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Background and aims: Hypertension (HTN) is a common comorbidity in non-alcoholic fatty liver disease (NAFLD) affecting up to 40% of individuals. However, the impact of HTN and its control on outcomes in NAFLD remains unclear. Therefore, we aimed to examine the impact of HTN on survival outcomes in a longitudinal cohort of NAFLD patients.

Methods: The analysis consisted of adults in the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018 with data on socio-demographic characteristics and comorbidities. NAFLD was diagnosed with fatty liver index (FLI) and United States-FLI at a cut-off of 60 and 30, respectively in the substantial absence of alcohol use. A multivariate regression analysis was conducted to adjust for confounders.

Results: A total of 45,302 adults were included, and 27.83% were identified to have NAFLD. Overall, 45.65 and 35.12% of patients with NAFLD had HTN and uncontrolled HTN, respectively. A multivariate analysis with confounders demonstrated that hypertensive NAFLD had a significantly increased risk of all-cause mortality (HR: 1.39, CI: 1.14–1.68, p < 0.01) and cardiovascular disease (CVD) mortality (HR: 1.85, CI: 1.06–3.21, p = 0.03). Untreated HTN remained to have a significantly increased risk in all-cause (HR: 1.59, CI: 1.28–1.96, p < 0.01) and CVD mortality (HR: 2.36, CI: 1.36–4.10, p < 0.01) while treated HTN had a non-significant increased risk of CVD mortality (HR: 1.51, CI: 0.87–2.63, p = 0.14) and a lower magnitude of increase in the risk of all-cause mortality (HR: 1.26, CI: 1.03–1.55, p = 0.03).

Conclusion: Despite the significant burden of HTN in NAFLD, up to a fifth of patients have adequate control, and the lack thereof significantly increases the mortality risk. With the significant association of HTN in NAFLD, patients with NAFLD should be managed with a multidisciplinary team to improve longitudinal outcomes.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) affects ≈25–33% of the global population and represents a spectrum consisting of non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH) which impose significant healthcare and economic burden globally (1–3). NAFLD is the leading cause of cirrhosis, liver disorders, and liver-related mortality (4–6). The increased fat deposition in hepatocytes results from a myriad of factors including insulin resistance, lipotoxicity, and changes in gut microbiota can increase hepatic and extrahepatic complications (7–9). Several epidemiological studies have shown that NAFLD can lead to an increment in all-cause mortality and is significantly associated with the development of hypertension (HTN), cardiovascular diseases (CVDs), hepatocellular carcinoma, diabetes mellitus, and renal and lung diseases (6, 10–15).

Hypertension (HTN) accounted for 8.5 million deaths in 2015 alone (16, 17) and is a known risk factor associated with NAFLD (13, 18). In a meta-analysis by Ciardullo et al. of 11 longitudinal studies, patients with NAFLD were found to have an increased risk of HTN by 66% (HR: 1.66, CI: 1.38–2.01) (19). While the coexistence of HTN and NAFLD is widely recognized, however, the exact cause-effect relationship and pathophysiological mechanism of NAFLD and HTN remain elusive (18, 20). Current evidence has however demonstrated that the pretext of HTN was associated with promoting the development of NAFLD to its most severe forms, including NASH, and most importantly, advanced liver fibrosis, cirrhosis, and hepatocellular carcinoma (21–23). However, the longitudinal risk of all-cause mortality and CVD mortality remains to be examined in NAFLD. In view of the significant global burden of NAFLD and its intrinsic link with HTN, it is necessary to clarify the role of HTN control in affecting the prognosis of NAFLD. This study, therefore, aims to compare the survival outcomes for cohorts of patients with NAFLD who have controlled HTN and uncontrolled HTN with those who are HTN-free, extracting data from the National Health and Nutrition Examination Survey (NHANES) database with longitudinal data from the National Death Index (NDI).



Methods


Study population

The aggregated data from NHANES between 1999 and 2018 were analyzed. Briefly, the NHANES study is a stratified and clustered sampled national survey of health and health-related information that includes individuals who are representative of the general, non-institutionalized United States population. It consists of a comprehensive interview, medical examination, and laboratory assessments. A mortality analysis was conducted by linking the data from NHANES to death certificates from the NDI. The information used for this study was conducted and published publicly by the National Center for Health Statistics (NCHS). The present analysis was exempted from Institutional Review Board due to the anonymous nature of the data.



