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Abstract

Background

Chinese visceral adiposity index (CVAI), a reliable indicator of visceral adiposity, was associated with type
2 diabetes mellitus (T2DM) in Chinese population. However, little is known regarding association between
CVAI and presence of nonalcoholic fatty liver disease (NAFLD) in T2DM patients. Here, we investigated
whether CVAI could identify NAFLD among T2DM patients.

Methods

A total of 504 T2DM patients were recruited in this cross-sectional survey. Anthropometric and
biochemical parameters were measured. NAFLD was diagnosed by abdominal ultrasonography. Binary
logistic regression was used to assess association between CVAI and occurrence of NAFLD in T2DM
patients. The predictive power of CVAI for NAFLD was analyzed by receiver operating characteristic curve
(ROC) method.

Results

CVAl levels were significantly elevated in T2DM patients with NAFLD (102.68+32.34 vs 133.10+28.44,
P<0.001). Compared with the lowest CVAI quartile, the highest quartile showed worse metabolic features,
including waist circumference, body mass index, liver enzymes and lipid parameters (P<0.01). The
incidence of NAFLD among T2DM patients increased significantly across CVAI quartiles (36.5%, 57.9%,
78.6%, 86.5%, respectively, P<0.001). Binary logistic regression analysis adjusted for multiple factors
showed that the odds ratio of having NAFLD was 9.004 (95%Cl, 4.441-18.256) in the highest CVAI
quartile. ROC analyses showed that the area under the curve of CVAI for diagnosing NAFLD was 0.756
(95% confidence interval: 0.716-0.792), which was better than visceral adiposity index, waist-to-hip ratio
and waist-to-height ratio(P<0.05). The cut-off value of CVAI for identifying NAFLD in Chinese T2DM
population was 111.975 (sensitivity = 0.761, specificity = 0.627).

Conclusions

Elevated CVAI levels were independently associated with presence of NAFLD in T2DM patients. CVAI
might be a reliable and convenient index for incident NAFLD in T2DM patients.

1. Background

Nonalcoholic fatty liver disease (NAFLD), characterized by hepatic fat accumulation in the absence of
excessive alcohol consumption, has become the leading cause of chronic liver disease with a global
prevalence of 25.2%[". It is well-known that NAFLD is intimately intertwined with insulin resistance (IR),
which is also the pathogenesis of type 2 diabetes mellitus (T2DM). A latest meta-analysis demonstrated
that prevalence of NAFLD among individuals with T2DM patients was up to approximately 55.5%[2.
T2DM patients complicated with NAFLD are prone to develop advanced fibrosis, cirrhosis and
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hepatocellular carcinoma. Meanwhile, T2DM patients coexist with NAFLD are more susceptible to induce

T2DM-associated complications, including macro-and micro-vascular complicationsi3~8l. Thus, it is of
great necessity to perform early diagnosing for NAFLD in T2DM patients.

Adiposity, especially visceral adiposity, was recognized as an independent risk factor for both T2DM and
NAFLD8]. Traditional markers of visceral adiposity such as waist circumference (WC) and body mass
index (BMI) were not able to distinguish visceral and subcutaneous fatl®!. Therefore, a clinical visceral
adiposity index (VAI), based on WC, BMI, triglycerides (TG) and high-density lipoprotein cholesterol (HDL-
C), was proposed to evaluate visceral fat distribution and dysfunction in Caucasians!'%. However, Several
studies indicated that diagnostic performance of VAI for visceral adiposity and T2DM was not superior to
other visceral adiposity indices (BMI, WC) in Chinese population!'® 12, which probably attributed to
heterogeneity of body fat distribution across ethnic groups. Asian population are more likely to be
visceral obesity at a lower BMI values than other ethnicities!l.

