CKD for underweight, overweight, and
obese participants compared with normal-weight participants were ⫺4.6 (CI, ⫺7.7 to ⫺1.4), 2.8 (CI, 0.1 to
5.5), and 3.6 (CI, 0.1 to 7.1) cases per 1000 persons,
and the respective adjusted differences in time to 1.0%
cumulative incidence were 2.6 (CI, ⫺0.3 to 5.4), ⫺1.1
(CI, ⫺2.0 to ⫺0.1), and ⫺2.0 (CI, ⫺3.3 to ⫺0.8) years
(Table 2 and Appendix Table, model 3). The association was virtually unchanged after additional adjustment for estimated GFR at baseline (Table 2 and Appendix Table, model 4).
In subgroup analyses, differences in CKD risk
among BMI categories were larger in participants aged
40 years or older at baseline than in younger participants (P for heterogeneity = 0.02). The adjusted 5-year
risk differences for underweight, overweight, and
www.annals.org
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Figure 2. Adjusted cumulative incidence of CKD, by BMI
category at baseline, among metabolically healthy
participants in the Kangbuk Samsung Health Study,
2002–2009 to 2013.
3

Cumulative Incidence of CKD, %

RESULTS

BMI
<18.5 kg/m2
18.5–22.9 kg/m2
23.0–24.9 kg/m2
≥25.0 kg/m2
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Follow-up, y

Parametric cumulative incidence curves (smooth lines) were estimated
from a spline-based parametric survival model and nonparametric cumulative incidence curves (step functions) from Kaplan–Meier methods, both weighted by stabilized inverse probability weights and stratiﬁed by BMI category. Stabilized weights were used to standardize
cumulative incidence curves in each category to the empirical distribution of baseline confounders in the overall study sample, including
age (<30, 30-34, 35-39, 40-44, 45-49, or ≥50 y), sex (female or male),
study center (Seoul or Suwon), year of screening examination (2002–
2003, 2004 –2005, 2006 –2007, or 2008 –2009), smoking status (never,
former, or current), alcohol intake (0, <20, or ≥20 g/d), and regular
exercise (<3 or ≥3 times/wk). BMI = body mass index; CKD = chronic
kidney disease.

obese participants compared with normal-weight participants were ⫺3.6 (CI, ⫺5.8 to ⫺1.4), 2.5 (CI, ⫺0.1 to
5.2), and 3.5 (CI, ⫺0.4 to 7.4) cases per 1000 participants younger than 40 years. These differences increased to ⫺7.0 (CI, ⫺19.2 to 5.3), 9.4 (CI, 1.5 to 17.4),
and 19.0 (CI, 8.7 to 29.3) cases per 1000 participants
aged 40 years or older (Appendix Figure). No other
risk-difference heterogeneity was evident across subgroups deﬁned by sex, study center, year of baseline
examination, smoking status, alcohol intake, or physical
activity.

DISCUSSION
In this large cohort study of metabolically healthy
Korean adults, being overweight or obese was associated with increased CKD risk compared with being normal weight. The association between MHO and CKD
was consistently seen in all prespeciﬁed clinical subgroups, including participants without low-grade inﬂammation or fatty liver. Furthermore, the association
could not be explained by the residual levels of metabolic factors in MHO participants. Our study demonstrates that MHO was associated with higher incident
risk for CKD and adds to an increasing body of evidence that indicates that MHO is not a harmless condition (12, 22).
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Table 2. Adjusted Differences in Cumulative Incidence of Chronic Kidney Disease per 1000 Persons at 2, 5, and 10 y of
Follow-up, by Baseline BMI Category Among Metabolically Healthy Participants in the Kangbuk Samsung Health Study,
2002–2009 to 2013
Variable

Person-years, n
Incident cases, n
Incidence rate per 1000 person-years
2-y follow-up
Cumulative incidence (95% CI)*
Adjusted risk difference (95% CI)†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶
5-y follow-up
Cumulative incidence (95% CI)*
Adjusted risk difference (95% CI)†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶
10-y follow-up
Cumulative incidence (95% CI)*
Adjusted risk difference (95% CI)†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶

Baseline BMI Category
Underweight
(<18.5 kg/m2)

