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Summary
Background  and  aims:  While  non-alcoholic  fatty  liver  disease  (NAFLD)  is  rapidly  becoming
the most  common  liver  disease  worldwide,  its  treatment  remains  elusive.  Since  metabolic
impairment  plays  a  major  role  in  NAFLD  pathogenesis,  any  pharmaceuticals,  such  as  molec-
ular hydrogen  (H2),  that  advance  lipid  and  glucose  metabolism  could  be  appropriate  to  tackle
this complex  condition.  The  aim  of  this  study  was  to  analyze  the  effects  of  28-day  hydrogen-rich
water intake  on  liver  fat  deposition,  body  composition  and  lab  chemistry  profiles  in  overweight
patients suffering  from  mild-to-moderate  NAFLD.
Methods:  Twelve  overweight  outpatients  with  NAFLD  (age  56.2  ±  10.0  years;  body  mass  index
2
37.7 ±  5.3  kg/m ;  7  women  and  5  men)  voluntarily  participated  in  this  double-blind,  placebo-
controlled,  crossover  trial.  All  patients  were  allocated  to  receive  either  1  L  per  day  of  hydrogen-
rich water  (HRW)  or  placebo  water  for  28  days.  The  study  was  registered  at  ClinicalTrials.gov
(ID NCT03625362).

Abbreviations: �-GT, gamma-glutamyltranspeptidase; AFIarm, fat index; ALP, alkalinephosphatase; ALT, alaninetransaminase; ASTas-
artate, transaminase; CK, creatinekinase; H2, molecularhydrogen; HDL, high-densitylipoprotein; HRW, hydrogen-richwater; MRI,
agneticresonance imaging; LDL, low-densitylipoprotein; NAFLD, non-alcoholicfatty liver disease; ROI, regions-of-interest; SIP, signalin-

ensity on the in-phase; SOP, signalintensity on the out-phase; TE, echotimes.
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Results:  Dual-echo  MRI  revealed  that  HRW  significantly  reduced  liver  fat  accumulation  in  indi-
vidual liver  regions-of-interest  at  28-day  follow-up,  as  compared  to  placebo  administration
(P <  0.05).  Baseline  liver  fat  content  was  reduced  from  284.0  ±  118.1  mM  to  256.5  ±  108.3  mM
after hydrogen  treatment  at  28-day  follow-up  (percent  change  2.9%;  95%  CI  from  0.5  to  5.5).
Serum aspartate  transaminase  levels  dropped  by  10.0%  (95%  CI;  from  −23.2  to  3.4)  after  hydro-
gen treatment  at  28-day  follow-up.  No  significant  differences  were  observed  between  treatment
groups in  either  weight  or  body  composition  among  participants.
Conclusions:  Although  preliminary,  the  results  of  this  trial  perhaps  nominate  HRW  as  an  adju-
vant treatment  for  mild-to-moderate  NAFLD.  These  observations  provide  a  rationale  for  further
clinical trials  to  establish  safety  and  efficacy  of  molecular  hydrogen  in  NAFLD.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.

Table  1  Baseline  characteristics  of  study  participants
(n =  12).

Mean  ±  SD  Min  —  Max

Age  (years)  56.2  ±  10.0  46—70
Weight  (kg)  109.2  ±  26.3  79.8—149.4
Body mass  index  (kg/m2)  37.7  ±  5.3  32.9—44.6
Body fat  (%)  42.8  ±  8.0  28.8—48.5
Waist circumference  (cm)  88.7  ±  8.3  77—101
Insulin  (IU/mL)  21.4  ±  26.3  7.1—68.1
Leptin  (ng/mL)  59.4  ±  26.2  20.2—88.1
Ghrelin  (ng/mL)  109.6  ±  41.0  45.8—190.7
AST (U/L) 19.8  ±  6.1  15—29
ALT (U/L)  20.6  ±  6.1  14—30
�-GT (U/L)  26.8  ±  13.8  14—44
ALP (U/L)  71.4  ±  12.3  55—87
CK (U/L) 120.4  ±  11.6  104—134
Total cholesterol  (mmol/L) 5.3  ±  0.9 3.7—6.2
LDL cholesterol  ((mmol/L) 3.3  ±  0.9  2.1—4.2
HDL cholesterol  (mmol/L) 1.0  ±  0.2 0.9—1.2
Triglycerides  (mmol/L) 2.1  ±  1.3 0.9—4.3
Glucose  (mmol/L) 8.0  ±  3.9 5.0—13.5

