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Abstract

Aim: our aim was to explore the association between life habits and the controlled attenuation parameter (CAP) and liver
stiffness measurements (LSM) as the surrogate markers of liver steatosis and fibrosis in a large cohort of nonalcoholic fatty
liver disease (NAFLD) patients. Methods: In this prospective, cross-sectional study we had analyzed 1998 patients with
diagnosed NAFLD. Sleeping duration was categorized in three groups: short (S) (<6h), moderate (M) (6-8h) and long (L) (>8h)
sleep duration. Coffee drinking was categorized into no (0), moderate (1-2) and frequent ([?]3) consumption (in cups/day).
Smoking was categorized as yes vs. no. Results: Frequent coffee consumers had the lowest prevalence of obesity, hypertension,
dyslipidemia, and diabetes. Furthermore, coffee non-consumers had highest values of hepatic enzymes, CAP and LSM. Moderate
sleep duration was associated with lower values of CAP and LSM. Coffee consumption was associated with lower CAP in all
the multivariate models (CAP unadjusted and model 1,2 and 3), with largest effect in most frequent coffee consumers ([?]3,
model 3). Also, most frequent coffee consumers were associated with lower LSM in unadjusted model, model 1 and 2, while
this was not the case for model 3 and those who consumed 1-2 cups of coffee per day. Reduced sleeping was confirmed as risk
factor for elevated CAP in most of the models (unadjusted and model 1 and 2). Also, negative association of LSM was also
confirmed in unadjusted model and model 2. Patients which slept 6-8 hours per day were mostly associated with lower CAP
and LSM. Smoking did not affect CAP or LSM values. Conclusion: Coffee consumption has beneficial effect on CAP and LSM
and this effect is dose dependent since and independent of a variety of relevant confounders. We have shown that moderate
sleep duration has also beneficial effect on CAP and LSM.

What is known?

Over the last decade non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver
disease in Western world. There are still no approved therapy for NAFLD treatment. Some authors have
published data about beneficial effects of coffee consumption in diabetes mellitus, while some other reported
its usefulness in the context of fibrosis, cirrhosis, and hepatocellular carcinoma in chronic hepatitis C infected
patients. Some reports had shown that short sleep duration was associated with NAFLD prevalence, while
some other studies reported that that long sleep duration related to incident NAFLD. Finally, smoking is an



acknowledged risk factor for developing metabolic syndrome, which is risk factor for NAFLD development.
What is new?

We have shown that coffee consumption has beneficial effect on CAP and LSM and that effect is dose
dependent since the positive effect of coffee consumption was the most pronounced in the frequent users.
This effect was independent of a variety of relevant confounders. Additionally, we have shown that optimal
sleep duration (6-8 hours per day) has also beneficial effect on CAP and LSM. Since sleep insufficiency is a
common problem today and since coffee is a widely accessible and relatively low-cost beverage, present study
can have considerable public health implications for the relationships between lifestyle factors and NAFLD
epidemic

INTRODUCTION

Over the last decade non-alcoholic fatty liver disease (NAFLD) has become the most common chronic
liver disease (CLD) in Western world. This liver disease is a clinical syndrome which consists of several
liver disorders. It is defined by existence of steatosis in at least 5% of hepatocytes with no history of
alcohol consumption or evidence of other CLD. The clinical-histologic phenotype of the disorder extends
from benign non-alcoholic fatty liver (NAFL) to more severe non-alcoholic steatohepatitis (NASH). NASH is
more progressive form that can lead to fibrosis and cirrhosis which consequently lead to liver transplantation
or progress to hepatocellular carcinoma (HCC) (1-4) Today, NAFLD is acknowledged as a liver manifestation
of metabolic syndrome (MetS). With NAFLD being part of MetS, it can be closely associated with unhealthy
lifestyle. Studies have shown that changes in unhealthy lifestyle improve transaminase levels and NAFLD

(5).

One of the most popular beverages in the world is coffee. Inarguably, drinking coffee is a cultural phenomenon
with billions of cups consumed worldwide. In recent years, a lot of interest has been tempted in the overall
beneficial effects regarding the coffee consumption in reducing total and cause specific morbidity and mor-
tality. Coffee seems to benefit health in general, especially liver health (6-10). Some authors have published
data about beneficial effects of coffee consumption in diabetes mellitus (7), while some other reported its
usefulness in the context of fibrosis, cirrhosis, and HCC in chronic hepatitis C infected patients (8). Due
to epidemic increase of type 2 diabetes mellitus (T2DM), obesity and MetS, around 25% of population has
fatty liver disease. NAFLD is not only important due to liver-related complications (i.e. cirrhosis and HCC)
but also it is important in the context of multisystem disease that is associated with cardiovascular diseases,
chronic kidney disease and T2DM, as well as to some other chronic diseases. Therefore, the beneficial effect
of coffee consumption could be of great clinical interest because coffee is easily available. Although according
to meta-analysis by Shen H et al (9) about the beneficial effect of coffee consumption on progression of liver
disease, its effect in NAFLD population is not unequivocally clear.

Poor health outcomes are also associated with inadequate sleep. Insommnia and short sleep duration have
been linked with obesity, diabetes, hypertension, cardiovascular diseases, and depression. Mechanism of it
lies in irregular habits in exercise and diet, decreased leptin, and modulation of hormones of hypothalamic-
pituitary-adrenal system (11,12). Some reports had shown that short sleep duration was associated with
NAFLD prevalence, while some other studies reported that that long sleep duration related to incident
NAFLD (11-13). Thus, the relationship between NAFLD and sleep duration is still poorly defined.

