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Background & objectives: There has been an ongoing debate about the impact of Ramadan fasting (RF)
on the health of these individuals who fast during Ramadan. The aim of this meta-analysis was to evaluate
the relationship between RF and glycaemic parameters in type 2 diabetes mellitus (T2DM) patients.

Methods: Search terms were decided and databases such as MEDLINE EBSCO, Google Scholar and
EMBASE were searched for eligible studies. Standardized mean differences and 95 per cent confidence
intervals (CIs) of post-prandial plasma glucose (PPG), fasting plasma glucose (FPG), glycated
haemoglobin (HbA, ) (%) and fructosamine levels were calculated for different treatment regimens.

Results: Of the 40 studies, 19 were found eligible for inclusion in the meta-analysis. Based on pooled results,
significant reductions in FPG were found in single oral antidiabetics (OAD) [standardized weighted
mean difference (SMD)=0.47, 95% CI=(0.20-0.74)], multi-OAD [SMD=0.36, 95% CI=(0.11-0.61)]
and multitreatment subgroups [SMD=0.65, 95% CI=(0.03-1.27)] and overall [SMD=0.48, 95%
CI=(0.27-0.70)]. Furthermore, HbA, (%) [SMD=0.26, 95% CI=(0.03-0.49)] and body mass index (BMI)
[SMD=0.18, 95% CI=(0.04-0.31)] were significantly decreased in the multi-OAD group.

Interpretation & conclusions: The meta-analysis showed that RF was not associated with any significant negative
effects on PPG and fructosamine levels. However, BMI and FPG and HbA, (%) were positively affected by RF.
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Type 2 diabetes mellitus (T2DM) is the most
common type of DM and affects around 95 per cent
of people with DM around the world'>. The World
Health Organization (WHO) estimated that in 2015,
more than 415 million people worldwide were living
with diabetes?®, and in 2014, the International Diabetes
Federation estimated that diabetes resulted in five
million deaths®.

It is estimated that around 40 to 50 million
individuals with diabetes worldwide fast during
Ramadan®. During fasting, they abstain from eating,
drinking, taking oral medications and smoking from
sunrise to sunset. Because people fast from dawn to
sunset, they consume substantial quantities of sugary
foods and carbohydrate-rich meals during non-fasting
hours®. It is assumed that these traditionally rich
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foods associated with Ramadan may present a risk
of hyperglycaemia and weight gain for diabetic
patients®. In healthy people, this fasting does not
have any harmful consequences on health®. However,
it can induce several complications in patients with
diabetes’”®. There is only one previously published
meta-analysis that showed the impact of fasting
on health parameters in a healthy population®. An
outcome of interest of other three meta-analysis was
the occurrence of hypoglycaemic events in T2DM
patients who fast during Ramadan®!!. There is perhaps
no meta-analysis that included before-after studies
to show any effect of RF on glycaemic parameters
used for monitoring T2DM patients. For this reason,
this meta-analysis was conducted including all recent
studies on T2DM with the aim to demonstrate the
impact of RF on the most widely reported health
outcomes including post-prandial plasma glucose
(PPG), fasting plasma glucose (FPG), glycated
haemoglobin (HbA ) (%), fructosamine levels and
body mass index (BMI).

)

Material & Methods

Literature search: A systematic review protocol was
developed for the meta-analysis, and MEDLINE
EBSCO, Google Scholar and EMBASE databases
were searched from January 2010 to August 2017.
Terms such as Ramadan, Ramadan fasting, diabetes,
BMI, body weight, fructosamine, PPG, FPG, efc., were
used to search appropriate studies in literature.

Study inclusion/exclusion criteria: All studies included
in the meta-analysis compared the outcomes before and
after RF. Studies were included when at least one of the
following outcome indicators had been evaluated: PPG,
FPG, HbA (%), fructosamine levels and BMI. Details
are shown in Figure 1. Studies on patients with T2DM
with co-morbidities such as cardiovascular disease
were excluded. Only studies with adult participants
were considered.

Outcome measures: In this study, results were combined
for five outcome indicators: PPG, FPG, HbA (%),
fructosamine levels and BMI. Among the included
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Fig. 1. PRISMA flow diagram of search results.
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studies, these were the most commonly used outcomes
for which results were available.