AST: aspartate transaminase; ALT: alanine transaminase; �-GT:
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Introduction

Non-alcoholic  fatty  liver  disease  (NAFLD)  is  a  metabolic  dis-
order  characterized  by  liver  fat  deposition  due  to  causes
other  than  excessive  alcohol  consumption  [1].  NAFLD  can
cause  many  liver  dysfunction-related  symptoms  and  signs,
with  the  disease  may  progress  to  non-alcoholic  steatohep-
atitis,  a  condition  marked  by  liver  inflammation,  fibrosis,
and  irreversible  damage.  NAFLD  is  usually  accompanied  by
insulin  resistance  and  obesity,  with  up  to  30%  of  the  popula-
tion  in  industrialized  countries  have  NAFLD  [2].  While  NAFLD
is  rapidly  becoming  the  most  common  liver  disease  world-
wide,  its  treatment  remains  elusive  and  directed  toward
correction  of  the  risk  factors  [3].  Since  metabolic  impair-
ment  plays  a  major  role  in  NAFLD  pathogenesis  [4], any
pharmaceuticals  that  advance  lipid  and  glucose  metabolism
could  be  appropriate  to  tackle  this  complex  condition.
Molecular  hydrogen  (H2)  has  recently  emerged  as  a  novel
‘pro-metabolic’  agent  that  might  positively  affect  liver
health.  Supplemental  hydrogen  improves  blood  lipid  profiles
and  insulin  resistance  in  overweight  women  [5],  patients
with  type  2  diabetes  [6],  and  in  subjects  with  potential
metabolic  syndrome  [7].  In  addition,  drinking  hydrogen-rich
water  (HRW)  reduces  hepatic  oxidative  stress  and  alleviated
fatty  liver  damage  in  rodents  [8,9].  However,  no  human  stud-
ies  so  far  evaluated  its  effectiveness  to  alter  liver  steatosis
in  patients  with  NAFLD.  In  this  pilot  trial,  we  analyzed
the  effects  of  28-day  HRW  intake  on  liver  fat  deposition,
body  composition  and  lab  chemistry  profiles  in  overweight
patients  suffering  from  mild-to-moderate  NAFLD.

Patients and methods

Patients

Twelve  overweight  outpatients  with  NAFLD  (age  56.2  ±  10.0
years;  body  mass  index  37.7  ±  5.3  kg/m2; 7  women  and  5
men)  signed  informed  consent  to  voluntarily  participate

in  this  double-blind,  placebo-controlled,  crossover  trial.
Patients  had  no  other  chronic  diseases  besides  NAFLD,  no
history  of  use  of  any  dietary  supplements  or  drugs  within
4  weeks  before  study  commences  and  were  non-pregnant.
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gamma-glutamyl transpeptidase; ALP: alkaline phosphatase;
CK: creatine kinase; LDL: low-density lipoprotein; HDL:
high-density lipoprotein.

AFLD  was  confirmed  according  to  guidelines  [4],  with  all
atients  had  the  AST-to-ALT  ratio  < 2.0  to  distinguish  NAFLD
rom  alcoholic  liver  disease.  The  study  was  carried  out
t  FSPE  Applied  Bioenergetics  Lab  between  August  and
ecember  2018.  The  local  Institutional  Review  Board  at  the
niversity  of  Novi  Sad  approved  the  study  protocol  (#  0417-
RW/2018).  All  procedures  were  performed  in  accordance
ith  the  Declaration  of  Helsinki,  and  the  trial  was  registered
t  ClinicalTrials.gov  (NCT03625362).  Baseline  characteris-
ics  of  study  participants  are  presented  in  Table  1.
xperimental  protocol

ll  patients  were  allocated  to  receive  either  1  L  per  day
f  HRW  (3  mM  of  hydrogen)  or  placebo  water  (<  0.1  mM
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igure  1  Location  of  regions  of  interest  (ROI)  before  (left  p
ignal indicates  higher  intracellular  fat  accumulation  in  the  live