Normal Weight
(18.5–22.9 kg/m2)

Overweight
(23.0–24.9 kg/m2)

Obese
(>25.0 kg/m2)

25 976.7
41
1.6

215 324.5
456
2.1

78 894.7
232
2.9

48 892.2
177
3.6

4.6 (3.0 to 7.1)

5.8 (5.0 to 6.6)

6.7 (5.4 to 8.3)

11.8 (9.6 to 14.4)

−2.1 (−4.1 to −0.2)
−2.3 (−4.2 to −0.4)
−2.0 (−4.2 to 0.2)
−2.0 (−4.2 to 0.2)

0 (reference)
0 (reference)
0 (reference)
0 (reference)

1.3 (−0.5 to 3.2)
1.2 (−0.6 to 3.1)
0.9 (−1.1 to 2.8)
0.8 (−1.1 to 2.7)

5.2 (2.3 to 8.1)
5.0 (2.1 to 7.9)
3.7 (0.9 to 6.5)
3.6 (0.8 to 6.4)

8.3 (5.8 to 11.7)

11.7 (10.5 to 12.9)

15.7 (13.5 to 18.2)

19.9 (16.9 to 23.5)

−3.2 (−7.4 to 1.1)
−4.0 (−7.8 to −0.3)
−4.6 (−7.7 to −1.4)
−4.5 (−7.7 to −1.3)

0 (reference)
0 (reference)
0 (reference)
0 (reference)

3.7 (1.0 to 6.3)
3.5 (0.9 to 6.1)
2.8 (0.1 to 5.5)
2.7 (0 to 5.4)

6.9 (3.2 to 10.6)
6.7 (3.0 to 10.4)
3.6 (0.1 to 7.1)
3.4 (−0.1 to 6.9)

13.8 (9.6 to 19.9)

18.8 (16.9 to 20.9)

26.6 (22.9 to 30.8)

30.1 (25.5 to 35.6)

−1.5 (−10.9 to 7.8)
−2.3 (−11.1 to 6.5)
−4.9 (−12.0 to 2.1)
−4.6 (−11.9 to 2.7)

0 (reference)
0 (reference)
0 (reference)
0 (reference)

6.2 (2.0 to 10.4)
6.2 (1.9 to 10.4)
5.5 (1.2 to 9.8)
5.3 (1.0 to 9.6)

9.3 (3.7 to 14.9)
9.1 (3.5 to 14.6)
5.9 (0.2 to 11.7)
5.6 (−0.1 to 11.3)

BMI = body mass index.
* Unadjusted cumulative incidences (95% CIs) at the speciﬁed follow-up times were obtained from standard Kaplan–Meier and Greenwood methods
stratiﬁed by BMI category.
† Adjusted differences in cumulative incidences at the speciﬁed follow-up times comparing BMI categories with the normal-weight category were
obtained from spline-based parametric survival models weighted by stabilized inverse probability-of-exposure weights and stratiﬁed by BMI
category, with 95% CIs derived from robust SEs of spline parameters by applying delta methods.
‡ Adjusted for baseline age (<30, 30 –34, 35–39, 40 – 44, 45– 49, or ≥50 y), sex (female or male), study center (Seoul or Suwon), and year of screening
examination (2002–2003, 2004 –2005, 2006 –2007, or 2008 –2009).
§ Further adjusted for baseline smoking status (never, former, or current), alcohol intake (0, 1–19, or ≥20 g/d), and regular exercise (<3 or ≥3
times/wk).
兩兩 Further adjusted for potential mediators, including baseline fasting glucose level (<90 or 90 –99 mg/dL), systolic blood pressure (<120 or 120 –129
mm Hg), triglyceride level (<100 or 100 –149 mg/dL), high-density lipoprotein cholesterol level (40/50 –59 or ≥60 mg/dL), low-density lipoprotein
cholesterol level (<100, 100 –159, or ≥160 mg/dL), homeostatic model assessment of insulin resistance score (<2.00 or 2.00 –2.49), high-sensitivity
C-reactive protein level (<1.0, 1.0 –2.9, or ≥3.0 mg/L), alanine aminotransferase level (<55 or ≥55 U/L), aspartate aminotransferase level (<40 or ≥40
U/L), and ␥-glutamyltransferase level (<50 or ≥50 U/L).
¶ Further adjusted for baseline estimated glomerular ﬁltration rate (60 – 89 or ≥90 mL/min/1.73 m2).

