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Abstract: Nonalcoholic fatty liver disease (NAFLD) is a growing
worldwide concern, affecting approximately 30% of the US adult
population. Developing pharmacologic therapies for NAFLD is
crucial, especially as there are currently no treatments approved
by the US Food and Drug Administration. However, weight loss
remains the cornerstone of treatment and has been shown in
controlled trials to improve hepatic steatosis, hepatic inflamma-
tion, and fibrosis. Healthy diet and exercise are the most well-
known and frequently recommended lifestyle modifications for
patients with NAFLD. This article presents the data on other aspects
of healthy lifestyle modifications for patients with this condition,
focusing on light alcohol consumption, coffee, circadian misalign-

ments, and sleep.

onalcoholic fatty liver disease (NAFLD) is a growing global

‘ \ | public health concern and is highly prevalent in Western
countries, affecting approximately 90 million adults in the

United States.! Nonalcoholic steatohepatitis (NASH), considered a
more aggressive form of NAFLD, is the fastest growing indication for
liver transplantation? and cause of hepatocellular carcinoma (HCC)
among transplant candidates.? While the development of efficacious
pharmacologic therapies for NAFLD is critical, lifestyle modification
remains the backbone of therapy for this condition.* A weight loss
of 3% is sufficient to reduce liver steatosis, while a weight loss of
7% to 10% can ameliorate steatohepatitis and even improve hepatic
fibrosis.>® Healthy diet (eg, avoidance of excessive dietary fat and
carbohydrates) and exercise are the most frequently recommended
lifestyle modifications for patients with NAFLD that are backed by
data from randomized trials.>”® This article discusses other aspects of
healthy lifestyle modifications for patients with NAFLD, focusing
on light alcohol consumption, coffee, circadian misalignments, and

sleep (Table 1).

Light Alcohol Consumption

Although the definition of NAFLD excludes significant alcohol
consumption (ie, 221 standard drinks/week for men, 214 standard
drinks/week for women), approximately 60% of patients with

NAFLD will consume some alcohol in their lifetime.*? According to
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Table 1. Summary of Lifestyle Interventions Other Than Diet and Exercise for Patients With NAFLD

Lifestyle
Intervention | Recommendation(s) Evidence and Rationale
Light Alcohol | ¢ There are insufficient data whether lifetime abstain- | * Light alcohol use has no impact on markers of
Consumption ers should begin light alcohol consumption for cardiovascular disease.’
potential cardiovascular and/or liver benefits. * Any alcohol use increases the risk of HCC in cirrhotic
* Cirrhotic patients with NASH should be advised to | NASH patients (HR, 3.8; 95% CI, 1.6-8.9; P<.01).”
abstain from all alcohol use. * >1 binge drink/month significantly increases the risk
o There are insufficient data to recommend contin- of fibrosis progression (OR, 42.1; 95% CI, 5.39-
ued alcohol use or complete abstinence in current 328.57; P<.01).”
moderate to high alcohol users with NAFLD or * Persistent modest drinkers are 70% less likely to
NASH without cirrhosis. achieve NASH resolution than either lifetime abstain-
ers or former modest drinkers (OR, 0.32; 95% CI,
0.11-0.92; P=.04).%
Coffee * Consider recommending 2-3 8-oz servings of * Coffee is associated with a 40%-80% reduction in
regular brewed coffee per day. cirrhosis-related hospitalizations and death and 35%-
* Counsel on limiting daily caffeine intake to 45% lower odds of HCC.3*%
<400 mg (<200 mg in pregnant and lactating * Each additional cup of coffee consumed per day
women or if there are symptoms of caffeine decreases the odds of advanced fibrosis by 36% (OR,
toxicity). 0.64; 95% CI, 0.46-0.88; P<.01) in insulin-sensitive
NASH patients.*
Shift Work * Shift workers may be advised to eat at the begin- * Restricting meals to the normal active period reduces
ning or toward the end of their shift. hepatic steatosis by 50% in mice®® and reduces insulin
resistance and weight gain in humans.”"”?
Social Jet Lag | * Improve sleep hygiene to match sleep and wake * Social jet lag is associated with increased body fat
times during workdays and weekends. content, body mass index, and central obesity.***
Meal Timing | * Consider recommending habitual daytime food * Skipping morning and midday meals increases the
consumption with avoidance of calorie-dense odds of sonographic steatosis by 20% and 73%,
nighttime meals. respectively.®

* Calorically heavier dinners are associated with
40% less weight loss, 50% lower reduction in waist
circumference, 42% lower reduction on HOMA-IR,
and 15% increase in triglycerides.”

Sleep * Consider recommending 7-9 hours of sleep nightly. | ® Short sleep duration increases the odds of hepatic
* Suggest techniques to improve sleep hygiene, such steatosis (OR, men: 1.28; P<.01; OR, women: 1.71;
as using blackout curtains, turning off lights at P<.01).1?
bedtime, and limiting nighttime use of electronic | ¢ Individuals who sleep 7-9 hours nightly have a 75%
devices and stimulants (eg, caffeine, alcohol, lower likelihood of having >F2 fibrosis on transient
cigarettes). elastography.'?

