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Background: Cardiovascular diseases are responsible for the majority of deaths resulting from non-alcoholic fatty liver
disease (NAFLD). NAFLD is associated with hypertension and this is a key predictor of severe liver outcomes and an
indicator of nonspecific portal fibrosis.

Aim: To assess the association between hypertension and NAFLD severity.

Methods: We conducted a secondary analysis of data from Peruvian adults with obesity and NAFLD who attended a Peruvian
bariatric center. The severity of NAFLD was assessed using the Fatty Liver Inhibition of Progression algorithm / Steatosis, Activity
and Fibrosis score. Hypertension was determined by either being recorded in the medical records or if the patient had a systolic
pressure > 140 mmHg or diastolic pressure > 90 mmHg. To evaluate the association of interest, we calculated crude and adjusted
prevalence ratios (aPR) using Poisson generalized linear models with logarithmic link function and robust variances. For the
multivariable models, we adjusted for age, sex, physical activity and smoking.

Results: Our study included 234 participants. The prevalence of hypertension was 19.2%, while the prevalence of severe NAFLD was
46.2%. After adjusting for confounders, the prevalence of hypertension was found to be significantly higher in the severe NAFLD
group compared to the non-severe group (aPR = 1.33; 95% CI: 1.03—1.74). When stratified by the presence of metabolic syndrome
(MetS), the association remained significant only in the group without MetS (aPR = 1.80; 95% CI: 1.05-3.11).

Conclusion: We found an association between hypertension and severe NAFLD in adults with obesity, particularly in those without
MetS.
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Introduction

Obesity is a multifactorial disease and is considered a public health problem worldwide. In 2014, the prevalence in male and
female adults was 11% and 15%, respectively.' In 2019, the National Institute of Statistics and Informatics (INEI, by its acronym
in Spanish), reported that 22.3% and 14.1% of the Peruvian population older than 15 years had obesity and hypertension,
respectively.” Obesity coexists with other chronic diseases, including non-alcoholic fatty liver disease (NAFLD).?

NAFLD has a worldwide prevalence of 25%; it is higher in the Middle East (32%) and South America
(31%).* Its progression leads to non-alcoholic steatohepatitis (NASH) and cirrhosis.”® Besides liver complica-
tions, the prevalence of several non-communicable diseases (NCDs) in patients with NAFLD is high: obesity
(51.3%), diabetes mellitus (22.5%), dyslipidemia (69.2%) and hypertension (39.3%). Furthermore, it was seen

Clinical and Experimental Gastroenterology 2023:16 129136 129
Received: 13 February 2023 © 2023 Chambergo-Michilot et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.
AT com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By

Accepted: 13 June 2023
Published: 14 August 2023

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4664-2856
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chambergo-Michilot et al Dove

that the prevalence of these pathologies increased if patients with NASH.* As a result, patients with NAFLD
have a higher risk of cardiovascular disease (CVD) than patients without it.”® Besides, the risk of CVD mortality
may be greater in patients with NASH and advanced fibrosis rather than simple steatosis.® This suggests
a relationship between liver disease progression and cardiovascular pathology.

The coexistence of NAFLD and hypertension quadruples the risk of atherosclerosis in adults compared to
those with only hypertension or only NAFLD, which represent a significantly risk for CVD.? This underlines the
importance of investigating the relationship between these two pathologies. Previous studies have reported that
hypertension may be a consequence of NAFLD,'*'? as much as a predictor of severe liver outcomes.'*'* The
association between the presence of NAFLD and an increased risk for CVD is well-documented. Among these
associated conditions, hypertension is particularly notable.'”> It has been demonstrated that the pathological
changes brought about by NAFLD can significantly impact myocardial structure and endothelial function, both
of which are crucial factors in the development and progression of hypertension.'® However, the information is
still limited regarding NAFLD severity and its linkage with hypertension. For example, previous research only
studied Asian and European populations with small sample sizes. Likewise, it did not use biopsy (the gold
standard) for the diagnosis of NAFLD,'®'? which may provide more accurate results. Therefore, this study
aimed to assess the association between hypertension and the severity of biopsy-proven NAFLD in adults with
obesity.

Methods
Study Design

Cross-sectional analysis of secondary data from a private bariatric center.