A previous study in a sample of Japanese men and
women found no association between MHO and CKD
(7), but this study deﬁned metabolically healthy participants as those with fewer than 2 metabolic abnormalities. In contrast, we deﬁned metabolically healthy participants as those without any abnormality, including no
increase in HOMA-IR score. The Japanese study also
included overweight persons in the reference group,
whereas we compared MHO participants with metabolically healthy, normal-weight participants. The very
strict deﬁnition of metabolic health plus the restriction
to normal-weight participants in the reference category
may have allowed us to identify an association between
MHO and incident CKD that was missed in the previous
study. Our study participants were asymptomatic
young and middle-aged men and women who may be
less likely to be affected by selection bias, reverse causation, and confounding by comorbidities and medication use than studies based on older populations.
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The mechanisms whereby obesity contributed to
CKD remain incompletely elucidated. In our study, the
association between MHO and CKD was evident even
after adjustment for metabolic components, LDL cholesterol level, HOMA-IR score, and hsCRP level, and the
association persisted among participants with low
hsCRP levels or with no fatty liver. Potential mechanisms directly linking obesity to kidney damage independent of metabolic risk factors include hemodynamic changes, oxidative stress, and hormonal effects
(23–26). Adipose tissue functions as an active endocrine organ, and several adipokines, including leptin
and adiponectin, may be involved in the pathogenesis
of CKD (25). Activation of the renin–angiotensin–
aldosterone system is also common in obesity and may
contribute to obesity-related CKD via sympathetic stimulation and renal hemodynamic changes (27). Other
adipose tissue– derived factors, such as tumor necrosis
factor-␣, interleukin-6, and plasminogen activator
www.annals.org
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inhibitor-1, may also compromise renal function (28).
Furthermore, excess adiposity may be associated with
ectopic lipid accumulation in the kidney, which may be
associated with structural and functional changes that
mediate obesity-related renal disease (29, 30).
Several limitations of our study need to be considered. First, we used BMI as a marker of obesity, but it is
an imperfect measure of adiposity and does not distinguish differences in adipose tissue distribution. If the
MHO group had a higher proportion of lean mass than
normal-weight participants, the association between
MHO and incident CKD in our study could have been
attenuated. Second, duration of obesity may be an independent risk factor for adiposity-related health outcomes (31, 32), but this information was not available in
our study. We also used a single assessment of BMI at
baseline and did not incorporate changes in BMI or
other changes in metabolic health status during followup. Third, our deﬁnition of insulin resistance was based
on HOMA-IR scores rather than invasive and timeconsuming euglycemic insulin clamp analyses, which
are impractical in studies of this size. Data on these 2
variables are strongly correlated (33), but we cannot
disregard the possibility that some participants were
insulin-resistant. Fourth, CKD was identiﬁed by a single
measurement at each visit, although diagnostic criteria
recommend conﬁrmation by repeated testing. This
source of random measurement error may have further
attenuated the observed associations. Fifth, information on smoking, alcohol use, physical activity, and
medical history was obtained via a self-administered
structured questionnaire used in health checkup programs in Korea as part of the National Health Insurance
Program, and measurement error in these variables
may have resulted in some degree of residual confounding. Finally, our study was conducted in asymptomatic, relatively young Korean men and women, and
our ﬁndings may not be generalizable to other populations, particularly other age or race/ethnicity groups.
Our study also had several strengths, including the
large sample size and the availability of detailed information on multiple laboratory variables, which allowed
us to study many participants even after excluding
those with metabolic abnormalities or insulin resistance. In addition, the use of carefully standardized and
high-quality clinical, imaging, and laboratory procedures and the availability of carefully phenotyped participants are major strengths of our data.
In conclusion, being overweight or obese was associated with increased CKD incidence in metabolically
healthy young and middle-aged participants. These
ﬁndings indicate that MHO is not a harmless condition
and that the obese phenotype, regardless of metabolic
abnormalities, can adversely affect renal function.
Therefore, physicians should address the increased
CKD risk in MHO persons and counsel them about
healthy weight and lifestyle.
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Foberg U, et al. Increased liver echogenicity at ultrasound examination reﬂects degree of steatosis but not of ﬁbrosis in asymptomatic
patients with mild/moderate abnormalities of liver transaminases.
Dig Liver Dis. 2002;34:516-22. [PMID: 12236486]
17. Manjunath G, Sarnak MJ, Levey AS. Prediction equations to estimate glomerular ﬁltration rate: an update. Curr Opin Nephrol Hypertens. 2001;10:785-92. [PMID: 11706306]
18. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, et al; CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate glomerular ﬁltration rate.
Ann Intern Med. 2009;150:604-12. [PMID: 19414839]
19. Robins JM, Hernán MA, Brumback B. Marginal structural models
and causal inference in epidemiology. Epidemiology. 2000;11:55060. [PMID: 10955408]
20. Cole SR, Hernán MA. Adjusted survival curves with inverse probability weights. Comput Methods Programs Biomed. 2004;75:45-9.
[PMID: 15158046]