Finally, cigarette smoking is an unhealthy habit that is associated with many diseases on numerous organs.
This habit damages the antioxidant system which can have repercussions on numerous organs. Smoking is
an acknowledged risk factor for developing MetS, which is risk factor for NAFLD development (16-18). It
has been reported that smoking can increase the risk for fibrosis and cirrhosis in patients with viral hepatitis,
but only a few studies have investigated the relationship between smoking and NAFLD (16-18).

According to this observations, our aim was to explore the association between coffee consumption, sleep
duration and smoking status and the controlled attenuation parameter (CAP) and liver stiffness measure-
ments (LSM) as the surrogate markers of liver steatosis and fibrosis in a large cohort of NAFLD patients in



Mediterranean parts of Croatia.
MATERIALS AND METHODS
Subjects

In this prospective, cross-sectional study we had analysed 2456 consecutive adult patients age [?]18 years
with diagnosed NAFLD at Clinical Hospital Centre (CHC) Rijeka, University of Rijeka, Croatia. For the
purpose of this study, all patients visiting the Gastroenterology department of CHC Rijeka between April
2013 and May 2019 were analysed and underwent anthropometric assessment, blood sampling, abdominal
ultrasound (US) and transiet elastography (TE) with CAP. Exclusion criteria were presence of other CLD,
active malignancy, celiac disease, secondary causes of fatty liver like drugs (amiodaron, tamoxifen), congestive
heart failure (including valvular heart disease), alcohol consumption of more than 20 g per day for men and
more than 10 g per day for women, those with more than 3 times the normal serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST) or y-glutamyltransferase (GGT) levels, TE failure and pregnancy.
Those with incomplete information on sleep duration, coffee consumption and smoking status were not a
part of this study. With this exclusion criteria, 1998 adult patients with NAFLD were included in the final
analysis (Figure 1). The study was approved by the Institutional Ethics Committee and was conducted in
line with the Declaration of Helsinki. All patients signed written informed consent.

Definition of NAFLD

NAFLD was diagnosed in patients a) with one or more MetS component (T2DM, hypertension, obesity
and/or dyslipidaemia) b) those with altered or normal liver enzymes c) those with a “bright” liver as seen on
the abdominal ultrasound — Philips Affiniti (PC Best, Nederland) d) those with excluded secondary causes
of CLD e) based on the transient elastography (TE) with CAP findings.

Clinical assessment

A detailed clinical assessment was performed in each patient. Information on medical history, past and
current drugs and alcohol consumption were collected. In this study, we analyzed alcohol consumption by
asking the patient about the type and amount of alcohol consumption per day during the prior year, then
estimating the mean alcohol intake per day. Anthropometric assessments were performed by well-trained
nurses and included body mass index (BMI) and waist circumference (WC). Obesity was defined in patients
that had BMI [?] 30 kg/m?, and central obesity as WC >94 cm for male and >80 cm for female. Hypertension
was defined if there was positive medical history or if the patient was taking anti-hypertensive drugs or if
the average blood pressure after three repeated measures was [?]140/90 mmHg. Dyslipidemia was defined
as positive medical history, using of lipid-lowering drugs, or if the serum total cholesterol level was [?]5.2
mmol /L, serum triglyceride (T'G) level [?]1.7 mmol/L, serum high-density lipoprotein (HDL) cholesterol level
<1.0 mmol/L for male or <1.3 mmol/L for female, or serum low-density lipoprotein (LDL) cholesterol level
[713.4 mmol/L. The MetS was defined according to the International Diabetes Federation criteria that are
including central obesity (waist circumference >80 cm for women and >94 c¢m for men) plus at least two of
the following risk abnormalities: blood pressure [?]130/85 mmHg or drug treatment; previously diagnosed
type 2 diabetes, or drug treatment or a fasting plasma glucose level [?]5.6 mmol/L; triglyceride levels >1.7
mmol/L and/or HDL-cholesterol <1.03 mmol/L for men and <1.29 mmol/L for women or drug treatment.
An extensive laboratory characteristic was analyzed for each patient including and all necessary laboratory
tests for exclusion of other CLD. Fasting blood samples for analyzing laboratory parameters were taken in
the morning hours after overnight fasting at the day of TE and US examinations. Sleeping duration, coffee
consumption and smoking were recorded using quantitate questionnaire. Sleeping duration was categorized
in three groups: short (S) (<6h), moderate (M) (6-8h) and long (L) (>8h) sleep duration. Each patient was
asked if he had drunk coffee in the previous year, and how many cups per day. Therefore, coffee drinking
was categorized into no (0), moderate (1-2) and frequent ([?]3) consumption (in cups/day, one cup equals
150 g). Smoking was categorized as yes vs. no. Those patients who reported as smoking at least sporadically
during the last two year were defined as smokers. On the other hand, those who reported as having stopped
smoking at least two year before their enrolment in our study and those who had not smoked during their



life were defined as non-smokers.
Transient elastography and liver ultrasound

LSM and CAP were obtained by using Fibroscan®) 502 (Echosens, Paris, France) by a single operator who
had performed more than 2.000 examinations before the start of this study. In each patient a minimum of 10
seral measurements were done using the M- or the XL probe according to the instructions. The examination
was defined as successful if there was [?]10 valid measurements with interquartile range (IQR)-to-median
ratio of LSM was [?]0.3. Liver steatosis was defined by the mean CAP values of [?]238 dB/m (19). According
to earlier published data, significant liver fibrosis ([?]F'2) was defined as an LSM [?]7kPa and advanced fibrosis
([71F3) if LSM was [?]9.6 kPa using the M probe or [?]9.3 kPa using the XL probe. On the other hand,
cirrhosis was considered if the LSM was [?] 11.5 kPa using the M probe or [?] 11.0 kPa using the XL probe
(20,21). Abdominal US was carried out by a certified and experienced gastroenterologist on Philips Affiniti
(PC Best, Nederland). Diagnosis of steatosis was determined dichotomously according to the protocol of
Hamaguchi et al (22), as presence or absence of a hyper-echogenic liver parenchyma.

