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Objective: Recent advances in perirenal adipose tissue (PAT) highlighted that PAT might involve in the pathogenesis of chronic
inflammatory and dysfunctional metabolic diseases. This study assessed the association between perirenal fat thickness (PrFT) and
metabolic dysfunction-associated fatty liver disease (MALFD) in type 2 diabetes mellitus (T2DM).

Methods: This study comprised 867 eligible participants with T2DM. Trained reviewers collected anthropometric and biochemical
measurements. The diagnosis of MAFLD was based on the latest international expert consensus statement. PrFT and fatty liver were
evaluated by computed tomography. The visceral fat area (VFA) and subcutaneous fat area (SFA) were measured by bioelectrical
impedance analysis. The non-alcoholic fatty liver disease fibrosis score (NFS) and fibrosis-4 (FIB-4) index were used to assess
progressive liver fibrosis in MAFLD.

Results: Overall, the prevalence of MAFLD was 62.3% in T2DM. The PrFT in the MAFLD group was statistically increased than in
the non-MAFLD group (P < 0.05). Correlation analysis showed that PrFT was significantly correlated with dysfunctional metabolic
factors like body mass index, waist circumference, triglycerides, high-density lipoprotein cholesterol, systolic blood pressure, diastolic
blood pressure, uric acid, and insulin resistance. Multiple regression analysis revealed that PrFT was positively correlated with NFS
($=0.146, P<0.001) and FIB-4 (#=0.082, P=0.025) in the MAFLD. In contrast, PrFT was negatively correlated with CTy _g (f=—0.188,
P<0.001). Furthermore, PrFT was also significantly associated with MAFLD independent of VFA and SFA, the OR (95% CI) was
1.279 (1.191-1.374). Meanwhile, PrFT also had a good identifying value for MAFLD as VFA. The area under the curve (95% CI)
value of PrFT identifying MAFLD was 0.782 (0.751-0.812). The optimal cut-off value of PrFT was 12.6mm, with a sensitivity of
77.8% and specificity of 70.8%.

Conclusion: PrFT was independently associated with MAFLD, NFS, and FIB-4 and showed a similar identifying value for MAFLD
as VFA, which suggested that PrFT can be used as an alternative index to VFA.
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Introduction

Metabolic dysfunction-associated fatty liver disease (MAFLD) is the most common chronic liver disease characterized
by liver fat content exceeding 5% (hepatic steatosis), which in turn can progress to its severe forms like non-alcoholic
steatohepatitis (NASH), liver fibrosis, cirrhosis, and hepatocellular carcinoma. MAFLD was previously named non-
alcoholic fatty liver disease (NAFLD). The golden criteria of NAFLD, NASH, and liver fibrosis were based on liver
biopsy, which was not widely used in patients with NAFLD due to its invasive nature. Hence, the latest expert consensus
statement set new “positive” criteria (hepatic steatosis in adults detected by imaging techniques, blood biomarkers, or
liver histology). The novel classification downplays the importance of alcohol in the definition of NAFLD and highlights
metabolic risk factors for NAFLD-related pathological progression.' Type 2 diabetes mellitus (T2DM) is a metabolic
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disease characterized by chronic hyperglycemia, rapidly increasing and becoming a major public concern worldwide.
MAFLD and T2DM share the same metabolic risk factors like genetic factors, insulin resistance, dyslipidemia, obesity,
and unhealthy lifestyle,” which cause a high prevalence of MAFLD in T2DM. The latest epidemiological data suggested
that the prevalence of MAFLD was up to 55.2% in T2DM.? In addition to MAFLD-associated liver injury, it can worsen
glycemic control and increase the incidence of diabetes-associated complications, such as cardiovascular disease, diabetic
nephropathy, and diabetic retinopathy.*

Current guidelines for the management of MAFLD in T2DM focused on developing effective strategies to treat
metabolic risk factors, as well as preventing diabetes-related target organ damage and adverse liver outcomes. Obesity is
a crucial risk factor that links MAFLD with T2DM. Obesity involves excessive adipose tissue accumulation in
subcutaneous and visceral. Compared to subcutancous adipose tissue (SAT), visceral adipose tissue (VAT) plays more
functional roles in the pathogenesis of T2DM and MAFLD.” In clinical practice, we can also observe that the lean or
normal-weight population is accompanied by MAFLD. Increased VAT may be responsible for these conditions.
Therefore, more insights should be put into VAT rather than SAT.

