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Abstract

Background & Aims: There are limited prospective data on patients with type 2 diabetes 

mellitus (T2DM) specifically enrolled and systematically assessed for advanced fibrosis or 

cirrhosis due to non-alcoholic fatty liver disease (NAFLD). Therefore, we aimed to evaluate the 

prevalence of advanced fibrosis and cirrhosis in a prospectively recruited cohort of adults with 

T2DM.
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Methods: This prospective study enrolled adults aged ≥50 years with T2DM, recruited from 

primary care or endocrinology clinics. Participants underwent a standardized clinical research 

visit with MRI-proton density fat fraction (MRI-PDFF), magnetic resonance elastography (MRE), 

vibration-controlled transient elastography (VCTE) and controlled-attenuation parameter. NAFLD 

was defined as MRI-PDFF ≥5% after exclusion of other liver diseases. Advanced fibrosis and 

cirrhosis were defined by established liver stiffness cut-off points on MRE or VCTE if MRE was 

not available.

Results: Of 524 patients screened, 501 adults (63% female) with T2DM met eligibility. The 

mean age and BMI were 64.6 (±8.1) years and 31.4 (±5.9) kg/m2, respectively. The prevalence 

of NAFLD, advanced fibrosis and cirrhosis was 65%, 14% and 6%, respectively. In multivariable 

adjusted models, adjusted for age and sex, obesity and insulin use were associated with increased 

odds of advanced fibrosis (odds ratio 2.50; 95% CI 1.38–4.54; p = 0.003 and odds ratio 2.71; 95% 

CI 1.33–5.50; p = 0.006, respectively). Among 29 patients with cirrhosis, two were found to have 

hepatocellular carcinoma and one patient had gallbladder adenocarcinoma.

Conclusion: Utilizing a uniquely well-phenotyped prospective cohort of patients aged ≥50 years 

with T2DM, we found that the prevalence of advanced fibrosis was 14% and that of cirrhosis was 

6%. These data underscore the high risk of advanced fibrosis/cirrhosis in adults aged ≥50 years 

with T2DM.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) affects approximately one in four individuals 

globally,1,2 and is a major cause of liver-related morbidity and mortality, including being 

the fastest growing cause of hepatocellular carcinoma.3 Obesity, insulin resistance, and 

type 2 diabetes mellitus (T2DM) are common risk factors for progressive liver disease 

in NAFLD.4,5 However, current American Association for the Study of Liver Diseases 

(AASLD) NAFLD practice guidelines6 do not recommend systematic screening, partly 

because of uncertainties surrounding the true prevalence of advanced fibrosis and cirrhosis 

in patients with T2DM.

Accurate non-invasive tests are required to define the true prevalence of advanced fibrosis 

and cirrhosis in at-risk populations. MRI-proton density fat fraction (MRI-PDFF) is the 

most accurate, quantitative biomarker of liver fat and has significantly higher diagnostic 

accuracy than the ultrasound-based controlled-attenuation parameter (CAP) across the full 

spectrum of liver fat.7 Similarly, magnetic resonance elastography (MRE) is the most 

accurate non-invasive biomarker of liver fibrosis with superior diagnostic accuracy and 

higher specificity and positive predictive value for liver fibrosis than vibration-controlled 

transient elastography (VCTE), also known as Fibroscan, a commonly used ultrasound-

based method of liver stiffness assessment.7,8 Emerging studies also demonstrate a strong 

association between higher liver stiffness on MRE and hepatic decompensation and death, 

further bolstering its value as a standalone test of disease severity in NAFLD.9–12 Together, 
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MRI-PDFF and MRE provide a detailed assessment of liver fat and stiffness, which can be 

leveraged to accurately diagnose NAFLD, advanced fibrosis and cirrhosis.

A pilot study of 100 prospectively recruited patients with T2DM who underwent MRI-

PDFF and MRE demonstrated a prevalence of NAFLD and advanced fibrosis of 65% 

and 7.1%.13 In addition, there was a clear increase in advanced fibrosis associated with 

older age, affecting 13.3% of those over 65-years old. However, these preliminary findings 

require validation before systematic screening can be recommended by practice guidelines. 

Therefore, we aimed to examine the prevalence of advanced fibrosis and cirrhosis in a 

prospectively recruited cohort of adults with T2DM.

Materials and methods

Study design

This prospectively enrolled cross-sectional study assessed the prevalence of advanced 

fibrosis and cirrhosis due to NAFLD in a cohort of patients with T2DM who are currently 

receiving treatment in the form of insulin, diabetes medications, lifestyle interventions (e.g., 
diet, physical activity), or any combination thereof. Participants were recruited from primary 

care and endocrinology clinics in the greater San Diego area. Participants were also recruited 

through the distribution of educational brochures, ads in local newspapers, local fairs, and 

social media. This study included 501 patients who underwent a standardized research visit 

including history, physical exam, laboratory investigation, VCTE, CAP, MRI-PDFF and 

MRE assessment between 2016 and 2022 at the UCSD NAFLD Research Center.13–17 All 

patients provided written informed consent prior to enrolling in the study and the study was 

approved by the UCSD Institutional Review Board.

