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Abstract

Background: Obesity induces insulin resistance, increases serum free fatty acids (FFAs), and causes renal problems includ-

ing albuminuria. Adipocyte insulin resistance has an important effect on occurrence of whole-body insulin resistance,

which is correlated with fasting free fatty acids and fasting insulin levels. Bariatric surgery (BS) improves albuminuria, free

fatty acid and insulin levels. We investigated whether albuminuria associates with adipocyte insulin resistance and whether

following BS a reduction in albuminuria relates to the improvement of adipocyte insulin resistance.

Methods: We included patients aged >18 years receiving BS in Beijing Chao-Yang Hospital between January 1st, 2020 and

December 31st, 2022. A 6-month follow-up was conducted in these patients following BS.

Results: Fifty-seven patients were analysed, including 26 men. Of them, 16 developed diabetes, whereas 15 suffered from hy-

pertension. No obvious abnormality was detected in renal function (creatinine≤1.0 mg/dL), with an estimated glomerular fil-

tration rate of 120.24 ± 14.22 mL/min/1.73m2. Significant reductions existed in FFA levels, serum insulin levels, HOMA-IR,

adipo-IR, and urine albumin-to-creatinine ratio (ACR) at 6 months post-BS. Besides, delta ACR showed a positive relation-

ship to delta adipo-IR (r = 0.371, p = 0.004). As revealed by linear stepwise regression, delta adipo-IR (β = 0.006, p = 0.028)

independently predicted the risk of delta ACR.

Conclusions: This study indicates that BS can decrease albuminuria in obese patients with normal renal function partly

through decreasing adipocyte insulin resistance.
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Introduction

Obesity, the chronic disorder, results from excess fat accumulation, which is associated with metabolic abnormalities such as glu-

cose and lipid metabolic impairment and insulin resistance [1]. Such abnormalities can lead to complications, including stroke, hy-

pertension, type 2 diabetes mellitus, and coronary artery disease [2]. Obesity can also lead to renal damage, including proteinuria,

chronic kidney disease (CKD), or even end-stage renal disease [3,4]. Obesity-related glomerulopathy (ORG) is a common compli-

cation of  obesity,  with  microalbuminuria  or  clinically  dominant  albuminuria  as  the  primary manifestation.  The mechanisms of

obesity-related kidney damage are correlated with insulin resistance and altered renal haemodynamics [5].

Insulin resistance indicates the reduced insulin response in certain tissues, including hepatic tissue, peripheral muscle tissue and

adipose tissue [6]. Adipocytes are the key insulin-responsive tissue, which is important for the whole-body metabolism of glucose

and lipid. Recently, adipocyte insulin resistance has gained much attention regarding the effects of lipid and glucose metabolism.

However, the effect of adipocyte insulin resistance on obesity-related kidney damage has been less investigated. The gold standard

for measuring adipocyte insulin sensitivity is the adipose tissue insulin index, which can be calculated through multiplying fasting

FFA by insulin contents [7].

In obesity, free fatty acids (FFAs) can be released by adipose tissues through unsuppressed lipolysis, which accounts for a major

characteristic of adipose insulin resistance. FFAs in circulation have an important effect on the decreased insulin sensitivity [7]. Ex-

cessive FFAs released from adipose tissue escape into other organs based on the circulatory system and result in lipotoxicity, in-

sulin resistance and beta-cell dysfunction [8]. It has been indicated that high FFA levels are related to the increased urinary albu-

min excretion and impaired glomerular filtration function [9,10].  Excessive triglycerides and FFAs can result  in glomerular and

tubular lesions. Reduction of triglycerides by fenofibrate can lead to improvements in insulin resistance and microalbuminuria in

mice [11].

Bariatric surgery is identified with the highest efficacy in treating severe obesity and the relevant comorbidities [12]. Metabolism is

greatly improved following bariatric surgery, including reduction of microalbuminuria and FFA [13]. Besides, bariatric surgery is

found to enhance glycaemic control and insulin resistance among obese patients who develop diabetes [14].

