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Abstract

Background: Lipid accumulation product (LAP) and visceral adiposity index (VAI) are novel, non-imaging markers
of visceral adiposity that are calculated by using body mass index (BMI), waist circumference (WC) and serum lipid
concentrations. We hypothesized that LAP and VAl are more strongly associated with adverse kidney outcomes than
BMI and WC.

Methods: Using data from the REasons for Geographic and Racial Differences in Stroke (REGARDS) study, we used
multivariable logistic regression to evaluate associations of LAP, VAI, BMI and WC with incident chronic kidney disease
(CKD), (incident eGFR <60 ml/min/1.73m? and > 25% decline).

Results: Among the overall cohort of 27,550 participants, the mean baseline age was 65 years; 54% were women;
and 41% were African American. After a median of 9.4 years (IQR 8.6, 9.9) of follow-up, a total of 1127 cases of incident
CKD were observed. Each two-fold higher value of VAI (OR 1.12,95% Cl 1.04, 1.20), LAP (OR 1.21,95% Cl 1.13, 1.29), WC
(OR 2.10,95% CI 1.60, 2.76) and BMI (OR: 2.66, 95% Cl 1.88, 3.77), was associated with greater odds of incident CKD.

Conclusions: LAP and VAl as measures of visceral adiposity are associated with higher odds of incident CKD but may

not provide information beyond WC and BMI.
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Introduction

Obesity is associated with incident hypertension, diabe-
tes, cardiovascular disease (CVD), and kidney disease [1,
2]. The prevalence of chronic kidney disease (CKD) has
increased in parallel with obesity in the past three dec-
ades [3]. Obesity can increase the risk of incident CKD
and progression of CKD by promoting hypertension
and diabetes mellitus (DM), but may also directly lead to
loss of kidney function due to secondary focal segmental
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glomerulosclerosis [4, 5]. While body mass index (BMI)
is the most common measure of body size used to diag-
nose and stratify obesity, BMI includes both fat and mus-
cle mass and consequently may be an imprecise measure
of obesity [6]. Furthermore, patients with CKD often
have low lean muscle mass and volume overloaded thus
reducing the utility of BMI [7].

Central obesity has been proposed as an alternate
measure of obesity and can further be divided into
the subcutaneous and visceral adiposity; the latter has
been shown to be particularly strongly associated with
CVD risk factors [8-11], reduced estimated glomeru-
lar filtration rate (eGFR), microalbuminuria, CKD, and
mortality [12-15]. Waist circumference (WC), and
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waist-to-hip ratio are accepted measures of central obe-
sity [16] but are not well correlated with visceral adipos-
ity quantified by imaging [17-19]. Although imaging
modalities such as computed tomography (CT), mag-
netic resonance imaging (MRI), or dual energy X-ray
absorptiometry (DEXA) can differentiate subcutaneous
and visceral adiposity accurately [20, 21], these tech-
niques are expensive, time-consuming, and associated
with radiation exposure.

Recently, two metrics which may better estimate vis-
ceral adiposity without imaging have been proposed. The
first, lipid accumulation product (LAP), is an index calcu-
lated using WC and fasting triglycerides (TG). The lipid
accumulation product by adding fasting concentration
of circulating triglycerides to waist circumference seeks
to express the index of the anatomic and physiological
changes associated with visceral fat deposition [22] over
the less specific overaccumulation of weight. The second
is the visceral adiposity index which follows the same
premise, but it additionally adds the BMI and high-den-
sity lipoprotein cholesterol (HDL). VAI has been shown
to be a good indicator of visceral adipose tissue measured
with MRI [23]. BMI lacks discriminatory power between
fat and lean tissues, which leads to marked variation in
metabolic disease among individuals with similar levels
of adiposity as determined by BMI [24]. Conversely, VAI
and LAP have identified individuals with cardiovascular
risk factors such as insulin resistance, impaired glucose
tolerance, and hypertension with normal BMIs [25]. One
cross sectional study suggested that both VAI and LAP
were more strongly associated with CKD than BMI and
WC in women [26]. To date, no studies have evaluated
the association of these novel measures of visceral obe-
sity with longitudinal decline in kidney function. We
hypothesized that visceral adiposity as measured by LAP
and VAI would be more strongly associated with incident
CKD, eGEFR decline, and incident kidney failure than
BMI and WC after adjusting for confounders.

Material and methods

Participants

We used data from the REasons for Geographic and
Racial Differences in Stroke (REGARDS) study, a popu-
lation-based prospective cohort of community-dwell-
ing individuals aged 45years and older. The study was
designed to evaluate the risk factors that contribute to
disproportionate mortality linked with stroke in the
Southeast United States and among African Ameri-
cans. A total of 30,239 adults were recruited between
January 2003 and June 2007. Trained staff collected
baseline information during a preliminary phone inter-
view followed by an in-home physical examination. The
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in-home visit included measurement of blood pressure,
anthropometric measurements and collection of fasting
(10-12hour) blood and spot urine specimen. Details of
the study have been published previously [27]. Between
April 2013 and December 2016, participants were invited
to undergo a second in-person visit during which the
baseline procedures were repeated. Among the 16,150
participants who participated in the second assessment,
15,938 completed the second telephone-administered
assessment and 14,449 had in-person assessments. All
participants provided written informed consent and
Institutional Review Boards of all participating institu-
tions approved the study.

Exposure variables

BMI was measured as weight (kg)/height (m?) and
categorized as <25.1 (reference group), 25.2-28.3,
28.4-32.5, >32.5. Waist circumference was measured
mid-way between the lowest rib and the iliac crest using
a tape measure with the participant standing and was
categorized in cm as <86.3 (reference group), 86.4—
95.2, 95.3-105.4, and>105.4. VAI was calculated as:
[WC/39.68+ (1.88 x BMI)] x (TG /1.03) x (1.31/ HDL)
for men, VAI=[WC/36.58+ (1.89 x BMI)] x (TG/0.81
) X (1.52/HDL) for women [23]. LAP was calculated as:
(WC-65) x TG for men, and (WC-58) x TG for women
[22]. Serum lipids including total cholesterol (TC), HDL
and fasting TG were measured by colorimetric reflec-
tance spectrophotometry.

