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Abstract

Background
Metabolic syndrome (MS) is common in kidney transplant recipients(KTRs) and associated with an
increased risk of cardiovascular events. There is a need for accurate, non-invasive methods to predict MS
in this population. Lipid accumulation product (LAP) is an effective marker of central lipid accumulation
related to high risk of MS, cardiovascular disease(CVD) and diabetes. This study aims to assess the
ability of LAP as a marker of MS in KTRs.

Methods
A total of 92 KTRs were included in this study. The general anthropometries and blood biochemical
indexes were measured. Body mass index(BMI), waist-hip ratio (WHR), LAP, HOMA-IR and Framingham
risk scores(FRS) were calculated.

Results
The prevalence of MS was 57.8 % in KTRs. Respectively, 64.1%, 16.3%, and 19.6% of patients with KTRs
were at low, intermediate, and high risk of CVD according to FRS categorization. KTRs with MS had
signi�cantly higher LAP levels compared to those without MS. LAP was highly correlated with lipid
metabolism, abdominal obesity, glucose metabolism and in�ammatory factor in KTRs. Our analyses
revealed that LAP is an independent risk factor for development of MS. Receiver operating characteristic
curve (ROC) analysis showed that LAP was a signi�cant discriminator for prediction of MS in KTRs. The
optimal cutoff value for LAP in predicting MS was 39.72 (80.8 % sensitivity, 90 % speci�city).

Conclusion
Our study revealed all adiposity measures of interest present themselves as easy and practical tools for
evaluating MS in KTRs and LAP is the best index for the determination of MS in KTRs among them.

Background
Metabolic syndrome (MS) is a cluster of metabolic disorders, associated with the risk of cardiovascular
disease (CVD), such as hypertension, diabetes, dyslipidemia and abdominal obesity [1]. In kidney
transplant recipients(KTRs), MS has been shown to be an independent risk factor for new-onset
diabetes(NODAT), chronic allograft dysfunction, graft failure and CVD [2]. The prevalence of the MS in
KTRs is increased compared with the general population. Previous study indicated that the prevalence of
MS was 24.5% in China, and it is higher (32.4%) in Chinese elderly [3]. However, another study reported
63% of the KTRs were de�ned as MS [4].
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Based on previous studies, it has been con�rmed that CVD was the leading cause of mortality and
morbidity in KTRs [5]. Thus, early and accurate diagnosis of MS and prophylaxis can lead to higher
survival of KTRs as well as their graft survival. The lipid accumulation product(LAP), which is calculated
based on the waist circumference (WC) and serum triglyceride(TG) levels, has been proposed as a useful
parameter of visceral lipid over-accumulation [6]. Individuals with higher levels of LAP were at higher risk
of CVD, MS, insulin resistance(IR) and diabetes [7, 8]. LAP is an accurate marker of MS in general
population [9, 10]. However, there is little known about the relationship between LAP and MS in KTRs.
Thus, we aim to investigate whether LAP is an effective index for MS in KTRs.

Methods
Study subjects

A total of 136 KTRs from the outpatient transplant clinics at the East Division of the First A�liated
Hospital, Sun Yat-sen University were evaluated. Clinical information for each recipient was retrieved and
assembled from the local electronic database, which was approved by the local Ethics Committee. All
recipients provided written informed consent before organ transplant. All recipients had given up smoking
and drinking after kidney transplantation(KT).

Exclusion criteria included recipients: 1. age below 18 years; 2. with graft loss in the �rst year; 3. with
more than one time of renal transplant; 4. with multiple organ transplantation; 5. with no more than 1 year
of follow-up post-transplant ; 6. with incomplete data. Finally, 92 patients (60 males and 32 females)
were recruited. This cross-sectional study conducted between March 2020 and December 2020.

Immunosuppression 

All included patients received anti-thymocyte globulin (ATG) for induction therapy. Maintenance regimen
included tacrolimus, mycophenolate and corticosteroids. Doses of tacrolimus were titrated to plasma
levels of 8 to 10 ng/mL during the �rst 3 months and titrated to 5 to 7 ng/mL by the �rst year. Follow by a
3-day course of intravenous methyl-prednisolone 500 mg daily, oral intake prednisone was started on
30mg daily and tapered to a maintenance dose of 5mg daily within 2 months posttranspant.