Recently, a novel chinese visceral adiposity index (CVAI), calculated by age, BMI, WC, TG, HDL-C, has been
introduced to evaluate visceral adipose distribution and dysfunction in Chinese population!4. Previous
researches manifested CVAI was associated with incident hypertension, cardiovascular disease and had
a decent predictive value for diabetes in Chinese population!'4~17]. However, There has been little research
on association between CVAI and presence of NAFLD in T2DM patients. This study aimed to explore
association of CVAI with occurrence of NAFLD in T2DM patients and to compare diagnostic performance
of CVAI with other visceral obesity indices for NAFLD in T2DM patients.

2. Methods
2.1 Study population

A total of 504 T2DM patients were recruited in this study from the Department of Endocrinology, Affiliated
Hospital of Jiangsu University between May 2018 and July 2020. The study was approved by the Ethics
Committee of Affiliated Hospital of Jiangsu University. Written informed consent was obtained from each
participant. All participants were not treated with hypolipidemic agents (fibrates or statins) or steatogenic
medication (eg, corticosteroids, tamoxifen, amiodarone, methotrexate). Patients with type 1 diabetes,
gestational diabetes, other specific types of diabetes, polycystic ovary syndrome, history of alcohol abuse
(=30g/day for men, =20g/day for women), liver disease other than NAFLD (viral hepatitis B/C,
autoimmune hepatitis, Wilson's disease or other diseases), chronic renal failure, congestive heart failure,
acute infection and malignant tumor were excluded from the study.

2.2 Anthropometric and biochemical measurements

Patients were divided into two groups: non-NAFLD and NAFLD groups. Each participant was asked for
details of smoking status and alcohol consumption. Body weight and height were measured without
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shoes and in light outdoor clothing, BMI was calculated by dividing weight in kilograms by height in
meters squared. WC was measured at the midpoint between the lowest rib and the iliac crest to the
nearest 0.1 cm. Waist-to-hip ratio (WHR) was calculated as WC divided by hip circumference. Waist-to-
height ratio (WHtR) was calculated as WC divided by body height. Seated blood pressure were measured
by trained nurses after a 5-minute rest. Visceral fat area (VFA) and subcutaneous fat area (SFA) were
assessed by a visceral fat devicellHDS-2000, Omron, Chinallusing bioelectrical impedance analysis (BIA)
method.

Fasting plasma glucose (FPG) levels were determined using the glucose oxidase method; Glycosylated
hemoglobin (HbA1c) was measured by high-performance liquid chromatography. Fasting insulin (FIns)
levels and fasting c-peptide (FC-P) were measured using chemiluminescence; serum total cholesterol
(TC), triglycerides, low-density lipoprotein cholesterol (LDL-C), and HDL cholesterol, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), were measured using enzymatic methods;
and g-glutamyl transpeptidase (GGT) were measured by enzymatic colorimetric method using L-gamma-
glutamyl-3-carboxy-4-nitroanilide and glycylglycine substrates.

2.3 Calculation

The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated from fasting insulin
and glucose levels using the following equation:

HOMA-IR = FIns(ulU/ml) * FPG(mmol/L) /22.5[18l,

CVAI, VAl were calculated as follows!'4!:

Males: CVAI=-267.93+0.68 * age(y)+0.03 * BMI(kg/m?)+4.00 * WC(cm)+22.00 * Log10TG(mmol/L)
-16.32 * HDL-C(mmol/L)

Females: CVAI=-187.32+1.71 * age(y)+4.23 * BMI(kg/m?)+1.12 * WC(cm)+39.76 * Log10TG(mmol/L)
~11.66 * HDL-C(mmol/L)

Males: VAI=WC(cm)/[39.68+1.88 * BMI(kg/m2)] * TG(mmol/L)/1.03 * 1.31/HDL-C (mmol/L)

Females: VAI=WC(cm)/[36.58+1.89 * BMI(kg/m?] * TG(mmol/L)/0.81 * 1.52/HDL-C(mmol/L)

2.4 Diagnosis

The diagnosis of T2DM was based on the WHO diagnostic criteria 1999. The diagnosis of NAFLD was
determined by LOGIQ-9 abdominal ultrasound (Toshiba Medical Systems Corporation, Tokyo, Japan)
which was performed by expert ultrasonographers. Diffuse fatty liver can be defined by the presence of at
least two out of three abnormal findings on abdominal ultrasonography: diffusely increased liver near
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field ultrasound echo (“bright liver”), liver echo greater than kidney; vascular blurring; and the gradual
attenuation of far field ultrasound echol'9l,