Definitions

The current study defined HTN as the presence of blood pressure ≥140/90 mmHg or the use of any antihypertensive medications at a population level in accordance with the 2020 International Society of Hypertension (ISH) Global Hypertension Practice Guidelines (24) and the 2019 guidelines of the American College of Cardiology (ACC)/American Heart Association (AHA) on the Primary Prevention of Cardiovascular Diseases (25). Hypertensive medications include angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), beta-blockers (BB), diuretics, alpha-blockers, calcium channel blockers, and other less commonly used antihypertensives. A sensitivity analysis was conducted to stratify patients into controlled and uncontrolled HTN. Patients with controlled HTN were defined as with the presence of antihypertensive use and blood pressure of <140/90 mmHg, and uncontrolled HTN was defined as high blood pressure even with antihypertensive use, in line with the latest practice guidelines available (24, 25). The average blood pressure values were taken from a mean of two systolic and diastolic readings. In accordance with the American Association for the Study of Liver Disease (AASLD) guidelines for NAFLD (26), the diagnosis of NAFLD was made if the following criteria were fulfilled including (1) Evidence of hepatic steatosis using fatty liver index (FLI)/United States Fatty Liver Index (US-FLI), (2) Lack of substantial alcohol consumption ( ≤2 drinks/day in men, ≤3 drinks/day in women). An FLI ≥ 60 (27) or US-FLI ≥ 30 (28) indicates the presence of hepatic steatosis which has a corresponding area under the receiver operated characteristic (AUROC) of 0.834 (29). Quantification of fibrosis in the liver was examined using Fibrosis-4 (FIB-4), which has an AUROC of 0.871 (30). Diabetes was defined if any of the following conditions were met: (1) A physician diagnosis of diabetes, (2) fasting plasma glucose ≥7mmol/l and glycohemoglobin ≥6.5%, and (3) treatment with any oral hypoglycaemic agents or insulin. HTN was identified for any individual with systolic blood pressure ≥140, diastolic blood pressure ≥90, or the use of antihypertensive therapy (31). The estimated glomerular filtration rate (eGFR) was computed using the Modification of Diet in Renal Disease (MDRD) equation, and any individual with either kidney damage or eGFR ≤ 60 ml/min/1.73 m2 was defined as having chronic kidney disease (CKD) (32).



Statistical analysis

All statistical analysis was conducted in STATA (16.1). Continuous variables were examined either with the Wilcoxon ranked sum test or the Kruskal–Wallis analysis in the context of two or more groups while binary variables were examined with the chi-square test. To examine the magnitude of effect, a generalized linear model with a log link and robust variance estimator clustered on the year of study was used to examine the binary events including the risk and risk factors of HTN in NAFLD (33). When events are common, the risk ratio is a more appropriate approximation of events and provides better interpretability compared to odds ratios (34). Survival analysis was conducted with the Cox proportional model for all-cause mortality for hazard ratios (HR) and analysis of CVD mortality was conducted with the Fine-Gray subdistribution hazard ratio (SHR) to account for competing risk. Univariate and multivariate models were conducted with clustering on the year of study to account for heterogeneity between different year groups. Two multivariate models were conducted in all analyses of risk ratio (RR), HR, and SHR. In model 1, covariates including age, gender, body mass index (BMI), ethnicity, and diabetic status were included in the analysis. Model 2 included smoking status and FIB-4 in addition to variables in model 1.