312 Annals of Internal Medicine • Vol. 164 No. 5 • 1 March 2016

Downloaded From: http://annals.org/ by Kevin Rosteing on 03/08/2016

Obesity and CKD
21. Royston P, Parmar MK. Flexible parametric proportional-hazards
and proportional-odds models for censored survival data, with application to prognostic modelling and estimation of treatment effects. Stat Med. 2002;21:2175-97. [PMID: 12210632]
22. Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy
overweight and obesity benign conditions? A systematic review and
meta-analysis. Ann Intern Med. 2013;159:758-69. [PMID: 24297192]
doi:10.7326/0003-4819-159-11-201312030-00008
23. de Jong PE, Verhave JC, Pinto-Sietsma SJ, Hillege HL; PREVEND
study group. Obesity and target organ damage: the kidney. Int J
Obes Relat Metab Disord. 2002;26 Suppl 4:S21-4. [PMID: 12457295]
24. Wickman C, Kramer H. Obesity and kidney disease: potential
mechanisms. Semin Nephrol. 2013;33:14-22. [PMID: 23374890] doi:
10.1016/j.semnephrol.2012.12.006
25. Garland JS. Elevated body mass index as a risk factor for chronic
kidney disease: current perspectives. Diabetes Metab Syndr Obes.
2014;7:347-55. [PMID: 25114577] doi:10.2147/DMSO.S46674
26. Kalaitzidis RG, Siamopoulos KC. The role of obesity in kidney
disease: recent ﬁndings and potential mechanisms. Int Urol
Nephrol. 2011;43:771-84. [PMID: 21544651] doi:10.1007
/s11255-011-9974-1
27. Thethi T, Kamiyama M, Kobori H. The link between the reninangiotensin-aldosterone system and renal injury in obesity and the
metabolic syndrome. Curr Hypertens Rep. 2012;14:160-9. [PMID:
22302531] doi:10.1007/s11906-012-0245-z
28. Hunley TE, Ma LJ, Kon V. Scope and mechanisms of obesityrelated renal disease. Curr Opin Nephrol Hypertens. 2010;19:22734. [PMID: 20134323] doi:10.1097/MNH.0b013e3283374c09
29. Stefan N, Artunc F, Heyne N, Machann J, Schleicher ED, Häring
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Appendix Table. Adjusted Differences in Follow-up Times to 0.5%, 1.0%, and 1.5% Cumulative Incidence of Chronic Kidney
Disease, by Baseline BMI Category Among Metabolically Healthy Participants in the Kangbuk Samsung Health Study,
2002–2009 to 2013
Variable

Baseline BMI Category
Underweight
(<18.5 kg/m2)

0.5% cumulative incidence
Follow-up time (95% CI), y*
Adjusted difference in time (95% CI), y†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶
1.0% cumulative incidence
Follow-up time (95% CI), y*
Adjusted difference in time (95% CI), y†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶
1.5% cumulative incidence
Follow-up time (95% CI), y*
Adjusted difference in time (95% CI), y†
Model 1‡
Model 2§
Model 3兩兩
Model 4¶