Statistical analysis

Categorical variables are shown as percentages and continuous variables as medians with interquartile range
(25th and 75th percentiles) due to the distribution. Distribution relationship between categorical variables
values was tested using y2-test, and if necessary, Fisher’s exact test. To analyze the difference between three
continuous variables Kruskal-Wallis test with post hoc Mann-Whitney U-test for non-parametric analysis
was used, while the difference between two continuous variables was tested using Mann-Whitney U-test.
Multivariable logistical regression analyses were conducted to identify patient characteristics independently
associated with coffee consumption, sleeping and smoking. Those factors with a p value <0.05 in the
univariate analyses were selected as candidate variables for backward multivariable logistical regressions.
Finally, focused analysis of coffee consumption, sleeping and smoking association with CAP and LSM was
performed in unadjusted and three adjusted models (Model 1, 2 and 3) to determine the consistency or
change of influence among variables. All the statistical analyses were performed using SPSS V.22.0 (SPSS
Inc, Chicago, Illinois, USA). Statistical tests were two-tailed and significance was set at 0.05.

RESULTS

Demographic and laboratory characteristics of study subjects by coffee consumption, sleeping hours and smok-
ing status

Average age of patients across different categories of coffee consumption, sleeping and smoking status ranged
from 54 to 60 years with approximately half of the patients being female gender. Female patients consumed
coffee more frequent and were smokers. Overall average BMI ranged from 27.2 to 30.8 kg/m?, being the lowest
in most frequent coffee consumers. This was also the case for hypertension, dyslipidemia and DM where
the proportions were lowest also in most frequent coffee consumers. Furthermore, coffee non-consumers had
highest values of hepatic enzymes, CAP and LSM. Patients who slept 6-8 hours per day had lowest values
of CAP and LSM, and lowest proportion of T2DM and dyslipidemia. There was no difference in LSM and
CAP when comparing smokers and non-smokers. All of the characteristics are shown in Table 1. CAP and
LSM values according to the categories of coffee consumption, sleeping and smoking status are shown in
Figure 2 and 3.

Association of coffee consumption with demographical data, laboratory values and elastographic parameters

In univariate analysis most frequent coffee consumers ([?]3 cups per day) were negatively associated with
BMI, WC, DM, AST, ALT, GGT, HOMA-IR, CAP and LSM, while positive association was obtained for
female gender and HDL. In multivariate analysis significant negative association was obtained in obese
patients, WC, AST, ALT and CAP. Patients which consumed 1-2 cups per day were in multivariate model
negatively associated with WC and CAP (Table 2).

Association of sleeping with demographical data, laboratory values and elastographic parameters



In univariate analysis reduced sleeping (<6 hours) was positively associated with BMI, DM, glucose, vitamin
D and CAP, while negatively associated with LSM. In multivariate analysis significant positive association
was obtained for CAP and vitamin D. Patients which slept 6-8 hours per day compared to those who slept [?]8
hours per day were in multivariate analysis positively associated with ALT and vitamin D, while negatively
with DM (Table 3).

Association of smoking status with demographical data, laboratory values and elastography parameters LSM
and CAP

In univariate analysis smokers were positively associated with female gender, GGT, cholesterol and negatively
with age. In multivariate model only age and gender were independently associated with smoking status.
(Table 4).

Association of coffee consumption, sleeping and smoking status with CAP and LSM

Coffee consumption was associated with lower CAP in all of the multivariate models (CAP unadjusted and
model 1,2 and 3), with largest effect in most frequent coffee consumers ([?]3, model 3). Also, most frequent
coffee consumers were associated with lower LSM in unadjusted model, model 1 and 2, while this was not the
case for model 3 and those who consumed 1-2 cups of coffee per day. Reduced sleeping was confirmed as risk
factor for elevated CAP in most of the models (unadjusted and model 1 and 2). Also, negative association
of LSM was also confirmed in unadjusted model and model 2. Patients which slept 6-8 hours per day were
mostly associated with lower CAP and LSM. Smoking did not affect CAP or LSM values.

DISCUSSION

Nowadays, we know that T2DM, obesity, hypertension, and dyslipidemia as the MetS components are the
main risk factors for NAFLD. On the other hand, NAFLD development is also influenced by multiple features,
such as demographic, genetic, and environmental determinants (23). Therefore, the investigation of the
possible influence of other putative factors is becoming in interest of clinicians who manage NAFLD patients.
To the best of our knowledge, there are limited data about the association among coffee consumption and
sleep duration with elastographic parameters of liver steatosis and fibrosis; CAP and LSM in population of
patients with NAFLD. In this large cohort of NAFLD patients we have investigated the association between
coffee consumption, sleep duration and smoking status with the CAP and LSM as a surrogate marker of
steatosis and fibrosis.