f  hydrogen)  for  28  days.  HRW  was  produced  by  dis-
olving  an  effervescent  H2 magnesium-magnesium  malate
ablet  (HRW  Rejuvenation)  into  a  cup  of  lukewarm  water
500  mL),  through  the  following  reaction:  Mg  +  2H20  →
H2 +  Mg(OH)2.  Placebo  water  (500  mL)  was  produced  from
ap  water,  with  an  introduction  of  non-hydrogen-producing
agnesium  tablet,  with  both  HRW  and  placebo  were  equiv-

lent  for  taste,  appearance  and  magnesium  amount  (80  mg
er  dosage).  Specifically,  the  placebo  tablet  produced  CO2

ubbles  that  mimics  bubbles  of  hydrogen  gas  in  the  final
rink,  making  placebo  water  and  HRW  similar  in  appear-
nce  for  effervescence.  The  hydrogen  concentration  in  both
rinks  was  measured  immediately  before  consumption  (e.g.
pproximately  5  min  after  dissolving  a  tablet  in  water  when
o  or  minimal  residue  was  present)  by  a  gas  chromatograph
ith  molecular  sieve  5A  column  and  thermal  conductiv-

ty  detector  (Hewlett—Packard  5880A,  Palo  Alto,  CA,  USA).
atients  were  instructed  to  take  a  drink  two  times  per
ay  before  breakfast  and  dinner.  HRW  and  placebo  tablets
ere  provided  by  HRW  Natural  Health  Products  Inc.  (New
estminster,  BC,  Canada).  Wash-out  period  lasted  for  14
ays  in  aim  to  prevent  the  residual  effects  of  interven-
ions  across  study  periods.  The  primary  treatment  outcome
as  the  change  in  liver  fat  deposition  content  as  evalu-
ted  by  magnetic  resonance  imaging  (MRI)  from  baseline
o  day  28.  Additionally,  assessment  of  body  composition
utcomes,  clinical  chemistry  biomarkers,  and  subjective
ide-effects  were  performed  at  baseline  and  after  28  days
fter  each  intervention.  Lab  assessments  were  carried  out
etween  08:00  and  10:00  after  an  overnight  fast.  MRI  was
erformed  using  a  using  a  1.5T  system  (Avanto;  Siemens
ealthcare,  Erlangen,  Germany).  Images  were  acquired  with
atients  in  a  supine  position  using  an  8  channels  body  coil.
RI  protocol  included:  tri  planar  localizer,  T2  Weighted
oronal,  Dual  Gradient-Echo  In-Phase  and  Opposed-Phase
epatic  MRI  and  a  single-voxel  liver 1H  MR  spectroscopy.  A
reath-hold  T1-weighted,  dual  echo  gradient  echo  sequence
as  obtained  in  the  transverse  plane  using  the  following

maging  parameters:  repetition  time  130  ms;  echo  times
TE)  opposed-phase  2.38  ms;  TE  in-phase  5.04  ms;  flip  angle
0◦;  matrix  256  ×  224;  slice  thickness  6  mm;  field  of  view

00—350  mm.  Parallel  imaging  with  a  reduction  factor  of
wo,  was  performed  in  an  in-plane,  phase-encoding  direc-
ion.  The  MR  spectroscopic  data  were  acquired  with  volumes
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 and  after  H2 intervention  (right  panel).  Relatively  bright  MR

f  interest  (2  ×  2  ×  2  cm3) manually  placed  within  the  right
obe  of  the  liver,  avoiding  major  blood  vessels,  intrahep-
tic  bile  ducts  and  the  lateral  margins  of  the  liver.  The
oint-resolved  spectroscopy  technique  was  performed  with-
ut  water  suppression  (repetition  time  ms/echo  time  ms,
000/35).  Spectra  were  collected  following  manual  shim-
ing,  during  free  breathing.  Three  regions-of-interest  (ROI)
ere  placed  in  the  in-phase  magnitude  images  and  trans-