Inclusion and exclusion criteria

Inclusion criteria included participants aged 50–80 years old with a diagnosis of T2DM 

according to the American Diabetes Association clinical practice recommendations based on 

meeting one of the following criteria: diabetes symptoms and plasma glucose ≥200 mg/dl or 

fasting plasma glucose ≥126 mg/dl or plasma glucose ≥200 mg/dl during two separate 75-g 

oral glucose tolerance tests or hemoglobin A1c (HbA1c) ≥6.5%. Participants were excluded 

from the study if they met any of the following criteria: significant alcohol intake (defined as 

≥14 drinks/week for men or ≥7 drinks/week for women) within the previous 2-year period or 

laboratory evidence of liver disease other than NAFLD.

Clinical assessment and laboratory tests

All patients underwent a standardized clinical evaluation including a detailed history and 

a physical examination, which included vital signs, height, weight, and anthropometric 

measurements, performed by a trained clinical investigator. BMI was defined as the body 

weight (in kilograms) divided by height (in meters) squared. Alcohol consumption was 

documented outside of clinical visits and confirmed in the research clinic using the 

AUDIT (Alcohol Use Disorders Identifications Test) and the Skinner questionnaire. Other 

causes of liver disease were systematically ruled out based on history and laboratory 

tests. Patients underwent the following biochemical tests: glucose, albumin, HbA1c, 
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alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, alkaline 

phosphatase, fasting lipid panel, platelets, insulin, international normalized ratio (INR). 

FIB-418 and NAFLD fibrosis score19 were calculated as described previously. Participants 

were instructed to fast for a minimum of 8 h prior to collection of laboratory tests.

MRI

Participants underwent a non-contrast MR (magnetic resonance) exam with liver fat 

quantification and liver stiffness assessment using MRI-PDFF and MRE. Imaging was 

performed at the UCSD MR3T Research Laboratory using a 3 T research scanner (GE Signa 

EXCITE HDxt; GE Healthcare, Waukesha, WI). Liver stiffness data was obtained using 2D 

MRE at 60 Hz. Acquired MR images were interpreted by a radiologist who was blinded to 

clinical and laboratory data.

Vibration-controlled transient elastography

CAP for the detection of liver fat, and VCTE for the quantification of liver stiffness were 

obtained using FibroScan® (Echosens).20 All exams were performed by an experienced 

technician after a minimum fast of 4 h as recommended. During patient breath holding, 

a minimum of 10 repeated valid measurements, assessed automatically by the FibroScan® 

system, were performed. All participants were first scanned using the M probe (3.5 MHz). 

If indicated upon initial assessment, participants were re-scanned using the XL probe (2.5 

MHz).

Liver biopsy assessment

A liver biopsy was offered to study participants with elevated ALT (≥30 U/L), elevated liver 

fat (MRI-PDFF ≥5%) with elevated liver stiffness (VCTE ≥6.9 kPa or MRE ≥2.65 kPa) 

or MRE ≥3.63 regardless of MRI-PDFF or high liver fat (MRI-PDFF ≥10%). Liver biopsy 

assessment was performed by an experienced central hepato-pathologist and the presence 

of NAFLD, nonalcoholic steatohepatitis (NASH) and fibrosis stage were assessed using the 

NASH Clinical Research Network histologic scoring system as previously described.21

Outcome measures

Primary outcome—Advanced fibrosis was defined as MRE ≥3.63 kPa or, if MRE was not 

available, as VCTE ≥8.8 kPa based upon previously published data.7

Secondary outcomes—NAFLD was defined as MRI-PDFF ≥5% or, if MRI-PDFF was 

not available, as CAP ≥288 dB/m among individuals who consume little or no alcohol 

without any secondary cause for hepatic steatosis or other causes of liver disease. Cirrhosis 

was defined as MRE ≥4.67 kPa22 or, if MRE was not available, as VCTE ≥15 kPa 

(high specificity cut-off point).23 Hepatobiliary malignancy was defined clinically and 

on histology, or by AASLD practice guidelines for cases of hepatocellular carcinoma24 

requiring treatment during follow-up and diagnosed after the research visit.
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Statistical analysis

For patient characteristics, a t test was performed on continuous variables presented as 

mean (SD), Wilcoxon rank sum was performed on those presented as median (IQR). Chi-

square or Fisher’s exact test were performed as appropriate for all categorical variables. 

Unadjusted logistic regression was used to assess for the association between advanced 

fibrosis and age, sex, ethnicity, obesity, duration of T2DM, insulin use and the presence 

of the metabolic syndrome defined by the Joint Societies 2009 criteria.25 Variables with a 

significant association (p <0.05) were assessed in a multivariable model adjusted for age and 

sex. Effect modification by obesity was evaluated for the primary and secondary outcomes.

Sample size was estimated to compare the screening strategies using MRE and VCTE. 

