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Objective: To investigate the association between body mass index (BMI) and clinicopathologic parameters in patients with
idiopathic membranous nephropathy (IMN).
Methods: This study was retrospective and included patients with biopsy-proven IMN from 2018 to 2021 in Hebei General Hospital.
Patients were categorized into two groups based on BMI. Clinical and histopathologic data were analyzed at the time of renal biopsy.
Pathological data included immunofluorescence staining, glomerulosclerosis (GS, 0–2), mesangial cell proliferation (MCP, 0–1), tubular
atrophy (TA, 0–1), interstitial fibrosis (IF, 0–1), vascular wall thickness (VWT, 0–1) and a combination score (GMTIV) graded from 0 to 5.
Results: Our study revealed that the obese group had a higher prevalence of hypertension and diabetes than the overweight/normal
weight group (P=0.001, P=0.002). Systolic blood pressure (P=0.005), diastolic blood pressure (P<0.001), haemoglobin (P=0.006),
triglycerides (P<0.001), serum uric acid (P=0.05), 24 h urine proteinuria concentration (UP) (P=0.012), MCP (P=0.042), IF (P=0.033),
and GMITV (P=0.033) score were higher in obese group compared to the other group, while the high-density lipoprotein-cholesterol
(P=0.034) and immunoglobulin A deposition score (P=0.005) were lower. Factors significantly associated with UP were the ratio of
lymphocyte count to white blood cell count, serum pre-albumin, immunoglobulin G, microscopic hematuria, anti-phospholipase A2
receptor (anti-PLA2R), C3 deposit on multivariable analysis (adjusted R2=0.343). Binary logistic regression analysis illustrated that
MCP was correlated to BMI (OR=2.528, P=0.036). Ordinal logistic regression analysis demonstrated that GMTIV was associated with
BMI (OR=1.114, P=0.010) and C3 deposit (OR=1.655, P=0.001).
Conclusion: High BMI was associated with MCP and GMTIV score in IMN patients. Obesity may play an essential role in mesangial
lesions of IMN. This study emphasized the relation between BMI and histological parameters under the universal usage of anti-PLA2R
antibodies for diagnosis and prognosis in IMN.
Keywords: obesity, body mass index, idiopathic membranous nephropathy

Introduction
The increasing prevalence of obesity has been described as a pandemic in recent years, which is a growing global
healthcare issue.1,2 Body mass index (BMI) is a convenient and critical indicator for assessing obesity.3 Recent
epidemiologic studies noted that high BMI was a risk factor for chronic comorbidities, including hypertension, type 2
diabetes mellitus, dyslipidemia, cardiovascular disease, chronic kidney disease (CKD), and cancer.2,4 CKD was shown to
be the second common cause of obesity-related mortality only next to cardiovascular disease. Obesity has drawn more
attention as a prognostic factor for CKD.2,5 The renal effects of obesity include both structural and functional
abnormalities. Clinical and experimental researches have also demonstrated obesity-related glomerulopathy, which is
characterized by glomerulomegaly, thickening of glomerular basement membrane (GBM), mesangial matrix expansion,
and focal segmental glomerulosclerosis.4,6
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CKD is defined as the structural or functional alterations of the kidney that persists for three or more months.
Immunoglobulin A nephropathy (IgAN) is the most common primary glomerular disease worldwide, which results in
CKD. Recently, the incidence of idiopathic membranous nephropathy (IMN) has surged rapidly and is only second to
IgAN.4,6 Membranous nephropathy (MN) is characterized by the deposit of immune complexes in the epithelial cells of the
GBM. IMN refers to the unexplained MN, which accounts for approximately 80% of MN patients, and is one of the most
common pathological types of nephrotic syndrome in adults.7 The exact pathophysiology of IMN has remained uncertain. The
pathological manifestation of IMN is characterized by diffuse thickness of GBM due to the presence of subepithelial immune
complexes by light microscopy.8 Recent studies have shown that the clinical characteristics and prognosis of IMN vary
considerably. About 20% of the patients with IMN progress to end-stage renal disease (ESRD) gradually within 5–15 years.9

M-type phospholipase A2 receptor (m-PLA2R) has been considered to be the major autoantigen of IMN. The Anti-
PLA2R antibody has been defined as a suitable biomarker in clinical practice because of its close association with
clinical parameters. Persistent elevation of anti-PLA2R antibody levels after effective treatment is a significant predictor
of poor prognosis.8,9 However, whether anti-PLA2R has a relationship with histopathological parameters or BMI has not
been proved so far.

IMN coexisted with obesity are increasing sharply in the past decades. Several studies demonstrated that obesity
could increase the risk for CKD and its progression to ESRD.2 The impact of obesity on primary glomerular disease
remains puzzled. To date, most studies have demonstrated that excessive BMI can serve as a predictor for IgAN
progression.2,4,10 On the other hand, Ouyang et al found that being underweight instead of obesity was an independent
risk factor for IgAN progression.11 Moreover, other opposite studies showed that waist-to-hip ratio, rather than BMI, is
associated with CKD.3 During recent years, the histopathology changes of kidney diseases, which were defined as factors
of prognostic evaluation of IMN, have attracted more attention. Glomerulosclerosis in IMN is closely associated with the
patient’s prognosis.9 A retrospective analysis of a large cohort revealed that focal segmental glomerulosclerosis super-
imposed on MN has been defined as an indicator of poor prognosis.8 In addition, several studies have reported that
chronic tubulointerstitial injuries are independent predictors of progressive renal diseases. Thus, the pathological
parameters of MN were associated with prognosis.6,8 However, there is a lack of evidence on the relationship between
BMI and clinicopathological parameters of IMN.

