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Abstract

Aim of the study: Non-alcoholic fatty liver disease (NAFLD), a globally prevailing chronic liver condition, refers 
to a spectrum of disease ranging from bland steatosis to steatohepatitis causing fibrosis without significant alco-
hol intake. Prominent risk factors (RFs) include obesity, type 2 diabetes mellitus, and dyslipidemia. Currently, no 
established hierarchy exists for the influence of metabolic RFs on NAFLD progression. This retrospective cohort 
study investigated and ranked the independent and combined effects of three major RFs on NAFLD progression. 

Material and methods: 652 NAFLD patients with ≥ 1 RF were categorized by RF combination to examine yearly 
changes in RF severity with liver stiffness measurement (LSM) over five years. Body mass index (BMI), hemoglo- 
bin A1c (HbA1c), total cholesterol (TC), and LSM were reviewed.

Results: In patients with any single improving RF, decreases in BMI were associated with a yearly LSM change of 
–1.26 kPa, while decreases in HbA1c and TC were associated with a change of –0.51 kPa and –0.56 kPa, respec-
tively. In patients with any single worsening RF, increases in BMI were correlated with an LSM change of +0.74 kPa  
and increases in HbA1c and TC were correlated with a change of +0.43 kPa and +0.16 kPa, respectively. Pa-
tients with three RFs had the greatest LSM changes for both improving (–3.68 kPa) and worsening (+3.19 kPa)  
groups. The strongest predictors for LSM change were BMI and HbA1c, with standardized b coefficients 
of 0.236 and 0.226 (p < 0.001), while TC had the least influence [0.112 (p < 0.01), F(3,647) = 11.458,  
p < 0.001, R² = 0.155].

Conclusions: Obesity was the most prominent RF. Treatment of all three RFs over a five-year period presented 
a high likelihood of fibrosis stage regression for NAFLD patients.
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) is cur-
rently the leading cause of chronic liver disease-related 
death. In 2019, NAFLD had an estimated global preva-
lence of 1.8 billion individuals [1]. This prevalence grows 
alongside the worldwide obesity epidemic, especially in 
the United States, with NAFLD affecting approximately  

25% of the U.S. population [2]. Non-alcoholic steato-
hepatitis (NASH), characterized by inflammation and 
hepatocellular injury, is the most severe form of NAFLD 
and affects nearly 20% of NAFLD patients [3]. Untreat-
ed, the progression of NAFLD can cause complications, 
including liver cancer and cirrhosis. It is expected that 
NAFLD will be the number one leading cause of liver 
transplants in the United States by 2025 [4]. Still, no 
approved pharmacologic therapy targeting the progres-
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sion of NAFLD is available, leaving lifestyle modifica-
tions and management of metabolic risk factors (RFs) 
the cornerstone of NAFLD treatment [5]. Substantial 
evidence suggests a  bidirectional association between 
NAFLD and features of metabolic RFs, which are char-
acterized by multiple medical conditions, the three 
most prevalent being obesity, type 2 diabetes mellitus 
(T2DM), and dyslipidemia [1, 6]. An independent asso-
ciation was identified between the grade of liver steato-
sis as assessed by ultrasound and the risk of having these 
metabolic RFs [7].

Furthermore, these RFs may work synergistically 
to amplify NAFLD. Increases in both body mass index 
(BMI) and hemoglobin A1c (HbA1c) have been found to 
correlate with greater insulin resistance (IR), which is 
a determining factor in the exacerbation of NAFLD [8, 9].  
Patients with T2DM experience a reduced ability to in-
hibit gluconeogenesis and exhibit increased rates of lipo-
genesis, which intensifies inflammation of the liver and 
increases the severity of IR [10]. Dyslipidemia may lead 
to progression of NAFLD through activation of inflam-
matory signaling pathways. Elevated cholesterol levels 
in the body activate hypoxia-inducible factor 1α (HIF-
1α) and inducible nitric oxide synthase (iNOS), which 
then impair lipid metabolism [11]. Therefore, increases 
in IR caused by obesity and T2DM may work synergis-
tically with decreases in lipid metabolism caused by dys-
lipidemia to worsen NAFLD. 