erred  to  the  out-of-phase  magnitude  images  using  the  copy
nd  paste  function  of  the  OsiriX  Imaging  Software  (version
.5.2,  Pixmeo  Sarl,  Bernex,  Switzerland)  to  ensure  perfect
o-registration.  Care  was  taken  to  avoid  areas  of  motion  arti-
acts,  large  vessels,  and  bile  ducts  when  placing  the  ROI.
he  ROI  size  was  at  least  1  cm2.  The  ROIs  were  placed  in
he  same  liver  segments  where  the  MRS  is  located  (Fig.  1).
ignal  intensity  on  the  in-phase  (SIP)  and  out-phase  (SOP)
mages  was  measured  and  calculated  the  signal  fat-fraction
sing  the  equation:  �  =|  SIP- SOP|/2  SIP [10].  Metabolite  sig-
als  were  analyzed  using  the  Advanced  Magnetic  Resonance,
r  AMARES,  fitting  algorithm  within  jMRUI  software  pack-
ge  [11].  Water  peak  at  4.76  ppm  and  the  methylene  peak
t  1.33  ppm  were  evaluated.  Peak  integrals  were  quanti-
ed  by  fitting  to  a  Gaussian  line  shape.  Area  ratios  (hepatic
at-water  ratio)  were  calculated  for  each  individual.

After  initial  MRI  evaluation,  the  venous  blood  was  drawn
nd  centrifuged  within  the  next  10  min  at  3000  g,  with
erum  separated  and  analyzed  for  ghrelin,  leptin,  and
nsulin  using  commercial  ELISA  kits  on  an  automated  ana-
yzer  (ChemWell  2910,  AWARENESS  Technology  Inc.,  Palm
ity,  FL).  Serum  activities  of  aspartate  transaminase  (AST),
lanine  transaminase  (ALT),  alkaline  phosphatase  (ALP),
amma-glutamyl  transpeptidase  (�-GT)  and  creatine  kinase
CK)  were  analyzed  by  an  automated  analyzer  (Randox  Lab-
ratories  Ltd.,  Crumlin,  UK).  The  glucose,  total  cholesterol,
riglycerides,  and  lipoprotein  levels  were  analyzed  by  stan-
ard  enzymatic  methods  (Hitachi  912,  Tokyo,  Japan).  Height
as  measured  using  a stadiometer  (Seca  217,  Hamburg,
ermany),  while  weight  and  body  fat  percentage  were  mea-
ured  by  a  bioelectrical  impedance  analyzer  (Omron  BF  511,
yoto,  Japan).  Waist  and  arm  circumferences  were  mea-
ured  with  an  anthropometric  tape  (Gulic  CHP,  Ann  Arbor,

I,  USA),  and  triceps  skinfold  thickness  was  obtained  with  a
alibrated  caliper  (Baseline,  Fabrication  Enterprises,  Inc.,
hite  Plains,  NY,  USA).  Arm  fat  index  (AFI)  was  calcu-



Hydrogen  for  non-alcoholic  fatty  liver  disease  691

ns  of

2
m
c
e
t
a
a
t
t
n
i
a
a
P
t
c
p

D

I
t
t
e
t
s
r
W

Figure  2  Changes  in  liver  fat  accumulation  in  different  regio
hydrogen-rich  water  vs.  placebo  at  P  <  0.05.

lated  according  to  the  guidelines  [12].  The  patients  were
instructed  to  report  on  any  adverse  events  of  the  interven-
tion  through  an  open-ended  questionnaire  at  each  visit  to
the  lab.  During  the  trial,  the  participants  were  asked  to
maintain  their  usual  pattern  of  daily  activity  and  diet.

Statistical  analyses

Appropriate  sample  size  (n  =  12)  was  calculated  using
the  power  analysis  (effect  size  0.50,  alpha  error  prob-
ability  0.05,  power  0.80,  number  of  measurements  3,
non-sphericity  correction  �  1)  for  the  primary  treatment
outcome  (G-Power  3,  Heinrich  Heine  University  Düsseldorf,
Germany).  Two-way  mixed  model  ANOVA  with  repeated
measures  was  used  to  establish  if  any  significant  differences
existed  between  patients’  responses  over  time  of  interven-
tion  (0  vs.  28  days).  When  non-homogenous  variances  were
identified,  values  were  compared  using  Friedman’s  2-way
ANOVA  by  ranks.  Identification  and  removal  of  outliers  were
conducted  according  to  interquartile  range  method.  The  sig-
nificance  level  was  set  at  P  ≤  0.05.