To date, few studies have revealed the impact of obesity on histopathological changes in CKD, especially in IMN.
Therefore, we conducted a retrospective study to systematically elucidate the correlation between BMI and clinicopatho-
logic parameters of patients with IMN, which provided clinical guidance to improve the prognosis for patients with IMN.

Materials and Methods
Study Design
A total of 230 patients with kidney biopsy-proven IMN, who were followed up in Hebei General Hospital from 2018 to
2021, were reviewed retrospectively in this research. The study followed the principles in the Declaration of Helsinki.
The protocol was approved by the Ethics Committee of Hebei General Hospital (The number of ethics committee:
No.202027). All participants signed informed consent prior to enrollment. The inclusion criteria were adult IMN patients
with renal biopsy-proven, and the data were available. The clinical parameters and detailed information on renal biopsy
were included. Exclusion criteria involved patients with secondary causes of glomerulonephritis, such as hepatitis B/C
virus infection, systemic lupus erythematosus, medications, malignancy, and so on. BMI was categorized according to
the World Health Organization (WHO) Asian guideline and the BMI ranges established by the Working Group on
Obesity in China (WGOC): normal weight (18.5–23.9kg/m2), overweight (24–27.9kg/m2), and obesity (≥28 kg/m2). The
BMI cut-off in the WHO classification has categorized BMI≥30 kg/m2 as obesity. As WGOC defined obesity as a lower
cut-off of BMI≥28 kg/m2 according to the Asia-Pacific obesity classification, we used a cut-off point for BMI of 28 kg/
m2 as obesity in the present study.13,14
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Data Collection and Definitions
The study took clinical records when reviewing the kidney biopsies. Baseline demographics and clinical data included
gender, age, presence of hypertension, presence of diabetes mellitus (DM), presence of cardiovascular disease, systolic blood
pressure (SBP), diastolic blood pressure (DBP), BMI, erythrocyte sedimentation rate (ESR), white blood cell count (WBC),
lymphocyte count (LYMP), haemoglobin (HGB), serum albumin (ALB), serum globulin (GLB), serum pre-albumin (pALB),
fasting plasma glucose (FPG), blood urea nitrogen (BUN), serum creatinine (Scr), serum uric acid (UA), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C), fibri-
nogen (FIB), D-Dimer (DDi), anti-PLA2R, 24 h urine proteinuria concentration (UP), microscopic hematuria (urine red
blood cell count/high power field, URB/HPF), serum complement 3 (C3), serum complement 4 (C4), serum immunoglobulin
G (IgG), serum immunoglobulin M (IgM), and serum immunoglobulin A (IgA) levels. BMI was calculated as (weight in
kilograms)/(height in meters).2 The estimated glomerular filtration rate (eGFR) was calculated according to the equation
from the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI).12 The degree of urinary red blood cell sediment
was divided into four phases: <3 RBCs/HPF, 0; 3–9 RBCs/HPF, 1; 10–19 RBCs/HPF, 2; >19 RBCs/HPF, 3. The degree of
anti-PLA2R antibody was divided into four phases: 0, <20; 1, 20–50; 2, 50–150; 3, >150, labeled as PLA2R.

Histopathologic Parameters
All kidney tissue specimens were obtained through percutaneous needle biopsy. Three renal pathologists of the pathology
department reviewed all the pathologic slides. On immunofluorescence microscopy, the severity of mesangial deposition of
IgG, IgM, IgA, C3, C4, and C1q was graded as 0 to 3: 0=negative; 1=weak staining; 2=moderate staining; 3=strong staining.
Glomerular injuries were categorized into four stages according to Ehrenreich and Churg’s classification criteria. On light
microscopy, the percentage of glomerulosclerosis (GS) was assessed quantitatively. The proportion of glomerulosclerosis
refers to the ratio of the number of glomeruli characterized with glomerulosclerosis and/or glomerular segmental sclerosis to
the total number of glomeruli. The tubulointerstitial lesion was defined as tubular atrophy (TA) and interstitial fibrosis (IF).
Renal pathological findings were scored according to the histologic grading system from our hospital. GS was graded from 0
to 2 as follows: 0=absent; 1=mild (<10%); 2=severe (≥10%). The severities of mesangial cell proliferation (MCP), TA, IF,
and vascular wall thickness (VWT))were graded from 0 to 1 as follows: 0=absent; 1=present. Combining the five histological
parameters, including GS (0–2), MCP (0–1), TA (0–1), IF (0–1), and VWT (0–1), we set a GMTIV score, graded in scale
from 0 to 5. The pathological parameters were considered as dichotomous (0 or 1 for absent or present, respectively). Thus,
GS graded as stage 0 were considered as absent, and stages 1 or 2 were considered as present. The presence and degree of
five histological indicators, GS, MCP, TA, IF, and VWT, were assessed separately or in combination.15–18

