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Purpose: Recent studies have demonstrated that hypertension (HTN) is associated with non-

alcoholic fatty liver disease (NAFLD) in treated hypertensive patients. The aim of this study 

was to investigate the association between newly diagnosed essential HTN and NAFLD in 

untreated hypertensive patients.

Patients and methods: A consecutive series of 240 subjects (143 hypertensives and 

97 normotensives), aged 30–80 years, without diabetes mellitus were enrolled in the study. 

Subjects with 24-hour systolic blood pressure (SBP) values $130 mmHg and/or diastolic BP 

values $80 mmHg were defined as hypertensives. NAFLD was defined as the presence of liver 

hyperechogenicity on ultrasound.

Results: Body mass index (P=0.002) and essential HTN (P=0.016) were independently associ-

ated with NAFLD in the multivariate logistic regression model. Furthermore, the multivariate 

analysis revealed that morning SBP (P=0.044) was independently associated with NAFLD.

Conclusion: Untreated, newly diagnosed essential HTN is independently associated with 

NAFLD. Ambulatory BP monitoring could be used for the diagnosis of essential HTN in 

patients with NAFLD.

Keywords: ambulatory blood pressure, liver steatosis, hypertension, nonalcoholic fatty liver 

disease, body mass index

Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide. 

Its prevalence is estimated to be up to 30% in developed countries and nearly 10% in 

developing nations.1 NAFLD includes a wide spectrum of liver injury ranging from 

mild liver steatosis to nonalcoholic steatohepatitis (NASH), advanced fibrosis, and 

progression to cirrhosis and hepatocellular cancer.1,2 Subjects with NAFLD should 

be closely monitored and preventive lifestyle modifications should be implemented 

to avoid progression of the benign steatosis to NASH and fibrosis.3 Cardiovascular 

disease and liver injury associated with cirrhosis and its complications are two of the 

most important causes of death in NAFLD patients.4 Moreover, NAFLD is associated 

with coronary artery disease, cerebrovascular disease and peripheral vascular disease, 

and arterial hypertension (HTN).5–7

Arterial HTN, as a component of metabolic syndrome, seems to be a predictor of 

NAFLD.8–12 More specifically, Vasunta et al11 showed that patients with fatty liver had 

significantly higher ambulatory daytime and nighttime systolic blood pressure (SBP) lev-

els than those with normal liver. Moreover, Bedogni et al,12 in the Dionysos nutrition and 

liver study, concluded that HTN was independently associated with NAFLD in patients 
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under antihypertensive treatment. Additionally, treatment of 

essential HTN with angiotensin-converting-enzyme inhibi-

tors and angiotensin II receptor blockers seems to improve 

steatosis.13–17 However, approximately 50% of the subjects 

who were included in the previous studies were under 

unknown hypertensive treatment.

As far as we are concerned, there is limited information 

about the association of untreated newly diagnosed essential 

HTN using ambulatory blood pressure (BP) monitoring 

recordings with NAFLD. The aim of our study was to inves-

tigate the possible association between newly diagnosed 

essential HTN using ambulatory BP monitoring recordings 

and NAFLD in never treated hypertensive patients.

Patients and methods
From November 2009 to June 2012, we took detailed medical 

histories from all patients (1,771 in total) who were referred 

to the hypertensive center of our hospital. A number of 

exclusion criteria were defined in order to minimize the 

possibility of interaction with other diseases. Patients with 

documented diagnosis of malignancy, chronic liver disease 

(autoimmune hepatitis, hemochromatosis, etc), positive 

serum markers for hepatitis B or C, alcohol consumption 

over 30 g/d for men and 20 g/d for women, diabetes mel-

litus (fasting glucose .126 mg/dL), secondary HTN, and 

estimated glomerular filtration rate18 (eGFR) ,60 mL/

min/1.73 m² were excluded from the study. Also, patients 

taking antihypertensive treatment, corticosteroids, tricyclic 

antidepressants, amiodarone, tetracyclines, chronic salicy-

lates, and other medications19 causing deposition of fat at 

the liver were excluded.

All subjects underwent office BP measurements, 24-hour 

ambulatory BP monitoring, liver ultrasound, and blood test 

examination. Body mass index (BMI) was calculated by 

dividing weight (kg) by the square of height (m²).20 Smoking 

status was also recorded. Alcohol consumption was defined 

as grams of absolute alcohol consumed per day. The waist 

circumference was measured using a tape which was placed to 

the nearest 0.5 cm between the last rib and the iliac crest while 

the person was standing with feet approximately 25–30 cm 

apart and at the end of a normal expiration. The measurer 

stood beside the person and applied the tape snugly, without 

compressing any underlying soft tissues.21

A total of 240 patients fulfilled the inclusion criteria and 

were enrolled in the study. The patients were divided into 

two groups according to the results of the liver ultrasound. 

