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Comparison of the severity of non-alcoholic fatty liver disease
in diabetic and non-diabetic obese patients  

Comparação da gravidade da doença hepática gordurosa não alcoólica de
pacientes obesos diabéticos e não diabéticos 

	 INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the 

accumulation of triglycerides in hepatocytes, 

which can lead to an increase in liver mass by 5-10%1 

in individuals with low alcohol consumption. It 

presents different degrees of histological alterations, 

divided into simple hepatic steatosis (HS) and non-

alcoholic steatohepatitis (NASH), with the presence 

of inflammatory reaction, hepatocellular damage, 

ballooning of hepatocytes, with or without varying 

degrees of fibrosis2, progressing to cirrhosis and 

hepatocellular carcinoma. NAFLD is the most common 

liver disorder in the world, with a reported prevalence 

of up to 35%3.

The main risk factors for NAFLD are the same 

as for the Metabolic Syndrome (MS): central obesity, 

dyslipidemia, and insulin resistance4. Thus, NAFLD 

is considered the hepatic component of MS, being 

an independent risk factor for the development of 

cardiovascular disease5.

The natural history of NAFLD is usually a 

reflection of the natural history of MS, especially due 

to their overlapping causes and physiopathology. 

Therefore, it is conceivable that their main complications 

are also similar. Cardiovascular disease, not liver disease, 

is thus the most common cause of death among patients 

with this condition.

Dyslipidemia and Insulin Resistance (IR) 

have a strong association with excessive deposition of 
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Introduction: nonalcoholic fatty liver disease presents a broad spectrum of histopathological alterations, from steatosis to liver cirrhosis. 

Patients with diabetes mellitus (DM) present increased incidence and severity of NAFLD. Objective: determine the prevalence and severity 

of NAFLD in diabetic and non-diabetic obese patients undergoing bariatric surgery. Method: the evaluation of liver biopsies was carried 

out through NAFLD activity score (NAS) in order to evaluate degree of hepatic steatosis, presence of ballooning, inflammatory activity and 

degree of fibrosis. Results: a total of 154 patients who have undergone bariatric surgery with intraoperative biopsy were observed and 

divided into two BMI ranges: from 35 to 44.9 and from 45 to 54.9. 32 (20.8%) from 154 patients were diabetic and 122 (79.2%) were non-

diabetic. Patients with DM were significantly older than patients without the disease, presenting 41.29 ± 9.40 years vs 36.71 ± 10.13 years 

in the group with BMI of 35 to 44.9 (p=0.049); and 45.13 ± 7.10 years vs 37.00 ± 9.24 years in the group with BMI of 45 to 54.9 (p=0.024). 

In the histological evaluation, patients with DM from the BMI group of 35 to 44.9 had a strong association with higher prevalence and 

severity of steatosis, balloning, inflammation, fibrosis and steatohepatitis. Conclusion: the present study confirms the high prevalence of 

NAFLD in patients with Morbid Obesity. Prevalence and severity increase proportionally to BMI and who have DM as comorbidity. 
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triglycerides in hepatocytes6. This accumulation of lipid 

is associated with increased gluconeogenesis, decreased 

glycogen synthesis, which exacerbates IR and increases 

low-grade inflammation, leading to the progression of 

liver disease to fibrosis, cirrhosis, and increased risk of 

hepatocarcinoma7.

Weight loss is the most important factor 

in controlling NAFLD. The weight loss goal, when 

starting a diet with a caloric reduction of about 25%, 

is approximately 10%, although the need for weight 

loss varies according to the severity of the disease. 

The effects of bariatric surgery on NAFLD are related 

to improved histology, including resolution of NASH in 

75% of cases, reduction of fibrosis in 35% of cases8, 

and partial reversion of cirrhosis9, effects achieved with 

no other treatment, including diet and habits changing.

In 2015, the International Diabetes Federation 

published data estimating the prevalence of type 2 

diabetes (T2DM) in 415 million people and with a 

prospect of growth to 642 million by the year 204010. 

