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Abstract

Aim: There is a paucity of data on Non-Alcoholic Fatty Liver Disease 
(NAFLD) and Metabolic Syndrome (MetS) among native Cubans. We aimed to 
assess the prevalence of MetS in Cubans with NAFLD and the outcomes and 
predictors for advanced fibrosis.

Methods: A multicenter (outpatient clinics of nine hospitals in seven Cuban 
provinces) cross-sectional study of adults with NAFLD between September 
2018 and May 2019. MetS was defined by the National Cholesterol Education 
Program Adult Treatment Panel III (NCEP: ATPIII) criteria. Advanced fibrosis 
was defined using AST to Platelet Ratio Index (APRI) ≥1 and Fibrosis-4 score 
(FIB-4) ≥2.67.

Results: 819 patients enrolled, 563 (68.7%) had MetS; mean age 54.9 
years, 60.3% female, 65.8% white, 95.1% from urban residency, mean BMI 
30.7 kg/m2. Fibrosis was present in 114 (13.9%); 94 (82.5%) had APRI ≥1; 77 
(67.5%) had FIB-4 ≥ 2.67; 57 (50%) both scores were elevated. MetS group had 
significantly more fibrosis than no MetS, [17% vs. 7% (p=0.0001)]. Patients with 
fibrosis were older (57.7 vs. 54.5, P=0.0015), of Mestizos ethnicity (36.8% vs. 
16.9%, P<0.0001), and from rural residency (17.5% vs. 2.8%, P<0.0001). MetS 
was independently associated with fibrosis: Odds Ratio (OR) = 2.05 (95% CI 
1.10-3.81) (p=0.024), but, rural residency was the strongest fibrosis predictor 
[OR: 5.30 (95% CI 2.45-11.47, (P<0.0001)]. Other fibrosis predictors were 
male gender, sedentary life-style, NAFLD family history, and lower estimated 
glomerular filtration rate (p<0.05). Risk of fibrosis was not associated with age, 
ethnicity, or smoking (all p>0.05).

Conclusion: Cuban NAFLD patients with MetS have substantial clinical 
impairment and a higher risk for fibrosis. 

Keywords: Fatty liver; Metabolic syndrome; Fibrosis; eGFR; Rural 
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circumference >102cm in men, >88cm in women, triglycerides 
150mg/dl or greater, HDL-cholesterol <40mg/dl in men and <50mg/
dl in women, blood pressure 130/85mmHg or greater, and fasting 
glucose 100mg/dl or greater. The components of metabolic syndrome 
are associated with a liver disease called, Non-Alcoholic Fatty Liver 
Disease (NAFLD). In this study, we found 68.7% of patients from 
Cuba who had NAFLD also had metabolic syndrome. The majority 
of those with NAFLD and MetS were women though men were more 
likely to develop liver fibrosis.

Introduction
Non-Alcoholic Fatty Liver Disease (NAFLD) is defined as the 

presence of ≥5% of hepatic steatosis, in the absence of competing liver 
disease etiologies, such as chronic viral hepatitis, use of medications that 
induce steatosis such as amiodarone or tamoxifen, and other chronic 
liver diseases, such as autoimmune hepatitis, hemochromatosis, 
Wilson’s disease, or significant alcohol consumption [1]. NAFLD is 
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Lay Summary
People with metabolic syndrome have high rates of cardiovascular 

disease and cardiovascular disease related death. Metabolic syndrome 
is present when one has three or more of the following criteria: waist 
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also considered to be the Metabolic Syndrome (MetS) of the liver due 
to its close association with features of metabolic syndrome which 
include hypertension, hyperlipidemia, type 2 diabetes, and obesity. 
Many consider the relationship to be bidirectional between Mets, 
components of MetS, and NAFLD in addition to the presence of MetS 
being associated with advanced liver fibrosis [2-4].

NAFLD is now one of the most prevalent liver diseases worldwide 
due to parallel increases in the rates of obesity and type 2 diabetes 
mellitus. The reported overall global prevalence of NAFLD among 
adults is 24% but with prevalence rates that range from a high of 
32% in the Middle East followed by 31% in South America, Asia at 
27%, the United States of America at 24% and Europe at 23% while 
Africa reports only a prevalence rate of 14% [5]. Mortality related 
to NAFLD is increasing with a reported age-standardized mortality 
annual percentage change of 11.3% between 2013-2016 [6]. NAFLD 
is less common in women than men but the more advanced form of 
NAFLD, Non-Alcoholic Steatohepatitis (NASH), appears to be more 
common in women [7]. Older age is also associated with NAFLD, but 
it is also appearing in the younger population.

The demographic characteristics also differ worldwide [5]. Europe 
and North America appear to follow similar demographic patterns for 
the prevalence of NAFLD. However, a recent study which investigated 
the prevalence of suspected NAFLD among 12,133 Hispanic/Latino 
persons found that persons of Cuban, Puerto Rican, and Dominican 
backgrounds had lower rates of suspected NAFLD when compared 
to persons of Mexican heritage while persons of Central American 
and South American lineage had a similar prevalence of suspected 
NAFLD compared to persons of Mexican heritage [7].

However, there is a paucity of data regarding the history of 
NAFLD patients currently living in their native Caribbean countries, 
particularly Cuba. In fact, the majority of studies investigating the 
impact of Latino ethnicity (Dominicans, Cubans and Puerto Ricans) 
on NAFLD were conducted on persons living in the United States 
where there are very different environmental and socioeconomic 
conditions that can impact the course of this liver disease [8-10]. 
Therefore, despite our current understanding of NAFLD and MetS, 
[11-13] understanding NAFLD by ethnicity from persons living 
in their respective Caribbean country is important for further 
understanding of the interplay between one’s environment and 
genetic make-up in the development of this metabolically based liver 
disease.