While past studies explored management of meta-
bolic RFs in patients, no prior research has compared 
the impacts of different combinations and severities 
of RFs on the progression of NAFLD. This study com-
pared patients with one or more RFs to assess how the 
improvement or worsening of each RF or a combina-
tion of RFs can affect NAFLD progression. In doing so, 
we aimed to determine whether particular RFs should 
be prioritized in future treatment plans for NAFLD. 

Material and methods

Inclusion criteria

Patients diagnosed with NAFLD on the basis of elevat-
ed alanine aminotransferase values (≥ 40 IU/ml for men 
and ≥ 31 IU/ml for women) were included in this study. 
An ultrasound scan was also conducted on each patient to 
confirm the presence of fatty liver. Additionally, patients 
required the diagnosis of at least one of the following: 
obesity, T2DM, or dyslipidemia. Patients with a  BMI of  
≥ 30 kg/m2 were classified as obese. Patients with a HbA1c 
of ≥ 7.0 mmol/l were classified as type 2 diabetic. Patients 
with a total cholesterol (TC) level of ≥ 200 mg/dl were clas-
sified as dyslipidemic [12]. 

Exclusion criteria 

We excluded patients under the age of 18 in this 
study. Those with a history of bariatric surgery or sig-
nificant alcohol consumption (daily alcohol intake of  
> 20 g), polycystic ovarian syndrome, and type 1 diabe-
tes mellitus were also excluded. Other causes of under-
lying liver disease such as drug-induced liver disease, 
alcoholic liver disease, autoimmune hepatitis, prima-
ry biliary cirrhosis, α1-antitrypsin deficiency, hemo-
chromatosis, Wilson’s disease, biliary obstruction, and 
chronic hepatitis B and C were excluded as well.

Study procedure 

Obese patients were instructed to adhere to a Medi-
terranean diet with a caloric deficit due to its efficacy in 
promoting weight loss and treatment of NAFLD [13]. Pa-
tients with T2DM were advised to decrease carbohydrate 
consumption. Patients with dyslipidemia were suggested 
to avoid high cholesterol foods. Both diabetic and dyslip-
idemic patients were advised to continue with pharmaco-
logical management. Lastly, all patients were advised to 
increase daily cardiovascular exercise and weight training 
as tolerated. 

To analyze the potential compounding effects of met-
abolic RFs, patients were categorized into seven groups: 
obese, diabetic, dyslipidemic, obese and diabetic, obese 
and dyslipidemic, diabetic and dyslipidemic, and obese, 
diabetic, and dyslipidemic. 

An Institutional Review Board was not available ow-
ing to the fact that this was a private practice facility. This 
review was of minimal risk to study participants given its 
retrospective nature. The electronic medical records of 
two gastrointestinal clinics were used for data collection. 
All data generated throughout this study were confiden-
tial. Patient names were converted into an identification 
code of numbers and letters. All data were password-pro-
tected and were only accessible in the clinics. HbA1c, TC, 
and liver stiffness measurement (LSM) values were col-
lected from laboratory reports and transient elastography 
readings (with an M/XL probe). Transient elastography 
readings were obtained with FibroScan, manufactured 
by Echosens. According to the standard clinical protocol, 
each LSM measurement was performed in a fasting con-
dition, confirmed after patients were told to fast 4 hours  
prior to examination. Patient age, gender, and BMI 
were collected during annual physical examinations. 
The stages of NAFLD patients were classified based 
on the F0, F1, F2, F3, and F4 parameters, which were  
5.7 ±1.8 kPa, 6.8 ±2.4 kPa, 7.8 ±2.4 kPa, 11.8 ±5.2 kPa, 
and 25.1 ±17.1 kPa, respectively [14]. Stages F0-F1 indi-
cated minimal to mild fibrosis, stage F2 indicated mod-
erate fibrosis, stage F3 indicated advanced fibrosis, and 
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stage F4 indicated cirrhosis. A  five-year range of BMI, 
HbA1c, and TC values was used to calculate the average 
and percent yearly change of RFs. These values were com-
pared with the average yearly LSM change over five years. 
All patients had a minimum of one additional follow-up 
consultation in the five-year period, with follow-ups be-
ing at least one year apart. Despite efforts to keep patient 
followups exactly one year apart, patients sometimes had 
irregular followup intervals for certain years, resulting in 
varying times for their LSM measurements throughout 
each year.