Adequate glycemic control of T2DM is crucial in 

preventing complications, improving quality of life and 

reducing mortality11. However, even with new advances 

in clinical treatment, drug control is successful in less than 

30% of patients12,13. In this context, bariatric surgery and 

metabolic surgery emerge as forms of control that go 

beyond weight loss, further improving metabolic control, 

with a consequent reduction in cardiovascular risk14. In 

Brazil, the issue was first addressed in 2006, with liver 

biopsies carried out during bariatric surgery, observing 

the prevalence of nonalcoholic steatohepatitis in 57.1%, 

with improvement after gastric bypass15.

The aim of this study is to correlate the 

histological findings of liver biopsy performed during 

bariatric surgery of obese, diabetic and non-diabetic 

patients, grouped according to body mass index, to 

describe the clinical characteristics and to evaluate and 

compare the prevalence of HS, NASH and fibrosis.

	 PATIENTS AND METHODS

In this retrospective study, 228 obese, diabetic 

and non-diabetic patients who underwent bariatric 

surgery by the same team from the Irmandade Santa 

Casa de Misericórdia of Porto Alegre (ISCMPA), from 

2016 to 2018, underwent perioperative liver biopsy. 

We excluded 74 patients due to reported alcohol 

consumption greater than 140 g/week for men and 

70 g/week for women16, use of drugs or hepatotoxic 

medications, presence of other liver diseases, previous 

weight reduction procedures – previous bariatric 

surgery or intra-gastric balloon insertion. We assessed 

the remaining 154 patients using anthropometric 

data, body mass index (BMI), laboratory variables and 

histopathological variables. We considered patients with 

T2DM those already in treatment with insulin and oral 

antidiabetics in the preoperative evaluation, and those 

without treatment but with fasting glucose greater 

than 126 mg/dL and with glycosylated hemoglobin 

(HbA1c) >6.5 in consecutive analyzes17. We considered 

hypertensive patients those in antihypertensive use or 

with blood pressure >130/85mmHg18. We divided the 

patients into two groups according to a BMI cutoff of 

45kg/m2 and, subsequently, between diabetics and 

non-diabetics, to try to quantify the effects of obesity 

according to its evolution and the association with 

T2DM. The research was approved by the ISCMPA ethics 

committee (opinion 04887018.1.0000.5335).

We routinely performed the perioperative liver 

biopsy with laparoscopy cold scissors in the liver segment 

III through two confluent incisions forming a wedge, and 

later cauterized it with monopolar cautery. Although the 

choice of needle biopsy is the most common, surgical 

wedge biopsies had good accuracy and are cost effective 

if carried out are appropriately, with collection of 

satisfactory samples (>10mm)19.

Figure 1. Método da biópsia hepática e aspecto transoperatório.

Different pathologists analyzed the liver biopsy 

spepcimens at the ISCMPA pathology service. The 

standard histopathological technique used for specimen 

analysis was the Perls and the Masson’s trichrome. We 

used the NAFLD activity score (NAS) system, proposed by 
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complications (bleeding, biliary fistula) related to the 

liver biopsy.

Of the 154 patients, 32 (20.8%) were diabetic 

and 122 (79.2%), non-diabetic. Patients with T2DM 

were significantly older than patients without the 

condition, 41.29 ± 9.40 years vs 36.71 ± 10.13 years, in 

the group with a BMI of 35 44.9 kg/m2 (p = 0.049) and 

45.13 ± 7.10 years vs 37.00 ± 9.24 years in the group 

with a BMI of 45 54.9 kg/m2 (p = 0.024). In addition, 

in this latter group there was a significant association 

of diabetes with the presence of systemic arterial 

hypertension (SAH) (p = 0.033), according to the data 

expressed in table 1.

Kleiner20 and collaborators, to assess the degree of HS, 

the presence of ballooning, inflammation activity and 

the degree of fibrosis.

The NAS system evaluation involves setting 

scores to the histological analysis (0   8), the degree 

of steatosis (0 - 3), lobular inflammation (0 - 3) and 

ballooning (0 - 2). The degree of fibrosis is assessed in 

the same, semi-quantitative way. The presence of less 

than 5% of steatosis receives 0; from 5% to 33%, 1; 

from 34% to 66%, 2; and greater than 66%, 3. For the 

diagnosis of NASH, there must be steatosis associated 

with hepatocyte ballooning and/or inflammatory 

infiltrate. NASH activity was classified according to the 

presence of ballooning as none (0), mild (1) or severe (2), 

and as to lobular inflammation, in none (0), 1-2 foci in 

20 fields (1), 3-4 foci in 20 fields (2), and more than 4 

foci in 20 fields (3).