* Meta-analyses show an increased risk of obesity,
metabolic syndrome, and type 2 diabetes mellitus in
individuals with an abnormally short or long sleep
duration.'*!»

HCC, hepatocellular carcinoma; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; HR, hazard ratio; NAFLD, nonalcoholic fatty

liver disease; NASH, nonalcoholic stcatohcpatitis; OR, odds ratio.

the US Department of Agriculture, a standard drink con-
tains 14 g of pure alcohol, which is equivalent to 12 oz of
beer, 5 oz of wine, or 1.5 oz of 80-proof distilled spirit.'°
Heavy alcohol use is detrimental in patients with
NAFLD. Observational studies demonstrate an increased
risk of hepatic inflammation, cirrhosis, and HCC in obese
and diabetic individuals who consume alcohol in excess of

2 drinks per day.!"® Interest in a potentially beneficial
role for light alcohol use in NAFLD comes from several
studies that indicate a protective effect of light alcohol use
in cardiovascular (CV) health.'*!> In a meta-analysis of 84
prospective studies, light alcohol consumption decreased
the risk of CV-related mortality and incident coronary
artery disease by 25% to 30% compared with lifetime
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abstainers.!'* CV disease is the second most common cause
of death among patients with NAFLD and is believed to
be a stronger determinant of outcomes than liver disease.'¢

Several cross-sectional studies suggest that light alco-
hol drinkers are 30% to 65% less likely than nondrink-
ers to have NASH and 75% less likely to have advanced
fibrosis on biopsy, which some authors suggest may be
due to alcohol-induced improvement in insulin sensitiv-
ity (Table 2).7-2° Indeed, light alcohol consumption has
been shown in randomized crossover trials of healthy
adults to improve insulin sensitivity, decrease serum tri-
glycerides (TGs), increase high-density lipoprotein, and
increase serum adiponectin levels.?** A cross-sectional
study from Brazil does not show an association between
alcohol consumption and hepatic steatosis, inflamma-
tion, or fibrosis.”? Epidemiologic studies are limited by
use of cross-sectional designs and failure to account for
lifetime drinking histories. The challenge with defining
alcohol use as current consumption alone is that it poten-
tially classifies former heavy drinkers or individuals who
decreased their alcohol consumption for health reasons as
abstainers, which may overestimate the risk of CV and
liver disease in this group.**

There are no randomized trials to date on the rela-
tionship between alcohol use and NAFLD, partly due to
ethical considerations. However, 2 well-designed prospec-
tive observational studies on patients with biopsy-proven
NASH show that light alcohol use increases the risk of
progression of hepatic fibrosis in a dose-dependent man-
ner (odds ratio [OR], 1.01/g ethanol/week; 95% CI,
1.00-1.03; P=.06), and that NASH resolution occurs
significantly less frequently in consistent light drinkers
than in consistent abstainers (11% vs 22%; OR, 0.32;
95% CI, 0.11-0.92; P=.04).>>* Moreover, heavy episodic
drinking (ie, binges) in habitually light drinkers increases
the odds of fibrosis progression up to 40-fold.” A pro-
spective study’ showed that light alcohol use does not
affect subclinical markers of CV disease, such as coronary
artery calcium and myocardial tissue strain, although
the impact of light alcohol use on clinical CV morbidity
and mortality among the NAFLD population is largely
unexplored. Finally, HCC risk is increased (hazard ratio,
3.8; 95% CI, 1.6-8.9; P<.01) in cirrhotic patients with
NASH who consume any amount of alcohol, and the risk
is not modified by the volume of alcohol use or former
drinking.?

Thus, heavy alcohol use should be avoided by patients
with NAFLD or NASH, and cirrhotic NASH patients
should avoid all alcohol consumption due to risk of HCC
and, likely, hepatic decompensation. Owing to conflicting
evidence on benefit and harm, it is not possible to make
a firm recommendation regarding light alcohol consump-
tion in NAFLD at this time, which is echoed in the Ameri-
can Association for the Study of Liver Diseases guidelines.*

Specifically, it is not clear whether NAFLD patients who
are lifetime abstainers should consider light alcohol use
for its CV benefits, or whether noncirrhotic NAFLD or
NASH patients who are currently light drinkers should
be advised to continue or abstain from alcohol. In favor
of complete abstinence are the arguments that (1) alcohol
hepatotoxicity is modulated by individual genetic, physi-
ologic, and behavioral factors that are virtually impossible
to ascertain; (2) alcohol dosage and serving size limits may
be interpreted in different ways; and (3) CV benefits are
attainable through more well-established means, such
as diet and exercise.?® Patients who choose to continue
drinking should be advised to account for alcohol-derived

calories when setting their daily caloric limits."