Data extraction and quality assessment. Authors,
publication year, sample size, characteristics of the
population studied and outcome measures were
recorded. Two authors independently screened the
titles, abstracts and keywords to identify eligibility and
assessed methodological quality of the included studies
and recorded the findings and the studies were included
when both agreed. Any disagreement was discussed
with a third author. Quality of the paper was assessed
based on the Newcastle-Ottawa Scale'. All of included
studies achieved a score of 7 out of 8 on that scale. All of
the outcome variables were continuous, and means and
standard deviations were used as descriptive statistics.

Treatment subgroups: All patients with T2DM
participating in the studies included in the meta-analysis
were given different therapies. To evaluate the effect
of different treatment regimens, studies were classified
into three different subgroups: single oral antidiabetics
(single OAD), multi-OAD and multitreatment
(OAD plus insulin or diet modification).

Data analysis: Data analysis was performed using the
guideline for statistical methods as described by the
Cochrane Collaboration'®. Random effect models were
used to conduct meta-analysis of continuous outcomes
to eliminate the effect of heterogeneity on results for
all outcomes'. A sensitivity analysis was performed
to identify studies with poor quality’. The earliest,
the largest, the smallest and studies with the most
contradictory results were excluded sequentially to see
how these affected the meta-analysis when included in
the sensitivity analysis. Separate funnel plots to assess
potential publication bias for individual outcome
variables were plotted. Egger regression test' to check
funnel plot asymmetry was applied using metaphor
package in R package v3.5.1 for windows (https.//
cran.r-project.org/bin/windows/base/old/3.5.1/).

Meta-analysis results were presented with a forest
plot. Since the units for the variables differed between
the publications, these were converted into the most
commonly used units to be able to combine results.
The standardized weighted mean difference (SMD)
and 95 per cent confidence intervals (CI) were used as
a summary statistic in the meta-analysis to assess the
same outcome. SMD can be considered as a uniform
scale between 0 and 1 to express intervention effect!*!>,
A SMD less than 0.40 is interpreted as a small effect

size, a SMD between 0.40 and 0.70 as moderate and
>().70 as a large effect size'. Analysis was performed
using RevMan 5.03".

Results

The search strategy identified a total of 960 records
(Fig. 1). Among the 40 studies identified, 19 publications
with 33 independent treatment groups met the study
inclusion criteria. Details of all included studies and
treatments are given in Table I. A total sample of
2457 patients was included in the meta-analysis. Five
of the included studies were performed in Turkey'®?,
and three were multicentered®?. In studies by
Almutari*® and Belkadir* younger population was
included compared to the rest of the studies. Not all
of the study gave gender information, but majority of
the studies included both men and women in the study.
Duration of fasting varied between 10 and 30 days.
Time of measurements for before and after Ramadan
was different for each study.

Effect of Ramadan fasting on PPG: Ten studies were
included'”**?>?7 in the meta-analysis to estimate the
pooled reduction in PPG after RF versus before RF.
A total of 199 participants were analyzed, including
108 participants in the monotherapy and 56 participants
in the oral combination therapy subgroup. RF had
no significant effect in the monotherapy group
[SMD=0.01, 95% CI=(-0.26, 0.28), P=0.94], and
no significant difference was observed in the oral
combination therapy group [SMD=0.00, 95%
CI=(—0.37, 0.37), P=1.000]. The overall pooled SMD
for PPG was 0.06, 95% CI=[(—) 0.14-0.26], which was
not significant. SMD estimates and their 95 per cent
CIs are shown in Fig. 2.

Effect of Ramadan fasting on FPG: Fifteen
studies'2922230 reporting estimates for FPG were
included. A total of 624 participants were analyzed,
including 364 participants in the monotherapy and
135 participants in the insulin combination therapy
subgroup. The Figure 3 displays the results of the
meta-analysis. FPG values were significantly decreased
in single OAD [SMD=0.47, 95% CI=(0.20-0.74),
P<0.001], in the multi-OAD group [SMD=0.36, 95%
CI=(0.11-0.61), P=0.005] as well as in the insulin
combination therapy after Ramadan [SMD=0.65, 95%
CI=(0.03-1.27), P=0.04]. Furthermore, the overall result
of meta-analysis was significant [SMD=0.48, 95%
CI=(0.27-0.70), P<0.001]. There was heterogeneity
across studies for FPG (/’=61%, P=0.001).