We classified the degree of fibrosis as: stage 

0, without fibrosis; grade 1a, when mild fibrosis was 

identified in zone 3; grade 1b, when moderate fibrosis 

was identified in zone 3; grade 1c, when only periportal/

portal fibrosis was identified; grade 2, when periportal/

portal fibrosis and zone 3 were identified; grade 3, when 

bridging fibrosis was identified; and grade 4, when 

cirrhosis was identified.

	 STATISTICAL ANALYSIS

In the descriptive analyzes, were expressed 

quantitative variables as mean ± standard deviation (SD) 

and median, and the qualitative variables, as frequency 

and percentage. For comparison between patients with 

or without diabetes, we used the Student’s t test or 

the Mann-Whitney test, according to the distribution 

of quantitative variables assessed by the Shapiro-Wilk 

normality test. For the other qualitative variables, we 

applied the chi- square test, stratifying by BMI (35 

44.9kg/m2 and 45 54.9 kg/m2). We adopted p<0.05 as 

statistically significant. We performed all analyzes using 

the IMB® SPSS® software version 23.0.

	 RESULTS

The average hospital stay was 4.3 days for 

the entire group. There was no report of any surgical 

Table 1. Anthropometric data and prevalence of SAH.

BMI Variables Without 
DM With DM p value

35-44.9

Age* 36.71 ± 
10.13

41.29 ± 
9.40 0.049

Gender 
(M) 20 (23.5) 8 (33.3) 0.480

SAH (Y) 28 (32.9) 14 (58.3) 0.033

45-54.9

Age* 37.00 ± 
9.24

45.13 ± 
7.10 0.024

Gender 
(M) 10 (27.0) 5 (62.5) 0.095

SAH (Y) 14 (37.8) 5 (62.5) 0.253

*Values expressed as mean ± standard deviation.

The main surgical technique was the Roux-

en-Y gastric bypass. In patients with BMI between 35 

and 44.9 kg/m2 without T2DM, 75 patients (88.2%) 

underwent gastric bypass and 10 underwent sleeve 

gastrectomy (11.2%). In patients with BMI between 45 

and 54.9 kg/m2 without T2DM, 34 (88.2%) underwent 

gastric bypass and three (8.1%) underwent sleeve 

gastrectomy. Of the patients with T2DM, both with a 

BMI between 35 and 44.9 kg/m2 and those with a BMI 

between 45 and 54.9 kg/m2 underwent gastric bypass.

We categorized the laboratory variables 
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as normal or altered. According to the definition of 

metabolic syndrome, we considered, as altered values, 

total cholesterol (TC) >200 mg/dL, triglycerides (TG) 

≥150 mg/dL, and HDL cholesterol <40 mg/dL for men 

and <50 mg/dL for women. Patients with T2DM are more 

prone to alterations in such laboratory tests, although 

this association has not been statistically significant. 

Table 2 shows the data collected in the laboratory tests.

The histological evaluation, shown in Table 

3, indicates that patients with T2DM in the group with 

a BMI 35-44.9 kg/m2 had increased prevalence and 

severity of HS, ballooning, inflammation, fibrosis and 

NASH.

Table 2. Laboratory tests.

BMI Variables Without DM With DM p-value

35-44.9

TC 
(Altered) 33 (38.8) 14 (58.3) 0.105

HDL 
(Altered) 20 (23.5) 9 (37.5) 0.196

TG 
(Altered) 33 (38.8) 12 (50.0) 0.355

45-54.9

TC 
(Altered) 14 (37.8) 2 (25.0) 0.691

HDL 
(Altered) 13 (35.1) 5 (62.5) 0.235

TG 
(Altered) 10 (27.0) 4 (50.0) 0.221

Table 3. Histological evaluation of patients with BMI 35-44.9 kg/m2.

