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in nonhypertensive population
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Abstract

\

The functional crosstalk between nonalcoholic fatty liver disease (NAFLD) and hypertension has been reported by some literatures; |
however, in nonhypertensive individuals, there is no article describes the characteristic of NAFLD. In this study, we aimed to
determine the strength of the association between NAFLD with normal blood pressure (BP) in nonhypertensive individuals. This
cross-sectional study was conducted in the sixth Affiliated Hospital of Wenzhou Medical University, from October 2007 to December
2011. In brief, 24,200 subjects were enrolled to participate in the survey. Among those subjects, there were 5305 enrolled subjects,
those with filling the diagnostic criteria for NAFLD (21.9%; 4803 males and 502 females). Nonhypertension was identified in 17,403
(71.9%; 8179 males and 9224 females). The PR% of NAFLD for the systolic blood pressure (SBP) in quartiles 1 to 4 was 10.83,
12.55, 20.38, and 19.97. SBP, diastolic blood pressure (DBP), sex, age, glutamic pyruvic transaminase, glutamic oxaloacetic
transaminase, fasting plasma glucose, uric acid, triglyceride, high-density lipoprotein cholesterol, and low-density lipoprotein
cholesterol are closely associated with the risk for NAFLD. SBP (odds ratio [OR]: 1.092, 95% confidence interval [Cl]: 1.080-1.158;
P <0.05) and DBP (OR: 1.157, 95%Cl: 1.094-1.223; P < 0.05) were found to be independent risk factors for NAFLD. Our analysis
indicates that BP is significantly associated with NAFLD in nonhypertensive individuals; SBP and DBP are found to be independent
risk factors for NAFLD.

Abbreviations: BMI| = body mass index, BP = blood pressure, Cl = confidence interval, CVDs = cardiovascular diseases, DBP =
diastolic blood pressure, FPG = fasting plasma glucose, GOT = glutamic oxalacetic transaminase, GPT = glutamic pyruvic
transaminase, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, LV = left ventricular, LVM =
left ventricular mass, LVMI = left ventricular mass index, MS = metabolic syndrome, NAFLD = nonalcohoalic fatty liver disease, NCEP-
ATP Il = national cholesterol education program adult treatment panel phase lll, OR = odds ratio, PP = pulse pressure, PPl = pulse

pressure index, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride, UA = uric acid.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a global public health
issue with different features to take into account in different parts of
the world. It has become the leading cause of liver disorders in
developed countries and also become a significant public health
concern in developing countries. Data suggest that the increasing
prevalence of NAFLD is closely associated with adoption of a
sedentary lifestyle and globalization of Western diet, and this trend
is particularly likely to be observed in Asia in the coming decades.!"!
In recent years, NAFLD has been regarded as a hepatic
manifestation of metabolic syndrome (MS).?!' All factors deter-
mining or closely related with MS were significantly higher in
NAFLD compared to controls, such as weight, body mass index
(BMI), waist circumference, hip circumference, hypertension and
blood pressure (BP) values, diabetes, uric acid (UA), glucose and
triglyceride (TG).?!

The most commonly MS definition used is the national
cholesterol education program adult treatment panel phase III
revised recommendations, in which the MS is defined as having 3
or more of the following 5 metabolic abnormalities: fasting serum
glucose 100mg/dL or more, fasting serum TG 150mg/dL or
more, fasting serum high-density lipoprotein cholesterol (HDL-
C) less than 40 mg/dL for men and less than 50 mg/dL for women,
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systolic blood pressure (SBP)/diastolic blood pressure (DBP) 130/
85mm Hg or more, or use of antihypertensive medications, and
waist circumference 102 cm or more for men and 88 cm or more
for women.!**! The Framingham Offspring Study found that in
men and women, elevated BP was the most common component
of MS, followed by elevated waist circumference and low HDL-C
levels.!®! Another study suggested that primary hypertension and
the MS are long-term consequences of the arousal of hypotha-
lamic centers, with background factors in the competitive,
complex and hectic social.”} On the other hand, Sesso et al'®
suggested hypertension may be an inflammatory disease. There is
evidence to suggest that high-normal levels of C-reactive protein
which lead to inclusion of a proinflammatory state as one of the
syndrome’s components are common in persons with the MS."”!
The present demonstration of an apparent connection between
low-grade inflammation and hypertension supports the concept
that elevated BP should be listed as one of the components of the
Ms.!

