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Abstract
Background:  There  is  no  conclusive  evidence  regarding  the  effect  of  fasting  on  different  fea-
tures in  asthmatic  patients.  In  the  present  study,  the  effect  of  Ramadan  fasting  in  asthmatic
patients and  healthy  control  was  studied.
Methods:  Haematological  indices,  inflammatory  mediators,  pulmonary  function  tests  (PFT)
and respiratory  symptoms  were  evaluated  in  15  asthmatic  patients  compared  to  14  healthy
matched  control  group  before  and  after  the  one-month  fasting  period  in  Ramadan.  The  change
in each  parameter  from  the  beginning  to  the  end  of  Ramadan  was  calculated  and  referred  to
as ‘‘variation  during  Ramadan’’.
Results:  The  values  of  MCH,  MCHC  in  both  groups  and  monocyte  counts  in  asthmatic  patients,
were significantly  increased  but  platelet  count  was  reduced  in  asthmatic  and  controls  respec-
tively compared  to  pre-Ramadan  fasting  period  (P  <  0.05  to  0.001).  Serum  hs-CRP  level  in  control
and asthmatic  groups  was  significantly  reduced  after  Ramadan  fasting  month  (P  <  0.001  for  both
groups). PFT  values  after  Ramadan  fasting  month  in  both  groups  were  non-significantly  higher
compared to  pre-fasting  values  except  FVC.  Respiratory  symptoms  in  asthmatic  patients  were

loaded from http://www.elsevier.es, day 27/04/2016. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. This early online article h
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no  significant  difference  in  variations  of  different  parameters  during
ween  two  groups,  although  reduction  of  hs-CRP  in  asthmatic  group

r  than  control  group.
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Conclusion:  These  results  show  that  Ramadan  fasting  period  has  no  negative  impact  on  asthma
and may  have  some  positive  effect  on  asthma  severity  with  regard  to  reduction  of  hs-CRP
concentration  and  chest  wheeze.
©  2016  SEICAP.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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ackground

he  holy  Ramadan  is  the  9th  month  of  the  lunar  calendar
Hejri),  including  29---30  days.  Ramadan  has  importance  and
reat  social  value  among  Muslims  all  over  the  world  that
estrict  them  from  some  tasks  consisting  of  drinking,  eating,
moking,  and  sexual  relationships,  from  pre  sun  rise  (Sahar)
o  post  sun  set  (Iftar).1,2 Because  the  duration  of  the  lunar
ear  (354  days)  is  lower  than  the  Gregorian  year  (365  days),
asting  time  is  variable3 from  12  to  18  h  and  even  22  h  each
ay,  depending  on  the  geographical  area,  season  and  coun-
ry;  the  end  of  spring,  beginning  of  summer,  the  tropics  and
emperate  locations  being  longer.4,5 However,  in  some  condi-
ions  Muslims  are  exempt  from  fasting  including;  travelling,
regnancy,  menstruation,  breast-feeding  women,  patients
iven  medication  via  oral  and  parenteral,  sickness,  pre-
ubertal  and  pubertal  children.6,7 Nevertheless,  medicines
sed  through  breathing  and  inhalation  route  do  not  cancel
his  duty.

Asthma  is  a  chronic  and  one  of  the  most  common  respi-
atory  diseases.  Based  on  the  Global  Initiative  for  Asthma
GINA)  report,  the  number  of  people  who  are  suffering  from
sthma  is  more  than  300  million.8 Likewise,  according  to
he  Iranian  Asthma  Society,  the  prevalence  of  asthma  in
he  Iranian  population  is  estimated  to  be  about  8---12%,9

hile  in  Mashhad  and  Isfahan,  two  large  cities  of  Iran,  it
as  reported  as  2.8%  of  total  population10 and  7.3%  of  high

chool  children,11 respectively.  Asthma  is  a  complex  respi-
atory  condition  with  inflammation,  hyper  responsiveness,
bstruction  and  remodelling  of  the  airways.  The  nature  of
irway  obstruction  in  asthma  is  fully  or  partially  reversible.12

All  guidelines  for  treatment  of  asthma  suggest  orderly
se  of  medicines  for  relieving  symptoms  and  prevention  of
evelopment  of  disease,  such  as  monitoring  and  education
f  patients  as  well  as  avoiding  of  risk  factors.  Correlation
etween  health  and  various  religious  rituals  is  an  important
ssue,  but  only  limited,  inadequate  or  controversial  studies
re  available  in  this  regard.2