Statistical analyses 

A  one-way ANOVA was used to assess the sta-
tistical significance of RFs in different RF combina-
tions. Using SPSS v.25, both a Tukey post-hoc test and 
a multiple regression analysis were conducted. In the 
regression, the percent yearly changes in RFs were the 
predictor variables, while the average yearly changes in 
LSMs were the outcome variable. RFs with a p < 0.05 
were considered significant, and comparisons between 
the RFs were made using the standardized β values. 
Multicollinearity of the predictor variables was ruled 
out, as assessed by the variance inflation factor.

Results 

Baseline characteristics

Records for 4,609 patients were reviewed. Based on 
inclusion and exclusion criteria, 652 patients were in-

cluded in the analysis. In the clinic population, 346 pa-
tients (53.1%) had two follow-ups (mean time between 
visits: 1.54 years), 178 patients (27.3%) had three fol-
low-ups (mean time between visits: 1.28 years), 93 
patients (14.3%) had four follow-ups (mean time be-
tween visits: 1.11 years), and 35 patients (5.4%) had five 
follow-ups over five years (mean time between visits:  
1 year). Of the sample included, 345 were male (52.9%) 
and 307 were female (47.1%). Patients had a median 
of 56 years of age (range 18 to 89 years). The average 
BMI of obese patients was 35.28 kg/m2. The average 
HbA1c of patients with T2DM was 8.38 mmol/l. The 
average TC of dyslipidemic patients was 230.77 mg/dl 
(Table 1).

Multiple regression analysis

Multiple linear regression was used to develop 
a model for analyzing average yearly changes in LSMs 
based on a  patient’s average yearly percent chang-
es in BMI, TC, and HbA1c. As indicated by Table 2,  
the three-predictor model was able to account for 
15.5% of the variance in the average change in LSMs, 
F(3, 647) = 11.458, p < 0.001, R2 = 0.155. After stan-
dardizing the β coefficients, variations in BMI predict-
ed the greatest LSM changes, followed by HbA1c and 
then TC. An increase of one standard deviation in BMI 
yielded an increase in 0.12 standard deviations in LSM 
(p < 0.001). An increase of one standard deviation in 
HbA1c resulted in a  similar increase of 0.09 standard 
deviations in LSM (p < 0.001). TC had the weakest 
effect on LSM, with an increase of one standard de-

Table 2. Effect of average yearly percent changes in NAFLD risk factors on average yearly changes in liver stiffness measurement (LSM)

Predictor B b 95% CI (lower/upper) p-value

Average yearly percent change in body mass index 0.12 0.24 (0.08, 0.16) < 0.001***

Average yearly percent change in total cholesterol 0.03 0.11 (0.01, 0.04) 0.007**

Average yearly percent change in hemoglobin A1c 0.09 0.23 (0.06, 0.12) < 0.001***

R2 = 0.155

 **p < 0.01, ***p < 0.001

Table 1. Average baseline characteristics among all patient groups

Patient group n Average LSM (kPa) Average BMI (kg/m2) Average HbA1c (mmol/l) Average TC (mg/dl)

Obesity only 99 7.74 35.28 N/A N/A

T2DM only 33 7.66 N/A 8.38 N/A

Dyslipidemia only 193 5.74 N/A N/A 230.77

Obesity and T2DM only 21 13.12 37.03 8.21 N/A

Obesity and dyslipidemia only 130 6.39 34.57 N/A 225.53

T2DM and dyslipidemia only 99 6.48 N/A 8.51 226.06

Obesity, T2DM, and dyslipidemia 77 8.13 33.65 8.45 232.21

LSM – liver stiffness measurement, BMI – body mass index, HbA1c – hemoglobin A1c, TC – total cholesterol, T2DM – type 2 diabetes mellitus
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viation in TC producing an increase of 0.03 standard 
deviations in LSM (p = 0.007). Average yearly percent 
changes in BMI and HbA1c had more than twice the 
impact on LSM changes compared to average yearly 
percent changes in TC.

