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Abstract: The A Body Shape Index (ABSI) was recently introduced to quantify abdominal adiposity
relative to the body mass index (BMI) and height. This cross-sectional study was performed to
explore whether the ABSI is linked to chronic kidney disease (CKD) in older adults and compare
the predictive capacity of the ABSI versus BMI for CKD. In total, 7053 people aged ≥ 60 years were
divided into normal, mild, and moderate-to-severe CKD groups based on their estimated glomerular
filtration rate (eGFR). The correlation of the ABSI with the eGFR and the differences and trends in
the ABSI and BMI among the groups were analyzed, and the cutoff points for moderate-to-severe
CKD were calculated. The association between the ABSI and CKD was stronger than that between
the BMI and CKD. The ABSI had a better capacity to discriminate the CKD stage than did the BMI.
The capacity of the ABSI to predict moderate-to-severe CKD was higher than that of the BMI and
was more substantial in women than men. The ABSI cutoff points for CKD were ≥0.0822 and 0.0795
in men and women, respectively. In conclusion, the ABSI serves as a better index than the BMI for
screening and detecting high-risk individuals with CKD.

Keywords: anthropometric index; estimated glomerular filtration rate; geriatrics; obesity

1. Introduction

Chronic kidney disease (CKD) is closely associated with aging and increasing hyper-
tension, type 2 diabetes, myocardial infarction, and cardiovascular mortality [1,2]. The
prevalence of CKD in Korea is reportedly 8.2%, 13.7%, and >30.0% in people aged 20 to
34, 35 to 59, and ≥60 years, respectively [3,4]. Similarly, the prevalence of CKD in the
United States is 5.7%, 8.9%, and 33.2% in people aged 20 to 39, 40 to 59, and ≥60 years,
respectively [5]. With the rapid aging of the Korean population, it is expected that the
number of patients with CKD will likely continue to increase [6]. Considering that CKD
causes remarkable increases in medical costs, morbidity, and mortality in older adults [1,2],
early screening, detection, and care are highly recommended for high-risk individuals with
CKD to slow the progression to severe CKD.

Obesity is also a critical public health issue, and its association with CKD is broadly
recognized [7–10]. Therefore, previous studies conducted analyses of CKD risk factors
by universally adopting body mass index (BMI) as the obesity index [11]. However, BMI
does not precisely reflect overall adiposity and does not distinguish visceral fat, which
induces the onset of several health conditions. According to recent studies, increased fat
mass percentage is significantly associated with CKD [12–14]. Accordingly, the assessment
of fat mass-related parameters likely requires a measurement that is superior to BMI for the
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management of CKD. However, because expensive equipment or extensive measurements
are necessary to assess fat mass-related parameters, a simple, inexpensive, and widely
available method must be developed to screen and detect high-risk patients with CKD.

In 2012, a new and simple anthropometric index, the A Body Shape Index (ABSI), was
introduced, which quantifies abdominal adiposity relative to BMI and height for predicting
chronic disease [15]. To date, the validity and reliability of ABSI have been adequately
verified in various nations and ethnicities [6,16–18]. ABSI was reported to outperform
BMI in predicting all-cause mortality [15]. Additionally, ABSI reflects visceral adiposity
independently of BMI and is a potent marker of arterial stiffening [19,20]. Furthermore,
compared with BMI, it is a better predictor of the risk of diabetes [21]. Despite the out-
standing performance of ABSI for predicting mortality and chronic disease, the association
between ABSI and CKD remains unexplored to date.

We therefore hypothesized that ABSI can be used as an alternative index to BMI for
predicting the prevalence of risk of CKD [22]. We conducted this cross-sectional study
to explore whether the ABSI is associated with CKD in a population of older adults and
compare the predictive capacity of the ABSI versus BMI for CKD.

2. Materials and Methods
2.1. Study Design and Participants

A database evaluating the general health and nutrition state and lifestyle of South
Koreans from the Korea National Health and Nutritional Examination Survey (KNHANES),
2014–2018, was used. Of the 12,490 participants ≥ 60 years old from the KNHANES, 2014–
2018, 7053 participants (3257 men and 3796 women) were selected for analysis. A flow
diagram of participant recruitment is shown in Figure 1.
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The Institutional Review Board of the Korea Centers for Disease Control and Preven-
tion (KCDC) approved KNHANES (approval numbers 2013-07CON-03-4C, 2013-07CON-
03-5C, 2018-01-03-P-A). Additionally, written informed consent was obtained from all of
the participants before the study began, which was conducted in accordance with the
ethical principles of the Declaration of Helsinki.

2.2. Anthropometric Indices

Waist circumstance (WC) and height were assessed to the nearest 0.1 cm. Body weight
was assessed to within 0.1 kg with a digital electronic scale (JENIX DS-102; Dong Sahn Jenix
Co., Seoul, Korea). Using this information, BMI was defined as body weight (kg)/height (m2),
and ABSI was defined as WC × body weight−2/3 × height5/6 [15]. To compare these two
anthropometric indexes (BMI and ABSI), the indexes were converted to a Z-score using the
following equation: (assessment value − mean)/standard deviation [21].

2.3. Estimated Glomerular Filtration Rate (eGFR) and Biochemical Assessments

Blood samples were collected in the morning after a fast of ≥8 h. Creatinine was
analyzed using the Jaffe rate-blanked creatinine assay and compensated at a certified
laboratory (Seegene Medical Foundation, Seoul, Korea). eGFR was defined in accor-
dance with the new Japanese coefficient-modified Modification of Diet in Renal Disease
study equation: eGFR (mL/min/1.73 m2) = 194 × (serum creatinine)−1.094 × (age)−0.287

(×0.739 for women) [12,23,24]. The participants were separated into three groups based
on eGFR tertiles: a normal (N) group for ≥60.0 mL/min/1.73 m2, a mild CKD (MCKD)
group for 45.0–59.9 mL/min/1.73 m2, and a moderate-to-severe CKD (SCKD) group for
<45.0 mL/min/1.73 m2 [12,23,24].