The estimated prevalence of advanced fibrosis will range between 7.5 to 13%, as detected 

by MRE, vs. 5 to 8.5%, as detected by VCTE, considering an effect size of 1.5. These 

estimates are based on published data on the prevalence of advanced fibrosis in the T2DM 

population from a published pilot study13 and the US population (National Health and 

Nutrition Examination Survey 2011–201426). Using a McNemar normal approximation test, 

we present a conservative scenario that assumes the prevalence of advanced fibrosis would 

be 7.5% by MRE and 5% by VCTE. Using the desired set of classified proportions, we 

would need a sample size of 488 individuals to undergo paired assessment by both MRE and 

VCTE for a power of at least 80%, with a two-sided alpha of 0.05.

All statistical analyses were performed using SAS 9.4 (SAS Institute), and a p value less 

than 0.05 was considered statistically significant.

Results

Characteristics of the study population

Of 524 patients who were screened for the study, 501 met eligibility criteria (Fig. 1). Of 

the included participants, 98% (n = 493) had a valid liver stiffness measurement on MRE 

or VCTE. Participants had a mean age of 64.4 (±8.1) years and were predominantly female 

(63%). The mean BMI was 31.4 (±5.9) kg/m2. The median (IQR) HbA1c and HOMA-IR 

were 6.8% (1.6) and 4.8 (5.5), respectively. The most prescribed pharmacotherapy was 

metformin, which was used by 63% of the study population, while 72.4% reported being 

on at least one medication for the treatment of T2DM. GLP-1 (glucagon-like-peptide-1) 

agonists, SGLT2 (sodium-glucose transport protein 2) inhibitors and insulin were reportedly 

used by 8%, 5.2% and 12.4% of patients, respectively (Table S1).

The mean (±SD) liver fat on MRI-PDFF was 9.8% (±7.9) and mean liver stiffness on MRE 

was 2.6 kPa (±1.1). The mean (±SD) CAP was 308 dB/m (±57) and mean liver stiffness on 

VCTE was 7.4 kPa (±6.2).

Prevalence of NAFLD in T2DM

The prevalence of NAFLD – defined as MRI-PDFF ≥5% or, if MRI-PDFF was not 

available, CAP ≥288 dB/m among individuals who consume little or no alcohol without 

any secondary cause for hepatic steatosis or other causes of liver disease – was 65.3% 
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(n = 322). Patients with NAFLD were more likely to be younger, female, Asian, and to 

have higher BMI/obesity and the metabolic syndrome. NAFLD was associated with higher 

HbA1c, HOMA-IR, AST, ALT, triglycerides, LDL cholesterol, platelet count and INR, and 

lower HDL cholesterol. The mean (SD) CAP and MRI-PDFF were higher in the NAFLD vs. 
non-NAFLD population at 330 (45) dB/m vs. 265 (53) dB/m, p <0.001 and 13.8% (7) vs. 
2.5% (1.4), p <0.001, respectively (Table 1).

Prevalence of advanced fibrosis in T2DM

The prevalence of advanced fibrosis – defined as MRE ≥3.63 kPa or, if MRE was not 

available, VCTE ≥8.8 kPa – was 14% (Fig. 2). Advanced fibrosis was associated with higher 

BMI, HOMA-IR, AST, ALT, alkaline phosphatase, INR, FIB-4 score, NAFLD fibrosis 

score, VCTE and MRE and lower albumin and platelet count (Table 2). In addition, the 

prevalence of significant fibrosis (stage 2 or higher) – defined as MRE ≥3.0 kPa or, if MRE 

was not available, as VCTE ≥8.2 kPa – was 22.5%.

In sensitivity analysis evaluating the prevalence of advanced fibrosis using a more 

conservative VCTE cut-off point of ≥9.7 kPa27 if MRE was not available, the results 

remained consistent with a prevalence of advanced fibrosis of 13%. Using only MRE for the 

definition of advanced fibrosis in 418 participants, the prevalence was 12.2%. Using only 

VCTE for the definition of advanced fibrosis in 479 participants, the prevalence was 19.4%. 

Finally, in sensitivity analysis limited to 404 participants with MRE and VCTE data, 10.2% 

of participants had both MRE ≥3.63 kPa and VCTE ≥8.8 kPa.

The strict definition of NAFLD may be a conservative estimate due to burnout of liver fat 

in NAFLD with advanced fibrosis/cirrhosis. Among 69 patients with advanced fibrosis, 58 

had MRI-PDFF data and 36/58 (62.1%) patients had MRI-PDFF >5%. Conversely, 22/58 

(37.9%) with liver fat <5% had advanced fibrosis.

In 418 participants with MRE and VCTE data, the diagnostic accuracy (AUROC) of VCTE 

for advanced fibrosis (cut-off point of ≥8.8 kPa) was 0.87, with a sensitivity of 83.7%, 

specificity of 90.4%, positive predictive value of 54.7% and a negative predictive value of 

97.6%. The diagnostic accuracy of Agile 3+ for advanced fibrosis was similar to VCTE 

alone, AUROC 0.85 vs. 0.87, p = 0.60. Agile 4 had inferior performance to VCTE, AUROC 

0.67 vs. 0.86, p <0.001. The FIB-4 cut-off point of 1.3 to exclude advanced fibrosis had a 

sensitivity of 81.6%. A lower FIB-4 cut-off point of 1.0 increased sensitivity to 95.9%.