2.5 Statistical analysis

Statistical analyses were carried out using IBM SPSS Statistics Version22 (IBM Corporation, Armonk, NY,
USA). Continuous variables which were normally distributed and categorical variables were presented as
meanststandard deviation and percentage (%). Meanwhile, continuous variables with a skewed
distribution were expressed as the median with interquartile range and logarithmically transformed for
statistical analysis. The CVAI quartiles were defined as Q1 (very low, CVAI<101.01), Q2 (low, CVAI 101.02-
123.40), Q3 (moderate, CVAI 123.41-146.27), Q4 (high, CVAI=146.28). The Student's T test and Mann-
Whitney U test were used for comparisons of continuous variables between non-NAFLD and NAFLD
groups, whereas the one-way analysis of variance (ANOVA) (Bonferroni method for post hoc testing of
normally distributed values) and Kruskal-Wallis test were used for multiple comparisons. Moreover,
Categorical variables were compared by chi-square test. Pearson or Spearman’s correlations were used to
evaluate the correlation between CVAI and clinical measurements. Binary logistic regression analyses
were used to detect possible independent risk factors for occurrence of NAFLD in T2DM patients and to
determine the significant trend for risk of NAFLD across increasing CVAI quartiles using the lowest CVAI
quartile as the reference category. The three adjusting models were as follows: Model 1 was adjusted for
gender, smoking status and alcohol drinking. Model 2 was additionally adjusted for systolic blood
pressure (SBP), diastolic blood pressure (DBP), HOMA-IR and FC-P; Model 3 was further adjusted for TC,
LDL-C. For avoiding over adjustment, we did not include age, BMI, WC, TG, HDL-C in the multivariate
logistic regression analysis between CVAI and NAFLD because all of these are components of CVAI.
Receiver operating characteristic curve (ROC) analyses were used to compare diagnostic performance of
CVAI with other anthropometric indices for NAFLD. A two-tailed Pvalue<0.05 was considered statistically
significant.

3. Results
3.1 Characteristics of the study participants

Clinical and biochemical characteristics of the participants were shown in Table.1. The study cohort
comprised of 504 T2DM patients with a mean age of 55.77+10.86 years, 54.4% were male. Compared
with T2DM patients without NAFLD (non-NAFLD group, n=177), T2DM patients with NAFLD (NAFLD
group, n=327) showed significantly higher BMI, WC, WHR, VFA, SFA, DBP, ALT, AST, GGT, TC, TG, FIns, FC-P
HOMA-IR, VAI, CVAI and lower age, levels of HDL-C (all P<0.05). There were no significant differences in
gender, smoking status, alcohol drinking, WHtR, SBR, LDL-C, FPG and HbA1c.

Characteristics of the study participants according to CVAI quartiles were summarized in Table.2. The
quartile ranges of CVAI in participants were Q1 (very low, CVAI<101.01), Q2 (low, CVAI 101.02-123.40), Q3
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(moderate, CVAI 123.41-146.27), Q4 (high, CVAI=146.28). The age, BMI, WC, WHR, WHtR, VFA, SFA, SBP
and DBP, showed an increasing trend across CVAI quartiles (all P<0.05), though there were no significant
differences in gender, smoking status and alcohol drinking. What's more, Fins, FC-P, HOMA-IR increased
by CVAI quartiles (P<0.001), however, no differences in FPG, HbA1c were observed. Subjects with higher
CVAl levels were prone to be obese, to have higher liver enzymes (ALT, AST, GGT) and worse lipid
parameters (TG, HDL-C) (P<0.01). Furthermore, incidence of NAFLD in T2DM patients was 36.5%, 57.9%,
78.6%, 86.5% across CVAI quartiles (P<0.001), showing an increasing trend (Figure 1).