Covariates

Coronary heart disease (CHD), stroke, and smoking sta-
tus were obtained by self-report during the telephone
interview. DM was defined as a fasting glucose >126 mg/
dL, or a non-fasting glucose >200 mg/dL, or self-reported
use of antidiabetic medications. Hypertension was
defined as either self-reported use of antihypertensive
medications or a systolic blood pressure > 140 mmHg or
a diastolic blood pressure >90mmHg measured during
the home examination at baseline visit. Serum creati-
nine was calibrated to an international isotope dilution
mass spectroscopic (IDMS)-traceable standard and was
measured by colorimetric reflectance spectrophotometry
(Ortho Vitros Clinical Chemistry System 950IRC, John-
son & Johnson Clinical Diagnostics, www.orthochemi
cal.com). Estimated glomerular filtration rate (eGFR)
was calculated using the combined CKD-EPI creatinine
and cystatin C equation [28]. Urine albumin and creati-
nine were measured in a random spot specimen by neph-
elometry (BN ProSpec Nephelometer, Dade Behring,


http://www.orthochemical.com
http://www.orthochemical.com

Bullen et al. BMC Nephrology ~ (2022) 23:401

Marburg, Germany) and Modular-P chemistry analyzer
(Roche/Hitachi, Indianapolis, IN), respectively.

Primary and secondary outcomes

The primary outcome was 1) incident CKD, defined as
eGFR <60ml/min per 1.73m? and at least 25% decline in
individuals with baseline eGFR >60ml/min per 1.73m?
between the baseline and second in-home visit. The
secondary outcomes were: 1) progressive eGFR decline,
defined as >30% decrease in eGFR between the baseline
and second in-home visit. Both these endpoints required
participants to return and provide blood at the sec-
ond visit, thus we also evaluated incident kidney failure
defined as initiation of dialysis as ascertained by United
States Renal Data System (USRDS) linkage up to June
2014. This endpoint relied on administrative linkage of
baseline data to USRDS, such that all participants pro-
vided time at risk for the kidney failure endpoint.

For the incident CKD and progressive eGFR analyses,
we were limited to participants who had a baseline and
follow-up visits and provided blood samples for analysis
(Fig. 1). After excluding participants with missing data
on serum creatinine or cystatin C, BMI, WC, and fast-
ing triglycerides and/or HDL measurements (1 =2430),
who had an eGFR < 15ml/min/1.73 m? or had kidney fail-
ure receiving maintenance dialysis (n =163), or who had
a waist circumference less than 66 cm (for men) and less
than 59cm (for women) in order to avoid having nega-
tive values for LAP and VAI (n =40), a total of 11,538
participants were available for analyses of incident CKD
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cohort and 12,624 participants were available for analyses
of progressive eGFR decline. All individuals who did not
meet any exclusion criteria and were successfully linked
to USRDS data were included in analyses of incident kid-
ney failure (N =27,550) (Fig. 1).

Statistical analysis

Univariate parameters were calculated as mean =+ stand-
ard deviation (SD) or counts and proportions across
quartiles of LAP and VAL Logistic regression was used to
determine the association of VAP and VAI with incident
CKD and progressive eGFR decline. All anthropometric
measures (LAP, VAL, BMI and WC) were modeled both
as continuous variables and quartiles. We used a series
of sequential models to adjust for confounders. Model
1 was adjusted for age, sex, and race. Model 2 included
model 1 plus presence of comorbid conditions (CHD,
stroke, hypertension, and DM), and smoking status.
Finally, model 3 included model 2 plus baseline eGFR and
urine albumin to creatinine ratio (UACR). We tested for
interaction between the novel markers of obesity and sex
and risk for incident CKD.

Cox proportional hazards models were used to deter-
mine the independent associations between LAP, VAI,
BMI, and WC with risks of kidney failure using a simi-
lar modeling strategy as indicated above. Additional
sensitivity analysis for the kidney failure outcome were
performed stratifying on baseline eGFR categories (> 60,
45-59, and<45ml/min/1.73m?). Follow-up time was
censored at development of kidney failure, death, or date

Total REGARDS
Participants

Excluded:

Missing serum Creatinine or cystatin C
(n=2005)

Missing BMI (n=182)
Missing WC (n=93)
Missing triglycerides (n=9)
Missing HDL (n=142)

eGFR < 15 ml/min (n=124)
Kidney failure at baseline visit (n=39)
WC < 66 (m), < 59(w) (n=40)

Incident Kidney Failure
N=27550

Incident CKD
N=11538

> 30% kidney function decline
N=12624

Fig. 1 Flowchart of REGARDS Participants for Analysis
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of last follow-up phone contact, whichever occurred first.
We also performed analyses treating death as a compet-
ing risk.

We used Wald test statistics to assess the relative
importance of adiposity measures for the prediction of
kidney failure.

We used logistic regression to evaluate the associa-
tion between LAP, VAL, BMI and WC with risk of inci-
dent albuminuria using the sequential models previously
mentioned.

Lastly, since triglycerides and HDL are components of
VAI and LAP equations, we performed logistic regres-
sion to evaluate if the associations between VAI and
LAP and the outcomes were driven by WC and BMI, or

Page 4 of 11

whether triglycerides and HDL were also associated with
kidney outcomes.

A two-sided p value of 0.05 was considered statistically
significant for all analyses including interaction terms.
Statistical analyses were conducted by using IBM SPSS
software, Version 26 (IBM Corp. Released 2019).

Results

Characteristics of participants by VAl and LAP quartiles
The mean age was 65years, 54% were women, 21% had
DM, mean baseline eGFR was 82ml/min/1.73m* and
the median baseline UACR was 7mg/g. Baseline par-
ticipant characteristics stratified by LAP and VAI levels
are presented in Tables 1 and 2 respectively. There were

Table 1 Baseline characteristics of study participants by quartiles of lipid accumulation product (LAP)

Variables Q1 Q2 Q3 Q4 Total
<124.89 124.9-208.07 208.08-339.57 > 339.58
N 6838 6943 6933 6836 27,550
Age (SD) 65 (10) 66 (10) 65 (9) 64 (9) 65 (9)
Female (%) 3996 (58) 3697 (53) 3751 (54) 3520(52) 14,964 (54)
Race
White (%) 3977 (58) 3813 (55) 3959 (57) 4650 (68) 16,399 (60)
Black (%) 2861 (42) 3130 (45) 2974 (43) 2186 (32) 11,151 (41)
Smoking
Never (%) 3424 (50) 3159 (46) 3064 (44) 2733 940) 12,380 (45%)
Former (%) 2336 (34) 2851 (41) 2868 (42) 3006 (44) 11,061 (40%)
Current (%) 1048 (15) 912 (13) 968 (14) 1078 (16) 4006 (15%)
Co-morbidities
CHD (SD) 908 (13) 1127 (16) 1266 (18) 1504 (22) 4805 (17)
MI (SD) 669 (10) 771 (11) 883 (13) 1071 (16) 3394 (12)
Stroke (SD) 300 94) 431 (6) 452 (7) 507 (7) 1690 (6)
Diabetes mellitus (SD) 620 (9) 1136 (16) 1572 (23) 2384 (35) 5712.(21)
HTN (SD) 3014 (44) 3963 (57) 4433 (64) 4764 (70) 16,174 (59)
HTN medications (%) 2526 (37) 3436 (50) 3911 (56) 4202 (62) 14,075 (51)
SBP mm Hg (SD) 123(17) 127 (16) 129 (16) 131 (16) 127 (17)
DBP mm Hg (SD) 74(9) 76 (9) 77 (10) 78 (10) 77 (10)
eGFR ml/min/1.73m? (SD) 87 (2) 83 (20) 81(21) 77 (21) 82 (21)
UACR (IQR) 7[5 13] 715, 14] 715,16] 91[5,23] 715,16]
Total cholesterol mg/dL (SD) 187 (37) 189 (39) 192 (39) 200 (44) 192 (40)
LDL cholesterol mg/dL (SD) 110 (32) 115 (34) 116 (35) 114 (38) 114 (35)
HDL cholesterol mg/dL (SD) 62(17) 54 (15) 49 (14) 43 (12) 52 (16)
Triglycerides mg/dL (IQR) 71 (58, 88] 951[79,115] 125[103, 152] 198 [155, 2571 111[81,158]
Measures of Adiposity
VAI(IQR) 1.87[1.39,248] 2.95[2.29,3.83] 4.3513.39,5.64] 7.87[5.82,11.2] 3.63[2.31,5.90]
BMI (SD) 24.5(3.9) 28.2(4.5) 30.8 (5.6) 33.6(6.3) 293(6.1)
WC, cm (SD) 82 (10) 93 (10) 100 (11) 109 (14) 96 (15)