The  effect  of  one  month  fasting  during  Ramadan  on  var-
ous  aspect  of  asthma  was  examined  in  several  previous
tudies.  Increased  peak  expiratory  flow  (PEF)  due  to  one
onth  fasting  in  asthmatic  patients13 as  well  as  maximal

xpiratory  flow  at  75%  and  75---85%  of  vital  capacity  (MEF75,
EF75---85 respectively)  in  healthy  subjects14 was  shown  pre-
iously.  However,  the  absence  of  the  effect  of  fasting  in
amadan  on  PFT  values  in  asthmatic  patients  was  demon-
trated  in  another  study.15 The  effect  of  fasting  and  decrease
n  food  intake  on  weight  loss  can  decrease  the  constric-
ion  of  airways,16 lead  to  changes  in  surfactant  and  elastin
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etabolism,17 increase  in  catecholamine  which  can  cause
irway  dilation,  as  well  as  decreasing  stomach  volume  and
astro  oesophageal  reflux18 all  postulated  as  the  possi-
le  mechanisms  of  fasting  on  asthmatic  patients  and  PFT
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alues.  However,  a  change  in  circulating  inflammatory  medi-
tors  could  be  another  possible  mechanism  responsible  for
he  effect  of  one  month  fasting  in  Ramadan  on  asthmatic
atients  and  PFT  values.

Therefore,  in  the  present  study,  the  impact  of  Ramadan
asting  period  on  respiratory  symptoms,  pulmonary  function
ests  (PFT),  haematological  indices,  total  and  differential
hite  blood  cells  and  inflammatory  biomarkers  on  healthy
nd  asthma  subjects  were  examined.

aterial and methods

ubjects

ourteen  healthy  volunteers  (mean  age  ±  SD;  37.5  ±  7.86
ear,  mean  height  ±  SD;  175.66  ±  12.11  cm)  and  fifteen  asth-
atic  patients  (mean  age  ±  SD;  49.28  ±  12.54  year,  mean

eight  ±  SD;  166.38  ±  8.66  cm)  with  moderate  to  severe  dis-
ase  according  to  GINA  guideline19 were  studied  with  the
ollowing  inclusion  and  exclusion  criteria:  (1)  previously
iagnosed  with  asthma  by  a  physician;  (2)  two  or  more  of
he  following  symptoms:  recurrent  wheeze,  cough  or  chest-
ightness  at  rest;  nocturnal  or  early  morning  wheeze,  cough
r  chest-tightness;  and  wheeze  or  cough  during  exercise,  (3)
EV1  and  PEF  less  than  80%  predicted  values;  (4)  no  history
r  symptoms  of  cardiovascular  or  other  respiratory  diseases
hat  required  treatment  (excluding  the  common  cold).  Con-
rol  subjects  were  healthy  volunteers  and  had  no  history
f  respiratory  complaints.  Excluding  criteria  were:  recent
espiratory  infection,  chest  X-ray  (CXR)  abnormality,  smok-
ng,  high  blood  pressure  and  diabetes.  Patients  received
heir  regular  medications  during  the  study  period.  The  study
as  approved  by  the  Ethical  Committee  of  the  Mashhad  Uni-
ersity  of  Medical  Sciences  (Code:  930520),  and  all  subjects
ave  informed  consent.

lood  sampling  and  assessment  of  haematological
arameters

en  millilitres  of  blood  was  collected  from  each  control  and
sthma  subject  twice:  (1)  three  to  five  days  before  and  (2)
fter  the  end  of  Ramadan.

High  sensitivity  C-reactive  protein  (hs-CRP),  an  index  of
nflammation,  was  quantified  using  commercially  available
pecific  Enzyme  Linked  Immune  Absorbent  Assays  (ELISA)
ccording  to  the  manufacturer’s  protocol  (Antibodies-
nline;  Catalog  Number:  ABIN366539).

Total  red  blood  cell  (RBC)  and  white  blood  cells  (WBC)
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

ere  counted  in  duplicate  in  a  haemocytometer  (in  a  Burker
hamber)  in  blood  stained  with  Turk  solution  (1:10  dilution,
onsisting  of  1  ml  of  glacial  acetic  acid,  1  ml  of  gentian  violet
olution  1%  and  100  ml  distilled).

dx.doi.org/10.1016/j.aller.2015.10.002
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Table  1  The  criteria  for  respiratory  symptom  severity
score.