Variables Without T2DM With T2DM p value

Steatosis 0.003

< 5% 18 (21.2) 1 (4.2)

5-33% 27 (31.8) 3 (12.5)

34-66% 17 (20.0) 4 (16.7)

>66% 23 (27.1) 16 (66.7)

Ballooning 0.006

None 32 (37.6) 1 (4.2)

Mild 1 (1,2) 1 (4.2)

Severe 52 (62.1) 22 (91.7)

Inflammation 0.008

None 33 (38.8) 1 (4.2)

1-2 foci per 20 fields 38 (44.7) 15 (62.5)

2-4 foci for 20 fields 13 (15.3) 8 (33.3)

> 4 foci for 20 fields 1 (1,2) 0 (0.0)

NAS 0.001

NASH Absent 16 (18.8) 1 (4.2)

Borderline NASH 32 (37.6) 2 (8.3)

NASH Present 37 (43.5) 21 (87.5)

Fibrosis 0.002

F0 41 (48.2) 4 (16.7)

F1 31 (36.5) 9 (37.5)

F2 8 (9.4) 3 (12.5)

F3 4 (4.7) 7 (29.2)

F4 1 (1,2) 1 (4.2)

Total 85 24



5

Rev Col Bras Cir 47:e20202485

Ott-Fontes
Comparison of the severity of non-alcoholic fatty liver disease in diabetic and non-diabetic obese patients 

	 DISCUSSION

In the present study, we evaluated 154 obese 

patients undergoing surgical treatment for obesity. 

First, we should mention that of these patients, 109 

underwent gastric bypass, a classic technique for the 

treatment of obesity. Although sleeve gastrectomy 

is the growing preference in surgical technique, it is 

still a matter of discussion regarding the resolution of 

NAFLD21. Regarding weight loss, both techniques are 

effective in the short, medium and long term22. 

Certainly, for some time NAFLD was regarded 

as morbidity associated with morbid obesity and without 

much importance in the long term. On the other hand, 

morbid obesity and metabolic syndrome have become 

epidemic, causing obesity surgery to take on the role of 

effective treatment. Currently, NAFLD has been deemed 

another component of MS and not simply a component 

of obesity23.

The physiopathology of liver injury in 

obese patients is controversial. Although there is a 

positive relationship between obesity and NAFLD, 

being overweight is not a necessary condition for its 

genesis. Patients with lipodystrophy, for example, have 

a high prevalence of IR, T2DM and hepatic steatosis, 

strengthening the hypothesis that not the amount of 

adipose tissue, but its dysfunction, is the major villain of 

NAFLD24. Thus, despite the positive relationship between 

obesity and NAFLD, the BMI and the patient’s absolute 

weight are not directly related. Most of these patients 

display a clinical profile similar to those with MS25.

In lean sedentary patients, high consumption 

of free fatty acids (FFA) increases the availability of 

long-chain fatty acids in the liver, and this accumulation 

is able to promote liver inflammation. Although 

with strong association with obesity and IR, not all 

patients with NAFLD have these risk factors, showing 

the heterogeneity of the syndrome and suggesting a 

polycausal nature26.

In this study, when evaluating the demographic 

characteristics of groups of patients with BMIs of 35 

44.9 kg/m2 and 45 54.9 kg/m2, diabetic patients were 

in average older than non-diabetic ones. We also 

observed a positive relationship between diabetes and 

hypertension. Possibly, younger, obese, and not yet 

Table 4. Histological evaluation of patients with BMI 45 54.9 kg/m2.

Variables Without 
T2DM

With 
T2DM p value

Steatosis 0.683

< 5% 2 (5,4) 0 (0,0)

5-33% 11 (29,7) 2 (25,0)

34-66% 13 (35,1) 2 (25,0)

>66% 11 (29,7) 4 (50,0)

Ballooning 0.766

None 6 (16.2) 2 (25.0)

Mild 1 (2.7) 0 (0.0)

Severe 30 (81.1) 6 (75.0)

Inflammatioon 0.701

None 6 (16.2) 2 (25.0)

1-2 foci 
per 20 

fields
22 (59.5) 5 (62.5)

3-4 foci 
for 20 
fields

9 (24.3) 1 (12.5)

> 4 foci 
for 20 
fields

0 (0.0) 0 (0.0)

NAS 0.754

NASH 
Absent 2 (5.4) 0 (0.0)