Patients with one risk factor 

When comparing patient groups with any single 
improving RF, reductions in BMI (Table 3) in obese 
patients had the greatest average yearly LSM change 
of –1.26 kPa (Fig. 1). A  negative LSM change may 
suggest a  regression in fibrosis. Reductions in TC  
(Table 3) in dyslipidemic patients had an average year-
ly LSM change of –0.56 kPa (Fig. 1). Lastly, reductions 
in HbA1c (Table 3) in diabetic patients had the lowest 
average yearly LSM change of –0.51 kPa (Fig. 1). Obese 
patients yielded a  147% greater LSM change when 
compared to diabetic patients and a 125% greater LSM 
change when compared to dyslipidemic patients. 

When comparing patient groups with any single 
worsening RF, increases in BMI (Table 4) in obese 

patients had the greatest average yearly LSM change 
of +0.74 kPa (Fig. 2). A positive LSM change suggests 
a progression of fibrosis. Increases in HbA1c (Table 4) 
in diabetic patients had an average yearly LSM change 
of +0.43 kPa (Fig. 2). Finally, increases in TC (Table 4) 
in dyslipidemic patients had the smallest average year-
ly LSM change of +0.16 kPa (Fig. 2). Obese patients 
had a 72% greater LSM change when compared to di-
abetic patients and a 363% greater LSM change when 
compared to dyslipidemic patients.

Patients with two risk factors

Upon comparing patient groups with any two im-
proving RFs, reductions in both BMI and HbA1c (Table 3)  
in obese and diabetic patients had the greatest average 
yearly LSM change of –2.26 kPa (Fig. 1). Reductions in 
both BMI and TC (Table 3) in obese and dyslipidemic 
patients had an average yearly LSM change of –1.41 kPa 
(Fig. 1). Lastly, reductions in both HbA1c and TC (Table 3)  
in diabetic and dyslipidemic patients had the lowest av-
erage yearly LSM change of –1.04 kPa (Fig. 1). Obese 

Table 3. Average yearly changes in risk factor characteristic among all improving patient groups (2015-2019) 

Patient group n Average yearly BMI change 
(kg/m2)

Average yearly HbA1c change 
(mmol/l)

Average yearly TC change 
(mg/dl)

Obesity only 47 –3.04 N/A N/A

T2DM only 13 N/A –2.07 N/A

Dyslipidemia only 96 N/A N/A –9.42

Obesity and T2DM only 8 –3.55 –3.41 N/A

Obesity and dyslipidemia only 68 –2.54 N/A –7.33

T2DM and dyslipidemia only 35 N/A –2.65 –6.94

Obesity, T2DM, and dyslipidemia 31 –2.59 –3.90 –11.31

BMI – body mass index, HbA1c – hemoglobin A1c, TC – total cholesterol, T2DM – type 2 diabetes mellitus

Fig. 1. Comparison of average yearly liver stiffness measurement (LSM) changes 
in improving patient groups (obese [O], type 2 diabetic [T], dyslipidemic [D], 
obese and type 2 diabetic [OT], obese and dyslipidemic [OD], type 2 diabetic 
and dyslipidemic [TD], and obese, type 2 diabetic, and dyslipidemic [OTD]),  
**p < 0.01, ***p < 0.001 compared to OTD

Fig. 2. Comparison of average yearly liver stiffness measurement (LSM) in 
changes worsening patient groups (obese [O], type 2 diabetic [T], dyslipidemic 
[D], obese and type 2 diabetic [OT], obese and dyslipidemic [OD], type 2 
diabetic and dyslipidemic [TD], and obese, type 2 diabetic, and dyslipidemic 
[OTD]), **p < 0.01, ***p < 0.001 compared to OTD
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and diabetic patients had a  60% greater LSM change 
compared to obese and dyslipidemic patients and 
a 117% greater LSM change compared to diabetic and 
dyslipidemic patients. With the exception of improving 
diabetic and dyslipidemic patients, patient groups with 
any two improving RFs were observed to have greater 
average yearly LSM changes when compared to patient 
groups with any single improving RF (Fig. 1). 

