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Abstract: A positive association between hypertension or high-normal

blood pressure (BP) and risk of nonalcoholic fatty liver disease

(NAFLD) is well-known; however, no data have been generated

exploring the risk of NAFLD within the normal range of BP. We aimed

to assess the association between normal systolic blood pressure (SBP)

and risk of NAFLD.

A total of 27,769 subjects from 2 separate medical centers were
Jian Huang, MD, ck, PhD,
ing-Hua Zheng, MD, PhD

without NAFLD. The prevalence of NAFLD in a cross-sectional

population from G1 to G4 was 6.1%, 13.6%, 19.6%, and 25.8%,

respectively. The HRs for NAFLD in the longitudinal population were

2.17 (95% CI 1.60–2.93), 3.87 (95% CI 2.89–5.16), 5.81 (95% CI

4.32–7.81) for G2, G3, and G4, respectively. After adjusting for known

confounding variables, HRs of G2 to G4 were 1.44 (95% CI 1.06–1.96),

1.94 (95% CI 1.44–2.61), 2.38 (95% CI 1.75–3.23), respectively.

This is the first study to demonstrate that increased levels of SBP

within the normal range are associated with significantly elevated risks

of NAFLD, independent of other confounding factors.

(Medicine 94(19):e842)

Abbreviations: ALT = alanine aminotransferase, AST = aspartate

aminotransferase, BP = blood pressure, BMI = body mass index,

BUN = blood urea nitrogen, CIs = confidence intervals, Cr =

creatinine, DBP = diastolic blood pressure, FPG = fasting plasma

glucose, HDL-C = high-density lipoprotein cholesterol, HR =

hazard ratio, IR = insulin resistance, LDL-C = low-density

lipoprotein cholesterol, NAFLD = nonalcoholic fatty liver

disease, MS = metabolic syndrome, UA = uric acid, SBP =

systolic blood pressure, TC = total cholesterol, TG = triglyceride.

INTRODUCTION

N onalcoholic fatty liver disease (NAFLD) is recognized as
the hepatic manifestation of metabolic syndrome (MS)

and results from hepatic fat accumulation in patients without
excessive alcohol intake or other causes of liver disease.1–3 It is
the most common form of chronic liver disease and affects 5%
to 42% of the general population in Asian countries.4,5

Recently, increasing attention has be paid to the clinical associ-
ation between NAFLD and cardiovascular disease (CVD) and
evidence from cross-sectional and prospective studies has
suggested that NAFLD is independently associated with an
increased prevalence and incidence of CVD in patients with
metabolic disturbances, even when adjusted for traditional CVD
risk factors or MS components.6–9 Insulin resistance (IR) has
been suggested as a primary factor in the accumulation of
hepatocellular fat, and may play a crucial role in patients at
risk of developing CVD.10 Identifying potential risk factors or
IR-related risk factors for NAFLD is may become valuable
when considering the treatment regime for patients with
this condition.

Referred to as an IR state, hypertension has strong associ-
ations with the occurrence of all CVDs across a wide age
range.11–13 There is increasing evidence that high blood pres-
ly associated with cardiometabolic risk
independent causal factor for NAFLD

ave shown that NAFLD occurs more
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frequently in hypertensive patients.14,15 Latea et al16 showed
that the altered BP status of hypertension associated both a
higher IR and a higher prevalence of NAFLD, suggesting
altered hypertension status could be a marker of NAFLD.
Further studies have indicated that even high-normal BP may
also be a risk for NAFLD. An observational study which
included 454 participants, demonstrated that compared with
normotensive participants with an systolic blood pressure (SBP)
<130 mmHg, NAFLD was independently associated with high-
normal SBP (130–139 mmHg), with an adjusted odds ratio of
2.13 (95% CI, 1.08–4.20).17

Though there is strong evidence that hypertension or high-
normal BP has a positive association with the prevalence of
NAFLD, there is no data examining the association between BP
within the normal range and NAFLD. Therefore, in this study,
we aimed to determine the strength of the association between
normal SBP and NAFLD risk from the large general cross-
sectional population. A further validation of our findings was
performed in an exterior prospective longitudinal population.

MATERIALS AND METHODS

Study population
We included subjects from 2 separate medical centers with

the same medical documentation. The cross-sectional popu-
lation was consisted of 24,900 individuals who underwent a
health examination in the First Affiliated Hospital of Wenzhou
Medical University, from January 2009 to December 2009. The
longitudinal population was based on a prospective study and
conducted from 14,734 initially FLD-free individuals who
underwent an annual health screening in the Xinyu People’s
Hospital of Jiangxi Province. The study period was initiated in
January 2010 and concluded in June 2013.

