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Abstract

No previous study has evaluated the effects of RF on inflammatory and hematological indices of COPD patients. The
main objective of the present pilot study was to assess the effects of RF on some inflammatory and hematological
indices measured in male patients with stable COPD. Fifteen COPD patients (mean * SD of age: 7| = 6 years) who
fasted during Ramadan 2017 volunteered for the study. Three sessions (Before-Ramadan, End-Ramadan and After-
Ramadan) were selected. Spirometry tests and blood samples were consistently performed 2.5-4.5 hr before the
interruption of the fasting. Assessment sessions comprised: spirometry, inflammatory [erythrocyte sedimentation rate
(ESR); C-reactive protein (CRP)] and hematological [red and white blood cells (RBC, WBC); hemoglobin; hematocrit;
mean corpuscular volume; mean corpuscular hemoglobin; platelets] indices. Findings were analyzed by applying
Friedman ANOVA. The median (lower—upper quartiles) of ESR (Before-Ramadan: 3 (2-9), End-Ramadan: 7 (0-13),
After-Ramadan: 9 (5-15) mm/h) and CRP (Before-Ramadan: 20 (I 1-38), End-Ramadan: 15 (9-34), After-Ramadan:
20 (12—46) mg/L) were not significantly affected by RF. Among all the hematological indices, RF influenced only
hemoglobin (Before-Ramadan: 14.4 = 2.2, End-Ramadan: 13.4 * 1.3, After-Ramadan: 12.2 = 0.9 g/dL), hematocrit
(Before-Ramadan: 45 *+ 7, End-Ramadan: 40 = 4, After-Ramadan: 39 * 4%), RBC (Before-Ramadan: 5.1 = 1.0, End-
Ramadan: 4.6 = 0.7, After-Ramadan: 4.4 = 0.5 10°mm?®) and WBC (Before-Ramadan: 8,673 = 1,911, End-Ramadan:
7,840 = 1,526, After-Ramadan: 9,507 * 2,190/mm®). Compared to the Before-Ramadan session, the End-Ramadan
session values for hemoglobin, hematocrit, RBC and WBC were lower. Compared to the After-Ramadan session, the
End-Ramadan session values for hemoglobin and WBC were higher and lower, respectively. In conclusion, RF caused
significant reduction in hemoglobin, hematocrit, RBC and WBC. However, it did not induce any significant changes in
the CRP and ESR indices.

Keywords
respiratory diseases, feasting, biochemical biomarkers, blood indices, anemia

Received April 26, 2018; revised July 3, 2018; accepted July 22, 2018

Ramadan-fasting (RF) consists in alternating fasting and contact. This restriction includes medications given via
feasting periods. However, it is not only the self-restraint ~ oral and parenteral route, but not the drugs used via inha-
(from dawn to sunset) from all types of liquid and solid  lation (Official Website of The Presidency of Religious
nutrient intake, but also from smoking and sexual Affairs of the Republic of Turkey, n.d.). The fast is
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interrupted by taking two meals, pre-dawn (suhoor) and
after-sunset (iftar). The RF average duration is generally
12—14 hr but can last up to 18 hr and even 22 hr in the
summer in extreme latitude areas (Haouari et al., 2008).
RF alters “considerably” daily routines. First, it induces
changes in sleeping hours and/or in physical activities
and/or in eating schedules (Barkia et al., 2011; Ramadan,
2002). Second, it alters the quality and amount of nutri-
ment and liquefied ingestion (Barkia et al., 2011;
Ramadan, 2002).

According to the Islamic principles, patients suffering
from chronic conditions are discharged from RF (Official
Website of The Presidency of Religious Affairs of the
Republic of Turkey, n.d.). In practice, several patients
with chronic respiratory diseases refuse these exemptions
and insist on fasting (and/or want to fast and/or prefer
fasting) during Ramadan (Adeli, Aghaali, & Nasab, 2015;
Askari, Alavinezhad, & Boskabady, 2016; Aydin et al.,
2014; Baay, 2017; Bener et al., 2006; Erkekol et al., 2006;
Norouzy et al., 2013; Zouari et al., 2018). For example,
almost 93% of Muslim with chronic obstructive pulmo-
nary disease (COPD) are Ramadan fasters (Aydin et al.,
2014). For COPD patients, the international guidelines
(Celli et al., 2015; Vogelmeier et al., 2017) suggested to
arrange the use of the symptom-relieving treatment as
well as the disease-development anticipation (e.g., moni-
toring and education of patients, and avoidance of risk
factors). The effects of spiritual beliefs weren’t addressed
and no recommendations were advanced for individuals
with COPD who wanted to fast during Ramadan.

The spirometry test is a valuable exploration for diag-
nosing and monitoring a variety of pulmonary diseases
(Miller et al., 2005). During the month of Ramadan, it
continues to be normally done on COPD patients who
prefer fasting. As far as it is known, only one study exam-
ined the RF effects on the spirometric data of stable male
COPD patients (Zouari et al., 2018). It appeared that RF
did not bring about any important changes in COPD spi-
rometric data (Zouari et al., 2018).

A recent systematic review indicated that anemia and
inflammatory markers are becoming increasingly recog-
nized as factors that contribute to the COPD pathogenesis

(Hoepers, Menezes, & Frode, 2015). The markers are
linked with an increased risk of hospitalization and mor-
tality (Hoepers et al., 2015). Since RF limits the occur-
rence of meals per day to only two, it may cause numerous
biochemical and hematological changes in individuals
who fast (Al Hourani, Atoum, Akel, Hijjawi, & Awawdeh,
2009; Azizi, 2002; Dewanti, Watanabe, Sulistiawati, &
Ohtsuka, 2006; El-Hazmi, Al-Faleh, & Al-Mofleh, 1987,
Nasiri, Mahmoudzadeh, Kheiri, & Khoshdel, 2016;
Sarraf-Zadegan et al.,, 2000; Sedaghat et al., 2017).
Similarly, for the spirometry test, the inflammatory and
hematological markers continue to be normally inter-
preted during the holy month. Therefore, the main ques-
tion remains; how to interpret any possible biological
data worsening during Ramadan in COPD patients? Is it
caused by the effects of RF or by clinical deterioration?
At the best of the authors knowledge, only one study,
including asthmatic patients, evaluated the RF effects on
inflammatory [erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP)] and hematological [red blood
cell (RBC); white blood cell (WBC); hemoglobin (Hb);
hematocrit (Ht); mean corpuscular volume (MCV); mean
corpuscular Hb (MCH) and platelets (Plt)] indices (Askari
etal., 2016). It seemed that RF induced significant reduc-
tion in the serum CRP concentration of asthmatic patients
(Askari et al., 2016).

