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Abstract

Background—Coffee may have hepatoprotective effects and higher coffee consumption has
been associated inversely with levels of liver enzymatic markers. However, it is unclear whether
decaffeinated coffee is also associated with liver enzymes.

Methods—The study population included 27,793 participants, age 20 or older, in the US
National Health and Nutrition Examination Survey (1999-2010). Coffee intake was evaluated by
24-hour dietary recall. Serum levels of aminotransferase (ALT), aminotransferase (AST), alkaline
phosphatase (ALP) and gamma glutamyl transaminase (GGT) were measured. We examined the
relationship between coffee intake and enzymatic levels using weighted multiple variable logistic
(abnormally elevated levels of enzymes) and linear regression (continuous enzymatic levels).

Results—Total coffee consumption was inversely associated with abnormal levels of all four
liver enzymes and continuous levels of AST, ALP and GGT. Compared to those reporting no
coffee consumption, participants reporting =3 cups per day had an odds ratio (OR) (95%
confidence interval (Cl)) of 0.75 (0.63, 0.89)), 0.82 (0.68, 0.98), 0.73 (0.55, 0.95) and 0.69 (0.57,
0.83) for abnormal levels of ALT, AST, ALP and GGT, respectively. Similar inverse associations
were found with decaffeinated coffee intake and abnormal levels of ALT (OR>5 vs o cuprd: 0.62
(0.41, 0.94)), AST (0.74 (0.49, 1.11)), and GGT (0.70, 0.49-1.00).

Conclusion—Higher intakes of coffee, regardless of its caffeine content, were associated with
lower levels of liver enzymes.
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Introduction

Methods

Coffee is widely consumed around the world. The health effects of coffee have attracted
considerable attention. Recent studies have linked coffee consumption with lower risks of
developing multiple conditions, including mortality?, diabetes?, cardiovascular disease3, and
various forms of chronic liver diseases, such as non-alcoholic fatty liver disease?, liver
cirrhosis® and liver cancer®. In a prospective investigation of the first National Health and
Nutrition Examination Survey (NHANES) Epidemiologic Follow-Up Study, the authors
reported that participants who drank more than 2 cups of coffee a day had only half the risk
of developing chronic liver disease than those who drank less than 1 cup a day’.

The potentially hepatoprotective role of coffee is further supported by studies reporting
favorable levels of liver markers associated with increased coffee consumption. A growing
body of literature has consistently shown an inverse relationship between coffee
consumption and gamma glutamy! transaminase (GGT)®18, a marker of diseases of the liver
or bile ducts!®. Other studies also report that higher coffee consumption is associated with
reduced serum levels of the hepatocyte damage markers, alanine aminotransferase
(ALT)>10.17.20-22 30 aspartate aminotransferase (AST)>10.16.17.21-23 a5 \yel| as alkaline
phosphatase (ALP), another commonly used marker in liver function tests0.

However, it remains unclear whether the caffeine plays an essential role in mediating
associations of coffee with liver health24, Some animal studies showed that caffeine itself is
capable of protecting against toxin induced liver damage?®, while others suggested that
coffee compounds other than caffeine may offer similar benefits26. Most epidemiologic
studies did not distinguish between caffeinated and decaffeinated coffee, and none has
directly evaluated the relationship between decaffeinated coffee intake and levels of liver
enzymes.

We studied the cross-sectional association between coffee consumption and serum levels of
four enzymes commonly used in liver function tests, ALT, AST, ALP and GGT in a
nationally representative sample of the U.S. population, with a special emphasis on
decaffeinated coffee.

Data source and study population

We used data from the 1999-2010 NHANES, a cross-sectional medical examination survey
conducted by the National Center for Health Statistics of the US Centers for Disease Control
and Prevention (Atlanta, Georgia)?’. The NHANES survey is designed to evaluate health
and nutritional status of a representative sample of civilian noninstitutionalized US
population using a complex stratified multistage sampling design. In 1999, NHANES
became a continuous program and since then has been conducted in independent, 2-year
cycles. We obtained all data and detailed survey protocols from the website of the National
Center for Health Statistics?’. Of the 62,539 participants of NHANES 1999-2010, we
excluded those who lacked completion of an in-person dietary recall (N=7,049), had missing

Hepatology. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Xiao et al. Page 3

ALT, AST, ALP or GGT levels (N=17,456), and who were younger than 20 (N=10,241).
The final analytic cohort included 27,793 participants. The study was approved by the
Centers for Disease Control and Prevention's institutional review board.