Perirenal adipose tissue (PAT) is a crucial classification of VAT located in retro-peritoneal space and surrounds the
kidney. Histological studies suggested PAT shared the exact developmental origin as typical VAT,® making it have the
same functional roles as VAT in T2DM and MAFLD. Emerging evidence found that PAT played more functional roles in
energy metabolism, adipokine bio-transformation, and cytokine secretion than typical VAT,” which provided a basis for
PAT involvement in the pathogenesis of chronic inflammatory and dysfunctional metabolic diseases. Several clinical
studies observed that perirenal fat thickness (PrFT) was closely associated with metabolic dysfunctions like hypertension,
increased insulin resistance and uric acid (UA), and dyslipidemia.8’9 Based on these findings, it can be assumed that PAT
may involve in the development of MAFLD. Work completed on data showed that the association between PrFT and
MAFLD remained uncertain. Furthermore, previous studies revealed that the visceral fat area (VFA) had a relatively
good identifying value for MAFLD.'® Whether PrFT had the same identifying value for MAFLD still needs further
evaluation. Hence, this study aimed to assess the correlation of PrFT with MALFD and further evaluate the identifying
value of PrFT for MALFD.

Methods
Study Population

This cross-sectional study consecutively enrolled T2DM admitted to the national metabolic management center at
Longyan First Affiliated Hospital of Fujian Medical University between April 2022 to December 2022. Participants
were excluded if there were as follows: (1) type 1 diabetes mellitus, gestational diabetes mellitus, or special type diabetes
mellitus. (2) with other liver comorbidities (ie, liver malignancy, viral hepatitis, autoimmune liver disease). (3) treatment
with medicines that could induce liver steatosis or insulin sensitization (ie, estrogens, amiodarone, methotrexate, and
tamoxifen). (4) with a history of renal region surgery, renal tumors, and cysts that can interfere with normal renal
structure. (5) with some conditions (pregnancy or severe spinal curvature) that could not complete CT scanning. (6) with
acute diseases that could interfere with glucose and lipid metabolism. All procedures were conducted in compliance with
the Declaration of Helsinki. Informed consent was obtained from all participants. This study was approved by the Ethical
Committee of Longyan First Affiliated Hospital of Fujian Medical University (LY-2020069). The flow diagram of
excluded and included participants is presented in Figure 1. A total of 46 participants were excluded. Among them, 22
participants with incomplete data, 12 with other liver comorbidities (11 with active b viral hepatitis and 1 with
autoimmune liver disease), 8 with abnormal renal structure, and 4 with type 1 diabetes mellitus. Participants were
separated into the MALFD group and the non-MALFD group. Meanwhile, participants were divided into three groups
according to the tertiles of PrFT.

Definition of T2DM and MAFLD
The definition of T2DM was according to the World Health Organization criteria (2019 edition): (1) fasting blood
glucose (FBG)>126 mg/dl. 2) 2h postprandial>200 mg/dl during oral glucose tolerance test. (3) random plasma
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Figure | The flow diagram of the participants excluded and included in this study.

glucose>200 mg/dl with classic hyperglycemia or hyperglycemic crisis symptom. (4) glycosylated hemoglobin Alc
(HbA1c¢)>6.5%. Participants meeting at least one of these criteria were considered to have T2DM. The definition of
MAFLD was according to the latest international expert consensus statement:'' hepatic steatosis (fatty liver) in adults
detected either by imaging techniques, blood biomarkers, or liver histology in addition to one of the following three
criteria, namely overweight/obesity, presence of T2DM, or evidence of metabolic dysregulation. Owing to the study
participants being all T2DM, the diagnosis of MAFLD in our study was according to the assessment of hepatic
steatosis (fatty liver) by CT;.s The criteria of metabolic dysfunction were as follows:'' (1) waist circumference
(WC)>90 cm in men or WC>80 cm in women. (2) blood pressure>130/85 mmHg or specific drug treatment. (3)
triglycerides (TG) >150 mg/dl (>1.70 mmol/L) or specific drug treatment. 4) high-density lipoprotein (HDL-c)
<40 mg/dl (<1.0 mmol/L) for men or<50 mg/dl (<1.3 mmol/L) for women, or specific drug treatment. 5)
Prediabetes or diabetes. 6) homeostasis model assessment of insulin resistance score (HOMA-IR)>2.5. 7) UA>420

umol/L or specific drug treatment.

Clinical and Laboratory Assessments

Trained interviewers collected demographic information through a standard questionnaire and a review of medical
records and laboratory data. The demographic information consists of gender, age, duration of diabetes, current or prior
use of medicine, history of the disease, smoking, drinking, and physical activity. Drinking was defined as participants
drinking more than once a year. Smoking was defined as participants smoking more than 4 cigarettes a week for at least 6
months continually or accumulative. Sedentary behavior'? was defined as participants having any waking behaviors
characterized by an energy expenditure<l.5 metabolic equivalents (eg, watching television, reading, writing, or playing
video games). The trained research nurses measured anthropometric information using standardized methods, including
height, weight, systolic blood pressure, and diastolic blood pressure (DBP).