Since correlation between health and various religious
rituals is an important issue and in view of the above con-
siderations, this pilot study completed during the summer
2017, mainly aimed to assess the effects of RF on some
inflammatory (ESR and CRP) and hematological (RBC;
WBC; Hb; Ht; MCV; MCH and PIt) indices measured in
male subjects with a stable COPD. The null hypothesis
was that RF induces significant changes in the aforemen-
tioned indices.

Population and Methods
Study Design

The present study was designed as a pilot cross-sectional
and experimental study. It was executed at the Pulmonary
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Department of the Farhat HACHED University Hospital,
Sousse (Tunisia). Approval for the study (number
405/2017) was granted from the Ethical Committee of the
Farhat HACHED Hospital. All patients signed an
informed written consent prior being included. Patients
were individually informed about the study purposes, and
were allowed to leave it any time they desired to. Patients
were not charged any costs for the accomplished tests.
The present study is part of a project aiming at evaluating
the effects of RF on some biological data (e.g., inflamma-
tory, hematological, oxidative stress) of COPD patients.

Information about the season and/or temperature and/
or humidity during this study period is mentioned in the
Supplementary Data section.

Sample Size

The sample size was appraised according to the following
formula (Kang, Ragan, & Park, 2008): N = (Z,,,)* s*/d’,
where “s” is the standard deviation (SD = 1094.500/
mm?®) and “@” is the accuracy of estimate or how close it
is to the true mean (=612.000/mm”*). Given the pioneer-
ing nature of this study, the above two data were collected
from a previous work including asthmatic patients
(Askari et al., 2016), where the WBC values (mm®) were
7,157 = 1,073 and 7,769 = 1,116, respectively, during
the Before-Ramadan (Before-R) and the After-Ramadan
(After-R) sessions. “Z_,” is the normal deviate for a two-
tailed alternative hypothesis at a level of significance
(Z,, equal to 1.96 at an error rate of 0.05%). The
appraised sample size as N = (1.96)° 1,094.500%/
(612.000)* gives a sample of 13 COPD patients. The
assumption of 40% for nonattendance during the second
or the third session gives a revised sample of 22 COPD
patients (22 = 13/(1.0—0.40)).

Study Population

Only male COPD patients aged 50 years and more were
included. The sampling was done based on a convenience
method. The patients’ recruitment was done in two ways.
First, the folders/files of patients with COPD that were
followed in the Pulmonary Diseases and Physiology and
Functional Exploration departments (Farhat HACHED
hospital) were verified. Second, some patients were
directly addressed by three pulmonologists from the
Basic Health Group of Sousse and from the regional hos-
pital of Kalaa-Kebira of Sousse. At the beginning of the
project, a letter of information, covering details about the
project and visit dates, was given to the patients.
Noninclusion criteria were: history of RF < 20 years;
actual cigarette smoking; smoking history < 10 pack-
years; tobacco cessation < four months; narghile-use,
non-COPD patient (e.g., asthma); neuromuscular disease

other than these related to COPD; diabetes-mellitus; con-
gestive heart failure; malignancy; vertebral column or
thoracic cage abnormalities; oral corticosteroid treatment
and lack of cooperation during the spirometry test.
Females were excluded because Muslim laws prohibit
fasting during the menses and because lung function is
somewhat lowered during menses cycle (Cotes, Chinn, &
Reed, 1997). Absenteeism during the second or the third
session and a post-bronchodilator (PBD) ratio between
the first second forced expiratory volume (FEV,) and
forced vital capacity (FVC) (FEV /FVC ratio) = 0.70
were applied as exclusion criteria. To avoid confusing
effects, patients with unstable respiratory state (e.g.,
respiratory tract infection or exacerbation) within four
weeks prior to the beginning of the project were excluded.
Patients were recommended to avoid using short-acting
bronchodilators (BDs) 6 hr prior to the spirometry test.

Experimental Design

The experimental design comprised three sessions: seven
to 12 days Before-R (May, 15-23), four days at the End
of Ramadan (End-R: June, 19-22) and 14 to 18 days
After-R (July, 10-13). Throughout the Before-R session,
all COPD patients answered three medical questionnaires
(Ferris, 1978; Jones et al., 2009; Ninot et al., 2010). Then,
the anthropometric data were measured and/or noted.
After that, the spirometry test was executed and a blood
sample was collected. During the second and the third
session, only anthropometric, spirometric and blood sam-
ples data were collected.

Collected Data and Applied Definitions

The patients were questioned whether they had been RF
for more than 20 years. If the response was “yes,” they
were invited to answer additional questions assembled
from the three questionnaires (Ferris, 1978; Jones et al.,
2009; Ninot et al., 2010). The questions were asked in a
Tunisian Arabic dialect by only one pulmonologist (HR
in the authors’ list). They were linked to their socioeco-
nomic and schooling levels, personal medical or surgical
histories, chronic medication-use (especially BDs-use),
dyspnea, cough, phlegm, physical activity, sleeping char-
acteristics, smoking, and health-related-quality-of-life.
The nonvalidated short Arabic version of the American
Thoracic Society division lung disease medical question-
naire assessed the patients’ medical and surgical histories
(Ferris, 1978). Cigarette-smoking (pack-years, PY) was
assessed. Dyspnea was evaluated according to the modi-
fied British Medical Research Council (mMRC) scale
and two levels of dyspnea were arbitrary defined (mMRC
< 2; mMRC = 2) (Fletcher, Elmes, Fairbairn, & Wood,
1959). Two schooling [low (illiterate, primary education)
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and high (secondary and university education)] and two
socioeconomic [low (e.g., unskilled worker, jobless) and
high (e.g., skilled worker, farmer, manager)] levels were
determined. During the three sessions, the patients’ his-
tory of COPD exacerbation including hospitalizations
was documented. COPD exacerbation was defined as an
acute event characterized by a deterioration of the
patient’s respiratory symptoms that are beyond normal
day to day variations and which leads to a modification in
the treatment (Vogelmeier et al., 2017). During the three
sessions, COPD patients were asked about the schedules
of their medication-use, latest meal and sleep durations.
Meal-duration was defined as the period (in hour)
between the last meal and the performed tests. Sleep-
duration was defined as the period (in hour) of night sleep
and naps before the performed tests.