As such, this study will focus on the impact of metabolic 
syndrome and NAFLD among native Cubans to assist policy makers 
in developing targeted NAFLD interventions [14-16] that may be 
applicable to the surrounding areas as Cuba is the largest of the 
four islands that make up the Greater Antilles and is comprised of 
11,338,138 people. Cuba also has a large ethnic admixture even within 
the country due to the past conquering forces from Europe/Spain, 
slave trade from West Africa, and the indigenous population (Overall, 
64.1% of the population is European Cuban, 26.6% Mulatto or Mixed, 
and 9.3% are Afro-Cuban) [17-19]. In addition. Cuba is facing several 
major health issues, which include the growing prevalence of the 
metabolic diseases of diabetes, obesity and hypertension [20-22].

Therefore, we aimed to screen for features of MetS in patients 

with NAFLD; assess whether the NAFLD clinical profile differed by 
the presence of MetS; and identify predictors of fibrosis among those 
with NAFLD with the goal of providing a better understanding of the 
impact the presence of MetS on the outcomes of patients with NAFLD 
which may also help further the discussion on which terminology is 
more appropriate for this fatty liver disease.

Methods
Study design and Setting

A multicenter cross-sectional study was performed in adult 
patients with a well-documented diagnosis of Non-Alcoholic Fatty 
Liver Diseases (NAFLD). Patients were enrolled from outpatient 
clinics of nine hospitals in seven provinces of the country, Pinar del 
Rio, Artemisa, La Habana, Matanzas (Western region), Villa Clara, 
Camaguey (Central region) and Santiago de Cuba (Eastern region). 
Patients were continuously enrolled from September 2018 to May 
2019. The study was approved by the Institutional Review Board of all 
the participating hospitals.

Participants
The primary inclusion criteria were age ≥18 years with the 

presence of hepatic steatosis on ultrasonography in the absence of 
known secondary causes of liver fat accumulation, according to the 
criteria of the American Association for the Study of Liver Diseases 
[1]. Patients with secondary causes of hepatic fat accumulation, 
current or recent alcohol or drug abuse history, use of potentially 
hepatotoxic drugs, ischemic liver disease, alpha-1 antitrypsin 
deficiency, hemochromatosis or Wilson’s disease, viral hepatitis 
B or C, human immunodeficiency virus infection, were excluded 
from the study. In addition, those who reported excessive alcohol 
intake which was defined as more than 4 drinks on any day for men 
or more than 3 drinks for women, following the National Institute 
on Alcohol Abuse and Alcoholism (NIAAA) guidelines where one 
“standard” drink was equivalent to 1 regular beer, or 12 oz of liquor 
or 5 oz of wine or 1 shot of distilled spirit (https://www.niaaa.nih.
gov/what-standard-drink) were also excluded [23]. Social drinker or 
abstinence was assigned to those who either drank alcohol but did not 
meet the NIAAA guidelines for being a heavy drink or reported that 
they did not drink alcohol at all [23]. We also excluded those with 
hypothyroidism, hypopituitarism and polycystic ovarian syndromes 
as potentially other known causes of NAFLD.

During an office visit, after giving informed consent, demographic, 
personal habits, medical history, and clinical data were collected from 
the patients and their clinical charts. In order to standardize data 
collection, a pre-approved data collection form was used.

Data sources/ measurement
Metabolic Syndrome (MetS) was defined according to the 

National Cholesterol Education Program Adult Treatment Panel III 
(NCEP:ATPIII) criteria [24] and updated by the American Diabetes 
Association (ADA) for impaired fasting glucose tolerance [25,26] 
as any three or more of the following criteria: waist circumference 
>102cm in men, >88cm in women, triglycerides 150mg/dl or greater, 
HDL-cholesterol <40mg/dl in men and <50mg/dl in women, blood 
pressure 130/85mmHg or greater, and fasting glucose 100mg/dl or 
greater.
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Collected demographics included age, gender, ethnic groups 
(based on the color of skin: white, black and mestizo), and current 
residence (urban or rural area). The rural population refers to 
people living in rural areas as defined by national statistical office 
[27]. Demographic characteristics, anthropometric measures, and 
laboratory tests were recorded within 1 month of recruitment.

Personal habits recorded included: current smoking defined 
as regular or occasional use of tobacco products, physical activity 
defined as either sedentary which is the engagement in physical 
activity for <15 minutes less than three times a week during the last 
quarter or as the practice of any physical activity for ≤90min/week 
or regular physical activity which is the practice of regular physical 
activity or exercise for >90min/week. Activity included any activity 
that occurred in the occupational, educational, home and community 
settings as well as mode of transportation [28]. Current alcohol use 
was defined as the amount of alcohol consumed on a daily basis over 
the past six months. A family history was determined by querying the 
patients with regards to first-degree relatives with known NAFLD, 
cirrhosis, diabetes, obesity or cancer. A medical history was also 
performed which included an inquiry about a history of arterial 
hypertension defined as a Systolic Blood Pressure (SBP) ≥130mmHg 
or Diastolic Blood Pressure (DBP) ≥85mmHg or the self-reported use 
of anti-hypertensive medications [29].