Standardized methods using fasting venous blood samples were conducted to determine laboratory assessments. The
blood samples were taken between 8 and 9 am after fasting overnight and stored in standardized tubes. Serum levels of
creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), HbAlc,
diabetic autoimmune antibodies (GADA, IAA, and ICA), UA, FBG, serum insulin, total cholesterol (TC), HDL-c, low-
density lipoprotein (LDL-c), TG, albumin, and Platelets (PLT) were determined. An auto-biochemical analyzer (Roche
Diagnostics Corporation) was used to measure the serum lipids. PLT was determined by flow cytometry. HbAlc was
determined by high-performance liquid chromatography with a D10 set (Bio-RAD). Serum insulin was determined by
electrochemiluminescence immunoassay with immunoassay analyzers. HOMA-IR was calculated with the following
formula: fasting serum insulin (WU/mL) FBG (mmol/1)/22.5."3

Diabetes, Metabolic Syndrome and Obesity 2023:16 heeps: 1955

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yang et al Dove

Assessment of the Liver Fibrosis Score

The NAFLD fibrosis score (NFS) and fibrosis-4 (FIB-4) index were used to assess the progressive liver fibrosis in
MAFLD. NFS and FIB-4 were calculated with the following formulas:'* NFS=—1.675+0.037xage (years)+0.094xBMI
(kg/m?) +1.13+0.99xAST/ALT ratio-0.013xPLT (10°/L) —0.66xalbumin (g/dl). FIB-4=age (years)<xAST (U/L)/ (PLT
(10°/L) xALT (U/L)"?). Participants with MFALD were stratified into possessing low, intermediate, or high groups
according to the following points: NFS (—1.455 and 0.676) and FIB-4 (1.30 and 2.67).

Measurement of Visceral and Subcutaneous Fat Area

VFA and subcutaneous fat area (SFA) were measured by bioelectrical impedance analysis using DUALSCAN HDS-2000
(Omron, Japan) in a supine position. The procedure of measurement was performed according to the instrument
operating manual.

Measurement of Perirenal Fat Thickness and Fatty Liver

Participants were performed with CT scanning by Revolution VCT 128 (General Electric, Milwaukee, USA) to obtain
abdominal structure images in a supine position. The CT scanning area was covered between the pubic symphysis and the
10th thoracic vertebra. The Advantage Windows 4.4 software (GE, Milwaukee, USA) was used to reconstruct images
and obtain 1.25-mm-thick consecutive slices. Two radiologists have been involved in the PrFT and fatty liver measure-
ments to reduce inter-operator variability and were blind to clinical findings.

PAT was differentiated from other tissues by density (HU). The window center is set at —100 HU, and widths range
from 50 to 200 HU. Favre et al found that PrFT measured with CT is a reliable estimate of perirenal fat mass.'
Therefore, the measurement of PrFT in this study was based on the above study. The average maximal distance between
the kidney’s posterior wall and the abdominal wall’s inner limit across the renal venous plane on the left and right side
was measured as PrFT. The inter-operator agreement of PrFT measurement between the two radiologists is 0.88.

The diagnosis of fatty liver was based on the CTy_g, which was reported to be the most accurate CT index for
assessing fatty liver.'® Participants with 0.7<CT; s<1.0, 0.5<CT;y _g<0.7, and CT;_¢<0.7 were considered to have mild,
moderate, and severe fatty liver.'” CT| g was calculated with the following formula: mean liver attenuation divided by
the mean spleen attenuation. Liver attenuation was measured by the average HU value of three 3 cm? circular regions of
interest (ROI). Three ROIs were manually drawn at the left hepatic lobe, anterior segment of the right hepatic lobe, and
posterior part of the right hepatic lobe. Meanwhile, splenic attenuation was calculated as the average HU of three 2 cm?
ROIs of the spleen’s upper, middle, and lower thirds. The inter-operator agreement of CT}_g measurement between the
two radiologists is 0.92.

Statistical Analysis

Data were analyzed using the SPSS 23.0 software (SPSS Inc. IBM). Descriptive data are expressed as means = standard
deviation (SD). Discrete variables were summarized in frequency tables (N, %). Statistical differences among groups
were performed with a one-way analysis of variance, followed by the Turkey test for multiple comparisons. The chi-
squared (y2) test or Fisher exact test was used to compare categorical variables. The Pearson or Spearman correlation
analysis assessed the relationship between PrFT and metabolic risk factors. Multiple regression analysis was used to
estimate independent associations between PrFT and NFS, FIB-4. Binomial logistic regression analysis was used to
estimate the independent variable of PrFT for MAFLD. The receiver operating characteristic (ROC) curves were used to
evaluate the identifying value of PrFT for MAFLD in T2DM. The maximum of the Youden Index was used to evaluate
the optimal cut-off value of PrFT. A two-tailed value of P<0.05 was considered statistically significant.