De�nition 

International Diabetes Federation (IDF) in 2005 was used to de�ne MS. WC > 94 cm (men) or > 80 cm
(women) along with the presence of two or more of the following: 1. FPG greater than 5.6 mmol/L (100
mg/dl) or diagnosed diabetes; 2. HDL-C <1.0 mmol/L (40 mg/dl) in men, < 1.3 mmol/L (50 mg/dl) in
women or drug treatment for low HDL-C; 3. TG> 1.7 mmol/L (150 mg/dl) or drug treatment for elevated
TG; 4. Blood pressure > 130/85 mmHg or drug treatment for hypertension [11]. 

Diabetes mellitus was diagnosed according to the American Diabetes Association(ADA) criteria: 1.
hemoglobin A1c (HbA1c) ≥6.5%, 2. FPG ≥7.0 mmol/L, 3. two-hour plasma glucose ≥11.1 mmol/L during
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an oral glucose tolerance test, or 4. classic symptoms of hyperglycemia or hyperglycemic crisis with a
random plasma glucose ≥11.1 mmol/L [12]. 

Biochemical measurements 

All individuals were wearing only light clothing without shoes and hats when anthropometric
measurements were performed. All subjects were measured anthropometric parameters by the same
person. Height and weight were measured to minimum recorded unit 0.1 cm and 0.1 kg using electronic
measurement instrument. WC and hip circumference (HC) were measured to the nearest 0.1 cm. Blood
pressure was measured with electronic sphygmomanometers using the standard recommended
procedures. Overnight fasting blood samples were collected. Hemoglobin, FPG, TG, total cholesterol (TC),
HDL-C, low density lipoprotein-cholesterol (LDL-C), C-reactive protein(CRP), serum creatinine were
measured using an automatic biochemistry analyzer (Abbott; Chicago, USA). Fasting insulin (FINS) was
measured using an automatic biochemistry analyzer (SIEMENS; New York, USA). Erythrocyte
sedimentation rate(ESR) was measured using an automatic biochemistry analyzer (VISION; Shenzhen,
China).

Calculation formulas 

The obesity and lipid-related parameters included BMI, WHR and LAP. BMI formula is weight in kilograms
divided by height in meters squared. WHR was calculated as waist circumference divided by hip
circumference. LAP was calculated as [WC (cm)−58] × TG (mmol/L) in women, and [WC (cm)−65]×TG
(mmol/L) in men [7]. The Homeostasis Model Assessment for insulin resistance (HOMA-IR) was
computed as follows: FINS (mIU/L) × FPG (mmol/L)/22.5. A Framingham risk score(FRS) was calculated
for each patient as previously described [13]. 10-year and lifetime risk scores for CVD were calculated
based on the pooled cohort risk assessment equations as previously described [14]. eGFR was calculated
using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) [15]. 

Statistical Analyses 

The data distribution was assessed using the Kolmogorov–Smirnov test. Before statistical analysis, non-
normally distributed parameters were transformed to approximate normal distribution by logarithmic or
Sqrt equation. The variables were displayed as mean ± standard deviation, median (interquartile range),
or count (percentage) according to their types. Differences between two groups were determined using
Student’s t-test or Mann–Whitney U test, as appropriate. Pearson correlation tests was used
to analyzed anthropometric, biochemical, and pressure parameters with MS components. Univariate
analysis to assess the association of individual variable with MS. Variables with a P value <0.03 were
selected for multivariate logistic regression. Receiver operating characteristic(ROC) curve analyses and
95% con�dence intervals (CI) were used to assess the ability of parameters to predict MS.
The maximum Youden’s index (sensitivity plus speci�city - 1) was calculated and used to obtain
the optimal cut-off values. All statistical analyses were performed using SPSS version 23.0. P-value <
0.05 was considered to be statistically signi�cant.
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Results
Baseline characteristics were shown in Table 1, The mean age of the recipients was 45.75±11.22 years,
and 65.22% of the patients were male. Mean eGFR (estimated glomerular �ltration rate) was
66.41±21.14ml/min*1.73m2. Among 92 KTRs, 52 individuals had MS, 57.8% of KTRs ful�lled the IDF
de�nition for MS in this study. Respectively, 64.1%, 16.3%, and 19.6% of KTRs were at low, intermediate,
and high risk of CVD according to FRS score. 39.13%, 81.52% of individuals were diagnosed with
diabetes and hypertension in KTRs. Only 9.78% of patients were diagnosed with diabetes before
transplantation. 29.35% of individuals were diagnosed with NODAT.
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Table 1
Demographic and transplant characteristics of KTRs.