Results

In total, there were 41,685 patients included in the analysis, of which 11,435 had NAFLD (27.43%). A total of 9,727 individuals with NAFLD had measurements of blood pressure. Patients with NAFLD were generally older and more likely to be diabetic compared to non-NAFLD individuals (Table 1). The summary of baseline characteristics between NAFLD and non-NAFLD individuals is summarized in Table 1. The prevalence of HTN among individuals with NAFLD was 45.65%. The unadjusted effect size from a generalized linear model with a robust variance estimator clustered on the study period shows that NAFLD was associated with a 48% increased risk of HTN in NAFLD (RR: 1.48, CI: 1.38–1.58, p < 0.01). After adjusting for confounders, there remained a statistically significant increase in the risk of HTN and NAFLD in both models 1 and 2, respectively (RR: 1.06, CI: 1.03–1.09, p < 0.01 and RR: 1,05, CI: 1.02–1.08, p < 0.01). NALFD individuals were more likely to have uncontrolled HTN compared to those without NAFLD (p < 0.01). Unsurprisingly, individuals with NAFLD were also found to have significantly poorer lipid profiles (p < 0.01), be diabetic (p < 0.01), have higher median BMI (p < 0.01), and have higher weight circumference (p < 0.01). In Table 2, NAFLD individuals with HTN were generally older, diabetic, and more likely to have a higher median BMI. NAFLD individuals with HTN have a higher tendency to be active smokers compared to those without HTN.


TABLE 1 Baseline characteristics between NAFLD vs. non-NAFLD.
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TABLE 2 Comparisons between non hypertensive, controlled and uncontrolled HTN in NAFLD.
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In an unadjusted analysis, there was a statistically significant relationship in all-cause and CVD-related mortality between HTN and NAFLD (Table 3). We conducted two multivariate models to adjust for confounders. In model 1, covariates including age, gender, BMI, ethnicity, and diabetic status were included in the analysis. There was a statistically significant increase in all-cause mortality (HR: 1.35, CI: 1.12–1.63, p < 0.01) and cardiovascular-related mortality (HR: 1.77, CI: 1.03–3.05, p = 0.04) in NAFLD individuals with HTN. A second model was conducted to include smoking status and FIB-4 in addition to variables in model 1. There was similarly an increase in all-cause mortality (HR: 1.39, CI: 1.14–1.68, p < 0.01, Figure 1) and CVD-related mortality (HR: 1.85, CI: 1.06–3.21, p = 0.03, Figure 2A) in NAFLD individuals with HTN.


TABLE 3 All-cause mortality and cardiovascular related mortality in individuals with hypertension, treated hypertension and untreated hypertension.
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FIGURE 1
 Risk of all-cause mortality in individuals with non-alcoholic fatty liver disease (NAFLD). (A) with and without hypertension and (B) with controlled hypertension, uncontrolled hypertension, and no hypertension.



[image: Figure 2]
FIGURE 2
 Risk of cardiovascular mortality in individuals with non-alcoholic fatty liver disease (NAFLD). (A) with and without hypertension and (B) with controlled hypertension, uncontrolled hypertension, and no hypertension.


A sensitivity analysis was then conducted based on hypertensive control and patients were stratified into (1) no HTN, (2) controlled HTN, (3) and uncontrolled HTN. The summary of baseline characteristics can be found in Table 2. Among the NAFLD patients with HTN, 65.84% of patients were adequately controlled while 35.12% were considered uncontrolled HTN. A total of 40.73% of patients were prescribed ACEI, 24.07% had ARB, 36.41% had BB, and 30.45% had calcium channel blockers. The breakdown of medications in patients with well-controlled HTN and uncontrolled HTN can be found in Figure 3. There was a statistically significant relationship between all-cause and CVD-related mortality in both treated and untreated HTN in unadjusted analysis (Table 3). After adjusting for variables in model 1, there remained a statistically significant increase in all-cause (HR: 1.56, CI: 1.26–1.92, p < 0.01) and CVD-related mortality (HR: 2.23, CI: 1.30–3.81, p < 0.01) while no significant increase in both mortality outcomes was seen in treated HTN population. Similarly, after adjusting for variables in model 2, there was an increase in all-cause mortality (HR: 1.59, CI: 1.28–1.96, p < 0.01, Figure 2A) and CVD-related mortality (HR: 2.36, CI: 1.36–4.10, p < 0.01, Figure 2B) in untreated HTN. In treated HTN however, a lower magnitude of the effect was seen in all-cause mortality (HR: 1.26, CI: 1.03–1.55, p = 0.03, Figure 2A) and a non-significant increase was demonstrated in CVD-related mortality (HR: 1.51, CI: 0.87–2.63, p = 0.14, Figure 2B).