2.4. Statistical Analysis

Data are presented as mean ± standard deviation, and odds ratio and 95% confidence
interval (CI). An independent t-test or the Mann–Whitney U test was adopted to compare
parameters between men and women. One-way ANOVA was used to compare mean
anthropometry among the three groups. The Bonferroni post-hoc test was used when
ANOVA showed significant differences (p < 0.05). In case of abnormal data distribution, the
Mann–Whitney U test was used to analyze differences between the groups (p < 0.05). The
Jonckheere–Terpstra test was used to determine trends in values between the three groups
(two-tailed, p < 0.05). The Jonckheere–Terpstra test generates standardized statistics that
indicate the strength of trends in parameters that increase or decrease across groups. For
correlation between ABSI or BMI and eGFR, Pearson correlation was performed. Logistic
regression was employed to evaluate the associations between Z-scores of ABSI or BMI and
SCKD. The fully adjusted model was adjusted for potential confounders including education
level, household income, smoking, drinking, handgrip strength, moderate to vigorous
physical activity, and nutritional factors that are known or suspected to influence the
association with CKD. SPSS software, ver. 20.0 (IBM, Inc., Armonk, NY, USA) was used for
statistical analyses. The optimal cutoff points of ABSI and BMI in overall, male, and female
participants for predicting CKD were derived from receiver operating characteristic (ROC)
curves, the area under the ROC curves (AUC), sensitivity, and specificity. This analysis
was conducted using MedCalc for Windows ver. 9.1.0.1 (MedCalc Corp, Mariakerke
Ostend, Belgium).

3. Results

Table 1 shows the characteristics of study participants. The mean age of overall, male,
and female participants was 69.5 years (SD: 6.3, 6.2, and 6.4, respectively), and no sex
difference was observed. In overall, male, and female participants, the mean eGFR was
61.0 (SD: 12.6), 60.9 (12.5), and 61.1 (12.6), respectively; mean BMI was 24.2 (3.1), 23.9 (2.9),
and 24.5 (3.3), respectively; and mean ABSI was 0.0806 (0.0042), 0.0811 (0.0038), and 0.0802
(0.0045), respectively. Significant differences in BMI and ABSI were observed between the
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sexes (p < 0.001), although the difference in eGFR was insignificant. Additional details on
overall, male, and female participants are shown in the Supplementary Material (Table S1).

Table 1. The characteristics of study participants.

Overall (n = 7053) Male (n = 3257) Female (n = 3796) p Value

eGFR, mg/dL 61.0 ± 12.6 60.9 ± 12.5 61.1 ± 12.6 =0.510
Cre, mg/dL † 0.9 ± 0.3 1.0 ± 0.3 0.8 ± 0.3 <0.001

Age, year † 69.5 ± 6.3 69.5 ± 6.2 69.5 ± 6.4 =0.884
Height, cm 159.0 ± 8.7 166.1 ± 5.8 152.9 ± 5.7 <0.001

Weight, kg † 61.4 ± 9.9 66.0 ± 9.5 57.4 ± 8.5 <0.001
WC, cm † 85.0 ± 8.9 86.7 ± 8.6 83.5 ± 8.9 <0.001

BMI, kg/m2 † 24.2 ± 3.1 23.9 ± 2.9 24.5 ± 3.3 <0.001
ABSI † 0.0806 ± 0.0042 0.0811 ± 0.0038 0.0802 ± 0.0045 <0.001

Values are means ± SD. † Mann–Whitney U test was applied to assess the difference between groups. eGFR = estimated glomerular
filtration rate; Cre = Creatinine; WC = waist circumference; BMI = body mass index; ABSI = A Body Shape Index.

The overall and sex-specific differences and trends according to eGFR category are
shown in Table 2. In overall participants, the trend revealed a significant decreasing
tendency in eGFR from the N to SCKD groups (SS: −54.58; p < 0.001), whereas there was an
increasing tendency in creatinine, age, body weight, WC, BMI, and ABSI (SS: 57.86, 23.22,
5.89, 11.41, 7.46, and 10.31, respectively; p < 0.001). Z-scores of BMI and ABSI showed the
same tendency. Post-hoc tests demonstrated significant differences among the three groups
in all examined parameters, except for height. eGFR decreased in order of the N, MCKD,
and SCKD groups, whereas creatinine, age, WC, ABSI, and Z-score of ABSI increased in
order of these groups. Values for body weight, BMI, and Z-score of BMI in the MCKD and
SCKD groups did not differ, although the values were significantly higher compared with
the N group. Table S2 shows the results of analyses of additional blood parameters and
several covariates in overall participants.

In men, the trend test revealed a significant decreasing tendency in eGFR across the
groups from N to SCKD (SS: −54.58; p < 0.001), while the opposite tendency was observed
for creatinine, age, body weight, WC, BMI, and ABSI (SS: 23.61, 15.47, 5.76, 8.56, 6.38, and
6.48, respectively; p < 0.001). Z-scores of BMI and ABSI showed the same tendency as with
BMI and ABSI. Post-hoc tests demonstrated significant differences among the three groups
for all examined parameters, except for height. eGFR decreased in order of the N, MCKD,
and SCKD groups, whereas creatinine, age, WC, ABSI, and Z-score of ABSI increased in
order of these groups. The values for body weight, BMI, and Z-score of BMI in the MCKD
and SCKD groups did not differ, although they were significantly higher than those in the
N group. Table S2 shows the results of analyses of additional parameters in men.

In women, the trend demonstrated a significant decrease in eGFR and height across
the groups from N to SCKD (SS: −58.50 and −2.45, respectively; p < 0.05). The opposite
tendency was observed for creatinine, age, body weight, WC, BMI, and ABSI (SS: 57.81,
17.31, 3.15, 7.71, 4.43, and 7.92, respectively; p < 0.01). Z-scores of BMI and ABSI showed
the same tendencies as with BMI and ABSI. Post-hoc tests revealed significant differences
among the three groups in terms of all parameters. eGFR decreased in order of the N, MCKD,
and SCKD groups, but creatinine, age, WC, and ABSI increased in order of these groups.
Height values in the N and MCKD groups did not differ, although they were significantly
higher than those in the SCKD group. The values for body weight and BMI in the MCKD
and SCKD groups did not differ. However, they were significantly higher than those in the
N group. Z-scores of BMI and ABSI showed the same differences as with BMI and ABSI.
Table S2 shows the results of analyses of additional parameters in women.

Table 3 shows overall and sex-specific Pearson correlations between ABSI or BMI and
eGFR. In overall participants, the Pearson correlations between ABSI or BMI and eGFR
were −0.146 and −0.101, respectively; in male participants, the correlations were −0.130
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and −0.132, respectively; and in female participants, the correlations were −0.158 and
−0.079, respectively (all p < 0.001).