Obesity enhances the risk of NAFLD and advanced fibrosis

When evaluating the population stratified by obesity, the prevalence of NAFLD increases 

from 55.5% in non-obese to 72.6% in obese participants, p = 0.002 (Fig. 3). Similarly, 

the prevalence of advanced fibrosis increases from 8.1% in non-obese to 18.2% in obese 

participants, p = 0.002. The prevalence of cirrhosis was 3.4% in non-obese and 7.5% in 

obese participants, p = 0.052.

In univariate logistic regression analysis, both obesity (odds ratio [OR] 2.50; 95% CI 1.40–

4.48; p = 0.002) and insulin use (OR 2.57; 95% CI 1.27–5.19; p = 0.009) were associated 

with the presence of advanced fibrosis (Table 3). Sex, age, ethnicity, duration of diabetes 
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and the presence of metabolic syndrome were not significantly associated with advanced 

fibrosis. Obesity and insulin use remained associated after multivariable adjustment for age 

and sex (OR 2.49; 95% CI 1.38–4.54; p = 0.003 and OR 2.71; 95% CI 1.33–5.50; p = 0.006, 

respectively).

Prevalence of cirrhosis in T2DM

The prevalence of cirrhosis – defined as MRE ≥4.67 kPa or, if MRE was not available, as 

VCTE ≥15 kPa – was 5.9% (n = 29). The presence of cirrhosis was not associated with age, 

sex, ethnicity, duration of diabetes, insulin use and presence of metabolic syndrome. The 

average liver stiffness on MRE among those with cirrhosis compared to those without was 

6.25 kPa vs. 2.46 kPa, p <0.001. The average FIB-4 among those with cirrhosis compared 

to those without was 2.96 vs. 1.42, p <0.001. In sensitivity analysis among 404 participants 

with both MRE and VCTE, 3.5% had both MRE ≥4.67 kPa and VCTE ≥15 kPa.

Prevalence of hepatobiliary malignancy in T2DM

Among the cirrhotic population, three patients were identified to have hepatobiliary 

malignancy within 6 months of the baseline visit. This included two patients with 

hepatocellular carcinoma and one with gallbladder adenocarcinoma. Both cases of 

hepatocellular carcinoma were stage T1 on initial diagnosis. VCTE data was available for all 

three patients and ranged from 27.4–75 kPa. MRE data was available for two out of three 

patients and ranged from 6.86–7.61 kPa. Both of these were consistent with a diagnosis of 

cirrhosis on elastography. However, FIB-4 >2.67 was only present in two patients and a third 

had a FIB-4 of 1.41.

Histologic characteristics of the cohort

Patients with elevated ALT, liver fat (MRI-PDFF ≥10%) or increased liver stiffness were 

offered a research liver biopsy, which was assessed by central histology read. Of 303 eligible 

patients, 134 patients underwent a liver biopsy (Fig. S1). The differences between those 

with and without liver biopsy are outlined in Table S2. The mean (±SD) NAFLD activity 

score was 3.8 (1.5). Steatosis, lobular inflammation, and hepatocyte ballooning were present 

in 90%, 95% and 66% of patients, respectively (Table S3). Among those who had a liver 

biopsy assessment, NASH was present in 61% (n = 80) and 30% (n = 39) had advanced 

fibrosis (Fig. S2). The diagnostic accuracies (AUROCs) of FIB-4, VCTE and MRE for the 

histologic diagnosis of advanced fibrosis were 0.72, 0.84 and 0.91, respectively. MRE was 

superior to VCTE for the diagnosis of histologic advanced fibrosis, p = 0.011 (Table S4).

Discussion

In this prospective, systematic assessment of older adults with T2DM, the prevalence of 

NAFLD, advanced fibrosis and cirrhosis was high and portends a significant risk of liver-

related morbidity and mortality. Three patients identified with cirrhosis were diagnosed 

with hepatobiliary malignancy on liver cancer screening within 6 months of the baseline 

assessment, highlighting the potential impact of identifying this high-risk population with 

systematic screening. The presence of obesity amplified the risk of advanced fibrosis to 

18% and this association persisted in multivariable adjusted models. Furthermore, insulin 
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use was also associated with an increased risk of advanced fibrosis. In a subset of individuals 

with elevated liver tests, liver stiffness or high liver fat, who underwent liver biopsy, 61.1% 

had NASH, the progressive form of NAFLD. Overall, the high burden of undiagnosed 

liver disease assessed by the most accurate MRI-based biomarkers of NAFLD supports 

systematic screening of older patients with diabetes.