Those with hyperechogenicity of liver in contrast to the cor-

tical portion of the right kidney, or either vascular blurring 

or deep attenuation were labeled as the group with NAFLD 

and those without any of the above characteristics on ultra-

sound were labeled as the group of control patients.22 The 

study population was divided into two groups according to 

24-hour mean ambulatory BP values: patients with elevated 

24-hour SBP $130 mmHg and/or diastolic BP (DBP) 

values $80 mmHg were defined as hypertensives and those 

with normal 24-hour BP values (,130/80 mmHg) were 

defined as normotensives.23 The patients were also divided 

into two groups: those with white-coat HTN and those with-

out white-coat HTN. White-coat HTN is present when office 

SBP is .140 mmHg or office DBP .90 mmHg and daytime 

average SBP is ,135 mmHg and DBP ,85 mmHg.24

All participants provided informed written consent, and 

the study was approved by the local scientific committee of 

Alexandra Hospital.

BP measurements
Office BP was measured by a physician in both arms using a 

clinically validated automated sphygmomanometer (Omron 

705IT; Omron Healthcare, Kyoto, Japan). The patients were 

seated for 5 minutes in a quiet room before beginning BP 

measurements. Individuals with differences in BP between 

the arms greater than 20 mmHg for SBP and 10 mmHg for 

DBP were excluded from the study (n=3). During the mea-

surements, the participants’ arm was supported and placed 

at the level of the heart. Three BP measurements taken at a 

1-minute interval were averaged to obtain a single systolic 

and diastolic office BP value.

Ambulatory BP measurements were recorded using oscil-

lometric Spacelabs 90207 equipment (Spacelabs, Redmond, 

WA, USA). The daytime and nighttime periods were iden-

tified by using the fixed-narrow time interval approach, 

recommended by the European Society of Hypertension.25 

Daytime readings (9 am–9 pm) and morning BP measure-

ments (6 am–9 am) were taken every 15 minutes, and night-

time readings were taken (1 am–6 am) every 30 minutes. 

The retiring period between 9 pm and 1 am is eliminated 

in order to avoid variations in the time spent in bed that 

may exist between patients of different ages. All patients 

were instructed to rest and sleep during the nighttime and 

to maintain their usual activities during the day. None of the 

study participants were bedridden or hospitalized during 

ambulatory BP monitoring. Individuals who reported that 

they had not rested during the night interval were excluded 

from further evaluation (n=4). Individuals who reported 

unusual events, for example, unusual physical or emotional 

events, during the day were excluded from the study (n=3). 
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Table 1 Characteristics of patients with and without nonalcoholic 
fatty liver disease

Variables NAFLD 
patients 
(N=163)

Controls 
(N=77)

P-value

age (years) 54±11 55±11 0.470
Male (%) 36.2 28.6 0.244
Waist circumference (cm) 103±12 88±11 ,0.001
BMi (kg/m²) 30±5.5 25.64±3.8 ,0.001
smoking (%) 27.1 23.5 0.584
eGFr (ml/min/1.73 m2) 97±27 101±23 0.399
hypertension (%) 65.6 46.8 0.008
Office SBP (mmHg) 149±17 145±16 0.070
Office DBP (mmHg) 90±11 88±10 0.160
24-hour mean sBP (mmhg) 131±12 126±12 0.002
24-hour mean DBP (mmhg) 80±9.50 78±9.11 0.104
Daytime mean sBP (mmhg) 136±13.04 131±12.87 0.006
Daytime mean DBP (mmhg) 85±10 83±9.8 0.182
nighttime mean sBP (mmhg) 120±14.00 113.4±18.00 0.004
nighttime mean DBP (mmhg) 71±11 69±10 0.284
Morning mean sBP (mmhg) 131±14 125±17 0.013
Morning mean DBP (mmhg) 81±11 79±11 0.153
White-coat hypertension (%) 20.9 26 0.435
asT (iU/l) 22±9.70 19.10±5.51 0.023
alT (iU/l) 29.3±23 22.40±21 0.001
GGT (iU/l) 24.8±16.3 15.6±8.2 ,0.001
alP (iU/l) 97.41±105.44 81.33±47.23 0.238
ChOl (mg/dl) 217±39 210±42 0.243
lDl (mg/dl) 138±36 136±40 0.729
hDl (mg/dl) 56.34±19.85 63.60±17.36 0.011
TriGl (mg/dl) 130±65 94±51 ,0.001
hs-CrP (mg/l) 1.32±2.32 0.84±1.29 0.057
GlU (mg/dl) 95.66±12.52 90.89±8.77 0.001

Notes: noncontinuous variables are given as percentages. Continuous variables are 
presented as mean ± sD. Upper reference limits are 45 iU/l for asT, 45 iU/l for 
alT, 55 iU/l for GGT, 150 iU/l for alP, 200 mg/dl for ChOl, 140 mg/dl for lDl, 
160 mg/dl for TriGl, 5 mg/l for hs-CrP, and 110 mg/dl for GlU in our laboratory. 
lower reference limit is 35 mg/dl for hDl in our laboratory.
Abbreviations: naFlD, nonalcoholic fatty liver disease; BMi, body mass 
index; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; asT, aspartate aminotransferase; alT, alanine 
aminotransferase; GGT, gamma glutamyl transpeptidase; alP, alkaline phosphatase; 
ChOl, cholesterol; lDl, low-density lipoprotein; hDl, high-density lipoprotein; 
TriGl, triglycerides; hs-CrP, high-density c-reactive protein; GlU, glucose serum 
fast; sD, standard deviation.
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If the examination had less than 70% of the expected number 

of valid values because of frequent artifacts, then the exami-

nation was repeated.