Population and Sample

Adults with obesity and NAFLD, who attended a private bariatric center located in Lima (Peru) between 2017 and 2020.
We included people aged between 18-59 years old with a body mass index (BMI) > 30 kg/m? and biopsy-proven

NAFLD. We excluded adults with self-reported harmful alcohol consumption, those with a history of acute myocardial

infarction (history or ischemia found in electrocardiogram), history of hepatitis B or C, autoimmune liver diseases,

hemosiderosis, hemochromatosis, chronic consumption of drugs that can induce secondary NAFLD/NASH (eg tamox-

ifen, methotrexate, amiodarone, corticosteroids, valproate and nitrofurantoin), pregnant women, and patients with less

than 10 portal spaces and/or depth <Smm in the biopsy.

Outcome

The severity of NAFLD according to the liver biopsies of all patients was evaluated using the Fatty Liver Inhibition
of Progression algorithm / Steatosis, Activity and Fibrosis score (FLIP/SAF).!” The SAF score assessed the grade of
steatosis (S): SO (<5%), S1 (5-33%), S2 (34—66%) and S3 (>67%), the grade of activity (A): A0 to A4, according to
the grade of hepatocellular ballooning with lobular inflammation, and the fibrosis (F): from FO to F4. Severe
NAFLD was defined by A>3 and/or F>3 at SAF score. These assessments were performed by two external
pathologists. Their findings were then provided to the clinical team of the bariatric center, who incorporated this

information into their database.

Exposure
Hypertension was defined if the patient had a mean systolic pressure (SBP) >140 mmHg or diastolic pressure (DBP) >90
mmHg using ambulatory blood pressure monitoring at admission, or if hypertension was stated in the clinical history

regardless of whether it was controlled or not.
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Other Variables

We collected the following variables: age, sex (female or male), T2DM, insulin resistance (defined as an
Homeostasis Model Assessment (HOMA-IR) >2.5), metabolic syndrome (MetS) (defined according International
Diabetes Federation criteria),'® history of tobacco use, morbid obesity (BMI >40 kg/m?), physical activity (defined

as 150 min/week, or at least 30 min/5 days a week, of moderate-intensity activity), BMI (kg/m?), abdominal
circumference (cm), hemoglobin (g/dL), glucose (mgdL), cholesterol (mg/dL), high-density-lipoprotein (mg/dL),
low-density-lipoprotein (LDL, mg/dL), triglycerides (mg/dL), HOMA-IR and serum insulin (uU/mL).

Statistical Analysis

Data analysis was performed in Stata v16 (StataCorp, TX, USA). Qualitative variables were presented as
absolute and relative frequencies. Quantitative variables were expressed as mean (with standard deviation) or
median (with p25-p75) according to their distribution, which was evaluated with the histogram, skewness and
kurtosis.

Bivariate analyses were presented according to the presence of hypertension and severe NAFLD. For assessing the
relationship between hypertension or severe NAFLD with numerical independent variables, the Student’s #-test or Mann
Whitney U-test was used, according to the distribution. For assessing the relationship with categorical variables, the Chi*
test or Fisher’s exact test was used.

To assess the association between hypertension and severe NAFLD, crude (cPR) and adjusted prevalence
ratios (aPR) were calculated using Poisson generalized linear models with logarithmic link function and robust
variances. For the multivariable models, we followed an epidemiological approach, adjusting for age, sex,
physical activity and smoking status. Additionally, we evaluated whether the variables of morbid obesity and
MetS were effect modifiers, using the Wald test and the comparison of models with the log-likelihood ratio test.
Since we found that MetS was an effect modifier, we presented our models stratified. We also assessed the
presence of multicollinearity using the variance inflation factor (VIF), considering values less than 10 as
acceptable. All models were presented with their 95% confidence intervals (95% CI), and a p-value <0.05 was
considered significant for all tests.

Ethics

The present study was approved by the Institutional Review Board of the Clinica Avendafio. In addition, this was
an analysis of a secondary database and the data were not personally identifiable. The project adhered to the
principles of confidentiality and anonymity, according to the Declaration of Helsinki and its subsequent revisions.

Results

Characteristics of the Study Population
We included 234 participants in the study. A total of 63.2% (n=148) were women. The prevalence of hypertension was
19.2% (n=45), while the prevalence of severe NAFLD was 53.8% (n=126).