The exclusion criteria were as follows: age<18 years or age
>65 years; systolic/diastolic blood pressure <90/60 mmHg or
�130/85 mmHg; alcohol consumption >140 g/wk for men and
70 g/wk for women; those taking antihypertensive, lipid-lowering
agents for medication, or with a history of CVD (including self-
reported or diagnosed history of myocardial infarction, stroke,
arterial revascularization, heart failure, arrhythmia); any other
known potential causes of chronic liver disease, such as viral or
autoimmune hepatitis or those using hepatotoxic medications;
and subjects who were lost to follow-up.

Verbal informed consent was obtained from each subject
before their participation in the study. The personal information
of subjects was erased and replaced by the health examination
number. The research protocol of the study was approved by the
Ethics Committee of the First Affiliated Hospital of Wenzhou
Medical University and Xinyu People’s Hospital of Jiangxi
Province, respectively.

Ultrasonography Test
The diagnosis of NAFLD was performed in reference to

Guidelines for the assessment and management of nonalcoholic
fatty liver disease in the Asia-Pacific region.18 In general,
NAFLD can be diagnosed when imaging tests indicate hepatic
steatosis, excluding alcohol abuse and specific diseases that
could lead to steatosis. Hepatic steatosis was defined by the
presence of at least 2 of 3 abnormal findings on abdominal
ultrasonography: diffusely increased echogenicity (‘‘bright’’)

Wu et al
liver with liver echogenicity greater than kidney or spleen,
vascular blurring, or deep attenuation. Abdominal ultrasono-
graphy was assessed by 2 experienced imaging specialists who
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were blinded to the study design during the ultrasonic exam-
ination. If the diagnoses made by the 2 specialists were not in
agreement or inconclusive, a third specialist was invited.

Data Collection
Clinical examination and data recording was conducted in

the morning after an overnight fast and subjects were instructed
to refrain from exercise during the day prior to their examin-
ation. Medical history and a health habit inventory were per-
formed by trained medical staff using a standardized procedure.

BP, including SBP and diastolic blood pressure (DBP), was
measured using a noninvasive automated sphygmomanometer
(OMRON, Japan) with the subjects in a quite environment and
in a sitting position. Normal BP was defined as BP< 130/
85 mmHg.19 Standing height and body weight were measured
without shoes or outer clothing. Body mass index (BMI), used
as an index of body fat, was calculated as the ratio of weight (kg)
to height (m2).

Fasting blood samples were collected from each subject in
an antecubital vein and were used for the analysis of biochemical
measurements serum samples without frozen. The experimental
procedures were consistent throughout the study period and the
laboratories in 2 centers were both certified according to Inter-
national Organization Standardization. The biochemical
measurements included albumin, alanine aminotransferase
(ALT), aspartate aminotranferase (AST), fasting plasma glucose
(FPG), blood urea nitrogen (BUN), creatinine (Cr), uric acid
(UA), total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C). All values were measured by an automated
analyzer (Abbott AxSYM) using standard methods.

MS was defined by the presence of 3 or more of the
following risk factors19: central obesity: waist circumference
>90 cm for men and >80 cm for women and/or BMI> 25 kg/
m2 in both genders; hypertriglyceridemia: triglycerides
�1.7 mmol/L; low HDL-C: HDL-C< 1.03 mmol/L for men
and <1.29 mmol/L for women; elevated BP: BP� 130/
85 mmHg or previously diagnosed; and elevated FPG:
FPG� 5.6 mmol/L or previously diagnosed type 2 diabetes.

In the longitudinal population, subjects underwent their
health examination once a year on average. The clinical,
laboratory and radiological tests during the follow-up were
the same as they had in the first time.

Statistical analysis
In order to derive a deeper understanding of the relation-

ship between normal range of BP level and the prevalence of
NAFLD, all subjects were classified into 4 groups by the SBP
level (per 10 mmHg increase), since that elevation of SBP has
major prevalence in the population as revealed by epidemio-
logical studies.20 SBP was categorized as follows: G 190–
99 mmHg, G2 100–109 mmHg, G3 110–119 mmHg, and
G4 120–129 mmHg.

