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Nonalcoholic fatty liver disease (NAFLD) is a major liver
disease worldwide, with a prevalence of 20% to 46% of
the adult population in Westernized countries (1). NAFLD
may progress from simple steatosis—that is, accumulation of
fat in the liver—to nonalcoholic steatohepatitis. The latter
is characterized by additional inflammation and, in some
individuals, both fibrosis, which may progress to cirrhosis, and
hepatocellular carcinoma (2). The rise of NAFLD has occurred
in parallel with the global rise of metabolic diseases fueled
by the obesity epidemic. The main risk factors of NAFLD
include a positive energy balance, obesity, insulin resistance, and
hypertriglyceridemia, all of which are key targets for prevention.
There is currently no effective medication for treatment of
NAFLD, but clinical treatment often focuses on addressing the
obesity or insulin resistance rather than NAFLD itself. Lifestyle
modifications resulting in weight loss have been shown to de-
crease inflammation, fibrosis, and steatosis (3). Improvement of
diet could play an important role in prevention and treatment,
and patients with NAFLD are often given recommendations to
decrease intakes of saturated fats, calories, and carbohydrates
(3). It has been shown that a low-carbohydrate (<30 g/d) diet
decreased hepatic de novo lipogenesis, increased hepatic B-
oxidation, and had a favorable alteration in the gut microbiome
among subjects with NAFLD (4).

Cereal grains represent the largest global source of energy,
carbohydrates, dietary fiber, and plant protein in the diet (5).
Whether grains are consumed as whole grains or refined grains
has a major impact on the disease risk (6). A high whole-
grain intake has consistently been associated with lower risks
of developing type 2 diabetes and coronary heart disease across
different populations, and an increasing number of studies are
supportive of its beneficial effects on obesity and inflammation
(7, 8). On the contrary, accumulating evidence suggests a
high intake of refined grain is associated with higher risks of
developing similar conditions in observational studies (9-11).

Given the importance of whole grain as a cornerstone of
a healthy, sustainable diet; its positive effects on body-weight
control, inflammation, and blood lipid profiles; and its favorable
metabolic function of the gut microbiota (such as production
of SCFAs), it is surprising that its role in liver-fattening
conditions such as NFALD has not been more widely studied
(1). Only 1 small, case-control study (58 cases and 58 controls)
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has been reported, and no association between self-reported
consumption of whole grains and the likelihood of NAFLD
was observed (11). In a cross-sectional study including 2127
nonvegetarians and 1273 vegetarians in Taiwan, an inverse
association between self-reported whole-grain intake and fatty
liver was observed, but disappeared after adjustment for BMI
(12). In the 1 and only (GRAANDIOOS-) intervention study
(13), 50 overweight men and women received a high whole-
grain-wheat intervention (98g/d) compared with a high refined-
wheat intervention (98g/d) for 12 weeks. A substantial increase
in intrahepatic triglycerides was observed after 12 weeks on
the refined-grain diet, whereas no effects were found after daily
intake of whole-grain wheat, despite the high volume (13).

In this issue of The Journal of Nutrition, Sun et al. (14)
investigated whether an alkylresorcinol metabolite in plasma
3,5-dihydroxyphenylpropionoic acid (DHPPA), a putative
biomarker of whole-grain wheat and rye intake, was associated
with NAFLD in a case-control study of Chinese adults. The
study included 940 NAFLD cases and 940 age- and sex-matched
non-NAFLD controls. Study participants were diagnosed with
NAFLD if their hepatic ultrasound disclosed hepatic steatosis
at any stage, after the exclusion of alcohol abuse or other
liver diseases. Plasma DHPPA was inversely associated with
NAFLD across tertiles [OR, 1 (lowest value; referent); OR,
0.75 (95% CI: 0.54-1.05); and OR, 0.65 (95% CI: 0.45-
0.93), respectively; P-trend = 0.026). The authors concluded
that a high DHPPA concentration was associated with a lower
risk of NAFLD in Chinese adults, independently of common
confounders, and that the results support health benefits of
whole-grain wheat.