Characteristics of the Study Population According to the Presence of Severe NAFLD
We observed a higher frequency of severe NAFLD in participants with hypertension (68.9% vs 3.1%, p = 0.024), MetS
(62.1% vs 43.1%; p = 0.004), and insulin resistance (56.3% vs 28.6%, p = 0.015) compare to participants without these
conditions. Furthermore, we found significantly higher medians for glucose (94 vs 89; p<0.001) and HOMA-IR (5.6 vs
5.1; p = 048) in participants with severe disease (Table 1).

Characteristics of the Study Population According to the Presence of Hypertension

We observed a significantly higher frequency of hypertension in participants with severe NAFLD compared to
non-severe NAFLD (24.6% vs 13.0%, p =0.024). In patients with hypertension, the means were significantly
higher for SBP (131.7 vs 117.6, p = <0.001), DBP (85.3 vs 76.8, p = <0.001), BMI (41.0 vs 38.3, p = 0.005),
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Table | Sociodemographic, Clinical, Anthropometric and Laboratory Characteristics

According to NAFLD Severity (n=234)

Variables Severe Disease P
Yes (n=126) No (n=108)
n (%) n (%)
Sex 0.202*
Male 51 (59.3) 35 (40.7)
Female 75 (50.7) 73 (49.3)
Age 0.581%
18-29 years 31 (50.8) 30 (49.2)
30-59 years 95 (54.9) 78 (45.1)
Hypertension 0.024*
Yes 31 (68.9) 14 (31.1)
No 95 (50.3) 94 (49.7)
SBP (mmHg)* 121.0 + 12.4 1194 + 12.1 0310t
DBP (mmHg)* 788 £9.8 780 %77 0.4641
Type 2 diabetes 0.215%
Yes I'l (68.8) 5@313)
No 115 (52.8) 103 (47.3)
Insulin resistance 0.015%
Yes 120 (56.3) 93 (43.7)
No 6 (28.6) 15 (71.4)
Metabolic syndrome 0.004*
Yes 82 (62.1) 50 (37.9)
No 44 (43.1) 58 (56.9)
Physical activity 0.244%
Yes 30 (61.2) 19 (38.8)
No 96 (51.9) 89 (48.1)
Smoking 0.795%
Yes 31 (554) 25 (44.6)
No 95 (53.4) 83 (46.6)
Morbid obesity 0.290%
Yes 48 (58.5) 34 (41.5)
No 78 (51.3) 74 (48.7)
BMI (kg/m2)* 392 +57 385+57 0.3311
Abdominal circumference (cm)* 117.2 £ 14.8 114.8 £ 16.5 0.2421
Hb (g/dL)* 14.1 + 1.6 139+ 1.4 0.199%
Glucose (mg/dL)** 94 [88.7-99] 89 [83-95.5] <0.0017t
Cholesterol (mg/dL)** 194.5 [171-224] 186.5 [161-212] 0.1941t
HDL (mg/dL)** 41 [35.0-48] 43 [37-50] 0.106'
LDL (mg/dL)** 115.7 [94.2-140.2] 108.8 [91.9-134.3] 0.4021t
Triglycerides (mg/dL)** 158 [119-220] 145 [104.5-206] 0.056't
Insulin (uU/mL)** 24.6 [16.5-35.9] 23.8 [15.3-30.8] 0.2391
HOMA.-IR** 5.6 [3.8-9.1] 5.1 [3.2-7.2] 0.048't

Notes: *Mean # SD. **Median [IQR]. TStudent’s t-test for independent samples. TTU Mann Whitney Test. *Chi? Test.
Abbreviations: NASH, Non-alcoholic steatohepatitis; SBD, systolic blood pressure; DBP, diastolic blood pressure,
BMI, Body Mass Index; Hb, Hemoglobin; HDL, High-density-lipoprotein; LDL, Low-density lipoprotein; HOMA,
Homeostasis Model Assessment for Insulin Resistance.

abdominal circumference (123.1 vs 114.4, p<0.001), and Hb (14.5 vs 13.9, p = 0.030). Furthermore, we found
significantly higher medians for glucose (94 vs 92; p =0.002) and HOMA-IR (7.5 vs 5.3; p = 0.003) in
participants with hypertension (Table 2).
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Table 2 Sociodemographic, Clinical, Anthropometric and Laboratory Characteristics