Results

Clinical and Laboratory Characteristics of Participants
A total of 837 participants with complete data were included in the final analysis, and approximately half were men
(50.7%). The mean age of participants was 53.9+8.1 years, and the mean diabetes duration was 8.3+3.3 years. The
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prevalence of MAFLD was 62.3% in T2DM. The clinical and laboratory characteristics of participants in MAFLD and
non-MAFLD groups were summarized in Table 1. The results showed that there were no significant differences in age,

diabetes duration, HbAlc, TG, LDL-c, creatinine, ALP, albumin, platelets, and the proportion of male, smoking, and
drinking between MAFLD and non-MAFLD groups (P>0.05). In contrast, metabolic risk factors and liver function
indicators like BMI, WC, SBP, DBP, TG, UA, ALT, AST, HOMA-IR, PrFT, SFA, and VFA were significantly increased

Table | Clinical and Laboratory Characteristics of Participants in MAFLD and Non-MAFLD Groups

Variable Total (n=867) MAFLD (n=540) Non-MAFLD (n=327) P

Age (year) 53.948.1 54.048.1 53.8482 0.730
Male, n (%) 440 (50.7) 279 (51.7) 161 (49.2) 0.488
Duration (year) 8.3+33 8.3+3.1 8.2+29 0.419
BMI (kg/m?) 24.4+3.0 25.2+3.0 23.1%£2.5 <0.001
WC (cm) 85.8+6.9 87.7£7.0 82.8+5.5 <0.001
SBP (mmHg) 133.8+18.1 139.0+18.0 125.0+14.4 <0.001
DBP (mmHg) 81.8+9.5 84.5+7.0 77293 <0.001
HbAIc (%) 8.7%1.0 8.8+1.0 8.7%1.0 0.357
TG (mmol/L) 2.23%1.38 2.58+1.46 1.66+0.99 <0.001
TC (mmol/L) 5.30%1.19 5.36%1.21 5.26%1.17 0.078
HDL-c (mmol/L) 1.08+0.24 1.00+0.21 1.20+0.23 <0.001
LDL-c (mmol/L) 3.54+0.94 3.56+0.93 3.50+0.95 0.307
UA (umol/L) 353.3+85.3 369.5+88.2 326.7+72.8 <0.001
Creatinine (umol/L) 69.0£13.2 68.3%13.2 70.1£13.1 0.060
ALT (IU/L) 37.8+9.0 39.1%9.3 35.6+7.9 <0.001
AST (IU/L) 31.4+7.0 32.3%75 29.9+5.7 <0.001
ALP (IU/L) 79.4x184 79.7£18.8 79.1£17.8 0.645
Albumin (g/L) 40.1£3.1 40.0+3.3 40.2+3.6 0.568
PLT (10°/L) 187.3+41.3 186.4+42.3 188.7+38.6 0.467
HOMA-IR 3.19£1.74 3.60+1.80 2.52+1.43 <0.001
PrFT (mm) 12.8+4.8 14.7+4.2 9.8+4.1 <0.001
SFA (cm?) 90.4+36.7 99.8+43.7 74.8+27.8 <0.001
VFA (cm?) 176.3+58.3 189.8+64.1 153.7£52.1 <0.001
Hypertension, n (%) 321 (37.0) 253 (46.9) 68 (20.8) <0.001
Smoking, n (%) 252 (29.2) 162 (30.0) 92 (28.1) 0.559
Drinking, n (%) 291 (33.6) 181 (33.5) 110 (33.6) 0.971
Sedentary behavior, n (%) 280 (32.3) 192 (35.6) 88 (26.9) 0.008

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HbAlc, glycated hemoglobin Alc; TG, triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c,
Low-density lipoprotein cholesterol; UA, uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; PLT, Platelets; HOMA-IR, Homeostasis model assessment insulin resistance; VFA, visceral fat area; SFA, subcuta-
neous fat area; PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease.
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in the MAFLD group than the non-MAFLD group (P<0.05). Meanwhile, the proportion of participants with hypertension
and sedentary behavior was also higher in the MAFLD group (P<0.05).

Metabolic Risk Factors and Liver Function Indicators Based on PrFT Tertiles

Table 2 summarizes the metabolic risk factors and liver function indicators across the PrFT tertiles in the total and
MAFLD population. The results revealed that there were no significant differences in HbAlc, ALT, AST, and ALP across
the PrFT tertiles in whole and MAFLD populations (P>0.05). In contrast, increasing trends were observed in the BMI,
WC, SBP, DBP, TG, TC, UA, HOMA-IR, SFA, VFA, and the proportion of participants with hypertension across the
PrFT tertiles in total and MAFLD populations (P<0.05). Meanwhile, decreasing trends were observed in HDL-c and
CTL.s (P<0.05).