The MS is a clustering of metabolic risk factors, which
represent the main cardiovascular risk factors. NAFLD is
associated with an increased risk of cardiovascular diseases
(CVDs).>1 Schillaci et al?! proposed that in initially untreated
men and women with essential hypertension who had no
clinically overt CVD at the baseline examination, MS was an
independent predictor of subsequent CVD. Using a modified
ATP-III definition with BMI in place of waist circumference, the
MS was found to predict coronary heart disease in hypercholes-
terolemic men and in apparently healthy women.""?! Some
literatures have reported the relationship between NAFLD and
hypertension,">~**! but few article are available describing the
characteristic of NAFLD in nonhypertensive individuals. This
study aimed to determine the strength of the association between
NAFLD with normal BP in nonhypertensive individuals.

2. Materials and methods

2.1. Study population

A cross-sectional study was conducted among patients who came
to the First Affiliated Hospital of Wenzhou Medical University
from October 2007 to December 2011 evaluate the relationship
between the BP and NAFLD. Subjects meeting the following
criteria were excluded: those taking antihypertensive, antidiabet-
ic agents, lipid-lowing agents, or hypouricemic agents; those with
alcohol consumption greater than 140 g/wk for men and 70 g/wk
for women; and those with a history of other known causes of
chronic liver disease, such as viral hepatitis or autoimmune
hepatitis, and those using hepatotoxic medications."®! A total of
24,200 eligible subjects were enrolled in which 5305 met the
diagnostic criteria for NAFLD (4803 male and 502 female). The
study protocol was approved by the Local Ethics Committee.

2.2. BP measurements

Readings of clinical BP were obtained in the left arm of patients in
the sitting position, after 5 minutes of quiet rest, with a mercury
sphygmomanometer. A maximum of 3 BP readings were taken
on 3 separate occasions at least 2 weeks apart. Systolic and
diastolic BP were recorded at the first appearance (phase I) and
the disappearance (phase V) of Korotkoff sounds. Baseline BP
values were the average of the last 2 of 3 consecutive
measurements obtained at intervals of 3 minutes. Patients with
a clinical SBP less than 130 mm Hg and/or DBP less than 80 mm
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Hg were defined as nonhypertensive. PP was the difference
between the SBP and DBP. Pulse pressure index (PPI)=pulse
pressure (PP)/SBP. BMI (kg/m?), used as an index of body fat, was
calculated as weight in kilograms divided by height in meters
squared.!'”!

2.3. Biochemical analyses

Fasting food samples were obtained from an antecubital vein. All
laboratory measurements were performed after at least 12 hours.
The values included serum albumin, glutamic pyruvic transami-
nase (GPT), glutamic oxaloacetic transaminase (GOT), fasting
plasma glucose (FPG), urea nitrogen, creatinine, UA, total
cholesterol (TC), TG, HDL-C, and low-density lipoprotein
cholesterol (LDL-C). All values were measured by an Olympus
AU640 autoanalyzer (Olympus, Kobe, Japan) using standard
methods.

2.4. Ultrasonography

Hepatic ultrasonographies were examined by experienced
radiologists who were blinded to the laboratory and clinical
details of the subjects at the time of the procedure. Hepatic
ultrasonic examination was performed in all subjects by a trained
ultrasonographist who was unaware of the clinical and
laboratory data, using a Toshiba Nemio 20 sonography machine
(Toshiba, Tokyo, Japan) with a 3.5-MHz probe. The diagnosis of
fatty liver was made on the basis of characteristic ultrasono-
graphic features consistent with liver and kidney echo discrepan-
cy, the presence of an increased liver echogenicity or “bright
liver,” poor echo penetration into the deep portion of the liver,
and vascular blurring either singly or in combination."”!

2.5. Statistical analyses

Results were expressed as meanz+standard deviations for
continuous variables and as frequencies for categorical variables.
The Student ¢ test or the Mann—Whitney U test was used to
compare continuous data, while categorical variables was
performed using the chi-square test.'"®! Linear regression analysis
was used to compare to determine the relationship between BP
level and prevalence of NAFLD and MS. Stepwise multiple
regression analysis (backward: Wald; entry: 0.05, removal: 0.10)
was used to evaluate the risk factors for NAFLD. P < 0.05 was
considered statistically significant. All analyses were performed
using the SPSS software package version 11.5 for Windows (SPSS
Inc., Chicago, IL).