Abbreviations: CHD coronary heart disease, Ml myocardial infarction, HTN hypertension, SBP systolic blood pressure, DBP diastolic blood pressure, eGFR estimated
glomerular filtration rate, UACR urinary albumin to creatinine ratio, LDL low-density lipoprotein cholesterol, HDL high-density lipoprotein cholesterol, LAP lipid

accumulation product, BMI body mass index, WC waist circumference
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Table 2 Baseline Characteristics of Study Participants by quartiles of visceral adiposity index (VAI)
Variables Q1 Q2 Q3 Q4 Total
<231 2.32-3.64 3.65-5.91 >5.92
N 6873 6915 6886 6876 27,550
Age (SD) 65 (10) 65(10) 65 (9) 65 (9) 65 (9)
Female (%) 3569 (52) 3850 (56) 3751 (55) 3794 (55) 14,964 (54)
Race
White (%) 3429 (50) 3756 (54) 4185 (61) 5029 (73) 16,399 (60)
Black (%) 3444 (50) 3159 (46) 2701 (39) 1847 (27) 11,151 (41)
Smoking
Never (%) 3360 (49) 3188 (46) 3031 (44) 2801 (41) 12,380 (45)
Former (%) 2687 (39) 2761 (40) 2806 (41) 2807 (41) 11,061 (40)
Current (%) 791 (12) 939 (14) 1024 (15) 1252 (18) 4006 (15)
Co-morbidities
CHD (%) 934 (14) 1127 (16) 1249 (18) 1495 (22) 4805 (17)
MI (%) 685 (10) 789 (11) 867 (13) 1053 (15) 3394 (12)
Stroke (%) 308 (5) 412 (6) 461 (7) 509 (7) 1690 (6)
Diabetes mellitus (%) 904 (13) 1184 (17) 1525 (22) 2099 (31) 5712 (21)
HTN (%) 3500 (51) 3971 (57) 4222 (61) 4481 (65) 16,174 (59)
HTN medications (%) 2956 (43) 3453 (50) 3711 (54) 3955 (58) 14,075 (51)
SBP mm Hg (SD) 126 (17) 127.(17) 128 (16) 129 (16) 127.(17)
DBP mm Hg (SD) 76 (10) 76 (10) 77 (10) 77 (10) 77 (10)
eGFR ml/min/1.73m? (SD) 88 (19) 83 (20) 81 (20) 77 (21) 82 (21)
UACR (IQR) 71[4,13] 71[5,14] 71[5,15] 8[5,21] 71[5,16]
Total cholesterol mg/dL (SD) 189 (37) 189 (38) 191 (40) 199 (44) 192 (40)
LDL cholesterol mg/dL (SD) 109 (32) 115 (34) 118 (35) 115(38) 114 (35)
HDL cholesterol mg/dL (SD) 67 (17) 54(12) 47 (11) 39 (9) 52(16)
Triglycerides mg/dL (SD) 68 [57,79] 95 [84, 110] 129112, 149] 204 [168, 260] 111 [81,158]
Measures of Adiposity
LAP (IQR) 97 [66, 135] 172 (128, 224] 255[194,327] 449 [333,613] 208 [126, 338]
BMI (SD) 27.2(5.8) 29.0(6.2) 30.0 (6.1) 30.8 (5.9) 293 (6.1)
WC, cm (SD) 89 (14) 95 (14) 98 (15) 102 (14) 96 (15)

Abbreviations: CHD coronary heart disease, Ml myocardial infarction, HTN hypertension, SBP systolic blood pressure, DBP diastolic blood pressure, eGFR estimated
glomerular filtration rate, UACR urine albumin-to-creatinine ratio, LDL low-density lipoprotein cholesterol, HDL high-density lipoprotein cholesterol, LAP lipid

accumulation product, BMI body mass index, WC waist circumference

significantly fewer African Americans in the top quartiles
of LAP and VAI compared to bottom quartiles. Higher
quartiles of LAP and VAI had a greater prevalence of
CHD, myocardial infarction, stroke, DM, and hyper-
tension. In addition, higher LAP and VAI quartiles had
lower eGEFR and higher UACR.

Relationship between measures of obesity and incident
CKD

Between the baseline and follow-up visits (median time
6.3years), there were 1127 cases of incident CKD and 1452
cases of progressive eGFR decline. Each two-fold higher
of VAI was associated with 31% higher odds (95% CI 1.24,
1.40) of developing incident CKD in the unadjusted model
(Table 3). This association was attenuated but remained