Continuous variables were summarized as mean� stan-
standard deviation (SD), and categorical variables were dis-
played as counts or percentages. The characteristics of the study
population according to SBP groups were compared using a one
way analysis of variance (ANOVA) or Kruskal-Wallis test for
continuous variables and x2-test for categorical variables. We
obtained a P value for linear trend of prevalence of NAFLD in
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each group by Pearson chi-square. Cox proportional-hazards
models were used to assess the association between SBP and the
time to the event of NAFLD in the longitudinal population.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



Multivariable models included sex, age, BMI, FPG, albumin,
ALT, AST, BUN, Cr, SUA, TC, TG, HDL-C and LDL-C. The
subgroup analysis was performed and stratified by MS and its
components. The proportional-hazards assumption was met for
all models. Kaplan-Meier analysis was applied to calculate the
cumulative hazard of NAFLD during the follow-up. All P-
values are 2-sided and a P value of <0.05 was considered
statistically significant. Analyses were performed in SPSS
version 20.0 (SPSS, Chicago, IL).

RESULTS

Subject Characteristics
A total of 39,634 subjects were initially enrolled into the

study, of which 27,769 subjects remained (Figure 1). In the

Medicine � Volume 94, Number 19, May 2015
cross-sectional population, 16,854 eligible subjects were
enrolled, including 2537 subjects who were diagnosed with
NAFLD. As expected, the SBP was significantly higher in

FIGURE 1. Study flow diagram. A total of 39,634 participants were e
inclusive criteria were excluded. Finally, 27,769 individuals (16,854
population) were included.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
subjects with NAFLD than those without NAFLD
(115.2� 9.0 vs. 109.8� 10.1 mmHg, P< 0.001). BMI, DBP,
FPG, ALT, AST, BUN, Cr, TC, TG, LDL-C were significantly
higher, while HDL-C was lower, among subjects with NAFLD.
A total of 10,915 initially NAFLD-free subjects were included
in the longitudinal population. The median follow-up time was
23.7 months. Of the 10,915 eligible subjects, 967 (8.8%)
subjects developed into NAFLD, with higher SBP than that
in normal subjects (116.6� 7.9 vs. 112.8� 9.2 mmHg,
P< 0.001). A similar change in the measured clinical charac-
teristics was observed with the cross-sectional population
(Table 1).

Association of normal SBP with prevalence rate
of NAFLD

Normal SBP and NAFLD
As shown in Table 1, subjects with NAFLD have a higher
BP than those without NAFLD. The prevalence of NAFLD was
significantly higher in the subjects with higher SBP than in

nrolled initially, while 11,863 participants who did not meet the
in the cross-sectional population and 10,915 in the longitudinal

www.md-journal.com | 3



TABLE 1. Baseline Characteristics of Cross-Sectional Population and Longitudinal Population

Variables

Cross-sectional Population Longitudinal Population

Without NAFLD
(N¼ 14,317)

With NAFLD
(N¼ 2537) P

Without NAFLD
(N¼ 9948)

With NAFLD
(N¼ 967) P

Male 5653 2270 <0.001 3985 641 <0.001
Age, y 40.1� 9.9 43.6� 9.6 <0.001 40.7� 12.4 43.3� 11.8 <0.001
BMI, kg/m2 22.0� 2.7 25.8� 2.5 <0.001 21.6� 2.5 24.2� 2.5 <0.001
SBP, mmHg 109.8� 10.1 115.2� 9.0 <0.001 112.8� 9.2 116.6� 7.9 <0.001
DBP, mmHg 72.5� 6.6 76.4� 5.3 <0.001 70.6� 6.5 72.8� 6.3 <0.001
Albumin, g/L 47.0� 2.7 47.9� 2.5 <0.001 45.3� 2.5 45.5� 2.5 0.017
ALT, U/L 20.6� 2.7 43.6� 28.7 <0.001 18.6� 17.1 25.1� 16.0 <0.001
AST, U/L 20.4� 8.7 27.4� 13.1 <0.001 19.5� 9.1 21.0� 7.5 <0.001
FPG, mmol/L 5.3� 0.8 5.7� 1.4 <0.001 4.9� 0.8 5.1� 0.8 <0.001
BUN, mmol/L 5.1� 1.3 5.5� 1.2 <0.001 4.7� 1.3 4.8� 1.2 <0.001
Cr, mmol/L 61.4� 20.4 71.8� 12.4 <0.001 63.7� 16.4 68.5� 14.1 <0.001
UA, mmol/L 322.8� 79.4 410.5� 83.2 <0.001 280.1� 78.7 333.7� 80.8 <0.001
TC, mmol/L 4.8� 0.9 5.2� 0.9 <0.001 4.9� 0.9 5.2� 0.9 <0.001
TG, mmol/L 1.2� 0.9 2.4� 1.8 <0.001 1.4� 0.9 2.1� 1.2 <0.001
HDL-C,mmol/L 1.4� 0.3 1.1� 0.2 <0.001 1.4� 0.3 1.2� 0.3 <0.001
LDL-C, mmol/L 2.9� 0.8 3.3� 0.8 <0.001 2.8� 0.8 3.1� 0.8 <0.001