Symptom  Frequency  Score

Wheezing None  0
During  mild  exercise  (walking) 1
During  heavy  exercise 2
At rest  3

Cough None  0
During  mild  exercise  (walking)  1
During  heavy  exercise  2
At rest  3

Tightness None  0
During  mild  exercise  (walking)  1
During  heavy  exercise  2
At rest  3

Sputum None  0
Small  volumes  of  non-purulent  sputum  1
Large  volumes  of  non-purulent  sputum  2
Purulent  sputum  3

Total  score  12
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Table  2  Comparison  of  haematological  indices  before  and  after  R

Groups  

RBC  (mil/�L)
Control  

Asthma 

Hb (g/dL)
Control  

Asthma 

Hct (%)
Control  

Asthma 

MCV (fl)
Control  

Asthma 

MCH (pg)
Control  

Asthma 

MCHC (g/d)
Control  

Asthma 

Plt (/mm3)
Control  

Asthma 

ESR 1  (mm/hr)
Control  

Asthma 

ESR 2  (mm/hr)
Control  

Asthma 

Values presented as mean ± SD (for health and asthmatic group, n = 14 

Abbreviations: RBC, red blood cell; Hb, haemoglobin; Hct, haemato
haemoglobin; MCHC, mean corpuscular haemoglobin concentration; Plt
group; Asthma, asthmatic group.
* P < 0.05, **P < 0.01 compared to pre-Ramadan fasting period in each g

+ P < 0.05, compared to normal group using un-paired t test.
 PRESS
matological  status  3

Differential  cell  counts  were  done  on  thin  smeared  blood
ample,  using  Wright-Giemsa’s  stain.  According  to  staining
nd  morphological  criteria,  differential  cell  analysis  was  car-
ied  out  under  a  light  microscope  by  counting  100  cells,  and
he  percentage  of  each  cell  type  was  calculated.

valuation  of  respiratory  symptoms  and  pulmonary
unction tests

 Farsi  questionnaire  was  used  to  assess  the  preva-
ence  and  severity  of  respiratory  symptoms  (wheezing,
ightness,  cough  and  sputum)  (Table  1).  The  question-
aire  on  respiratory  symptoms  was  designed  in  accordance
ith  several  previous  questionnaires  of  similar  stud-

es  by  expert  groups.6,8,10,20,21 Common  risk  factors  like
moking  habit,  atopy  and  history  of  allergic  reactions
ere  also  assessed.  The  degree  of  wheezing  on  chest
xamination  (objective  wheezing  =  wheeze-o)  was  con-
idered  between  0  and  3  as  follows:  no  wheezing  =  0,
ardly  heard  wheezing  =  1,  moderate  wheezing  =  2  and  loud
heezing  =  3.

Pulmonary  function  tests  in  asthmatic  and  control
ubjects  were  measured  using  a  spirometer  with  a  pneu-
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

otachograph  sensor  (Model  ST90,  Fukuda,  Sangyo  Co.,
td.,  Japan).  Prior  to  pulmonary  function  testing,  the  PFT
easurement  technique  was  demonstrated  by  the  operator,

nd  subjects  were  encouraged  and  supervised  throughout

amadan  fasting  period  in  healthy  and  asthmatic  group.

Before  After

4.65  ±  0.6  4.17  ±  0.69
4.71  ±  0.38  4.80  ±  0.42

12.90  ±  1.72  13.60  ±  1.80
13.25  ±  0.98  14.15  ±  1.17

41.43  ±  4.44  42.47  ±  5.78
42.51  ±  2.69  43.97  ±  3.48

89.35  ±  6.23  90.41  ±  6.15
90.63  ±  3.78  91.73  ±  4.44

27.70  ±  2.49  29.00  ±  2.26**
28.15  ±  1.46  29.52  ±  1.52*

31.01  ±  1.11  32.00  ±  0.88*
31.11  ±  1.10  32.16  ±  0.53**

279.455  ±  62.078  253.364  ±  46.438
278.615  ±  36.769  263.308  ±  31.884*

18.73  ±  15.61  18.27  ±  13.91
17.08  ±  16.67  10.62  ±  9.76

36.36  ±  23.32  36.55  ±  23.37
32.62  ±  24.87  21.54  ±  16.15+

and 15, respectively).
crit; MCV, mean corpuscular volume; MCH, mean corpuscular

, platelets; ESR, erythrocyte sedimentation rate; Control, healthy

roup using paired t test.

dx.doi.org/10.1016/j.aller.2015.10.002
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4  

Table  3  Comparison  of  haematological  indices  variations
between  asthmatic  and  healthy  group  during  Ramadan.