statistically significant after adjusting for all the covariates,
including baseline eGFR and UACR. Similar associations
were seen for LAP where each two-fold higher level asso-
ciated with 21% higher odds (95% CI 1.13, 1.29) of CKD
(Table 3). In categorical analyses, the top quartiles of VAI
and LAP were associated with higher odds of incident
CKD as compared to the lowest quartile (OR 1.26; 95% CI
1.02, 1.55 and OR 1.51; 95% CI 1.22, 1.87 respectively) in
fully adjusted models. BMI and WC were also associated
with increased risk of incident CKD in fully adjusted mod-
els when compared to the lower quartiles (OR 1.81; 95% CI
1.46, 2.25 and OR 1.64; 95% CI 1.33, 2.01 respectively) as
shown in Table 3. We did not find an interaction between
VAI or LAP with sex (0.62 and 0.59, respectively).
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Table 3 Association of measures of adiposity with incident chronic kidney disease (CKD)
Events/N Proportion Unadjusted Model 1 Model 2 Model 3
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
VAI
Continuous (per doubling) 1127/11538 10% 1.31(1.24,1.40) 141(1.32,1.51) 1.23(1.15,1.32) 1.12(1.04,1.20)
Quartiles
<231 215/3166 7% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.32-3.64 277/3033 9% 1.39(1.14,1.68) 1.37(1.13,1.67) 1.22(0.99, 1.48) 1.13(0.92,1.38)
3.65-5.91 319/2826 1% 1.82(1.51,2.19) 1.94 (1.60, 2.35) 1.61(1.33,1.96) 140(1.15,1.72)
>5.92 316/2513 13% 1.99 (1.65, 2.40) 2.30(1.89,2.79) 1.60 (1.31, 1.96) 1.26 (1.02,1.55)
LAP
Continuous (per doubling) 1127/11538 10% 1.42(1.33,1.50) 1.54 (144, 1.64) 1.32(1.23,1471) 1.21(1.13,1.29)
Quartiles
<124.89 195/3175 6% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
124.9-208.07 262/3057 9% 140 (1.15,1.71) 1.33(1.09,1.63) 1.16 (0.95,1.43) 1.12(0.91,1.38)
208.08-339.57 325/279% 12% 2.01(1.67,243) 2.03(1.67,2.46) 1.62(1.32,1.97) 145(1.18,1.78)
>339.58 345/2512 14% 242(2.01,293) 2.90(2.38,3.52) 1.91(1.56,2.35) 1.51(1.22,1.87)
BMI
Continuous (per doubling) 1127/11538 10% 269 (2.15,3.37) 447 (3.48,5.74) 2.73(2.08,3.56) 2.10(1.60, 2.76)
Quartiles
<251 191/2849 7% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
25.2-283 273/3096 9% 1.30(1.06, 1.58) 1.38(1.13,1.69) 1.26 (1.03,1.55) 1.22 (0.99,1.50)
284-32.5 292/2978 10% 1.52(1.25,1.84) 1.74(1.43,2.13) 140(1.14,1.72) 1.30 (1.05, 1.60)
>325 371/2615 14% 2.24(1.86,2.70) 3.09 (2.53,3.78) 2.17(1.75,2.68) 1.81(1.46,2.25)
Waist Circumference
Continuous (per doubling) 1127/11538 10% 442 (3.30,5.92) 7.57 (548,1047) 3.62(2.57,5.10) 2.66(1.88,3.77)
Quartiles
<863 256/3508 7% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
86.4-95.2 215/2710 8% 1.04 (0.86, 1.27) 1.11(0.91,1.36) 0.97(0.79, 1.19) 0.97 (0.78, 1.19)
95.3-1054 290/2874 10% 1.37(1.14,1.64) 1.57(1.29,1.91) 1.23(1.01,1.50) 1.13(0.92, 1.38)
>1054 366/2446 15% 222(1.87,2.64) 291 (241,3.51) 1.91(1.57,2.34) 1.64(1.33,2.01)

Model 1: adjusted for age, sex, race
Model 2: Model 1+ prevalent CHD, prevalent stroke, HTN, DM, smoking status

Model 3: Model 2+ eGFR, UACR

Abbreviations: VAl visceral adiposity index, LAP lipid accumulation product, BMI body mass index, CHD coronary heart disease, HTN hypertension, DM diabetes
mellitus, eGFR estimated glomerular filtration rate, UACR urine albumin-to-creatinine ratio

Relationship between measures of obesity and progressive
eGFR decline

In the unadjusted model, each two-fold higher level of
VAI was associated with 23% higher odds (95% CI 1.17,
1.31) of progressive eGFR decline and this association
remained statistically significant after full multivari-
able adjustment (OR 1.11; 95% CI 1.04, 1.18, Table 4).
Similar findings were observed on categorical analyses
(Table 4) with the top quartile of VAI being associated
with 20% higher odds of eGFR decline as compared to
the lowest quartile. Each per two-fold higher and the
top quartile of LAP were also associated with odds of
progressive eGFR, 18% higher (95% CI 1.11, 1.26) and

36% (95% CI 1.13, 1.63) higher respectfully (Table 4).
Each two-fold higher of BMI and WC were also associ-
ated with increased risk of progressive eGFR across the
models (Table 4).

Relationship between measures of obesity and incident
kidney failure

There were 353 cases of incident kidney failure over
10years of follow up. Incidence rates of kidney failure
were higher with ascending quartiles of VAI (0.11%/year
in Q1 to 0.24%/year in Q4) and LAP (0.08%/year in Q1
to 0.29%/year in Q4). Each two-fold higher of VAI was
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Table 4 Association of measures of adiposity with progressive eGFR decline
Events/N Proportion Unadjusted Model 1 Model 2 Model 3
OR (95% Cl) OR (95% ClI) OR (95% Cl) OR (95% Cl)
VAI
Continuous (per doubling) 1452/12624 12% 1.23(1.17,1.31) 1.31(1.23,1.38) 1.14(1.07,1.21) 1.11(1.04,1.18)
Quartiles
<231 306/3304 9% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.32-3.64 355/3275 1% 1.18(1.00, 1.39) 1.16 (0.98,1.38) 1.02 (0.86,1.22) 1.02 (0.86,1.22)
3.65-5.91 378/3143 12% 1.37(1.17,1.62) 143(1.22,1.69) 1.16(0.97,1.37) 1.14(0.95, 1.35)
>592 413/2902 14% 1.62(1.37,1.90) 1.83(1.55,2.16) 127(1.07,1.51) 1.20(1.00, 1.44)
LAP
Continuous (per doubling) 1452/12624 12% 1.35(1.28,1.43) 142 (1.34,1.50) 121 (1.14,1.29) 1.18(1.11,1.26)
Quartiles
<124.89 264/3311 8% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
124.9-208.07 340/3305 10% 1.29(1.08,1.53) 1.20(1.01,143) 1.05 (0.88, 1.25) 1.06 (0.88, 1.26)
208.08-339.57 406/3107 13% 1.71(1.44,2.02) 1.65 (139, 1.96) 1.30(1.09, 1.54) 1.30(1.09, 1.56)
>339.58 442/2901 15% 2.06 (1.75,2.44) 2.25(1.90, 2.66) 145(1.22,1.74) 1.36(1.13,1.63)
BMI
Continuous (per doubling) 1452/12624 12% 2.83(2.32,345) 3.19(2.58,3.95) 1.89(1.50,2.37) 1.79(1.42,2.25)
Quartiles
<2511 238/3042 8% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
25.2-283 337/3338 10% 1.29(1.08,1.55) 1.29(1.08, 1.55) 1.18(0.98,1.42) 1.22(1.01,147)
284-32.5 389/3271 12% 1.61(1.36,1.92) 1.64 (1.37,1.95) 1.32(1.1.0,1.59) 1.33(1.10, 1.60)
>325 488/2973 16% 229(1.93,2.71) 244 (2.05,291) 1.67(1.38,2.01) 1.63(1.34,1.97)
Waist Circumference
Continuous (per doubling) 1452/12624 12% 4.22(3.26,5.48) 5.16(391,681) 242(1.80,3.25) 2.21(1.64,2.99)
Quartiles
<863 307/3739 8% 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
86.4-95.2 298/2936 10% 1.20(1.01,143) 1.23(1.03,1.48) 1.07 (0.89, 1.29) 1.12(0.93, 1.34)
95.3-1054 375/3172 12% 144 (1.23,1.70) 1.53(1.29,1.81) 1.20(1.01,1.43) 1.20(1.00, 1.44)
>1054 472/2777 17% 2.27 (1.94, 2.66) 2.51(2.13,2.96) 1.63(1.37,1.95) 1.58(1.32,1.89)