Table 2. The overall and gender-specific differences, as well as trends of participants, by eGFR category.

eGFR Category (mL/min/1.73 m2)
p (Difference) SS p (Trend ‡)N

eGFR ≥ 60 (95% CI)
MCKD

eGFR 45–59.9 (95% CI)
SCKD

eGFR < 45 (95% CI)

Overall n = 3800 n = 2595 n = 658
eGFR, mg/dL † 69.9 ± 8.1 (69.7, 70.2) 53.8 ± 4.1 (53.7, 54.0) 38.0 ± 7.1 (37.5, 38.6) A > B > C −80.01 <0.001
Cre, mg/dL † 0.74 ± 0.13 (0.73, 0.74) 0.92 ± 0.14 (0.92, 0.93) 1.34 ± 0.65 (1.29, 1.39) A < B < C 57.86 <0.001

Age, year † 68.1 ± 5.9 (67.9, 68.3) 70.5 ± 6.3 (70.3, 70.8) 74.0± 5.7 (73.6, 74.4) A < B < C 23.22 <0.001
Height, cm † 159.0 ± 8.6 (158.7, 159.3) 159.1 ± 8.7 (158.8, 159.5) 158.4 ± 9.1 (157.7, 159.1) NS −0.27 =0.786
Weight, kg 60.7 ± 9.9 (60.4, 61.1) 62.1 ± 9.9 (61.7, 62.5) 62.2 ± 10.3 (61.4, 63.0) A < B, C 5.89 <0.001

WC, cm 83.9 ± 8.8 (83.6, 84.2) 85.8 ± 8.7 (85.5, 86.1) 87.7 ± 9.2 (87.0, 88.4) A < B < C 11.41 <0.001
BMI, kg/m2 † 24.0 ± 3.1 (23.9, 24.1) 24.5 ± 3.0 (24.4, 24.6) 24.7 ± 3.3 (24.5, 25.0) A < B, C 7.46 <0.001
BMI Z-Score † 0.02 ± 0.90 (−0.01, 0.05) 0.16 ± 0.88 (0.13, 0.20) 0.24 ± 0.96 (0.16, 0.31) A < B, C 7.46 <0.001

ABSI † 0.0802 ± 0.0040
(0.0800, 0.0803)

0.0809 ± 0.0043
(0.0807, 0.0810)

0.0822 ± 0.0044
(0.0819, 0.0826) A < B < C 10.31 <0.001

ABSI Z-Score 0.5717 ± 0.8846
(0.5436, 0.5998)

0.7234 ± 0.9603
(0.6865, 0.7604)

1.0331 ± 0.9766
(0.9584, 1.1079) A < B < C 10.31 <0.001

Male n = 1752 n = 1185 n = 320

eGFR, mg/dL † 69.9 ± 8.0 (69.5, 70.2) 53.8 ± 4.1 (53.6, 54.1) 38.9 ± 12.5 (37.4, 38.9) A > B > C −54.58 <0.001
Cre, mg/dL † 0.85 ± 1.08 (0.85, 0.85) 1.06 ± 0.08 (1.06, 1.07) 1.52 ± 0.61 (1.45, 1.59) A < B < C 23.61 <0.001

Age, year † 68.1 ± 5.8 (67.8, 68.4) 70.6 ± 2.9 (70.2, 70.9) 73.6 ± 5.8 (72.9, 74.2) A < B < C 15.47 <0.001
Height, cm 166.0 ± 5.9 (165.7, 166.3) 166.2 ± 5.7 (165.9, 166.5) 165.9 ± 5.5 (165.3, 166.5) NS 0.69 =0.492
Weight, kg 65.2 ± 9.6 (64.7, 65.6) 67.0 ± 9.3 (66.5, 67.6) 67.1 ± 9.3 (66.1, 68.2) A < B, C 5.76 <0.001

WC, cm 85.5 ± 8.6 (85.1, 85.9) 87.7 ± 8.2 (87.2, 88.1) 89.2 ± 8.6 (88.3, 90.1) A < B < C 8.56 <0.001
BMI, kg/m2 23.6 ± 2.9 (23.5, 23.7) 24.2 ± 2.8 (24.1, 24.4) 24.4 ± 2.9 (24.0, 24.7) A < B, C 6.38 <0.001
BMI Z-Score −0.09 ± 0.85 (−0.13, −0.05) 0.09 ± 0.82 (0.05, 0.14) 0.13 ± 0.83 (0.04, 0.22) A < B, C 6.38 <0.001

ABSI 0.0808 ± 0.0038
(0.0806, 0.0810)

0.0813 ± 0.0038
(0.0811, 0.0815)

0.0825 ± 0.0037
(0.0821, 0.0829) A < B < C 6.48 <0.001

ABSI Z-Score 0.7053 ± 0.8386
(0.6660, 0.7446)

0.8286 ± 0.8376
(0.7808, 0.8763)

1.0942 ± 0.8261
(1.0033, 1.1850) A < B < C 6.48 <0.001

Female n = 2048 n = 1410 n = 338

eGFR, mg/dL † 70.0 ± 8.2 (69.6, 70.4) 53.8 ± 4.1 (53.6, 54.0) 37.9 ± 7.2 (37.1, 38.7) A > B > C −58.50 <0.001
Cre, mg/dL † 0.64 ± 0.06 (0.64, 0.65) 0.81 ± 0.06 (0.80, 0.81) 1.18 ± 0.65 (1.11, 1.25) A < B < C 57.81 <0.001

Age, year † 68.1 ± 5.8 (67.8, 68.4) 70.5 ± 6.1 (70.2, 70.9) 74.4 ± 5.6 (73.8, 75.0) A < B < C 17.31 <0.001
Height, cm 153.0 ± 5.6 (152.8, 153.2) 153.2 ± 5.9 (152.9, 153.5) 151.4 ± 5.6 (150.8, 152.0) A, B > C −2.45 <0.05
Weight, kg 57.0 ± 8.5 (56.6, 57.3) 58.0 ± 8.3 (57.5, 58.4) 57.5 ± 9.0 (56.6, 58.5) A < B, C 3.15 <0.01