Variables  Control  Asthma

RBC  (mil/�L)  0.05  ±  0.32  0.08  ±  0.58
Hb (g/dL) 0.70  ±  0.50 0.90  ±  1.52
Hct (%) 1.04  ±  2.31 1.46  ±  4.03
MCV  (fl)  1.05  ±  3.08  1.10  ±  6.34
MCH  (pg)  1.30  ±  1.28  1.36  ±  2.22
MCHC  (g/d)  0.9909  ±  1.107  1.05  ±  1.22
Plt (/mm3)  −26,091  ±  53,620  −15,308  ±  23,834
ESR  1  (mm/h)  −0.45  ±  8.09  −6.46  ±  17.14
ESR  2  (mm/h)  0.18  ±  11.70  −11.08  ±  23.20

Values presented as mean ± SD (for health and asthmatic group,
n = 14 and 15, respectively). Un-paired t test was performed and
P < 0.05 considered as statistically significant.
Abbreviations: RBC, red blood cell; Hb, haemoglobin; Hct,
haematocrit; MCV, mean corpuscular volume; MCH, mean cor-
puscular haemoglobin; MCHC, mean corpuscular haemoglobin
concentration; Plt, platelets; ESR, erythrocyte sedimentation
rate.
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In  the  asthmatic  group  the  MCH,  MCHC  values  were  also
significantly  increased  but  platelets  were  reduced  compared

Document downloaded from http://www.elsevier.es, day 27/04/2016. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. This early online article has been reviewed, accepted and posted on the Web before copyediting.
est  performance.  Pulmonary  function  testing  was  per-
ormed  using  the  acceptability  standards  outlined  by  the
merican  Thoracic  Society  (ATS),22 with  subjects  in  a stand-

ng  position  and  wearing  nose  clips.  Pulmonary  function
ests  were  performed  three  times  in  each  subject.  The
ighest  level  for  forced  vital  capacity  (FVC),  forced  expi-
atory  volume  in  one  second  (FEV1),  peak  expiratory  flow
PEF),  maximal  mid  expiratory  flow  (MMEF)  and  maxi-
al  expiratory  flow  at  75%,  50%,  and  25%  of  the  FVC

MEF75,  MEF50,  and  MEF25 respectively)  were  taken  indepen-
ently  from  the  three  measurements.  All  tests  were  also
arried  out  in  two  time  periods:  (1)  3---5  days  before  start-
Please  cite  this  article  in  press  as:  Askari  VR,  et  al.  The  impac
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ng  Ramadan  and  (2)  after  the  end  of  fasting  period  for
9/30  days.

t
E

Table  4  Comparison  of  total  and  differential  white  blood  cells  b

Variables  

WBC/mm3
Control  

Asthma 

Neut  (%)
Control  

Asthma 

Lym (%)
Control  

Asthma 

Mon (%)
Control  

Asthma 

Eos (%)
Control  

Asthma 

Values presented as mean ± SD (for health and asthmatic group, n = 14 

Abbreviations: WBC, white blood cell; Neut, neutrophil; Lym, lymphoc
* P < 0.05, ** P < 0.01, *** P < 0.001 compared to pre-Ramadan fasting pe

+ P < 0.05, compared to normal group using un-paired t test.
 PRESS
V.R.  Askari  et  al.

tatistics

ccording  to  previous  studies  regarding  the  various  effects
f  fasting  in  Ramadan,  using  the  PPS  sampling  method,
t  was  calculated  that  a  minimum  of  14  subjects  in  each
roup  would  be  needed  to  detect  a 4%  difference  with  an

 error  of  1%  and  a  power  of  95%.  The  data  of  age,  PFT
alues,  haematological  indices  and  serum  concentration  of
s-CRP  were  expressed  as  mean  ±  SD  and  data  of  respira-
ory  as  percentage  of  each  group  having  the  corresponding
ymptom.  Differences  in  the  data  of  symptoms  between
sthmatic  patients  and  healthy  control  group  were  tested
y  Chi-Squared  analysis  (2X2  contingency  tables).  The  data
f  PFT  values,  haematological  indices  and  serum  concentra-
ion  of  hs-CRP  between  asthmatic  and  control  groups  were
ested  using  unpaired  t  tests.  Comparison  of  PFT  values,
aematological  indices  and  serum  concentration  of  hs-CRP
etween  pre  and  post  Ramadan  fasting  period  in  each  group
as  tested  using  paired  t  tests.  A  two-sided  P  value  of  0.05
as  the  criterion  for  statistical  significance.  All  analyses
ere  performed  with  SPSS  software  (version  11.5,  SPSS  Inc.,
SA).