A medical examination was also performed. The medical history 
included measurements of a patient’s waist circumference, weight, 
height, Body Mass Index (BMI) [30]. At each examination, three 
blood pressure measurements were taken at 10min intervals by 
centrally trained healthcare staff using an appropriately sized cuff and 
mercury sphygmomanometer (Kindcare medical system, Zhejiang, 
China), and the average blood pressure was recorded. Type 2 diabetes 
was defined as a fasting glucose ≥7mmol/l or if the 2-hour plasma 
glucose value during a 75g oral glucose tolerance test was ≥11mmol/l 
or the self-reported use of anti-diabetic medications [31]. Cirrhosis, 
was established using historic liver biopsy or, if unavailable, imaging 
and existing clinical medical records. Hyperlipidemia was defined 
as having a total cholesterol ≥5.2mmol/l and/or triglycerides 
≥1.7mmol/l or the self-reported use of statins, fibrates or any other 
anti-lipid drugs [32].

The laboratory tests included platelet counts, Alanine 
Aminotransferase (ALT) with standardized values for the Upper 
Limit Normal (ULN) of <46IU/L, Aspartate Aminotransferase (AST) 
(ULN <49IU/L), alkaline phosphatase (normal range: 60-290 IU/L), 
gamma-glutamyltransferase (normal <45IU/L), albumin (normal 
range: 38-64g/L), glucose (normal range: 4.2-6.1mmol/L), total 
cholesterol (normal range: 2.9-5.2mmol/L), triglyceride (normal 
range: 0.46-1.71mmol/L), uric acid (normal ranges: male: 208-
428, female: 155-357mmol/l) and creatinine (normal ranges: 47.6 
- 113.4mmol/L). All laboratory tests were performed using routine 
validated methods. The ULN ranges of AST and ALT used were 
provided according ALT 4+1 test validated available by HELFA 
diagnostic: https://es.scribd.com/document/383145547/Catalogode-
Tecnicas-HELFA. Hematological tests were performed using the 
BC-3200 Auto Hematology Analyzer (Mindray, Shenzhen, China) 
and biochemical parameters were measured using the Cobas C311 
Clinical Chemistry Analyzer (Roche, Basel, Switzerland).

Serum Creatinine (Scr) measurements were used to estimate 
Glomerular Filtration Rate (eGFR) using the following equation: 
Modification of Diet in Renal Disease (MDRD eGFR). (mL/
min/1.73m2) = 175* (Scr/88.4)^(-1.154)*(Age)^(-0.203)*(0.742 if 
female)*(1.212 if African American) [33] Kidney function was 
evaluated through eGFR, Chronic Kidney Disease (CKD) stage 1 if 
eGFR (CKD-MDRD) ≥90, stage 2, eGFR = 60-89, stage 3, eGFR = 
30-59, stage 4, 15-29 and stage 5<15 [34].

The presence of fibrosis was established using the AST to Platelet 
Ratio Index (APRI) and Fibrosis-4 score (FIB-4) calculated for each 
patient [35]. The cut-off points for advanced fibrosis were APRI ≥1 
and/or FIB-4 ≥2.67 [36]. Fibrosis was presumed in patients meeting 
one of the two cut-offs.

At the time of enrollment, an upper abdominal ultrasound was 
obtained using one of the following ultrasound machines: Toshiba 
Aplio 300 (Toshiba Medical Systems Europe, The Netherlands), 
Aloka SSD-4000 (Hitachi Aloka Medical Ltd) or EPIQ 5 (Philips 
Ltd). Each ultrasound was reviewed. Hyperechogenicity of liver 
(increased hepatorenal echogenicity), blurring of vascular margins, 
and increased acoustic attenuation defined the presence of NAFLD.

Statistical analysis
Patients’ clinico-demographic characteristics were summarized 

as N (%) or mean +/- standard deviation. Subgroup analyses were 
performed on the predefined subgroups of: patients with and without 
MetS and patients with and without fibrosis based on the definitions 
described above. Comparison of parameters between groups was 
done using chi-square test or Mann-Whitney non-parametric test 
for categorical and continuous parameters, respectively. Independent 
predictors of fibrosis in patients with NASH were assessed using 
multiple logistic regression. P-values of less than 0.05 were considered 
statistically significant.

All analyses were run using SAS 9.4 (SAS Institute, Cary, NC, 
USA).

Results
Of the 6601 patients who visited a clinic during the study period, 

1070 met the eligibility criteria and 819 (76.5%) completed all labs 
and clinical data; the other 251 patients had insufficient medical 
records for extraction of required data or did not provide informed 
consent (Figure 1). Patients included were, on average, 54.9 (±10.9) 
years of age, 60.3% female, 65.8% white, 95.1% from urban residency, 
with a mean BMI of 30.7±4.6 kg/m2 (Table 1).

The mean age of all patients was above 50 years but different 
means between males and females were seen, woman were older, 53.2 
± 11.1 vs. 56.1 ± 10.6 (p=0.0042) respectively.

By region, the majority of enrolled patients came from the Western 
provinces (n=638 (77.9%)), 8.1% from the Central provinces (n=66), 
and 115 (14%) from the Eastern provinces. Sociodemographic profile 
of the patients by province was a bit different such that 95.5% and 
70.1% of patients who came from the Central and Western provinces 
were white, respectively, while 65.2% of the Eastern provinces were 
mestizos. Male gender in the Central province was only 24.2% while 
the Eastern province had the highest percent of males at 47.8%. Of 
the 40 patients from a rural residency, 18 (45%) lived in the Western 
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Figure 1: Patient Selection Flowchart.