Laboratory data
Blood sample was taken from all the participants after 

overnight fast. Complete blood account, glucose serum fast 

(GLU), cholesterol (CHOL), triglycerides (TRIGL), high-

density lipoprotein (HDL), low-density lipoprotein (LDL), 

aspartate and alanine aminotransferases (AST, ALT), gamma 

glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), 

urea nitrogen, serum creatinine, and high-density c-reactive 

protein (Hs-CRP) were assessed. For the biochemical analy-

sis, Integra 800, spectrophotometric analyzer (Roche, Basel, 

Switzerland) was used. For the measurement of Hs-CRP, 

BN2-Nephelometer II, Siemens analyzer (Siemens, Berlin 

and Munich, Germany) was used.

Liver ultrasound
The ultrasonographic diagnosis (probe: convex, 4MHz; 

Envisor, Philips, Holland, the Netherlands) of steatosis was 

made by the same operator, who was blinded regarding 

the BP levels and the laboratory findings of the patients. 

Subjects were labeled as having liver steatosis when there 

was hyperechogenicity of liver in contrast to the cortical 

portion of the right kidney, and either vascular blurring or 

deep attenuation.22

Statistical analyses
The Kolmogorov–Smirnov test was used to assess the nor-

mality of continuous variables. Continuous variables are 

expressed as mean ± standard deviation, while categorical 

variables are expressed as relative frequencies (%). The 

variables office SBP, eGFR, and Hs-CRP had skewed dis-

tribution and were transformed. More specifically, eGFR 

was transformed using square root. Office SBP and Hs-CRP 

were logarithmically transformed. Chi-square was used 

to explore the relationship between categorical variables. 

Independent-samples t-test was used to investigate the 

difference between normally distributed data accordingly. 

Pearson product-moment correlation was conducted in order 

to investigate correlations between continuous variables. 

Continuous variables with a correlation coefficient higher 

than 0.7 were not included in the same model. So, BMI and 

waist circumference were not included in the same model. In 

the initial univariate analyses, a threshold of P,0.1 (because 

of the risk of a type II error because of low statistical power 

in such an analysis) was used to identify candidate variables 

for inclusion in the final model. Multiple logistic regression 

analysis was conducted in order to identify variables indepen-

dently associated with essential HTN and NAFLD. Statistical 

significance was achieved with a two-tailed value of P,0.05. 

SPSS software (SPSS 15.0 version, Chicago, IL, USA) was 

used for statistical analysis.

Results
The mean age was 54±11 years for those with NAFLD and 

55±11 for those with normal liver. Hypertensives constitute 

59.6% of the whole sample. NAFLD was detected in 67.9% 

of the study population. The characteristics of subjects with 

NAFLD and those without NAFLD are shown in Table 1. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical and Experimental Gastroenterology 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4

Michopoulos et al

Subjects with NAFLD showed higher  prevalence of essential 

HTN than those without NAFLD. Five of 77 patients without 

steatosis and seven of 163 patients with NAFLD were on 

lipid-lowering treatment with statins (P=0.696). Those with 

NAFLD presented higher values of BMI, waist circumfer-

ence, AST, ALT, GGT, TRIGL, and glucose than those with-

out NAFLD. On the other hand, those with fatty liver had 

lower levels of HDL than those without fatty liver.

The levels of office SBP and DBP did not differ between 

the two groups. Additionally, the values of mean DBP during 

all day periods (24 hours, daytime, nighttime, and morning) 

did not differ between the two groups. The levels of 24-hour 

(P=0.002), daytime (P=0.006), nighttime (P=0.004), and 

morning SBP (P=0.013) were higher in those with fatty liver 

than in those without fatty liver. The percentage of white-coat 

HTN did not differ in those with NAFLD compared to those 

without NAFLD (P=0.435).

All statistically significant variables (P,0.1) at univariate 

analysis were included in the multivariate logistic model. 

BMI (odds ratio [OR]: 1.224; 95% confidence interval [CI]: 

1.079–1.390; P=0.002) and essential HTN (OR: 3.584; 95% 

CI: 1.274–10.076; P=0.016) were factors independently 

associated with fatty liver (Table 2). GGT (P=0.060) showed 

only a tendency. Furthermore, morning SBP (P=0.044) was 

independently associated with NAFLD after adjustment for 

BMI, AST, ALT, GGT, HDL, TRIGL, GLU, CRP, and office 

SBP. Twenty-four-hour (P=0.055) and nighttime (P=0.077) 

SBP showed a tendency but was not associated with fatty 

liver after adjustment for BMI, AST, ALT, GGT, HDL, 

TRIGL, GLU, CRP, and office SBP, whereas daytime SBP 

(P=0.109) was not associated with NAFLD at multivariate 

analysis. BMI and waist circumference were not included in 

the same model due to collinearity reasons.