3.2 Relationships between CVAI and clinical parameters

CVAIl was positively correlated with age, BMI, WC, WHR, WHtR, VFA, SFA, ALT, AST, GGT, FIns, FC-B HOMA-
IR, TC and inversely correlated with HDL-C (all P<0.001). However, no correlation between CVAI and FPG
or HbA1c were observed.(Table.3)

3.3 Association between CVAI and risk of NAFLD in T2DM
patients

We performed a binary logistic regression analysis in which the presence of NAFLD was designated as
the dependent variable. Univariate logistic regression analysis showed that risk of NAFLD increased with
per-SD increase in CVAI, VAI, WHR, WHtR, TG, TC, FC-P and decreased with that in HDL-C (all P<0.05).
(Table.4). Futhermore, in comparison with the very low CVAI group, the low, moderate, high CVAI groups
were independently associated with the occurrence of NAFLD, with ORs of 2.385 (95%Cl, 1.433-3.969),
6.421 (95%Cl, 3.663-11.256) and 11.445 (95%Cl, 6.081-21.541) (P<0.01) after adjusting for gender,
smoking status and alcohol drinking. In the model 2 additionally adjusting for SBP, DBP and HOMA-IR,
compared with the lowest quartile of CVAI, the OR value for incident NAFLD in the highest quartile of CVAI
was 9.181(95% Cl 4.552-18.515, P<0.01). The increasing trend remained significant in the fully adjusted
multivariable model (Model 3) [ORs:2.037 (95%Cl, 1.153-3.599), 5.471 (95%Cl, 2.898-10.328) and 9.004
(95%Cl, 4.441-18.256)].(P<0.05) (Table.5)

3.4 Diagnostic performance of CVAI for NAFLD.

ROC analyses were used to evaluate the diagnostic performance of CVAI, VAI, WHR and WHtR for NAFLD.
Area under curve (AUC) of CVAI for diagnosing NAFLD was 0.756 (0.716-0.792), which was also better
than VAI, WHR and WHtR (all P<0.05) (Table 6). The cut-off value of CVAI for incident NAFLD was
111.975 (sensitivity = 0.761, specificity = 0.627).

4. Conclusion
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Elevated CVAI levels were independently associated with presence of NAFLD in Chinese T2DM
population. CVAl was available easily and had better predictive performance than other visceral obesity
indices.

5. Discussion

In this cross-sectional study of T2DM patients, CVAI was significantly elevated in T2DM patients with
NAFLD. The incidence of NAFLD increased across CVAI quartiles, CVAI was significantly associated with
presence of NAFLD after adjusting for confounding risk factors related to NAFLD. Moreover, CVAI was
superior to VAI, WHR and WHtR in predicting NAFLD among T2DM patients. Our results supported the use
of CVAI as a simple clinical index for identifying NAFLD in Chinese T2DM adults.

Adipose tissue, particularly visceral adipose tissue plays a significant role in glucose and lipid
metabolism. Excessive visceral fat accumulation rather than general adiposity is closely associated with
IR and is an established risk factor for several metabolic diseases, including NAFLD, prediabetes and
diabetes!”-8l. It is well-known that computed tomography (CT), magnetic resonance imaging (MRI) and
dual-energy X-ray absorptiometry (DEXA) are the gold standard to quantify visceral fat area. However,
these three methods are expensive, time-consuming and not routinely selected in general clinical use.
Therefore, Finding a simple clinical index to identify visceral fat deposition is of great significance.
Recently, Xia et al established a novel clinical index, the chinese visceral adiposity index, using a
multivariate regression model in Chinese population. CVAI was calculated by age and components of
metabolic syndrome (WC, BMI, TG, HDL-C) and proven to be a reliable predictor of visceral adiposity
identified by CT. Besides, CVAI was superior to WC, BMI, VAI in diagnosing visceral adiposity'4. In the
current study, we demonstrated that CVAI was positively correlated with visceral fat area measured by
visceral fat analyzer using BIA method. Thus, CVAI has potential to be a novel surrogate marker to assess
visceral adipose deposition in Chinese population.