Normal Weight
(18.5–22.9 kg/m2)

2.9 (1.0 to 4.5)

1.6 (1.3 to 1.9)

2.2 (0.9 to 3.5)
2.4 (1.0 to 3.7)
2.3 (0.8 to 3.9)
2.3 (0.7 to 3.9)

0 (reference)
0 (reference)
0 (reference)
0 (reference)

6.4 (3.9 to 10.8)

4.3 (3.5 to 4.9)

1.4 (−0.6 to 3.5)
2.0 (−0.5 to 4.4)
2.6 (−0.3 to 5.4)
2.5 (−0.2 to 5.1)

0 (reference)
0 (reference)
0 (reference)
0 (reference)

10.8 (6.6 to NA)
0.8 (−4.4 to 5.9)
1.5 (−3.0 to 6.1)
3.5 (−3.3 to 10.3)
3.2 (−3.0 to 9.4)

7.3 (6.4 to 8.3)
0 (reference)
0 (reference)
0 (reference)
0 (reference)

Overweight
(23.0–24.9 kg/m2)
1.3 (1.0 to 1.7)
−0.4 (−1.1 to 0.3)
−0.4 (−1.1 to 0.3)
−0.2 (−1.0 to 0.5)
−0.2 (−0.9 to 0.5)

2.9 (2.5 to 3.4)
−1.3 (−2.2 to −0.4)
−1.2 (−2.2 to −0.3)
−1.1 (−2.0 to −0.1)
−1.0 (−2.0 to −0.1)

4.8 (4.1 to 6.1)
−2.3 (−3.7 to −0.8)
−2.2 (−3.7 to −0.7)
−1.8 (−3.4 to −0.2)
−1.7 (−3.3 to −0.1)

Obese
(>25.0 kg/m2)
0.9 (0.5 to 1.0)
−0.8 (−1.3 to −0.3)
−0.8 (−1.3 to −0.2)
−0.7 (−1.4 to −0.1)
−0.7 (−1.4 to −0.1)

1.6 (1.4 to 2.3)
−2.5 (−3.4 to −1.6)
−2.4 (−3.4 to −1.5)
−2.0 (−3.3 to −0.8)
−2.0 (−3.3 to −0.7)

3.2 (2.4 to 4.2)
−3.8 (−5.5 to −2.1)
−3.7 (−5.4 to −2.0)
−2.2 (−4.4 to 0)
−2.1 (−4.3 to 0.2)

BMI = body mass index; NA = not available.
* Unadjusted follow-up times to the speciﬁed cumulative incidences (95% CIs) were obtained from standard Kaplan–Meier and Greenwood methods stratiﬁed by BMI category.
† Adjusted differences in follow-up times to the speciﬁed cumulative incidences and their 95% CIs comparing BMI categories with the normalweight category were obtained from spline-based parametric survival models weighted by stabilized inverse probability-of-exposure weights and
stratiﬁed by BMI category.
‡ Adjusted for baseline age (<30, 30 –34, 35–39, 40 – 44, 45– 49, or ≥50 y), sex (female or male), study center (Seoul or Suwon), and year of screening
examination (2002–2003, 2004 –2005, 2006 –2007, or 2008 –2009).
§ Further adjusted for baseline smoking status (never, former, or current), alcohol intake (0, 1–19, or ≥20 g/d), and regular exercise (<3 or ≥3
times/wk).
兩兩 Further adjusted for potential mediators, including baseline fasting glucose level (<90 or 90 –99 mg/dL), systolic blood pressure (<120 or 120 –129
mm Hg), triglyceride level (<100 or 100 –149 mg/dL), high-density lipoprotein cholesterol level (40/50 –59 or ≥60 mg/dL), low-density lipoprotein
cholesterol level (<100, 100 –159, or ≥160 mg/dL), homeostatic model assessment of insulin resistance score (<2.00 or 2.00 –2.49), high-sensitivity
C-reactive protein level (<1.0, 1.0 –2.9, or ≥3.0 mg/L), alanine aminotransferase level (<55 or ≥55 U/L), aspartate aminotransferase level (<40 or ≥40
U/L), and ␥-glutamyltransferase level (<50 or ≥50 U/L).
¶ Further adjusted for baseline estimated glomerular ﬁltration rate (60 – 89 or ≥90 mL/min/1.73 m2).
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Appendix Figure. Adjusted differences in 5-y cumulative incidence of chronic kidney disease per 1000 persons comparing
categories of body mass index at baseline with the normal-weight category in prespeciﬁed subgroups of metabolically
healthy participants in the Kangbuk Samsung Health Study, 2002–2009 to 2013.
Subgroup