, BM
¼
tri
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those with lower SBP. In general, the prevalence of NAFLD in
the cross-sectional population from G1 to G4 was 6.1%, 13.6%,
19.6%, and 25.8%, respectively. MS is a well-established risk
factor for NAFLD and a subgroup analysis stratified by MS and
its components is shown in Figure 2. A higher prevalence of
NAFLD was observed in subjects with MS or its abnormal
components, than those with normal conditions. Prevalence in
most subgroups presented a linear trend increasing from G1 to
G4, however numerical but not statistically significant effects
were observed in subjects with elevated hypertriglyceride
and MS.

Higher Normal SBP Increases the Incidence Risk
of NAFLD

To verify whether an increased level of SBP within the
normal range may play a causal role in the development of
NAFLD, a longitudinal population was included. Among the
10,915 subjects with complete follow-up data, 967 had devel-
oped into NAFLD. There was a positive association of normal
SBP level with NAFLD in unadjusted model. Compared with
subjects in the G1, those subjects in the G4 had a hazard Ratio
(HR) of 5.81 (95% CI 4.32–7.81). It was diminished after
adjustment for sex, age, BMI (HR 2.51, 95% CI 1.86–3.40), and
was further attenuated with adjustment for the other confound-
ing variables (HR 2.38, 95% CI 1.75–3.23) (Table 2). A
stratified analysis for risk factors of MS showed a successive
increase in HRs from G1 to G4, as shown in Figure 3. The
strongest link between increasing levels of SBP and the inci-
dence of NAFLD was observed in subjects with hypertriglycer-
ide (HRG4 vs. G1 was 3.60, 95% CI 1.99–6.53). The weakest link
was presented in subjects with BMI� 25 kg/m2 (HRG4 vs. G1

was 1.44, 95% CI 0.80–2.59). Figure 4 shows the cumulative

ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase
DBP¼ diastolic blood pressure, FPG¼ fasting plasma glucose, HDL-C
cholesterol, SBP¼ systolic blood pressure, TC¼ total cholesterol, TG¼
HR of NAFLD in groups of SBP. Eliminating all the exclusion
criteria and including all the subjects in the longitudinal popu-
lation, with unadjustment or adjustment, also did not alter the

4 | www.md-journal.com
findings (unadjusted HRG4 vs. G1 6.03, 95% CI 4.51–8.06;
adjusted HR G4 vs. G1 2.45, 95% CI 1.81–3.3).

DISCUSSION
High BP was the leading risk factor for the overall global

burden of disease.21 Prospective observational studies also have
demonstrated that subjects have a greater incidence of CVD
with an increase in BP <140/90 mmHg, even with normal
BP.11,22 The Framingham Heart Study found that, among
6859 participants with initially free of CVDs, high-normal
BP (<139/90 mmHg) conferred a 1.6- to 2.5-fold risk of CVDs
event, compared with optimal BP (<120/80 mmHg).13 Further-
more, compared with optimal BP, a prospective cohort analysis
including 8960 middle-aged adults in the Atherosclerosis Risk
in Communities (ARIC) study demonstrated that the relative
risk (RR) of CVD for normal BP (<130/85 mmHg) was sig-
nificantly higher, with an RR of 1.81 (95% CI 1.47–2.22).23

Likewise, higher BP even within normal range was verified to
be associated with a higher risk of other metabolic disorders,
which include diabetes, osteoporosis and hyperuricemia.24–27

These studies may suggest that the ‘‘normal BP’’ may be not the
real normal as we have previously considered, especially when
targeted to special diseases, such as NAFLD.22,23