esults

he  effects  of  Ramadan  fasting  on  haematological
arameters

n  the  healthy  control  group  the  values  of  RBC,  platelet
Plt)  and  ESR  1  were  decreased  after  the  Ramadan  fas-
ing  period,  but  these  decrements  were  not  statistically
ignificant.  However,  the  values  of  MCH  and  MCHC  were
ignificantly  increased  compared  to  pre-Ramadan  fasting
eriod  (P  <  0.05  to  0.001,  Table  1).
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

o  pre-Ramadan  fasting  period  (P  <  0.05  to  0.001,  Table  1).
SR  2  value  was  lower  in  asthmatic  patients  compared  to

efore  and  after  Ramadan.

Before  After

6400  ±  1229  6572  ±  1046
7157  ±  1073  7769  ±  1116+

58.73  ±  6.574  57.79  ±  4.620
59.70  ±  8.68  56.55  ±  4.82

34.09  ±  5.16  31.18  ±  3.81*
33.18  ±  7.72  31.30  ±  5.55

5.36  ±  1.69  7.87  ±  2.13**
4.63  ±  1.71  7.70  ±  2.19***

1.81  ±  1.16  2.55  ±  1.04
2.40  ±  1.48  3.73  ±  2.16

and 15, respectively).
yte; Mon, monocyte; Eos, eosinophil.
riod in each group using paired t test.

dx.doi.org/10.1016/j.aller.2015.10.002
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Table  5  Comparison  of  total  and  differential  white  blood
cells variation  between  asthmatic  and  healthy  group  during
Ramadan.

Variables  Healthy  Asthma

WBC/mm3 171.8  ±  1442 612.3  ±  1735
Neut (%) −0.9364 ±  6.999 −3.154 ±  10.95
Lym (%)  −2.909  ±  4.159  −1.877  ±  10.55
Mon (%)  2.509  ±  2.838  3.069  ±  2.088
Eos (%)  0.7364  ±  1.334  1.331  ±  2.554

Values presented as mean ± SD (for health and asthmatic group,
n = 14 and 15, respectively). Un-paired t test was performed and
there was not statistically significant.
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Figure  1  Comparison  of  hs-CRP  serum  concentration  between
asthmatic  and  healthy  control  group  before  and  after  Ramadan
(for health  and  asthmatic  group,  n  =  14  and  15,  respectively).
Values  presented  as  mean  ±  SD.  *P  <  0.05,  **P  <  0.01,  ***P  <  0.001
and ****P <  0.0001,  compared  to  pre-Ramadan  fasting  period  in
each group  using  paired  t  test.
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Abbreviations:  WBC, white blood cell; Neut, neutrophil; Lym,
lymphocyte; Mon, monocyte; Eos, eosinophil.

healthy  control  group  after  the  Ramadan  fasting  period
(P  <  0.05,  Table  1).  There  was  no  statistical  difference  in
variations  of  haematological  indices  between  asthmatic  and
healthy  group  during  Ramadan  (Table  3).

In  the  healthy  group,  total  WBC  and  eosinophil  non-
significantly  and  monocyte  significantly  increased  (P  <  0.01)
but  lymphocyte  was  reduced  (P  <  0.05)  after  Ramadan  com-
pared  to  pre-fasting  period  (Table  4).

In  asthma  subjects,  post  Ramadan  total  WBC  and
eosinophil  were  increased,  neutrophil  and  lymphocyte
were  declined  non-significantly  but  monocyte  count  was
increased  significantly  (P  <  0.001)  and  eosinophil  non-
significantly  as  compared  to  prior  Ramadan  fasting  period
(Table  4).  Total  WBC  count  was  significantly  higher  (P  <  0.05,
Table  2)  in  asthmatic  patients  compared  to  healthy  con-
trol  group  after  Ramadan  fasting  period  (P  <  0.05,  Table  4).
In  addition,  the  variations  of  lymphocyte  and  eosinophil  in
asthmatic  group  during  Ramadan  fasting  period  were  higher,
but  neutrophil  and  monocyte  were  non-significantly  lower
than  the  healthy  control  group  (Table  5).