Upon comparing patient groups with any two wors-
ening RFs, increases in both BMI and HbA1c (Table 4) 
in obese and diabetic patients had the greatest average 
yearly LSM change of +1.19 kPa (Fig. 2). Increases in 
both BMI and TC (Table 4) in obese and dyslipidemic 
patients had a  similar average yearly LSM change of 
+1.11 kPa (Fig. 2). Finally, increases in both HbA1c and 
TC (Table 4) in diabetic and dyslipidemic patients had 
the lowest average yearly LSM change of +0.85 kPa 
(Fig. 2). Obese and diabetic patients had a 7% great-
er LSM change compared to obese and dyslipidemic 
patients and a 40% greater LSM change compared to 
diabetic and dyslipidemic patients. Patient groups with 
any two worsening RFs were found to have greater 
yearly LSM changes when compared to patient groups 
with any single worsening RF (Fig. 2).

Patients with three risk factors

Among all improving patient groups, reductions 
in BMI, HbA1c, and TC (Table 3) in obese, diabetic, 
and dyslipidemic patients yielded the greatest average 
yearly LSM change of –3.68 kPa (Fig. 1). Obese, dia-
betic, and dyslipidemic patients had a  192% greater 
LSM change compared to obese patients and a  63% 
larger LSM change compared to obese and diabetic pa-
tients. Obese, diabetic, and dyslipidemic patients had 
the most significant average yearly LSM change when 
compared to patient groups with any one RF (p < 0.01) 
and patient groups with any two RFs (p < 0.05). 

Among all worsening patient groups, increases in 
BMI, HbA1c, and TC (Table 4) in obese, diabetic, and 
dyslipidemic patients yielded the greatest average yearly 
LSM change of +3.19 kPa (Fig. 2). Obese, diabetic, and 
dyslipidemic patients had a 331% greater LSM change 
compared to obese patients and a  168% greater LSM 
change compared to obese and diabetic patients. Obese, 
diabetic, and dyslipidemic patients had the most sig-
nificant average yearly LSM change when compared to 
patient groups with any one RF (p < 0.001) and patient 
groups with any two RFs (p < 0.01). 

Discussion

Summary of results

In this retrospective cohort study, patients with 
different RF combinations were compared by assess-
ing how changes in their RF severities affected NAFLD 
progression over a five-year period. When ranking the 
individual outcomes of RF changes, percent changes 
(positive or negative) in BMI were correlated with the 
highest magnitude of LSM change, followed by HbA1c 
and TC, respectively. 

Reductions in both BMI and HbA1c in obese and 
diabetic patients were found to have the greatest effect 
on LSM change for improving patients with any two 
RFs. Patients with improved HbA1c and BMI as well 
as patients with improved BMI and TC demonstrated 
a greater average yearly LSM change when compared 
to patients with any single improving RF. 

In contrast, increases in BMI and HbA1c in obese 
and diabetic patients were found to have the greatest ef-
fect on LSM change for worsening patients with any two 
RFs. Patients with any two worsening RFs were found 
to have a greater average yearly LSM change when com-
pared to patients with any single worsening RF. 

Among patients with all three RFs, reductions in 
BMI, HbA1c, and TC were found to have the greatest 

Table 4. Average yearly changes in RF characteristic among all worsening patient groups (2015-2019)

Patient group n Average yearly BMI change 
(kg/m2)

Average yearly HbA1c change 
(mmol/l)

Average yearly TC change 
(mg/dl)

Obesity only 52 +3.64 N/A N/A

T2DM only 20 N/A +2.37 N/A

Dyslipidemia only 97 N/A N/A +9.87

Obesity and T2DM only 13 +2.61 +2.30 N/A

Obesity and dyslipidemia only 62 +2.87 N/A +6.52

T2DM and dyslipidemia only 64 N/A +3.92 +6.10

Obesity, T2DM, and dyslipidemia 46 +3.51 +3.25 +10.97

BMI – body mass index, HbA1c – hemoglobin A1c, TC – total cholesterol, T2DM – type 2 diabetes mellitus
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effect on LSM change when compared to all improving 
patient groups regardless of number of RFs. Similarly,  
increases in BMI, HbA1c, and TC were also found to 
have the greatest effect on LSM change when com-
pared to all worsening patient groups. BMI was pres-
ent in the most influential patient groups for one, two, 
and three RFs, suggesting a  strong relationship with 
NAFLD progression.