549

AYDIN et al: RAMADAN FASTING & TYPE II DIABETES

~pIo)
01 durdern o)
31 oprurSedoy d 1oe 210J0q ,  oumumesopng 0zL00T
|84 opdowrn v skepmojg  skep om], - (%) "'VAH ‘Ddd ‘Ddd  0T/6T  T6FS9S Aoy, ‘v 12 msa)
dnoi3qns QUIIBSO}ONIJ 1¢800C
01T 9PIZB[IID ON Kep 6T Aepisig 0€ (%) "'VaH ‘INE. .79/8S 09-8% 020010 ‘v 2 NS N
9t 9PIZE[OI[S + UILLIOJIDN g 1o® 210J9q *'VqH 9uoad «600T v 12
9T undrjSep[iA + UIIONOA v skep 01 sAepom]  Gl<  omuoedK[SodAyySomApod pg/81  L'6FCES 3N RIPUDAS(]
sayejul s2600C
dnoi3qns 10je 21030q JUSLIINU PUB SONSLISJOBIBYD eLoS|y/Apms  jenoeiqpog
9.2 opurdown[S + UTWIONIIA ON Yuow auQ Yuow AuQ - omowodorpuy  9/7/0 9F6¥ IOJUAINIA 2 pareyy
9¢ eamjAuoydns -+ uwIoNON g nye yoom Siom £poq (%) 'vay  1T/ST 11F€°LS 1107 I 12
€T undi3ep[ia + UIUIOIN V  oom Xis > XIS-ouQ  0I< ‘SJUQAQ O1WARIAISOdAH  71/11 1'S1F€'8S SN urouesseH
dnoi3qns ojyoxd pidr| 4C10T
SL UInSul + SONAGEIPHUE [BIO) ON A®ep yjuoAss skep 01 0Z< quS1om Apoq ‘[oA9] 9s0oN[D)  /€/8€  G'SF]TS ugisped I o ueyy|
weped
dnoi3qns oye 210J9q KIB191p “QUILUBSOIONI} 12210T
0¢ auozeyj3old ON  3e9M U]  29M 3UQ 0¢ ‘W31om £poq ‘Ddd ‘DdA - 6FSY BIPU] D ]2 UBSBA
dnoi3qns 0z210T <10 12
001 soneqelpnue [e10) ON - - - dVIN d¥D ‘TAE Ddd +9/9€ L9-8C emny| ey
dnoi3qns uepewey jo 21030q surwesojony ysom Z€10T
88 UTULIOJ}SW + SIPIUILD ON Pusaqlly  oom om], LT £poq (%) "'VqH ‘Ddd ‘Ddd - LS 6F€6°6S Aoy, v jo uyes
9soqueoe
L1 + ouozey3ord + uruIoPIN a
81 UIULIORIN D
€] UIWIOJIoW + Furoe-3uo urnsuy g Od m,n:zm €107 P12
1 uruojowr + xrwioxd urpnsuy VvV Kep 6T skepg1 6T ySom Apoq (%) "VAH .LS/61  T'OIFH'LS Aoymy,  erdojerey]
6€ vam[Auoydins + UTWIOIA g9 A ‘S1uoAd - T6F91S WP 10T
0€ undiSepyia 4 urIopa v Aepiseq al0)og  gl<  owoedkSodAy (%) 'vaH - 9'6¥0'LS vsn e eqleN
sonjeqeIpnue
[e10 + Aderoy urnsur 1o sdnoi3qns 01, “amssaid pooiq ‘@3ueyd L 10T
6C  ouO[E sjudTe dNQRIPIIUE [BIQ ON  Aepise] oI0jog  GI< wSom Apoq (%) 'VaH  ¥1/51 TT¥LS arodesurg v 72 Yook
uepeurey  UBPEWRY  (g/ep) (1K) qs+oTe
YV °10Jd Gunsey jo o[eWA]  UBOW 10 189K
u sjuoweal] sdnoiSqng  S)USWIINSEOW JO QWIL],  uoneIng owoono urejN ey oSuerofy Anuno)  ‘royne 3sirj

SISATRUR-B)OW AT} UT PIPN]OUT SONSLIDIORIBYD APN3s oY) JO Arewrung ° d[qeL,




INDIAN J MED RES, DECEMBER 2019

550

urdjoxdodiy Kyisuop-mof 1T furjordodr] Aysuop-ySiy “TH ‘anssaid [erroire ueow JVA curejord oAnoear-)) ‘D ‘osoon|3 ewserd Sunsej ‘Dd . ‘9soon|3 ewseld
[erpueid-3sod ‘Ddd ‘Xopur ssew Apoq ‘[N OpHedA[31 ‘D], ‘uiqojgowaey payedA|s <y qH ‘uoneraap prepues ‘s ‘ynodoip 03 onp st sjusned Jo IOquINU [810) UL YOIBWSIIAL,