3. Results

3.1. Characteristics of study subjects

Of the 24,200 enrolled subjects, 5305 filled the diagnostic criteria
for NAFLD (21.9%; 4803 males and 502 females). Non-
hypertension was identified in 17,403 (71.9%; 8179 males and
9224 females). Furthermore, in these nonhypertension patients,
2651 patients (15.23%; 2383 males and 268 females) were
diagnosed as NAFLD. Characteristics of the subjects according to
their NAFLD status are presented in Table 1. The NAFLD group
was older, and had higher serum albumin, GPT, GOT, FPG, urea
nitrogen, creatinine, UA, TC, TG, LDL-C, and lower HDL-C.
More male appear to have NAFLD than females. Higher BP levels
within normal BP were observed in the subjects with NAFLD
than in those without NAFLD (Table 1).
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Characteristics of study subjects according to NAFLD status in nonhypertensive individual.

Variables With NAFLD (n=2651) Without NAFLD (n=14752) e P value
Gender (male/female, n) 2383/268 5796/8956 2309.85 <0.0001
Age, y 43.55 (9.50) 40.09 (9.78) —16.85 <0.0001
Serum albumin, g/L 47.95 (2.53) 47.02 (2.69) —17.22 <0.0001
GPT, UL 43.71 (28.35) 20.52 (15.76) —40.98 <0.0001
GOT, UL 27.30 (11.67) 20.40 (8.88) —28.97 <0.0001
FPG, mmol/L 5.72 (1.40) 5.24 (0.76) —-17.12 <0.0001
Urea nitrogen, mmol/L 5.49 (1.24) 5.09 (1.29) —14.87 <0.0001
Creatinine, mmol/L 71.86 (12.33) 61.32 (20.07) —36.21 <0.0001
UA, mmol/L 410.26 (82.97) 322.23 (78.98) —50.66 <0.0001
TC, mmol/L 5.25 (0.95) 4.79 (0.89) —23.14 <0.0001
TG, mmol/L 2.42 (1.85) 1.19 (0.98) —33.60 <0.0001
HDL-C, mmol/L 1.14 (0.25) 1.41 (0.32) 49.99 <0.0001
LDL-C, mmol/L 3.26 (0.83) 2.90 (0.79) —20.86 <0.0001
SBP, mm Hg 114.47 (8.11) 109.02 (9.91) -30.73 <0.0001
DBP, mm Hg 77.39 (6.16) 72.58 (7.38) —35.87 <0.0001
PP, mm Hg 37.08 (6.92) 36.44 (7.28) —4.36 <0.0001
PPI 0.32 (0.05) 0.33 (0.05) 10.05 <0.0001
BMI, kg/m? 25.81 (2.50) 21.95 (2.63) —72.59 <0.0001

BMI=body mass index, DBP =diastolic blood pressure, FPG=fasting plasma glucose, GOT=glutamic oxaloacetic transaminase, GPT=glutamic pyruvic transaminase, HDL-C=high-density lipoprotein
cholesterol, LDL-C=low-density lipoprotein cholesterol, PP =Pulse pressure, PPI=Pulse pressure index, SBP =systolic blood pressure, TC=total cholesterol, UA=uric acid.

3.2. Association of BP level with prevalence rate
of NAFLD and MS

All subjects were classified into quartile by their SBP or DBP
levels. The PR % of NAFLD in the subjects with different quartile
levels of SBP or DBP was analyzed. For males, SBP quartile 1 (Q1)
was less than 108 mm Hg, quartile 2 (Q2) was 108 to 112 mm
Hg, quartile 3 (Q3) was 113 to 120 mm Hg, and quartile 4 (Q4)
was 121 to 129 mm Hg. For males, DBP Q1 was less than 70 mm
Hg, Q2 was 70 to 78 mm Hg, Q3 was 79 to 80 mm Hg, and Q4
was 81 to 89 mm Hg. For females, SBP quartile 1(Q1) was less
than 100 mm Hg, quartile 2 (Q2) was 100 to 108 mm Hg,
quartile 3 (Q3) was 109 to 115 mm Hg, and quartile 4 (Q4) was
116 to 129 mm Hg. For females, DBP Q1 was less than 66 mm
Hg, Q2 was 66 to 70 mm Hg, Q3 was 71 to 78 mm Hg, and Q4
was 79 to 89 mm Hg. As shown in Table 2, the PR% of NAFLD

for the SBP in Q1, Q2, Q3, and Q4 was 8.99, 16.63, 20.58, and
16.20, respectively. In Table 4, the PR% of NAFLD for the DBP
in Q1, Q2, Q3, and Q4 was 10.83, 12.55, 20.38, and 19.97,
respectively. Table 3, Table 5, Figs. 1 and 2 showed that the PR %
of MS, all tended to increase with increases in the SBP or DBP
level. These results show that the SBP or DBP level in normal
range is an important factor for MS.