The validated Arabic version of the COPD assess-
ment-test (CAT) respiratory questionnaire aimed at quan-
tifying the COPD impact on health status (Jones et al.,
2009). According to the CAT score, COPD patients were
classified into four groups [low (score < 10), medium
(10 < score < 20), high (21 < score < 30) and very high
(score > 30)] based on the impact level of disecase on
their health status.

The VQII is a valid French questionnaire that pro-
vides a reliable measure of COPD health-related-quality-
of-life (Ninot et al., 2010). It includes 11 items distributed
in three components (functional = 3; psychological = 4;
relational = 4). Questions were translated into Arabic (by
BSH in the authors’ list). The VQ11 score ranges from 11
to 55 and lower score (e.g., < 22) indicates better
health-related-quality-of-life.

Decimal age was noted. Height (£ 0.1 m) was mea-
sured with a mechanical scale (Seca Deutschland) with
heels joined, and back straight. Weight (= 1 kg) was
determined by a mechanical scale (HBS200-13, China).
Body mass index (BMI = weight/height’, kg/m?) was
calculated and the following obesity-status were catego-
rized: underweight (BMI < 18.5 kg/m?), normal weight
(18.5 kg/m? to 24.9 kg/m?), overweight (25.0 kg/m* to
29.9 kg/m?) and obesity (BMI = 30.0 kg/m?) (Tsai &
Wadden, 2013).

Spirometry Measurements, COPD Diagnosis
and Classification

All spirometric tests were done according to the interna-
tional guidelines (Miller et al., 2005) at the same time of
the day (between 12h00 and 15h00, approximately 455 to
275 min before sunset).

The spirometer was calibrated daily with a 3-L syringe.
The spirometric data [FVC; FEV,; maximal mid-expira-
tory flow (MMEF), peak expiratory flow (PEF), FEV,/
FVC] were expressed in percentages of local reference

values (Ben Saad et al., 2013). The FVC maneuver was
described elsewhere (Latiri et al.,, 2017; Zouari et al.,
2018). The BD test was detailed elsewhere (Ben Saad,
Prefaut, Tabka, Zbidi, & Hayot, 2008; Pellegrino et al.,
2005; Zouari et al., 2018).

The COPD diagnosis was determined from a PBD
FEV ,/FVC ratio < 0.70 (Celli et al., 2015; Vogelmeier
et al., 2017). The severity of the bronchial obstruction
was classified as: mild (PBD FEV, = 80%), moderate
(50% = PBD FEV, < 80%), severe (30% < PBD FEV,
< 50%) and very severe (PBD FEV, < 30%) (Celli et al.,
2015; Vogelmeier et al., 2017). The refined “ABCD”
assessment tool (using patient’s health status and history
of exacerbations but not spirometry) was applied, and
COPD patients were classified into four groups (A, B, C,
or D) (Vogelmeier et al., 2017).

Blood Samples

The blood sample was collected using a 20-ml syringe,
upon completion of the spirometry test. It was divided
into four tubes: hematological, ESR, chemical (CRP) and
oxidative stress (total bilirubin, uric acid, Malondi-
aldehyde, glutathione peroxidase) data.

Total RBC and WBC were counted via an automatized
(Coulter LH 750 Analyzer, Beckman coulter). According to
the staining and morphological criteria, differential cell
analysis was carried out under a light microscope by count-
ing 100 cells, and the percentage of each cell type was cal-
culated. The following hematological data were measured/
calculated: WBC (/mm’), RBC (10%mm?®), Pt (/mm’), Hb
level (g/dl), MCV (f1), MCH (pg) and Ht (%). Anemia was
defined as Hb level < 13.0 g/dl (Cappellini & Motta, 2015).
Patients were divided into two groups [0. No anemia; 1.
Anemia]. Leukocytosis (Abramson & Melton, 2000) was
defined as WBC count > 11 10°>/mm”. Patients were divided
into two groups [0. No leukocytosis; 1. Leukocytosis].

The ESR analysis was performed according to the
method of Westergren (Westergren, 1957). ESR values
higher than 20 mm/hr were considered abnormal (Bottiger
& Svedberg, 1967). CRP reagent was used to measure the
CRP plasma concentration by a Turbidimetric method via
the Beckman Coulter® DXC 600. Sensitivity for CRP
determination was 5.0 mg/L (Boyden, Bolton, & Gemeroy,
1947). CRP values higher than 12 mg/L were considered
abnormal (Colombet et al., 2010). Biological inflammation
syndrome was defined by higher ESR and/or higher CRP
and two groups of patients were defined [0. No; 1. Yes].

Statistical Analysis

The analysis of variable distribution was accomplished
using the Kolmogorov—Smirnov test. When the distribution
was normal and variances were identical, the results were
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Table I. Baseline Characteristics of the |5 Stable Male COPD Patients.

Low socioeconomic level®

Low schooling level®

Ramadan fasting experience (years)®
Tobacco history (pack-years)®

7
10

57 + 5 (54-60)

73 + 44 (49-97)

Smoking cessation duration (months)* 84 (12-204)
“Modified medical research council” = 2° 13
Respiratory treatments® Bronchodilators 13
Inhaled corticoid Il
Mucoregulators I
Medical histories® Stable hypertension 5
Myocardial infarction I
Atrial fibrillation I
Anemia I
Dyslipidemia I
COPD assessment-test scores® 13 (9-15).
COPD assessment-test classification Low 5
Medium 8
Very high 2
VQI I scores® 23 (18-32)
Bad health-related-quality-of-life® 8
Last exacerbation (day)* 120 (60-365)
Age (years)® 71 £ 6 (67-74)
Height (m)° 1.67 (1.65-1.70)
Obesity status® Underweight 4
Normal weight 3
Overweight 6
Obese 2
Severity of bronchial obstruction® Mild to moderate 7
Severe to very severe 8

Post bronchodilator spirometric data®

Refined ABCD assessment tool® A
B
C
D

FEV,/FVC (absolute value)
FEV, (%predicted)
FVC (%predicted)

0.54 = 0.13 (0.47-0.61)
45% =+ 18% (35-55
70% + 16% (61%-79%).