WC, cm 82.5 ± 8.8 (82.1, 82.9) 84.2 ± 8.7 (83.8, 84.7) 86.2 ± 9.5 (85.2, 87.2) A < B < C 7.71 <0.001
BMI, kg/m2 † 24.3 ± 3.2 (24.2, 24.4) 24.7 ± 3.2 (24.5, 24.8) 25.1 ± 3.7 (24.7, 25.5) A < B, C 4.43 <0.001
BMI Z-Score † 0.11 ± 0.93 (0.07, 0.15) 0.22 ± 0.93 (0.17, 0.27) 0.34 ± 1.06 (0.23, 0.45) A < B, C 4.43 <0.001

ABSI † 0.0797 ± 0.0041
(0.0795, 0.0798)

0.0805 ± 0.0047
(0.0802, 0.0807)

0.0820 ± 0.0049
(0.0815, 0.0825) A < B < C 7.92 <0.001

ABSI Z-Score 0.4574 ± 0.9068
(0.4181, 0.4967)

0.6350 ± 1.0446
(0.5805, 0.6896)

0.9753 ± 1.0985
(0.8578, 1.0928) A < B < C 7.92 <0.001

Values are means ± SD. † The Mann–Whitney U test was applied to assess the difference between groups. ‡ The Jonckheere–Terpstra test
was used to assess the trend among three groups. eGFR = estimated glomerular filtration rate; Cre = creatinine; WC = waist circumference;
BMI = body mass index; ABSI = A Body Shape Index; SS = standardized statistic; NS = not significant.

Table 3. The overall and gender-specific Pearson correlation of ABSI and BMI with eGFR.

Overall Male Female
ABSI BMI ABSI BMI ABSI BMI

eGFR −0.146 *** −0.101 *** −0.130 *** −0.132 *** −0.158 *** −0.079 ***
eGFR = estimated glomerular filtration rate. BMI = body mass index; ABSI = A Body Shape Index. *** p < 0.001.

The comparison of overall and sex-specific odds ratios for the association between
the Z-score of ABSI or BMI and SCKD is shown in Figure 2. Overall, male, and female
participants were separated into tertiles based on Z-scores of the ABSI. In the unadjusted
model, compared with the lowest tertile, the highest and middle tertiles had odds ratios
of 2.93 (95% CI: 2.36–3.64) and 1.59 (1.26–2.01), 2.85 (2.09–3.88) and 1.59 (1.14–2.21), and
3.02 (2.23–4.08) and 1.60 (1.16–2.21), respectively, for SCKD. In the fully adjusted model,
compared with the lowest tertile, the highest and middle tertiles had odds ratios of 2.72
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(95% CI: 2.18–3.40) and 1.55 (1.23–1.96), 2.73 (1.99–3.76) and 1.62 (1.16–2.27), and 2.51
(1.84–3.43) and 1.41 (1.02–1.96), respectively. Regarding the Z-score of BMI, in the unad-
justed model, compared with the lowest tertile, the highest tertile had odds ratios of 1.64
(95% CI: 1.34–2.00), 1.75 (95% CI: 1.31–2.34), and 1.54 (95% CI: 1.17–2.04), respectively, for
SCKD. In the fully adjusted model, compared with the lowest tertile, the highest tertile had
odds ratios of 1.67 (95% CI: 1.36–2.05), 1.96 (95% CI: 1.46–2.64), and 1.37 (95% CI: 1.03–1.82),
respectively, for SCKD.
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moderate-to-severe chronic kidney disease. * p < 0.05. ** p < 0.01. *** p < 0.001 for odds ratio of moderate-to-severe chronic
kidney disease, compared with the lowest quartile.

Overall participants, n = 7053; male participants, n = 3257; and female participants,
n = 3796. Dotted line: reference; solid line: 95% confidential interval; black circle: ABSI
Z-score, unadjusted model; black square: ABSI Z-score, fully adjusted model; black triangle
pointing upward: BMI Z-score, unadjusted model; black triangle pointing downward:
BMI Z-score, fully adjusted model; white circle: ABSI Z-score, unadjusted model; white
square: ABSI Z-score, fully adjusted model; white triangle pointing upward: BMI Z-score,
unadjusted model; white triangle pointing downward: BMI Z-score, fully adjusted model;
half white and half black circle: ABSI Z-score, unadjusted model; half white and half black
square: ABSI Z-score, fully adjusted model; half white and half black triangle pointing
upward: BMI Z-score, unadjusted model; half white and half black triangle pointing
downward: BMI Z-score, fully adjusted model. * p < 0.05. ** p < 0.01. *** p < 0.001 for odds
ratio of moderate-to-severe chronic kidney disease, compared with the lowest quartile.
Abbreviations: ABSI, A Body Shape Index; BMI, body mass index; MQ, middle quartile;
HQ, highest quartile.
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Figure 3 shows overall and sex-specific ROC curves pertaining to ABSI for the
SCKD group. The optimal association between sensitivity and specificity was achieved at
ABSI ≥0.0812, ≥0.0822, and 0.0795 in overall, male, and female participants, respectively
(p < 0.001). Regarding the cutoff points for CKD, sensitivity of 62.92% and specificity of
55.82% (Figure 3(A1)), sensitivity of 56.25% and specificity of 62.68% (Figure 3(A2)), and
sensitivity of 74.26% and specificity of 45.17% (Figure 3(A3)), respectively, were observed.
The optimal association between sensitivity and specificity was achieved at BMI ≥ 25.86,
≥ 24.96, and 25.87 in overall, male, and female participants, respectively (p < 0.01). Regard-
ing the cutoff points for CKD, sensitivity of 35.71% and specificity of 73.14% (Figure 3(B1)),
sensitivity of 42.81% and specificity of 66.19% (Figure 3(B2)), and sensitivity of 40.24% and
specificity of 69.87% (Figure 3(B3)), respectively, were observed. The AUC yield for ABSI
was higher than that for BMI.
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Overall participants, n = 7053; male participants, n = 3257; and female participants,
n = 3796. Red line: reference; blue line: area under the curve (AUC) that indicates the
accuracy of the A Body Shape Index (A) and BMI (B) to detect moderate-to-severe chronic
kidney disease (CKD); cutoff point: the value of ABSI that predicts moderate-to-severe
CKD; sensitivity: the ratio of individuals who actually have moderate-to-severe CKD and
are predicted to have moderate-to-severe CKD; specificity: the ratio of individuals who do
not have moderate-to-severe CKD and are not predicted to have moderate-to-severe CKD.
Abbreviations: ABSI, A Body Shape Index; BMI, body mass index; MQ, middle quartile;
HQ, highest quartile.
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4. Discussion

To our knowledge, this is the first attempt to explore the association between ABSI
and CKD and the predictive capacity of ABSI for CKD compared with that of BMI in a
senior population. Our results suggest that ABSI might be a better index than BMI for
screening and detecting high-risk individuals with CKD.