According to the epidemiological study by Nordestgaard AT, et al (24) that had included 93.179 individuals,
high coffee intake was associated with lower risk of T2DM, obesity and MetS. Similar data were reported
by the meta-analysis from 2016. that had analyzed 11 reports including 13 studies with a total of 159.805
participants. Coffee consumption was associated with a low risk of MetS (25). Furthermore, Xie C, et al
(26) in their meta-analysis that was published two years ago had reported that consumption of coffee was
inversely associated with the risk of hypertension in a dose-response manner. In the line with this data, in
our study frequent coffee consumers (3[?]caps per day) had the lowest incidence of all MetS components;
dyslipidemia, obesity, T2DM and hypertension. Interestingly, female patients consumed coffee more frequent.
In multivariate analysis moderate and frequent coffee consumption showed significant negative association
with obesity, and this effect was and more pronounced for frequent coffee consumption. Additionally, earlier
data have been reported that coffee consumption has been associated with lower liver enzyme levels; ALT,
GGT, AST. A first report about the beneficial effect of coffee consumption on GGT was published in 1986
(27). Until then, many authors have demonstrated a similar effect on AST, ALT as well as GGT levels
(28-31). Accordingly, based on our results, all three liver enzymes (AST, ALT, GGT) were the lowest in
the subgroup of frequent coffee consumers. In multivariate analysis, moderate coffee consumption did not
to have a significant effect on liver enzymes, while frequent coffee consumption was significant predictor
of lower ALT and GGT. These results suggest that the beneficial effect of coffee consumption on liver
enzymes is dose dependent. Regarding the earlier data about beneficial effect of coffee consumption on
MetS and its individual components and regarding the fact that NAFLD is strongly associated with MetS
it is not surprising that many authors had also showed beneficial effect of coffee in the context of NAFLD.



For example, study by Birerdinc A, et al (32) has shown that caffeine intake is independently associated
with a lower risk for NAFLD. In this study NAFLD was defined by elevated serum aminotransferases.
Similar results were reported by the study that was published 10 years ago and, in this study, NAFLD
was detected based on the US (33). More convincing data about this association comes from the Molloy
JW, et al (34). However, in their study NAFLD was defined by liver biopsy. In Rotterdam study from
2017, liver steatosis was defined by US while fibrosis was defined by LSM (35). According to their results,
frequent coffee consumption was inversely related with liver stiffness but not steatosis (35). On the contrary,
Veronese N, et al (6) reported that the consumption of coffee or an increased consumption of coffee were not
associated with the presence of mild, moderate or severe liver steatosis in NAFD patients in a large study
of 2819 participants from the Mediterranean Area. NAFLD was defined by the US. Hodge A, et al (36)
have investigated the association between coffee intake and liver stiffness in patients with NAFLD (n=155),
hepatitis B (n=485) and C (n=378). They have found that LSM was lower in those patients who drank 2
or more cups of coffee per day (36). Only in 105 NAFLD patients a CAP measurement was performed (36).
Authors did not find any correlation between the coffee consumption and CAP values (36). According to
our best knowledge, this is only study that was investigated the influence of coffee consumption in relation
to the CAP measurements. In our study we had performed LSM and CAP measurements in relatively large
population of NAFLD patients. According to our results, coffee non-consumers had highest values of CAP
and LSM. Moreover, in multivariate analysis, moderate and frequent coffee consumption showed a significant
negative effect on CAP values, but none on the LSM measurements. The more convincing data in our study
come from the results that coffee consumption was associated with lower CAP in all of the multivariate
models, with largest effect in most frequent coffee consumers ([?]3, model 3). Also, most frequent coffee
consumers were associated with lower LSM in most of the models while this was not the case for those
who consumed 1-2 cups of coffee per day. These results are in the line with some clinical studies and some
pre-clinical study. According to the preclinical studies, caffeine has a few beneficial effects in the context of
NAFLD. Firstly, caffeine has antioxidant properties. Secondly, it seems to be able to promote the blockade
of transforming growth factor 3 expression and of its downstream inductor connective tissue growth factor.
Thirdly, caffeine can inhibit hepatic stellate cells and subsequently counteracted fibrogenesis and finally as
it was mentioned earlier it has beneficial effect on MetS development which is closely related to NAFLD.
Furthermore, coffee contain and polyphenols. It has been suggested that polyphenols have hepatoprotective
effects independent of caffeine. Preclinical studies showed that coffee-polyphenols attenuate obesity-related
lipid accumulation in the liver additionally with their antioxidant properties (6,35,31,37,38,39,40).

In the second part of our study we had investigated the association among sleep duration and CAP and
LSM values. Patients who slept 6-8 hours per day had lowest values of CAP and LSM, while those who
slept < 6 hours per day had the highest values of CAP, and those with > 8 hours highest LSM values. In
multivariate analysis, sleeping duration less than 6 hours per day was associated with higher CAP values.
Reduced sleeping was confirmed as risk factor for elevated CAP in most of the models, while it has been
show that short sleep duration could have beneficial effect in the context of LSM, in unadjusted model
and model adjusted for age, gender and BMI. This effect is weak, and moreover, there are still several
sleeping factors that could be taken into to achieve unbiased results such as sleep disturbance, efficiency,
quality etc. Further studies are needed regarding sleeping factors and LSM. Additionally, patients which
slept 6-8 hours per day were mostly associated with lower CAP and LSM values independent of a variety
of relevant confounders including age, gender, BMI. We can explain these findings by some earlier data.
Obesity, T2DM and insulin resistance, all of which are of importance in the development of NAFLD were
more frequent in those who slept less than 6 hours per day, and their incidence was the lowest in those
who slept 6-8 hours per day. In multivariate analysis, those who slept 6-8 hours per day had significantly
lower incidence of T2DM. Interestingly, patients who slept 6-8 hours per day had the highest values of
vitamin D, and we know that vitamin D is also involved in pathogenesis of NAFLD. In multivariate analysis
vitamin D was positively associated with sleeping duration of 6-8 hours per day and with sleep duration
of less than 6 hours per day, although this effect was low, thus further studies regarding the association
among vitamin D and sleeping duration, especially in the context of NAFLD are needing. According to
other studies, patients with a short sleep duration have higher levels of tumor necrosis factor-alpha and