According to Hypertension (n=234)

Variables Hypertension P
Yes (n=45) No (n=189)
n (%) n (%)
Sex <0.001*
Male 27 (31.4) 59 (68.6)
Female 18 (12.2) 130 (87.8)
Age 0.003 #
18-29 years 4 (6.6) 57 (934)
30-59 years 41 (23.7) 132 (76.3)
NAFLD severity 0.024%
Severe disease 31 (24.6) 95 (75.4)
Non severe disease 14 (13.0) 94 (87.0)
SBP (mmHg)* 131.7 £ 139 117.6 £ 10.2 <0.001%
DBP (mmHg)* 85.3 = 104 768 £7.7 <0.001%
Type 2 diabetes 0.004%*
Yes 8 (50.0) 8 (50.0)
No 37 (17.0) 181 (83.0)
Insulin resistance 0.999 #
Yes 41 (19.3) 172 (80.8)
No 4 (19.1) 17 (81.0)
Metabolic syndrome <0.001*
Yes 37 (28.0) 95 (72.0)
No 8 (7.8) 94 (92.2)
Physical activity 0.562F
Yes 8 (l6.3) 41 (83.7)
No 37 (20.0) 148 (80.0)
Smoking 0.492*
Yes 9 (le.l) 47 (83.9)
No 36 (20.2) 142 (79.8)
Morbid obesity 0.141%
Yes 20 (24.4) 62 (75.6)
No 25 (16.5) 127 (83.6)
BMI (kg/m?)* 41.0 £ 6.6 383 + 54 0.005"
Abdominal circumference (cm)* 123.1 £ 169 1144 £ 149 <0.001F
Hb (g/dL)* 145+ 1.5 139+ 15 0.030°
Glucose (mg/dL)** 94 [89-108] 92 [86-97] 0.0021t
Cholesterol (mg/dL)* 190.2 + 44.0 194.2 + 37.2 0.5301
HDL (mg/dL) 42 [35-48] 41 [36-49] 0.5011
LDL (mg/dL)** 101.8 [87-126.8] 115.8 [95-140.2] 0.0511
Triglycerides (mg/dL)** 164 [122-238] 150 [110-209] 0.118tt
Insulin (uU/mL)** 29.3[20.2-39.0] 23.2 [16.0-30.3] 0.008't
HOMA-IR** 7.5 [4.7-11.5] 5.3 [3.6-7.3] 0.0031t

Notes: *Mean + SD. **Median [IQR]. TStudent’s t-test for independent samples. U Mann Whitney Test. *Chi® Test.

HFisher exact test.

Abbreviations: NASH, Non-alcoholic steatohepatitis; SBD, systolic blood pressure; DBP, diastolic blood pres-
sure; BMI, Body Mass Index; Hb, Hemoglobin; HDL, High-density-lipoprotein; LDL, Low-density lipoprotein;

HOMA-IR, Homeostasis Model Assessment for Insulin Resistance.

Association Between Hypertension and Severe NAFLD
In the crude model, the prevalence of hypertension was significantly higher in the severe NAFLD group

compared to the non-severe group (cPR = 1.37; 95% CI: 1.08-1.75). Similarly, when we adjusted for con-
founders, the association remained statistically significant (aPR = 1.33; 95% CI: 1.03—1.74). When we stratified
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Table 3 Association Between Hypertension and Severe NAFLD

Exposure: Hypertension Bivariate Analysis Multiple Regression*

cPR 95% CI p aPR 95% CI P

All the sample

No hypertension Ref. Ref.

With hypertension 1.37 1.08-1.75 0.011 1.33 1.03-1.74 0.030
Without metabolic syndrome

No hypertension Ref. Ref.

With hypertension 1.86 1.16-2.97 0.010 1.80 1.05-3.11 0.033
With metabolic syndrome

No hypertension Ref. Ref.