101 Sprure[ousqIH el
L8 OpIurRdUqIH a
S6 Sprue[ousqIiH 0
€Ll SPIWERUSQID q e 210J0q 1yStom £poq 0000ION/APMIS €661 P 12
8L OpIURUqIH v Kep auQ Kep auQ - ‘(%) "'VqH ‘ourwesojoniy ,861/16€  08-€€ IRjuRdn NN Tpeyeg
sonaqeIp-Nue [eI1o pauiquiod  dnoi3qns uepewiey Jo 210J9q INg
182 10 9[3uIs 10 JoIp OBOqRI( ON  YOom)SeT oom om], - ‘(%) "'VaH “1aT“I1aH  0¢/11 s Aoy, 8661 ‘Tes&n
elqely
IPNES/Q0ue|
uepewey jo /3IN/eIsAe[eIN
611 OPIUE[OUAqID 4 uepewreyyjo  SurumiSoq LE/T8  6°9FSYS /Apms 22002
911 oprur[Sedoy V pueomiy oy IV - TNE (%) "'VAH ‘Ddd 6T/L8  YLFLTS TJUAONNA ‘Kzneyey
L1 SPIZEIID g aururesopny (%) 61700C
€C oprudowin v - - - "VAH ‘Ddd ‘Ddd ‘TAE - LF6LLS Aoymy v 12 ues
dnoi3qns 1oye 210J9q 00T v 12
¥e oprurjSedoy ON ooM OM]  399M duQ - ourwesony ‘Odd ‘TNG  +1/01 8F9°CS BISOUOPU] TUBIABISND)
dnoi3qns uepewey jo 210J9q 42§00 ‘dnois
[4%4 opridowir|n ON Pueo iy  3oom auQ - INE (%) "VAH ‘Ddd 601/ T6FS'ES uoueqo] Apms VHITD
uepewey Jo
dnoi3qns uepewey jo  Suruuidoq YeIUl pINY ‘eIl uewO 0eL00T
1433 Soneqerpnue [elo + urnsuy ON PUs IV AWV - pooy ‘oxejur 1e3ns TN 881/9%1 L TIFEFS JO sreugyng v 12 1918d
uepewiRy  UBPRWEY  (g4pp) (1K) qsFose
PV S10J. Gunsey jo o[eWd]  UBOW IO 189K
u sjuouneal] sdnoiSqng  sjuoWOINSEOW JO SWIL],  UonEIN( owoono urejN OejN  oSuerofy Anuno)  ‘royne 3sij




AYDIN et al: RAMADAN FASTING & TYPE II DIABETES

551

. Before Ramadan After Ramadan Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Single OAD
Sarn B,2004 210 57 17 196 53 17 85% 0.25[-0.43,092) —_—T
San A,2004 162 49 23 161 51 23 11.6% 0.02 [-0.56, 0.60) T
Vasan,2012 23256 70.74 50 24228 783 50 25.2% -0.13[-0.52,0.26) —=
Karatoprak C,2013 156.6 378 18 1503 37.8 18  91% 0.16 [-0.49,0.82) s
Subtotal (95% CI) 108 108 54.5% 0.01[-0.26, 0.28] <>
Heterogeneity: Chi*=1.17, df=3 (P = 0.76); F=0%

Test for overall effect: Z= 0.08 (P = 0.94)

1.1.2 Multi OAD

Cesur B,2007 159.7 681 18 177.7 732 18  9.0% -0.25[-0.91,0.41) ——
Cesur A,2007 2111 5589 21 2021 782 21 106% 0.13[-0.48,0.74) B e—
Karatoprak D,2013 201.6 109.8 17 19188 70.2 17 86% 0.10[-0.57,0.78) =
Subtotal (95% CI) 56 56 28.2% 0.00 [-0.37,0.37] <
Heterogeneity: Chi*= 0.82, df= 2 (P = 0.66); F=0%

Test for overall effect: Z= 0.00 (P = 1.00)

1.1.3 Multi treatment

Cesur C,2007 224 693 10 2004 805 10 5.0% 0.30[-0.58,1.18) —_—
Karatoprak A,2013 2646 108 12 2268 864 12 58% 0.59[-0.23,1.41) =
Karatoprak B,2013 171 72 13 163.8 648 13  6.6% 0.10[-0.67,0.87) — —
Subtotal (95% CI) 35 35 17.3% 0.32[-0.15, 0.80] <>
Heterogeneity: Chi*= 0.73, df= 2 (P = 0.69); F=0%

Test for overall effect: Z=1.33 (P=0.18)

Total (95% Cl) 199 199 100.0% 0.06 [-0.14, 0.26] ?
Heterogeneity: Chi*= 4.14, df= 9 (P = 0.90); F= 0% 52 ?1 3 1= é

Test for overall effect: Z= 0.61 (P = 0.54)
Test for subgroup differences: Chi*=1.41, df=2 (P=0.49), F=0%

Before Ramadan After Ramadan

Fig. 2. Forest plot for pre-post Ramadan changes in post-prandial plasma glucose (mg/dl).