Model 1: adjusted for age, sex, race
Model 2: Model 1+ prevalent CHD, prevalent stroke, HTN, DM, smoking status

Model 3: Model 2+ eGFR, UACR

Abbreviations: VAl visceral adiposity index, LAP lipid accumulation product, BMI body mass index, CHD coronary heart disease, HTN hypertension, DM diabetes
mellitus, eGFR estimated glomerular filtration rate, UACR urine albumin-to-creatinine ratio

associated with a 38% higher risk (95% CI 1.25, 1.53) of
incident kidney failure in unadjusted models (Table 5).
This finding remained statistically significant despite
adjusting for age, sex, race, prevalent CHD, stroke, hyper-
tension, diabetes mellitus, and smoking status (HR:1.33
and 95% CI 1.19, 1.49). However, addition of eGFR and
UACR to the model attenuated these associations almost
completely. Similarly, although, each two-fold higher of
LAP was associated with greater risk of incident kidney
failure in unadjusted, and demographic adjusted mod-
els, the inclusion of prevalent co-morbidities, eGFR and
UACR rendered this association no longer statistically
significant (Table 5) on the continuous per two-fold scale.
Similar findings were also seen in categorical analyses

where the top quartile of VAI (HR: 1.94; 95% CI 1.37,
2.76) and LAP (HR: 2.03; 95% CI 1.39, 2.97) were associ-
ated with risk of incident kidney failure only before but
not after adjustment for eGFR and UACR. In compari-
son, BMI and WC were also associated with risk of kid-
ney failure in an unadjusted and demographic adjusted
models. However, further adjustment for eGFR and
UACR resulted in a statistically significant inverse rela-
tionship between higher BMI and WC and risk of inci-
dent kidney failure (Table 5). Supplemental tables 1 and
2 shows the association of VAI and LAP, respectively,
and the rest of the covariates with kidney failure before
and after adding albuminuria and baseline eGFR to the
analysis.
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Table 5 Association of measures of adiposity with incident kidney failure
Events/N Incidence rate Unadjusted Model 1 Model 2 Model 3
(%7yr) HR (95% CI) HR (95% C) HR (95% Cl) HR (95% Cl)
VAI
Continuous (per doubling) 353/27550 017 1.38(1.25,1.53) 1.63(1.47,1.81) 1.33(1.19,1.49) 0.93(0.82,1.04)
Quartiles
<231 56/6873 0.11 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.32-3.64 64/6915 0.12 1.17 (0.80, 1.70) 1.27 (0.87,1.85) 1.06 (0.73,1.55) 0.75(0.51,1.10)
3.65-591 111/6886 0.22 2.01(1.43,2.82) 244 (1.74,343) 1.71(1.21,247) 1.02(0.72, 1.44)
>592 122/6876 0.24 2.20(1.57,3.07) 342(243,4.80) 194 (1.37,2.76) 0.72 (0.50, 1.03)
LAP
Continuous (per doubling) 353/27550 0.17 148(1.33,1.64) 1.67 (1.49,1.86) 126(1.12,1.42) 0.89(0.81,0.99)
Quartiles
<124.89 39/6838 0.08 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
124.9-208.07 74/6943 0.14 1.74(1.17,261) 1.63(1.09,2.44) 1.25(0.83,1.87) 0.99 (0.66, 1.49)
208.08-339.57 96/6933 0.19 2.32(1.58,3.40) 2.32(1.58,3.40) 149 (1.01, 2.20) 1.00 (0.67, 1.49)
>339.58 144/6836 0.29 348(242,5.02) 426 (2.95,6.14) 2.03(1.39,297) 0.82 (0.56, 1 20)
BMI
Continuous (per doubling) 353/27550 017 2.50(1.72,3.63) 2.08 (1.40,3.10) 0.80(0.52, 1.23) 0.55(0.37,0.81)
Quartiles
<251 60/6866 012 1.00 (ref) 1.00 (ref) 1.00 (ref) 00 (ref)
25.2-283 80/6968 0.15 1.22(0.86,1.72) 1.11(0.79,1.57) 0.86 (0.61,1.22) 0.95 (0.67,1.35)
284-325 87/6964 017 1.32(0.94,1.85) 1.13(0.80, 1.60) 0.70 (0.50, 1.00) 0.58 (0.410,0.84)
>325 126/6792 0.25 1.95(1.42,2.69) 64 (1.18,2.28) 0.76 (0.54, 1.08) 0.58 (0.40,0.82)
Waist Circumference
Continuous (per doubling) 353/27550 0.17 5.57 (3.46,897) 427 (2.56,7.13) 1.06 (0.62,1.82) 043 (0.26,0.70)
Quartiles
<863 56/7794 0.10 1.00 (ref) 1.00 (ref) 00 (ref) 1.00 (ref)
86.4-95.2 63/6204 0.13 1.29(0.89, 1.87) 1.08(0.74,1.57) 0.82(0.57, 1.20) 0.84(0.58, 1.22)
95.3-1054 95/6977 0.18 1.73(1.23,243) 143(1.01,2.03) 0.89 (0.63,1.27) 0.74(0.52,1.05)
>1054 139/6615 0.29 2.73(1.98,3.76) 2.19(1.58,3.04) 0.99 (0.70, 1.39) 0.55(0.39, 0. 78)

Model 1: adjusted for age, sex, race
Model 2: Model 1+ prevalent CHD, prevalent stroke, HTN, DM, smoking status
Model 3: Model 2+ eGFR, UACR

Abbreviations: VAl visceral adiposity index, LAP lipid accumulation product, BMI body mass index, CHD coronary heart disease, HTN hypertension, DM diabetes
mellitus, eGFR estimated glomerular filtration rate, UACR urine albumin-to-creatinine ratio

In sensitivity analysis stratifying by eGFR categories,
we found statistically non-significant higher risk of kid-
ney failure per two-fold VAI, LAP and kidney failure
after multivariable adjustment in persons with eGFR
<45ml/min/1.73m? The association of BMI and WC
with kidney failure in these GFR categories was statis-
tically non-significant, the point estimates were in the
opposite direction from VAI and LAP. We found similar
results when treating death as a competing risk (Sup-
plemental Table 3). Among those with eGFR <45ml/
min/1.73m?, higher LAP, BMI and WC were all associ-
ated with lower risk of kidney failure after multivariable
adjustment (Supplemental Table 4).