Coffee

Given coffee’s global appeal, any health effect attributable
to the beverage significantly impacts public health. Cof-
fee has been linked to a lower risk of death, CV disease,
Parkinson disease, and several cancers.”” Epidemiologic
studies demonstrate potentially hepatoprotective effects
of coffee (Table 2).>%” Cross-sectional studies show that
drinking more than 2 cups of coffee daily decreases the
odds of elevated levels of alanine transaminase by 43%,
elevated levels of y-glutamyltransferase by 71%, and
advanced fibrosis by 71%.%%? A meta-analysis involving
more than 400,000 patients demonstrated that drinking
2 cups of coffee per day, compared to no consumption,
decreases the risk of cirrhosis by 43%, and that risk reduc-
tion is dose-dependent (23% for 1 cup daily vs 65% for
4 cups daily).® Importantly, 2 large prospective studies
showed that drinking 4 or more cups of regular coffee
daily reduces the risk of cirrhosis-related hospitaliza-
tions and death by 40% and 80%, respectively.*** In a
meta-analysis of more than 2 million patients, drinking
2 cups of coffee daily decreases HCC risk by 35%.% The
protective effect of coffee on cirrhosis and HCC is more
pronounced in individuals with preexisting liver disease
or risk factors for liver disease, such as alcohol use, obesity,
and viral hepatitis.**¥’

The relationship between coffee and NAFLD is less
clear. Coffee decreased the odds of sonographic steatosis
in an observational Italian study, but not in another.?®%
Mice that were fed a high-fat diet and coffee-derived
polyphenols and melanoidins were less likely to have
steatosis, steatohepatitis, and fibrosis compared to mice
fed a high-fat diet alone.”’ Polyphenols and melanoidins
potentially increase antioxidant activity, lower proinflam-
matory and profibrotic cytokines (eg, tumor necrosis fac-
tor o, transforming growth factor B, interleukin [IL] 1),
increase anti-inflammatory cytokines (eg, IL-4, IL-10),
and increase expression of adiponectin and peroxisome
proliferator-activated receptor (PPAR) o in the liver.%
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Table 2. Select Studies of Lifestyle Modifications and NAFLD

Study Design; Patient Intervention or
Authors Population (N) Outcome Exposure Finding(s)
Light Alcohol Consumption
Kwon et Cross-sectional; adults NAFLD by Lifetime Light alcohol users have lower total body fat and
gl with presumed NAFLD | biopsy alcohol use cholesterol and lower odds of advanced fibrosis (OR,
(77) 0.26; P=.05).
Hagstrom Cross-sectional; adults NAFLD by Lifetime An additional unit of alcohol/week decreases the odds
et al'® with presumed NAFLD | biopsy alcohol use of higher fibrosis stage (OR, 0.86; P=.02). Light alcohol
(101) users have lower serum TNF and C-reactive protein.
Dunn et Cross-sectional; adults NAFLD by Lifetime Light alcohol users have lower odds of NASH (OR,
al? with presumed NAFLD | biopsy alcohol use 0.56; P<.01).
(582)
Ekstedt et Prospective cohort; NAFLD by Change in Alcohol users, particularly those who binge, are more
al® adults with biopsy- biopsy alcohol use likely to have progression of fibrosis.
proven NAFLD and between
paired biopsies (71) biopsies
Ajmera et Prospective cohort; NAFLD by Change in Consistent alcohol users are less likely to have NASH
al*® adults with biopsy- biopsy alcohol use resolution (OR, 0.32; P=.04) compared to consistent
proven NAFLD and between nondrinkers and recent abstainers.
paired biopsies (285) biopsies
Ascha et Prospective cohort; HCC Lifetime Any alcohol use increases HCC risk in cirrhotic NASH
al”’ adults with NASH or alcohol use patients (HR, 3.8; P<.01). HCC risk is the same in
HCV (510) mild, heavy, and former drinkers.
Coffee
Ruhl and Cross-sectional; adults Elevated ALT Coffee and Drinking >2 cups of coffee daily decreases odds of
Everhart® at risk for chronic liver levels, any liver | caffeine from elevated ALT levels (OR, 0.56). Individuals at the
disease (5944) disease all sources highest quintile of caffeine intake have lower odds of
elevated ALT levels (OR, 0.31).
Nakanishi Cross-sectional; adult Elevated GGT | Coffee intake Drinking >2 cups of coffee daily decreases the odds of
et al’! male office workers levels, any liver elevated GGT levels (OR, 0.29).
(1176) disease
Modi et al** | Cross-sectional; adults Liver biopsy Caffeinated Drinking >2 cups of coffee daily decreases the odds
with HCV and cirrhosis and decaffein- of advanced fibrosis (OR, 0.29; P=.05). Individuals at
177) ated coffee >75th percentile of caffeine consumption have lower
odds of advanced fibrosis (OR, 0.25; P=.01). Caffeine is
protective only if it is derived from coffee.
Kennedy et | Meta-analysis of Clinical Coffee intake Drinking 2 cups of coffee daily decreases the risk of
al? observational studies; cirrhosis cirrhosis (RR, 0.56; 95% CI, 0.44-0.68). Cirrhosis risk
adults (432,133) reduction is dose-dependent.
Setiawan et | Prospective cohort; Incident HCC, | Coffee intake Drinking >4 cups of coffee daily decreases the risk of
al®® adults (162,022) liver-related HCC (RR, 0.59; 95% CI, 0.35-0.99; P<.01) and liver-
death related death (RR, 0.71; 95% CI, 0.17-0.50; P<.01).
Catalano et | Prospective cohort; NAFLD by Coffee intake Each cup of coffee decreases the risk of severe steatosis.
al’® adults (310) ultrasound
Vitaglione | Animal study; male rats | NAFLD by Decaffeinated Coffee, polyphenols, and melanoidins reduce steatosis,
et al® (unspecified) biopsy coffee with necroinflammation, and fibrosis; increase antioxidant
polyphenol activity; decrease proinflammatory cytokines in the liver;
and melanoi- and promote lipid breakdown in the liver.
din extracts
Molloy et Cross-sectional; adults NAFLD by Coffee intake Coffee-derived caffeine intake is not associated with
altt (302) biopsy NASH but has an inverse association with fibrosis stage.
(Table continues on following page)
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Table 2. (Continued) Select Studies of Lifestyle Modifications and NAFLD

