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Abstract 

Individuals with type 2 diabetes (T2DM) are at high risk for nonalcoholic fatty liver dis-
ease (NAFLD), and evidence suggests that poor glycemic control is linked to heightened 
risk of progressive NAFLD. We conducted an observational study based on data from a 
telehealth trial conducted in 2018-2020. Our objectives were to (1) characterize patterns of 
NAFLD testing/care in a cohort of individuals with poorly controlled T2DM; and (2) explore 
how laboratory based measures of NAFLD (eg, liver enzymes, fibrosis-4 [FIB-4]) vary by 
glycemic control. We included individuals with poorly controlled T2DM (n = 228), defined 
as hemoglobin A1c (HbA1c) ≥ 8.5% despite clinic-based care. Two groups of interest were 
(1) T2DM without known NAFLD; and (2) T2DM with known NAFLD. Demographics, med-
ical history, medication use, glycemic control (HbA1c), and NAFLD testing/care patterns 
were obtained by chart review. Among those without known NAFLD (n = 213), most were 
male (78.4%) and self-identified as Black race (68.5%). Mean HbA1c was 9.8%. Most had 
liver enzymes (85.4%) and platelets (84.5%) ordered in the outpatient department over 
a 2-year period that would allow for FIB-4 calculation, yet only 2 individuals had FIB-4 
documented in clinical notes. Approximately one-third had abnormal liver enzymes at 
least once over a 2-year period, yet only 7% had undergone liver ultrasound and 4.7% 
had referral to hepatology. Among those with known NAFLD (n = 15), mean HbA1c was 
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9.5%. Only 4 individuals had undergone transient elastography, half of whom had ad-
vanced fibrosis. NAFLD is underrecognized in poorly controlled T2DM, even though this 
is a high-risk group for NAFLD and its complications.

Key Words: diabetes, NAFLD, glycemic control

Nonalcoholic fatty liver disease (NAFLD) disproportion-
ately impacts individuals with type 2 diabetes (T2DM), 
with a prevalence of 60% to 70% [1-4]. Importantly, the 
presence of T2DM is associated with higher odds of having 
progressive forms of NAFLD [5, 6] such as nonalcoholic 
steatohepatitis and advanced liver fibrosis, with a preva-
lence as high as 10% to 15% for advanced fibrosis in 
T2DM [3, 4]. T2DM also leads to a substantial increase 
in the risk of NAFLD complications, including a 2-fold in-
crease in hepatocellular carcinoma and liver-related mor-
tality risk [7, 8]. Recent evidence also suggests that beyond 
the presence of T2DM, glycemic control may be linked to 
greater severity of liver fibrosis in NAFLD [9]. Therefore, 
individuals with poor glycemic control may be at particular 
risk of progressive NAFLD and poor liver outcomes.

Despite an increasing clinical burden of NAFLD, and 
calls to action across the medical community to prepare for 
this rising public health threat [10-14], NAFLD remains 
underrecognized in primary care settings [15]. It is likely 
that this underrecognition extends to T2DM populations—
even in those with poor glycemic control—though data 
specific to poorly controlled T2DM are lacking. The pri-
mary purpose of this study was to examine NAFLD testing 
and care patterns in a cohort of individuals with poorly 
controlled T2DM. Since laboratory-based measures (liver 
enzymes, noninvasive scores, eg, fibrosis-4 [FIB-4] index) 
constitute initial testing for NAFLD that may prompt add-
itional work-up, we also aimed to explore how these meas-
ures vary by glycemic control.

Materials and Methods

Data Source and Sample

We performed a secondary analysis of patients enrolled 
in the “Practical Telehealth to Improve Control and 
Engagement for Patients with Clinic-refractory Diabetes 
Mellitus” (PRACTICE-DM, NCT03520413) trial [16]. 
This is a multilevel telehealth intervention aimed at redu-
cing costs and complications in individuals with persistent 
poorly controlled diabetes (ie, T2DM with HbA1c consist-
ently ≥8.5% despite clinic-based care). Individuals in this 
study were recruited from 2 clinical sites: the Durham and 
Richmond Veterans Affairs Medical Centers (VAMC). This 
study included individuals consented for PRACTICE-DM 
(Fig. 1). The 2-year study period was unique to each 

individual and spanned from 1 year pre- and postenrollment 
(2018-2020 in most cases). This work was reviewed and 
approved by the Internal Revenue Boards of the Durham 
(#2130) and Richmond (#2398) Veterans Affairs Health 
Care Systems.