Statistical Analysis
This study adopted SPSS statistical software package (version 13.0) to perform statistical analysis. Normally distributed
variables were expressed as the mean±SD, and non-normally distributed variables acquired interquartile range (IQR).
Qualitative variables were expressed as percentages. For the comparison between the means of the two groups, we used
Student t-test for normally distributed data and non-parametric Wilcoxon rank-sum test when samples were not normally
distributed. Chi-square, Fisher's exact test, or Pearson Chi-square test were performed appropriately for categorical
variables. Pearson or Spearman correlation coefficients were assessed for correlations between BMI and laboratory data.
We adopted linear regression analysis to evaluate the association between UP and clinicopathological parameters and
performed logistic regression analysis to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for MCP, TA,
IF, and VWT. The ranked data were evaluated by ordinal logistic regression analysis. All statistical analyses were
2-tailed, and the level of significance was set at 0.05.

Results
Characteristics of Participants Stratified by BMI
The mean age of participants was 50.28±12.47 years, and the mean BMI was 26.62±3.38kg/m2. Among the 230 patients,
137 (59.6%) were with normal weight or overweight, and 93 (40.4%) were obese. We compared the clinical
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characteristics between the two groups based on BMI classification (Table 1). The obese group (group 2) had a higher
prevalence of hypertension and diabetes than the overweight and normal-weight group (group 1) (P=0.001, P=0.002).
SBP (P=0.005), DBP (P<0.001), HGB (P=0.006), TG (P<0.001), UA (P=0.05), and UP (P=0.012) were higher in the
obese group compared to group 1, while the HDL-C (P=0.034) was lower.

Histopathologic Results of Participants Stratified by BMI
We compared histopathologic features between the two BMI groups in Table 2 and Figure 1. The IgA deposition score
was lower (P=0.005), and the MCP (P=0.011), IF (P=0.029), and GMITV (P=0.020) score were higher in the obese
group compared to group 1 (Table 2). The IgG, IgM deposition, C3 deposit, C4 deposit, C1q deposit, GS, TA, and VWT
score had no significant difference between the two groups (Table 2).

Table 1 Clinical Variables of the Two BMI Groups at the Time of Renal Biopsy

BMI

18.5–27.9 kg/m2 (n=137) ≥28 kg/m2 (n=93) P-value

Age (years) 52.0±13.1 50.7±11.7 0.457

Gender (male,%) 86 (62.8) 65 (69.9) 0.265
DM (%) 16 (11.7) 26 (28.0)* 0.002

Hypertension (%) 75 (55.1) 71 (76.3)* 0.001

BMI (kg/m2) 24.5±1.9 30.2±2.5* <0.001
SBP (mmHg) 139.2±21.2 147.2±20.8* 0.005

DBP (mmHg) 85.7±12.4 91.6±12.2* <0.001

HGB (g/L) 136.3±19.1 143.3±18.5* 0.006
ESR (mm/h) 31.29±21.6 34.09±24.5 0.693

ALB (g/L) 24.2±5.9 24.8±6.5 0.486
GLB (g/L) 24.0±4.3 24.3±3.8 0.565

FPG (mmol/L) 5.3±0.9 5.5±1.1 0.123

BUN (mmol/L) 5.0±1.6 5.0±1.8 0.618
Scr (µmol/L) 72.3±19.3 72.4±15.9 0.703

eGFR (mL/min) 97.9±16.9 99.1±15.7 0.536

UA (µmol/L) 375.2±99.3 396.8±98.0* 0.050
TC (mmol/L) 8.0±2.5 8.3±2.9 0.569

TG (mmol/L) 2.2±1.7 3.1±2.3* <0.001

HDL-C (mmol/L) 1.6±0.5 1.5±0.4* 0.034
LDL-C (mmol/L) 5.3±1.7 5.2±1.8 0.567

FIB (g/L) 4.4±1.1 4.7±1.4 0.222

DDi (mg/L FEU) 1.1±1.2 1.2±1.7 0.574
Serum IgG (8.6–17.4) (g/L) 6.4±2.7 6.4±2.7 0.950

Serum IgA (1.0–4.2) (g/L) 2.3±1.0 2.4±1.0 0.427

Serum IgM (0.3–2.2) (g/L) 1.1±0.6 1.1±0.6 0.863
Serum C3 (0.7–1.4) (g/L) 1.2±0.2 1.2±0.3 0.082