Because body composition impairments such as progressive muscle mass loss and
fat mass gain with aging are more closely related to various health conditions such as
CKD and type 2 diabetes than with BMI, a new anthropometric index that can reflect body
composition more precisely than BMI may be helpful in the field [12,25,26]. Therefore, the
ABSI, which quantifies abdominal adiposity relative to the BMI and height, might be more
suitable to assess the body composition than other anthropometric indexes in the senior
population. The ABSI showed outstanding performance in evaluating body composition
compared with the WC and BMI in one study of older adults [27] and in identifying
visceral obesity and decreased muscle mass in another study [28]. Additionally, the ABSI is
reportedly a stronger predictor of type 2 diabetes than is the BMI [21]. Similarly, because
the prevalence of hypertension, myocardial infarction, and cardiovascular mortality are
linked to detrimental changes in the body composition with aging and are interrelated
with CKD, the ABSI would be a very helpful tool to screen and detect high-risk individuals
with these health conditions [6,16,29–31].

In the present study, for overall, male, and female participants, BMI could distinguish
between the N group and MCKD and SCKD groups, although it could not distinguish be-
tween the MCKD and SCKD groups. In contrast, ABSI could discriminate between each
group (from the N to SCKD group). Additionally, although both ABSI and BMI increased
gradually with deterioration in CKD, the strength of an increasing trend in ABSI (SS = 6.48,
p < 0.001) was comparable to that of BMI (SS = 6.38, p < 0.001) in male participants, and
was 27.6% and 44.1% higher with ABSI in overall and female participants, respectively,
compared with BMI (Table 2). Similarly, the degree of correlation with eGFR in male partic-
ipants was similar between ABSI and BMI, although in overall and female participants,
ABSI was 30.8% and 50.0% higher, respectively, compared with BMI (Table 3). For decades,
the BMI-based evaluation of obesity was universally used to investigate the association
between obesity and various chronic diseases, and its validity and reliability have been
adequately verified [32,33]. However, recent studies indicated that higher fat mass is
closely linked to an increased risk of chronic diseases [13,34,35]. Additionally, abdominal
fat accumulation is recognized to be incredibly perilous [36–38]. Given these recent reports
and the findings from the present study, the limitations of BMI become apparent. ABSI,
which comprehensively evaluates anthropometric parameters including WC, body weight,
and height, is highly relevant.

On the basis of comparisons of overall and sex-specific odds ratios for the associations
between Z-scores of ABSI or BMI and SCKD, Z-scores of ABSI in overall, male, and female
participants were higher than those of BMI in the unadjusted and fully adjusted models
(Figure 2). However, in both unadjusted and fully adjusted models, the difference between
the Z-score of ABSI and BMI was 1.48 and 1.14 times higher in women and 1.10 and
0.77 times higher in men, respectively (Figure 2). These findings indicate that the capacity
of ABSI to predict SCKD is higher in women than in men.

The sex difference observed to be related to the capacity of ABSI to predict SCKD may
reflect the fact that the kidneys of women are more sensitive to abdominal fat accumulation
than those of men. Similarly, according to Karlsson et al. (2019) and Sorimachi et al. (2021),
the associations between visceral fat and hypertension, hyperlipidemia, type 2 diabetes,
and heart attack/angina are stronger in women compared with men [39,40]. Regarding
type 2 diabetes, which is strongly associated with CKD, a 1-kg increase in abdominal fat
increases the risk of type 2 diabetes 2.50-fold and 7.34-fold in men and women, respec-
tively [40]. However, the higher overall prevalence of health conditions in male participants
may be the consequence of higher average deposits of visceral fat in men.



Int. J. Environ. Res. Public Health 2021, 18, 12874 9 of 11

AUC analysis (Figure 3) revealed that the AUC yield for ABSI was higher than that
for BMI, and ABSI had a significant capacity for predicting CKD. The resulting cutoff
points were ≥0.0812 (sensitivity: 62.92% and specificity: 55.82%) in overall participants,
≥0.0822 (sensitivity: 56.25% and specificity: 62.68%) in male participants, and 0.0795
(sensitivity: 74.26% and specificity: 45.17%) in female participants. Because this is the
first attempt to provide ABSI cutoff points for CKD, no direct comparisons with previous
studies can be made. However, Duncan et al. (2013) reported that the ABSI cutoff point
for metabolic syndrome was ≥0.076 in Portuguese male and female adolescents, and that
insulin resistance was ≥0.073 and ≥0.079 in female and male participants, respectively [41].
Behboudi-Gandevani et al. (2016) reported that the ABSI cutoff points for metabolic
syndrome and insulin resistance were ≥0.077 and ≥0.078, respectively, in young female
participants [42]. On the basis of the findings of the present and previous studies, given
age, race, and sex differences, an ABSI over 0.073–0.079 appears to be the threshold for
various health conditions.

The present study had several strengths and limitations. Important potential covari-
ates such as demographic parameters and lifestyle factors that may influence the association
between ABSI and CKD were controlled. Since the present study is a cross-sectional study,
it is difficult to strongly confirm the predictive capacity of ABSI for CKD. A longitudinal
cohort study needs to be performed to confirm the findings yielded by the present study.
Furthermore, the findings of the present study cannot necessarily be translated to other
ethnicities or areas outside of Korea because all the study participants were from a Ko-
rean senior population. Further studies involving other ethnicities must be performed
to generalize the association between the ABSI and CKD. Finally, because we conducted
this study solely on an aging population, we deem that it is necessary to conduct a study
involving young and middle-aged populations to investigate the independence of the ABSI
in the future.