interleukin-6, an inflammatory cytokine that are involved in the pathogenesis of NAFLD (11,41,42). Sleep
deprivation could influence the hypothalamo-pituitary-adrenal axis activity. That is important because some
data showed that this could cause subclinical hypercortisolism and exacerbate NAFLD. Also, it has been
showed that lifestyle is associated with sleep duration and earlier data reported that participants with a
short sleep duration had dinner at late-night which was a risk of hyperglycemia or obesity. It is believed
that short sleep duration is a risk factor for T2DM, obesity, insulin resistance and MetS development,
that are all risk factors for NAFLD development (11,43,44,45). Taking together all this data, short sleep
duration could be a risk factor for NAFLD development. Our results are in line with some other clinical
studies. For example, Okamura T, et al (11) had showed that short sleep duration was a risk factor for
incident NAFLD. Similar results were reported by Peng K et al (46). In their study, short sleep duration
and longer daytime napping were associated with an increased risk of prevalent NAFLD. In both studies
NAFLD was diagnosed with US. However, abdominal US is good method for those NAFLD patients who
have a percentage of liver steatosis of more than 30%. It is known that US has a low sensitivity for the
detection of mild steatosis and is more operator dependent. In contrast to US, TE with CAP can detect
a mild steatosis when approximately 10% of hepatocytes have fatty infiltration. Thus, studies using US
are more likely to underestimate the true prevalence of NAFLD (19,47). According to our best knowledge,
there are no studies that were using CAP for steatosis detection in relation to the sleep duration. In the
study by Marin-Alejandre BA, et al (15) NAFLD was diagnosed by transaminases and liver stiffness was
determined by Acoustic Radiation Force Impulse elastography (ARFI). In this study, the authors had found
the association of sleep characteristics with the development and progression of NAFLD (15). In our study
we did not analyzed other sleep characteristics such as sleep disturbance, sleep efficiency and sleep quality,
thus further studies should analyze more comprehensively the association between sleep characteristics and
NAFLD are needed.

Finally, the relationship between smoking status and NAFLD remains controversial. Recent study had
reported that current smoking, pack-years, and urinary cotinine levels were associated with the risk of
incident NAFLD (48). Ou H,et al (49) analyzed 225 NAFLD patients. NAFLD was diagnosed by TE.
Authors showed that smoking was associated with liver fibrosis (defined by LSM) among the patients with
NAFLD. The sample size of this study is relatively small. In our study with a relatively large population
of patients with TE defined NAFLD we did not find any association among smoking status and CAP and
LSM values as a surrogate marker of steatosis and fibrosis. Further studies are warranted.

This study has some limitations. Firstly, NAFLD was defined by TE with CAP, and we did not use liver
biopsy for detection of it. Although liver biopsy is the gold standard for NAFLD diagnosis, CAP and
LSM are the best validated noninvasive marker for steatosis and fibrosis detection. And according to recent
study, CAP and LSM have good correlation with liver histology (50). Secondly, this was a prospective,
cross-sectional study, therefore, we are not able to draw conclusions regarding the cause-effect relationship
of coffee consumption, sleep duration and smoking status in relation to the CAP and LSM. Thirdly, in our
study we investigated the sleep duration and we did not analyzed other sleep characteristics such as sleep
disturbance, sleep efficiency and sleep quality, thus further studies should analyze more comprehensively the
association between sleep characteristics and CAP and LSM are needed. Thirdly, short sleep duration is
possible associated with increased energy intake which is a risk factor for NAFLD. In this study, we did not
have the information’s regarding the dietary intake and thus we did not investigate the association between
sleep duration and dietary intake.

However, the current study has the strength of a relatively large sample size and the use of one of the best
non-invasive methods for liver steatosis and fibrosis detection and quantification. According to our best
knowledge, there are limited data about the association of coffee consumption and sleep duration in relation
to the CAP and LSM. We have shown that coffee consumption has beneficial effect on CAP and LSM and
that effect is dose dependent since the positive effect of coffee consumption was the most pronounced in
the frequent users. This effect was independent of a variety of relevant confounders. Additionally, we have
shown that optimal sleep duration (6-8 hours per day) has also beneficial effect on CAP and LSM. Since
sleep insufficiency is a common problem today and since coffee is a widely accessible and relatively low-



cost beverage, present study can have considerable public health implications for the relationships between
lifestyle factors and NAFLD epidemic. This is important regarding the fact that as our population ages,
the prevalence of NAFLD will increase and due to growing epidemic of obesity, T2DM and MetS. Because
of absence of prospective data, we can only conclude that there is positive association between better liver
health and coffee consuming as well as between better liver health and sleep duration between 6-8 hours.
Otherwise speaking, more prospective studies needs to be done before we can conclude that coffee consuming,
and sleep duration are responsible for prevention and better outcome in patients with NAFLD.
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Table 1. Demographic and laboratory characteristics of study subjects by coffee consumption, sleeping hours
and smoking status

Coffee Coffee Coffee Coffee Sleeping, Sleeping, Sleeping, Sleeping, Sleeping, Smoking, Smoking, ¢

con- con- con- con- hours hours hours hours hours never never I

sump- sump- sump- sump- Vs Vs \

tion, tion, tion, tion, current  current ¢
cups cups cups cups
Total 0 1-2 [7]3 p <6 6-8 [7]8 p Never  Never Current |
N=1998 N=334 N=1173 N=491 N=287 N=1101 N=609 N=1620 N=1620 N=368
Age, 54.0 60.0 54.0 <0.001  59.0 56.0 60.0 0.012 59.5 59.5 54.0 <
years (48- (54- (53- (54- (53- (54- (53- (53- (53-