Study Design; Patient Intervention or
Authors Population (N) Outcome Exposure Finding(s)
Coffee (continued)
Anty etal® | Cross-sectional; obese NAFLD by Coffee intake Coffee and caffeine consumption are not associated with
adults undergoing biopsy NASH and NASH severity, but coffee-derived caffeine
bariatric surgery (197) decreases the odds of advanced fibrosis (OR, 0.7; 95%
CI, 0.58-0.98; P-.03).
Shift Work
Balakrish- Cross-sectional; adults NAFLD by Regular night Shift work increases the odds of NAFLD in a lean
nan et al”! (8159) ALT levels or rotating population (OR, 1.66).
shift work
Lin and Prospective cohort; NAFLD by Rotating shift Shift work increases the risk of elevated levels of ALT if
Chen”? adults (758) ALT levelsand | work there is baseline hepatic steatosis (OR, men: 3.2; P<.01;
ultrasound OR, women: 8.5; P=.04).
Wang et Meta-analysis of MetS Night shift Night shift work increases the risk of MetS (pooled RR,
al” observational studies; work 1.57) in a dose-dependent manner.
adults (15,594)
Gan et al” Meta-analysis of T2DM Regular night Shift work increases the odds of T2DM (pooled OR,
observational studies; or rotating 1.09; P=.01), particularly in men.
adults (226,652) shift work
Social Jet Lag
Islam et al®® | Cross-sectional; adults, MetS Social jet lag Social jet lag >2 hrs increases the likelihood of MetS
nonshift workers (1164) (OR, 1.92) and central obesity (OR, 2.26).
Koopman Cross-sectional; adults MetS, T2DM Social jet lag Social jet lag >2 hrs increases the likelihood of MetS
et al®! (1585) (OR, 1.64). Social jet lag affects MetS risk in a dose-
dependent manner.
Anothaisin- | Cross-sectional; adults BMI, waist-to- | Social jet lag Each additional hour of social jet lag is associated with a
tawee et (2133) hip ratio 3% increase in body fat, 0.9 kg/m? increase in BMI, and
al* 0.13 increase in waist-to-hip ratio.
Meal Timing
Esteban et Cross-sectional; adults NAFLD by Meal timing Skipping morning and midday meals increases the odds
al®¢ (9015) ultrasound of NAFLD.
Miyake et Cross-sectional; adults NAFLD by Snacking NAFLD is more common in individuals who snack >2
al” (6370) ultrasound times per day.
Ma et al®” Prospective cohort; Obesity Breakfast Skipping breakfast increases the odds of obesity (OR,
adults (499) skipping 4.5), controlling for caloric intake and physical activity.
Bi et al*® Meta-analysis of T2DM Breakfast Skipping breakfast increases the odds of T2DM (pooled
observational studies; skipping OR, 1.15; P=.05).
adults (106,935)
Jakubowicz | RCT; adult overweight Obesity, Heavy Relatively heavier breakfasts lead to greater weight loss,
et al?? women (93) glucose toler- breakfast vs waist circumference reduction, lower triglycerides,
ance, insulin heavy dinner improvement in insulin sensitivity and glucose toler-
sensitivity ance, and less hunger throughout the day.
OSA
Tiirkay et Cross-sectional; adults NAFLD by OSA OSA is more common in patients with NAFLD (71%
al'® diagnosed with OSA ultrasound vs 36%; P<.001). The severity of NAFLD runs parallel
(106) to the severity of OSA.
Campos et Cross-sectional; obese NAFLD by OSA OSA independently predicts NASH (OR, 4.0; 95% CI,
al!ot adults undergoing biopsy 1.3-12.2).
bariatric surgery (200)
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Table 2. (Continued) Select Studies of Lifestyle Modifications and NAFLD