5. Conclusions

Compared with the association between BMI and CKD, a similar or stronger associ-
ation was observed between ABSI and CKD in male or overall and female participants,
respectively. However, ABSI had a better capacity than BMI to discriminate between each
group (from the N to SCKD group). Moreover, the capacity of ABSI to predict SCKD was
higher than that of BMI in overall participants and was more substantial in women than in
men. ABSI cutoff points for CKD were ≥0.0812, ≥0.0822, and0.0795 in overall, male, and
female participants, respectively. These findings suggest that ABSI is superior to BMI for
screening and detecting high-risk individuals with CKD.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph182412874/s1: Table S1: Characteristics of study subjects. Table S2: Overall and
gender-specific differences and trends of subjects by eGFR category.

Author Contributions: Substantial contributions to study conceptualization: B.K., G.K., S.O.; data
curation: B.K., E.K., G.K.; software: B.K., E.K., G.K.; investigation: B.K., G.K., J.P., T.I., S.O.; methodol-
ogy: B.K., G.K., S.O.; original draft: B.K., S.O.; project administration: E.K., T.S., J.P., S.O.; resources:
T.I., T.S., S.O.; supervision: T.S., S.O.; validation: B.K., E.K., J.P.; visualization: G.K. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation of Korea grant funded by
the Ministry of Education (No. NRF-2020S1A5B5A17090212), and a Grants-in-Aid for Scientific Re-
search from the Ministry of Education, Culture, Sports, Science and Technology, Japan (No.18K17918).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of the Korea Cen-
ters for Disease Control and Prevention (IRB Number: (2013-07CON-03-4C, 2013-07CON-03-5C,
2018-01-03-P-A).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

https://www.mdpi.com/article/10.3390/ijerph182412874/s1
https://www.mdpi.com/article/10.3390/ijerph182412874/s1


Int. J. Environ. Res. Public Health 2021, 18, 12874 10 of 11

Data Availability Statement: The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Acknowledgments: The present study analyzed the data provided by the Korean National Health
and Nutrition Examination Survey 2014–2018, carried out by the Korea Centers for Disease Control
and Prevention.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Schefold, J.C.; Filippatos, G.; Hasenfuss, G.; Anker, S.D.; von Haehling, S. Heart failure and kidney dysfunction: Epidemiology,

mechanisms and management. Nat. Rev. Nephrol. 2016, 12, 610–623. [CrossRef] [PubMed]
2. Mukai, H.; Ming, P.; Lindholm, B.; Heimburger, O.; Barany, P.; Stenvinkel, P.; Qureshi, A.R. Lung Dysfunction and Mortality in

Patients with Chronic Kidney Disease. Kidney Blood Press Res. 2018, 43, 522–535. [CrossRef]
3. Kang, H.T.; Lee, J.; Linton, J.A.; Park, B.J.; Lee, Y.J. Trends in the prevalence of chronic kidney disease in Korean adults: The

Korean National Health and Nutrition Examination Survey from 1998 to 2009. Nephrol. Dial. Transplant. 2013, 28, 927–936.
[CrossRef] [PubMed]

4. Park, J.I.; Baek, H.; Jung, H.H. Prevalence of Chronic Kidney Disease in Korea: The Korean National Health and Nutritional
Examination Survey 2011–2013. J. Korean Med. Sci. 2016, 31, 915–923. [CrossRef] [PubMed]

5. Abdulkader, R.; Burdmann, E.A.; Lebrão, M.L.; Duarte, Y.A.O.; Zanetta, D.M.T. Aging and decreased glomerular filtration rate:
An elderly population-based study. PLoS ONE 2017, 12, e0189935. [CrossRef]

6. Ji, M.; Zhang, S.; An, R. Effectiveness of A Body Shape Index (ABSI) in predicting chronic diseases and mortality: A systematic
review and meta-analysis. Obes. Rev. 2018, 19, 737–759. [CrossRef] [PubMed]

7. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 countries from 1975 to 2014: A pooled
analysis of 1698 population-based measurement studies with 19·2 million participants. Lancet 2016, 387, 1377–1396. [CrossRef]

8. Garofalo, C.; Borrelli, S.; Minutolo, R.; Chiodini, P.; De Nicola, L.; Conte, G. A systematic review and meta-analysis suggests
obesity predicts onset of chronic kidney disease in the general population. Kidney Int. 2017, 91, 1224–1235. [CrossRef] [PubMed]

9. Caballero, B. Humans against Obesity: Who Will Win? Adv. Nutr. 2019, 10, S4–S9. [CrossRef] [PubMed]
10. Bombak, A. Obesity, health at every size, and public health policy. Am. J. Public Health 2014, 104, e60–e67. [CrossRef] [PubMed]
11. Tsujimoto, T.; Sairenchi, T.; Iso, H.; Irie, F.; Yamagishi, K.; Watanabe, H.; Tanaka, K.; Muto, T.; Ota, H. The dose-response

relationship between body mass index and the risk of incident stage ≥3 chronic kidney disease in a general japanese population:
The Ibaraki prefectural health study (IPHS). J. Epidemiol. 2014, 24, 444–451. [CrossRef] [PubMed]

12. Kim, B.; Park, H.; Kim, G.; Isobe, T.; Sakae, T.; Oh, S. Relationships of Fat and Muscle Mass with Chronic Kidney Disease in Older
Adults: A Cross-Sectional Pilot Study. Int. J. Environ. Res. Public Health 2020, 17, 9124. [CrossRef] [PubMed]

13. Chen, Y.Y.; Fang, W.H.; Wang, C.C.; Kao, T.W.; Chang, Y.W.; Yang, H.F.; Wu, C.J.; Sun, Y.S.; Chen, W.L. Changes of Percent Body
Fat as a Useful Surrogate for Risk of Declined Renal Function. Sci. Rep. 2018, 8, 17289. [CrossRef] [PubMed]

14. Johansen, K.L.; Lee, C. Body composition in chronic kidney disease. Curr. Opin. Nephrol. Hypertens. 2015, 24, 268–275. [CrossRef]
[PubMed]

15. Krakauer, N.Y.; Krakauer, J.C. A new body shape index predicts mortality hazard independently of body mass index. PLoS ONE
2012, 7, e39504.