Multiple studies have demonstrated that the prevalence of NAFLD among patients with 

T2DM is 2–3-fold higher than that in the general population or between 60–70%,28 which 

was consistent with this study demonstrating a prevalence of 65% using the most accurate, 

MRI-based assessment of liver fat. Furthermore, the high rate of NASH among those 

who underwent liver biopsy (65.3%) is similar to published data on a middle-aged US 

cohort.29 Recent studies utilizing VCTE as a biomarker of liver fibrosis demonstrate a rate 

of advanced fibrosis of 9–15%.30,31 Given the lower specificity of VCTE compared to MRE 

and the potential for lower diagnostic accuracy among the morbidly obese,32 this study 

utilizing MRE confirms the high rate (14%) of advanced fibrosis in older adults with T2DM.

Furthermore, the presence of T2DM is associated with more severe NAFLD, progressive 

disease and liver-related morbidity4,5,33 and this study presents new data on the elevated 

risk of cirrhosis (6%) in this population using accurate MRE-based cut-off points. 

Identifying diabetes with undiagnosed cirrhosis has immediate implications for screening 

for hepatocellular carcinoma and gastroesophageal varices needing treatment, as well as for 

the implementation of cirrhosis healthcare maintenance. Importantly, T2DM also increases 

the risk of hepatocellular carcinoma34,35 and recommended screening implemented after 

diagnosing cirrhosis led to the early diagnosis of two patients with stage T1 hepatocellular 

carcinoma, offering the potential for treatment with curative intent.

This study also sheds light on the optimal use of non-invasive tests in this high-risk 

population. The FIB-4 threshold of 1.3 to rule out advanced fibrosis had 81% sensitivity, 

which improved to 96% when using a lower cut-off point of 1.0. In order to minimize false 

negative testing, this lower FIB-4 threshold may be considered in future screening strategies. 

Furthermore, Agile-3+ and Agile 4 did not have higher diagnostic accuracy compared 

to VCTE alone. Finally, the positive predictive value of VCTE remained limited (55%), 

suggesting that high-risk patients may still require confirmatory testing with MRE or liver 

biopsy.

Obesity and insulin use were key factors that amplified the risk of advanced fibrosis. The 

additional risk for advanced liver disease in the setting of obesity with T2DM in older 

adults further supports screening this population. Given GLP-1 agonists have demonstrated 

efficacy as a treatment for T2DM and obesity and emerging data supports their use 

in NASH,36 the systematic screening of this population could identify candidates for 

treatments that reduce metabolic and hepatic risk.

This prospective, systematic assessment of older adults with T2DM using the most accurate 

non-invasive biomarkers adds new information about the risk of advanced liver disease 

secondary to NAFLD. The study was performed at a single center, but the results are 

consistent with findings from other studies, supporting its generalizability. The current 

Ajmera et al. Page 8

J Hepatol. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study is cross-sectional, limiting the ability to report on the risk of long-term liver-related 

morbidity and mortality in this cohort. However, the presence of advanced fibrosis has 

repeatedly demonstrated an association with future liver-related outcomes,37 highlighting 

the importance of its identification. This study included a diverse cohort with 41% of 

participants reporting Hispanic ethnicity; however, it may be insufficiently powered to detect 

racial or ethnic differences in the prevalence of advanced fibrosis. Finally, only a subset of 

patients underwent liver biopsy; however, it would be unethical to utilize an invasive test 

with a risk of significant complications in a screening study and this study leveraged the 

most accurate MRI-based non-invasive biomarkers of liver fat and fibrosis.

The optimal combination of non-invasive tests and their cost-effectiveness require further 

evaluation. Furthermore, additional longitudinal studies will be required to define the 

optimal frequency of screening assessments to capture potential disease progression. These 

data support the implementation of systematic screening for older adults with T2DM and 

provide much needed prospective data on the risk of advanced liver disease.
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Abbreviations

AASLD American Association for the Study of Liver Diseases

ALT alanine aminotransferase

AST aspartate aminotransferase

CAP controlled-attenuation parameter

INR international normalized ratio

MR magnetic resonance

MRE magnetic resonance elastography

MRI-PDFF MRI-proton density fat fraction

NAFLD non-alcoholic fatty liver disease
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NASH non-alcoholic steatohepatitis

T2DM type 2 diabetes mellitus

VCTE vibration-controlled transient elastography
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Fig. 1. Derivation of study cohort.
CAP, controlled-attenuation parameter; MRE, magnetic resonance elastography; MRI-

PDFF, MRI-proton density fat fraction; T2DM, type 2 diabetes mellitus; VCTE, vibration-

controlled transient elastography.
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Fig. 2. Prevalence of NAFLD, advanced fibrosis, cirrhosis and hepatocellular carcinoma in adults 
aged ≥50 years with type 2 diabetes.
NAFLD, nonalcoholic fatty liver disease.
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Fig. 3. Prevalence of NAFLD, advanced fibrosis, cirrhosis in adults aged ≥50 years with type 2 
diabetes stratified by obesity status.
Level of significance, p <0.05 (Chi-square test). NAFLD, non-alcoholic fatty liver disease.