Serum C4 (0.1–0.4) (g/L) 0.3±0.1 0.3±0.1 0.362

UP (g/L) 3.5±2.6 4.8±3.6* 0.012
URBC (grade) 1.4±0.9 1.2±0.9 0.374

PLA2R (grade) 1.7±1.2 1.8±1.2 0.356

Note: *p<0.05 vs BMI 18.5–27.9 kg/m2 by Student t-test, Wilcoxon rank-sum test, Chi-square, or Fisher’s exact test.
Abbreviations: BMI, body mass index; DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; HGB,
haemoglobin; ESR, erythrocyte sedimentation rate; ALB, albumin; GLB, globulin; FPG, fasting plasma glucose; BUN, blood urea nitrogen;
Scr, serum creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; FIB, fibrinogen; DDi, D-Dimer; IgG, immunoglobulin G; IgA,
immunoglobulin A; IgM, immunoglobulin M; C3, complement 3; C4, complement 4; UP, 24 h urine proteinuria concentration; URBC, the
degree of urine red blood cell; PLA2R, the degree of anti-phospholipase A2 receptor antibody.
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Correlation Between BMI and Clinicopathological Parameters
The correlation between BMI and clinicopathological indicators was assessed using Pearson or Spearman correlation
analysis. The research revealed that there was a positive relationship between BMI and SBP (r=0.250, P<0.001), DBP
(r=0.297, P<0.001), HGB (r=0.136, P=0.040), UP (r=0.211, P=0.001), TG (r=0.304, P<0.001), UA (r=0.131, P=0.047),
and serum C3 levels (r=0.166, P=0.014), and a negative relationship between BMI and pALB (r=−0.155, P=0.038),
HDL (r=−0.143, P=0.034) (Figure 2). BMI was closely associated with the incidence of hypertension (r=−0.295,
P<0.001) and diabetes (r=−0.246, P<0.001). BMI was positively correlated with MCP (r=0.154, P=0.019), TA
(r=0.138, P=0.036), IF (r=0.160, P=0.015), GMTIV (r=0.175, P=0.008) and negatively associated with IgA deposition
(r=−0.189, P=0.004).

Independent Correlation Between BMI and UP/Anti-PLA2R
The relationship between BMI and UP was evaluated by adjusting for confounding variables in linear regression analysis
(Table 3). BMI showed a positive and linear relationship with UP in univariable analysis, while this relationship was not
significant in multivariable analysis when gender, L, URBC, pALB, HDL, FIB, DDi, IgG, anti-PLA2R, C3 deposit were
adjusted. Factors significantly associated with UP were L, pALB, IgG, URBC, anti-PLA2R, and C3 deposit using
multivariable analysis (adjusted R2=0.343).

Table 4 shows how clinicopathological parameters made impacts on PLA2R. PLA2R was only associated with age
(OR=1.036, P=0.012) when unadjusted. Model 1 illustrated that PLA2R was correlated with age (OR=1.031, P=0.015)
and UA (OR=1.004, P=0.011) after adjusting for DDi and gender. Model 2 demonstrated that PLA2R was associated

Table 2 The Feature and Distribution of Histological Classifications Based on BMI

BMI

18.5–27.9 kg/m2 (n=137) ≥28 kg/m2 (n=93) P-value

Stage1 (%) 115 (83.9) 22 (16.1)* 0.014

Stage2 (%) 88 (94.6) 5 (5.4)*
Immunofluorescence

microscopy

IgG deposit (0–3) 2.1±1.0 2.1±0.9 0.467
IgA deposit (0–3) 0.4±0.7 0.1±0.3* 0.005

IgM deposit (0–3) 0.5±0.6 0.4±0.6 0.165

C3 deposit (0–3) 1.5±0.9 1.3±1.0 0.301
C4 deposit (0–1) 0.07±0.2 0.03±0.2 0.414

C1q deposit (0–2) 0.4±0.05 0.4±0.06 0.845

Light microscopy
GS0 (%) 49 (35.8) 34 (36.6) 0.992

GS1 (%) 55 (40.1) 37 (39.8)

GS2 (%) 33 (24.1) 22 (23.7)
MCP0 (%) 33 (24.1) 10 (10.8)* 0.011

MCP1 (%) 104 (75.9) 83 (89.2)*

TA0 (%) 63 (46.0) 31 (33.3) 0.055
TA1 (%) 74 (54.0) 62 (66.7)

IF0 (%) 67 (48.9) 32 (34.4)* 0.029

IF1 (%) 70 (51.1) 61 (65.6)*
VWT0 (%) 44 (32.1) 22 (23.7) 0.164

VWT1 (%) 93 (67.9) 71 (76.3)

GMTIV (0–5) 3.13±1.60 3.63±1.41* 0.020

Note: *p<0.05 vs BMI 18.5–27.9 kg/m2 by Chi-square, Fisher’s exact test or Pearson Chi-square analysis.
Abbreviations: IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; C3, complement 3; C4,
complement 4; C1q, complement 1q; GS, glomerulosclerosis; MCP, mesangial cell proliferation; TA, tubular atrophy; IF,
interstitial fibrosis; VWT, vascular wall thickness.
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with age (OR=1.030, P=0.010), UP (OR=1.100, P=0.047), UA (OR=1.003, P=0.021) after adjusting for ALB, URB, IgM
deposit, L, DDi, and gender.

Independent Correlation Between BMI and Histopathologic Parameters
Table 5 shows that scores for MCP were positively correlated with BMI after adjusting for confounding factors. Ordinal
logistic regression analysis demonstrated that GS was correlated with age (OR=1.036, P=0.017) and C3 deposit
(OR=1.384, P=0.024). We adopted binary logistic regression analysis to illustrate the association between BMI and
histopathologic parameters. MCP was relevant to BMI (OR=2.528, P=0.036), IgG deposit (OR=1.471, P=0.043). TAwas
associated with hypertension (OR=0.304, P=0.008) and C3 deposit (OR=1.477, P=0.044). IF was related to hypertension
(OR=0.341, P=0.005) and C3 deposit (OR=1.461, P=0.038) as well. VWT was correlated to age (OR=1.052, P=0.001)
and C3 (OR=0.281, P=0.049).