Study Design; Patient

Intervention or

Authors Population (N) Outcome Exposure Finding(s)
OSA (continued)
Mishra et Cross-sectional; obese NAFLD by OSA Individuals with more severe OSA and nocturnal
al'® adults undergoing biopsy hypoxia are more likely to have NASH.
bariatric surgery (101)
Aron- Prospective cohort; NAFLD by OSA, CIH Nocturnal hypoxia is associated with more severe
Wisnewsky | obese adults undergoing | biopsy NASH lesions and more advanced fibrosis in a dose-
et all® bariatric surgery (101) dependent manner.
Jullian- RCT; adults diagnosed NAFLD by CPAP 6-12 weeks of effective CPAP does not reduce steatosis,
Desayes et with OSA (103) FibroMax NASH, or fibrosis.
ale2 (BioPredictive)
Sleep Duration
Kim etal"® | Cross-sectional; adults Sleep duration, | NAFLD by Short sleep duration, but not sleep quality, increases the
(17,425) sleep quality ALT levels and | odds of elevated levels of ALT (OR, 1.35; P<.01) and
Fatty Liver positive Fatty Liver Index (OR, 1.45; P<.01 for trend).
Index
Kim et al'® | Cross-sectional; adults Sleep duration, | NAFLD by Short sleep duration increases the odds of NAFLD in
(45,293) sleep quality ultrasound men (OR, 1.28; P<.01) and women (OR, 1.71; P<.01)
by promoting obesity. Poor sleep quality also increases
the odds of NAFLD in men (OR, 1.1) and women
(OR, 1.4).
Katsagoni Case-control; adults Sleep duration | NAFLD by Elevated liver stiffness is less common in individuals
et a]'?° (155) elastography who sleep 7-9 hrs/night (55% vs 77%; P=.04).
Liu et al™! Prospective cohort; Sleep duration | NAFLD by Long sleep duration (>9 hrs) increases the risk of
older adults (8965) ultrasound NAFLD (RR, 1.31; P<.01).
Bernsmeier | Prospective cohort; Sleep quality NAFLD by Individuals with NAFLD have longer sleep latency
et al'® adults (46) biopsy and shorter sleep duration. Individuals with NASH
have longer sleep latency than individuals with simple
steatosis alone (31 vs 19 mins; P<.05).
Wuetal'” | Meta-analysis of Sleep duration | Obesity Short sleep duration increases the risk of obesity (pooled
prospective studies; OR, 1.45).
adults (197,9006)
Xi et al!?* Meta-analysis of Sleep duration | MetS Short sleep duration increases the risk of MetS (pooled
observational studies; OR, 1.27).
adults (89,553)
Shan et Meta-analysis of Sleep duration | T2DM Short and long sleep duration increase the risk of
al'®» prospective studies; T2DM (pooled OR, 1.09/hr shorter; OR, 1.14/hr
adults (482,505) longer).
Rao etal® | RCT; adults (14) Restricted vs Insulin Sleep restriction decreases whole body, peripheral, and
normal sleep sensitivity hepatic insulin sensitivity.
Broussard RCT; adults (7) Restricted vs Insulin Sleep restriction reduces adipocyte and total body
et al' normal sleep sensitivity insulin sensitivity.

ALT, alanine aminotransferase; BMI, body mass index; CIH, chronic intermittent hypoxia; CPAP, continuous positive airway pressure; GGT, y-glutamyl-

transferase; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; MetS, metabolic syndrome; NAFLD, nonalcoholic fatty liver disease;

NASH, nonalcoholic steatohepatitis; OR, odds ratio; OSA, obstructive sleep apnea; RCT, randomized, controlled trial; RR, relative risk; T2DM, type 2 diabetes

mellitus; TNF, tumor necrosis factor.
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In cross-sectional studies of humans, coffee consumption
was not associated with biopsy-proven NASH*' but is
associated with a 25% to 35% reduction in the odds of
advanced fibrosis in insulin-resistant patients.*>%

It remains to be elucidated which of the more than
1000 bioactive compounds in coffee is responsible for its
hepatoprotective and antifibrotic properties. Coffee is the
richest source of caffeine in a person’s diet, and caffeine
has been shown to inhibit hepatic stellate cell activation,
suppress collagen synthesis and deposition, and reduce
hepatic steatosis by stimulating B-oxidation and lipid clear-
ance.*“ The antifibrotic and antineoplastic effects appear
to be confined to caffeinated brewed coffee vs caffeine
from noncoffee beverages such as tea, suggesting that com-
pounds other than caffeine may be responsible for coffec’s
benefits.?"*** Chlorogenic acid and the diterpenes cafe-
stol and kahweol are potent antioxidants found in coffee
that have antifibrotic, antisteatogenic, anti-inflammatory,
anticarcinogenic, and insulin-sensitizing properties.* Caf-
estol and kahweol are also farnesoid X receptor (FXR) and
fibroblast growth factor 15 receptor ligands that inhibit
bile acid synthesis®; both receptors are molecular targets
for drugs under development for NAFLD.

Thus, patients with NAFLD may be advised to drink
the equivalent of 2 to 3 8-oz cups of regular brewed coffee
daily. This is well within the recommended 400-mg daily
limit for caffeine.’® Pregnant and lactating women should
consume no more than 200 mg of caffeine daily due to a
possibly increased risk of adverse fetal outcomes.” Patients
should decrease consumption if there are symptoms of
caffeine overdose such as tremors, palpitations, insomnia,
or headaches. Coffee additives such as sugar, creamer, and
milk should be avoided because their high fat and carbo-
hydrate content potentially negates the protective effects
of coffee in NAFLD.>!