We examined 2 groups of interest: (1) T2DM without 
known NAFLD (but at risk); and (2) T2DM with known 
NAFLD. Individuals without known NAFLD were defined 
by no diagnosis of NAFLD, alcohol overuse, or hepatitis 
B/C at the beginning of the study period, and these diag-
noses were determined by chart review. Alcoholism and 
viral hepatitis were excluded as NAFLD cannot be diag-
nosed in the presence of these conditions under current 
guidelines [17]. Alcohol use was defined by an AUDIT-C 
score ≥4 in men or ≥3 in women at any time during the 
study period [18], or by a diagnosis of alcoholism in the 
problem list or notes. Hepatitis B and C were defined by 
serologies (ie, positive hepatitis B surface antigen, hepa-
titis C antibody), and verified by chart review. In the case 
of cured hepatitis C, individuals were included if cure 
was ≥5 years preceding the study period. We defined indi-
viduals as having undiagnosed NAFLD using 2 different 
criteria: (1) a previously validated approach requiring 2 ele-
vated alanine aminotransferase (ALT) values (≥40  IU/mL 
in males, ≥31  IU/mL in females) at least 6 months apart 
[19], and (2) a similar approach but using ALT cut-offs that 

Figure 1.  Study flowchart. *Due to overlap of conditions, the number of 
unique patients is 16.
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correlate with healthy ranges for ALT (2 values ≥30 IU/mL 
in males, ≥19  IU/mL in females, at least 6 months apart) 
[20]. Known NAFLD was defined by inclusion of this diag-
nosis in the problem list, or if it was acknowledged in clin-
ical notes.

Baseline Measures

We used baseline data from the PRACTICE-DM trial [16] 
to characterize our population in terms of demographics, 
medical history, and medication use.

Additional Data Collection

In order to capture testing and care patterns for NAFLD 
in T2DM, we conducted a chart review to collect the fol-
lowing additional data: (1) up to 10 sets of outpatient liver 
enzymes (aspartate aminotransferase [AST], ALT]) and 
platelet counts; (2) documentation of NAFLD risk strati-
fication scores (eg, FIB-4, NAFLD fibrosis score) in pri-
mary care, endocrinology, or hepatology notes; (3) relevant 
imaging studies (ultrasound, transient elastography, com-
puted tomography or magnetic resonance imaging scan); 
(4) hepatology referrals; and (5) liver biopsy data.

FIB-4 Calculation and Categories

Among noninvasive measures of liver fibrosis, the FIB-4 
index has the best diagnostic accuracy within the Veterans 
Health Administration [21], and it has also been recom-
mended by societies such as the American Association 
for the Study of Liver Disease and the American 
Gastroenterological Association due to its low cost, high 
specificity, and reasonable area under the receiver operator 
characteristic curve (0.76-0.84) for identifying advanced fi-
brosis [11, 21, 22]. We calculated FIB-4 scores using the 
following equation: (age × AST)/(platelets × √(ALT) [23]. 
FIB-4 was calculated when outpatient liver enzyme and 
platelet data were drawn within 3 months of each other. For 
individuals in whom multiple FIB-4 scores were calculated, 
the highest score during the study period was selected—
this approach was chosen because even 1 high FIB-4 score 
should prompt consideration of further testing for NAFLD. 
For individuals <65  years, FIB-4 scores were categorized 
based on the following established cut-offs: low (<1.3), in-
determinate (1.3–2.67), or high (>2.67) risk of advanced 
fibrosis [23]. Since FIB-4 has lower specificity for advanced 
fibrosis in individuals ≥65 years of age, we used a higher 
threshold of 2.0 for defining low (<2.0) vs indeterminate 
(2.0-2.67) risk in this group [24]. In T2DM, FIB-4 of >2.67 
has 97% specificity for detecting advanced fibrosis [25]. 
Prior to this study, FIB-4 had been automatically generated 

in the electronic health record (EHR) at the Richmond 
VAMC based on same-day liver enzyme and platelet data.