Clinical factors associated with GMTIV were evaluated through ordinal logistic regression analysis, and the results
are shown in Table 6. GMTIV was associated with the age (OR=1.027, P=0.087), hypertension (OR=2.311, P=0.020),
IgM (OR=1.445, P=0.005), C3 deposit (OR=1.439, P=0.020) when unadjusted. After adjusting for ESR and HGB
(Model 1), GMTIV was correlated to age (OR=1.031, P=0.028), UP (OR=1.109, P=0.026), SBP (OR=1.014, P=0.048),
hypertension (OR=2.017, P=0.029), and C3 deposit (OR=1.655, P=0.001). In Model 2, when UP, SBP, eGFR, and IgM
were adjusted, GMTIV was associated with BMI (OR=1.114, P=0.010), hypertension (OR=2.986, P=0.001), and C3
deposit (OR=1.655, P=0.001).

Figure 1 The distribution of histopathologic scores according to the two BMI groups. (A) Glomerulosclerosis (GS). The GS score had no statistical difference between the
two groups (P=0.992). (B) Mesangial cell proliferation (MCP). The difference in MCP distribution was statistically significant between the two groups (P=0.011). (C) Tubular
atrophy (TA). The TA score had no statistical difference between the two groups (P=0.055). (D) Interstitial fibrosis (IF). The difference in IF distribution was statistically
significant between the two groups (P=0.029). (E) Vascular wall thickness (VWT). The VWT score had no statistical difference between the two groups (P=0.164). (F)
GMTIV score. The difference in GMITV distribution was statistically significant between the two groups (P=0.020).
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Discussion
CKD is a public health issue with lots of risk factors, and it is increasing in prevalence and incidence worldwide. The
outcome ranges from a self-limited status to ESRD.7,19 In recent years, epidemiological studies have witnessed an
increasing prevalence of primary glomerulonephritis or primary nephrotic syndrome, which was a common presentation
of CKD.20 MN is one of the most common presentations of primary glomerular diseases, of which IMN accounts for
approximately 80%.15,21 IMN is an autoimmune-mediated glomerulonephritis, which is characterized by diffuse thicken-
ing of GBM and subepithelial deposits of immunocomplex. Although one-third of IMN patients have achieved
spontaneous remission, about 30% of the patients progress to renal failure or even ESRD.19,21,22

IMN has polymorphic characteristics based on its clinicopathological features. Recent studies have confirmed some
pathological lesions as independent predictors of renal function deterioration.23 Hence, clinical outcomes should not
solely depend on the clinical indicators available. The histopathological features of IMN also play an indispensable role
in the assessment of the disease progression.17,20,24 Glomerulosclerosis is the result and one of the major pathological
bases of CKD. Mesangial proliferation is a hallmark of many glomerulonephrites, which may ultimately cause
glomerulosclerosis. Moreover, tubulointerstitial injuries are widely accepted as the common outcome of disease

Figure 2 The correlation between BMI and clinicopathological parameters.
Note: The color and size of the circles in the matrix represent the level of correlation: red represents a positive correlation and blue represents a negative correlation.
Abbreviations: BMI, body mass index; DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; HGB, haemoglobin; ALB, albumin; PALB, pre-
albumin; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; C3, complement 3; C4, complement 4; UP,
24 h urine proteinuria concentration; PLA2R, the degree of anti-phospholipase A2 receptor antibody; GS, glomerulosclerosis; MCP, mesangial cell proliferation; TA, tubular
atrophy; IF, interstitial fibrosis; VWT, vascular wall thickness.
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Table 3 Linear Regression Analysis for Clinicopathological Parameters and UP