Baseline characteristics Total

n = 92

Age, years 45.75±11.22

Male gender, n% 60(65.22)

eGFR(ml/min*1.73m2) 66.41±21.14

10-year risk of CVD(according to FRS)  

Low risk of CVD, n% 59(64.10)

Intermediate risk of CVD, n% 15(16.30)

High risk of CVD, n% 18(19.60)

Prior dialysis modality  

  Hemodialysis, n% 70(76.09)

peritoneal dialysis, n% 19(20.65)

none, n% 3(3.26)

KT duration, months 38(17, 54)

Metabolism syndrome, n(%) 52(57.80)

NODAT, n(%) 27(29.35)

Previous DM, n(%) 9(9.78)

Hypertension, n(%) 75(81.52)

HBV positive, n% 9(9.78)

HCV positive, n% 0

Antihypertensive therapy, n(%) 70(76.09)

Lipid lowering therapy, n% 47(51.09)

Uric acid lowering therapy, n% 63(68.48)

eGFR estimated glomerular �ltration rate; CVD cardiovascular disease; FRS Framingham risk scores;
NODAT new-onset diabetes; DM diabetes mellitus; HBV hepatitis B virus; HCV hepatitis C virus

As shown in Table 2, There were no signi�cant differences in age, height, SBP, DBP, uric acid(UA), TC and
eGFR between KTRs with and without MS. KTRs with MS had signi�cantly higher LAP levels
[68.96(44.04, 78.375) vs. 22.54(15.29, 32.97)] compared to those without MS. KTRs with MS had
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signi�cantly increased weight, BMI, WC, HC, WHR, TG, LDL-C, FBG, HbA1c, FINS, HOMA-IR, CRP, ESR and
FRS compared to those without MS, while HDL-C level was signi�cantly lower in KTRs with MS.
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Table 2
Comparison of anthropometric and biochemical pro�les between KTRs with MS and without MS