Ajmera et al. Page 15

J Hepatol. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ajmera et al. Page 16

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

by
 N

A
FL

D
 s

ta
tu

s.

To
ta

l
N

 =
 4

93
N

o 
N

A
F

L
D

N
 =

 1
71

N
A

F
L

D
N

 =
 3

22
p 

va
lu

e

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

A
ge

 in
 y

ea
rs

, m
ea

n 
(S

D
)

64
.4

 (
8.

1)
67

.3
 (

7.
7)

63
.0

 (
7.

9)
<

0.
00

01

Fe
m

al
e,

 n
 (

%
)

31
1 

(6
3.

1)
97

 (
56

.7
)

21
4 

(6
6.

5)
0.

03
30

B
M

I 
(k

g/
m

2 )
, m

ea
n 

(S
D

)
31

.4
 (

5.
9)

29
.8

 (
5.

8)
32

.2
 (

5.
8)

<
0.

00
01

O
be

si
ty

 (
B

M
I 

≥3
0 

kg
/m

2 )
28

1 
(5

7.
4)

77
 (

45
.3

)
20

4 
(6

3.
8)

<
0.

00
01

R
ac

e,
 n

 (
%

)
0.

00
47

 
W

hi
te

18
1 

(3
7.

6)
59

 (
35

.5
)

12
2 

(3
8.

7)

 
H

is
pa

ni
c

19
8 

(4
1.

2)
82

 (
49

.4
)

11
6 

(3
6.

8)

 
A

si
an

71
 (

14
.8

)
13

 (
7.

8)
58

 (
18

.4
)

 
O

th
er

31
 (

6.
4)

12
 (

7.
2)

19
 (

6.
0)

D
ur

at
io

n 
of

 T
2D

M
 (

ye
ar

s)
, m

ed
ia

n 
(I

Q
R

)
8.

0 
(1

2.
0)

10
.0

 (
15

.0
)

6.
0 

(1
2.

0)
0.

00
09

H
yp

er
te

ns
io

n,
 n

 (
%

)
30

4 
(6

1.
7)

10
7 

(6
2.

6)
19

7 
(6

1.
2)

0.
76

21

H
yp

er
lip

id
em

ia
, n

 (
%

)
28

2 
(5

7.
2)

10
5 

(6
1.

4)
17

7 
(5

5.
0)

0.
16

93

M
et

ab
ol

ic
 s

yn
dr

om
e,

 n
 (

%
)

30
4 

(6
9.

6)
82

 (
55

.4
)

22
2 

(7
6.

8)
<

0.
00

01

B
io

ch
em

ic
al

 p
ro

fi
le

, m
ed

ia
n 

(I
Q

R
)

H
bA

1c
 (

%
)

6.
8 

(1
.6

)
6.

5 
(1

.5
)

6.
9 

(1
.6

)
0.

00
04

H
O

M
A

-I
R

, m
ed

ia
n 

(I
Q

R
)

4.
8 

(5
.5

)
3.

7 
(3

.5
)

5.
7 

(6
.1

)
<

0.
00

01

A
ST

 (
U

/L
)

24
.0

 (
16

.0
)

21
.0

 (
9.

0)
26

.0
 (

17
.0

)
<

0.
00

01

A
LT

 (
U

/L
)

25
.0

 (
22

.0
)

19
.0

 (
10

.0
)

30
.5

 (
24

.5
)

<
0.

00
01

A
lk

al
in

e 
ph

os
ph

at
as

e 
(U

/L
)

79
.0

 (
33

.0
)

78
.0

 (
34

.0
)

80
.5

 (
32

)
0.

30
89

To
ta

l b
ili

ru
bi

n 
(m

g/
dl

)
0.

5 
(0

.2
)

0.
4 

(0
.3

)
0.

5 
(0

.2
)

0.
95

46

A
lb

um
in

 (
g/

dl
)

4.
4 

(0
.3

)
4.

4 
(0

.4
)

4.
5 

(0
.3

)
0.

00
98

T
ri

gl
yc

er
id

es
 (

m
g/

dl
)

14
4.

0 
(9

1.
0)

11
7.

5 
(6

8.
0)

16
2.

0 
(9

4.
0)

<
0.

00
01

H
D

L
 (

m
g/

dl
)

45
.0

 (
16

.0
)

48
.0

 (
19

.0
)

44
.0

 (
14

.0
)

0.
00

06

L
D

L
 (

m
g/

dl
)

87
.0

 (
46

.0
)

79
.0

 (
39

.0
)

89
.0

 (
50

.0
)

0.
00

48

Pl
at

el
et

 c
ou

nt
 (

10
9 /

L
)

24
3.

0 
(8

4.
0)

22
9.

0 
(8

9.
0)

25
1.

0 
(9

0.
0)

0.
00

01

IN
R

1.
0 

(0
.1

)
1 

(0
.1

)
1 

(0
.1

)
0.