16. Bertoli, S.; Leone, A.; Krakauer, N.Y.; Bedogni, G.; Vanzulli, A.; Redaelli, V.I.; De Amicis, R.; Vignati, L.; Krakauer, J.C.; Battezzati,
A. Association of Body Shape Index (ABSI) with cardio-metabolic risk factors: A cross-sectional study of 6081 Caucasian adults.
PLoS ONE 2017, 12, e0185013. [CrossRef]

17. Krakauer, N.Y.; Krakauer, J.C. Association of Body Shape Index (ABSI) with Hand Grip Strength. Int. J. Environ. Res. Public Health
2020, 17, 6797. [CrossRef]

18. Kasaeian, A.; Hemati, Z.; Heshmat, R.; Baygi, F.; Heshmati, J.; Mahdavi-Gorabi, A.; Abdar, M.E.; Motlagh, M.E.; Shafiee, G.;
Qorban, M.; et al. Association of a body shape index and hip index with cardiometabolic risk factors in children and adolescents:
The CASPIAN-V study. J. Diabetes Metab. Disord. 2021, 20, 285–292. [CrossRef]

19. Bouchi, R.; Asakawa, M.; Ohara, N.; Nakano, Y.; Takeuchi, T.; Murakami, M.; Sasahara, Y.; Numasawa, M.; Minami, I.; Izumiyama,
H.; et al. Indirect measure of visceral adiposity ‘A Body Shape Index’ (ABSI) is associated with arterial stiffness in patients with
type 2 diabetes. BMJ Open Diabetes Res. Care 2016, 4, e000188. [CrossRef]

20. Kajikawa, M.; Maruhashi, T.; Kishimoto, S.; Yamaji, T.; Harada, T.; Hashimoto, Y.; Han, Y.; Mizobuchi, A.; Aoki, G.; Yoshimura, K.;
et al. A body shape index is associated with endothelial dysfunction in both men and women. Sci. Rep. 2021, 11, 17873. [CrossRef]

21. Bawadi, H.; Abouwatfa, M.; Alsaeed, S.; Kerkadi, A.; Shi, Z. Body Shape Index Is a Stronger Predictor of Diabetes. Nutrients 2019,
11, 1018. [CrossRef] [PubMed]

22. Anoop, S.; Krakauer, J.; Krakauer, N.; Misra, A. A Body shape index significantly predicts MRI-defined abdominal adipose
tissue depots in non-obese Asian Indians with type 2 diabetes mellitus. BMJ Open Diabetes Res. Care 2020, 8, e001324. [CrossRef]
[PubMed]

23. Matsuo, S.; Imai, E.; Horio, M.; Yasuda, Y.; Tomita, K.; Nitta, K.; Yamagata, K.; Tomino, Y.; Yokoyama, H.; Hishida, A.; et al.
Revised equations for estimated GFR from serum creatinine in Japan. Am. J. Kidney Dis. 2009, 53, 982–992. [CrossRef] [PubMed]

http://doi.org/10.1038/nrneph.2016.113
http://www.ncbi.nlm.nih.gov/pubmed/27573728
http://doi.org/10.1159/000488699
http://doi.org/10.1093/ndt/gfs535
http://www.ncbi.nlm.nih.gov/pubmed/23223221
http://doi.org/10.3346/jkms.2016.31.6.915
http://www.ncbi.nlm.nih.gov/pubmed/27247501
http://doi.org/10.1371/journal.pone.0189935
http://doi.org/10.1111/obr.12666
http://www.ncbi.nlm.nih.gov/pubmed/29349876
http://doi.org/10.1016/S0140-6736(16)30054-X
http://doi.org/10.1016/j.kint.2016.12.013
http://www.ncbi.nlm.nih.gov/pubmed/28187985
http://doi.org/10.1093/advances/nmy055
http://www.ncbi.nlm.nih.gov/pubmed/30721956
http://doi.org/10.2105/AJPH.2013.301486
http://www.ncbi.nlm.nih.gov/pubmed/24328657
http://doi.org/10.2188/jea.JE20140028
http://www.ncbi.nlm.nih.gov/pubmed/24998954
http://doi.org/10.3390/ijerph17239124
http://www.ncbi.nlm.nih.gov/pubmed/33297489
http://doi.org/10.1038/s41598-018-35601-2
http://www.ncbi.nlm.nih.gov/pubmed/30470784
http://doi.org/10.1097/MNH.0000000000000120
http://www.ncbi.nlm.nih.gov/pubmed/25887900
http://doi.org/10.1371/journal.pone.0185013
http://doi.org/10.3390/ijerph17186797
http://doi.org/10.1007/s40200-021-00743-0
http://doi.org/10.1136/bmjdrc-2015-000188
http://doi.org/10.1038/s41598-021-97325-0
http://doi.org/10.3390/nu11051018
http://www.ncbi.nlm.nih.gov/pubmed/31067681
http://doi.org/10.1136/bmjdrc-2020-001324
http://www.ncbi.nlm.nih.gov/pubmed/33051279
http://doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088


Int. J. Environ. Res. Public Health 2021, 18, 12874 11 of 11

24. Lee, S.; Shimada, H.; Park, H.; Makizako, H.; Lee, S.; Doi, T.; Yoshida, D.; Tsutsumimoto, K.; Anan, Y.; Suzuki, T. The association be-
tween kidney function and cognitive decline in community-dwelling, elderly Japanese people. J. Am. Med. Dir. Assoc. 2015, 16, 349-e1.
[CrossRef] [PubMed]

25. Moon, S.J.; Kim, T.H.; Yoon, S.Y.; Chung, J.H.; Hwang, H.J. Relationship between Stage of Chronic Kidney Disease and Sarcopenia
in Korean Aged 40 Years and Older Using the Korea National Health and Nutrition Examination Surveys (KNHANES IV-2, 3,
and V-1, 2), 2008–2011. PLoS ONE 2015, 10, e0130740. [CrossRef]

26. Khadra, D.; Itani, L.; Tannir, H.; Kreidieh, D.; El Masri, D.; El Ghoch, M. Association between sarcopenic obesity and higher risk
of type 2 diabetes in adults: A systematic review and meta-analysis. World J. Diabetes 2019, 10, 311–323. [CrossRef]

27. Dhana, K.; Koolhaas, C.M.; Schoufour, J.D.; Rivadeneira, F.; Hofman, A.; Kavousi, M.; Franco, O.H. Association of anthropometric
measures with fat and fat-free mass in the elderly: The Rotterdam study. Maturitas 2016, 88, 96–100. [CrossRef]