The  effects  of  Ramadan  fasting  on  inflammatory
marker  (hs-CRP)

Serum  hs-CRP  concentration  in  healthy  group  was
2.08  ±  0.52  and  1.24  ±  0.29  ng/ml  before  and  after
Ramadan,  respectively  (P  <  0.001).  The  value  of  hs-
CRP  in  asthmatic  patients  was  also  significantly
reduced  after  Ramadan  fasting  month,  (2.86  ±  0.82  vs.
1.71  ±  0.63  ng/ml,  P  <  0.001,  Fig.  1).  Variation  of  hs-CRP
of  in  the  asthmatic  group  during  Ramadan  fasting  period
(−1.14  ±  0.008  ng/ml)  was  non-significantly  higher  than
control  group  (−0.083  ±  0.337  ng/ml,  Fig.  2).

The  effects  of  Ramadan  fasting  on  pulmonary
function  tests

Most  PFT  values  both  prior  and  post  fasting  period  in
Ramadan  were  significantly  lower  in  asthmatic  patients  com-
pared  to  the  healthy  control  group  (P  <  0.05  to  P  <  0.0001,
Please  cite  this  article  in  press  as:  Askari  VR,  et  al.  The  impac
white  blood  cells,  haematological  indices,  inflammatory  bioma
of  healthy  and  asthmatic  patients.  Allergol  Immunopathol  (Mad

Fig.  3).  PFT  values  after  Ramadan  fasting  month  in  both
groups  were  non-significantly  higher  compared  to  pre-
fasting  values  (Fig.  4).  In  addition,  there  were  no  significant
differences  in  PFT  variations  during  fasting  period  in

I
p
i

fter Ramadan  (for  control  and  asthmatic  group,  n  =  14  and  15,
espectively).  Values  presented  as  mean  ±  SD.  There  was  no
ignificant  difference  between  asthmatic  and  control  group.

amadan  between  asthmatic  patients  and  healthy  control
roup  (Fig.  4).

he  effects  of  Ramadan  fasting  on  respiratory
ymptoms

ight  cough,  night  and  daily  wheeze  in  asthmatic  patients
ere  non-significantly  reduced  after  one  month  fasting  dur-

ng  Ramadan  (Fig.  5).  However,  wheeze-o  was  reduced
ignificantly  after  Ramadan  fasting  period  in  asthma  group
P  <  0.05,  Fig.  5).

iscussion
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

n  the  present  study  the  effect  of  the  one-month  fasting
eriod  during  Ramadan  on  haematological  and  inflammatory
ndices  as  well  as  on  respiratory  symptoms  and  PFT  values  in

dx.doi.org/10.1016/j.aller.2015.10.002
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Figure  3  Comparison  of  pulmonary  function  tests  (PFT)  between  before  and  after  Ramadan  fasting  period  in  healthy  control  group
(A, n  =  14)  and  asthma  patient  (B,  n  =  15).  Values  presented  as  mean  ±  SD.  Paired  t-test  was  performed  between  each  group  and
un-paired t-test  performed  in  comparison  to  healthy  control  group.  *P  <  0.05,  **P  <  0.01,  ***P  <  0.001  and  ****P <  0.0001  compared  to
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ealthy control  group.  Abbreviations:  FVC,  forced  vital  capaci
id expiratory  flow;  PEF,  peak  expiratory  flow;  MEF75,  MEF50,  an

espectively.

sthmatic  patients  compared  to  healthy  control  group  was
tudied.

In  healthy  control  and  asthmatic  groups,  the  values
f  MCH,  MCHC  and  monocyte  counts  were  significantly
ncreased  compared  to  pre-Ramadan  fasting  period.  Lym-
hocyte  and  platelet  count  were  also  reduced  compared
o  pre-Ramadan  fasting  period  in  controls  and  asthmat-
cs,  respectively.  Total  WBC  count  was  also  non-significantly
ncreased  during  fasting  period  in  Ramadan  in  both  groups.
SR  2  value  was  lower  but  total  WBC  count  was  higher
n  asthmatic  patients  compared  to  healthy  control  group
fter  Ramadan  fasting  period.  In  addition,  there  was  no  sta-
istical  difference  in  variations  of  haematological  indices
etween  asthmatic  and  healthy  group  during  Ramadan.  In
8  males  and  44  females,  aged  29---70  year,  with  a  previous
istory  of  either  coronary  artery  disease,  metabolic  syn-
rome  or  cerebro-vascular  disease,  there  was  a  significant
igher  high-  density  lipoprotein-cholesterol  (HDL-C),  WBC,
BC  and  Plt  count,  and  lower  plasma  cholesterol  (Chol),
riglycerides  (TG),  low-density  lipoprotein-cholesterol  (LDL-
Please  cite  this  article  in  press  as:  Askari  VR,  et  al.  The  impac
white  blood  cells,  haematological  indices,  inflammatory  bioma
of  healthy  and  asthmatic  patients.  Allergol  Immunopathol  (Mad