A number of studies have demonstrated that subjects with
high-normal BP or hypertension have an increased risk of
NAFLD compared with subjects with optimal BP.14–17 No data
is available concerning the association between normal BP and
NAFLD. One population-based study showed that early stages
of prehypertension, defined as SBP 120–129 mmHg or DBP
80–84 mmHg, was independently associated with an elevated
risk of NAFLD, with an adjusted OR of 1.3 (95% CI 1.1–1.6).28

However, this study focused solely on patients with BP� 120/

I¼ body mass index, BUN¼ blood urea nitrogen, Cr¼ creatinine,
high-density lipoprotein cholesterol, LDL-C¼ low-density lipoprotein
glyceride, UA¼ uric acid.
80 mmHg and was based on a cross-sectional population and the
interrelation between BP< 120/80 mmHg and risk of NAFLD
remained unknown. To our knowledge, this is the first and

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Hazard Ratio (95% Confidence Interval) for Nonalcoholic Fatty Liver Disease in Longitudinal Population

NAFLD Case Model 1 Model 2 Model 3

G1 (reference) 52/1475 1.00 1.00 1.00
G2 218/3285 2.17 (1.60–2.93) 1.53 (1.13–2.07) 1.44 (1.06–1.96
G3 401/3834 3.87 (2.89–5.16) 2.05 (1.53–2.74) 1.94 (1.44–2.61
G4 296/2321 5.81 (4.32–7.81) 2.51 (1.86–3.40) 2.38 (1.75–3.23
P for linear trend 0.006 <0.001 <0.001

Model 1 is univariate analysis for systolic blood pressure. Model 2 is adjusted for sex, age, body mass index. Model 3 is adjusted for sex, age, body
mass index, fasting plasma glucose, albumin, alanine aminotransferase, aspartate aminotransferase, blood urea nitrogen, creatinine, serum uric acid
total cholesterol, triglyceride, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol. G1 90–99 mmHg, G2 100–109 mmHg
G3 110–119 mmHg, and G4 120–129 mmHg.

FIGURE 2. Prevalence rate of nonalcoholic fatty liver disease (NAFLD) in the cross-sectional population with different groups of normal
systolic blood pressure. The prevalence rate of NAFLD in the subgroups analysis of serum uric acid, metabolic syndrome and its
components including central obesity (BMI�25 kg/m2), hypertriglyceridemia (TG�1.7 mmol/L), low high-density lipoprotein choles
terol (HDL-C<1.03/1.3 mmol/L), and elevated fasting plasma glucose (FPG�5.6 mmol/L) all showed increasing trends with the
increases in normal systolic blood pressure levels. G1: 90–99 mmHg, G2: 100–109 mmHg, G3: 110–119 mmHg, and G4: 120–
129 mmHg.
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FIGURE 3. Forest plots of hazard rates (95% confidence interval) for different groups of normal systolic blood pressure in the longitudinal
population. The HRs in the subgroups analysis were adjusted for sex, age, body mass index, fasting plasma glucose, albumin, alanine
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largest study specifically aimed at evaluating the association
between normal BP level (<130/85 mmHg) and NAFLD risk in
a nationally representative sample. Subjects were classified into
4 groups by their SBP level. We observed a significant associ-
ation between SBP level and prevalence of NAFLD in the cross-

aminotransferase, aspartate aminotransferase, blood urea nitrogen,
lipoprotein cholesterol and low-density lipoprotein cholesterol. It sh
systolic blood pressure levels.
sectional population, with an increasing prevalence rate from
the G1 to G4. Furthermore, a prospective longitudinal popu-
lation was performed to verify that the elevation of SBP level

FIGURE 4. Incidence of nonalcoholic fatty liver disease (NAFLD) in th
stratified by different groups of SBP. (B) Incidence of NAFLD of 6289 wo
total 10,915 participators stratified by different groups of SBP. G1: 90
120–129 mmHg.
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within the normal range appears to make a significant contri-
bution to an increased risk of developing NAFLD, with an
adjusted HRG4 vs. G1 of 2.38 (95% CI 1.75–3.23). When SBP
was analyzed as a continuous variable, the positive association
with NAFLD also persisted.