Results

All  patients  completed  the  course  of  the  trial,  and  no  par-
ticipant  reported  any  side  effect  of  either  intervention.
The  compliance  with  the  intervention  (as  calculated  from
unused  tablets)  was  90.0%  and  93.3%,  for  HRW  and  placebo

group,  respectively  (P  =  0.38).  Dual-echo  MRI  revealed  that
HRW  significantly  reduced  liver  fat  accumulation  in  individ-
ual  ROIs  at  28-day  follow-up,  as  compared  to  placebo  intake
(P  <  0.05)  (Fig.  2).

a
a
h
A

 interests  (ROI).  An  asterisk  (*)  indicates  significant  difference

Baseline  total  liver  fat  content  was  reduced  from
84.0  ±  118.1  mM  to  256.5  ±  108.3  mM  after  hydrogen  treat-
ent  at  28-day  follow-up  (percent  change  =  2.9%;  95%

onfidence  interval  [CI]  from  0.5  to  5.5).  Serum  AST  lev-
ls  dropped  by  10.0%  (95%  CI;  from  −23.2  to  3.4)  after  HRW
reatment  at  the  4-week  follow-up.  Neither  intervention  had
ny  significant  effects  on  other  liver  enzymes  (P  >  0.05),  and
ll  values  remained  in  the  reference  range  throughout  the
rial.  Lipid  profiles  and  glucose  levels  were  unaffected  by
he  intervention  (not  presented).  A  weak  trend  has  been
oted  for  increased  serum  insulin  levels  after  HRW  admin-
stration  comparing  to  placebo  (39.5%  vs.  20.5%,  P  =  0.15),
lso  for  decreased  serum  leptin  (10.5%  vs.  31.7%;  P  =  0.11),
nd  increased  serum  ghrelin  at  follow-up  (96.1%  vs.  34.7%;

 =  0.21).  No  significant  differences  were  observed  between
reatment  groups  in  weight,  body  mass  index  and  body
omposition  indices  among  participants  receiving  HRW  and
lacebo  (P  > 0.05)  (Fig.  3).

iscussion

n  this  randomized  controlled  pilot  trial,  we  found
hat  medium-term  supplementation  with  HRW  significan-
ly  attenuated  liver  fat  deposition  in  NAFLD  patients,  with
xperimental  treatment  induced  no  adverse  events.  In  addi-
ion,  HRW  intervention  reduced  serum  levels  of  AST,  a
urrogate  biomarker  of  liver  function,  while  the  levels
emained  in  the  reference  ranges  throughout  the  trial.
e  controlled  the  interventions  for  magnesium  content,  to
ccount  for  possible  therapeutic  effects  of  Mg  on  fat  liver
ccumulation  [13,14], thus  showing  for  the  first  time  that
ydrogen  gas  per  se  had  a  unique  beneficial  effect  in  NAFLD.
lthough  preliminary,  our  trial  perhaps  nominates  HRW  as
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Figure  3  Changes  in  body  co

 possible  adjuvant  treatment  for  non-alcoholic  fatty  liver
isease.

Over  the  past  decade,  several  animal  trials  have  demon-
trated  beneficial  effects  of  HRW  on  liver  health  and
iability.  HRW  prevented  progression  of  nonalcoholic  steato-
epatitis  and  accompanying  hepatocarcinogenesis  in  mice
15].  Koyama  and  co-workers  [9]  found  that  oral  intake
f  hydrogen  water  significantly  suppressed  liver  fibroge-
esis  in  mice  with  experimentally  induced  liver  fibrosis.
RW  also  facilitated  hepatocyte  mitosis  to  promote  liver
egeneration  in  mice  with  acetaminophen-induced  hepa-
otoxicity  [16].  Another  Japanese  trial  demonstrated  that
re-administration  of  HRW  suppresses  lipopolysaccharide-
nduced  liver  injury  in  mice  [17].  In  the  most  comprehensive
tudy  so  far,  Lin  and  co-workers  [18]  investigated  the  effects
f  HRW  on  prevention  of  early  steatohepatitis  in  mice.  HRW
reatment  significantly  reduced  ethanol-induced  increases
n  serum  ALT,  AST,  triglycerol  and  total  cholesterol  lev-
ls,  hepatic  lipid  accumulation  and  inflammatory  cytokines,
ncluding  tumor  necrosis  factor-alpha  and  interleukin-6.
RW  also  attenuated  malondialdehyde  level,  restored  glu-
athione  depletion  and  increased  superoxide  dismutase,
lutathione  peroxidase  and  catalase  activities  in  the  liver.
ur  study  corroborated  the  beneficial  effects  of  HRW  on  liver
ealth,  with  28-day  administration  of  HRW  diminished  total
at  concentration  in  the  liver  (for  up  to  5.5%)  in  overweight
atients  with  NAFLD.  It  appears  that  fat  accumulation
ropped  throughout  the  organ,  with  the  most  notable  reduc-
ion  seen  in  the  pericapsular  area  (ROI8),  with  a  relative
rop  of  the  fat  signal  on  dual-echo  MRI  ∼  25%  on  aver-