UP

Univariable Multivariable

β t-value P-value β t-value P-value

BMI (kg/m2) 0.231 4.090 <0.001 −0.006 −0.145 0.885

Gender −0.201 −3.086 0.002 0.136 0.383 0.703

Age (years) −0.115 −1.739 0.083 - - -

L −5.394 −2.578 0.011 −4.564 −2.243 0.027

ALB (g/L) −0.436 −7.285 <0.001 - - -

pALB (mg/dL) −0.074 −2.578 0.011 −0.075 3.290 0.001

GLB (g/L) −0.215 −3.298 0.001 - - -

eGFR (mL/min) −0.028 −0.407 0.684 - - -

TC (mmol/L) 0.303 4.788 <0.001 - - -

TG (mmol/L) 0.211 3.231 0.001 - - -

LDL (mmol/L) 0.313 4.817 <0.001 - - -

HDL (mmol/L) 0.670 1.445 0.150 −0.006 −0.013 0.989

FIB (g/L) 0.236 3.609 <0.001 0.185 1.241 0.217

DDi (mg/L FEU) 0.090 1.279 0.200 −0.058 −0.386 0.700

IgG (g/L) −0.359 −5.635 <0.001 −0.353 −5.021 <0.001

URBC 0.160 2.375 0.018 −0.016 −2.279 0.025

Anti-PLA2R (RU/mL) 0.122 1.655 0.100 0.002 1.298 0.001

IgA deposit −0.156 −2.373 0.018 - - -

C3 deposit 0.206 3.164 0.002 0.522 0.0173 0.003

GS −0.050 −0.186 0.852 - - -

MCP 0.879 1.647 0.101 - - -

TA 0.120 1.871 0.071 - - -

IF 0.114 1.723 0.086 - - -

VWT 0.102 1.539 0.125 - - -

GMTIV 0.193 2.956 0.003 - - -

Notes: The variables involved in the multivariable linear regression model were statistically significant ones in the univariable linear regression (p≤0.2). Dashes indicate that
the variable was not included in the multivariable linear regression model.
Abbreviations: BMI, body mass index; L, the ratio of lymphocyte count to white blood cell count; ALB, albumin; pALB, pre-albumin; GLB, globulin; eGFR, estimated
glomerular filtration rate; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FIB, fibrinogen; DDi, D-Dimer; IgG,
immunoglobulin G; UP, urine proteinuria concentration; URBC, the degree of urine red blood cell; Anti-PLA2R, Anti-phospholipase A2 receptor; IgA, immunoglobulin A;
C3, complement 3; GS, glomerulosclerosis; MCP, mesangial cell proliferation; TA, tubular atrophy; IF, interstitial fibrosis; VWT, vascular wall thickness.

Table 4 Ordinal Logistic Regression Analysis for Clinicopathological Parameters and PLA2R

Unadjusted Model 1 Model 2

OR 95% CI P OR 95% CI P OR 95% CI P

BMI (kg/m2) 1.023 0.934–1.121 0.622 1.017 0.993–1.108 0.700 1.015 0.936–1.101 0.720
Age (years) 1.036 1.008–1.064 0.012 1.031 1.006–1.057 0.015 1.030 1.007–1.054 0.010

UP (g/L) 1.034 0.908–1.179 0.610 1.035 0.921–1.162 0.569 1.100 1.001–1.209 0.047

ALB (g/L) 0.960 0.900–1.025 0.226 0.947 0.894–1.004 0.066
UA (µmol/L) 1.003 0.999–1.007 0.094 1.004 1.001–1.007 0.011 1.003 1.001–1.006 0.021

URBC 1.257 0.907–1.744 0.170 1.220 0.894–1.665 0.210

IgM deposit 0.822 0.470–1.439 0.493 0.685 0.423–1.109 0.124
C3 deposit 1.173 0.834–1.648 0.359 1.164 0.842–1.609 0.358 1.315 0.978–1.769 0.070

L 1.162 0.041–32.783 0.930 0.610 0.020–9.846 0.448

DDi (mg/L FEU) 0.996 0.793–1.252 0.972
Gender 1.243 0.572–2.699 0.583

Notes: Statistical model used logistic regression analysis for assessing the risk of PLA2R. Model 1 includes all variables except DDi and gender. Model 2 includes all variables
in model 1 except ALB, URBC, IgM deposit, L, DDi, and gender.
Abbreviations: BMI, body mass index; UP, urine proteinuria concentration; ALB, albumin; UA, uric acid; URBC, the degree of urine red blood cell; IgM, immunoglobulin M;
C3, complement 3; L, the ratio of lymphocyte count to white blood cell count; DDi, D-Dimer.
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Table 5 Logistic Regression Analysis for Pathological Parameters and Laboratory Indexes

GS MCP TA IF VWT

OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P

BMI (kg/m2) 0.999 0.925–1.080 0.980 2.528 1.061–6.023 0.036 1.050 0.942–1.169 0.380 1.088 0.981–1.207 0.110 1.039 0.938–1.151 0.464

Hypertension 1.480 0.770–2.845 0.239 0.304 0.127–0.728 0.008 0.341 0.160–0.727 0.005 0.497 0.219–1.129 0.095

SBP (mmHg) 1.010 0.995–1.025 0.181 1.004 0.986–1.022 0.686 1.000 0.982–1.019 0.981 1.011 0.991–1.031 0.299
Age (years) 1.036 1.006–1.066 0.017 0.992 0.945–1.042 0.759 1.011 0.981–1.041 0.482 1.052 1.020–1.085 0.001

UP (g/L) 1.116 0.979–1.273 0.099 1.089 0.970–1.224 0.148 1.112 0.987–1.252 0.081

PLA2R 1.065 0.787–1.443 0.682 1.074 0.808–1.428 0.622
BUN (mmol/L) 1.248 0.942–1.653 0.123

Scr (µmol/L) 0.974 0.932–1.019 0.252
eGFR (mL/min) 1.005 0.985–1.025 0.639 0.982 0.932–1.034 0.489

HGB (g/L)

URB 0.930 0.6451.341 0.698
IgG (g/L) 1.065 0.961–1.181 0.231

C3 (g/L) 0.281 0.079–0.994 0.049

IgM (g/L) 0.578 0.329–1.014 0.056 0.716 0.0402–1.277 0.258
IgG deposit 1.471 1.011–2.141 0.043