3.3. Risk factor analysis for NAFLD

We used stepwise multiple regression analysis to evaluate risk
factors for NAFLD. Our results showed that SBP, DBP, sex,
age, ALB, GPT, GOT, FPG, UA, TG, HDL-C, and LDL-C are
closely associated with the risk for NAFLD. SBP (odds ratio
[OR]: 1.092, 95% confidence interval [CI]: 1.030-1.158; P <
0.05) and DBP (OR: 1.157, 95%CI: 1.094-1.223; P<0.05)

Associations of SBP level with prevalence rate of NAFLD.

SBP level quartiles Total NAFLD X2 P PR%
1 5540 498 — — 8.99
2 3523 586 119.51 <0.0001 16.63
3 4927 1014 283.517 <0.0001 20.58
4 3413 553 106.07 <0.0001 16.20
NAFLD =nonalcoholic fatty liver disease, SBP =systolic blood pressure.

Table 3

Association of SBP level with prevalence rate of MS.

SBP level quartiles Low HDL-C, n (%) BMI FPG TG

1 1260 (22.74) 605 (10.92) 866 (15.63) 866 (15.63)
2 898 (25.49) 687 (19.50) 683 (19.39) 866 (24.58)
3 1328 (26.95) 1247 (25.31) 1273 (25.84) 1415 (28.72)
4 994 (29.12) 867 (25.40) 957 (28.04) 909 (26.63)
X 50.38 440.19 261.40 287.66

P <0.001 <0.001 <0.001 <0.001

BMI=body mass index, FPG=fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, SBP =systolic blood pressure, TG =triglyceride.
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Table 4

Association of DBP level with prevalence rate of NAFLD.

DBP level quartiles Total NAFLD N P PR%
1 5180 561 — — 10.83
2 4940 620 7.26 0.0070 12.55
3 3828 780 158.32 <0.0001 20.38
4 3455 690 139.79 <0.0001 19.97
DBP =diastolic blood pressure, NAFLD =nonalcoholic fatty liver disease.

Table 5

Association of DBP level with prevalence rate of MS.

DBP level quartiles Low HDL-C, n (%) BMI FPG TG

1 1152 (22.24) 647 (12.49) 848 (16.37) 889 (17.16)
2 1301 (26.34) 778 (15.75) 944 (19.11) 1033 (20.91)
3 991 (25.89) 981 (25.63) 985 (25.73) 1095 (28.61)
4 1036 (29.99) 1000 (28.94) 1002 (29.00) 1039 (30.07)
X 66.75 492.83 251.00 273.87

P <0.001 <0.001 <0.001 <0.001

BMI=body mass index, FPG=fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, TG =triglyceride.

were found to be independent risk factors for NAFLD
(Table 6).

4. Discussion

The main findings of this study were as follows: the BP level even
in nonhypertensive individuals was significantly associated with
NAFLD. The SBP or DBP levels correlated with the PR% of
NAFLD. The SBP or DBP levels had a close relationship with MS,
such as FPG, UA, TC, TG, and LDL-C. The data also showed that
elevated BP level even in nonhypertensive individuals contributed
to the risk for NAFLD.

NAFLD may be considered as an additional feature of MS,
with specific hepatic insulin resistance. Using the homeostasis
model assessment method, Marchesini et all'®! showed that, in a

large series of patients, irrespective of BMI, fat distribution, or
glucose tolerance, insulin resistance was the laboratory finding
most closely associated with the presence of NAFLD. It is
possible that a change in body fat during the follow-up period
could influence risk of incident hypertension.*! A study by
Bombelli et al®" showed that an increased in BMI and waist
circumference is relationship with an increased adjusted risk of
developing hypertension and the rate of change in BMI over the
life course increased the risk of incident hypertension in a dose-
response fashion, with the highest risk among men with the
greatest increase in BMI (hazard ratio, 2.52). Regression
analyses showed that elevated insulin resistance mediated the
association between hypertension and fatty liver.*?! The present
article revealed that the BP level even within normal range also
associated with MS.
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Figure 1. Prevalence rate of MS in the subjects with different quartile levels of
SBP. The prevalence rate of MS and its components including low HDL-C,
BMI, elevated FPG, and hypertriglyceridemia all showed increasing trends with
the increases in SBP levels. BMI=body mass index, FPG=fasting plasma
glucose, HDL-C=high-density lipoprotein cholesterol, MS=metabolic syn-
drome, SBP = systolic blood pressure.