Borderline 
NASH 11 (29.7) 3 (37.5)

NASH 
Present 24 (64.9) 5 (62.5)

Fibrosis 0.546

F0 11 (29.7) 4 (50.0)

F1 15 (40.5) 3 (37.5)

F2 6 (16.2) 0 (0.0)

F3 5 (13.5) 1 (12.5)

F4 0 (0.0) 0 (0.0)

Total 37 8

Table 4 shows data on the histological 

evaluation of patients with BMI 45 54.9 kg/m2, allowing 

to conclude that there was no statistically significant 

association of HS severity, ballooning degeneration, 

inflammation, fibrosis and NASH in patients with T2DM.
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diabetic patients may be prone to develop diabetes and 

hypertension, as a pathophysiological sequence of the 

metabolic syndrome27.

Patients with T2DM are more prone to display 

alterations in laboratory markers for MS. Although this 

association has not been statistically significant, it is 

consistent with the literature.

NAFLD encompasses a wide spectrum of 

injuries, such as steatosis, steatohepatitis and fibrosis, 

and often one finds these three pathologies in the same 

patient. In the presence of fibrosis, progression to cirrhosis 

occurs in 20% of cases. Cirrhotic patients, on their turn, 

display 10% progression to hepatocarcinoma28.

The general prevalence of NAFLD in the present 

study was 86.36%, compatible with the literature29, 

which reports prevalence between 84% and 96% of 

NAFLD in patients with morbid obesity. In the group of 

patients with BMI 35 44.9 kg/m2, non-diabetics had a 

prevalence of 78%, and diabetics, 95.8%. In the group 

of patients with BMI 45 54.9 kg/m2, non-diabetics had 

a prevalence of 94.6%, and diabetics, 100%. Thus, it is 

clear that the prevalence of NAFLD increases with BMI 

and it has a positive association with T2DM.

With regard specifically to inflammation, 

in the group of patients with BMI 35 44.9 kg/m2, the 

prevalence of inflammation diagnosed by biopsy was 

95.83% in diabetic patients compared with 38.82% 

among non-diabetics. That is, even though obesity 

may be the triggering factor in the pathophysiology 

of NAFLD30, low-grade inflammation triggered by the 

association of obesity with insulin resistance will be 

more harmful than isolated obesity.

To perform a quantitative analysis of NAFLD, 

we used the NAFLD activity score (NAS) and the degree 

of fibrosis, which allowed for a more practical and 

objective assessment and comparison of the stages of 

liver disease between groups. In the group of patients 

with a BMI between 35 44.9 kg/m2, diabetic patients 

obtained a mean NAS of 5.6 ± 1.5, and non-diabetics, 

3.6 ± 2.3, as shown in Graph 1. In the group of patients 

with BMI between 45 54.9 kg/m2, diabetic patients had 

a mean NAS of 4.6 ± 1.9, and non-diabetics, 4.6 ± 1.7, 

as recorded in Graph 2. There was statistical significance 

only in the group of patients with BMI 35 44.9 kg/m2, 

a fact that can be explained in two ways: 1- The group 

of patients with BMI 45 54.9 kg/m2 has a reduced 

number of patients; 2- The deleterious effect of morbid 

obesity in the patients with BMI 45 54.9 kg/m2 is much 

greater. These results corroborate the pro-inflammatory 

character of T2DM as a component of MS.

Graph 2. Histological assessment in the group with a BMI of 45-54.9 kg/m2.

Graph 1. Histological evaluation in the group with a BMI of 35-44.9 
kg/m2. § Differs significantly from those without T2DM (Mann-Whitney 
test; p <0.05).

The retrospective nature of the study and the 

small number of diabetic patients in the group with BMI 

of 45 54.9 kg/m2 are possible limitations when analyzing 

our results.

In conclusion, our data confirm a high 

prevalence of NAFLD in patients with morbid obesity. 

The prevalence and severity of the disease increase in 

proportion to the BMI. Patients in the same BMI range 

that also have T2DM have higher prevalence and severity 

of the disease, demonstrating a strong association with 

MS, although not statistically significant for the group 

of patients with a BMI between 45 and 54.9kg/m2.
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