C3 deposit 1.384 1.044–1.833 0.024 1.256 0.828–1.907 0.283 1.477 1.010–2.160 0.044 1.461 1.021–2.090 0.038 1.012 0.695–1.473 0.951

DM 0.422 0.117–1.522 0.188

Abbreviations: GS, glomerulosclerosis; MCP, mesangial cell proliferation; TA, tubular atrophy; IF, interstitial fibrosis; VWT, vascular wall thickness; BMI, body mass index; SBP, systolic blood pressure; UP, urine proteinuria concentration;
PLA2R, the degree of anti-phospholipase A2 receptor antibody; BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; HGB, haemoglobin; URB, the degree of urine red blood cell; IgG,
immunoglobulin G; C3, complement 3; IgM, immunoglobulin M; DM, diabetes mellitus.
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progression. Recent studies demonstrated that vascular hyalinization should be regarded as histological parameters
independently in the progress of renal function. Stangou et al found that the four parameters, including GS, TA, IF
and VWT, had significant association with renal function outcome and prognosis.4,17 Therefore, this study intended to
search for a simplified grading of histological parameters in IMN for further assessment, namely: 1) the presence of GS,
2) MCP, 3) degree of TA, 4) severity of IF, 5) VWT, and a combination of above histological parameters (the GMTIV
score). The simplified GMTIV score is similar to the MEST score used in the estimation of IgAN severity, according to
the presence of mesangial (M), endocapillary (E), glomerular sclerosis (S), and tubular atrophy (T).16,17

The prevalence of obesity has increased dramatically. This worldwide obesity epidemic has produced more
medical attention.25 Also, obesity has become a significant predictor for ESRD in CKD patients.26,27 Overweight
and obesity are closely relevant to CKD. The links between them are complex and numerous. Several mechanisms
included in the relationship between obesity and CKD have been proposed.10,22 BMI is a convenient and critical
index for assessing overweight and obesity. Several studies have indicated a U-shaped association between BMI and
mortality in the 20–25 kg/m2 of weight range.2,24,28 A few studies have focused on the correlation between BMI and
prognosis in IgAN. Most of them demonstrated that high BMI was a risk factor for progression in IgAN.4,5 However,
Berthoux et al revealed that elevated BMI had no direct influence on IgAN progression, which appeared to accelerate
hypertension and proteinuria.29 It was possible that excessive BMI indirectly accelerated IgAN progression by
leading to metabolic syndrome for patients. Thus, current researches have shown inconsistent conclusions on the
associations between BMI and progression of IgAN,30 and the correlation between obesity and MN remains
unknown.

In this study, we performed a comprehensive investigation based on the histopathological and clinical parameters of
IMN to explore their clinical applications. The obese group had a higher prevalence of hypertension and diabetes than the
overweight/normal weight group. SBP, DBP, HGB, TG, UA, UP, MCP, IF, and GMITV were higher in the obese group
compared to the other group, while the HDL-C and IgA deposition score were lower. BMI and UP showed a positive and
linear relationship in univariable analysis. However, this relationship was not significant in multivariable analysis when
gender, L, URBC, pALB, HDL, FIB, DDi, IgG, anti-PLA2R, and C3 deposit were adjusted. Factors significantly
associated with UP were L, pALB, IgG, URBC, anti-PLA2R, and C3 deposit in multivariable analysis. This result
revealed that PLA2R was associated with age, UP, and UA after ALB, URB, IgM deposit, L, DDi, and gender were
adjusted. MCP were positively correlated to BMI independently, after adjusting for confounding factors. Logistic
regression analysis demonstrated that GS, TA, IF, and GMTIV were correlated to C3 deposit respectively. After adjusting

Table 6 Ordinal Logistic Regression Analysis for Clinicopathological Variables and GMTIV

Crude OR Model 1 Model 2

OR 95% CI P OR 95% CI P OR 95% CI P

BMI (kg/m2) 1.050 0.966–1.143 0.252 1.052 0.975–1.136 0.193 1.114 1.026–1.210 0.010

Age (years) 1.027 0.996–1.058 0.087 1.031 1.003–1.059 0.028 1.022 0.997–1.047 0.080
UP (g/L) 1.101 0.998–1.214 0.055 1.109 1.012–1.215 0.026

SBP (mmHg) 1.014 0.998–1.031 0.078 1.014 1.000–1.029 0.048

eGFR (mL/min) 1.007 0.986–1.029 0.528 1.004 0.985–1.023 0.674
ESR (mm/h) 1.009 0.995–1.022 0.223

HGB (g/L) 0.998 0.981–1.015 0.794

Hypertension 2.311 1.139–4.686 0.020 2.017 1.073–3.790 0.029 2.986 1.562–5.706 0.001
IgM (g/L) 0.445 0.254–0.780 0.005 0.735 0.482–1.121 0.153

C3 deposit 1.439 1.058–1.956 0.020 1.466 1.114–1.931 0.006 1.655 1.235–2.218 0.001

PLA2R 0.954 0.755–1.205 0.690

Notes: Model 1 was adjusted for ESR and HGB. Model 2 was adjusted for model 1+ UP, SBP, eGFR, and IgM plus PLA2R.
Abbreviations: BMI, body mass index; UP, urine proteinuria concentration; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate; ESR, erythrocyte
sedimentation rate; HGB, haemoglobin; IgM, immunoglobulin M; C3, complement 3; PLA2R, the degree of anti-phospholipase A2 receptor antibody.
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for ESR, HGB, UP, SBP, eGFR, and IgM, GMTIV is associated with the BMI independently. Our study was the first one
to show an independent association between BMI and MCP in IMN.