Circadian Misalignments

Human physiology and behavior exhibit rhythmic pat-
terns organized around the 24-hour day-night cycle.
These circadian rhythms facilitate organismal adaptation
to predictable environmental changes brought about
by light and darkness. A master clock residing in the
suprachiasmatic nucleus in the hypothalamus generates
circadian rhythms and synchronizes peripheral tissues and
organs through neural and hormonal signals.’> Light is
the principal environmental cue that entrains the master
clock to the 24-hour day.”® At the molecular level, the
circadian clock is composed of genes and proteins (specifi-
cally CLOCK, BMALI, Cry, and Per) that are locked in a
self-sustaining transcription feedback loop with a roughly
24-hour period.” Clock genes are directly coupled to glu-
cose and fatty acid (FA) metabolism and control expres-

sion of downstream genes.”>°

Electric light and air travel have allowed modern
society to disregard the impositions of day and night, but
have led to human behaviors that are misaligned with the
circadian clock. Shift work, social jet lag, and wrong-time
feeding are common causes of circadian misalignment,
which has been associated with functional gastrointestinal
disorders, peptic ulcer disease, CV disease, obesity, type 2
diabetes mellitus (T2DM), and cancer.’”

The circadian clock plays important roles in regulat-
ing hepatic lipid metabolism, inflammation, oxidative
stress, mitochondrial function, and gut microbiota.”
Nearly 20% of lipids, as well as key enzymes in glucose,
lipid, and bile acid metabolism (including patatin-like
phospholipase domain-containing protein 3), oscillate in
6061 The circadian

clock regulates key enzymes involved in hepatic TG

a circadian manner in the mouse liver.

biosynthesis (eg, glycerol 3-phosphate pathway) and FA
biosynthesis (eg, FA synthase, ELOVL3, ELOVLG) as well
as in important regulatory transcription factors in lipid
metabolism (eg, PPAR-0., -y, and -8).” Bile acid synthe-
sis, important for signaling molecules in glucose, lipid,
and energy homeostasis via FXR, follows a diurnal pattern
due to circadian control of cholesterol 7a-hydroxylase
expression and activity.®>** The gut microbiome exhibits
circadian rhythmicity that is determined by the host
circadian clock and influenced by circadian timing of
meals.*®

Therefore, circadian disruptions can plausibly pro-
mote NAFLD. Indeed, knockout of clock genes induces
insulin resistance and leads to increased serum levels of
free FAs and TGs and, ultimately, to hepatic steatosis
and obesity.®® Mice exposed to simulated shift work
develop hepatic steatosis and experience upregulation of
hepatic genes associated with FA and TG synthesis and
downregulation of genes involved in B-oxidation.?”
Induced jet lag in mice causes obesity, insulin resistance,
hepatic steatosis, accelerated hepatic necroinflammation
and fibrosis, and early-onset HCC, presumably due to a
shift toward hepatic lipid synthesis, increased oxidative
stress, deregulation of hepatocarcinogenic genes such as
FXR and constitutive androstane receptor, and intestinal
dysbiosis.®* Conversely, restricting food intake during
the circadian day in mice decreases hepatic TGs through
transcriptional and enzymatic regulation of FA synthesis,
lipolysis, and B-oxidation by the clock genes Rev-ErbAo.,
Per2, and PPAR-y.*7° Time-restricted feeding is also
associated with reduced amounts of proinflammatory
long-chain FAs in the liver and increased synthesis of the
antioxidant glutathione, offering a potential protective
mechanism against steatohepatitis.”

Epidemiologic studies and several controlled trials
provide evidence that circadian misalignhment may also
promote NAFLD in humans, as discussed in the follow-
ing sections.
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Shift Work

Night shift work is an example of severe circadian mis-
alignment because workers are active and feeding during
the normal rest phase, and sleeping and fasting during the
normal active phase. According to a National Health and
Nutrition Examination Survey (NHANES), shift work
increases the likelihood of NAFLD by 66% in lean, but
not in obese, individuals (Table 2).”! A 5-year prospec-
tive observational study revealed that shift workers have
elevated levels of alanine transaminases, particularly indi-
viduals who have hepatic steatosis at baseline, suggesting
that shift work may compound and/or exacerbate hepato-
cellular injury.”? Two meta-analyses of large observational
studies associate shift work with an increased risk of meta-
bolic syndrome (MetS) and T2DM,”*”# and, although
NAFLD was not the outcome of interest in these studies,
it is reasonable to extrapolate these findings to NAFLD,
as the condition commonly coexists with, and is widely
viewed as, the hepatic manifestation of MetS.! Shift
work may cause NAFLD and MetS by inducing insulin
resistance, reducing body energy expenditure, decreasing
leptin levels, and promoting consumption of unhealthy
diets, as shown in controlled human trials.”>”” Less than
a week of circadian misalignment is enough to decrease
glucose tolerance in otherwise healthy individuals to lev-
els typically seen in patients with diabetes.”