0

2

|

12

Note. COPD = chronic obstructive pulmonary disease; FEV, = first second forced expiratory volume; FVC = forced vital capacity. *“Number;

®Mean = SD (95% Cl); “Median (lower—upper quartiles).

expressed as mean + SD (95% confidence interval [CI],).
Otherwise, the results were expressed by their medians
(lower-upper quartiles). Qualitative data were expressed by
relative frequency.

Comparisons of the anthropometric and the spiromet-
ric data, sleep- and meal-durations and time of last
BD-use were made between the three sessions. The
results were obtained by applying repeated measures
analysis of variance (Friedman ANOVA). When suitable,
significant differences between means were tested using
the Wilcoxon test.

Comparisons of the percentages of patients with ane-
mia, leukocytosis or biological inflammation between the
End-R session and the Before-R or the After-R sessions

were accomplished via the Cochrane test. When applica-
ble, significant differences between percentages were
tested using the McNemar test. Analyses were carried out
using the Statistica software (Statistica Kernel version 6;
StatSoft, Paris, France). Alpha was set at p < 0.05.

Results

Among the 24 examined COPD, only 15 completed the
three sessions. The cause for dropout was the absentee-
ism during the second (n = 6) or the third (n = 3)
session.

Table 1 presents the baseline characteristics of the 15
COPD patients.
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Table 2. Characteristics of the |5 Stable Male COPD Patients.

Before-Ramadan End-Ramadan After-Ramadan ANOVA
Weight (kg)* 71 £ 19 71 £ 19 72 £ 19 0.679
(61-81) (60-82) (61-82)
Body mass index (kg/mz)a 254 +72 254 +74 257 +74 0.678
(21.4-294) (21.3-29.6) (21.6-29.8)
Last bronchodilator-use (h)* 6+2 132 5+2 0.000 |*1
(5-7) (12-15) (4-6)
Sleep-duration (h)b 7(5-7) 7(5-8) 6 (6-7) 0.864
Meal-duration (h)b 2(2-6) 12(10-14) I(1-5) <0.000 |*¢

Note. ANOVA = analysis of variance; COPD = chronic obstructive pulmonary disease. *Mean *+ SD (95% Cl); "Median (lower-upper quartiles).

*p < .05: Friedman ANOVA between the 3 sessions.

#p <05 (Wilcoxon test): “Before-Ramadan vs. End-Ramadan; “End-Ramadan vs. After-Ramadan.

Table 3. Spirometric Data of the 15 Stable COPD Patients.

Before-Ramadan End-Ramadan After-Ramadan ANOVA
FEV, 42 = |5 40 = |7 4] = 16 0.420
FvC 66 = |5 64 + 16 64 * 17 0.420
FEV,/FVC 67 * 14 67 £ 16 68 * 15 0.420
PEF 4] = 13 37 £ 16 36 = I3 0.090
MMEF 16 =8 17+9 189 0.006*

Note. ANOVA = Friedman analysis of variance between the three sessions; COPD = chronic obstructive pulmonary disease; FEV, = first second
forced expiratory volume; FVC = forced vital capacity; MMEF = maximal mid expiratory flow; PEF = peak expiratory flow. Data expressed in

percentages of predicted values, were mean * SD.
*p < .05: Friedman ANOVA between the 3 sessions.
*p < .05 (Wilcoxon test): Before-R vs. After-Ramadan.

The information provided about the ambient tempera-
tures and the humidity throughout the three sessions was
presented in Box 1 (see Supplementary Data section).

Table 2 presents some of the patients’ characteristics
during the three sessions. Its main conclusions were: (a)
There were no significant effect of RF on weight or BMI;
(b) there was no significant difference between the three-
sessions sleep-duration; and (c) there were significant
differences between the three-sessions meal-duration and
last BD-use: the End-R session data were significantly
higher than those of Before-R and After-R.

Table 3 presents the patients’ spirometric data
expressed in percentages of predicted values. Merely the
MMEF data were significantly modified by the RF: the
After-R session data were higher than that Before-R.

Table 4 exposes the patients’ blood data. Hb, Ht, RBC
and WBC were significantly modified by the RF. First,
the End-R session values were lower than those of
Before-R. Second, the Hb, Ht and RBC After-R session
values were lower than those of the Before-R ones.
Thirdly, the After-R session Hb value was lower than that
of the End-R one. Fourthly, the End-R session WBC
value was lower than that of the After-R one.

Figures 1 and 2 display, respectively, the patients’ ESR
and CRP values during the three sessions. The median

(lower-upper quartiles) of ESR [Before-R: 3 (2-9), End-
R: 7 (0-13), After-R: 9 (5-15) mm/h] and CRP [Before-R:
20 (11-38), End-R: 15 (9-34), After-R: 20 (12-46), mg/L]
were not significantly influenced by RF.

The numbers of patients with anemia [Before-R (n =
4), End-R (n = 4), After-R (n = 12)] were significantly
influenced by RF (Cochrane test = 14.22; p = .001). The
difference was statistically significant between the
After-R session and the Before-R or the End-R sessions
(both p = .008).

The numbers of patients with leukocytosis [Before-R
(n = 2),End-R (n = 1), After-R (n = 5), Cochrane test =
4.333; p = .115] or with biological inflammation syn-
drome [Before-R (n = 7), End-R (n = 5), After-R (n =
6), Cochrane test = 3.00; p = .223] weren’t significantly
influenced by RF.