The prevalence of essential HTN did not differ between 

men with NAFLD and men with normal liver (P=0.321). Men 

with NAFLD had significantly higher waist circumference, 

BMI, and GGT values than men with normal liver. The levels 

of office SBP and DBP did not differ between two groups. 

Additionally, the values of mean SBP and DBP during all 

day periods (24 hours, daytime, nighttime, and morning) did 

not differ between the two groups (Table 3). BMI, AST, and 

GGT were associated significantly with NAFLD in the initial 

univariate analyses. In the multivariate logistic analysis, 

BMI (OR: 1.237; 95% CI: 1.047–1.461; P=0.012) showed 

significant and independent association with NAFLD in men 

(Table 4). GGT (OR: 1.056; 95% CI: 0.991–1.127; P=0.093) 

showed only a tendency. BMI and waist circumference were 

not included in the same model due to collinearity reasons.

Table 2 Variables associated with nonalcoholic fatty liver disease 
in whole sample

Variables B OR 95% CI P-value

Bivariate analysis
 age (years) -0.010 0.990 0.963–1.017 0.467
 sex (male) 0.349 1.418 0.787–2.555 0.245
 Waist circumference (cm) 0.112 1.118 1.080–1.157 ,0.001
 BMi (kg/m²) 0.237 1.267 1.162–1.383 ,0.001
 smoking (yes) 0.188 1.207 0.618–2.359 0.582
 eGFr (ml/min/1.73 m2)a -0.080 0.923 0.739–1.154 0.484
 hypertension (yes) 0.778 2.177 1.253–3.780 0.006
 Office SBP (mmHg)b 1.055 2.872 0.403–3.320 0.074
 Office DBP (mmHg) 0.018 1.018 0.993–1.044 0.161
  24-hour mean sBP  

(mmhg)
0.037 1.037 1.013–1.063 0.003

  24-hour mean DBP  
(mmhg)

0.025 1.026 0.995–1.057 0.106

  Daytime mean sBP  
(mmhg)

0.031 1.032 1.009–1.055 0.006

  Daytime mean DBP  
(mmhg)

0.019 1.019 0.991–1.048 0.183

  nighttime mean sBP  
(mmhg)

0.030 1.030 1.010–1.051 0.004

  nighttime mean DBP  
(mmhg)

0.015 1.015 0.988–1.042 0.285

  Morning mean sBP  
(mmhg)

0.025 1.025 1.005–1.045 0.013

  Morning mean DBP  
(mmhg)

0.019 1.019 0.993–1.046 0.153

  White-coat hypertension 
 (yes)

-0.225 0.798 0.491–1.297 0.463

 asT (iU/l) 0.060 1.062 1.012–1.115 0.015
 alT (iU/l) 0.023 1.024 1.001–1.046 0.038
 GGT (iU/l) 0.081 1.084 1.044–1.125 ,0.001
 alP (iU/l) 0.004 1.004 0.998–1.009 0.248
 ChOl (mg/dl) 0.004 1.004 0.997–1.012 0.243
 lDl (mg/dl) 0.001 1.001 0.993–1.009 0.728
 hDl (mg/dl) -0.020 0.980 0.965–0.996 0.015
 TriGl (mg/dl) 0.014 1.014 1.007–1.021 ,0.001
 hs-CrP (mg/l)c 0.563 1.756 0.978–3.152 0.060
 GlU (mg/dl) 0.042 1.043 1.013–1.074 0.004
Multivariate logistic regressiona

 BMi (kg/m²) 0.203 1.224 1.079–1.390 0.002
 hypertension (yes) 1.276 3.584 1.274–10.076 0.016
 GGT (iU/l) 0.046 1.047 0.998–1.099 0.060

Notes: Odds ratio and 95% CI adjusted by office SBP, AST, and all covariables with 
P,0.100 in bivariate analysis. BMi and waist circumference were not included in the 
same model because they are continuous variables with a correlation coefficient 
higher than 0.7. The same applies to 24-hour mean sBP and daytime mean sBP, 24-
hour mean sBP and nighttime mean sBP, and 24-hour mean sBP and morning mean 
sBP. Upper reference limits are 45 iU/l for asT, 45 iU/l for alT, 55 iU/l for GGT, 
150 iU/l for alP, 200 mg/dl for ChOl, 140 mg/dl for lDl, 160 mg/dl for TriGl, 
5 mg/l for hs-CrP, and 110 mg/dl for GlU in our laboratory. lower reference limit 
is 35 mg/dl for hDl in our laboratory. aThe variable eGFr was transformed using 
square root; bthe variable office SBP was logarithmically transformed; cthe variable 
hs-CrP was logarithmically transformed.
Abbreviations: B, regression coefficient; OR, odds ratio; CI, confidence interval; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; asT, aspartate aminotransferase; alT, alanine 
aminotransferase; GGT, gamma glutamyl transpeptidase; alP, alkaline phosphatase; 
ChOl, cholesterol; lDl, low-density lipoprotein; hDl, high-density lipoprotein; 
TriGl, triglycerides; hs-CrP, high-density c-reactive protein; GlU, glucose serum 
fast.
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Table 3 Characteristics of men with and without nonalcoholic 
fatty liver disease