65) 69) 67) 69) 67) 70) 69) 69) 63)
Female, 140 596 245 0.046 149 534 298 0.527 761 761 220 <
n (41.9) (50.1) (49.9) (51.9) (48.5) (48.9) (46.9) (46.9) (59.8)

(%)

BMI, 304 30.8 27.2 <0.001  30.8 29.7 29.7 0.002 29.9 29.9 30.1 (
kg/m? (27- (27- (24- <0.001 (37- (26- (27- 0.004 (27- (27- (26- (
BMI 35) 34) 31) 34) 33) 33) 33) 33) 33)

[7]30 166 627 148 161 508 272 764 764 117

(49.7) (53.4) (30.1) (56.1) (46.1) (44.7) (47.1) (47.1) (31.8)
WC, 104 107 98 <0.001 106 104 106 0.124 105 105 103 (
cm (95- (99- (90- (98- (95- (97- (97- (97- (93-

115) 114) 107) 114) 112) 113) 113) 113) 111)
Hypertensitial, 812 274 0.025 166 676 425 0.304 1064 1064 236 (
n (64.1) (69.2) (55.8) (57.8) (61.4) (69.8) (65.6) (65.6) (64.1)

(%)

Dyslipidenif?2 772 252 <0.001 190 638 388 0.017 974 974 242 (
n (57.4) (65.8) (51.3) (66.2) (57.9) (63.7) (60.1) (60.1) (65.7)

(%)
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DM, 113
n (33.8)
(%)
Glucose, 5.7
mmol/L  (5-7)
AST, 25
UL (19
34)
ALT, 34
U/L (22-
61)
GGT, 54
UL (28
80)
Cholesterob, 2
mmol/L  (4-6)
HDL, 1.3
mmol/L  (1-
1.5)
LDL, 2.9
mmol/L  (2-
3.9)
TG, 1.6
mmol/L  (1-
2.2)
HOMA- 3.8
IR (2-6)
score
Urati, 349
mmol/L  (286-
407)
Vitamin 62.3
D, (39-
nmol/L  84)
CRP, 26
mg/L (13-
5)
CAP, 328
dB/m (204
352)
LSM, 54
kPa (4.4-
7.0)

491
(41.8)

6.1
(5-8)
22
(17-
28)
2%
(20-
41)
31
(19-
66)
5.2
(4-6)
1.3
(1-
1.5)
2.9
(2-
3.8)
1.6
(1-
2.3)
45
(3-7)

342
(284-
412)
59.4
(43-
79)
2.3
(1.2-
4)
310
(275-
345)
5.3
(4.3-
6.8)

123
(25.0)

5.5
(5-7)
22
(17-
26)
22
(18-
32)
24
(17-
44)
5.1
(4-6)
1.5
(-
1.7)
2.9
(2-
3.6)
1.3
(0.9-
2)
2.7
(2-4)

314
(252-
379)
62.4
(42-
83)
2.0
(0.9-
4)
224
(210-
246)
47
(3.7-
6.0)

<0.001

<0.001

<0.001

<0.001

<0.001

0.827

<0.001

0.633

<0.001

<0.001

<0.001

0.507

0.005

<0.001

<0.001

152
(52.9)

6.5
(5-8)
23
(18-
31)
30
(22-
55)
34
(19-
66)
4.9
(4-5)
1.3
(1-
1.5)
2.7
(2-
3.6)
1.6
(1-
2.4)
4.6
(2-7)

332
(281-
404)
60.8
(45-
83)
2.5
(1.2-
4)
308
(273-
344)
5.1
(4.3-
6.7)

316
(28.7)

5.7
(5-7)
22
(18-
29)
24
(19-
37)
31
(20-
66)
5.3
(4-6)
1.4
(1-
1.6)
3.0
(2-
3.9)
1.5
(1-
2.5)
3.7
(2.6)

335
(266-
405)
61.5
(43-
82)
2.2
(1-
4.2)
289
(243-
334)
4.9
(4.0-
6.3)

259
(42.5)

6.0
(5-8)
22
(17-
28)
27
(20-
45)
32
(20-
70)
5.0
(4-6)
1.2
(1
1.4)
2.8
(2-
3.7)
1.6
(-
2.3)
43
(3-7)

342
(285-
406)
57.4
(39-
77)
2.3
(1-
4.8)
299
(252-
336)
5.3
(4.2-
7.0)

<0.001

<0.001

0.119

<0.001

0.260

<0.001

<0.001

0.002

<0.001

<0.001

0.187

0.006

0.151

<0.001

<0.001

580
(35.8)

5.8
(5-7)
22
(18-
29)
2%
(20-
41)
32
(20-
66)
5.0
(4-6)
1.3
(1-
1.6)
2.8
(2-
3.7)
1.5
(1-
2.1)
4.1
(2-6)

339
(279-
407)
61.5
(43-
82)
2.3
(1-4)

297
(253-
338)
5.1
(4.1-
6.7)

580
(35.8)

5.8
(5-7)
22
(18-
29)
2
(20-
41)
32
(20-
66)
5.0
(4-6)
1.3
(-
1.6)
2.8
(2-
3.7)
1.5
(-
2.1)
4.1
(2-6)

339
(279-
407)
61.5
(43-
82)
2.3
(1-4)

297
(253-
338)
5.1
(4.1-
6.7)

174
(47.2)

6.0
(5-8)
20
(17-
27)
25
(19-
43)
31
(18-
67)
5.5
(5-7)
1.4
(-
1.6)
3.1
(2.4-

1.7
(1-
2.4)
3.7
(2.6)

326
(276-
392)
55.1
(39-
77)
2.4
(1-5)

290
(245-
335)
5.1
(4.1-
6.4)