  NAFLD/MetS NAFLD/No MetS p All

Variable N = 563 (68.7%) N = 256 (31.3%)   819 (100%)

Age, years 55.7 ± 10.6 53.3 ± 11.2 0.0515 54.9 ± 10.9

Gender (male), n (%) 183 (32.5%) 142 (55.5%) <0.0001 325 (39.7%)

Ethnic groups

White 372 (66.1%) 167 (65.2%) 0.8142 539 (65.8%)

Black 74 (13.1%) 45 (17.6%) 0.0951 119 (14.5%)

Mestizo 117 (20.8%) 44 (17.2%) 0.2303 161 (19.7%)

Residence

Urban 530 (94.1%) 249 (97.3%) 0.0543 779 (95.1%)

Rural 33 (5.9%) 7 (2.7%) 0.0543 40 (4.9%)

Personal Habits

Current Smokers, n (%) 120 (21.3%) 36 (14.1%) 0.0143 156 (19.0%)

Physical Activity, n (%)

Regular 313 (55.6%) 208 (81.3%) <0.0001 521 (63.6%)

Sedentary 155 (27.5%) 28 (10.9%) <0.0001 183 (22.3%)

Body Mass Index, kg/m2 30.8 ± 4.6 30.5 ± 4.7 0.5887 30.7 ± 4.6

Waist Circumference (cm)

Female 99.2 ± 12.4 92.9 ± 11.4 <0.0001 97.8 ± 12.4

Male 103.3 ± 11.6 93.9 ± 10.9 <0.0001 99.2 ± 12.2

Family history, n (%)

NAFLD 89 (17.1%) 13 (5.5%) <0.0001 102 (13.4%)

Cirrhosis 45 (8.6%) 3 (1.3%) 0.0001 48 (6.3%)

Diabetes 244 (46.8%) 53 (22.3%) <0.0001 297 (39.1%)

Obesity 187 (35.9%) 42 (17.6%) <0.0001 229 (30.2%)

Cancer 123 (23.6%) 29 (12.2%) 0.0003 152 (20.0%)

Table 1: Demographic and clinical characteristics of patients with NAFLD with and without Metabolic Syndrome (NCEP: ATPIII).
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province and 20 (55.5%) were from the Eastern (Figure 2 and Graphic 
1).

Metabolic syndrome in NAFLD patients
Of the 819 patients enrolled, 563 (68.7%) met the NCEP:ATPIII 

criteria for MetS (Figure 1). The demographics and clinical data of 
NAFLD patients by MetS diagnosis are also summarized in Table 1. 
The MetS group was of similar age to no MetS. The MetS group had 
significantly more females (67.5%) compared to the no MetS group 
(44.5%, P<0.0001). Personal habits like current smoking were most 
common in the MetS group (21.3% vs. 14.1%, P=0.014) while the 
practice of regular exercise was significantly more common in no 
MetS group (81.3% vs. 55.6%, P<0.001), conversely, the MetS group 
was more sedentary (27.5% vs. 10.9%, P<0.0001). BMI did not differ 
among groups (p=0.60) though waist circumference for both males 
and females was significantly higher in the MetS group (P<0.0001) 
(Table 1).

The MetS group also had significantly more first-degree relatives 
with known NAFLD, cirrhosis, diabetes, obesity, and/or cancer, and 
a personal history and reports of fatigue, abdominal pain, dyspepsia, 
thyroid disease, etc (all P <0.03). Of the 20 patients with a previous 

history of cancer, the most frequent were cervix cancer (n=6) followed 
by breast and prostate (n=3, each), colon and thyroid (n=2, each), 
lung, lymphoma, melanoma and hypernephroma (n=1, each) (Table 
1). MetS patients also presented with higher average blood pressure 
readings (systolic 131.3±16.2 vs. 123.8±11.3, P<0.0001 and diastolic 
84.1±10.2 vs. 81.0±7.8, P<0.0001) than the no MetS group. The mean 
eGFR for the MetS group was considerably lower than the no MetS 
group (77.6±22.3 vs. 90.3±27.5, P<0.0001) (Table 1). Patients with 
MetS also had higher ALT, AST, GGT, glycaemia, cholesterol, and 
triglyceride levels (p<0.05) (Table 2).

Using the calculated eGFR, the number of patients for each 
stage of Chronic Kidney Disease (CKD) among the overall group 
regardless of the metabolic syndrome status (n=819) were as follows: 
stage 1 ≥90mL/min (n=239) 32.56%; stage 2 eGFR = 60-89 mL/min 
(n=354) 48.23%; stage 3 eGFR = 30-59 mL/min (n=140) 19.07%, and 
stage 4 (n=1) 0.14%. We found 85 (10.3%) were missing values to 
calculate the eGFR.