The study was relatively large and provides important data
that link whole-grain intake to NAFLD, but several questions
remain to be answered before causality can be established.
First, the whole-grain intake in the population at study was not
measured per se, but is expected to be low since the daily intake
of whole grain in China (mainly from rice and wheat) is low
and estimated as 24 g in 2002 (15). This is supported by the
very low concentrations of DHPPA measured in the blood of
study participants (the median plasma DHPPA was 10 nmol/L
among healthy controls). The lack of dietary data in the study
makes it difficult to judge the performance of the biomarker
under the conditions at study. Second, only very few studies so
far have measured the concentration of DHPPA in plasma, and
even if the apparent half-life is longer for DHPPA (16 hours)
than for intact alkylresorcinols in plasma (5 hours), the long-
term reproducibility was found to be similar (ICC, ~0.4) (16).
This suggests that DHPPA in plasma performs similarly as intact
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alkylresorcinols, despite the longer half-life, potentially because
of other, as-yet-unknown sources of nonintake-related variation
affecting the metabolite. Third, only 1 study has investigated
the whole-grain plasma DHPPA dose-response under controlled
intake conditions (17). In that study, the plasma concentrations
reached 76, 89, and 110 nmol/L (n = 20 per group) after
controlled intakes of 23, 44, and 68 g, respectively, of rye bread
per day in Finnish adults. DHPPA in plasma correlated modestly
with the estimated intake (r = 0.42; P < 0.05). Sun et al.
(14) found that the multivariable-adjusted OR was 0.65 for the
highest plasma DHPPA tertile, where DHPPA concentrations
were >15 nmol/L, while in the referent tertile the DHPPA
concentrations were <8 nmol/L. Based on the estimations from
the Finnish study, where a difference in rye bread intake of
45 g corresponded to a 36 nmol/L difference in the plasma
DHPPA concentration, a difference of 8 nmol/L between the
highest and lowest tertiles in the study by Sun et al. (14)
would correspond to about 16 g/d of whole-grain-wheat intake
[assuming a linear dose-response without intercept, that the
Finnish rye breads contained 80% whole-grain rye, and the fact
that whole-grain wheat contains about 50% of alkylresorcinols
(precursors of DHPPA) compared to whole-grain rye]. It is
difficult to compare biomarker measurements from different
laboratories and across different populations, but the example
gives at least an indication about the intake in the study by Sun
et al. (14) that can be compared to the estimated risk reduction.
Although it has been shown that an increase in whole-grain
intake may be most efficient at a low intake (0-2 servings per
day) for lowering the risk of developing type 2 diabetes (9), the
observed OR of 0.65 of developing NAFLD for an estimated
16 g/d difference in whole-grain wheat intake in the study
by Sun et al. (14) must be considered an unexpectedly large
observed relative risk reduction. This finding is totally opposite
to the results from the GRAANDIOOS- intervention, where a
regular intake of as much as 98 g/d of whole-grain wheat for 12
weeks did not change lipid accumulation in the liver. Instead,
the findings from the GRAANDIOOS- study clearly showed
that refined grains caused substantial lipid deposition in the liver
during a 12-week intervention. It is difficult to compare results
from an observational study with those of a dietary intervention,
but it is puzzling why the results are so fundamentally different.
This calls for well-designed prospective studies, preferably
using dietary biomarkers in addition to self-reported data in
populations where the overall whole-grain intake is higher and
from several grain sources, and where careful precautions are
taken to minimize the risk of residual confounding. Moreover,
the specific role of refined grain in NAFLD warrants further
attention in both observational and intervention studies. It
also remains to be clarified to what extent whole grains other
than wheat may contribute to the reduced risk of developing
NAFLD. DHPPA only reflects wheat and rye intakes. Controlled
interventions to investigate the effects of whole grains with
potentially stronger metabolic effects than wheat (such as oats,
barley and rye) are warranted to assess the full potential of
whole grains on NAFLD. RL is the project leader for the
Nordic Rye Forum, a pre-competitive collaboration platform
between researchers from Nordic universities, institutes and
food industry with interest in the health effects of rye. RL
is the principal investigator in research projects funded by
Lantminnen and Barilla. RL holds no remuneration, salary, or
any other financial recompense from the food industry.
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