Underweight vs. Normal Weight

Overweight vs. Normal Weight

Obesity vs. Normal Weight

Age
<40 y

−3.6 (−5.8 to −1.4)

2.5 (−0.1 to 5.2)

3.5 (−0.4 to 7.4)

≥40 y

−7.0 (−19.2 to 5.3)

9.4 (1.5 to 17.4)

19.0 (8.7 to 29.3)

Women

−1.6 (−6.7 to 3.5)

4.0 (−0.3 to 8.4)

3.4 (−2.5 to 9.4)

Men

−6.1 (−9.3 to −2.8)

1.8 (−1.0 to 4.6)

7.2 (3.6 to 10.9)

Seoul

−4.1 (−11.0 to 2.7)

4.6 (0.7 to 8.5)

5.6 (0.5 to 10.7)

Suwon

−6.4 (−10.4 to −2.3)

2.4 (−1.0 to 5.8)

7.3 (2.0 to 12.6)

2002–2005

−4.6 (−10.3 to 1.0)

4.0 (0.2 to 7.8)

8.8 (3.4 to 14.2)

2006–2009

−3.5 (−5.7 to −1.3)

2.7 (−0.6 to 6.1)

6.4 (1.1 to 11.7)

P for heterogeneity = 0.02
Sex

P for heterogeneity = 0.23
Center

P for heterogeneity = 0.74
Year of baseline examination

P for heterogeneity = 0.85
Smoking status
Noncurrent

−5.9 (−9.1 to −2.7)

4.5 (1.2 to 7.7)

6.7 (2.1 to 11.2)

Current

−1.8 (−7.4 to 3.7)

−0.2 (−4.2 to 3.8)

4.5 (−0.3 to 9.3)

No

−3.6 (−8.2 to 1.0)

4.2 (−0.3 to 8.8)

5.7 (−0.8 to 12.2)

Yes

−7.2 (−12.2 to −2.1)

2.5 (−0.6 to 5.5)

7.0 (2.7 to 11.3)

<3 times/wk

−2.1 (−6.7 to 2.5)

3.7 (0.9 to 6.5)

≥3 times/wk

−9.4 (−19.1 to 0.2)

2.2 (−5.1 to 9.6)

−4.0 (−7.8 to −0.3)

3.5 (0.9 to 6.1)

P for heterogeneity = 0.10
Alcohol intake

P for heterogeneity = 0.68
Physical activity
5.9 (1.9 to 9.8)
11.7 (1.2 to 22.2)

P for heterogeneity = 0.33
Overall

−15 −10 −5

0

5 10 15 20 25

6.7 (3.0 to 10.4)

−15 −10 −5

0

5 10 15 20 25

−15 −10 −5

0

5 10 15 20 25

Subgroup-speciﬁc risk differences (squares with area inversely proportional to the variance) and their 95% CIs (horizontal lines) were obtained from
spline-based parametric survival models weighted by stabilized inverse probability weights and stratiﬁed by category of body mass index and
covariate subgroup. Subgroup-speciﬁc weights were used to standardize cumulative incidences in each category of body mass index and covariate
subgroup to the empirical distribution of baseline confounders in the overall covariate subgroup, including age (<30, 30-34, 35-39, 40-44, 45-49,
or ≥50 y), sex (female or male), study center (Seoul or Suwon), year of screening examination (2002–2003, 2004 –2005, 2006 –2007, or 2008 –2009),
smoking status (never, former, or current), alcohol intake (0, <20, or ≥20 g/d), and regular exercise (<3 or ≥3 times/wk).
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