Assessment of coffee consumption

In all cycles of NHANES 1999-2010, coffee intake was reported in 24-hour dietary recalls.
Using an automated multiple-pass method?8, all food items and quantities consumed in the
24 hours preceding the interview were recorded. We used the United States Department of
Agriculture Dietary Sources of Nutrients Database to identify coffee beverages??, and we
further assigned each coffee beverage into three categories of caffeine status (regular
(caffeinated), decaffeinated or unspecified) (supplementary table 1). For participants in the
1999-2002 NHANES, only one in-person 24-hr dietary recall was administered. However,
cycles starting from 2003 onward included two recalls, the first one in-person and the
second one via telephone. Coffee consumption reported in the second recall was generally
lower than that reported in the first recall. Nevertheless, the agreement between the two
recalls was high (intraclass correlation coefficient: 0.67 for total and 0.60 for decaffeinated
coffee). Because of the inconsistency between telephone based and in-person recalls, we
used coffee intake from the first dietary recall for our main analysis for participants in the
2003 to 2010 cycles. We divided the continuous values of coffee consumption (in grams) by
one cup size (10 oz or 283.5 ml) and categorized coffee consumption into five groups: none,
<1, 1<2, 2—<3, and =3 cup/day. In analysis of decaffeinated coffee, we combined the
highest 2 categories because of smaller sample sizes.

In addition to dietary recall, a food frequency questionnaire (FFQ) was administered in
NHANES 2003-2004 and 2005-2006. Participants were asked to report the number of cups
of coffee they drank by choosing from 10 categories ranging from none to 6 or more cups
per day. They also reported how often the coffee they drank was decaffeinated (almost never
or never, 1/4, 1/2, %, and almost always or always). We used the FFQ data to evaluate how
closely the dietary recall and the FFQ correlated with each other on coffee consumption and
we found the correlation was high (Spearman correlation coefficient, 0.76).

Liver enzyme measurement

Serum specimens were refrigerated and shipped to a central laboratory for analysis. In
NHANES 1999-2000, the central laboratory (Coulston Foundation, Alamogordo, NM) used
a Hitachi model 704 multichannel analyzer to measure biochemistry profile, including levels
of ALT, AST, ALP and GGT. Starting from 2002, NHANES changed its central laboratory
to the Collaborative Laboratory Services (Ottumwa, 1A) in which a Beckman Synchron
LX20 analyzer was used. Despite the difference in laboratory equipment, the distribution of
the liver enzyme levels were almost identical between the two time periods, therefore we
used the upper reference limits recommended by NHANES 2001-2010 to define abnormal
status of ALT (>47 IU/L in men or >30 IU/L in women), AST (>33 IU/L in men and
women), ALP (>113 IU/L in men and women) and GGT (>65 IU/L in men or >36 IU/L in
women)30, We also performed sensitivity analysis by using log-transformed liver enzyme
levels > 2 standard deviations (SD) above the mean as the threshold for abnormal status of
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liver enzymes. We calculated AST/ALT ratio, and participants with AST/ALT=2 was
considered having an abnormal ratio.

NHANES 1999-2010 collected a wide range of sociodemographic variables including age,
sex, race and ethnicity, education and marital status, and behavioral risk factors such as
smoking and alcohol drinking. Additionally, NHANES participants reported medical
conditions, including diabetes, cardiovascular diseases and cancer. Body mass index (body
weight divided by height squared, kg/m?) was measured by trained examiners. We also
obtained data on hemoglobin Alc level and infection status of hepatitis B (infection defined
as surface antigen or core antibody positive) and hepatitis C (infection defined as antibody
positive) from laboratory examinations.