Data Analysis

We conducted a cross-sectional, descriptive examination 
of individuals without known NAFLD, stratified by clin-
ical site. Laboratory-based measures of NAFLD were then 
compared across the following glycemic control groups: 
HbA1c <8.5%, HbA1c 8.5–9.5%, HbA1c >9.5%. We 
conducted a similar descriptive examination of those with 
known NAFLD. Descriptive statistics included calculation 
of proportions (n, %) and mean with SD. No statistical 
comparisons between groups were made.

Results

We included 228 individuals enrolled in PRACTICE DM. 
Of these individuals, 213 (93.4%) had no known NAFLD. 
The mean age of this cohort was 58.1 (SD 8.1), 21.6% 
(n = 46) were female, and 68.5% (n = 146) were of Black 
race (Table 1). Most were on metformin (79.2%, n = 168) 
and insulin (70.9%, n = 151). The majority had liver en-
zymes (85.4%, n  =  182) and platelets (84.5%, n  =  180) 
checked at least once within a 2-year period, though FIB-4 
or other risk stratification scores were rarely documented in 
clinical notes (0.9%, n = 2). As seen in Table 1, liver ultra-
sound was performed in 7.0% (n = 15) of this cohort, and 
hepatic steatosis was noted in 80% of these studies. Very 
few individuals underwent transient elastography (2.3%, 
n = 5) or were referred to Hepatology (4.7%, n = 10). Rates 
of NAFLD testing and care were similarly low across both 
sites, even though the Richmond VAMC had an automatic 
FIB-4 calculator embedded into the EHR.

Our cohort had poor glycemic control by design, with 
a mean HbA1c of 9.8% (SD 1.5) in those without known 
NAFLD. Mean AST and ALT values tended to be lower 
with worse glycemic control (HbA1c >9.5%), which was 
most prominent for AST (Table 2). Despite this finding, 
undiagnosed NAFLD by ALT-based criteria [19] was most 
prevalent in the highest HbA1c (>9.5%) group (20.8% 
vs 11.9-15.4% in lower HbA1c groups)—overall, 17% 
(n  =  36) of individuals had undiagnosed NAFLD based 
on these criteria. Notably, most individuals in the highest 
HbA1c group had FIB-4 scores in the low-risk range (mean 
FIB-4 score 0.9, SD 0.5).

Of the 15 individuals with known NAFLD (Table 3), 
mean age was 57.9 (SD 9.3), 20% were female (n = 3), and 
60% were of Black race (n = 9). All had hypertension and 
hyperlipidemia, and mean HbA1c was 9.5%. Few individ-
uals were on thiazolidinediones (n = 2) or T2DM medica-
tions that promote weight loss (ie, glucagon-like peptide 
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1 receptor agonist [n  =  3], sodium-glucose cotransporter 
2 inhibitor [n  =  2]), and the majority were followed by 
endocrinology (n = 13). Mean FIB-4 score was 1.65 (SD 
0.94), which is indeterminate risk of advanced fibrosis 
based on mean age of this cohort. Of the 4 individuals who 
had transient elastography done, 2 had advanced fibrosis 
(stage 3-4).

Discussion

Our study reveals that NAFLD is underrecognized in 
T2DM, even in those with poorly controlled disease where 
risk for NAFLD-related complications can be high. Greater 
action is needed by diabetes providers to detect NAFLD in 
this high-risk population, and to initiate appropriate care 
to prevent end-stage liver disease.