Discussion

This pilot study addressed the effects of a pious ritual on
a group of 15 stable male COPD patients. It identified
that RF did not bring about any significant variations in
CRP and ESR data. Among all the hematological indices,
RF influenced Hb, Ht, RBC and WBC: compared to the
Before-R session, the End-R session values were lower.
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Table 4. Blood Data of the |5 Stable COPD Patients.
Before-Ramadan End-Ramadan After-Ramadan ANOVA
Hemoglobin (g/dl) 144 = 2.20 134+ 1.3 122 = 0.9 0.0001"*
14.3 (12.5-15.1) 13.5 (12.0-13.9) 12.3 (11.9-12.9)
Hematocrit (%) 457 40 £ 4 39+4 0.0001"*
44 (40-48) 40 (3743) 38 (35-42)
Red blood cells (10¢/ 51+1.0 46 + 0.7 44+ 05 0.0001™*
mm®) 49 (4.6-5.4) 45 (4.1-5.0) 45 (4.0-4.8)
Mean-corpuscular volume 88.0 = 5.1 884 + 57 885 + 58 0.950
(fl) 88.0 (85.0-92.0) 89.7 (84.3-92.0) 89.1 (86.7-93.3)
Mean-corpuscular 28.1 =24 29.2 =24 28.1 = 2.8 0.145
hemoglobin (pg) 29.0 (26.0-30.0) 29.1 (28.0-30.8) 27.9 (25.7-30.6)
White blood cells (/mm?) 8,673 = 1911 7,840 £ 1,526 9,507 * 2,190 0.0026**
7,900 (7,700-9,700) 7,300 (6,900-8,500) 9,600 (7,800-11,300)
Platelets (/mm?) 2,26,000 + 58,549 2,46,200 = 65,693 2,44,400 *+ 66,646 0.534

2,31,000 (1,76,000-2,78,000) 2,47,000 (2,02,000-2,94,000) 2,51,000 (1,76,000-2,86,000)

Note. ANOVA = Friedman analysis of variance between the three sessions. COPD = chronic obstructive pulmonary disease. Data were

expressed as mean * SD and median (lower-upper quartiles).
*p < .05: Friedman ANOVA between the 3 sessions.

*p < .05 (Wilcoxon test): *Before-Ramadan vs. End-Ramadan; "Before-Ramadan vs. After-Ramadan; “End-Ramadan vs. After-Ramadan.
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Figure |. The effects of Ramadan (R) fasting on the
erythrocyte sedimentation-rate of the |5 stable chronic
obstructive pulmonary disease patients.

Data were median (O), lower—upper quartiles (CJ) and minimum-
maximum (I). p: Friedman analysis of variance between the 3 sessions.

Compared to the After-R session, the End-R session Hb
and WBC values were, respectively, higher and lower.
Ramadan has great communal value among Muslims
all over the sphere. During this holy month Muslims are
expected to refrain from drinking, eating, smoking and
having sex, from suhoor to iftar (Sarraf-Zadegan et al.,
2000). Although Islam exempts patients from fasting, a
great number of them obviously fast, and this can cause
their clinical circumstance to worsen due to a persistent
gap between up-to-date expert information and decisive
robust evidence regarding the pathophysiologic and

Figure 2. The effects of Ramadan (R) fasting on the
C-reactive protein of the |5 stable chronic obstructive
pulmonary disease patients.

Data were median (O), lower—upper quartiles (CJ) and minimum-
maximum (I). p: Friedman analysis of variance between the 3 sessions.

metabolic modifications of fasting (Nematy et al., 2015).
In humans, it seems that fasting helps reduce obesity, and
helps treat hypertension and rheumatoid arthritis (Longo
& Mattson, 2014). Moreover, fasting has the potential to
delay aging, to aid prevent, and treat diseases, and to
reduce the side effects caused by chronic dietary inter-
ventions (Longo & Mattson, 2014). For example, in a
study of patients with a variety of malignancies, the com-
bination of chemotherapy with fasting resulted in a
decrease in a range of self-reported common side effects
caused by chemotherapy compared to the same patients
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receiving chemotherapy while on a standard diet (Safdie
et al., 2009). To the best of the authors knowledge, while
the effects of RF on inflammatory and/or hematological
indices were evaluated in several studies including
healthy subjects (Al Hourani et al., 2009; Azizi, 2002;
Dewanti et al., 2006; El-Hazmi et al., 1987; Nasiri et al.,
2016; Sarraf-Zadegan et al., 2000; Sedaghat et al., 2017),
only one study included asthmatics (Askari et al., 2016).
The main characteristics and results of some of the above
studies (Al Hourani et al., 2009; Askari et al., 2016;
Sarraf-Zadegan et al., 2000; Sedaghat et al., 2017) are
detailed in Tables 1S and 2S in the Supplementary Data.
It seems that this study is the first one to treat such an
issue in COPD patients.

Discussion of Methodology

Discussion concerning the season and the duration of RF,
the timing of achieved tests and the number of sessions
carried out were addressed in previous papers (Latiri et al.,
2017; Zouari et al., 2018). Discussion about the spiromet-
ric measurements is available in the Supplementary Data
section. Only the study design, the sample size, the sub-
jects’ characteristics, the choice of inflammatory and
hematological indices are discussed in the following
sentences.

This study was an experimental one, as previously
adopted in a local work aiming to evaluate the effects of
RF on spirometric data of stable COPD patients (Zouari
et al., 2018). One similar study, aiming to evaluate the
effects of RF on hematological and inflammatory indices
opted for a comparative design including asthmatics and
healthy subjects (Askari et al., 2016). Cross-sectional
studies are frequently used to check popular hypotheses
about certain “risk factors” and their associations to dis-
ease (Suresh, Suresh, & Thomas, 2012).

The calculated sample size of this pilot study (n = 15)
“seemed’ to be reasonable. It is nearer to two similar ones
aiming to evaluate the effects of RF either on spirometric
data of COPD patients (n = 16) (Zouari et al., 2018) or on
inflammatory and hematological indices of 15 asthmatics
and 14 healthy subjects (Askari et al., 2016). However, it
was lower than the sample sizes of some studies investi-
gating the effects of RF on hematological indices of
healthy adults [# = 22 males (Sarraf-Zadegan et al.,
2000), n = 57 females (Al Hourani et al., 2009) and n =
51 males (Sedaghat et al., 2017)]. Due to its pilot design,
the present study findings are preliminary, and should be
useful in guiding researchers looking for the effects of RF
on biological indices of COPD patients.