The majority of NAFLD patients (67.4%) had eGFR below 90mL/
min/1.73m2. Patients with MetS had more impairment of renal 
function where CKD stage 1 was more frequent in NAFLD without 

Blood pressure (mmHg)

Systolic 131.3 ± 16.2 123.8 ± 11.3 <0.0001 128.9 ± 15.2

Diastolic 84.1 ± 10.2 81.0 ± 7.8 <0.0001 83.1 ± 9.6

History of n (%)

Fatigue 184 (32.7%) 45 (17.6%) <0.0001 229 (28.0%)

Abdominal pain 209 (37.1%) 34 (13.3%) <0.0001 243. 9.7%)

Muscle pain 57 (10.1%) 9 (3.5%) 0.0013 66 (8.1%)

Dyspepsia 134 (23.8%) 39 (15.2%) 0.0054 173 (21.1%)

Hepatomegaly 148 (26.3%) 19 (7.4%) <0.0001 167 (20.4%)

Xantoms 56 (9.9%) 5 (2.0%) 0.0001 61 (7.4%)

Cirrhosis 36 (6.4%) 1 (0.4%) 0.0001 37 (4.5%)

Type 2 diabetes 203 (36.1%) 17 (6.6%) <0.0001 220 (26.9%)

Hypertension 358 (63.6%) 56 (21.9%) <0.0001 414 (50.5%)

Hyperlipidemia 321 (57.0%) 20 (7.8%) <0.0001 341 (41.6%)

Thyroid diseases 32 (5.7%) 6 (2.3%) 0.0352 38 (4.6%)

Heart attack 142 (25.2%) 5 (2.0%) <0.0001 147 (17.9%)

Cancer 19 (3.4%) 1 (0.4%) 0.0105 20 (2.4%)

eGFR (mL/min/1.73 m2). CKD/MDRD 77.6 ± 22.3 90.3 ± 27.5 <0.0001 81.5 ± 24.7

eGFR cut-offs (mL/min/1.73 m2), CKD-MDRD, n (%)

stage 1: eGFR≥90 129 (25.4%) 110 (48.7%) 0 239 (32.6%)

stage 2: eGFR 60-89 260 (51.2%) 94 (41.6%) 0.0164 354 (48.2%)

stage 3: eGFR 30-59 118 (23.2%) 22 (9.7%) 0 140 (19.1%)

stage 4: eGFR 15-29 1 (0.2%) 0 (0.0%) 0.5045 1 (0.1%)

Fibrosis n (%) 96 (17.1%) 18 (7.0%) 0.0001 114 (13.9%)

APRI (≥1.0), n (%) 82 (14.6%) 12 (4.7%) <0.0001 94 (11.5%)

FIB-4 (≥2.67), n (%) 66 (11.7%) 11 (4.3%) 0.0007 77 (9.4%)

APRI score 0.657 ± 0.651 0.467 ± 0.269 0.0003 0.598 ± 0.567

FIB-4 score 1.72 ± 1.16 1.38 ± 0.63 <0.0001 1.62 ± 1.04
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MetS (48.7% vs. 25.4%) while stage 2-4 was more prevalent among 
NAFLD patients with MetS (74.6% vs. 51.3%) (p<0.001).

Advanced fibrosis in NAFLD with Metabolic Syndrome
Fibrosis was present in 114 (13.9%) patients. The MetS group 

had significantly more fibrosis than the no/MetS group (17% vs. 7%; 
p=0.0001) (Table 1). Of 114 patients with fibrosis, 94 (82.5%) patients 
had an APRI ≥1 whereas 77 (67.5%) patients had a FIB-4 ≥2.67.

Comparison of patients with and without fibrosis is shown in 
Table 3. Patients with fibrosis were older (mean age 57.7 vs. 54.5, 
P=0.0015), of mestizos ethnicity (36.8% vs. 16.9%, P<0.0001), and 
more likely from a rural area (17.5% vs. 2.8%, P<0.0001). Personal 
habits like smoking did not differ among groups but patients with 
fibrosis were more sedentary (39.5% vs. 19.6%, P<0.0001) with less 
regular activities (35.1% vs. 68.2%, P<0.0001). BMI mean in fibrosis 
patient was lower (29.8±4.3 vs. 30.9±4.6, P=0.02) whereas waist 
circumference did not differ among females; males with fibrosis 
had more central obesity with a waist circumference of 102.9±11.4 
vs. 98.5±12.3 cm, (P=0.002). Patients with fibrosis also had more 
hyperlipidemia. Except for cancer, family history of NAFLD, 
cirrhosis, diabetes, and obesity were more frequent in patients with 
fibrosis. History of hypertension, thyroid diseases, and cancer were 
similar among patients with or without fibrosis. Patients with fibrosis 
had a lower mean eGFR (74.2±22.8) when compared to the no fibrosis 
group (82.8±24.8, P=0.0003) (Table 3).

Predictors of fibrosis in patients with NAFLD
Independent predictors of fibrosis in NAFLD patients are 

summarized in Table 4. As shown, having metabolic syndrome was 
found to be independently associated with fibrosis in patients with 
NAFLD: odds ratio = 2.05 (95% CI 1.10-3.81) (p=0.024). Other 
predictors of fibrosis were male gender, rural residence, sedentary life 
style, family history of NAFLD, and lower eGFR (p<0.05) (Table 4). 
In contrast, there was no association of age, ethnicity, and smoking 
status (all p>0.05) with the risk for fibrosis (Table 4).

Discussion
This national study has provided knowledge about the burden of 

MetS in Cuban patients with NAFLD seen in real-world practices in 
Cuba. Our study enriches the knowledge regarding the association 
between NAFLD and MetS especially as the other studies conducted 
in Cuba were on smaller samples of patients with NAFLD [37-40].

In the current data, we found that there was a high prevalence 
of MetS in those with NAFLD, the majority of patients with NAFLD 
were female and those with NAFLD and MetS had a worse clinical 
profile. Overall, over two out of every three patients with NAFLD had 
MetS (68.7%) where for every three patients with NAFLD MetS, two 
were women. The prevalence of smoking and sedentarism, a family 
history of chronic diseases, and the significant presence of liver 
cirrhosis were all remarkable in the MetS group.