With hypertension 1.13 0.85-1.49 0.403 I.15 0.84-1.57 0.378

Note: *Adjusted for sex, age, physical activity, and smoking.
Abbreviations: PR, Prevalence ratio; 95% Cl, 95% Confidence interval.

by metabolic syndrome and adjusted for sex, age, physical activity and smoking, the association remained
significant only in the non-metabolic syndrome group (aPR = 1.80; 95% CI: 1.05-3.11) (Table 3).

Discussion

Main Findings

Our study in adults with obesity and NAFLD showed an association between hypertension and severe disease. However,
this association was not evidenced in adults with metabolic syndrome. Additionally, we found that the prevalence of
severe NAFLD in adults with hypertension and obesity was 68.9%.

Comparison with Other Studies

Although a bidirectional relationship is considered to exist between hypertension and NAFLD," the conditional
probability of NAFLD given the presence of hypertension is 23.6%.%° Our study has shown that, in patients with
NAFLD and obesity, hypertension increases the prevalence rates of severe NAFLD compared to patients with non-
hypertension. Similar to our results, in patients with obesity undergoing laparoscopic obesity surgery, systemic hyperten-
sion was an independent predictor of an advanced form of NAFLD.?! Besides, a national study of adults from the United
States®* reported that the prevalence of advanced fibrosis, using different noninvasive scores, was higher in those with
hypertension compared to those with optimal blood pressure (3% to 9.6% vs < 1%).

Interpretation of Findings

Animal studies have shown how hypertension promotes the inflammatory response and fibrosis of the liver by inducing
increased aggregation of CD68-positive Kupffer cells and cytokines release, and by reduction of liver antioxidant
capacity.”>** This could explain why hypertension also worsens liver fibrosis status, leading to the progression of
NAFLD. Moreover, a trial evidenced that an antihypertensive drug was associated with improvement of liver
fibrosis®>, which could be a clue to the association between hypertension and NAFLD severity that should be studied
further.

We found that hypertension was associated with severe NAFLD in absence of metabolic syndrome. Since MetS
could be a mediator of the relationship between hypertension and steatosis,?® it is plausible to expect that the
association between hypertension and NAFLD severity is not significant in the metabolic syndrome group, considering
also that one of the criteria for MetS includes hypertension. Conversely, we found a significant association in the non-
metabolic syndrome group. Indeed, hypertension has a role in the development of NAFLD independently from
metabolic factors,”” which could explain our results. Regarding pathophysiology, hypertension-related changes in
the liver could be explaining its role in NAFLD severity.”® Nevertheless, despite we found an important role of
hypertension in NAFLD severity, that does not imply that other factors should be ignored. Metabolic syndrome is
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a combination of cardiovascular parameters that could influence NAFLD severity even more than a sole factor like
hypertension.

Relevance in Clinical Practice

An association between hypertension and NAFLD severity means that clinicians should boost the healthcare of
hypertensive patients with NAFLD. Better care includes a better monitoring of hypertension and NAFLD and a more
aggressive change of harmful habits that influence NAFLD progression.

Prognostic factors must be included in clinical practice in the best possible way. For example, hypertension influence
could be included in risk scores for NAFLD. Also, further studies should assess severity-prediction models that include
hypertension. It may help the clinician to better classify patient’s disease progression in order to make evidence-based
decisions. Currently, some guidelines®® recommend that patients with NASH with fibrosis associated with hypertension
should receive closer monitoring because of a higher risk of disease progression.

Limitations

Interestingly, antihypertensive drugs may reduce the fibrosis degree in the liver. We did not collect the information about
drug use, frequency and dose. Since antihypertensive treatment reduces hypertension severity and probably liver fibrosis,
the absence of this variable may introduce a limitation when interpreting the results. For further studies we highly
recommend not only collecting antihypertensive use, but adherence to therapy.

Some other limitations should be highlighted. First, we carried out the study in a single-center in a Latin American
country, which may reduce the external validity of our results. Second, since the stratified analysis was exploratory, it
might have been not statistically powered enough, being subject to a type 2 error. Third, our cross-sectional analysis does
not allow us to assume causality; however, the results give readers insights for further studies that might improve our
limitations: multicentric, greater sample size, longitudinal analysis.

Conclusion
There is an association between hypertension and severity of NAFLD in our sample of adults with obesity and NAFLD.
After stratification, this association remains in the absence of metabolic syndrome.

Funding
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The authors declare no competing interests for this work.
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