Wald test statistics only demonstrated a significant
contribution by WC when compared to VAI, LAP, and
BMI (0-10%) in the prediction of kidney failure (Sup-
plemental Fig. 1).

Lastly, we did not find a significant association
between HDL with any of the outcomes whereas we
found weak associations between triglycerides and inci-
dent CKD and progressive eGFR decline (Supplemental
Table 5).

Relationship between measures of obesity and incident
albuminuria

Between the baseline and follow-up visits, there were
1397 cases of incident albuminuria. Each two-fold higher
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of VAI was associated with 21% higher odds (95% CI 1.14,
1.28) of developing incident albuminuria in the unad-
justed model (Supplemental Table 6). This association
was attenuated and no longer statistically significant after
adjusting for all the covariates, including baseline eGFR
and baseline UACR (OR 1.04; 95% CI 0.97, 1.11). Simi-
larly, in the unadjusted model, a two-fold higher level of
LAP was associated with 18% higher odds (95% CI 1.12,
1.24) of incident albuminuria, but this association was
no longer significant after adjusting for all covariates
(OR 0.98, 95% CI 0.93, 1.05) as shown in Supplemental
Table 6.

Discussion

This study, conducted in a large population of adults at
risk for kidney and cardiovascular disease showed that
the VAI and LAP, newer anthropometric measures of vis-
ceral adiposity, were associated with incident CKD and
progressive decline in kidney function, after adjusting for
multiple confounders including eGFR and albuminuria.
These associations were similar in strength and direction
to those of BMI and WC. In demographic adjusted mod-
els, VAI and LAP were associated with risk of incident
kidney failure but these associations were not independ-
ent of the baseline level of eGFR and albuminuria.

Prior cross-sectional analyses among Chinese par-
ticipants demonstrated a 2.32 fold higher prevalence of
reduced kidney function defined as eGFR <60 mL/min
per 1.73m? among persons in the highest quartile of LAP
compared to the lowest quartile [29]. Another cross-
sectional study in a rural Chinese population (11,192
participants total) showed both VAI and LAP were asso-
ciated with over four fold higher odds of CKD in women
[26]. This study differed from our study since their fully
adjusted model did not account for diabetes mellitus
and proteinuria. Additionally, due to the cross-sectional
nature of these studies, they were not able to adjust for
baseline kidney function decline. In another study, after
adjusting for confounders (not including baseline eGFR)
the association between VAI and prevalent CKD was
not statistically significant [30]. Our study adds to the
existing literature, demonstrating the longitudinal asso-
ciations of these visceral adiposity measures with future
kidney function decline after adjusting for known con-
founders, and comparing strengths to those of the more
established adiposity markers of BMI and WC.

In two population based cohorts from the Tehran Lipid
and Glucose study and the third National Health and
Nutrition Examination Survey (NHANES III), LAP has
been associated with a higher risk of cardiovascular dis-
ease when compared to BMI [22, 31, 32]. LAP has also
been shown to be associated with risk of all-cause mor-
tality compared to BMI in nondiabetic patients at high
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risk for cardiovascular diseases [33], as well as congestive
heart failure mortality and all-cause mortality in post-
menopausal women [34]. Similarly, VAI has been asso-
ciated with a higher risk of cardiovascular disease [23].
This may be due to VAI including physical and metabolic
parameters and indirectly reflecting altered production
of adipocytokines, increased lipolysis, and plasma free
fatty acids, which are not captured by traditional markers
such as BMI, WC, TGs, and HDL, separately [23].

In our study, we found a dose-dependent relationship
between higher levels of all the obesity markers evaluated
and incident kidney failure until adjustment for eGFR
and albuminuria. To obtain a better understanding of this
phenomenon, we performed sensitivity analyses account-
ing for the competing risk of death and also performed
stratified analysis according to baseline eGFR categories
(>60, 45-59, and<45ml/min/1.73m?). These sensitiv-
ity analyses did not alter our results. Interestingly, the
inverse association between BMI and incident kidney
failure has also been shown in prior studies in REGARDS
[15]. After adjusting for WC and obesity-associated co-
morbidities and eGFR, BMI categories z35kg/m2 were
associated with significantly lower kidney failure risk
[15]. Other studies have also failed to find an association
between higher BMI and incident CKD [7, 35-37]. In a
cohort of more than 300 patients with stages 3—5 CKD,
Lin et al. found that a BMI > to 30 or a body fat percent-
age>25% in men and>35% in women did not confer
an increased risk of kidney failure [38]. Wang et al. also
found that BMI was not a risk factor for kidney failure
in either males or females with CKD and mild obesity
(BMI 30-34.9kg/m?) was associated with lower risk for
death without RRT in males (HR: 0.60 95% CI: 0.40-0.90,
p =0.013) [35]. Mechanisms responsible for this inverse
association are uncertain.

Strengths and limitations

Our study has limitations. First, there was a relatively
short follow up time to adequately assess development
of kidney failure. Second, although studies have shown
that VAI and LAP are correlated with visceral adiposity
our study lacks direct measures of visceral adiposity such
as CT and MRI measures of adiposity. Strengths of this
study include a large cohort of adults from different racial
backgrounds with CKD and a longitudinal approach to
evaluating the association of LAP and VAI with clinical
endpoints.

In conclusion, VAI and LAP, newer visceral adiposity
measures, are associated with incident CKD and eGFR
decline after adjusting for multiple potential confounders
including eGFR and albuminuria; however, BMI and WC,
traditional measures, were more strongly associated with
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these outcomes. Future studies should compare meas-
ures of visceral adiposity by direct and indirect methods
to evaluate if the risk of adverse kidney events are dif-
ferent and whether better noninvasive markers of vis-
ceral adiposity are needed to differentiate the subgroup
of patients who are at higher risk of developing worse
outcomes.
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org/10.1186/512882-022-03026-9.