Variables MS(n = 52) Non-MS(n = 40) P

Age (year) 47.17±11.09 43.90±11.25 0.167

Height (m) 1.64±0.80 1.62±0.82 0.171

Weight (kg) 69.85±13.25 59.78±12.04 0.000

BMI (kg/m2) 25.65±3.63 22.58±3.58 0.000

WC (cm) 92.72±9.30 81.76±10.52 0.000

HC (cm) 98.26±6.43 93.77±7.34 0.002

WHR 0.94±0.07 0.87±0.72 0.000

SBP (mmHg) 132.12±14.17 129.18±15.55 0.347

DBP (mmHg) 82.04±7.19 82.53±10.01 0.787

TG(mmol/L) 2.31(1.71,2.63) 1.34(1.04,1.59) 0.000

TC (mmol/L) 6.17±1.52 5.83±1.20 0.248

LDL-C (mmol/L) 3.83±1.22 3.29±1.04 0.026

HDL-C (mmol/L) 1.19±0.36 1.51±0.39 0.000

FPG (mmol/L) 6.66(5.40,7.18) 5.24(4.80,5.40) 0.000

FINS(mIU/L) 15.00(7.93,17.87) 8.77(5.90,11.07) 0.000

HOMA-IR 5.02(1.88,5.73) 2.07(1.26,2.49) 0.000

Hb(g/L) 140.90±21.56 135.58±22.69 0.254

eGFR(ml/min*1.73m2) 65.15±19.24 68.05±23.54 0.517

CRP(mg/L) 2.90(1.00,4.40) 1.48(0.40,1.68) 0.000

ESR(mm/h) 29.67(12.00,43.00) 17.56(8.00,26.75) 0.002

FRS 11.94±5.03 8.9 6.40 0.012

LAP 68.96(44.04,78.38) 25.54(15.29,32.97) 0.000

BMI body mass index; WC waist circumference; HC hip circumference; WHR waist-to-hip ratio; SBP
systolic blood pressure; DBP diastolic blood pressure; TG triglyceride; TC total cholesterol; HDL-C high-
density lipoprotein cholesterol; LDL-C low- density lipoprotein cholesterol; FPG fasting plasma
glucose; FINS fasting insulin; HOMA-IR homeostasis model of assessment for insulin resistance
index; Hb hemoglobin; eGFR estimated glomerular �ltration rate; CRP C-reactive protein; ESR
erythrocyte sedimentation rate; FRS Framingham risk scores; LAP lipid accumulation product

0±
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LAP was correlated positively and signi�cantly with age, weight, BMI, WC, HC, WHR, SBP, TG, TC, LDL-C,
FPG, HbA1C, FINS, HOMA-IR, CRP and FRS (γ = 0.210, 0.578, 0.634, 0.747, 0.477, 0.669, 0.240, 0.747,
0.293, 0.405, 0.487, 0.391, 0.624, 0647, 0.391 and 0.379, respectively, P < 0.01, Table 3), while correlating
negatively with HDL-C (γ = − 0.490, P < 0.01, Table 3). After adjusted age, LAP was not only correlated
with the above indexes, but also positively correlated with ESR (γ = 0.373, P < 0.01, Table 3).

  
Table 3

The pearson correlation between LAP and anthropometrics, glucolipid metabolism markers.
Variables r P r P

Age (year) 0.21 0.045 - -

Weight (kg) 0.578 0.000 0.455 0.000

BMI (kg/m2) 0.634 0.000 0.446 0.000

WC (cm) 0.747 0.000 0.485 0.000

HC (cm) 0.477 0.000 0.285 0.007

WHR 0.669 0.000 0.429 0.000

SBP (mmHg) 0.240 0.021 0.246 0.020

DBP (mmHg) 0.055 0.602 0.109 0.311

TG(mmol/L) 0.747 0.000 0.919 0.000

TC (mmol/L) 0.293 0.005 0.226 0.033

LDL-C (mmol/L) 0.405 0.000 0.253 0.017

HDL-C (mmol/L) -0.490 0.000 -0.456 0.000

FPG (mmol/L) 0.487 0.000 0.329 0.002

FINS(mIU/L) 0.624 0.000 0.281 0.008

HOMA-IR 0.647 0.000 0.230 0.030

CRP(mg/L) 0.391 0.000 0.222 0.037

ESR(mm/h) 0.175 0.097 0.373 0.000

FRS 0.379 0.000 0.379 0.000

BMI body mass index; WC waist circumference; HC hip circumference; WHR waist-to-hip ratio; SBP
systolic blood pressure; DBP diastolic blood pressure; TG triglyceride; TC total cholesterol; HDL-C high-
density lipoprotein cholesterol; LDL-C low- density lipoprotein cholesterol; FPG fasting plasma
glucose; FINS fasting insulin; HOMA-IR homeostasis model of assessment for insulin resistance
index; Hb hemoglobin; eGFR estimated glomerular �ltration rate; CRP C-reactive protein; ESR
erythrocyte sedimentation rate; FRS Framingham risk scores;
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The correlation between MS-related parameters (LAP, BMI, WC, WHR, TG, FPG) and MS are shown in
Table 4, with age, gender and Post-transplant time adjusted. LAP provided the highest correlation with MS
(r = 0.598, p < 0.01). TG showed the lowest correlation with MS (r = 0.358, p < 0.01).