Figure 2 illustrates the prevalence of MAFLD and the distribution of metabolic dysfunctions based on PrFT tertiles in
T2DM. Participants in higher PrFT tertiles had a higher prevalence of MAFLD (Figure 2A). Furthermore, the proportion
of T2DM with more than 3 metabolic dysfunctions increased significantly with increasing PrFT tertiles, which were
16.3%, 79.6%, and 95.4% in each tertile (Figure 2B). Meanwhile, participants in higher PrFT tertiles had a higher
prevalence of moderate or severe fatty liver (Figure 3A). The mean NFS and FIB-4 were —0.38 £ 0.56 and 1.52 + 0.45 in

Table 2 Metabolic Risk Factors and Liver Function Indicators of T2DM Across Tertiles of PrFT in Total and MAFLD Population

Variable Total (n=867) P MAFLD (n=540) P
TI (<10.7) | T2 (10.7-15.7) | T3 (>15.7) TI (<13.9) | T2 (13.9-16.4) | T3 (>16.4)
BMI (kg/m?) 22.0+2.0° 245421 26.8+2.8° | <0.001 | 22.9+2.0% 25.3+2.0% 27.5%3.1° | <0.001
WC (cm) 80.4+3.5®° 85.8+5.2% 91.4+6.6° | <0.001 82.2+3.7%° 87.945.1 93.1+7.1% | <0.001
SBP (mmHg) 119.2411.5% 136.0+14.3%¢ 146.2416.9°% | <0.001 | 126.1%16.3% 142.5+8.9% 148.5+20.1°° | <0.001
DBP (mmHg) 75.6%5.6%° 82.7+8.4¢ 87.1£9.9° | <0.001 79.4+8.8%° 85.3+7.1%¢ 89.0+6.6> | <0.001
HbAlc (%) 8.7+1.1 8.7+0.9 8.8+1.1 0.368 8.61£0.9 8.8+1.2° 8.7+0.9 0.127
TG (mmol/L) 1.32+0.89%° 2.03+0.70* 3.40£1.53° | <0.001 | 1.59+0.73%® 2.3040.72*¢ 3.95+1.66° | <0.00I
TC (mmol/L) 5.02+1.15% 5.32+1.22% 5.53+1.15% | <0.001 | 4.91+1.10%® 5.19+1.18* 5.61+1.18° | <0.00I
HDL-c (mmol/L) 1.28+0.21% 1.0320.17% 0.9240.17°¢ | <0.001 | 1.12+0.20* 1.01£0.21% 0.88+0.13% | <0.001
LDL-c (mmol/L) 3.48+0.87 3.51+0.90 3.56+0.98 0.423 | 3.35+0.80%° 3.61+0.99* 3.70£0.94° | 0.00I
UA (umol/L) 295.0461.8%° | 366.2+70.9* | 400.0+86.3% | <0.001 | 321.9£71.5%® | 377.9479.2* | 410.8+90.3> | <0.00!
ALT (IU/L) 37.3+89 38.148.7 38.249.2 0.278 39.4+9.4 39.649.5 38.3+8.8 0.391
AST (U/L) 30.745.5 31.746.9 31.6+8.0 0512 31.7+6.5 32.247.1 33.148.8 0.191
ALP (IU/L) 78.2+17.7 80.4+18.5 80.0+19.0 0315 77.9+17.8 81.1+19.8 80.0+18.7 0.269
HOMA-IR 1.85+1.08%° 3.32+1.16* 4.41+1.86> | <0.001 | 2.28+1.09% 3.65+1.09% 4.93+2.03% | <0.001
CToLs 1.08+0.24%° 0.89+0.213¢ 0.79+0.26° | <0.001 | 0.80+0.14% 0.76+0.15% 0.70+0.18° | <0.00I
VFA (cm?) 68.4+22.5%° 93.4+38.6*° 111.3+42.7°¢ | <0.001 | 85.6+23.2% 98.4+33.4*¢ 118.1+37.3% | <0.001
SFA (cm?) 158.9+48.2%° 178.7458.7°¢ 192.9456.2° | <0.001 | 178.7+46.2%° 188.3+42.3%¢ 204.6%51.3% | <0.001
Hypertension, n (%) | 38 (13.2)* 107 (35.8) 174 (62.8)> | <0.001 | 36 (20.3)® 101 (53.2)* 11 (66.9)° | <0.001

Notes: *P<0.05: T1 vs T2. ®P<0.05: T1 vs T3. “P<0.05: T2 vsT3.

