
Hypertension Research (2023) 46:539–541
https://doi.org/10.1038/s41440-022-01117-6

COMMENT

Mechanisms underlying the bidirectional association between
nonalcoholic fatty liver disease and hypertension

Hironori Nakagami1

Keywords NAFLD ● Hypertension ● Insulin resistance

Received: 30 September 2022 / Accepted: 7 October 2022 / Published online: 6 December 2022
© The Author(s), under exclusive licence to The Japanese Society of Hypertension 2022

Hypertension and nonalcoholic fatty liver disease (NAFLD)
are common cardiovascular risk factors and are closely related
to obesity and metabolic syndrome. In clinical evidence,
hypertension is an independent predictor of NAFLD, and
NAFLD is associated with an increased risk of incident
hypertension [1–3]. In prospective clinical studies, the chance
of hypertension in individuals with NAFLD was higher than
that in individuals without fatty liver disease [4]. Additionally,
the adjusted hazard ratios for prehypertension and hyperten-
sion were high in the mild NAFLD group (1.18 and 1.07,
respectively) and higher in the moderate-to-severe group (1.62
and 1.14, respectively) [5, 6]. As their association is bidirec-
tional, hypertension may promote the onset of NAFLD [7, 8].
In a prospective clinical study, the development and persis-
tence of hypertension predicted the onset of NAFLD (1.45 and
1.61, respectively) [9].

Siafi et al. demonstrated that the fatty liver index (FLI),
which is a validated marker of NAFLD and a screening tool
for hepatic steatosis, has independent prognostic value for the
incidence of cardiovascular events in newly diagnosed,
never-treated hypertensive patients [10]. Of importance, the
FLI high-risk pattern (more than 60 units) for underlying
NAFLD was associated with a 7.5-fold higher outcome rate
than the lower-risk FLI pattern. These results suggest the
synergistic or additional effect of NAFLD and hypertension
on the incidence of cardiovascular events. Siafi et al. also
demonstrated that in patients with diabetes mellitus, the
rate of cardiovascular events was more than threefold
greater; however, the presence of metabolic syndrome was

not associated with a differential propensity of the FLI to
predict cardiovascular outcomes. These results also suggest
that NAFLD plus hypertension increases the risk of cardio-
vascular events more than NAFLD plus diabetes or metabolic
syndrome. What is the mechanism underlying the association
of NAFLD and hypertension?

One of the potential mechanisms is insulin resistance (IR).
The liver is a major target organ for insulin, and insulin
resistance is known to be related to hypertension as well as
diabetes [11]. Experimental evidence has highlighted a causal
relationship between NAFLD and IR that is independent of
obesity. Mechanistically, the reduced hepatic insulin action
leads to impaired suppression of glucose and lipid production,
which further induces systemic IR. Hepatokines, such as
fetuin-A and fibroblast growth factor 21, are liver-derived
proteins that are released from the injured liver [12]. The
altered hepatokine profiles in NAFLD also drive the devel-
opment of systemic IR by directly impairing insulin signaling
and indirectly regulating lipid and glucose metabolism. For
example, IR contributes to fatty liver disease development by
enhancing ectopic fat accumulation. Lipid accumulation in the
liver leads to chronic hepatic inflammation and endoplasmic
reticulum stress, which may cause insulin resistance. Insulin
activates phosphatidylinositol 3-kinase and the Akt pathway,
which causes vasodilation by inducing endothelial nitric oxide
production. Thus, IR may induce vasoconstriction in target
organs. For example, IR in renal vasculature and tubules
contributes to water retention and sodium reabsorption, lead-
ing to hypertension. Adipose tissue is also a target organ for
insulin, and adipocytokines (i.e., adiponectin or leptin) may
affect both NAFLD and hypertension. The vicious cycle of
insulin resistance and lipid accumulation in NAFLD may
contribute to the incidence of hypertension.

Systemic inflammation is also a putative mechanism link-
ing NAFLD and hypertension. NAFLD has been reported to
be associated with a systemic inflammatory response that is
characterized by the elevation of inflammatory factors, such
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as interleukin-6 and CC-chemokine ligand 2 [13]. Under
NAFLD conditions, hepatocellular lipotoxicity and hepato-
cyte injury trigger an innate immune response and promote the
production of proinflammatory factors. These factors are
further released into the blood to accelerate chronic inflam-
mation. Moreover, inflammation is involved in the activation
of the sympathetic nervous system (SNS), leading to the
development of hypertension. Indeed, patients with NAFLD
had impaired cardiac and autonomic function with elevated
inflammatory factors, such as interleukin-18 and tumor
necrosis factor-α. Inflammation is also involved in the acti-
vation of the renin-angiotensin system (RAS), which essen-
tially contributes to blood pressure regulation [13]. The RAS
is well known to play an important role in the treatment of
hypertension. Angiotensin II has been shown to enhance
insulin resistance by interacting with liver insulin receptor and
its signaling pathway. The activation of the local RAS
in chronic liver disease contributes to liver injury and
fibrosis through angiotensin II-mediated stimulation of fibro-
blast proliferation and the release of inflammatory cytokines.
Interestingly, a single nucleotide polymorphism of angio-
tensin II type 1 receptor was associated with the occurrence
of NAFLD [14]. These results suggest that the RAS can
be involved in the development of both hypertension
and NAFLD.

Siafi et al. also found that patients with an FLI low-risk
pattern have better blood pressure control, which suggests that
NAFLD may affect the development of hypertension. Simi-
larly, Kasper et al. reported the findings of their pilot study to
evaluate the status of hypertension management in NAFLD
patients using 24-hour-ambulatory blood pressure monitoring
(24-h-ABPM) [15]. A total of 101 datasets were evaluated,
and the median age of the study population was 52 years. The
study population included females (46.5%), smokers (25.7%),
and individuals with type 2 diabetes (25.7%). Forty-nine
patients (48.5%) with NAFLD had a medical history of
hypertension; however, controlled hypertension was con-
firmed in only 10 patients (21.3%) with NAFLD with treated
hypertension. Sustained uncontrolled hypertension despite
treatment was observed in 20 patients (42.6%) with NAFLD.
Masked hypertension (normal office blood pressure with
elevated out-of-office blood pressure) was identified in 22
patients (21.8%), 12 of whomwere receiving antihypertensive
treatment (masked uncontrolled hypertension). In this study,
approximately two-thirds (60.4%) of NAFLD patients suf-
fered from uncontrolled hypertension, which is significantly
higher than the reported rates of ~40–50% in the general
population. These results suggest that we should pay more
attention to uncontrolled hypertension in individuals with
NAFLD in the management of hypertension. Therapeutic
treatment approaches are still under development because of
the complexity and heterogeneity of the pathogenesis of
NAFLD. Thus, whether improvement in NAFLD status can

modify blood pressure should be evaluated, and the results
may confirm the hypothesis that NAFLD drives the devel-
opment of hypertension.

Overall, NAFLD contributes independently to the
development of hypertension and vice versa. The mechan-
ism underlying this interaction might be insulin resistance
or inflammation with the activation of the SNS and RAS
(Fig. 1). In the future, new therapies that are effective for
both NAFLD and hypertension will be explored to reduce
the risk of cardiovascular diseases.
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