Social Jet Lag

Under typical work schedules, late chronotype individuals
wake up early (ie, social clock) despite going to sleeping
late (ie, biologic clock), leading to a sleep debt that is
repaid during weekends and free days by sleeping in. The
term social jet lag is used for these shifts in sleeping hours
between work days and weekends, as it resembles travel
between time zones.”® Social jet lag can be quantified by
obtaining the absolute difference between the midpoints
of sleep during work and free days.”® Up to 70% of the
European population experiences at least 1 hour of social
jet lag, and 30% experiences at least 2 hours.” To date,
no human studies have investigated a direct relationship
between social jet lag and NAFLD. However, in Japanese
and Dutch cross-sectional studies that excluded shift
workers, social jet lag of more than 2 hours increased the
likelihood of MetS 2-fold (Table 2).5#' Among predia-
betic adults in Thailand, each additional hour of social jet
lag increased relative body fat by 3%, mean body mass
index by 0.9 kg/m?, and mean waist-to-hip ratio by 0.13.%

Wiong-Time Feeding

Feeding behavior and macronutrient metabolism are
under circadian control.®* Conversely, the liver circadian
clock is entrained by the timing and composition of meals
in a process that is independent of the suprachiasmatic
nucleus.** Hence, feeding at inappropriate times can be

considered a form of circadian misalignment. Over the
last 4 decades, daytime meal skipping, eating at later clock
times, and frequent snacking have become more prevalent
in the general population.® Results from observational
studies and small human trials demonstrate that par-
ticular meal-timing habits may predispose individuals to
NAFLD (Table 2).3¢% Data from NHANES III show that
skipping morning (ie, 4:00 am—10:00 am) and midday
(ie, 10:00 am—4:00 pm) meals increases the odds of more
severe sonographic steatosis by 20% and 73%, respec-
tively, while consuming a greater share of the day’s calories
in the morning decreases the odds of steatosis by 14%
to 21%.% Consistent with these observations, results of a
prospective observational study show that skipping break-
fast increases the risk of obesity 4.5-fold after adjusting for
energy intake and physical activity,” and a meta-analysis
shows that skipping breakfast increases the likelihood of
T2DM by 15%.% Randomized trials found that skipping
breakfast induces insulin resistance, increases expression
of the proinflammatory cytokines IL-1B and IL-6,%
and increases total energy intake through compensatory
overeating later in the day.”® Breakfast skippers may also
have less healthy lifestyles that include a higher prevalence
of smoking, alcohol use, sedentariness, and poor-quality
diets.”” In a randomized trial comparing an isoenergetic
heavy breakfast with a heavy dinner, participants in the
heavy breakfast arm lost more weight and waist circum-
ference, had better insulin sensitivity, and reported lower
hunger scores.”” Having more frequent meals, particularly
grazing or snacking outside of conventional meal times,
is associated with an increased likelihood of NAFLD and
obesity.”>*

Thus, although there are data to suggest that circa-
dian misalignments promote NAFLD, the evidence is
weak and based on cross-sectional and small prospective
observational studies and indirect, nonhistologic defini-
tions of NAFLD. However, it may be reasonable to ask
patients with NAFLD about their work schedules (ie,
shift work, social jet lag), sleep habits, and general feeding
schedule through a 24-hour dietary recall. In addition to
the standard recommendation of caloric restriction and
healthy diet, patients may be encouraged to avoid skip-
ping breakfast or lunch and consuming calorie-dense
dinners. It is not possible to completely avoid rotating
shift work in some patients’ work schedules; in these situ-
ations, shift workers may be advised to eat at the begin-
ning or toward the end of the night shift and avoid eating
during the biologic night (eg, midnight—6:00 am), and
to avoid large meals just before their scheduled daytime
sleep.” Animal studies and small human trials suggest
that restricting meals to the normal active period, which
is daytime in diurnal organisms such as humans, may
reduce hepatic lipid content, improve insulin sensitivity,

and prevent excessive weight gain.®%%
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Sleep

Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is a breathing disorder
characterized by narrowing and collapse of the upper
airway during sleep, leading to episodic reduction or
cessation of ventilation, intermittent hypoxia and hyper-
capnia, and fragmented sleep.”® OSA is estimated to affect
14% of men and 5% of women in the general population,
and up to 70% of morbidly obese patients.””!® OSA is
a well-known risk factor for CV disease, atherosclerosis,
and MetS by promoting insulin resistance, inducing
dyslipidemia, increasing sympathetic nervous activity,
and inducing endothelial dysfunction.'®"** There is also
evidence that OSA predisposes individuals to NAFLD
(Table 2).'91% DPolysomnographically diagnosed OSA
is significantly more common in patients with NAFLD
on ultrasound than in patients without steatosis (71% vs
36%; P<.001), and steatosis severity increases in parallel
with OSA severity.'” OSA is an independent risk factor
of biopsy-proven NASH (OR, 4.0; 95% CI, 1.3-12.2)