  
Table 4

Correlation between anthropometrics measures (LAP, BMI, WC, WHR, FPG, TG) and MS.
Variables r P

Sqrt LAP 0.598 0.000

BMI(kg/m2) 0.360 0.001

WC(cm) 0.495 0.000

WHR 0.492 0.000

LN TG 0.358 0.001

FPG(mmol/L) 0.371 0.000

BMI body mass index; WC waist circumference; WHR waist-to-hip ratio; TG triglyceride; FPG fasting
plasma glucose; LAP lipid accumulation product

To dissect potential risk factors of MS in KTRs, we �rst performed univariate analysis (with odds ratio
[OR] unadjusted) for every collected variable (Table 5). The analyses indicated that the following
variables were probably related with higher risk of MS (all P < 0.01): BMI, WHR, TG, HDL-C, FPG, FINS,
HbA1c, HOMA-IR, ESR and LAP. Next, we performed multivariable logistic regression analysis adjusted for
BMI, WHR, TG, HDL-C, FPG, FINS, HbA1c, HOMA-IR and ESR. The result revealed that LAP (adjusted OR,
1.107 [1.056–1.160]; P < 0.05) is an independent risk factor for the development of MS (Table 5).
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Table 5
Logistic Regression Analyses of KTRs Risk Factors of MS

Variables Unadjusted OR(95% CI) P adjusted OR(95% CI) P

BMI (kg/m2) 1.291 (1.117–1.493) 0.001    

WHR 5.415E + 6(2.800E + 3-1.047E + 10) 0.000    

TG(mmol/L) 8.436 (3.099–22.964) 0.000    

LDL-C (mmol/L) 1.578 (1.043–2.386) 0.031    

HDL-C(mmol/L) 0.085 (0.020-.0360) 0.001    

FPG (mmol/L) 2.878 (1.577–5.253) 0.001 2.297 (1.147, 4.599) 0.019

FINS(mIU/L) 1.145 (1.050–1.248) 0.002    

HbA1c(%) 3.080 (1.565–6.061) 0.001    

HOMA-IR 1.736 (1.270–2.373) 0.001    

CRP(mg/L) 1.344 (1.067–1.693) 0.012    

ESR(mm/h) 1.044 (1.014–1.074) 0.004 1.061 (1.015, 1.109) 0.009

FRS 1.099 (1.018–1.186) 0.015    

LAP 1.110 (1.063–1.160) 0.000 1.107 (1.056, 1.160) 0.000

BMI body mass index; WC waist circumference; WHR waist-to-hip ratio; TG triglyceride; HDL-C high-
density lipoprotein cholesterol; FPG fasting plasma glucose; FINS fasting insulin; HOMA-IR
homeostasis model of assessment for insulin resistance index; CRP C-reactive protein; ESR
erythrocyte sedimentation rate; FRS Framingham risk scores; LAP lipid accumulation product

ROC curve analysis showed that LAP had the largest AUC of 0.903 (BMI: 0.744, WC: 0.808, WHR: 0.783,
respectively) for prediction of MS in KTRs (Table 6, Fig. 1). The optimal cut-off point of LAP to predict MS
in KTRs was 39.72 (80.8 % sensitivity, 90 % speci�city, Table 6, Fig. 1). ROC curve analysis showed that
the optimal cut-off values for other adiposity markers in predicting MS as follows(Table 6): WC: 88.7 cm,
BMI: 23.42kg/m2; WHR: 0.90 cm/cm.
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Table 6
The cut-off, sensitivities, speci�cities and ROC of each variable for the screening of MS in KTRs

Variables Cut-off Sensitivity Speci�city AUC (95%CI) p

BMI(kg/m2) 23.42 78.8 62.5 0.744(0.642, 0.864) 0.000

WC(cm) 88.70 71.2 82.5 0.808(0.717, 0.899) 0.000

WHR 0.90 82.7 72.5 0.783(0.685, 0.881) 0.000

LAP 39.72 80.8 90 0.903(0.842, 0.964) 0.000

BMI body mass index; WC waist circumference; WHR waist-to-hip ratio; LAP lipid accumulation
product

Discussion
With the improvement of people's living standard, MS is more and more popular nowadays. The MS is a
pathologic condition characterized by hypertension, fasting hyperglycemia, IR, dyslipidemia and
abdominal obesity [1]. Those diseases all contributed to a reduced life expectancy with an increased
mortality for CVD. MS should be more concerned in order to improve quality and expectancy of life and
reduce healthcare costs.