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin Alc; TG,
triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, Low-density lipoprotein cholesterol; UA, uric acid; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; ALP, alkaline phosphatase; HOMA-IR, Homeostasis model assessment insulin resistance; VFA, visceral fat area; SFA, subcutaneous fat area;
PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease.
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Figure 2 The prevalence of MAFLD (A) and distribution of metabolic dysfunctions (B) across PrFT tertiles in T2DM.
Abbreviations: PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease.
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Figure 3 The fatty liver severity (A) and proportion of progressive liver fibrosis based on NFS (B) and FIB-4 (C) across PrFT tertiles in T2DM with MAFLD.
Abbreviations: PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease; NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4,
fibrosis-4 index.

MAFLD, respectively. The proportion of intermediate or high progressive liver fibrosis based on NFS (Figure 3B) and
FIB-4 (Figure 3C) was also significantly increased in the higher PrFT tertiles.

Main Correlations of PrFT with Metabolic Risk Factors and CT, g

The main correlations of PrFT with metabolic risk factors and CTy g in total and MAFLD population were presented in
Table 3. In the Pearson or Spearman correlation analysis, PrFT showed a positive correlation with BMI, WC, SBP, DBP,
TG, TC, UA, HOMA-IR, SFA, and VFA in total and MAFLD populations (P<0.05). Meanwhile, PrFT also presented
a negative correlation with HDL-¢ and CTy_g (P<0.05). In addition, PrFT was also positively correlated with NFS
(=0.363, P<0.001) and FIB4 (+=0.186, P<0.001) in MAFLD (Figure 4).

Correlation of PrFT with CT,_s, NFS, and FIB-4

Multiple linear regression analyses evaluated the correlation between PrET and NFS, FIB-4, and CTy_g. As shown in Table 4,
PrFT was shown to be significantly correlated with CTy_g both in the total population and MAFLD population after adjustment
for age, gender, diabetes duration, smoking, drinking, sedentary behavior (Model 1), and liver function indicators like ALT, AST,
ALP, albumin, and PLT (Model 2). Meanwhile, PrFT remained significantly correlated with CTy g in the total population
(#=—0.159, P<0.001) and MAFLD population (f=—-0.188, P<0.001) after additional adjustment for metabolic risk factors like
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Table 3 Main Correlations of PrFT with Metabolic Risk Factors and CT g

Variable Total Population (n=867) | MAFLD Population (n=540)
R P R P
BMI (kg/m?) 0.438 <0.001 0.388 <0.001
WC (cm) 0.431 <0.001 0.372 <0.001
SBP (mmHg) 0.368 <0.001 0.276 <0.001
DBP (mmHg) 0.362 <0.001 0.253 <0.001
HbAlc (%) 0.067 0.058 0.082 0.147
TG (mmol/L) 0.381 <0.001 0.397 0.003
TC (mmol/L) 0.189 <0.001 0.263 <0.001
HDL-c (mmol/L) —0.331 <0.001 —0.346 <0.001
LDL-c (mmol/L) 0.060 0.109 0.072 0.088
UA (umol/L) 0.345 <0.001 0.244 <0.001
HOMA-IR 0.400 <0.001 0.370 <0.001
CTos —0.299 <0.001 —0.263 <0.001
SFA (cm?) 0.285 <0.001 0.317 <0.001
VFA (cm?) 0.376 <0.001 0.356 <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HbAlc, glycated hemoglobin Alc; TG, triglyceride; TC, total cholesterol;
HDL-c, high-density lipoprotein cholesterol; LDL-c, Low-density lipoprotein cholesterol; UA, uric
acid; HOMA-IR, Homeostasis model assessment insulin resistance; VFA, visceral fat area; SFA,
subcutaneous fat area; PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty

liver disease.

BMI, WC, SBP, DBP, HbAlc, TG, TC, LDL-¢c, HDL-c, UA, HOMA-IR, SFA, and VFA (Model 3). Furthermore, PrFT was also
shown to be significantly correlated with NFS ($=0.146, P<0.001) and FIB-4 ($=0.082, P=0.025) in the MAFLD population
after adjustment for Model 3.

NFS
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Figure 4 The correlation of PrFT with NFS (A) and FIB-4 (B) in T2DM with MAFLD.
Abbreviations: PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease; NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4,

fibrosis-4 index.
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Table 4 Multivariate Linear Regression Analysis of the Association Between
PrFT and CT_s, NFS, and FIB-4

Variable Model | Model 2 Model 3

B P B P B P

Total population (n=867)

CTLs —0.286 <0.001 —0.203 <0.001 —0.159 <0.001

MAFLD population (n=540)

NFS 0.299 <0.001 0.246 <0.001 0.146 <0.001
FIB-4 0.144 <0.001 0.107 0.012 0.082 0.025
CTLs —0.267 <0.001 —0.242 <0.001 —0.188 <0.001

Notes: Model |: adjusted for age, gender, diabetes duration, smoking, drinking, and sedentary
behavior. Model 2: further adjustment for alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, albumin, and platelets. Model 3: additional adjustment for body mass index,
waist circumference, systolic blood pressure, diastolic blood pressure, glycated hemoglobin Alc,
triglyceride, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein choles-
terol, uric acid, homeostasis model assessment insulin resistance, subcutaneous fat area and visceral
fat area.