Variables NAFLD 
patients 
(N=59)

Controls 
(N=22)

P-value

age (years) 51±11 55±11 0.100
Waist circumference (cm) 106±12 92±10 ,0.001
BMi (kg/m²) 30±4.7 26±4 ,0.001
smoking (%) 32.7 27.8 0.695
eGFr (ml/min/1.73 m2) 80±2 81±2 0.802
hypertension (%) 76.3 86.4 0.321
Office SBP (mmHg) 153±19 149±13 0.290
Office DBP (mmHg) 93±13 91±8 0.526
24-hour mean sBP (mmhg) 135±13 131±10 0.168
24-hour mean DBP (mmhg) 84±11 83±7 0.716
Daytime mean sBP (mmhg) 141±14 137±9 0.300
Daytime mean DBP (mmhg) 89±11 88±7 0.816
nighttime mean sBP (mmhg) 122±16 119±12 0.316
nighttime mean DBP (mmhg) 73±11 71±8 1.000
Morning mean sBP (mmhg) 133±15 131±13 0.549
Morning mean DBP (mmhg) 84±11 83±7 0.813
White-coat hypertension (%) 11.9 12.5 0.293
asT (iU/l) 25±11 20±7 0.097
alT (iU/l) 39±31 32±36 0.439
GGT (iU/l) 30±18 21±12 0.038
alP (iU/l) 93±55 78±44 0.796
ChOl (mg/dl) 220±39 212±37 0.265
lDl (mg/dl) 148±46 136±30 0.205
hDl (mg/dl) 49±16 56±16 0.147
TriGl (mg/dl) 138±75 109±50 0.127
hs-CrP (mg/dl) 1.25±1.75 0.74±0.69 0.314
GlU (mg/l) 99±16 93±8 0.112

Notes: Data are presented as mean ± standard deviation. Upper reference limits 
are 45 iU/l for asT, 45 iU/l for alT, 55 iU/l for GGT, 150 iU/l for alP, 200 mg/
dl for ChOl, 140 mg/dl for lDl, 160 mg/dl for TriGl, 5 mg/l for hs-CrP, and 
110 mg/dl for GlU in our laboratory. lower reference limit is 35 mg/dl for hDl 
in our laboratory.
Abbreviations: naFlD, nonalcoholic fatty liver disease; eGFr, estimated 
glomerular filtration rate; BMI, body mass index; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; asT, aspartate aminotransferase; alT, alanine 
aminotransferase; GGT, gamma glutamyl transpeptidase; alP, alkaline phosphatase; 
ChOl, cholesterol; lDl, low-density lipoprotein; hDl, high-density lipoprotein; 
TriGl, triglycerides; hs-CrP, high-density c-reactive protein; GlU, glucose serum 
fast.

Women with NAFLD (75.8%) had significantly (P=0.001) 

higher prevalence of essential HTN than those with normal 

liver. Women with NAFLD had significantly higher waist 

circumference, BMI, AST, ALT, GGT, CHOL, TRIGL, and 

GLU values than women with normal liver. The levels of 

office SBP and DBP did not differ between the two groups. 

The levels of 24-hour (P=0.011), daytime (P=0.017), night-

time (P=0.004), and morning SBP (P=0.012) were higher in 

women with fatty liver than those without fatty liver (Table 5). 

In the multivariate logistic analyses, the following variables 

were included: BMI, essential HTN, ALT, GGT, CHOL, 

HDL, TRIGL, Hs-CRP, and GLU. BMI (OR: 1.277; 95% CI: 

Table 4 Variables associated with nonalcoholic fatty liver disease 
in men

Variables B OR 95% CI P-value

Bivariate analysis
 age (years) -0.043 0.958 0.909–1.009 0.104

 Waist circumference (cm) 0.141 1.152 1.066–1.244 ,0.001
 BMi (kg/m²) 0.280 1.323 1.114–1.570 0.001
 smoking (yes) 0.235 1.265 0.391–4.097 0.695
 eGFr (ml/min/1.73 m2)a 0.011 1.011 0.692–1.477 0.957
 hypertension (yes) -0.678 0.508 0.131–1.972 0.327

 Office SBP (mmHg)b 0.679 1.972 1.972–7.668 0.634
 Office DBP (mmHg) 0.014 1.014 0.971–1.060 0.521
  24-hour mean sBP  

(mmhg)
0.031 1.031 0.987–1.077 0.170

  24-hour mean DBP  
(mmhg)

0.010 1.010 0.959–1.063 0.712

  Daytime mean sBP  
(mmhg)

0.021 1.022 0.981–1.063 0.298

  Daytime mean DBP  
(mmhg)