Statistical analysis

To evaluate the relationship between coffee consumption and abnormal liver enzyme levels,
we used weighted multiple variable logistic regression, and presented the associations in
odds ratios and 95% CI. We also examined the distribution of ALT, AST, ALP and GGT
levels and performed log transformation to approximate a normal distribution. The
associations between coffee consumption and continuous enzyme levels were assessed using
weighted multiple variable linear regression models. We presented age adjusted and
multivariate adjusted geometric means and 95% confidence intervals (CI) of liver enzyme
levels by categories of coffee intake. In all multivariate models we adjusted for age, gender,
race and ethnicity, education, smoking status, alcohol consumption, day of recall, and
hepatitis B or hepatitis C positivity. BMI and diabetes were considered as potential
mediators and were examined in separate models with aforementioned covariates. Because
adjusting for diabetes, BMI, and year since quitting smoking did not change the results
substantially (<5% of change in effect estimates), these variables were not retained in the
final models. Participants who did not report drinking coffee within the previous 24 hours
served as the reference group. To test for trend, we modeled categorical variables as
continuous and evaluated this coefficient using a Wald test. To test for interaction between
coffee consumption and BMI (<25, 25-<30, and 30+ kg/m?2), smoking (never, former and
current smoker), alcohol intake (nondrinker, <2 drinks/day and 2+ drinks/day), history of
diabetes (yes and no), history of HBV infection (yes and no) and history of HCV infection
(yes and no), we used the likelihood ratio test comparing a model with the cross-product
term to one without. In analysis of decaffeinated coffee, we excluded participants who
reported drinking any regular or unspecified coffee on the previous day (N=12,457). All
analyses were performed using SAS 9.2 (SAS Institute, Cary, North Carolina), accounting
for the complex sample design of the NHANES involving sample weighting, stratification
and clustering?”. The sample weights for analysis were calculated by using the following
formula: 2/6* dietary day one 4-year sample weights for 1999-2002, and 1/6* dietary day
one 2-year sample weights for 2003-2010. Results of all hypothesis tests were reported with
two-sided p-values where p-values < 0.05 were considered to be statistically significant.
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Of all the participants, 47.1% did not report consuming coffee in the day of recall. Those
who reported drinking coffee were more likely to be non-black, older, and current smokers
than those who did not report drinking coffee (table 1). Overall, 32.4% of the population
were obese, 13.5% reported 1 or more alcoholic drink per day, 7.6% had a history of
diabetes, and 5.3% and 1.7% were positive for HBV and HCV infection, respectively.
Higher coffee consumption was inversely associated with obesity and diabetes, but
positively associated with alcohol drinking.

We found that higher coffee consumption was associated with lower odds of abnormal liver
enzymes (table 2), and the results were largely similar before and after adjusting for
confounders. Compared to those reporting no coffee consumption, those who reported three
cups or more had an odds ratio of 0.75 (95% CI: 0.63, 0.89), 0.82 (0.68, 0.98), 0.73 (0.55,
0.95), and 0.69 (0.57, 0.83) for abnormal levels of ALT, ALP, AST and GGT, respectively.
Similar associations were observed when we used >2 SD above the mean as the cutoff
points (data not shown). Moreover, abnormal level of AST/ALT ratio was also inversely
associated with coffee consumption (ORgzs vs o cup (95% C)): 0.55 (0.36, 0.86), p-for-trend,
0.006).

We observed comparable inverse associations between coffee intake and continuous levels
of AST, ALP and GGT (p for trend: 0.0004, <0.0001 and 0.0007 for AST, ALP and GGT,
respectively) (table 3), although such associations did not necessarily appear to be linear.
Similar inverse trends were observed when we used the information on coffee intake
assessed by FFQ in NHANES 2003-2006 (supplementary table 2). Observed associations
also were generally consistent across subgroups defined by various risk factors of liver
conditions, including BMI, smoking status, history of diabetes, and HBV and HCV infection
(supplementary table 3). In subgroup analysis by alcohol intake, the inverse association
between coffee consumption and liver enzyme levels appeared to be somewhat stronger
among people who reported 2+drinks/day, although the p-for-interaction was not significant,
probably due to small number of participants in the high alcohol intake subgroup (Table 1).
We found a significant interaction between coffee intake and history of diabetes and HCV
infection in relation to GGT level (p-for-interaction: <.0001 for diabetes and 0.004 for HCV
infection), where the inverse associations were stronger in magnitude among people with
diabetes and HCV infection.

Finally, we examined the associations between decaffeinated coffee consumption and liver
enzymes (table 4). Associations with decaffeinated coffee were similar to those overall,
although these associations did not always reach statistical significance, likely reflecting
lower statistical power for these analyses. Higher decaf consumption was associated with
lower odds of having abnormal levels of ALT (ORp+ ys g cup (95% C): 0.62 (0.41, 0.94)).
Abnormal level of AST/ALT ratio was also inversely associated with high decaf
consumption, although the confidence interval was wide due to small number of participants
with an abnormal level (0.59 (0.26, 1.36)). For continuous levels of liver enzymes, we also
found a generally inverse relationship with decaf intake, although the associations for ALT
and AST were not statistically significant.
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Discussion

In this large sample of US men and women, we found that total coffee intake reported in the
dietary recall was inversely associated with lower risk of having abnormal levels of liver
enzymes, ALT, AST, ALP and GGT. Inverse associations with liver enzymes largely
persisted with decaffeinated coffee consumption. The inverse relationship between coffee
consumption and serum levels of liver enzymes is largely consistent with findings of
previous studies®-17:20-22. Among all commonly measured enzymes in the liver function
tests, GGT has been most extensively studied®-17, but all studies were conducted in Japan
and European countries. The largest one was an investigation of the Tromsg Study, which
reported a strong inverse relationship between coffee consumption and GGT level, with
every additional cup of coffee associated with ~7% reduction in the mean GGT level®. ALT
has been considered a more specific marker of liver injury!® and several studies have
examined the effect of coffee consumption on serum level of ALT®10.17.20-22_ Of these, two
studies were conducted in the U.S. and both reported an inverse association®20, Klatsky et
al. found a 40% decrease in the odds of having abnormal level of ALT among participants
who drank 4 or more cups a day, when compared to nondrinkers®. In a study or NHANES
I11 participants, Ruhl et al. restricted their analysis to people who were at elevated risk for
liver disease and reported a similarly inverse association between coffee and abnormal
levels of ALT (ORs 2 cup vs none (95% Cl): 0.56 (0.31, 1.00))20. A few studies examined
coffee consumption in relation to AST®10.16.17.21,22 and AL P10 and almost all involved
populations outside U.S. In general, they reported an association of heavier coffee
consumption with lower levels of liver enzymes.