Clinical implications 

Treatment of all three RFs provided a decrease of 
3.68 kPa/year in liver stiffness. This may suggest a high 
likelihood of fibrosis stage regression for NAFLD pa-
tients over a  five-year period. Therefore, while treat-
ment for obesity should be prioritized due to its strong 
influence regardless of other additional RFs, it is also 
important to simultaneously manage T2DM and dys-
lipidemia. Since the treatment modalities for T2DM 
and dyslipidemia act effectively on their respective 
conditions in isolation [15, 16] patients with all met-
abolic RFs may need more drastic measures to effec-
tively treat these conditions, especially in the setting of 
NAFLD. Evidence for the management of dyslipidemia 
and T2DM suggests that supervised lifestyle modifica-
tions and pharmacologic therapy are more efficacious 
than pharmacologic therapy alone [17, 18]. Thus, more 
education and awareness are needed for patients and 
physicians to create a  more comprehensive manage-
ment plan that addresses overall healthful living that 
can further enhance currently available treatments.

Limitations

While we covered prominent metabolic RFs such as 
obesity, T2DM, and dyslipidemia within our analysis, 
the lack of data regarding other metabolic RFs, such 
as arterial hypertension, is a major limitation. Future 
studies should incorporate these RFs into their anal-
yses for a more comprehensive comparative analysis. 

Although patients were instructed by their phy-
sician to follow up every year, not all patients did so. 
Therefore, respective RF data or LSMs for five consec-
utive years were not available in some patients within 
the sample population. The follow-up time varied be-
tween patients based on their number of follow-ups, 
and this was accounted for in the analysis. Secondly, 
two groups had limited sample sizes, namely the di-
abetic patients and the obese and diabetic patients. 
Furthermore, some patients received different medica-
tions for their respective conditions, which may have 
resulted in varying levels of NAFLD improvement. 

Due to the restrictions of a clinical setting, adherence 
to lifestyle changes, such as the Mediterranean diet, 
could not be measured. 

We acknowledge that lack of a liver biopsy is a ma-
jor limitation. However, given that this is a retrospec-
tive review, this reflects current clinical data. Further-
more, liver biopsy is an invasive procedure and cannot 
be practically obtained for every patient [5]. There-
fore, the use of FibroScan to monitor fibrosis stage 
reflects current clinical practice. FibroScan has also 
been shown to be a reliable marker for hepatic fibro-
sis, with approximately 5% of measures being classi-
fied as poorly reliable [14, 19]. A 2019 study assessing 
the association between LSM and various other factors 
found that the degree of histologically identified liver 
fibrosis predicted LSM [20]. Although the LSM change 
may be attributed to the regression of liver fibrosis, and 
thus support LSM’s validity as a noninvasive alterna-
tive for liver biopsy, verification through liver biopsy 
was not obtained to support this hypothesis, and fur-
ther research is required. Additionally, repeating LSM 
to monitor liver fibrosis severity can help to improve 
the overall accuracy of the FibroScan result [21].

Conclusion and future study

In summary, we found that BMI was the most im-
portant factor for patients with any single RF, and that 
patients with all three RFs experienced the most signif-
icant LSM change, regardless of improvement or wors-
ening of all parameters. In the cohorts with the most 
significant changes in LSM, obesity was the only RF 
that was present across all groups, suggesting that BMI 
plays a  significant role in NAFLD. Future research is 
needed to further elucidate the importance of obesity 
in NAFLD and the compounding effects of metabolic 
RFs on NAFLD progression. This knowledge can aid in 
the development of potential treatments that can effec-
tively target all three RFs while emphasizing continued 
lifestyle interventions.
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