Additional file 1: Supplemental Table 1. Association of VAl with incident
kidney failure. Supplemental Table 2. Association of LAP with incident
kidney failure. Supplemental Table 3. Association of measures of adipos-
ity with incident kidney failure in a competing risk of death analysis. Sup-
plemental Table 4. Association of measures of adiposity with incident
kidney failure stratified by baseline CKD stages. Supplemental Table 5.
Association of triglycerides and HDL with incident CKD, progressive eGFR
decline, and incident kidney failure. Supplemental Table 6. Association of
measures of adiposity with incident albuminuria. Supplemental Figure 1.
Global Wald Chi-Square Score of Relative Importance of Measures of
Adiposity to Incident Kidney Failure. Abbreviations: VAI, visceral adiposity
index; BMI, body mass index; LAP, lipid accumulation product.

Acknowledgments

The authors thank the other investigators, staff, and the participants of the
REGARDS study for their valuable contributions. A full list of participating
REGARDS investigators and institutions can be found at: https:// www.uab.
edu/soph/regardsstudy/.

Authors’ contributions

ALB, UK, and PSG conceived and designed the analysis. RK performed the
analysis. ALB and UK wrote the paper. PSG supervised the study. OMG, MJS,
HJK, MGS, JHI, SEJ, and MC reviewed and edited the manuscript. The author(s)
read and approved the final manuscript.

Funding

ALB is supported by the Department of Veterans Affairs Mentored Career
Development Award 5IK2BX004986 and a pilot grant from the University of
Alabama at Birmingham and UC San Diego—O'Brien Center for Acute Kidney
Injury Research (P30 DK079337). PSG is supported by National Institutes of
Health (NIH) grant K23DK114556.

REGARDS is supported by cooperative agreement U0T NS041588 co-funded
by the National Institute of Neurological Disorders and Stroke (NINDS) and the
National Institute on Aging (NIA), National Institutes of Health, Department of
Health and Human Service. Additional support was from the National Institute
of General Medical Sciences, P20 GM 135007 (MC) and the Cardiovascular
Research Institute of Vermont (Burlington, VT; SS). This content is the sole
responsibility of the authors and does not necessarily represent the official
views of the National Institute of Neurological Disorders and Stroke, the National
Institute of Health, the Department of Veterans Affairs or the U.S. Government.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and reg-
ulations. All participants provided written informed consent and Institutional
Review Boards of all participating institutions approved the study, including
the University of Alabama Birmingham Institutional Review Board.

Page 10 of 11

Consent for publication
No patient/participant identifiable data was used for this study. The manuscript was
reviewed by the REGARDS Publication Committee who authorized it for publication.

Competing interests
ALB, RK, UK, OMG, MJS, HJK, MGS, JHI, SEJ, MC, and PSG declared no compet-
ing interests.

Author details

"Nephrology Section, Veterans Affairs San Diego Healthcare System, La Jolla,
CA, USA. ?Division of Nephrology & Hypertension, University of California San
Diego, 200 W Arbor Dr.. M/C 8409 MPF L030, San Diego, CA 92103, USA. 3Divi-
sion of Obstetrics and Gynecology, University of Washington, Seattle, WA, USA.
“Division of Nephrology, UAB Heersink School of Medicine, Birmingham, AL,
USA. >Division of Nephrology, Tufts Medical Center, Boston, MA, USA. ®Division
of Nephrology and Hypertension, Loyola University Medical Center, Maywood,
IL, USA. ’Kidney Health Research Collaborative, Department of Medicine,
University of California, San Francisco, CA, USA. 8Department of Medicine, San
Francisco VA Medical Center, San Francisco, CA, USA. °Department of Biostatis-
tics, UAB School of Public Health, Birmingham, AL, USA. "°Division of Hematol-
ogy and Oncology, University of Vermont, Colchester, VT, USA.

Received: 28 July 2022 Accepted: 30 November 2022
Published online: 15 December 2022

References

1. Eknoyan G. Obesity and chronic kidney disease. Nefrologia.
2011,31(4):397-403.

2. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PW, Levy D. Predictors
of new-onset kidney disease in a community-based population. Jama.
2004;291(7):844-50.

3. Forouzanfar MH, Afshin A, Alexander LT. Global, regional, and national
comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks in 188 countries,
1990-2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet (London, England). 2015;386(10010):2287-323.

4. Kanasaki K, Kitada M, Kanasaki M, Koya D. The biological consequence of
obesity on the kidney. Nephrol Dial Transplant. 2013;28(Suppl 4):iv1-7.

5. Kramer H. Obesity and chronic kidney disease. Contrib Nephrol.
2006;151:1-18.

6. Rothman KJ. BMI-related errors in the measurement of obesity. Int J Obes
(Lond). 2008;32(Suppl 3):556-9.

7. Agarwal R, Bills JE, Light RP. Diagnosing obesity by body mass index in
chronic kidney disease: an explanation for the “obesity paradox?”. Hyper-
tension (Dallas, Tex : 1979). 2010;56(5):893-900.

8. Aquina CT, Rickles AS, Probst CP, Kelly KN, Deeb AP, Monson JR, et al.
Visceral obesity, not elevated BMI, is strongly associated with incisional
hernia after colorectal surgery. Dis Colon Rectum. 2015;58(2):220-7.

9. Rickles AS, lannuzzi JC, Mironov O, Deeb AP, Sharma A, Fleming FJ, et al.
Visceral obesity and colorectal cancer: are we missing the boat with BMI?
J Gastrointest Surg. 2013;17(1):133-43 discussion p.43.

10. ZhaiT, Zhang B, Qu Z, Chen C. Elevated visceral obesity quantified by CT
is associated with adverse postoperative outcome of laparoscopic radical
nephrectomy for renal clear cell carcinoma patients. Int Urol Nephrol.
2018;50(5):845-50.

11. LiuJ, Fox CS, Hickson DA, May WD, Hairston KG, Carr JJ, et al. Impact of
abdominal visceral and subcutaneous adipose tissue on cardiometa-
bolic risk factors: the Jackson Heart Study. J Clin Endocrinol Metab.
2010;95(12):5419-26.

12. Kramer H, Shoham D, McClure LA, Durazo-Arvizu R, Howard G, Judd S,
et al. Association of waist circumference and body mass index with all-
cause mortality in CKD: the REGARDS (Reasons for Geographic and Racial
Differences in Stroke) study. Am J Kidney Dis. 2011;58(2):177-85.

13. Teixeira A d CFDA, Salgado JV, et al. Usefulness of visceral adipose tissue
estimation in the prevention of chronic kidney disease in hypertensive
patients in primary health care. Nutr Hosp. 2018;35(4):948-56.

14. Evans PD, Mcintyre NJ, Fluck RJ, McIntyre CW, Taal MW. Anthropo-
morphic measurements that include central fat distribution are more


https://doi.org/10.1186/s12882-022-03026-9
https://doi.org/10.1186/s12882-022-03026-9
http://www.uab.edu/soph/regardsstudy/
http://www.uab.edu/soph/regardsstudy/

Bullen et al. BMC Nephrology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

(2022) 23:401

closely related with key risk factors than BMI in CKD stage 3. PLoS One.
2012;7(4):234699.