In this study, we have demonstrated that CVAI was positively correlated with Fins, FC-P and HOMA-IR,
suggesting that CVAI was strongly asssociated with IR, which is consistent with the results obtained by
Xia et al. IR would aggravate the progression of NAFLD. On the one hand, IR increased hepatic denovo
lipogenesis by upregulating expression of sterol regulatory element-binding protein-1c (SREBP-1c). On the
other hand, IR in adipose tissue would impair suppression of lipolysis, resulting in migration of excessive
fatty acids to liver2. 211 Recently, A prospective study with 4809 subjects revealed that VAl was a reliable
predictor of NAFLD in Chinese population[?2l. However, There has been little research on association
between CVAI and presence of NAFLD among T2DM patients. In current study, we have demonstrated
that CVAI was positively correlated with liver enzymes and lipid parameters, CVAl was a simple and
convenient clinical index of visceral obesity in predicting NAFLD in T2DM patients.

Recently, Several prospective cohort studies revealed that CVAI was a reliable predictor of prediabetes and
diabetes in Chinese population. Subjects with higher CVAI levels showed higher plasma glucose levels!'®
171 Nevertheless, no differences in FPG, HbA1c were observed across CVAI quartiles in our study, we did
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not find significant correlation between CVAI and FPG or HbA1c. The main reason for the inconsistency
with previous researches may be attributed to the fact that individuals from both non-NAFLD group and
NAFLD group received regular hypoglycemic therapy.

The possible mechanisms linking visceral obesity and incidence of T2DM and NAFLD were as follows.
First, hypertrophic adipocytes in visceral adipose tissue exhibit a resistance to antilipolytic effect of
insulin in obese state. As a consequence, excessive FFA are deposited at ectopic sites ( liver, skeletal
muscle, pancreas, etc), resulting in IR in both liver and muscle. In contrast, Subcutaneous adipose tissue
is characterized by its storage capacity for energy and plays a significant role in maintenance of insulin
sensitivity23l. Second, visceral adipose tissue serves as not only a long-term energy storage but also an
active endocrine organ. In the setting of increased adiposity, adipocytes would secrete adipokines and
cytokines including leptin, TNF-q, resistin, and angiopoietin-like 224 25] which act as proinflammatory
factor to promote obesity-related metabolic disease.

This study is the first to investigate the association of CVAI with presence of NAFLD in T2DM patients. In
our study, CVAI was the independent risk factor for incident NAFLD in T2DM patients. Meanwhile, CVAI
had a decent predictive value for NAFLD in T2DM patients. However, Limitations of our study also
deserve comment. First, This study utilized abdominal ultrasonography to diagnose NAFLD instead of
liver biopsy, which is currently the gold standard to determine NAFLD. Compared with liver biopsy,
ultrasonography is less sensitive, particularly when hepatic fat deposition is < 30%[2. Second, This study
was limited by its cross-sectional design, which could not identify causal relationship between CVAI and
occurrence of NAFLD in T2DM patients. Therefore, there is a demand to expand the sample size and
conduct a prospective study to explore the predictive power of CVAI for presence of NAFLD in T2DM
patients.

Abbrevations

NAFLD: non-alcoholic fatty liver disease; IR: insulin resistance; T2DM: type 2 diabetes mellitus; WC: waist
circumference; BMI: body mass index; VAI: visceral adiposity index; CVAI: chinese visceral adiposity index;
WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; VFA: visceral adiposity area; SFA: subcutaneous fat
area; BIA: bioelectrical impedance analysis; FPG: fasting plasma glucose; HbA1c:

glycosylated hemoglobin; Fins: fasting insulin; FC-P: fasting c-peptide; TC: total cholesterol; TG:
triglycerides; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; GGT: g-glutamyl transpeptidase; HOMA-IR:
homeostasis model assessment of insulin resistance; SBP: systolic blood pressure; DBP: diastolic blood
pressure ; ROC: receiver operating characteristic curve; AUC: area under curve.
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Incidence of NAFLD according to CVAI quartile
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