[image: Figure 3]
FIGURE 3
 Distribution of anti-hypertensives used in well-controlled hypertension and uncontrolled hypertension.




Discussion

Both HTN and NAFLD share common risk factors and are both a major public health concern but there remains a low awareness of the bidirectional links between the two diseases (18, 21). Previous studies have shown NAFLD to be associated with an increased risk of HTN (35) and up to 40% of patients with NAFLD worldwide are estimated to be hypertensive (2). However, evidence on the impact of HTN in NAFLD remains scarce. The present study thus analyzed population-level data of 11,435 individuals with NAFLD. which found that 45.65% were affected by HTN. Individuals with NAFLD who are of older age, diabetic, dyslipidemic, and female were more likely to be associated with HTN. The presence of HTN increased the risk of all-cause and cardiovascular mortality in NAFLD but a sensitivity analysis showed that NAFLD patients with uncontrolled HTN had a significantly increased risk of CVD and all-cause mortality while controlled HTN had a lower magnitude of increase in all-cause mortality and non-significant increase in CVD mortality.

The act of screening and control of HTN is simple in clinical practice and can potentially attenuate the course of NAFLD. The inflammatory milieu in NAFLD potentiates hepatocyte injury and releases damage-associated molecular patterns in the circulation thereby triggering chronic inflammation. Inflammation is closely associated with the sympathetic system which modulates the activation of the renin-angiotensin system (RAS) in the maintenance of blood pressure. Similarly, the RNA-sequence and microarray dataset from gene cards also show a higher expression of the RAS components in patients with NAFLD. Additionally, insulin resistance, oxidative stress, and circulation of advanced glycation end products (AGE) contribute to vascular aging resulting in a sustained increase in blood pressure (20).

While HTN is conventionally thought to be more prevalent in men, our study shows that women with NAFLD were more likely to have HTN. The results could be explained by the presence of older women who are more likely to be postmenopausal resulting in worsened vascular function and increased susceptibility for HTN (36). However, the female gender in NAFLD is also related to a higher risk of advanced fibrosis (37) which may result in increased arterial stiffness and endothelial dysfunction (38). The assessment for NAFLD at the population level generally requires steatosis for diagnosis and fibrosis markers for severity assessment (39, 40). Due to the data availability in NHANES, fibrosis was assessed by FIB-4 which has been validated to be the most accurate blood-based fibrosis assessment for population studies (30).

In NAFLD, current guidelines by the AASLD (26) emphasized the importance of HTN as part of the initial assessment for comorbidities. However, there appears to be a lack of specific recommendations for the management of HTN in NAFLD (26). It is, however, important to note that despite the presence of a bidirectional relationship, current guidelines by the American Heart Association (AHA) (17) and European Society of Hypertension (ESH) (31) have yet to recognize NAFLD as a potential cause of HTN and the awareness of NAFLD remains low amongst cardiologists (41). While lifestyle modifications serve as a forefront in the care of NAFLD (8, 42) and HTN, these interventions are often unsuitable (43, 44). Instead, ACE inhibitors may be considered for use in individuals with NAFLD due to the multifactorial benefits they present where aside from regulation of blood pressure (45), ACE inhibitors have been found to reduce decompensation (46), hepatic fibrosis (47), and steatosis (48) in NAFLD and may also provide protection against CKD (49).



Limitations

The main strength of this study is the assessment of longitudinal outcomes in a large cohort of multi-ethnic patients from NHANES that allowed for a comprehensive assessment of clinical burden in NAFLD. However, there are several limitations noted in our study. The population blood pressure was measured during a single timepoint and may not accurately capture the variability in blood pressure. Additionally, the self-reported alcohol usage during healthcare visits was subjected to recall bias but is however a known limitation in the definition of NAFLD. Lastly, we are unable to ascertain the definitive indication for antihypertensives.



Conclusion

Hypertension (HTN) remains a major comorbidity in NAFLD, and the current study brings forth evidence for the need for better blood pressure regulation amidst the growing burden of NAFLD globally. Importantly, HTN can increase the risk of overall mortality and cardiovascular mortality if left unchecked although prompt treatment can reduce the risk of events. There remains a need for institutionalized screening of HTN in NAFLD and awareness building for multidisciplinary care.
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