*body mass index (BMI); waist circumference (WC); diabetes mellitus type II (DM); aspartate aminotrans-
ferase (AST); alanine aminotransferase (ALT); gamma glutamyl transferase (GGT); high-density lipoprotein
(HDL); low-density lipoprotein (LDL); triglycerides (TG), homeostasis model assessment — insulin resistance
(HOMA-IR); C-reactive protein (CRP); controlled attenuation parameter (CAP); liver stiffness measurement

(LSM)

Table 2. Association of coffee consumption with demographical data, laboratory values and elastographic
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parameters

0 cups vs [?]3 cups per day

0 cups vs [?]3 cups per day

0 cups vs [?]3 cups per day 0 cups vs [

Univariate Univariate Multivariate Multivariat
OR (95% CI) p value OR (95% CI) p value

Age, years 1.01 (0.99-1.03) 0.063

Gender (female) 1.38 (1.04-1.83) 0.022

BMI, kg/m? 0.87 (0.84-0.89) <0.001

BMI [?]30 kg/m? 0.43 (0.32-0.58) <0.001 0.13 (0.01-1.38) 0.091

WC, cm 0.96 (0.95-0.98) <0.001 0.89 (0.85-0.98) 0.021

Hypertension, n (%) 0.76 (0.55-1.04) 0.097

Dyslipidemia, n (%)  0.85 (0.63-1.15) 0.307

DM, n (%) 0.68 (0.50-0.94) 0.018

Glucose, mmol/L 0.99 (0.94-1.03) 0.691

AST, U/L 0.97 (0.95-0.98) <0.001

ALT, U/L 0.98 (0.97-0.99) <0.001 0.94 (0.90-0.97) 0.030

GGT, U/L 0.98 (0.97-0.99) <0.001 0.96 (0.94-0.98) <0.001

Cholesterol, mmol/L  0.99 (0.97-1.02) 0.981

HDL, mmol/L 2.76 (1.64-4.64) <0.001

LDL, mmol/L 0.90 (0.77-1.05) 0.198

TG, mmol/L 0.99 (0.96-1.03) 0.821

HOMA-IR score 0.91 (0.87-0.96) <0.001

Urati, mmol/L 0.98 (0.97-0.99) 0.002

Vitamin D, nmol/L  1.01 (0.99-1.02) 0.490

CRP, mg/L 1.01 (0.99-1.02) 0.540

CAP, dB/m 0.95 (0.94-0.96) <0.001 0.92 (0.829-0.95) <0.001

LSM, kPa 0.81 (0.77-0.86) <0.001

*Analysis was adjusted for age and gender.

**hody mass index (BMI); waist circumference (WC); diabetes mellitus type IT (DM); aspartate aminotrans-

ferase (AST); alanine aminotransferase (ALT); gamma glutamyl transferase (GGT); high-density lipoprotein

(HDL); low-density lipoprotein (LDL); triglycerides (TG), homeostasis model assessment — insulin resistance

(HOMA-IR); C-reactive protein (CRP); controlled attenuation parameter (CAP); liver stiffness measurement

(LSM); odds ration (OR); confidence interval (Cl)

Table 3. Association of sleeping hours with demographical data, laboratory values and elastographic param-

eters
Sleeping, hours  Sleeping, hours Sleeping, hours  Sleeping, hours Sleeping, hours Sleeping, |
[7]8 vs <6 [7]8 vs <6 [?]8 vs <6 [?]8 vs <6 [?]18 vs <6 [7]8 vs 6-8
Univariate Univariate Multivariate Multivariate Multivariate Univariate
OR (95% CI) p value OR (95% CI) p value OR (95% CI) OR (95%

Age, years 0.99 (0.98-1.01) 0.703 0.98 (0.97-0.99) 0.98 (0.97

Gender (female) 1.12 (0.85-1.49)  0.404 0.98 (0.80-1.19)  0.98 (0.80

BMI, kg/m2 1.03 (0.99-1.05) 0.053 1.01 (0.99-1.03) 1.01 (0.99

BMI [?]30 kg/m? 1.58 (1.19-2.10)  0.001 1.06 (0.86-1.29)  1.06 (0.86

WC, cm 1.01 (0.99-1.02) 0.512 1.01 (0.99-1.01)  1.01 (0.99

Hypertension, n (%) 1.01 (0.71-1.40) 0.994 0.67 (0.53-0.85) 0.67 (0.53

Dyslipidemia, n (%) 1.14 (0.82-1.57) 0.416 0.79 (0.63-0.98) 0.79 (0.63

DM, n (%) 1.59 (1.18-2.13)  0.002 0.54 (0.43-0.66) 0.54 (0.43
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Sleeping, hours  Sleeping, hours Sleeping, hours  Sleeping, hours Sleeping, hours Sleeping, |