02
01

J Hepatol. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ajmera et al. Page 17

To
ta

l
N

 =
 4

93
N

o 
N

A
F

L
D

N
 =

 1
71

N
A

F
L

D
N

 =
 3

22
p 

va
lu

e

Im
ag

in
g,

 m
ea

n 
(S

D
)

C
A

P 
(d

B
/m

)
30

7.
7 

(5
6.

5)
26

5.
2 

(5
2.

8)
32

9.
7 

(4
4.

5)
<

0.
00

01

V
C

T
E

 (
kP

a)
7.

4 
(6

.2
)

7.
2 

(8
.1

)
7.

5 
(4

.9
)

0.
72

73

M
R

I-
PD

FF
 (

%
)

9.
8 

(7
.9

)
2.

5 
(1

.4
)

13
.8

 (
7.

0)
<

0.
00

01

M
R

E
 (

kP
a)

2.
6 

(1
.1

)
2.

6 
(1

.2
)

2.
6 

(1
.1

)
0.

99
51

N
A

FL
D

 d
ef

in
ed

 a
s 

M
R

I-
PD

FF
 ≥

5%
 o

r, 
if

 M
R

I 
w

as
 n

ot
 a

va
ila

bl
e,

 a
s 

C
A

P 
≥2

88
 d

b/
m

in
 t 

te
st

 p
er

fo
rm

ed
 o

n 
co

nt
in

uo
us

 v
ar

ia
bl

es
 p

re
se

nt
ed

 a
s 

m
ea

n 
(S

D
),

 W
ilc

ox
on

 r
an

k 
su

m
 te

st
 p

er
fo

rm
ed

 o
n 

al
l o

th
er

 
co

nt
in

uo
us

 v
ar

ia
bl

es
.

C
hi

-s
qu

ar
e 

or
 F

is
he

r’
s 

ex
ac

t t
es

t a
s 

ap
pr

op
ri

at
e 

on
 a

ll 
ca

te
go

ri
ca

l v
ar

ia
bl

es
.

L
ev

el
 o

f 
si

gn
if

ic
an

ce
, p

 <
0.

05
 n

 =
 4

79
 h

ad
 V

C
T

E
 d

at
a,

 n
 =

 4
49

 h
ad

 M
R

I-
PD

FF
 d

at
a 

an
d 

n 
=

 4
18

 h
ad

 M
R

E
 d

at
a 

av
ai

la
bl

e.

A
LT

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; C

A
P,

 c
on

tr
ol

le
d-

at
te

nu
at

io
n 

pa
ra

m
et

er
; F

IB
-4

, f
ib

ro
si

s-
4 

in
de

x;
 H

bA
1c

, h
em

og
lo

bi
n 

A
1c

; H
O

M
A

-I
R

, h
om

eo
st

at
ic

 m
od

el
 a

ss
es

sm
en

t o
f 

in
su

lin
 r

es
is

ta
nc

e;
 I

N
R

, i
nt

er
na

tio
na

l n
or

m
al

iz
ed

 r
at

io
; M

R
E

, m
ag

ne
tic

 r
es

on
an

ce
 e

la
st

og
ra

ph
y;

 M
R

I-
PD

FF
, M

R
I-

pr
ot

on
 d

en
si

ty
 f

at
 f

ra
ct

io
n;

 N
A

FL
D

, n
on

-a
lc

oh
ol

ic
 f

at
ty

 li
ve

r 
di

se
as

e;
 T

2D
M

, t
yp

e 
2 

di
ab

et
es

 m
el

lit
us

.

J Hepatol. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ajmera et al. Page 18

Table 2.

Clinical, demographic, and imaging characteristics by advanced fibrosis status.

Total
N = 493

No advanced fibrosis
N = 424

Advanced fibrosis
N = 69

p value

Demographic and clinical

Age in years, mean (SD) 64.4 (8.1) 64.5 (8.3) 64.3 (7.2) 0.8336

Female, n (%) 311 (63.1) 263 (63.0) 48 (69.6) 0.2289

BMI (kg/m2), mean (SD) 31.4 (5.9) 31.0 (5.6) 33.9 (6.9) 0.0013

BMI categories, n (%)

 <25 kg/m2 58 (11.9) 52 (12.3) 6 (8.8) 0.0027

 25–30 kg/m2 152 (31.0) 140 (33.2) 12 (17.6)

 >30–35 kg/m2 176 (35.9) 151 (35.8) 25 (36.8)

 >35 kg/m2 104 (21.2) 79 (18.7) 25 (36.8)

Obesity (BMI ≥30 kg/m2) 281 (57.4) 230 (54.5) 51 (75.0) 0.0015

Race 0.7843

 White, n (%) 181 (37.6) 153 (37.0) 28 (41.8)

 Hispanic, n (%) 198 (41.2) 174 (42.0) 24 (35.8)

 Asian, n (%) 71 (14.8) 60 (14.5) 11 (16.4)

 Other, n (%) 31 (6.4) 27 (6.5) 4 (6.0)