),  very-low-density  lipoprotein  (VLDL-C)  after  one  month
asting  during  Ramadan.23 The  results  of  a  previous  study
howed  that  platelet  count  was  significantly  decreased  dur-
ng  Ramadan  while  other  parameters  including  haemoglobin,

t
s
C
I

EV1,  forced  expiratory  volume  in  one  second;  MMEF,  maximal
F25,  maximal  expiratory  flow  at  75%,  50%,  and  25%  of  the  FVC,

aematocrit,  red  blood  cell  count  remained  relatively  stable
n  57  Jordanian  healthy  females.24

The  result  of  these  two  studies  supports  the  findings  of
he  present  study.  In  addition,  decreased  MCV  but  increased
CHC  and  haematocrit  were  observed  due  to  one  month  fas-

ing  during  Ramadan  fasting  groups  in  another  study  which  is
lso  in  agreement  with  the  findings  of  our  study.25 Increased
CH,  MCHC  values,  monocyte  and  total  WBC  count  are  per-
aps  due  to  dehydration  caused  by  one  month  fasting  during
amadan.

Serum  hs-CRP  concentration  in  both  healthy  and  asth-
atic  groups  was  significantly  reduced  after  fasting  during
amadan.  Variation  of  hs-CRP  in  the  asthmatic  group  dur-

ng  Ramadan  fasting  period  was  non-significantly  higher  than
ontrol  group.  The  effect  of  fasting  on  inflammatory  medi-
tors  and  lipid  profile  was  examined  in  several  studies.
n  56  patients  of  different  stable  cardiac  illnesses,  HDL-C
ecreased  and  LDL-C  significantly  increased  during  com-
ared  to  before  fasting  period  in  Ramadan  but  there  were  no
ignificant  changes  in  total  cholesterol  (TC),  TG,  serum  lep-
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

in,  or  hs-CRP.  These  results  showed  that  Ramadan  fasting  in
table  cardiac  patients  has  no  effect  on  serum  leptin,  or  hs-
RP,  but  results  in  decrease  in  HDL-C,  increase  in  LDL-C.26

t  was  shown  that  one  month  fasting  during  Ramadan  can

dx.doi.org/10.1016/j.aller.2015.10.002
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Figure  4  Comparison  of  pulmonary  function  tests  (PFT)  vari-
ation before  and  after  Ramadan  in  healthy  control  group  (A,
n =  14)  and  asthma  patient  (B,  n  =  15).  Values  presented  as
mean ±  SD.  Paired  t-test  was  performed  for  each  parameter.
Abbreviations: FVC,  forced  vital  capacity;  FEV1,  forced  expira-
tory volume  in  one  second;  MMEF,  maximal  mid  expiratory  flow;
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PEF, peak  expiratory  flow;  MEF75,  MEF50,  and  MEF25,  maximal
expiratory  flow  at  75%,  50%,  and  25%  of  the  FVC,  respectively.

lead  to  an  increase  in  neuropeptide  Y  and  decrease  in  leptin
but  no  significant  change  was  found  in  insulin  level  during
the  study.27 Biochemical  analysis  also  showed  a  significant
reduction  in  serum  TG  after  the  middle  of  Ramadan.  A
slight  but  not  significant  increase  in  HDL-C  was  observed
in  57  Jordanian  healthy  females.24 The  favourable  effect
of  fasting  during  Ramadan  on  the  immune  system  was  also
suggested.28 Results  of  other  study  showed  that  the  Malondi-
aldehyde  (MDA),  TG  and  Chol  levels  decreased  significantly
during  Ramadan  in  fifty  healthy  30---60  year-old  men  which
indicates  that  fasting  for  a  month  may  have  an  important
anti-oxidant  property  leading  to  a  preventive  effect  on  dis-
eases  associated  with  increased  oxidant  activity.29 All  these
studies  support  the  results  of  the  present  study  indicating
reduction  effect  of  fasting  on  serum  hs-CRP  concentration
in  both  healthy  and  asthmatic  groups.