Glucose, mmol/L 1.08 (1.01-1.14) 0.001 1.05 (0.99-1.02) 1.05 (0.99
AST, U/L 1.02 (1.01-1.03) 0.032 1.01 (0.99-1.01) 1.01 (0.99
ALT, U/L 1.02 (1.01-1.03) 0.034 1.02 (1.01-1.03)  1.02 (1.01
GGT, U/L 1.01 (0.99-1.02) 0.574 0.99 (0.98-1.01) 0.99 (0.98
Cholesterol, mmol/L  0.96 (0.87-1.05) 0.429 1.02 (0.98-1.07) 1.02 (0.98
HDL, mmol/L 1.26 (0.78-2.04)  0.336 2.11 (1.47-3.01)  2.11 (1.47
LDL, mmol/L 0.92 (0.78-1.08) 0.312 1.17 (1.04-1.31)  1.17 (1.04
TG, mmol/L 0.94 (0.85-1.04)  0.290 0.99 (0.97-1.01)  0.99 (0.97
HOMA-IR score 1.01 (0.98-1.02) 0.764 0.95 (0.93-0.98)  0.95 (0.93
Urati, mmol/L 1.01 (0.99-1.02) 0.897 0.99 (0.98-1.01)  0.99 (0.98
Vitamin D, nmol/L 1.02 (1.01-1.04) 0.012 1.02 (1.01-1.03) 0.001 1.01 (1.00-1.02) 1.01 (1.00
CRP, mg/L 1.01 (0.97-1.01) 0.418 1.01 (0.99-1.02) 1.01 (0.99
CAP, dB/m 1.02 (1.01-1.03)  <0.001 1.02 (1.01-1.03)  0.023 0.98 (0.97-0.99)  0.98 (0.97
LSM, kPa 0.94 (0.90-0.99) 0.041 0.93 (0.90-0.96) 0.93 (0.90

* Analysis was adjusted for age and gender.

4 body mass index (BMI); waist circumference (WC); diabetes mellitus type II (DM); aspartate amino-
transferase (AST); alanine aminotransferase (ALT); gamma glutamyl transferase (GGT); high-density
lipoprotein (HDL); low-density lipoprotein (LDL); triglycerides (TG), homeostasis model assessment — insulin
resistance (HOMA-IR); C-reactive protein (CRP); controlled attenuation parameter (CAP); liver stiffness
measurement (LSM); odds ratio (OR); confidence interval (Cl)

Table 4. Association of smoking status with demographical data, laboratory values and elastography pa-
rameters LSM and CAP

Smoking Smoking Smoking Smoking
never vs current never vs current never vs current never vs current
Univariate Multivariate
OR (95% CI) p value OR (95% CI) p value

Age, years 0.97 (0.96-0.98)  <0.001 0.97 (0.95-0.98)  0.001

Gender (female) 1.58 (1.26-1.98)  <0.001 1.62 (1.14-2.28)  0.006

BMI, kg/m? 0.98 (0.96-1.01) 0.276

BMI [?]30 kg/m? 0.99 (0.79-1.24)  0.941

WC, cm 0.98 (0.97-1.01)  0.065

Hypertension, n (%) 0.82 (0.64-1.06)  0.146

Dyslipidemia, n (%)  1.18 (0.92-1.52)  0.179

DM, n (%) 1.13 (0.89-1.43)  0.291

Glucose, mmol/L 0.99 (0.98-1.01)  0.649

AST, U/L 0.99 (0.98-1.01)  0.290

ALT, U/L 0.99 (0.98-1.01) 0.512

GGT, U/L 1.02 (1.01-1.03)  0.012

Cholesterol, mmol/L  1.02 (1.01-1.03)  0.043

HDL, mmol/L 0.97 (0.88-1.07)  0.644

LDL, mmol/L 0.99 (0.97-1.02)  0.909

TG, mmol/L 1.01 (0.99-1.02)  0.354

HOMA-IR score 1.01 (0.98-1.02)  0.569

Urates, mmol/L 0.98 (0.97-1.02)  0.192

Vitamin D, nmol/L ~ 0.99 (0.98-1.01)  0.180

CRP, mg/L 1.01 (0.99-1.02)  0.204
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Smoking Smoking Smoking Smoking

CAP, dB/m 0.99 (0.98-1.01)  0.362
LSM, kPa 0.99 (0.95-1.03)  0.886

* Analysis was adjusted for age and gender

**body mass index (BMI); waist circumference (WC); diabetes mellitus type II (DM); aspartate aminotrans-
ferase (AST); alanine aminotransferase (ALT); gamma glutamyl transferase (GGT); high-density lipoprotein
(HDL); low-density lipoprotein (LDL); triglycerides (T'G), homeostasis model assessment — insulin resistance
(HOMA-IR); C-reactive protein (CRP); controlled attenuation parameter (CAP); liver stiffness measurement
(LSM); odds ratio (OR); confidence interval (Cl)

Table 5. Association between coffee consumption, sleeping hours and smoking status with CAP and LSM

Coffee consumption, cups Coffee consumption, cups Coffee consumption, cups Coffee consumptior

0vs [?]3 0vs [?]3 0 vs 1-2 0vs 1-2

OR (95% CI) p value OR (95% CI) p value
CAP, unadjusted 0.95 (0.94-0.96) <0.001 0.97 (0.98-0.99) <0.001
CAP, model 1 0.95 (0.94-0.96) <0.001 0.98 (0.97-0.99) 0.003
CAP, model 2 0.94 (0.93-0.96) <0.001 0.98 (0.97-0.99) 0.004
CAP, model 3 0.88 (0.81-0.94) <0.001 0.98 (0.97-0.99) <0.001
LSM, unadjusted 0.81 (0.77-0.86) <0.001 0.95 (0.92-0.99) 0.021
LSM, model 1 0.84 (0.78-0.91) <0.001 0.96 (0.91-1.01) 0.194
LSM, model 2 0.87 (0.81-0.94) <0.001 0.96 (0.91-1.02) 0.235
LSM, model 3 0.95 (0.82-1.11) 0.564 1.01 (0.93-1.11) 0.6684

*Model 1 — adjustment for age, gender, Model 2 — adjustment for age, gender, body mass index, waist
circumference, Model 3 — adjustment for age, gender, body mass index, waist circumference, alanine amino-
transferase, gamma glutamyl transferase, vitamin D, type 2 diabetes mellitus, hypertension

** controlled attenuation parameter (CAP); liver stiffness measurement (LSM); odds ratio (OR); confidence
interval (Cl)
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