The mean age of our patients (71 * 6 years) was simi-
lar to these of COPD patients included in North-African
studies [e.g., 65 * 8 years (Mosrane et al., 2017), 64 = 7
years (Zouari et al., 2018), 61 = 4 years (Rejbi et al.,

2010)]. Nevertheless, the COPD patients of this study
were older than asthmatic ones (49 £ 12 years) (Askari
et al.,, 2016) or healthy subjects [18 to 29 years (Al
Hourani et al., 2009), 30 to 45 years (Sarraf-Zadegan
et al., 2000), 35 = 9 years (Sedaghat et al., 2017)]. The
frequencies of patients with low socioeconomic (7/15) or
schooling levels (10/15) were similar to those reported in
a previous local study (Zouari et al., 2018) (8/16 and
10/16, respectively). The mean tobacco consumption (73
* 44 PY) was in-between these reported in previous local
studies including COPD patients (e.g., 75 = 32 PY (Ben
Saad et al., 2014), 69 = 38 PY (Ben Saad et al., 2008), 64
+ 27 PY (Ben Saad et al., 2014), 52 = 31 PY (Mosrane
et al.,, 2017)), but was higher than those reported by
Zouari et al. (2018) (36 £ 27 PY). An important inclusion
criterion should be highlighted (Ben Saad, 2016). It con-
cerns the inclusion of only ex-smokers COPD patients, as
done in one study (Zouari et al., 2018). This inclusion
criterion could clarify some observed results. On the one
hand, COPD systemic inflammation depends on the
smoking status (Mosrane et al., 2017). On the other hand,
smokers, compared with ex-smokers, are oversensitive
during Ramadan (Kadri et al., 2000) and psychological
stress affected the systemic inflammation (Lazzarino
etal., 2016) and pulmonary function (Kang & Fox, 2000).
Medical background of included COPD patients (Table
1) was in line with literature. For example, the frequen-
cies of cardiovascular diseases, dyspnea, anemia and dys-
lipidemia, were respectively, 39% (Mosrane et al., 2017),
100% (Mosrane et al., 2017), 6 to 46% (Hoepers et al.,
2015) and 6% (Zouari et al., 2018). As done by Zouari
et al. (2018), a minimal of 20-years RF experience was
applied as an inclusion criterion. This point neglected by
some authors (Al Hourani et al., 2009; Askari et al., 2016;
Sarraf-Zadegan et al., 2000; Sedaghat et al., 2017), could
influence the subjects hematological and biological
(Bragazzi, 2015; Trabelsi, Stannard, Shephard, Jamoussi,
& Hakim, 2014) or respiratory (Fenneni et al., 2015)
adaptations. While, oral medications, injections, ear and
nose drops and suppositories are not allowed for patients
who prefer fasting, the use of eye drops and inhalers are
accepted as a process that does not invalidate the fast
(Official Website of The Presidency of Religious Affairs
of the Republic of Turkey, n.d.). Even with this informa-
tion, numerous COPD patients change their medication
routines during RF without consulting their physician
(Fazel, 1998). For example, in a Turkish study, the major-
ity of the COPD patients abandoned using their medica-
tions during Ramadan (Aydin et al., 2014). In this study,
patients were asked about whether to keep using their
usual medication or to regulate it to suhoor and iftar
times. It seems that all inhaled medications used at the
overhead times are not predictable to reduce the efficacy
of the drugs and this method appears to be suitable for
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patients who refuse to use their drugs during fasting hours
(Aadil, Houti, & Moussamih, 2004; Aydin et al., 2014).

CRP is an acute-phase protein that originates predomi-
nantly from hepatocytes in response to tissue damage or
inflammation and, therefore, reflects the total systemic
burden of inflammation of individuals’ infections (Pepys
& Hirschfield, 2003). CRP is associated with an increased
risk of incident cardiovascular diseases (Ridker, 2003)
and is identified as an important protein related to the sys-
temic inflammatory process during COPD (Dahl et al.,
2007). Additional information concerning CRP is avail-
able in the Supplementary Data section. In asthmatic
patients, Askari et al. (2016) opted for the use of high-
sensitivity CRP (hs-CRP). However, it seems that CRP
standard assay presents a reasonable alternative to hs-
CRP (Helal et al., 2012).

ESR is a potential marker of COPD-related systemic
inflammation (Corsonello et al., 2011). Yet, it is not
related to COPD severity, but it might be more useful as
a marker of COPD exacerbations (Corsonello et al.,
2011). Askari et al. (2016) evaluated ESR at the first
(ESR-1) and second (ESR-2) hours. It seems that ESR-2
has proved to have a higher sensitivity than the ESR-1
value (Putzki & Reichert, 1987). In practice, other bio-
markers were used in patients with respiratory conditions
(e.g., interleukins, tumor necrosis factor-a, fibrinogen)
(Askari et al., 2016; Hoepers et al., 2015). Measured
hematological indices, as explored by some authors (Al
Hourani et al., 2009; Askari et al., 2016; Sarraf-Zadegan
et al., 2000; Sedaghat et al., 2017), were WBC, RBC, Ht,
Hb, MCV, MCH, and PIt. A systematic review indicated
that anemia contributes to the pathogenesis of COPD
(Hoepers et al., 2015). As highlighted by Askari et al.
(2016), it was better to proceed to differential cell counts:
neutrophil, lymphocyte, monocyte and eosinophil. Some
other interesting hematological indices should be evalu-
ated in future studies [e.g., blood ferritin, an acute phase
inflammatory marker in COPD (Hoepers et al., 2015),
certain hemostatic, fibrinolytic, platelet aggregation and
coagulation factors (Sarraf-Zadegan et al., 2000), consid-
ered as coronary artery disease risk factors].

Effects of RF on Weight

Relative to Before-R data, there was no significant effect of
RF on weight (Table 2). These findings correlated with a
previous study evaluating the effects of RF on the lung func-
tion data of COPD patients (Zouari et al., 2018). In Askari
et al. study (2016), data concerning weight were lacking
(Table 2S). A systematic review, investigating the effects of
RF on weight, concluded that RF could result in slight but
significant weight loss (—1.24 kg) and most of the weight
loss was recovered within few weeks After-R (Sadeghirad,
Motaghipisheh, Kolahdooz, Zahedi, & Haghdoost, 2014).