Although recent evidence sheds substantial lights on metabolic improvements in FFA and renal damage postoperatively, the under-

lying mechanism between FFA-related adipocyte insulin resistance and obesity-related glomerulopathy has not been completely

elucidated. Therefore, the current prospective study attempted to explore the association between adipocyte insulin resistance and

obesity-related albuminuria.

Materials and Methods

Subjects

The present prospective cohort study recruited obese patients (BMI ≥ 30 kg/m2) aged >18 years receiving bariatric surgery (laparos-

copic Roux-en Y gastric bypass surgery or gastric sleeve surgery) at the General Surgery Department of Beijing Chao-Yang Hospi-

tal between January 1st, 2020 and December 31st, 2022. Patients below were eliminated, including overt proteinuria evidenced by

undetectable or trace dipstick test results and CKD (creatinine ≥ 1.0 mg/dL). One physician was responsible for 6-month fol-

low-up of all patients after discharge. This study was carried out in line with the Declaration of Helsinki of the World Medical As-

sociation. Informed consent was acquired from every subject. This work gained approval from the Ethics and Research Committee

of Beijing Chao-yang hospital, Beijing, China.
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Data Collection

The perioperative clinical data were age, gender, blood pressure, height, weight, BMI, and surgery mode. In addition, we also mea-

sured FFAs, serum albumin, fasting glucose, aspartate transaminase (AST), alanine aminotransferase (ALT), total cholesterol, trig-

lyceride,  high-density  lipoprotein cholesterol  (HDL-c),  low-density  lipoprotein cholesterol  (LDL-c),  blood urea  nitrogen,  serum

creatinine, uric acid, fasting serum insulin and urine ACR. The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

equation was employed for calculating glomerular filtration rate (GFR) [15]. The formula below was used to determine the home-

ostasis model assessment of insulin resistance (HOMA-IR) index, namely, HOMA-IR=fasting blood glucose levels (mM) × fasting

blood insulin levels (mUI/L)/22.5 [16]. At the same time, we determined the adipocyte insulin resistance (adipo-IR) index as (fast-

ing FFAs × fasting insulin [17].

Statistical Analysis

Continuous variables  were represented by mean ± standard deviation or median (interquartile  range),  whereas categorical  vari-

ables by frequencies (sample percentage or number). The paired t-test or Wilcoxon signed-rank test was applied in evaluating dif-

ferences in continuous variables before and after surgery. Abnormally-distributed continuous variables were subjected to log trans-

fection prior to analysis. To obtain delta values, we subtracted the value determined 6 months following BS from the baseline val-

ue. Correlation coefficient was evaluated by Pearson’s correlation analysis. Independent risk factors affecting alterations of protein-

uria, such as values verified as p<0.05 upon Pearson’s correlation analysis or those with clinical significance (age, gender, smoking

history, alcohol history, hypertension history, diabetes history, surgical technique) were assessed through multivariate linear step-

wise regression. Statistical analysis was completed with SPSS26.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline Characteristics of the Obese Patients

Table 1 displays basic features for those obese patients. Totally 57 obese patients were finally analysed, with the age ranging from

19 to 50 (median, 31) years and the follow-up period of 6 months. Twenty-six patients were male. In addition, there were 15 pa-

tients with hypertension and 16 patients suffering from diabetes. Among them, there were 6 patients receiving laparoscopic Roux-

en-Y gastric bypass, while 51 undergoing laparoscopic sleeve gastrectomy.