0.006 1.006 0.959–1.055 0.814

  nighttime mean sBP  
(mmhg)

0.018 1.018 0.983–1.054 0.313

  nighttime mean DBP  
(mmhg)

0.010 1.010 1.038–1.059 0.967

  Morning mean sBP  
(mmhg)

0.011 1.011 0.975–1.049 0.544

  Morning mean DBP  
(mmhg)

0.006 1.006 0.956–1.059 0.810

  White-coat hypertension  
(yes)

0.980 2.633 0.737–9.622 0.295

 asT (iU/l) 0.060 1.062 0.987–1.142 0.093
 alT (iU/l) 0.008 1.008 0.988–1.029 0.443
 GGT (iU/l) 0.062 1.064 1.004–1.127 0.035
 alP (iU/l) -0.001 0.999 0.988–1.009 0.792

 ChOl (mg/dl) -0.007 0.993 0.980–1.006 0.262

 lDl (mg/dl) -0.010 0.990 0.975–1.005 0.205

 hDl (mg/dl) -0.025 0.975 0.943–1.009 0.149

 TriGl (mg/dl) 0.008 1.008 0.998–1.018 0.135
 hs-CrP (mg/l)c 0.371 1.449 0.503–4.172 0.492
 GlU (mg/dl) 0.037 1.038 0.991–1.087 0.119
Multivariate logistic regressiona

 BMi (kg/m²) 0.213 1.237 1.047–1.461 0.012
 GGT (iU/l) 0.055 1.056 0.991–1.127 0.093

Notes: Odds ratio and 95% Ci adjusted by the variables with P,0.100 in bivariate 
analysis. BMi and waist circumference were not included in the same model because 
they are continuous variables with a correlation coefficient higher than 0.7. The 
same applies to 24-hour mean sBP and daytime mean sBP, 24-hour mean sBP 
and nighttime mean sBP, and 24-hour mean sBP and morning mean sBP. Upper 
reference limits are 45 iU/l for asT, 45 iU/l for alT, 55 iU/l for GGT, 150 iU/l 
for alP, 200 mg/dl for ChOl, 140 mg/dl for lDl, 160 mg/dl for TriGl, 5 mg/l 
for hs-CrP, and 110 mg/dl for GlU in our laboratory. lower reference limit is 35 
mg/dl for hDl in our laboratory. aThe variable eGFr was transformed using square 
root; bthe variable office SBP was logarithmically transformed; cthe variable hs-CrP 
was logarithmically transformed.
Abbreviations: B, regression coefficient; OR, odds ratio; CI, confidence interval; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; asT, aspartate aminotransferase; 
alT, alanine aminotransferase; GGT, gamma glutamyl transpeptidase; alP, alkaline 
phosphatase; ChOl, cholesterol; lDl, low-density lipoprotein; hDl, high-density 
lipoprotein; TriGl, triglycerides; hs-CrP, high-density c-reactive protein; GlU, 
glucose serum fast.
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Table 5 Characteristics of women with and without nonalcoholic 
fatty liver disease

Variables NAFLD 
patients 
(N=104)

Controls 
(N=55)

P-value

age (years) 56±10 55±11 0.592
Waist circumference (cm) 101±13 87±11 ,0.001
BMi (kg/m²) 30±6 25±4 ,0.001
smoking (%) 23.6 22.0 0.830
eGFr (ml/min/1.73 m2) 84±2 84.5±2 0.732
hypertension (%) 75.8 21.5 0.001
Office SBP (mmHg) 146±16 143±17 0.226
Office DBP (mmHg) 89±10 87±11 0.298
24-hour mean sBP (mmhg) 129±11 124±13 0.011
24-hour mean DBP (mmhg) 78±8 76±9 0.156
Daytime mean sBP (mmhg) 134±11 129±13 0.017
Daytime mean DBP (mmhg) 83±9 81±10 0.267
nighttime mean sBP (mmhg) 119±12 111±20 0.004
nighttime mean DBP (mmhg) 70±10 68±10 0.294
Morning mean sBP (mmhg) 130±13 123±17 0.012
Morning mean DBP (mmhg) 80±10 77±12 0.168
White-coat hypertension (%) 26 34.5 0.291
asT (iU/l) 20±6 19±5 0.132
alT (iU/l) 23±11 19±10 0.018
GGT (iU/l) 22±14 14±6 ,0.001
alP (iU/l) 103±128 78±44 0.183
ChOl (mg/dl) 220±39 205±39 0.031
lDl (mg/dl) 138±39 131±37 0.274
hDl (mg/dl) 61±21 67±17 0.084
TriGl (mg/dl) 126±57 89±50 ,0.001
hs-CrP (mg/l) 1.37±2.62 0.88±1.90 0.283
GlU (mg/dl) 94±10 90±9 0.019

Notes: Data are presented as mean ± standard deviation. Upper reference limits are 45 
iU/l for asT, 45 iU/l for alT, 55 iU/l for GGT, 150 iU/l for alP, 200 mg/dl for ChOl, 
140 mg/dl for lDl, 160 mg/dl for TriGl, 5 mg/l for hs-CrP, and 110 mg/dl for GlU in 
our laboratory. lower reference limit is 35 mg/dl for hDl in our laboratory.
Abbreviations: naFlD, nonalcoholic fatty liver disease; BMi, body mass index; 
eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; asT, aspartate aminotransferase; alT, alanine aminotransferase; 
GGT, gamma glutamyl transpeptidase; alP, alkaline phosphatase; ChOl, cholesterol; 
lDl, low-density lipoprotein; hDl, high-density lipoprotein; TriGl, triglycerides; 
hs-CrP, high-density c-reactive protein; GlU, glucose serum fast.