Table 1.  Characteristics of T2DM population without known NAFLD, stratified by clinical site

Whole cohort (n = 212) Durham VAMC (n = 117) Richmond VAMC (n = 96)

Demographic    
Age, mean (SD) 58.1 (8.1) 57.8 (7.8) 58.5 (8.6)
Male, n (%) 167 (78.4) 93 (79.5) 74 (77.1)
Race, n (%)    
  White 50 (23.5) 26 (22.2) 24 (25.0)
  Black or African American 146 (68.5) 80 (68.4) 66 (68.8)
  Other 17 (8.0) 11 (9.4) 6 (6.3)
Ethnicity, n (%)a    
  Hispanic or Latino/a 9 (4.2) 3 (2.6) 6 (6.3)
  ≤40 miles from nearest VA clinic (%) 163 (76.5) 88 (75.2) 75 (78.1)
Medical history    
Hypertension, n (%) 181 (85.0) 99 (84.6) 82 (85.4)
Hyperlipidemia, n (%)a 178 (83.6) 99 (84.6) 79 (82.3)
BMI (kg/m2), mean (SD) 35.0 (6.2) 35.6 (6.4) 34.4 (5.9)
Diabetes duration (years), mean (SD) 12.5 (8.0) 12.6 (7.6) 12.5 (8.6)
T2DM medication use and controla    
Metformin, n (%) 168 (79.2) 98 (83.8) 70 (73.6)
Sulfonylurea, n (%) 86 (40.6) 49 (41.9) 37 (38.9)
Thiazolidinedione, n (%) 20 (9.4) 19 (16.2) 1 (1.1)
DPP4 inhibitor, n (%) 2 (0.9) 1 (0.8) 1 (1.1)
GLP-1 receptor agonist, n (%) 34 (16.0) 10 (8.5) 24 (25.3)
SGLT2 inhibitor, n (%) 26 (12.2) 15 (12.8) 11 (11.6)
Insulin, n (%) 151 (70.9) 87 (74.4) 64 (66.7)
HbA1c, %, mean (SD)a 9.8 (1.5) 9.7 (1.4) 9.9 (1.7)
NAFLD testing/care patterns    
Liver enzymes, n (%) 182 (85.4) 99 (84.6) 83 (86.4)
  # of checks, mean (SD) 2.3 (1.8) 2.4 (2.0) 2.1 (1.6)
Platelets, n (%) 180 (84.5) 92 (78.6) 88 (91.7)
  # of checks, mean (SD) 2.9 (2.6) 3.0 (3.3) 2.8 (1.7)
FIB-4 or other score documented, n(%)b 2 (0.9) 0 (0) 2 (2.1)
Liver ultrasound, n (%) 15 (7.0) 8 (6.8) 7 (7.3)
  Proportion with fatty liver, n (%) 12 (80.0) 6 (75.0) 6 (85.7)
CT/MRI with fatty liver, n (%) 6 (2.8) 3 (2.6) 3 (3.1)
Transient elastography, n (%)c 5 (2.3) 2 (1.7) 3 (3.1)
  F0-1 (%) 2 (40.0) 0 (0) 2 (40.0)
  F2 (%) 1 (20.0) 1 (20.0) 0 (0)
  F3 (%) 2 (40.0) 1 (20.0) 1 (20.0)
  F4 (%) 0 (0) 0 (0) 0 (0)
Hepatology referral, n (%) 10 (4.7) 4 (3.4) 6 (6.3)

Abbreviations: BMI, body mass index; DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like pepetide-1; SGLT2, sodium glucose cotransporter-2; HbA1c, hemo-
globin A1c; FIB-4, fibrosis-4; CT, computed tomography; MRI, magnetic resonance imaging.
a1 Richmond participant was missing HbA1c and data on noninsulin medications; 1 Richmond participant responded “Don’t Know” to Latino/Hispanic origin; 1 
Richmond participant responded “Don’t Know” to diagnosis of hyperlipidemia.
b40 individuals (27 Durham 13 Richmond) were not included in this calculation because they did not have outpatient liver enzymes or platelets checked. We only 
included outpatient liver enzyme and platelet data in this table. 
cProportions and percentages of the individuals who underwent transient elastography (n = 5). 
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In our study, approximately one-third of individuals 
without known NAFLD had abnormal liver enzymes, 
yet only 7% had a liver ultrasound, which is the first-
line imaging test to diagnose NAFLD. Even fewer (<5%) 
were referred for assessment of liver fibrosis by transient 
elastography or hepatology referral. To put these findings 
into context, current guidelines suggest a high index of sus-
picion for progressive forms of NAFLD in T2DM, and they 
recommend use of noninvasive risk assessment tools, such 
as FIB-4 or transient elastography, to assess for risk of ad-
vanced fibrosis [17]. At minimum, abnormal liver enzymes 
and/or fatty liver noted on imaging should be followed by 
some form of liver fibrosis assessment [26]. Despite the 
vast majority of our cohort (≥85%) having liver enzyme 
and platelet data available for calculation of FIB-4 or other 
noninvasive (fibrosis) risk score, only 2 individuals had 
documentation of a risk score in the clinical notes. Overall, 
our data highlight large gaps between recommended and 
current practices.