Effects of RF on spirometric data

Relative to Before-R data, RF disturbed only peripheral
flows, such as MMEF. Studies investigating the RF
effects on the spirometric data of patients with chronic
respiratory conditions are scarce. As far as it is known,
six studies were published [five included asthmatics
(Adeli et al., 2015; Askari et al., 2016; Baay, 2017; Bener
et al.,, 2006; Norouzy et al., 2013) and one included
COPD patients (Zouari et al., 2018)]. Most studies per-
formed on asthmatics concluded that they could tolerate
the fast without significant modification of their spiro-
metric data. However, one study (Norouzy et al., 2013)
identified a significant increase in PEF during the End-R
session compared to Before-R. An additional study (Baay,
2017) reported that RF seem to have detrimental effects
as FEV, and “forced expiratory flow rate at the 50% of
FVC to be exhaled” demonstrated statistically significant
differences Before- and After-R. This study results partly
confirm these of Zouari et al. (2018) who concluded that
RF did not bring about any significant changes in the spi-
rometric data of stable COPD male patients, including the
MMEF. The above issue was discussed in two previous
studies including healthy or COPD adults (Latiri et al.,
2017; Zouari et al., 2018).

Effects of RF on Inflammatory Data

RF did not bring about any significant changes in inflam-
matory biomarkers (ESR and CRP) (Figures 1 and 2).
Moreover, the frequencies of subjects with biological
inflammation were similar between the three sessions.

Given the pioneering nature of this study, only the data
from a recent one (Askari et al., 2016) aiming at evaluat-
ing the impact of RF on inflammatory biomarkers of asth-
matics will be reported. The abovementioned study
reported that compared to Before-R, After-R CRP value
was significantly reduced while no significant changes
were noted for ESR-1 or ESR-2 values. When compared
with the control-group, a significant change was noted for
ESR-2: it was reduced during the After-R session.
Although Askari et al. (2016) reported statistically sig-
nificant changes in inflammatory marker-values, the
readers were not sure that values were outside the normal
laboratory reference range.

In a study (Johnson et al., 2007) where 10 asthmatic
patients with a BMI > 30 kg/m* were maintained for two
months on a dietary regimen (they ate ad libitum every
other day, while consuming less than 20% of their normal
calorie intake on the intervening days), it was reported
that serum markers of inflammation were reduced over a
period of 2-4 weeks and that alternate day intermittent
fasting resulted in significant reductions in serum tumor
necrosis factor-a during the 2-month period. Thus, it
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seems that for many subjects able and willing to endure
long-term fasting and to permanently modify their diet,
fasting cycles would have the potential not only to
increase but also to replace existing medical treatments.

Effects of RF on Hematological Indices

There was a significant effect of RF on Hb, Ht, RBC and
WBC (Table 4). While, the frequencies of patients with
anemia significantly increased between the Before- or the
End-R sessions when compared to the After-R one, those
of patients with leukocytosis were similar between the
three sessions.

In healthy subjects, studies about the effects of RF
on hematological indices, reported in the literature,
have been conflicting and inconsistent (Al Hourani
etal.,2009; Azizi, 2002; Dewanti et al., 2006; El-Hazmi
et al., 1987; Nasiri et al., 2016; Sarraf-Zadegan et al.,
2000; Sedaghat et al., 2017). For examples, while some
studies (Al Hourani et al., 2009; Azizi, 2002; Sarraf-
Zadegan et al., 2000), noted that RBC, Hb and Ht
remained unchanged, others stated either a slight degree
of hemoconcentration (El-Hazmi et al., 1987) or a sig-
nificant decrease in Hb and Ht (Dewanti et al., 2006).
Some studies identified a significant reduction in the
Plt count (Al Hourani et al., 2009; Ramadan, Mousa, &
Telahoun, 1994). Three studies are detailed in Tables
1S and 2S. In the study conducted by Sarraf-Zadegan
et al. (2000), it was reported that compared to After-R
data, the End-R mean levels were significantly higher
for Hb, Ht and RBC; were significantly lower for Plt
and were similar for WBC. In their study, Al-Hourani
et al. (2009) concluded that compared to Before-R
data; the Mid-R mean levels were significantly lower
for Plt and were similar for Hb, Ht and RBC. In
Sedaghat et al. study (2017), however, it was proved
that compared to Before-R data, the After-R mean lev-
els were significantly lower for Ht and MCV; were sig-
nificantly higher for MCH and were similar for Hb,
RBC, WBC and for Plt.

Given the pioneering nature of this study, only the data
reported by Askari et al. (2016) in their study aiming at
evaluating the impact of RF on hematological indices of
asthmatics was reported in Table 2S. In the abovemen-
tioned study, and contrary to this one, compared to
Before-R data, the After-R mean values were similar for
RBC, Ht, Hb and WBC; and were significantly increased
and reduced, respectively, for MCH and PIt. Concerning
MCYV data, similar results were confirmed by Askari et al.
(2016) when comparing Before-R vs. After-R data. In
this study, unlike Askari et al. (2016), differential WBC
counts (neutrophil, lymphocyte, monocyte and eosino-
phil) were not evaluated. Askari et al. (2016) identified a
significant difference only for the monocyte values:

compared to the Before-R, the After-R monocyte values
were significantly increased. When comparing the asth-
matic and the control-group data, Askari et al. (2016)
noted a significant change in WBC values determined
during the After-R session: they were higher in the asth-
matic group compared to the control (7,769 = 1,116 vs.
6,572 = 1,046/mm’, respectively).

How Can Changes in Hematological Indices
During RF Be Explained?