Abbreviations: PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver
disease; NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4, fibrosis-4 index.

Impact of PrFT on MAFLD

Binomial logistic regression analysis was conducted to investigate the correlation of PrFT with MAFLD in T2DM. As
illustrated in Figure 5, PrFT was shown to be independently correlated with MAFLD after adjustment for age, gender,
diabetes duration, smoking, drinking, sedentary behavior (Model 1), and liver function indicators like ALT, AST, ALP,
albumin, and PLT (Model 2). After additional adjustment for metabolic risk factors like BMI, WC, SBP, DBP, HbAc,
TG, TC, LDL-c, HDL-c, UA, HOMA-IR, SFA, and VFA (Model 3), PrFT remained independently correlated with
MAFLD. The OR (95% CI) was 1.279 (1.191-1.374).

ROC curve analysis was used to evaluate the identifying value of PrFT for MAFLD. The results revealed that PrFT
had a good identifying value for MAFLD. As shown in Figure 6, the AUC (95% CI) value of PrFT identifying MAFLD
was 0.782 (0.751-0.812), which was similar to the VFA (AUC 0.766, 95% CI 0.733-0.799). The optimal cut-off value of
PrFT was 12.6mm, with a sensitivity of 77.8% and specificity of 70.8% (Table 5).

MAFLD Odds ratio (95% CI) P value
Model 3 — 1.279 (1.191-1.374)  <0.001
Model 2 —— 1.299 (1.210-1.395)  <0.001
Model 1 —e—i 1.315 (1.222-1.415)  <0.001
I T L] 1
0.8 1.0 1.2 1.4 1.6
Odds ratio

Figure 5 Impact of PrFT on MAFLD in T2DM by binomial logistic regression analysis. Model |: adjusted for age, gender, diabetes duration, smoking, drinking, and sedentary
behavior. Model 2: further adjustment for alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, albumin, and platelets. Model 3: additional adjustment
for body mass index, waist circumference, systolic blood pressure, diastolic blood pressure, glycated hemoglobin Alc, triglyceride, total cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, uric acid, homeostasis model assessment insulin resistance, subcutaneous fat area and visceral fat area.

Abbreviations: PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty liver disease.
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Figure 6 Receiver operating characteristic curves for the cutoff value of PrFT identifying MAFLD.

Discussion

The increase in MAFLD and T2DM has been linked to the rising trends in obesity. Recent advances in VAT highlighted
that the excessive accumulation of PAT played a crucial role in metabolic dysfunctions. This study assessed the
association between PrFT and MAFLD in T2DM. The results revealed that PrFT was significantly increased in the
MALFD population. PrFT was also closely associated with metabolic risk factors, CT} s, NFS, and FIB-4. Furthermore,
after adjusting confounding factors, PrFT remained significantly correlated with CTy _g, NFS, and FIB-4. Likewise, PrFT
was independently associated with MAFLD and showed a similar identifying value for MAFLD as VFA.

Increasing evidence demonstrated that PAT was involved in the development of metabolic dysfunctions. Hypertension,
hyperuricemia, insulin resistance, abdominal obesity, and dyslipidemia are the major metabolic dysfunctions that play crucial
roles in the pathogenesis of MAFLD and its progression.'® Our study found that PrET was closely associated with metabolic
risk factors such as WC, SBP, DBP, TG, HDL-C, TC, UA, HOMA-IR, SFA, and VFA, whether in total or MAFLD population,
which was consistent with the previous studies. De Pergola et al observed a positive association between PrFT and mean 24-h
BP levels in 42 overweight and obese subjects.'® Yang et al also revealed that PrFT was independently associated with serum
UA levels in T2DM.?* Meanwhile, PrFT was also reported as an independent predictor of hyperuricemia.' Ke et al found that
PrFT was negatively correlated with the serum HDL-c level and positively correlated with cholesterol efflux capacity in
T2DM.? In addition, several observational studies also revealed that increased PrFT was positively associated with increased
WC and HOMA-IR *>***