80-
- Pirerd< 001 - Q1
2
< 60- M Q2
..2 Q3
- Q4
o 404
5 Prrend< 001 Ped<001 Prend<001 Ptend< 001
©
s 2-
|
o

Figure 2. Prevalence rate of MS in the subjects with different quartile levels of
DBP. The prevalence rate of metabolic syndrome and its components including
low HDL-C, BMI, elevated FPG, and hypertriglyceridemia all showed increasing
trends with the increases in DBP levels. BMI=body mass index, FPG =fasting
plasma glucose, HDL-C = high-density lipoprotein cholesterol, MS =metabolic
syndrome, DBP =diastolic blood pressure.
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Risk factors for NAFLD.

B SE Wald Sig. Exp (B) 95%Cl for EXP (B)
SBP 0.09 0.03 8.80 0.00 1.09 1.03-1.16
DBP 0.15 0.03 26.50 0.00 116 1.10-1.22
Sex ~1.32 0.08 246.20 0.00 0.27 0.23-0.32
Age 0.04 0.00 179.11 0.00 1.04 1.04-1.05
ALB 0.03 0.01 8.1 0.00 1.03 1.01-1.05
GPT 0.06 0.00 47718 0.00 1.06 1.05-1.06
GoT ~0.061 0.00 126.22 0.00 0.94 0.93-0.95
FPG 0.20 0.02 70.72 0.00 1.22 1.16-1.27
UA 0.01 0.00 165.90 0.00 1.01 1.00-1.01
16 0.25 0.02 120.82 0.00 1.28 1.22-1.33
HDL-C ~1.38 0.12 134.89 0.00 0.25 0.20-0.32
LDL-C 0.27 0.03 65.68 0.00 1.31 1.23-1.40
Constant —6.41 0.62 107.19 0.00 0.00

ALB =albumin, DBP =diastolic blood pressure, FPG =fasting plasma glucose, GOT = glutamic oxaloacetic transaminase, GPT=glutamic pyruvic transaminase, HDL-C = high-density lipoprotein cholesterol,
LDL-C=low-density lipoprotein cholesterol, SBP =systolic blood pressure, TG =triglyceride, TG=triglyceride, UA=uric acid.

Early functional and structural changes of the arterial wall
have been recently identified both as independent prognostic
factors and as a target of treatment in patients with essential
hypertension.*3! A higher level of brachial-ankle pulse wave
velocity, a measurement of arterial stiffness, was independently
associated with the prevalence risk for NAFLD regardless of
classical CVD risk factors and other components of MS.[24

In carotid artery wall thickness and prevalence of carotid
plaques in diabetic as well as nondiabetic individuals with
NAFLD, cross-sectional observations had documented a marked
increase.””! Data showed that the level of liver steatosis
represented the damage degree of vascular and it was also
considered as a risk factor for cardiovascular complications,
which was regarded as a clinical condition characterized by
hemodynamic overload and a complex disease. Further,
dyslipidemia, IR, and some other metabolic factors can operate
on vascular damage and liver disease in this complex disease.!*’!
On the other hand, the left ventricular (LV) hypertrophy was a
major determinant of diastolic abnormalities in hypertension. In
response to LV pressure overload, myocardial tissue damage,
myocardial fibrosis, and impairment of the LV function would be
caused by increased BP levels.””®! And, in patients with NAFLD
compared to the controls, mild abnormalities could be found in
the LV structure, including increased left ventricular mass
(LVM), left ventricular mass index (LVMI), and LV wall
thickness.?”

The concurrence of insulin resistance and cardiac diastolic
dysfunction in hypertensive patients with NAFLD is in
agreement with the recent view of a common pathogenetic
mechanism for both increased hepatic fat content and heart
damage.*®! There are some limitations of this study. First,
ultrasonography has limitations in detecting fatty liver content,
and it is neither able to quantify fatty liver deposits nor able to
detect the level of inflammation or fibrosis. However, the
advantages of ultrasonography include its safety, low cost,
repeatability, satisfied sensitivity, and specificity. Second,
patients with antihypertensive, antidiabetic, and lipid-lowering
medications, which may influence the natural characteristics of
NAFLD, were excluded from this study. Third, although the PR
% of NAFLD for both SBP and DBP in Q4 (highest BP among
the groups) were lower than those in Q3, the increasing trend of
NAFLD in Q4 is obvious compared with Q1 and Q2. The
reason why NAFLD in Q4 lower than those in Q3 might be that

the size sample is not large enough to exhibit the phenomenon of
NAFLD in Q4 higher than those in Q3.

In conclusion, BP is significantly associated with NAFLD in
nonhypertensive individuals, SBP and DBP are found to be
independent risk factors for NAFLD.
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