Our understanding of sex differences in NAFLD is expanding. In 
a recent review summarizing the current knowledge of sex differences 
in NAFLD, NAFLD prevalence and incidence were reported higher 
in men than in premenopausal women (or age ≤ 50-60 years) but 
was found to be more common in women after menopause (or 
age ≥ 50-60 years) probably due to the result of the loss of the 
protective estrogen effect which then caused body fat redistribution 
to the abdomen, favoring the appearance of MetS [41]. As seen in 
our study, this phenomenon of fat redistribution was recognized 
in overweight/obese females in that their waist circumference was, 
on average, less than four centimeters different than males which is 
dramatically different than what has been reported to be the male to 
female difference of approximately 10 centimeters among those not 
over weight [42]. Additionally, over the past two decades, the obesity 
prevalence among the female Cuban population became greater than 
among the males [21]. As such, we suggest that the presence of MetS 
or features of MetS such as obesity and increased waist circumference 
in females warrants further assessment for the presence of NAFLD.

Those with MetS were also found to have over two times greater 
risk for the development of NAFLD related fibrosis than those without 
MetS. In addition, male gender, rural residence, sedentary life style, 

Figure 2: Sociodemographic profile by regions of patients with non-alcoholic fatty liver disease; Cuba 2019.
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  NAFLD/MetS NAFLD/No MetS p All

Variable n = 563 (68.7%) n = 256 (31.3%)   819 (100%)

ALT (U/L) 65.5 ± 46.0 51.7 ± 28.6 0.001 61.2 ± 41.8

AST (U/L) 58.7 ± 46.5 45.5 ± 23.3 0.0057 54.6 ± 41.1

Alkaline phosphatase (U/L) 167.6 ± 91.4 136.0 ± 71.1 <0.0001 157.9 ± 86.8

GGT (U/L) 78.8 ± 84.6 58.3 ± 55.6 0.0036 74.5 ± 79.8

Fasting blood glucose (mmol/L) 6.65 ± 2.41 5.07 ± 1.11 <0.0001 6.16 ± 2.22

Total cholesterol (mmol/L) 5.75 ± 1.49 4.71 ± 1.01 <0.0001 5.53 ± 1.46

Triglycerides (mmol/L) 2.56 ± 1.30 2.13 ± 1.10 <0.0001 2.43 ± 1.25

Albumin (g/L) 44.0 ± 6.3 47.1 ± 6.6 <0.0001 45.0 ± 6.6

Creatinine (mmol/L) 81.0 ± 18.4 76.0 ± 14.7 0.0013 79.5 ± 17.5

Uric acid (mmol/mL) 337.8 ± 94.4 321.8 ± 82.5 0.0775 333.1 ± 91.3

Platelet count/109/L 244.0 ± 64.2 257.7 ± 63.3 0.0057 248.3 ± 64.2

Table 2: Baseline laboratory parameters of patients with NAFLD with and without Metabolic Syndrome (NCEP: ATPIII).

  Fibrosis No fibrosis p All

Variable n = 114 (13.9%) n = 705 (86.1%)   819 (100%)

Age. years 57.7 ± 12.7 54.5 ± 10.5 0.0015 54.9 ± 10.9

Gender (male), n (%) 53 (46.5%) 272 (38.6%) 0.1092 325 (39.7%)

Ethnic groups        

White 61 (53.5%) 478 (67.8%) 0.0028 539 (65.8%)

Black 11 (9.6%) 108 (15.3%) 0.1109 119 (14.5%)

Mestizo 42 (36.8%) 119 (16.9%) <0.0001 161 (19.7%)

Residence        

Urban 94 (82.5%) 685 (97.2%) <0.0001 779 (95.1%)

Rural 20 (17.5%) 20 (2.8%) <0.0001 40 (4.9%)

Personal Habits        

Current smokers, n (%) 25 (21.9%) 131 (18.6%) 0.3982 156 (19.0%)

Physical Activity, n (%)        

Regular 40 (35.1%) 481 (68.2%) <0.0001 521 (63.6%)

Sedentary 45 (39.5%) 138 (19.6%) <0.0001 183 (22.3%)

Body Mass Index, kg/m2 29.8 ± 4.3 30.9 ± 4.6 0.0186 30.7 ± 4.6

Waist Circumference (cm)        

Female 99.5 ± 12.5 97.5 ± 12.4 0.0751 97.8 ± 12.4

Male 102.9 ± 11.4 98.5 ± 12.3 0.0023 99.2 ± 12.2

Family history, n (%)        

NAFLD 40 (36.7%) 62 (9.5%) <0.0001 102 (13.4%)

Cirrhosis 18 (16.5%) 30 (4.6%) <0.0001 48 (6.3%)

Diabetes 59 (54.1%) 238 (36.6%) <0.0001 297 (39.1%)

Obesity 51 (46.8%) 178 (27.4%) <0.0001 229 (30.2%)

Cancer 21 (19.3%) 131 (20.2%) 0.8302 152 (20.0%)

Blood pressure (mmHg)        

Systolic 130.4 ± 15.1 128.7 ± 15.2 0.2602 128.9 ± 15.2

Diastolic 82.7 ± 10.8 83.2 ± 9.4 0.656 83.1 ± 9.6

History of n (%)        

Fatigue 44 (38.6%) 185 (26.2%) 0.0064 229 (28.0%)