The effects of VAT on metabolic dysfunctions and inflammation have been reported previously. Recent advances in
PAT also highlighted that PAT plays a crucial role in metabolic and inflammatory disorders. Several studies revealed that
increased PrFT was associated with a reduced glomerular filtration rate and a higher risk of developing chronic kidney

disease.?>"° Increased PrFT was also reported to be associated with increased carotid intima-media thickness in children

Table 5 ROC Curve Analysis of PrFT and VFA in Identifying MAFLD

Variable AUC (95% CI) | Cut-Off Value | Sensitivity (%) | Specificity (%)
VFA (cm?) | 0.766 (0.733-0.799) 92.0 67.9 743
PrFT (mm) | 0.782 (0.751-0.812) 12.6 77.8 70.8

Abbreviations: VFA, visceral fat area; PrFT, perirenal fat thickness; MAFLD, metabolic dysfunction-associated fatty
liver disease.
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and HIV-1-infected patients receiving highly active antiretroviral therapy.>’** Furthermore, our previous study revealed
that PrFT was closely associated with metabolic risk factors and showed a substantial predictive value for metabolic
syndrome in 445 newly diagnosed T2DM.? As another metabolic dysfunctional and inflammatory disease, our study
observed that PrFT was independently associated with MAFLD independent of VFA and SFA. This finding indicates that
excessive PAT may play a role in MAFLD development. NFS and FIB-4 are validated non-invasive markers for assessing
progressive liver fibrosis, which have been widely used in clinical practice. Our study also found that PrFT was
negatively correlated with NFS independent of VFA and SFA, which suggests that excessive PAT may be associated
with progressive liver fibrosis. However, this association needs to be further confirmed by the longitudinal studies with
liver biology examination. Previous studies demonstrated that VFA had a good identifying value for MAFLD and liver
fibrosis.'**® Our study found that PrFT also had a good identifying value for MAFLD. The AUC (95% CI) value of PrFT
identifying MAFLD was 0.782 (0.751-0.812), which was similar to the VFA (AUC 0.766, 95% CI 0.733-0.799).
Therefore, PrFT can be used as an alternative index to VFA in identifying MAFLD.

Among the potential mechanisms of PAT related to MAFLD, the unique structural and biological features of PAT
contribute to its critical roles in MAFLD and its progression. Anatomical studies confirmed that PAT was well vascularized,
innervated, and drained into the lymphatic system, which was unique compared to other connective tissues. These special
structural features ensure that PAT may modulate metabolism and trigger inflammation via neural reflexes, adipocyte
interactions, and paracrine substances.>'**> The excessive accumulation of PAT supplies fatty acids to the liver that can
exacerbate steatosis and generate reactive oxygen species, finally injuring the liver.*** In addition, PAT was highly active in
adipokine and inflammatory cytokines secretion, such as leptin, adiponectin, tumor necrosis factor-a, interleukin-6, inter-
leukin-8, and MCP-1.3*¢ These adipokine and inflammatory cytokines synthesized by the excessive PAT can also promote

hepatic steatosis and increase the production of pro-inflammatory macrophages.*”-*

Limitation

Several limitations need to be mentioned in our study. First, this study was a cross-sectional analysis based on
prospectively collected data from a single center in the Chinese population without follow-up that cannot directly reflect
the association between PrFT and MAFLD. Second, the distribution of visceral fat varies among different races. The
optimal cut-off values of PrFT may not apply to other races. Third, the golden criteria of MAFLD diagnosis and liver
fibrosis assessment were based on histological examination. A CT scan may be less accurate in diagnosing mild fatty
lesions, whereas it was commonly used in clinical practice to assess hepatic steatosis. In addition, CT scans cannot
repeatedly measure PrFT in the short term due to radiation exposure, which might have less value for clinical
practicability.

Conclusion

In conclusion, PrFT was independently correlated with MAFLD, CTy g, NFS, and FIB-4 independent of VFA and SFA in
T2DM, which indicated that the excessive accumulation of PAT might contribute to a role in MAFLD its progression. In
addition, PrFT also had a similar AUC value in identifying MAFLD as VFA, which suggested that PrFT can be used as
an alternative index to VFA. Meanwhile, more studies are needed to confirm these findings and illustrate the underlying
mechanisms.

Abbreviations

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure;
HDL-c, high-density lipoprotein cholesterol; HbAlc, glycated hemoglobin; HOMR-IR, homeostasis model assessment
insulin resistance; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein; MAFLD, metabolic
dysfunction-associated fatty liver disease; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepa-
titis; NFS, non-alcoholic fatty liver disease fibrosis score; PrFT, perirenal fat thickness; PAT, perirenal adipose tissue;
SBP, systolic blood pressure; SFA, subcutaneous fat area; UA, uric acid; VFA, visceral fat area; WC, waist circumfer-
ence; TG, triglyceride; TC, total cholesterol; T2DM, type 2 diabetes mellitus.
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