1.080–1.511; P=0.004) and essential HTN (OR: 6.631; 

95% CI: 1.626–27.035; P=0.008) were associated sig-

nificantly with NAFLD in the multivariate logistic analyses 

(Table 6). BMI and waist circumference were not included 

in the same model due to collinearity reasons.

Discussion
The main findings of our study were that morning SBP was 

independently associated with the presence of NAFLD and 

that BMI and essential HTN were independently associated 

with NAFLD.

It is well known that BP increases in the morning 

when the subject is awake and keeps his/her daily activity. 

Table 6 Variables associated with nonalcoholic fatty liver disease 
in women

Variables B OR 95% CI P-value

Bivariate analysis
 age (years) 0.009 1.009 0.976–1.044 0.589
 Waist circumference (cm) 0.108 1.114 1.069–1.160 ,0.001
 BMi (kg/m²) 0.217 1.242 1.122–1.375 0.001
 smoking (yes) 0.091 1.095 0.478–2.508 0.830
 eGFr (ml/min/1.73 m2)a -0.147 0.864 0.651–1.145 0.309

 hypertension (yes) 1.194 3.300 1.650–6.600 0.001
 Office SBP (mmHg)b 1.082 2.950 0.347–3.013 0.222
 Office DBP (mmHg) 0.017 1.017 0.985–1.050 0.297
  24-hour mean sBP  

(mmhg)
0.038 1.038 1.008–1.070 0.013

  24-hour mean DBP  
(mmhg)

0.029 1.030 0.989–1.072 0.157

  Daytime mean sBP  
(mmhg)

0.034 1.035 1.006–1.064 0.019

  Daytime mean DBP  
(mmhg)

0.021 1.021 0.984–1.059 0.266

  nighttime mean sBP  
(mmhg)

0.034 1.034 1.009–1.061 0.008

  nighttime mean DBP  
(mmhg)

0.018 1.018 0.984–1.053 0.296

  Morning mean sBP  
(mmhg)

0.029 1.030 1.006–1.054 0.014

  Morning mean DBP  
(mmhg)

0.022 1.022 0.991–1.055 0.169

  White-coat hypertension  
(yes)

-0.421 0.656 0.381–1.129 0.128

 asT (iU/l) 0.052 1.053 0.984–1.128 0.137
 alT (iU/l) 0.051 1.052 1.007–1.100 0.024
 GGT (iU/l) 0.098 1.103 1.042–1.166 0.001
 alP (iU/l) 0.005 1.005 0.997–1.014 0.180
 ChOl (mg/dl) 0.010 1.010 1.001–1.020 0.035
 lDl (mg/dl) 0.005 1.005 0.996–1.015 0.273
 hDl (mg/dl) -0.016 0.984 0.966–1.003 0.092

 TriGl (mg/dl) 0.018 1.018 1.008–1.028 ,0.001
 hs-CrP (mg/dl)c 0.625 1.868 0.916–3.806 0.085
 GlU (mg/l) 0.044 1.045 1.006–1.085 0.022
Multivariate logistic regressiona

 BMi (kg/m²) 0.245 1.277 1.080–1.511 0.004
 hypertension (yes) 1.892 6.631 1.626–27.035 0.008

Notes: Odds ratio and 95% Ci adjusted by the variables (alT, GGT, ChOl, hDl, 
TriGl, and GlU) with P,0.100 in bivariate analysis. BMi and waist circumference 
were not included in the same model because they are continuous variables with a 
correlation coefficient higher than 0.7. The same applies to 24-hour mean SBP and 
daytime mean sBP, 24-hour mean sBP and nighttime mean sBP, and 24-hour mean 
sBP and morning mean sBP. Upper reference limits are 45 iU/l for asT, 45 iU/l for 
alT, 55 iU/l for GGT, 150 iU/l for alP, 200 mg/dl for ChOl, 140 mg/dl for lDl, 
160 mg/dl for TriGl, 5 mg/l for hs-CrP, and 110 mg/dl for GlU in our laboratory. 
lower reference limit is 35 mg/dl for hDl in our laboratory. aThe variable eGFr 
was transformed using square root; bthe variable office SBP was logarithmically 
transformed; cthe variable hs-CrP was logarithmically transformed.
Abbreviations: B, regression coefficient; OR, odds ratio; CI, confidence interval; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; asT, aspartate aminotransferase; 
alT, alanine aminotransferase; GGT, gamma glutamyl transpeptidase; alP, alkaline 
phosphatase; ChOl, cholesterol; lDl, low-density lipoprotein; hDl, high-density 
lipoprotein; TriGl, triglycerides; hs-CrP, high-density c-reactive protein; GlU, 
glucose serum fast.
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This increase is accompanied with a peak incidence of myo-