Compared to maintenance dialysis(MD), kidney transplantation (KT) is the optimal treatment for end
stage kidney disease (ESKD), contributed to signi�cant improvement in survival and quality of life [5]. The
burden of CVD in ESKD is reduced after KT. However, the risk of CVD-related morbidity and mortality is
still higher in KTRs when compared with the general population [16, 17]. KTRs were at high prevalence of
CVD risk factors, such as DM (24–42%) [18], hypertension (40–90%) [19, 20] and dyslipidemia (50%) [21].
Our study revealed that 64.1%, 16.3%, and 19.6% of KTRs were at low, intermediate, and high risk of CVD
according to FRS categorization. 39.13% of individuals were diagnosed with diabetes in KTRs, including
29.35% subjects were NODAT. The incidence rate of hypertension was as high as 88%. Those results were
similar to previous investigation, revealed KTRs were at high risk of CVD. MS has been proved to be an
independent risk factor for NODAT in KTRs [2], which can explain the prevalence of NODAT was higher
than the general population.

The development or worsening of MS plays a core role in the development of CVD after kidney
transplantation. We found that the parameters of lipid metabolism, abdominal obesity, in�ammatory
factors and glucose metabolism in KTRs with MS were higher than in those without MS, which are
contributors to CKD. The prevalence of MS in KTRs is higher than in the general population. A survey in
Netherlands in 2004 showed prevalence of MS was about 63% based on ATP III criteria at a median of 6
years (2.6 to 11.4 years) of 606 KTRs [4]. In another study, prevalence was 32% in 1 year after kidney
transplantation in France [22]. Our study found that 57.8% of KTRs were de�ned as MS with a median of
38 months (17 to 54 months) post transplant. It is obviously higher than the general population
(24.5%-32.4%) in China [3]. The varied prevalence may be related to post-transplant time and ethnics.
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Another study con�rmed this, which noted a prevalence of MS was about 22.6% at 1 year, increased to
37.7% at the 18 months assessment [23], suggested that the prevalence of MS may increase over time.
Besides, immunosuppression may play an important role in the development of the individual
components of the MS. Corticosteroids have negative effect on BP, lipid metabolism, in�ammatory factor
and glucose metabolism. High dosages corticosteroids may stimulate appetite and promote weight gain.
Immunosuppressive agents increase the incidence and severity of cardiovascular risk factors. These
parameters will improve after the implementation of steroid withdrawal or steroid-free
immunosuppression [24, 25, 26].

So it is rather important to reduce the incidence of MS in KTRs due to the existing high cardiovascular
risk. Thus, early and accurate diagnosis of MS and its intervention can lead to decreased risk of CVD and
higher survival of KTRs group.

In recent years, more attention has been attracted to visceral obesity. Abdominal obesity is central to the
de�nition of MS. Magnetic resonance imaging (MRI) is the most accurate indicator for the assessment of
abdominal obesity [27]. Nevertheless, this method is not suitable for routine clinical use, with a high cost
and radiation risk for KTRs. WC, WHR and BMI are commonly used to evaluate abdominal obesity and
MS. Body mass index (BMI) is commonly used in the measurement of overall obesity [28, 29]. There is
strong evidence indicating that BMI is not the ideal obesity measurement, particularly when it is used for
the assessment of disease risk [30]. BMI is unable to distinguish between muscle mass and fat mass
accurately. WC is the simplest and most economical measure of abdominal obesity [27]. WHR further
re�ect the fat distribution based on WC, and all three were considered to be speci�c alternatives to assess
abdominal fat [31].

LAP is a developed index of excessive lipid accumulation that can be used for assessing cardio-
metabolic risk factors [6]. Individuals with higher levels of LAP were at higher risk of CVD, MS, insulin
resistance(IR) and diabetes [7, 8]. In our survey, KTRs with MS had signi�cant higher LAP levels compared
to those without MS. We also found LAP is an independent risk factor for the development of MS in
KTRs, adjusted for BMI, WHR, TG, HDL-C, FINS, HbA1c, HOMA-IR and ESR. Compared with other
traditional anthropometric predictor (WC, WHR, BMI), LAP has been proved to be a better predictor for the
evaluation of metabolic pro�les, IR, diabetes and cardiovascular risks in a general population[6, 32–35].
LAP was also con�rmed to be better than WC, BMI and TG to identify MS in polycystic ovary syndrome
(PCOS) [36]. However, the ability of LAP to predict MS in KTRs is unknown.