Table 1: Baseline characteristics of the patients (n=57)

Parameters Characteristics

Age, years 30.89 ± 7.81

Sex (M/F), n (%) Male 26 (45.61%)Female 31 (54.39%)

Smoking, n (%) 5 (8.87%)

Alcohol, n (%) 7 (12.28%)

Hypertension, n (%) 15 (26.32%)

Diabetes, n (%) 16 (28.07%)

Surgical technique, n (%) SG 51 (89.47%)LRYGB 6 (10.53%)

LRYGB, laparoscopic Roux-en Y gastric bypass; SG, laparoscopic sleeve gastrectomy
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Changes in Various Clinical Parameters before and after BS

Changes in various clinical parameters before and after BS are shown in Table 2. All the enrolled patients had normal creatinine

levels (≤1.0 mg/dL) without overt proteinuria, and estimated GFR (eGFR) was estimated to be 120.24 ± 14.22 mL/min/1.73m2 with

CKD-EPI equation (Table 2). There was no obvious abnormality of ACR (<30 mg/g) for 43 patients, 14 patients had microalbu-

minuria (30–300 mg/g). No patient had macroalbuminuria (>300 mg/g). Following BS, just 3 cases still had microalbuminuria,

while none of these patients had macroalbuminuria. BS significantly declined body weight, BMI, FFAs, AST, ALT, TC, triglyc-

erides, uric acid, creatinine, ACR, eGFR, fasting glucose, fasting insulin, HOMA-IR index and adipo-IR index. The average delta

ACR was 16.74 mg/g. ACR was positively related to adipo-IR both before and after BS (r = 0.338, p = 0.010, Figure 1; r = 0.337, p =

0.010, Figure 2). Moreover, there were also positive associations between delta ACR and delta adipo-IR (r = 0.371, p = 0.004, Fig-

ure 3).

Figure 1: Plot showing the correlation between adipo-IR and ACR before BS (r=0.338, p=0.010)

Figure 2: Plot showing the correlation between adipo-IR and ACR after BS (r=0.337, p=0.010)

Figure 3: Plot showing the correlation between delta adipo-IR and delta ACR (r = 0.371, p<0.001)
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Table 2: Changes in parameters between baseline and 6 months after BS

Parameters Baseline After 6 months p value

Body weight (kg) 111.5 ± 19.34 82.6 ± 15.21 < 0.001

BMI (kg/m2) 38.97 ± 5.43 28.91 ± 4.81 < 0.001

SBP (mmHg） 125.91 ± 11.55 123.88 ± 8.50 0.056

DBP (mmHg) 83.16 ± 8.17 81.95 ± 6.19 0.011

Albumin (g/L) 47.87 ± 8.17 46.26 ± 3.70 0.121

Glucose (mmol/L) 7.10 ± 2.96 5.03 ± 1.13 < 0.001

AST (U/L) 32.63 ± 29.21 19.28 ± 10.48 0.001

ALT (U/L) 51.16 ± 37.6 28.46 ± 18.22 < 0.001

Total cholesterol (mmol/L) 4.73 ± 0.97 4.47 ± 0.89 0.026

LDL-c (mmol/L) 3.01 ±0.77 2.79 ± 0.87 0.038

HDL-c (mmol/L) 1.05 ± 0.22 1.12 ± 0.23 0.020

Triglycerides (mmol/L) 2.13 ± 1.99 1.31 ± 0.77 < 0.001

Uric acid (µmol/L) 444.4 ± 119.2 374.6 ± 96.53 < 0.001

FFA (mmol/L) 0.85 ± 0.31 0.63 ± 0.39 < 0.001

Fasting insulin (µIU/ml) 28.53 ± 18.82 17.5 ± 12.64 < 0.001

Blood urea nitrogen (mg/dL) 4.80 ± 1.20 4.85 ± 1.27 0.644

Creatinine (µmol/L) 61.00 ± 14.25 60.86 ± 17.25 0.933

UACR (mg/g creatinine) 7.80 (5.30, 31.65) 4.47 (2.18, 7.77) < 0.001

eGFR (mL/min/1.73 m2) 120.24 ± 14.22 117.49 ± 14.56 0.039

HOMA-IR 8.65 ± 6.88 3.93 ± 2.98 < 0.001

Adipo-IR 24.24 ± 18.20 10.89 ± 10.09 < 0.001

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, AST aspartate aminotransferase, ALT alanine aminotrans-

ferase, LDL-c low-density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, FFA free fatty acid, UACR urine albumin--

to-creatinine ratio, eGFR estimated glomerular filtration rate.