MN is primarily mediated by autoreactive antibodies. Evidence suggests that M-PLA2R is a predominant target
antigen in IMN during the last decades, and anti-PLA2R antibody has been defined as a significant biomarker for MN
diagnosis. The natural course of IMN varies considerably. Thus, factors that affect the prognosis of IMN are crucial.
Several risk factors, such as male gender, advanced age, decreased eGFR, and persistent severe proteinuria, have been
identified.15,18 Recent studies have shown that a persistent high concentration of anti-PLA2R antibodies is an important
indicator for poor prognosis of IMN. Our results confirmed that PLA2R was associated with age and UP.

Another interesting result was that obesity was not independently correlated to proteinuria in IMN. In this study,
obese patients had an increased 24 h proteinuria concentration compared to the other group, but there was no significant
association in multivariable analysis. Obesity had no significant impact on serum creatinine or eGFR, which all suggested
that obesity may not be independently correlated to increased proteinuria and decreased renal function in MN. This study
also revealed that obese patients with IMN had more prevalence of hypertension, diabetes, and dyslipidemia. Multiple
unhealthy lifestyle behaviors, such as increased energy intake, low physical activity, smoking, and drinking, will lead to
metabolic syndrome and renal disease progression for obese patients.31

No study has investigated the impact of obesity on clinicopathological parameters in MN up to now. Hong et al
reported that obesity was independently associated with mesangial matrix expansion or patients with IgAN. It was
found that increased mesangial matrix and mesangial cell proliferation were more common in obese patients
compared to normal weight people.4 Therefore, in mesangial lesions of glomerular disease, although the exact
mechanism remains unclear, obesity may play an important pathogenetic role. It was suggested that obesity could
stimulate the expression of transforming growth factor-β1 (TGF-β1) by a rise of leptin concentration due to obesity.
TGF-β1 is recognized as a multifunctional cytokine that regulates extracellular matrix accumulation, mesangial cell
proliferation, and glomerulosclerosis.32 This paper supports the fact that obesity could independently increase MCP
after adjustment for confounding factors in IMN, where BMI was an independent risk factor for MCP and GMTIV.

Our research proved that C3 deposition was independently correlated to UP, GS, TA, IF, and GMTIV. Previous
studies demonstrated that local complement activation played an important role in the pathogenesis of IgAN.
Mesangial C3 deposit, which was defined as an independent risk factor for IgAN progression, was related to active
inflammation in IgAN.33 C3 deposits were first detected from IMN in 1984.16,17 Patients with glomerular C3
deposits have proteinuria with a more severe symptom, which supports the relationship between complement
activation and severity of IMN.17 The greater deposition of C3 predicts a poor prognosis of glomerular disease.19

Moreover, Oto OA et al suggested a strong association between complement deposits and MN progression.18 In
conclusion, patients with extensive glomerular C3 deposition have a worse clinical presentation and poor prognosis
than those with mild C3 deposition. Patients of IMN with extensive glomerular C3 deposition tend to receive more
immunosuppressants in treatment. With increasing incidence of immunosuppressive treatment for IMN, infections
associated with immunosuppressive therapy have been surging. Financial burden experienced by patients undergoing
infection treatment will also be affected. Sarier et al reported that patients with immunosuppressive treatments
suffered not only from common uropathogens but also from unusual uropathogens that cannot be detected with
conventional urine culture method. More effective treatments were needed with the help of real-time multiplex
polymerase chain reaction assay.34 So the glomerular C3 deposition may provide a pathological argument for the
prescription option with avoidance of immunosuppressive agent overuse.

This study had two major advantages. First, all the comprehensive pathological parameters were involved, which
made the results more reliable. Second, the anti-PLA2R antibody was enrolled as a prognostic factor. The severity of
IMN was related to positivity and high level of anti-PLA2R antibody. Even though the clinical diagnosis value was based
on positive anti-PLA2R antibodies for IMN, these arguments highlighted the necessity of kidney biopsy pathology.
Therefore, we believe that the histological severity can affect the long-term renal outcome.

There were a few limitations. First, our study was limited by its retrospective cross-sectional design with uncertain
causality and possible confounding factors. Second, there was no longitudinal multicenter prospective study to define the
clinicopathological impact of BMI in IMN. Third, only Chinese patients were involved, so the results could not be
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generalized to other ethnicities. Finally, this study did not measure skinfold thickness, waist circumference, and waist-to-
hip ratio to assess obesity with higher accuracy.

Conclusions
Obesity may play an important pathogenetic role in mesangial lesions in IMN patients. The structural and pathological
changes in kidney resulting from obesity might affect followed renal outcome in IMN. In conclusion, the combination of
histological parameters, which is a novel, comprehensive and simplified score, may help in the assessment of IMN
severity and option of treatment strategies. Treatment to lose weight may be an effective method to prevent the
deterioration of renal function.
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