Kramer H, Gutiérrez OM, Judd SE, Muntner P, Warnock DG, Tanner RM,

et al. Waist circumference, body mass index, and ESRD in the REGARDS
(Reasons for Geographic and Racial Differences in Stroke) Study. Am J
Kidney Dis. 2016;67(1):62-9.

Sanches FM, Avesani CM, Kamimura MA, Lemos MM, Axelsson J, Vasselai
P et al. Waist circumference and visceral fat in CKD: a cross-sectional
study. Am J Kidney Dis. 2008;52(1):66-73.

Velludo CM, Kamimura MA, Sanches FM, Lemos MM, Canziani ME, Pupim
LB, et al. Prospective evaluation of waist circumference and visceral
adipose tissue in patients with chronic kidney disease. Am J Nephrol.
2010;31(2):104-9.

Gradmark AM, Rydh A, Renstrom F, De Lucia-Rolfe E, Sleigh A, Nordstrom
P, et al. Computed tomography-based validation of abdominal adiposity
measurements from ultrasonography, dual-energy X-ray absorptiometry
and anthropometry. Br J Nutr. 2010;104(4):582-8.

Bonora E, Micciolo R, Ghiatas AA, Lancaster JL, Alyassin A, Muggeo M,

et al. Is it possible to derive a reliable estimate of human visceral and
subcutaneous abdominal adipose tissue from simple anthropometric
measurements? Metabolism. 1995;44(12):1617-25.

Irlbeck T, Massaro JM, Bamberg F, O'Donnell CJ, Hoffmann U, Fox CS.
Association between single-slice measurements of visceral and abdomi-
nal subcutaneous adipose tissue with volumetric measurements: the
Framingham Heart Study. Int J Obes (Lond). 2010;34(4):781-7.

Mathieu P, Pibarot P, Larose E, Poirier P, Marette A, Després JP. Visceral
obesity and the heart. Int J Biochem Cell Biol. 2008;40(5):821-36.

Kahn HS. The "lipid accumulation product” performs better than the
body mass index for recognizing cardiovascular risk: a population-based
comparison. BMC Cardiovasc Disord. 2005;5:26.

Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index: a reliable indicator of visceral fat function associ-
ated with cardiometabolic risk. Diabetes Care. 2010;33(4):920-2.
Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-Rosett
J, et al. The obese without cardiometabolic risk factor clustering and the
normal weight with cardiometabolic risk factor clustering: prevalence
and correlates of 2 phenotypes among the US population (NHANES
1999-2004). Arch Intern Med. 2008;168(15):1617-24.

DuT, Yu X, Zhang J, Sun X. Lipid accumulation product and visceral adi-
posity index are effective markers for identifying the metabolically obese
normal-weight phenotype. Acta Diabetol. 2015;52(5):855-63.

Dai D, Chang Y, Chen Y, Chen S, Yu S, Guo X, et al. Visceral adiposity index
and lipid accumulation product index: two alternate body indices to
identify chronic kidney disease among the rural population in Northeast
China. Int J Environ Res Public Health. 2016;13(12).

Howard VJ, Cushman M, Pulley L, Gomez CR, Go RC, Prineas RJ, et al. The
reasons for geographic and racial differences in stroke study: objectives
and design. Neuroepidemiology. 2005;25(3):135-43.

Stevens LA, Coresh J, Schmid CH, Feldman Hl, Froissart M, Kusek J, et al.
Estimating GFR using serum cystatin C alone and in combination with
serum creatinine: a pooled analysis of 3,418 individuals with CKD. Am J
Kidney Dis. 2008;51(3):395-406.

Zhang KLQ, ChenY, Wang N, Lu Y. Visceral adiposity and renal function: an
observational study from SPECT-China. Lipids Health Dis. 2017;16:Article
number: 205.

Xu X, ZhaoY, Zhao Z, Zhu S, Liu X, Zhou C, et al. Correlation of visceral
adiposity index with chronic kidney disease in the People’s Republic

of China: to rediscover the new clinical potential of an old indicator for
visceral obesity. Ther Clin Risk Manag. 2016;12:489-94.

Bozorgmanesh M, Hadaegh F, Azizi F. Diabetes prediction, lipid accumula-
tion product, and adiposity measures; 6-year follow-up: Tehran lipid and
glucose study. Lipids Health Dis. 2010;9:45.

Kahn HS. The lipid accumulation product is better than BMI for
identifying diabetes: a population-based comparison. Diabetes Care.
2006;29(1):151-3.

loachimescu AG, Brennan DM, Hoar BM, Hoogwerf BJ. The lipid accumu-
lation product and all-cause mortality in patients at high cardiovascular
risk: a PreClS database study. Obesity (Silver Spring). 2010;18(9):1836-44.
Wehr E, Pilz S, Boehm BO, Marz W, Obermayer-Pietsch B. The lipid accu-
mulation product is associated with increased mortality in normal weight
postmenopausal women. Obesity (Silver Spring). 2011;19(9):1873-80.

35.

36.

37.

38.

Page 11 of 11

Wang Z, Zhang J, Chan S, Cameron A, Healy HG, Venuthurupalli SK, et al.
BMI and its association with death and the initiation of renal replacement
therapy (RRT) in a cohort of patients with chronic kidney disease (CKD).
BMC Nephrol. 2019;20(1):329.

Chang TJ, Zheng CM, Wu MY, Chen TT, Wu YC, Wu YL, et al. Relationship
between body mass index and renal function deterioration among the
Taiwanese chronic kidney disease population. Sci Rep. 2018;8(1):6908.
Stefansson VTN, Schei J, Solbu MD, Jenssen TG, Melsom T, Eriksen BO.
Metabolic syndrome but not obesity measures are risk factors for acceler-
ated age-related glomerular filtration rate decline in the general popula-
tion. Kidney Int. 2018;93(5):1183-90.

Lin TY, Liu JS, Hung SC. Obesity and risk of end-stage renal disease in
patients with chronic kidney disease: a cohort study. Am J Clin Nutr.
2018;108(5):1145-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Lipid accumulation product, visceral adiposity index and risk of chronic kidney disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Material and methods
	Participants
	Exposure variables
	Covariates
	Primary and secondary outcomes
	Statistical analysis

	Results
	Characteristics of participants by VAI and LAP quartiles
	Relationship between measures of obesity and incident CKD
	Relationship between measures of obesity and progressive eGFR decline
	Relationship between measures of obesity and incident kidney failure
	Relationship between measures of obesity and incident albuminuria

	Discussion
	Strengths and limitations

	Acknowledgments
	References