Pearson’s Correlation Analysis Between Δ Log-ACR and the Changes in Other Metabolic Parameters

Table 3 exhibits correlation between delta log-transformed ACR and the changes in other metabolic parameters. There existed a

significant positive relationship between delta ACR and the changes in fasting glucose (r = 0.404, p = 0.002), triglycerides (r =

0.282, p = 0.034), fasting insulin (r = 0.345, p = 0.009), HOMA-IR (r = 0.482, p < 0.001) and adipo-IR (r = 0.371, p = 0.004). Never-

theless, there was no association observed between delta ACR and delta BMI, cholesterol, FFAs, or blood pressure.

Table 3: Pearson’s correlation analysis of Δ log-ACR

parameters r-value p-value

Δ Body weight -0.207 0.123

Δ BMI -0.192 0.153

Δ SBP 0.135 0.317
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Δ DBP 0.184 0.170

Δ Glucose 0.404 0.002

Δ LDL-c 0.041 0.764

Δ HDL-c 0.064 0.637

Δ Triglycerides 0.282 0.034

Δ FFA 0.063 0.641

Δ Fasting insulin 0.345 0.009

Δ HOMA-IR 0.482 < 0.001

Δ Adipo-IR 0.371 0.004

Table 4: Effect of parameters on Δ log-ACR: results of stepwise regression model

b-value 95%CI p-value

Hypertension history 0.31 (0.141, 0.480) 0.001

Δ Glucose 0.035 (0.008, 0.063) 0.013

Δ Triglycerides 0.054 (0.006, 0.102) 0.029

Δ Adipo-IR 0.006 (0.001, 0.012) 0.028

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, LDL-c low-density lipoprotein cholesterol, HDL-c high-den-

sity lipoprotein cholesterol, FFA free fatty acid

Multiple Linear Stepwise Regression Analysis of Delta ACR

Linear stepwise regression model was adopted for exploring the independent risk factors that affect the changes in albuminuria.

We found hypertension history was associated with delta ACR and changes in fasting glucose, triglycerides, and adipo-IR were still

correlated with delta ACR after regression analysis.

Discussion

According to our results,  BMI, metabolic parameters and renal function (including eGFR and ACR) significantly improved at 6

months after BS in obese patients. ACR was associated with adipo-IR both before and after BS. Moreover, the changes of the two

indicators were still  positively correlated. Besides,  the change of ACR was also associated with the change of glucose, fasting in-

sulin, triglycerides and HOMA-IR. Linear regression model showed hypertension history and the changes in fasting glucose, trig-

lycerides, and adipo-IR could predict the change of ACR after BS.

BS is a choice of treatment in severe obese patients and significantly reduces body weight and insulin resistance after surgery [18].

Former  study  has  found that  there  were  different  mechanisms  of  metabolic  improvements  in  diabetic  patients  during  different

phases  after  BS.  Early  glycemic  amelioration  was  mainly  due  to  the  changes  in  neuroendocrine  pathways  and  adipose  factors

might contribute to long-term insulin sensitivity [19]. Further studies found insulin kinetics altered after BS, resulting an increase

in hepatic insulin clearance [20]. Weight loss after surgery was related to a decrease of ectopic fat deposition in pancreas, which

correlated with the improvement of glucose homeostasis [21].  Besides,  the expression of glucose and lipid metabolism genes al-

tered after BS in white adipose tissue of diabetic rats [22]. DNA methylation has a critical effect on metabolic improvement post-