While it is agreed that abnormal liver enzymes should 
prompt further work-up, it is known that liver enzymes 
are not reliable indicators of fibrosis [27]. Our data dem-
onstrate a decrease in AST levels with worsening gly-
cemic control, as well as a correlated decline in FIB-4 
scores. Since higher HbA1c has been associated with 
more severe fibrosis on liver biopsy [9, 27] (ie, the gold 
standard for diagnosing fibrosis), our data suggest that 
the performance of FIB-4 may vary by glycemic control. 
While evidence so far suggests good accuracy of FIB-4 

in well-controlled T2DM populations, it is important 
to note that its specificity may be high in T2DM (97%), 
but sensitivity can be as low as 22% [25]. Thus, FIB-4 is 
likely to miss many cases of advanced fibrosis, and our 
findings suggest the possibility of even lower sensitivity 
of FIB-4 in individuals with very poor glycemic control. 
To better inform its applicability in practice, the perform-
ance of FIB-4 across the full glycemic spectrum should be 
explored in future studies.

The high proportion of individuals deemed low risk by 
FIB-4 may explain some of the observed clinical inertia in 
this study; however, lack of recognition of FIB-4 scores in 
notes, combined with low rates of testing despite a high 
prevalence of abnormal liver enzymes (~33%), suggests 
that other factors are at play. Prior studies have identified a 
number of factors underlying poor recognition of NAFLD 
in practice, including limited awareness of NAFLD and 
its complications, confusion surrounding guidelines, and 
lack of knowledge regarding approaches that may reverse 
nonalcoholic steatohepatitis and fibrosis [10, 28-34]. Lack 
of knowledge and awareness may also underlie the low 
usage of pioglitazone in our study, ie, 13.3% of individ-
uals with known NAFLD. Other groups have noted similar 
reluctance to use pioglitazone in practice, even in patients 
with NAFLD where there is clear benefit [28, 35]. This is 
likely driven by concerns regarding its safety, even though 
risks of pioglitazone are minimal in individuals without es-
tablished heart failure [28]. Given NAFLD is a metabolic 
disease that is concentrated in T2DM, greater efforts are 

Table 2.  Laboratory-based measures in cohort without known NAFLD, stratified by glycemic control

Glycemic control groupsc

 Mean HbA1c <8.5% (n = 39) Mean HbA1c 8.5-9.5% (n = 67) Mean HbA1c >9.5% (n = 106)

Liver enzyme testing    
  AST, mean (SD)d 22.9 (8.0) 23.0 (18.0) 19.3 (7.3)
  ALT, mean (SD)d 36.4 (12.2) 36.0 (21.9) 34.0 (11.9)
    ALT >40 IU/L, n (%)d 16 (44.4) 16 (29.1) 38 (42.2)
Platelet count, mean (SD)e 236.2 (63.1) 258.9 (57.4) 260.3 (61.8)
Undiagnosed NAFLDa, n (%) 6 (15.4) 8 (11.9) 22 (20.8)
Undiagnosed NAFLDb, n (%) 15 (38.5) 19 (28.4) 43 (40.6)
FIB-4 score, mean (SD)f 1.4 (1.4) 1.0 (0.4) 0.9 (0.5)
FIB-4 score risk categories    
  Low risk, n (%) 24 (72.7) 42 (85.7) 72 (93.5)
  Indeterminate risk, n (%)c 7 (21.2) 7 (14.3) 5 (6.5)
  High risk, n (%) 2 (6.1) 0 (0) 0 (0)