cardial infarction, sudden death, and stroke in the morning 

hours.26 In addition, plasma renin activity, angiotensin II, 

and aldosterone levels are all increased before awakening 

and then further increased after awakening.27 Moreover, the 

role of renin–angiotensin system (RAS) in the pathogenesis 

of arterial HTN is well known.28–31

It is documented in various scientific data that there is 

a local RAS within the liver, as in other tissues. Increased 

activation of both systemic and local RAS is involved 

in liver disease. The overactivation of the RAS pathway 

plays an important role in the pathogenesis of NAFLD.32,33 

More specifically, angiotensin II leads to liver steatosis 

through various as yet not quite clear pathways. For example, 

angiotensin II leads to liver steatosis through mitochon-

drial oxidative damage and impaired mitochondrial beta-

oxidation.34

Possibly, that is the explanation of the association that was 

found between morning SBP and NAFLD in our study.

Essential HTN has been found associated with NAFLD 

by other studies. But none of them included hypertensive 

subjects without treatment, since growing evidence shows 

that angiotensin-converting-enzyme inhibitors and angio-

tensin II receptor blockers improve steatosis.13–17 Dixon et al35 

examined severely obese patients and found that essential 

HTN is independently associated with advanced forms of 

NAFLD. The difference between our study and theirs is that 

their patients were under treatment for HTN, underwent liver 

biopsy, and 67% of them had NASH and advanced fibrosis. 

Bedogni et al12 in the Dionysos nutrition and liver study, found 

that HTN was independently associated with NAFLD. But 

their hypertensive population was under treatment. Vasunta 

et al11 showed that individuals with fatty liver had significantly 

higher ambulatory daytime and nighttime SBP levels. The 

main differences between the above study and ours are that 

11.3% of their control cohort was under unknown hyper-

tensive treatment and also 51% of the total study group was 

under unknown hypertensive medication.

This is the first study that included people without antihy-

pertensive treatment. Also, we used ambulatory BP monitoring 

to detect essential HTN in all subjects regardless the levels of 

office BP. The reason all patients underwent ambulatory BP 

monitoring recording was that end-organ damage associated 

with HTN is more closely related to ambulatory BP than 

clinic or casual BP measurements. Additionally, ambulatory 

BP measurements predict the clinical outcome better when 

compared with office BP measurements. Ambulatory BP 

monitoring recordings also helped us to rule out patients with 

borderline or labile HTN, to exclude “white coat” HTN, and 

to study the whole pattern of BP during 24 hours.36

According to our results, subjects with NAFLD should be 

under close monitoring for their BP levels using ambulatory 

BP monitoring recordings.

The mechanisms associating untreated, newly diagnosed 

essential HTN with NAFLD are not quite clear yet. Insulin 

resistance is a common pathogenetic situation in NAFLD 

and essential HTN. Angiotensin II is also associated with 

the pathogenesis of insulin resistance, essential HTN, and 

NAFLD.28–37

Our study has two limitations. First, ultrasonogra-

phy has limitations in detecting fatty liver content. Its 

sensitivity ranges from 82% to 89%, and its specificity 

is approximately 93%. Also, inflammation and fibrosis 

cannot be diagnosed using ultrasonography. Despite the 

fact that liver biopsy is the gold standard for diagnosis of 

NAFLD,38,39 most studies use ultrasound.11,12 Liver biopsy 

was not performed in this study due to ethical reasons and 

because no participant of our sample had the criteria to 

undergo liver biopsy. According to World Gastroenterology 

Organisation Global Guidelines of 2012, liver biopsy and 

histology are suitable for diagnosis of NASH when one or 

more of the following findings are present: abnormal serum 

ferritin in the absence of an elevated transferrin satura-

tion, cytopenia, splenomegaly, clinical signs of chronic 

liver disease, diabetes and abnormal persistently elevated 

AST/ALT, obesity and age .45 or abnormal AST/ALT, 

and unexplained hepatomegaly.40

Second, the association found between HTN and NAFLD 

does not show causality. We took measures to strengthen the 

interpretation of our results (strict inclusion criteria to reduce 

the effect of concomitant diseases on the positive associa-

tion which was found between HTN and NAFLD, covariate 

adjustment for anthropometric characteristics, laboratory 

data, and BP values). Nonetheless, the nature of the cross-

sectional study prevents the evaluation of the cause–effect 

relationship between HTN and NAFLD.

In summary, according to our findings, untreated, newly 

diagnosed essential HTN seems to be independently associ-

ated with the presence of NAFLD. Moreover, morning SBP 

is independently associated with NAFLD, whereas 24-hour 

and nighttime SBP showed only a tendency. Further prospec-

tive studies are needed to determine the causal relationship 

between essential HTN and NAFLD.
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