Three hypotheses could be advanced to explain the
decreases of Hb, Ht, RBC and WBC values during the
After-R session when compared to the Before-R one
(Table 4). The first one concerns the hydration status of
the COPD patients (Hackney, Coyne, Pozos, Feith, &
Seale, 1995) (Oppliger & Bartok, 2002). It seems
“likely” that our patients were hyper-hydrated (hemodi-
lution) during the End-R session. When compared with
the Before- and/or the End-R sessions, the After-R one
was characterized by a significantly higher ambient
temperature and significantly lower humidity (Box 1,
Supplementary Data section), and then a probably high
water consumption. Nevertheless, the stability of the
patients’ weight during the three sessions is against the
above hypothesis. The second hypothesis concerns the
way the meal is served. Previous studies reported that
some serum data (e.g., cholesterol) was significantly
higher when the daily food intake was served as one
large meal (case of Ramadan month) instead of when it
was divided into small meals (Fabry, Hejl, Fodor, Braun,
& Zvolankova, 1964; Irwin & Feeley, 1967). The same
phenomenon could appear for some hematological data
(e.g., Hb, Ht and RBC). The third hypothesis concerns
the nutritional status and/or the type of food consumed
during Ramadan (Maughan et al., 2008; Sedaghat et al.,
2017). During the holy month, there is a tendency
towards increased consumption of fat and carbohydrate
(mainly sucrose, especially to interrupt the fast and dur-
ing the night). The significant decrease of Hb level dur-
ing the End-R and the After-R sessions (Table 4) and the
significant increase of the frequency of patients with
anemia (After-R vs. Before-R or End-R) could be
explained by a plausible low iron and/or acid folic and/
or vitamin B12 diet during Ramadan (Anderson &
Frazer, 2017; DeLoughery, 2017; Lall, Singh, Gulati, &
Seth, 1999). Based on the previous literature, the most
common nutritional deficiency responsible for anemia
are iron and/or acid folic and/or vitamin B12 deficiency
(Born, Elmadfa, & Schmahl, 1979). Since there was no
significant effect of RF on the inflammatory status, the
anemia cannot be qualified as “inflammatory” (Hoepers
et al., 2015).
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Study limitations

This pilot study presents five limitations. First, as
reported in some relative studies (Table 1S), the conve-
nience sampling was a main confounding factor (Sousa,
Zauszniewski, & Musil, 2004). Convenience sampling is
a type of nonprobability sampling method based on the
judgment of the investigator (Sousa et al., 2004). It can
lead to the under/over representation of specific groups
inside the sample (eg; 12/15 patients belonged to group
D, Table 1) and the ability to make generalizations from
the present sample to the population being studied. While
convenience sampling should be treated with attention,
its low charge and comfort of use make it a favored
choice for a significant number of investigators (Table
1S). It was much more efficient to apply for a sample
random sampling study, as done by Sarraf-Zadegan et al.
(2000) (Table 1S). Second, the noninclusion of a control-
group of nonfasting patients could be considered a limi-
tation because the interior validity of the results from
this study and the variations in the data assessed cannot
be attributed exclusively to RF (Latiri et al., 2017). In
this regard, it has to be underlined that attaining nonfast-
ing groups in Muslim countries is problematic, due to
religious principles. Indeed, Aydin et al. (2014) reported
that asthmatic or COPD patients do not feel their condi-
tions to be an inhibitory factor when fasting during
Ramadan. Nevertheless, among the 18 studies evaluating
the effects of RF on the lung function and/or inflamma-
tory and/or hematological data of healthy and/or asth-
matics and/or COPD adults, only two achieved in India
and Iran (Askari et al, 2016; Singha Roy &
Bandyopadhyay, 2016) involved control-groups. The
remaining 16 studies conducted in Muslim and non-
Muslim states [Iran (Adeli et al., 2015; Moosavi, Kabir,
Moghimi, Chehrei, & Rad, 2007; Norouzy et al., 2013;
Sarraf-Zadegan et al., 2000; Sedaghat et al., 2017; Soori,
Mohaghegh, Hajain, & Moraadi, 2016), Saudi-Arabia
(Siddiqui, Sabir, & Subhan, 2005; Subhan, Siddiqui,
Khan, & Sabir, 2006); Tunisia (Latiri et al., 2017; Zouari
et al., 2018), Malaysia (Duncan, Husain, Raman, Cheah,
& Ch’ng, 1990), Egypt (Abdel-aziz & Ibraheem, 2008),
Jordan (Al Hourani et al., 2009), Irak (Baay, 2017),
Qatar (Bener et al., 2006), India (Sayeed, Hazari, &
Arifuddin, 2018)] used Before-R or During-R data as
control. Thirdly, it was desirable to assess the COPD
patients’ nutrition. In fact, dietary aberrations could mark
the inflammatory and/or hematological systems and the
lung structure and/or function (Anderson & Frazer,
2017; DeLoughery, 2017; Sedaghat et al., 2017).
Fourthly, it was better to re-evaluate the CAT (Jones
et al., 2009) and the VQI11 (Ninot et al., 2010) data dur-
ing the second and third session. This re-evaluation
could define the impact of RF on COPD respiratory

symptoms and health-related-quality-of-life. Fifthly, it
was desirable to estimate the physical activity status of
the patients since it impacts the inflammatory and/or
hematological systems and/or respiratory function (Ben
Saad et al., 2008; Laveneziana & Palange, 2012; Nguyen
et al., 2014). For example, moderate intensity and short
duration exercise attenuate the inflammatory response
(“anti-inflammatory” effect) (Laveneziana & Palange,
2012). However, in physically active individuals, the
reported effects of RF on Ht and Hb have not been con-
sistent (Trabelsi et al., 2014).

Recommendations

Patients with stable COPD who want to fast during
Ramadan are encouraged to consult their physician
before-R to get personalized medical advice. In order to
prevent anemia, physicians should advice their COPD
patients to consume foods containing iron and/or folic
acid and/or vitamin B12.

In future, research challenges should be made to abol-
ish or reduce the effects of numerous confounders as it is
only through alert control within the research design that
consistent outcomes pertaining to the health effects of RF
will be achieved. The authors recommend a large-scale
coordinated studies, with standardization of research
methods regarding the nutritional status and physical
activity level of the patients, in order to explore the issue
more comprehensively.

To conclude, this study including 15 stable COPD
patients fasting the 2017 holy month of Ramadan,
reported significant effects of RF on Hb, Ht, RBC, and
WBC values. However, RF did not induce any significant
changes in inflammatory (ESR and CRP) and other
hematological (Plt, MCV, and MCH) indices. These find-
ings emphasize the need for practitioners to take into
account the patients’ religious rituals and beliefs when
providing medical care. This study highlights the need to
consider the hematological changes when physicians
investigate COPD patients’ cases during and after the
month of Ramadan.
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