atinine, serum uric acid, total cholesterol, triglyceride, high-density
ed increasing trends of HRs for NAFLD with the increases in normal
In the subgroup analysis, when subjects were divided into 2
groups of BMI <25 and BMI� 25 kg/m2, we could found
further interesting results. Subjects with BMI< 25 kg/m2

e longitudinal population. (A) Incidence of NAFLD in 4626 men
men stratified by different groups of SBP. (C) Incidence of NAFLD o
–99 mmHg, G2: 100–109 mmHg, G3: 110–119 mmHg and G4
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showed a statistically significant HR for the incidence risk of
NAFLD, while subjects with BMI� 25 kg/m2 did not have a
significant HR. This finding may indicate that an increase level
in normal SBP may not bring a significant risk of NAFLD in
subjects with overweight, consistent with previous data.29

Actually, BMI was strongly related with BP. A cohort of more
than 700,000 subjects showed a positive near-linear association
between BMI and BP with no threshold effect.30 As well, the
prevalence and incidence of NAFLD has proved increasing
worldwide as the growing epidemic of obesity across the
globe.31 Thus, it may be a difficult task to determine the
relationship between clinically irrelevant BP and risk of
NAFLD, for overweight or other confounding factors could
play a vital role in NAFLD and BP. We applied multiple
regression models to determine the association between SBP
and the incidence of NAFLD, adjusting for BMI and other
confounding variables. Result in this study showed that elevated
risks of NAFLD brought by the increased levels of normal SBP
was not statistically significant in the overweight (BMI� 25 kg/
m2). Further studies about overweight, normal range BP, risk of
NAFLD should be needed.

Increased BP and NAFLD share some common pathophy-
siologic mechanisms such as sympathetic nervous system
activity, IR, vascular and adipose tissue inflammation, which
can produce vascular endothelial dysfunction.30 IR is the most
common abnormality linked to the pathogenesis of both
NAFLD and hypertension.32 IR can enhance salt absorption,
induce lipid peroxidation, and activate the secretion of proin-
flammatory cytokine such as tumor necrosis factor-a and
interleukin-6.30,33,34 These conditions can decrease the vascular
elasticity and luminal width to increase BP and cause liver
endothelial dysfunction to promote the progression of innocent
steatosis to nonalcoholic steatohepatitis and liver fibrosis. Adi-
ponectin has proved to be the only hormone, which is positively
associated with insulin sensitization, glucose use, and cardio-
vascular protection.35 The association between adiponectin and
increased BP is also evident in studies by showing that over-
expression of adiponectin can decrease the SBP and hypoadi-
ponectinemia is a risk factor for hypertension independent of IR
and diabetes.36,37 Also, there is evidence that adiponectin
decreases hepatic and systematic IR, and attenuates liver
inflammation and fibrosis.38 Thus, therapeutic strategies
focused on the indirect upregulation of adiponectin through
the administration of various therapeutic agents and/ or lifestyle
modifications will be popular and hopeful, even if detailed
molecular and cellular mechanisms remain largely uncharac-
terized.

Subjects were grouped according to SBP levels in this
study. It is intrinsically more difficult to normalize patients with
elevated SBP than DBP,20 possibly because of the difficulty of
reversing pathophysiological abnormalities responsible for
elevation of SBP. Thus, elevated SBP has major prevalence
and may play a greater impact on BP-related diseases in the
general population.20,39 A prior study has demonstrated that
among nonhypertensive subjects, high-normal SBP but not
high-normal DBP was independently associated with
NAFLD.17 As well, no significant risk for NAFLD was also
observed with increases in normal DBP (per 5 mmHg increase)
after adjusting of confounding factors in this study (data not
shown).

Our study may have some limitations and merit comment.

Medicine � Volume 94, Number 19, May 2015
The main limitation is the lack of anthropometric parameters
about central obesity (ie, waist circumference or/and hip cir-
cumference), lifestyle and dietary factors, which may be helpful

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
to better understand the relationship between NAFLD and
increased BP. Further studies including more complete personal
information were needed. Secondly, due to the observational
nature of this study, it is less evident to definite the relationship
between normal range BP and the risks of NAFLD, when
compared with intervention ones. Thus, studies with interven-
tion should be needed in the further. Finally, a dynamic and
continuous detection of BP levels in different stages of NAFLD
should be considered, since it is more important and meaningful
than a single-point measurement.

In summary, we conclude that increased levels of SBP
within the normal range are independently associated with an
elevated risk of NAFLD. We propose that the term ‘‘normal
BP’’ may be not the real normal for patients with potential risk
of NAFLD, thus BP evaluation and control should be an integral
component of clinical management of the general population,
even in subjects with nonhypertension.
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