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; NAFLD, nonalcoholic fatty liver disease; FIB-4, fibrosis-4.
aBased on Kanwal et al. criteria (ALT ≥40 IU/mL in males, ALT ≥31 IU/mL in females at least 6 months apart) [19].
bBased on Prati et al. criteria for healthy ALT ranges (ALT ≥30 IU/mL in males, ALT ≥19 IU/mL in females at least 6 months apart) [20].
c1 individual did not have a measurable A1c collected thus is excluded from this table.
d31 individuals had no AST or ALT values measured (3 with HbA1c <8.5%, 12 with HbA1c 8.5-9.5%, and 16 with HbA1c >9.5%).
e47 individuals had no platelets measured (5 with HbA1c <8.5%, 18 with HbA1c 8.5-9.5% and 24 in with HbA1c >9.5%).
f53 individuals had no FIB-4 score calculated due to missing values (6 with HbA1c <8.5%, 18 with HbA1c 8.5-9.5%, and 29 with HbA1c >9.5%). We used liver 
enzymes and platelets collected within 3 months of each other for FIB-4 calculation.
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needed to improve awareness and knowledge of NAFLD 
in T2DM care.

Our data suggest that even abnormal liver enzymes and 
EHR-integrated FIB-4 calculation may be insufficient to 
trigger clinical action related to NAFLD. In order to pro-
mote high-quality care of NAFLD, novel approaches are 
needed to effectively educate providers on the importance 

of detection and initial care of NAFLD (including when to 
refer to hepatology), and, concurrently, to develop machine 
learning approaches to proactively detect high-risk cases of 
NAFLD in the EHR, so they may be directly referred to 
hepatology or multidisciplinary clinics for appropriate care.

Strengths of this study include its well-characterized 
group of individuals with poor T2DM control, which is 
traditionally an understudied population. Our cohort was 
racially diverse, with 68.5% having self-identified as Black 
or African American. We also conducted a detailed chart 
review assessment of alcohol overuse and viral hepatitis to 
exclude these other common forms of chronic liver disease.

Our study is limited in that we only examined a 2-year 
period, so we may have missed relevant testing or care that 
occurred before or after this timeframe. However, even if 
we did not consider studies that indicated fatty liver prior 
to the study period, lack of inclusion of NAFLD in the 
problem list during our study period would still suggest 
underrecognition of this condition. Another limitation is 
that we had very few women in this study, as well as in-
dividuals of Hispanic or Latino/a ethnicity, and the latter 
is known to be a high-risk population for NAFLD and its 
complications [36]. This was also a veteran population, so 
these results may not generalize to the general population.

Conclusion

In conclusion, NAFLD is underrecognized in poorly con-
trolled T2DM, even though risk of progressive liver disease 
in this population is high. As such, there is a great need for 
primary care physicians and endocrinologists alike to in-
corporate detection and risk stratification of NAFLD into 
their diabetes practice, and to join in multidisciplinary ef-
forts to tackle this rising public health threat.
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GLP-1 receptor agonist, n (%) 3 (20.0)
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Liver enzymes, n (%) 15 (100)
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  # of checks, mean (SD) 3.2 (2.1)
FIB-4 or other score documented, n (%) 0 (0)
  FIB-4 score, mean (SD)a 1.65 (0.94)
Liver ultrasound, n (%) 6 (40.0)
Transient elastography, n (%) 4 (26.7)
  F0-1 (%) 1 (25.0)
  F2 (%) 1 (25.0)
  F3 (%) 2(50.0)
  F4 (%) 0 (0)
Following with hepatology, n (%) 5 (33.3%)
Following with endocrinology, n (%)b 13 (86.7)

Abbreviations: BMI, body mass index; DPP4, dipeptidyl peptidase-4; GLP-1, 
glucagon-like pepetide-1; SGLT2, sodium glucose cotransporter-2; HbA1c, he-
moglobin A1c; FIB-4=fibrosis-4.
a1 individual had missing data due to lack of liver enzymes and platelets done 
within 3 months of each other. Only outpatient laboratory data were included 
in this table. 
bHad to be following endocrinology for T2DM care. 
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