BS [23]. These results might explain the improvements in metabolic parameters after BS and were consistent with our finding that

fasting blood glucose, serum insulin levels and blood lipids were notably decreased.
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Our  study  also  proved  that  FFAs  were  significantly  decreased  six  months  after  BS.  FFAs,  adipocyte-derived  secreted  products

formed via  triglyceride  (TG) hydrolysis,  are  the  primary  energy  source  during  fasting  and play  a  vital  role  in  regulating  energy

metabolism [24]. However, sustained FFA elevation was correlated with obesity and insulin resistance [25,26]. A previous study in-

dicated that circulating FFA levels were higher in subjects with morbid obesity in relative to lean subjects [27]. BS enhanced plas-

ma GLP-1 level reducing fat load and increasing fatty acid -oxidation by activated autophagy to control the hepatic lipid pathway

by mTOR/p70S6K signaling pathway [28].

Previous studies showed that renal function was improved after BS [29-31], conforming to our findings. We found glomerular hy-

perfiltration improved after surgery,  manifested as decreased ACR and eGFR. The degree of reduction in log-transformed ACR

was significantly correlated with changes in adipo-IR index. These results might suggest that insulin resistance of adipose tissue im-

proved by BS subsequently leads to reduced albuminuria. Previous studies found renal FFA uptake was ~50% higher in the obese

as a result of higher circulating FFA levels [27] and saturated fatty acids could inhibit insulin-stimulated glucose uptake in human

podocytes causing podocytes insulin resistance, which presented a link between fatty acids and nephropathy [32]. Besides, the re-

duction  in  FFA  plasma  levels  by  thiazolidinediones  or  fenofibrate  has  been  shown  to  be  related  to  reducing  microalbuminuria

[33,10]. Our study also proved that the changes of TG and adipo-IR could predict the change of ACR after BS. Indicating that Obe-

sity-related renal damage could be associated with excessive triglycerides accumulation and adipocyte insulin resistance. The im-

provement of adipo-IR could reduce urinary microalbumin excretion, which implied the amelioration of the pathological process

in obesity-related nephropathy.

BS can effectively treat  weight loss  and the relevant comorbidities  among severe obesity patients.  Prior studies reported that  BS

was an effective strategy for blood pressure control and hypertension remission [34]. According to our results, BS caused obvious

weight loss and remarkably declined the diastolic blood pressure. However, there existed no statistically significant change in sys-

tolic blood pressure after BS. This could be resulted from the small number of hypertensive patients in the current work. Only 15

patients (26.3%) had hypertension, and their blood pressure was stable before BS (125.91 ± 11.55mmHg). Moreover, we also found

patients with hypertension history had a greater improvement in ACR after BS. A former study found the severity of hypertension

increased  in  parallel  with  the  rise  in  albuminuria  among  diabetic  patients  [35].  Obese  patients  might  achieve  improvement  in

blood pressure following BS by decreasing fat accumulation in renal sinus [36].  Besides,  as in previous reports,  serum uric acid,

AST and ALT levels decreased in our study [37].

Certain limitations should be noted in the present work. At first, the sample size of this study was relatively small, making it chal-

lenging to determine the applicability of our results in all  the Chinese obese individuals.  Second, another limitation was the ap-

proach for measuring albuminuria level and determining GFR. We evaluated albuminuria based on spot ACR, rather than 24-h

urine. GFR was analyzed according to CKD-EPI equation, rather than 24-h creatinine clearance. Third, the observation period was

relatively short in our study. A longer follow-up duration is needed. However, we found adipocyte insulin resistance was associat-

ed with albuminuria and a decrease in ACR following BS was correlated with the improvement of adipocyte insulin resistance in

patients  who  had  normal  renal  function.  Moreover,  our  findings  may  provide  a  new  idea  for  understanding  obesity-related

glomerulopathy and shed light on new thoughts for the treatment.

To sum up, BS decreases albuminuria among the obese patients who have normal renal function, which is achieved through de-

creasing the adipocyte insulin resistance.
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