28. Gomez-Peralta, F.; Abreu, C.; Cruz-Bravo, M.; Alcarria, E.; Gutierrez-Buey, G.; Krakauer, N.Y.; Krakauer, J.C. Relationship
between “a body shape index (ABSI)” and body composition in obese patients with type 2 diabetes. Diabetol. Metab. Syndr. 2018,
10, 21. [CrossRef]

29. Filippatos, G.; Anker, S.D.; Agarwal, R.; Pitt, B.; Ruilope, L.M.; Rossing, P.; Kolkhof, P.; Schloemer, P.; Tornus, I.; Joseph, A.;
et al. Fidelio-Dkd Investigators. Finerenone and Cardiovascular Outcomes in Patients with Chronic Kidney Disease and Type 2
Diabetes. Circulation 2021, 143, 540–552. [CrossRef]

30. Hong, S.H.; Choi, K.M. Sarcopenic Obesity, Insulin Resistance, and Their Implications in Cardiovascular and Metabolic Conse-
quences. Int. J. Mol. Sci. 2020, 21, 494. [CrossRef]

31. Atkins, J.L.; Wannamathee, S.G. Sarcopenic obesity in ageing: Cardiovascular outcomes and mortality. Br. J. Nutr. 2020, 124,
1102–1113. [CrossRef]

32. Bhaskaran, K.; Dos-Santos-Silva, I.; Leon, D.A.; Douglas, I.J.; Smeeth, L. Association of BMI with overall and cause-specific
mortality: A population-based cohort study of 3.6 million adults in the UK. Lancet Diabetes Endocrinol. 2018, 6, 944–953. [CrossRef]

33. Yu, J.; Tao, Y.; Dou, J.; Ye, J.; Yu, Y.; Jin, L. The dose-response analysis between BMI and common chronic diseases in northeast
China. Sci. Rep. 2018, 8, 4228. [CrossRef]

34. Kim, J.K.; Song, Y.R.; Kwon, Y.J.; Kim, H.J.; Kim, S.G.; Ju, Y.S. Increased body fat rather than body weight has harmful effects on
4-year changes of renal function in the general elderly population with a normal or mildly impaired renal function. Clin. Interv.
Aging 2014, 9, 1277–1286. [CrossRef] [PubMed]

35. Kim, B.; Tsujimoto, T.; So, R.; Zhao, X.; Suzuki, S.; Kim, T.; Tanaka, K. Weight loss may be a better approach for managing
musculoskeletal conditions than increasing muscle mass and strength. J. Phys. Ther. Sci. 2015, 27, 3787–3791. [CrossRef] [PubMed]

36. Oh, S.; Tanaka, K.; Noh, J.W.; So, R.; Tsujimoto, T.; Sasai, H.; Kim, M.; Shoda, J. Abdominal obesity: Causal factor or simply a
symptom of obesity-related health risk. Diabetes Metab. Syndr. Obes. Targets Ther. 2014, 7, 289–296. [CrossRef]

37. Aparecida Silveira, E.; Vaseghi, G.; de Carvalho Santos, A.S.; Kliemann, N.; Masoudkabir, F.; Noll, M.; Mohammadifard, N.;
Sarrafzadegan, N.; de Oliveira, C. Visceral Obesity and Its Shared Role in Cancer and Cardiovascular Disease: A Scoping Review
of the Pathophysiology and Pharmacological Treatments. Int. J. Mol. Sci. 2020, 21, 9042. [CrossRef]

38. Kim, B.; Oh, S.; Kim, E. Abdominal fat accumulation as a potential risk factor for low back pain in adult men. Int. J. Appl. Sports
Sci. 2019, 31, 25–31.

39. Sorimachi, H.; Obokata, M.; Takahashi, N.; Reddy, Y.N.V.; Jain, C.C.; Verbrugge, F.H.; Koepp, K.E.; Khosla, S.; Jensen, M.D.;
Borlaug, B.A. Pathophysiologic importance of visceral adipose tissue in women with heart failure and preserved ejection fraction.
Eur. Heart J. 2021, 42, 1595–1605. [CrossRef]

40. Karlsson, T.; Rask-Andersen, M.; Pan, G.; Hoglund, J.; Wadelius, C.; Ek, W.E.; Johansson, A. Contribution of genetics to visceral
adiposity and its relation to cardiovascular and metabolic disease. Nat. Med. 2019, 25, 1390–1395. [CrossRef]

41. Duncan, M.J.; Mota, J.; Vale, S.; Santos, M.P.; Ribeiro, J.C. Associations between body mass index, waist circumference and body
shape index with resting blood pressure in Portuguese adolescents. Ann. Hum. Biol. 2013, 40, 163–167. [CrossRef] [PubMed]

42. Behboudi-Gandevani, S.; Ramezani Tehrani, F.; Cheraghi, L.; Azizi, F. Could “a body shape index” and “waist to height ratio”
predict insulin resistance and metabolic syndrome in polycystic ovary syndrome? Eur. J. Obstet. Gynecol. Reprod. Biol. 2016, 205,
110–114. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jamda.2014.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25669668
http://doi.org/10.1371/journal.pone.0130740
http://doi.org/10.4239/wjd.v10.i5.311
http://doi.org/10.1016/j.maturitas.2016.03.018
http://doi.org/10.1186/s13098-018-0323-8
http://doi.org/10.1161/CIRCULATIONAHA.120.051898
http://doi.org/10.3390/ijms21020494
http://doi.org/10.1017/S0007114520002172
http://doi.org/10.1016/S2213-8587(18)30288-2
http://doi.org/10.1038/s41598-018-22551-y
http://doi.org/10.2147/CIA.S66714
http://www.ncbi.nlm.nih.gov/pubmed/25120357
http://doi.org/10.1589/jpts.27.3787
http://www.ncbi.nlm.nih.gov/pubmed/26834353
http://doi.org/10.2147/DMSO.S64546
http://doi.org/10.3390/ijms21239042
http://doi.org/10.1093/eurheartj/ehaa823
http://doi.org/10.1038/s41591-019-0563-7
http://doi.org/10.3109/03014460.2012.752861
http://www.ncbi.nlm.nih.gov/pubmed/23327095
http://doi.org/10.1016/j.ejogrb.2016.08.011
http://www.ncbi.nlm.nih.gov/pubmed/27579518

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Anthropometric Indices 
	Estimated Glomerular Filtration Rate (eGFR) and Biochemical Assessments 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