The  results  of  the  present  study  also  showed  non-
significantly  increases  of  most  PFT  values  after  Ramadan
fasting  month  in  both  groups.  In  addition,  no  significant  dif-
Please  cite  this  article  in  press  as:  Askari  VR,  et  al.  The  impac
white  blood  cells,  haematological  indices,  inflammatory  bioma
of  healthy  and  asthmatic  patients.  Allergol  Immunopathol  (Mad

ferences  in  PFT  variations  during  fasting  period  in  Ramadan
were  seen  between  asthmatic  patients  and  healthy  control
group.  There  were  also  non-significant  reductions  in  night

s
m
f

ean ±  SD.  Paired  t-test  was  performed  *P  <  0.05  compared  to
efore Ramadan.

ough,  night  and  daily  wheeze  but  a  significant  reduction
n  wheeze-o  after  one  month  fasting  during  Ramadan  in
sthmatic  patients.  The  results  of  a  study  evaluating  the
tatus  of  fasting  and  drug  usage  in  asthmatic  and  COPD
atients  showed  that  in  a  Muslim  population,  the  patients
ith  asthma  and  COPD  do  not  feel  their  diseases  to  be
n  inhibitory  factor  for  fasting  during  Ramadan.  However,
asting  seems  to  be  an  important  determining  factor  in  med-
cation  compliance  by  modifying  the  drug  use  behaviours
n  each  group  in  a  different  way.  Therefore,  the  patients
hould  be  informed  about  the  effects  of  fasting  on  their  dis-
ase  and  the  drugs  allowed  during  fasting.30 Therefore,  the
resent  study  was  undertaken  to  show  the  effects  of  fas-
ing  on  asthma  disease.  The  results  showed  that  one  month
asting  during  Ramadan  not  only  has  a  detour  effect  on
sthma  but  also  leads  to  non-significantly  increased  of  PFT
alues  and  reduction  of  respiratory  symptoms  and  a  signif-
cant  decrease  of  chest  wheeze  on  examination.  In  fact  in
ne  study  on  a  hundred  and  twenty-one  fasting  asthmatic
atients,  most  Muslim  asthmatic  patients  did  not  consider
sthma  to  be  a  drawback  to  fasting,  and  they  continued  fas-
ing  by  rearranging  their  medication  consumption  times.2 In
ddition,  no  significant  changes  in  clinical  symptoms  were
eported  in  twenty-nine  well-controlled  asthmatic  patients
sthmatic  patients  at  the  end  of  Ramadan  fasting.  Peak  expi-
atory  flow  improved  after  Ramadan31 which  supports  the
ndings  of  the  present  study.  In  addition,  respiratory  symp-
oms  and  PFT  values  of  30  asthmatic  patients  were  compared
t  the  end  of  Ramadan  with  the  months  before  and  after
amadan  The  results  of  this  study  did  not  show  significant
ifference  in  respiratory  symptoms  and  PFT  values  at  the
nd  of  three  months  (Shaban,  Ramadan  and  Shawwal)  which
upports  the  finding  of  the  present  study.18

The  limitation  of  the  present  study  is  the  low  sample
t  of  ‘‘Ramadan  fasting  period’’  on  total  and  differential
rker,  respiratory  symptoms  and  pulmonary  function  tests
r).  2016.  http://dx.doi.org/10.1016/j.aller.2015.10.002

ize  of  the  studied  subjects.  In  addition,  other  inflammatory
ediators  including  inflammatory  cytokines  and  oxidising

actors  should  be  also  evaluated  during  fasting  period  in

dx.doi.org/10.1016/j.aller.2015.10.002
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amadan.  Therefore  in  further  studies,  inflammatory  and
xidising  factors  as  well  as  respiratory  symptoms  and  PFT
alues  should  examine  in  a  larger  sample  size  population  of
sthmatic  patients.

onclusion

amadan  fasting  period  caused  significant  reduction  in
erum  hs-CRP  concentration  and  chest  wheeze.  In  addi-
ion  the  variations  in  all  other  measured  parameters  during
amadan  were  not  different  in  asthmatic  patients  com-
ared  to  healthy  control  subjects.  Therefore,  these  results
howed  that  Ramadan  fasting  period  has  no  negative  effect
n  asthma  and  may  have  some  positive  effect  on  asthma
ith  regard  to  the  effect  on  hs-CRP  concentration  and  chest
heeze.
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