ge.  This  was  accompanied  by  a  drop  in  serum  AST  levels,
erhaps  indicating  reduced  hepatocellular  injury  at  post-
dministration.  HRW  appears  to  protect  hepatocytes  from
amage  by  triggering  adaptive  responses  against  oxidative

m
r
t
o

ition  indices  during  the  study.

tress-related  with  liver  damage  [18],  including  upregula-
ion  of  specific  hepatic  oxidoreduction-related  genes  [19].
revious  human  studies  have  shown  that  HRW  also  improves
ipid  and  glucose  metabolism  in  patients  with  type  2  diabetes
r  impaired  glucose  tolerance  [6],  and  reduces  body  fatness
and  advances  insulin  response)  in  overweight  women  [5].  A
ossible  mechanism  by  which  HRW  controls  lipid  metabolism
ncludes  improved  insulin  sensitivity  by  inducing  hepatic
broblast  growth  factor  21  that  consequently  leads  to  better
uel  utilization  and  less  accumulation  of  body  fat  [8].  Above
avorable  outcomes  of  HRW  for  liver  fat  were  not  accom-
anied  by  changes  in  lipid  profiles,  serum  hormones  and
ody  composition  in  our  cohort  of  NAFLD  patients,  although
e  demonstrated  a  trend  for  HRW-driven  insulin  rise.  The

ack  of  HRW  effects  on  metabolic  profiles  in  NAFLD  might
e  due  to  a  lower  dosage  of  hydrogen  used  in  our  study  or
horter  duration  of  treatment,  with  previous  trials  used  ∼

 ppm  of  H2 per  day  [5],  or  administered  HRW  for  8  weeks
6].

Although  this  is  the  first  human  study  describing  HRW
ffectiveness  and  safety  in  NAFLD,  several  limitations  must
e  considered  when  study  findings  are  interpreted.  Rel-
tively  small  cohort  allowed  no  subsample  analysis  for
ossible  gender  differences  in  response  to  HRW  interven-
ion  in  NAFLD.  A  rather  short  duration  of  HRW  treatment
revented  any  unambiguous  presumption  on  the  long-term
afety  of  HRW.  A  limited  number  of  parameters  assessed
ampered  final  conclusions  on  HRW  metabolic  behavior  in
AFLD  and  its  possible  mechanisms  of  action.  In  addition,
e  recruited  here  a  population  of  patients  with  mild-to-

oderate  NAFLD  while  patients  with  severe  NAFLD  might

espond  differently  to  HRW  intervention.  Finally,  advanced
echniques  to  evaluate  more  discrete  changes  in  liver  histol-
gy  (including  liver  needle  biopsy  or  multiparametric  MRI)
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[19] Nakai Y, Sato B, Ushiama S, Okada S, Abe K, Arai S. Hepatic
oxidoreduction-related genes are upregulated by administra-
Hydrogen  for  non-alcoholic  fatty  liver  disease  

should  be  performed  in  future  studies  in  terms  of  utility  and
comparative  effectiveness  of  HRW  in  NAFLD.

Conclusions

In  summary,  a  28-day  oral  administration  of  HRW  (1  L  per
day)  markedly  reduced  liver  fat  content  and  improved  liver
enzyme  profile  for  AST  in  a  cohort  of  overweight  patients
with  NAFLD.  Oral  hydrogen  appears  to  be  a  safe  supplement
that  may  be  proposed  as  an  adjuvant  treatment  in  this  pop-
ulation.  These  observations  provide  a  rationale  for  further
clinical  trials  to  establish  the  safety  and  efficacy  of  H2 in
NAFLD.
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