Table 3: Analyses of factors related to fibrosis in NAFLD patients. Patients were presumed to have fibrosis if they had APRI >= 1 or FIB-4 >=2.67.
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Abdominal pain 60 (52.6%) 183 (26.0%) <0.0001 243 (29.7%)

Muscle pain 30 (26.3%) 36 (5.1%) <0.0001 66 (8.1%)

Dyspepsia 41 (36.0%) 132 (18.7%) <0.0001 173 (21.1%)

Hepatomegaly 60 (52.6%) 107 (15.2%) <0.0001 167 (20.4%)

Xantoms 26 (22.8%) 35 (5.0%) <0.0001 61 (7.4%)

Cirrhosis 22 (19.3%) 15 (2.1%) <0.0001 37 (4.5%)

Type 2 diabetes 55 (48.2%) 165 (23.4%) <0.0001 220 (26.9%)

Hypertension 61 (53.5%) 353 (50.1%) 0.4957 414 (50.5%)

Hyperlipidemia 73 (64.0%) 268 (38.0%) <0.0001 341 (41.6%)

Thyroid diseases 5 (4.4%) 33 (4.7%) 0.8895 38 (4.6%)

Heart attack 21 (18.4%) 126 (17.9%) 0.8873 147 (17.9%)

Cancer 7 (6.1%) 13 (1.8%) 0.0058 20 (2.4%)

eGFR (mL/min/1.73m2), CKDMDRD 74.2 ± 22.8 82.8 ± 24.8 0.0003 81.5 ± 24.7

Fibrosis non-invasive scores        

APRI score 1.57 ± 0.97 0.440 ± 0.214 <0.0001 0.598 ± 0.567

FIB-4 score 3.32 ± 1.71 1.34 ± 0.48 <0.0001 1.62 ± 1.04

Univariate      

Predictor OR 95% CI p

MetS ATPIII 2.72 1.60-4.60 0.0002

Age per year 1.029 1.010-1.049 0.0035

Male (ref: female) 1.38 0.93-2.06 0.1102

Ethnicity: white 0.55 0.37-0.82 0.0031

Rural residence (ref: urban) 7.29 3.78-14.05 <0.0001

Current smoker 1.23 0.76-1.99 0.3989

Body mass index per kg/m2 0.942 0.898-0.988 0.0137

Waist circumference ≥ 102/88cm for male/female 1.09 0.71-1.66 0.6959

Diabetes (clinical diagnosis or fasting blood glucose >= 5.6mg/dL) 2.22 1.44-3.42 0.0003

Physical activity: Sedentary (<15 min/day <3 days/week) 2.68 1.76-4.08 <0.0001

Family history of cirrhosis 4.09 2.19-7.63 <0.0001

Family history of NAFLD 5.5 3.44-8.79 <0.0001

Family history of obesity 2.33 1.54-3.53 <0.0001

Albumin per g/dL 0.864 0.831-0.897 <0.0001

Total cholesterol per mg/dL 1.388 1.206-1.598 <0.0001

Fasting blood glucose per mg/dL 1.349 1.243-1.463 <0.0001

Triglycerides per mg/dL 1.442 1.254-1.659 <0.0001

eGFR per unit 0.983 0.973-0.993 0.0006

GGT per U/L 1.009 1.006-1.011 <0.0001

Alkaline phosphatase per U/L 1.013 1.011-1.016 <0.0001

Multivariate      

Predictor OR 95% CI p

MetS ATPIII 2.05 1.10-3.81 0.0239

Age 1.012 0.989-1.036 0.31

Male (ref: female) 3.19 1.87-5.44 <0.0001

Ethnic White 0.67 0.42-1.08 0.1

Rural residence (ref: urban) 5.3 2.45-11.47 <0.0001

Table 4: Predictors of fibrosis in patients with NAFLD.
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Current smoker 0.72 0.40-1.29 0.27

Physical Activity: sedentary 2.55 1.48-4.39 0.0007

Family history of cirrhosis 1.04 0.46-2.37 0.93

Family history of NAFLD 2.81 1.52-5.19 0.001

Family history of obesity 1.2 0.70-2.05 0.51

eGFR per unit 0.986 0.974-0.997 0.0122

Univariate models: Each parameter was tested as a single predictor of fibrosis in a separate regression model; Multivariate: Predictors from the univariate models were 
not included if collinearity with MetS (by definition diabetes, BMI, waist circumference, laboratory parameters] was found.

family history of NAFLD, and lower eGFR were all predictors of 
fibrosis. Interesting, despite more females having MetS and fibrosis, 
males were over three times as likely to be at risk for fibrosis when 
compared to females. This finding can partially be explained by age as 
age became not significant in our multivariate analysis when gender 
was held constant suggesting that though females were older, the 
effects of the menopausal loss of estrogen had not caught up yet to 
effects of MetS on males. Together these factors again suggest that 
there is a significant interplay between environment, gender, and 
genetics that play a role in the development of not only NAFLD but 
NAFLD related fibrosis [43-47].

In fact, in regards to environment, we found that those who 
resided in a rural area were over five times more likely to develop 
fibrosis. Rural residency is a similar finding from a recent study where 
they too found patients with NASH cirrhosis were most likely to have 
come from a rural area [48]. Notably in our study, the provinces 
of Cuba were distinctly different in their sociodemographic make 
up where the Western region was mostly white, female with 2.8% 
residing in a rural area while the Eastern region was more likely to 
be Mestizo, either male or female with almost 20% residing in a rural 
area, and the Central region was most likely to be white, female with 
no one residing in a rural area suggesting that the Eastern region may 
require more focused interventions.