Caffeine is a prominent biochemical compound found in coffee drinks and a potential
candidate that may be responsible for hepatoprotective associations.24 Several studies have
evaluated the relationship between caffeine and liver disease and serum levels of liver
markers. Caffeine intake from coffee, tea and other caffeinated drinks was found to have a
strong inverse association with chronic liver disease in the NHANES | Epidemiologic
Follow-Up Study’. In NHANES 111, Ruhl et al. also reported that higher caffeine intakes
was associated with lower risk of abnormally elevated levels of serum ALT20, However, the
caffeine and coffee intakes were highly correlated in these studies, making it difficult to
determine the true associations with caffeine, independent of other coffee ingredients.

Our study is the first to examine the relationship between decaffeinated coffee and liver
enzymes, and the inverse relationship between decaffeinated coffee intake and liver markers
suggests that compounds other than caffeine may be associated with liver disease. Several
mechanistic studies have explored possible hepatoprotective effects of candidate coffee
compounds. It has been reported that coffee diterpenes, cafestol and kahweol, may offer
protective effects against aflatoxin B1 induced damage in rat and in hepatocyte cultures?>:26,
Cafestol and kahweol may also induce the synthesis of glutathione, which has been
suggested to have a role in detoxification and prevention of liver damage?*. However
filtered coffee, the common type consumed in the U.S. is thought to have lower levels of
cafestol and kahweol, when compared with boiled coffee. Unfortunately we did not have
information about filtered coffee in this study, and were not able to examine the effect of
filtered coffee on liver enzymes. Other studies have suggested that polyphenols, which are
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shown to have potent anti-oxidant activity, may also be partially responsible for the inverse
associations with coffee231,

One of the most important strengths of this study is that by combining all the available
cycles of continuous NHANES, we had a large, nationally representative, sample of the U.S.
population. Our large sample size has allowed us to specifically examine associations with
decaffeinated coffee. Moreover, NHANES collected detailed information on other risk
factors for liver disease, including smoking, alcohol drinking, diabetes, obesity, and
infection of hepatitis B and C, and we were able to adjust for them in the analysis.

However, there are several limitations of this study. First of all, we used one 24 hr dietary
recall to assess coffee consumption. Single dietary recall may not accurately capture usual
intakes of food and beverages. Although we found relatively high agreement in coffee
consumption between the two dietary recalls, and between the first dietary recall and FFQ,
participants who drank coffee less then daily were likely identified as nondrinkers in our
study. Therefore our reference group is a mixture of nondrinkers and sporadic coffee
drinkers, which may have attenuated the magnitude of our observed findings. We were also
unable to evaluate the effect of infrequent coffee consumption on liver enzymes. The
misclassification could be also bidirectional, as infrequent consumers of coffee who
happened to drink coffee on the day of recall could be classified as a heavier coffee drinker
than they typically are. However, without further knowledge about the misclassification
rates, which are not available, it is difficult to speculate about the magnitude or direction of
the bias that would result from such bidirectional contamination. Second, a relatively large
portion of participants did not specify whether they drank caffeinated or decaffeinated
coffee. We expect that these participants most likely consumed caffeinated coffee, however
some proportion of them may have also consumed decaffeinated coffee. However, the
correlation across subsequent 24-hour recalls among those specifying decaffeinated drinking
was relatively high (ICC=0.60), suggesting that our decaffeinated coffee exposure was
specific, if not completely sensitive. Third, in stratified analysis, some subgroups, such as
the high alcohol intake group, were relatively small, which may have limited our power to
detect statistically significant interactions. Lastly, although we adjusted for potential
confounders, residual confounding remains a possibility, as in all observational studies.

In summary, our findings suggest that coffee consumption may be associated with favorable
liver health, and extend previous findings to decaffeinated coffee drinking. The similarly
inverse associations for total and decaffeinated coffee with liver enzyme suggest that coffee
constituents other than caffeine may be beneficial toward the liver. Future studies are needed
to identify these components and the underlying mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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