Duration of DM (years), median (IQR) 8.0 (12.0) 8.0 (12.0) 9.5 (11.0) 0.6235

Hypertension, n (%) 304 (61.7) 259 (61.1) 45 (65.2) 0.5126

Hyperlipidemia, n (%) 282 (57.2) 241 (56.8) 41 (59.4) 0.6878

Metabolic syndrome, n (%) 304 (69.6) 258 (69.0) 46 (73.0) 0.5200

Biochemical profile, median (IQR)

HbA1c (%) 6.8 (1.6) 6.8 (1.6) 6.8 (1.7) 0.5791

HOMA-IR 4.8 (5.5) 4.6 (4.7) 9.0 (11.3) <0.0001

AST (U/L) 24.0 (16.0) 23.0 (12.0) 41.5 (30.5) <0.0001

ALT (U/L) 25.0 (22.0) 23.0 (19.0) 43.0 (35.0) <0.0001

Alkaline phosphatase (U/L) 79.0 (33.0) 78.0 (32.0) 88.5 (41.5) 0.0029

Total bilirubin (mg/dl) 0.5 (0.2) 0.5 (0.2) 0.5 (0.3) 0.3139

Albumin (g/dl) 4.4 (0.3) 4.5 (0.3) 4.4 (0.4) 0.0009

Triglycerides (mg/dl) 144.0 (91.0) 145.0 (93.0) 138.0 (93.0) 0.8954

HDL (mg/dl) 45.0 (16.0) 46.0 (15.0) 41.0 (20.0) 0.0423

LDL (mg/dl) 87.0 (46.0) 87.0 (48.0) 86.0 (47.0) 0.2232

Platelet count (109/L) 243.0 (84.0) 251.0 (85.0) 222.0 (73.0) <0.0001

INR 1.0 (0.1) 1.0 (0.1) 1.1 (0.2) <0.0001

Clinical prediction rules

FIB-4, median (IQR) 1.3 (0.8) 1.2 (0.7) 1.9 (1.5) <0.0001

FIB-4 categories, n (%) <0.0001

 <1.3 238 (49.0) 223 (53.2) 15 (22.4)

 1.3–2.67 216 (44.4) 182 (43.5) 34 (50.7)
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Total
N = 493

No advanced fibrosis
N = 424

Advanced fibrosis
N = 69

p value

 >2.67 32 (6.6) 14 (3.3) 18 (26.9)

NAFLD fibrosis score, median (IQR) −0.3 (1.5) −0.4 (1.5) 0.4 (1.6) <0.0001

Agile 3+, median (IQR) 0.04 (0.37) 0.35 (0.30) 0.90 (0.20) <0.0001

Agile 4, median (IQR) 0.02 (0.06) 0.02 (0.04) 0.34 (0.46) <0.0001

Imaging, mean (SD)

CAP (dB/m) 307.7 (56.5) 306.7 (55.4) 314.0 (62.7) 0.3292

VCTE (kPa) 7.4 (6.2) 5.7 (2.1) 17.5 (11.3) <0.0001

MRI-PDFF (%) 9.8 (7.9) 9.8 (8.0) 9.6 (7.0) 0.8977

MRE (kPa) 2.6 (1.1) 2.3 (0.5) 4.9 (1.6) <0.0001

t test performed on continuous variables presented as mean (SD), Wilcoxon rank sum test performed on all other continuous variables.

Chi-square or Fisher’s exact test as appropriate on all categorical variables.

Level of significance, p <0.05 Advanced fibrosis defined as MRE ≥3.63 kPa or if MRE not available, VCTE ≥8.8 kPa n = 479 had VCTE data, n = 
449 had MRI-PDFF data and n = 418 had MRE data available.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled-attenuation parameter; FIB-4, fibrosis-4 index; HbA1c, 
hemoglobin A1c; HOMA-IR, homeostatic model assessment of insulin resistance; INR, international normalized ratio; MRE, magnetic resonance 
elastography; MRI-PDFF, MRI-proton density fat fraction; NAFLD, nonalcoholic fatty liver disease; T2DM, type 2 diabetes mellitus.
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Table 3.

Factors associated with advanced fibrosis on logistic regression (n = 493).

Advanced fibrosis odds ratio (95% CI) p value

Demographic & biochemical

Female 1.399 (0.808–2.423) 0.2306

Age (per 5 years) 0.983 (0.839–1.151) 0.8332

Obesity (yes/no) 2.504 (1.400–4.479) 0.0020

Hispanic ethnicity (yes/no) 0.770 (0.450–1.316) 0.3390

Insulin (yes/no) 2.569 (1.272–5.190) 0.0085

Duration of diabetes (per 5 years) 1.025 (0.866–1.213) 0.7739

Metabolic syndrome (ATP III definition) 1.217 (0.669–2.212) 0.5205

Multivariable adjustments

Obesity (age- and sex-adjusted) 2.499 (1.377–4.535) 0.0026

Insulin use (age- and sex-adjusted) 2.709 (1.334–5.501) 0.0058

Level of significance, p <0.05 (Logistic Regression).

ATP III, Adult Treatment Panel III.
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