However, despite these differences, a recent survey on risk factors 
and non-communicable diseases in Cubans [49], found that the rural 
and urban populations were similar in demographics, personal habits, 
and anthropometrics with only a few nutritional habits reported as 
different (ex. rural residents had higher consumption of saturated fats 
23.1% vs. 9.7%; urban resident used more salt and consumed less fruit 
and vegetables). On the other hand, the report also noted that Cubans 
in general displayed several unhealthy eating habits associated with 
the development of fatty liver [50,51] which include an insufficient 
consumption of fruits and vegetables, use of saturated fats while 
cooking, not eating breakfast, and adding salt to meals after they were 
prepared [49]. Which, when these points are taken together, suggests 
that diet plays a role in the development of NAFLD for all Cubans but 
still does not fully explain the impact of rural residency.

Another possible explanation may be related to access to 
healthcare such that those who live in rural areas lack access to care. 
However, it is important to note that since 1984 Cuba has had a Family 
Doctor Program that guarantees free access to healthcare through the 
family doctor and nurse teams that are located in neighborhoods 
across the country (including rural areas). Despite the availability of 
these clinics, rural residents may still have to travel long distances to 
seek care especially for subspecialist services such as gastroenterology, 
endocrinology, hepatology, etc. As such, it is probable that travel may 

be a barrier to seeking care early in the course of disease. This fact is 
compounded by NAFLD being considered a “silent” disease and a lack 
of risk perception such that only when symptoms of advanced liver 
disease are present do residents seek medical care [52-54]. Therefore, 
we suggest that Cuba’s national chronic non-communicable disease 
program [52,53] could be enhanced by incorporating active and early 
screening for NAFLD in high risk groups such as those with MetS and 
those residing in rural areas which is of utmost importance as cirrhosis 
is the ninth cause of death in Cuba [20]. Additional interventions are 
also needed to increase both awareness of NAFLD and its outcomes 
and to reverse its disease progression [54-56].

Alarmingly, though, were the values of eGFR detected in this 
study. The median eGFR reported for the Cuban population is 
110.8mL/min/1.73m2 (95% confidence interval: 108.9-112.7 mL/
min/1.73m2) with almost 95% of the entire population having an 
eGFR greater than 60mL/min/1.73m2 [49] However, among patients 
with NAFLD in our study, the mean eGFR at baseline was of 81.5mL/
min/1.73m2 where over 67% of those with NAFLD fell into CKD stages 
2 and 3. Though the patients in this study share common metabolic 
risk factors associated with CKD which may partially explain these 
results, the impaired renal function may also be associated with more 
severe disease related to NAFLD [57] as NAFLD has been found 
to be independently associated with an increased risk of advanced 
CKD development even after stratification by age, gender and pre-
existing comorbidities [58]. Additionally, a recent study found that 
improvement in liver histology from lifestyle modification (diet 
and exercise) was independently associated with improved kidney 
function [15]. Although, we were not able to determine urine protein 
excretion in order to meet the complete definition of chronic kidney 
disease, in particular for stage 1 or 2, we do suggest that efforts must be 
undertaken to address this apparent interaction of renal impairment, 
MetS, and those with NAFLD in Cuba [59-61].

Limitations inherent to the study design need to be acknowledged. 
Since our study patients were recruited from hospitals and a tertiary 
referral center, a natural study selection bias may have occurred 
whereby our study findings may not be a representation of all patients 
with NAFLD in Cuba. In addition, a proportion of eligible patients 
with a probable diagnosis of NAFLD were not included because they 
did not consent to participate or did not complete the data required 
for the study, so we suggest that there is an underestimation of the 
frequency of NAFLD. Our NAFLD diagnosis was made only based on 
sonography due its inexpensiveness and non-invasiveness. However, 
despite the selection bias that may have occurred, sonography is 
the most widely used non-invasive method at this time for the 
diagnosis of NAFLD so any discrepancy would be found across all 
study populations. Fibrosis was also determined using non-invasive 
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methods so there is a potential for misclassification bias, but since 
several studies have demonstrated the deleterious effect of multiple 
components of the metabolic syndrome on increasing the risk for 
severe liver disease [62-64], we feel our fibrosis results are fairly 
accurate. Finally, we were unable to report the impact of both dietary 
and environmental factors on the development of steatosis which 
may also help to explain the association of rural residency with the 
presence of more advanced fibrosis cases. We suggest that further 
natural history studies on NAFLD consider collecting dietary and 
environmental factors that have been reported to be associated with 
NAFLD [63,64].

Summary
Our multi-center study of a diverse population highlights the 

higher clinical impairment of NAFLD patient with features of 
metabolic syndrome to include an increased risk of fibrosis which is 
important as NAFLD will become the leading aetiology of chronic 
liver disease in Cuba in the near future due the growing prevalence 
of diabetes, obesity and hypertension. However, perhaps most 
importantly, we found that living in a rural area was the strongest 
predictor for the development of NAFLD related fibrosis suggesting 
that an environment located further away from health care and the 
lack of risk perception may play a large role in fibrosis development. 
In addition, over two thirds of those with NAFLD have indications of 
renal disease. Taken together, health policy must focus to determine 
how best to provide early screening of NAFLD, particularly of higher 
risk groups and identify the reasons for delayed diagnosis especially 
to for those in rural areas.
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