In our study, BMI, WC, WHR and LAP are higher in KTRs with MS. Those have positively correlation with
MS, and LAP provided highest correlation with MS, adjusted age, gender and Post-transplant time.
Meanwhile, we proved that LAP correlated positively and signi�cantly with the parameters of lipid
metabolism, abdominal obesity, glucose metabolism and in�ammatory factor in KTRs. It indicated that
LAP may be a good predictor for MS in KTRs. In order to prove this, we did ROC analysis in LAP, WHR,
BMI, WC. It was showed than LAP is the optimal index for prediction of MS in KTRs. The LAP index had
the highest AUC value (0.903). The lager area under the curve, the greater the diagnostic signi�cance of
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MS, indicating that LAP was superior to WHR, BMI and WC in predicting MS in KTRs. In addition, the
optimal cut-off value was reported as 39.72 for predicting MS in KTRs. These �ndings support that the
LAP is a superior indicator to predict MS in KTRs.

In previous study, MS has been proved to be an independent risk factor for allograft loss [4, 23]. Our
survey found no signi�cant differences in eGFR between two groups. This may be related to the duration
of KT. In our future research, we will follow up KTRs for longer time. In our study, the level of SBP, DBP, UA,
TC between KTRs with and without MS had no signi�cant differences. The reason may owe to that most
of our patients were taking antihypertensive drugs(76.09%), lipid-lowering drugs(51.09%) or uric acid
lowering drugs(68.48%).

As yet, there are some limitations in our study that require emphasis. First, it represents a single-centred
cross sectional study characterised by a small sample size. Second, because of limitation of small
sample size, we did not separate KTRs by gender. Therefore, further research should be undertaken in
larger cohorts and longer duration of KT.

Conclusion
In summary, this study highlights the role of LAP as an independent risk factor for MS in KTRs. As an
easily obtainable measurement, LAP has a reliable and strong diagnostic accuracy for MS in KTRs. Early
diagnosis and early intervention could obviously decrease morbidity and mortality rate of CVD. This can
not only result in signi�cant improvement in survival and quality of life, but also save healthcare costs.

Abbreviations
AUC
area under curve; ATG = anti-thymocyte globulin; BP = blood pressure; CVD = cardiovascular disease; BMI 
= body mass index; CRP = C-reactive protein; CKD-EPI = chronic kidney disease epidemiology collaboration
equation; CI = con�dence intervals; DBP = diastolic blood pressure; ESR = erythrocyte sedimentation rate;
ESKD = end stage kidney disease; eGFR = estimated glomerular �ltration rate; FINS = fasting insulin; FPG 
= fasting plasma glucose; FRS = Framingham risk scores; HC = hip circumference; HDL-C = high-density
lipoprotein cholesterol; HOMA- IR = homeostatic model to assess insulin resistance index; HbA1c = 
hemoglobin A1c; Hb = hemoglobin; HBV = hepatitis B virus; HCV = hepatitis C virus; ADA = American
Diabetes Association; IDF = International Diabetes Federation; IR = insulin resistance; KT = kidney
transplantation; KTRs = kidney transplant recipients; LAP = lipid accumulation product ; LDL-C = high-
density lipoprotein cholesterol; MD = maintenance dialysis; MS = metabolism syndrome; MRI = magnetic
resonance imaging; NODAT = new-onset diabetes; OGTT = oral glucose tolerance test; PCOS = polycystic
ovary syndrome; SBP = systolic blood pressure; OR = odds ratio; ROC = receiver operating characteristic;
TC = total cholesterol; TG = triglycerides; UA = uric acid; WC = waist circumference; WHR = waist-to-hip
ratio.
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Figures

Figure 1

The ROC analysis of adiposity markers in predicting MS in KTRs BMI body mass index; WC waist
circumference; WHR waist-to-hip ratio; LAP lipid accumulation product