104 and’

in obese patients undergoing bariatric surgery,
moreover, biopsy-proven steatohepatitis is significantly
more common in patients with severe OSA." Chronic
intermittent hypoxia (CIH), one of the fundamental
physiologic derangements in OSA, leads to higher
NAFLD activity scores and more advanced fibrosis in
a dose-dependent manner.'” CIH can trigger NAFLD
and NASH by aggravating insulin resistance and dys-
lipidemia, inducing expression of lipogenic genes (eg,
SREBPI, acetyl coenzyme A carboxylase, FA synthase),
increasing hepatic lipid peroxidation and oxidative
stress, promoting mitochondrial dysfunction, activating
intrahepatic macrophages and increasing tumor necrosis
factor ol expression in the liver, and increasing intestinal
permeability and endotoxinemia.'”” CIH also promotes
expression of lysyl oxidase, the enzyme responsible for
collagen crosslinking, providing a possible mechanism in
which CIH induces hepatic fibrosis.!%

Continuous positive airway pressure (CPAP) is con-
sidered first-line treatment for symptomatic or moderate
to severe OSA.'” While CPAP has been shown to improve
blood pressure,''° randomized, controlled trials show that
up to 12 weeks of CPAP does not improve insulin sensi-
tivity and presumed NAFLD, NASH, and fibrosis.''"''?
NAFLD was not defined histologically but through
noninvasive biomarkers in one trial.''? Longer duration of
CPAP may be necessary to demonstrate disease improve-
ment; however, expert opinion is that CPAP may at least
stabilize the disease and limit NASH progression.'?”

Sleep Duration
Experts recommend 7 to 9 hours of sleep nightly to
maintain optimal health in adults.'® However, only

60% to 70% of US adults sleep within this range, and
the proportion of the population that sleeps fewer than 6
hours nightly increased by 30% in the last 3 decades due
to changing occupational and social activities.'"* Epide-
miologic studies link short and long sleep duration with
increased risk of death, CV disease, and cancer.!'>!'¢

Short sleep duration is associated with NAFLD in
several population-based studies (Table 2).!"7'2* Large
cross-sectional studies in the United States and Korea
showed that sleeping fewer than 5 hours nightly may
increase the risk of NAFLD, defined as elevated levels of
alanine transaminases and positive Fatty Liver Index and
sonographic steatosis, by 35% to 70%."7""? Similarly,
sleeping within the recommended duration of 7 to 9
hours reduces the likelihood of significant fibrosis (eg,
>F2) measured by transient elastography by 75%.'?° Con-
versely, in a Chinese prospective cohort study, long sleep
duration increases NAFLD risk by 30%.'?' Poor sleep
quality may also predispose individuals to NAFLD and
NASH. Patients with biopsy-proven NASH are found
to have longer sleep latency (31 min) than patients with
simple steatosis (19 min) or healthy controls (10 min).'*
Because patients were not screened for OSA in this study,
it is unclear if the association between poor sleep quality
and NAFLD is due to sleep quality itself or from comor-
bid OSA.

Short sleep duration may promote NAFLD by
increasing the risk of obesity and MetS because body mass
index attenuates the effect of sleep duration, according to
some studies. Indeed, meta-analyses demonstrated an
increased risk of obesity, MetS, and T2DM in individuals
with an abnormally short or long sleep duration and poor
sleep quality.'”'% Moreover, sleep restriction appears to
induce a state of positive energy balance, which when
chronic can predispose individuals to obesity and, by
extension, NAFLD. Controlled trials that intentionally
curtail sleep in patients demonstrate that patients who
slept less consumed more calories and had less healthy
diets, without a proportionate increase in their physical
activity and energy expenditure.'*'?® Sleep restriction
also enhances hunger and appetite, presumably through
an imbalance of satiety (eg, leptin) and orexigenic (eg,
ghrelin) hormones and abnormal responses in neural
reward pathways to food-related stimuli.'®**° Addition-
ally, sleep restriction induces adipose and hepatic insulin
resistance, which are fundamental in the etiopathogenesis
of NAFLD."3"132

Thus, due to the moderately strong association
between OSA, CIH, and NAFLD, NAFLD patients
who are at risk for OSA (eg, owing to unrefreshing sleep,
obesity, loud snoring) should undergo polysomnography.
NAFLD patients with symptomatic or moderate to severe
OSA should be treated with CPAP in keeping with stan-
dard practice,”® although current data do not support a
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direct benefit of CPAP on NAFLD. It is also reasonable
to recommend 7 to 9 hours of sleep nightly to patients
with NAFLD as part of healthy lifestyle modifications.
Practical interventions to promote optimal nighttime
sleep duration and quality include using blackout cur-
tains, turning off lights at bedtime, limiting the use of
electronic devices, and minimizing the use of stimulants
such as caffeine, alcohol, and cigarettes in the evening.

Conclusion

Even with the prospect of effective pharmacotherapies,
the mainstay of treatment for NAFLD remains weight
loss through healthy lifestyle modifications. Patients with
NAFLD should be counseled to reduce their consump-
tion of unhealthy calories and to incorporate exercise in
their daily routines. Clinicians may consider inquiring
about patients’ alcohol use, coffee consumption, timing of
meals, and sleep patterns, as there are data to suggest that
these are potentially modifiable risk factors for NAFLD.
However, more data from prospective controlled trials are
required before practice-changing recommendations can
be made.

The authors have no relevant conflicts of interest to disclose.
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