Effect of Ramadan fasting on HbA,: A total of 22
studies!$20:22242830-33 - hrovided data for the meta-
analysis for HbA (%) change (1173 participants, 884 in
single OAD, 254 in multi OAD and 35 in multitreatment).
In the subgroup analysis, there was no significant
difference in monotherapy group [SMD=0.03, 95%
CI=([—]0.23-0.28), P=0.84] and oral combination therapy
group [SMD=0.18, 95% CI=([—]0.29-0.65), P=0.45].
However, in multi-OAD subgroup, small significant
reduction was observed [SMD=0.26, 95% CI=(0.03-
0.49), P=0.03]. The overall results of random effects
model showed that RF did not lead to significant changes
in HbA (%) levels [SMD=0.13, 95% CI=([-]0.04-
0.30), P=0.13] (Fig. 4). There was heterogeneity across
studies for HbA (%) (’=71%, P=0.01), but there was
no difference between subgroups (P=0.72).

Effect of Ramadan fasting on fructosamine: Fifteen
studies!?2023:2427.2931 were included in the meta-analysis
to estimate the pooled changes in fructosamine after
RF compared to before RF. A total of 998 participants
were analyzed to evaluate changes in fructosamine
levels. Most of the participants received monotherapy
(n=943). RF had no significant effect [SMD=(—)0.08,
95% CI=([—]0.24, 0.08), P=0.320]. SMD estimates

and their 95 per cent Cls are shown in Fig. 5. There
was heterogeneity across studies for fructosamine
(PP=65%, P=0.001).

Effect of Ramadan fasting on body mass index:
Nine!826.273031.33-36 gty dies representing T2DM population
of 959 participants reported BMI scores before and
after RF. Overall, meta-analysis results of the random
effects model showed marginally significant reduction
in BMI levels compared to pre-Ramadan levels as
shown in Fig. 6 [SMD=0.09, 95% CI=([—]0.00-0.18),
P=0.06]. Furthermore, in the multi-OAD group, there
was a significant decrease in BMI values [SMD=0.18,
95% CI=(0.04-0.31), P=0.01].

Discussion

One major finding of our meta-analysis was the
reduction in the HbA (%) and FPG in the multi-OAD
subgroup after Ramadan. In addition to these glycaemic
parameters, BMI values were lower after Ramadan
in this subgroup. Another meta-analysis on healthy
controls also reported significant decrease in body
weight after RF®. Body weight reduction might have led
to improvement in these glycaemic parameters. Norris
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Before Ramadan After Ramadan Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.2.1 Single OAD
San A,2004 118 20 23 117 24 23 65% 0.04 [-0.53,0.62) -1
San B,2004 150 42 17 142 46 17 55% 0.18 [-0.50, 0.85) T
Gustaviani,2004 1308 273 24 1108 157 24 63% 0.88[0.29,1.48) —
GLIRA,2005 1638 594 232 1278 342 232 115% 0.74 [0.55, 0.93) b
Vasan,2012 15462 55.26 50 133.56 55.08 50 8.8% 0.38 [-0.02,0.77) =
Karatoprak C,2013 1134 252 18 108 16.2 18 57% 0.25[-0.41,0.91) L
Subtotal (95% CI) 364 364 44.3% 0.47 [0.20, 0.74] 1o3
Heterogeneity: Tau*= 0.05; Chi*= 10.40, df=5 (P = 0.06); F=52%
Test for overall effect: Z= 3.39 (P = 0.0007)
5.2.2 Multi OAD
CesurA,2007 1406 326 21 1377 44686 21 6.2% 0.07 [-0.53, 0.68) -1
CesurB,2007 1338 291 18 1318 33 18 57% 0.06 [-0.59,0.72) -1
Karatoprak D,2013 160.2 54 17 135 306 17 5.4% 0.56 [[0.13,1.25) T
Malha B, 2014 15018 54.31 30 13243 2511 30 7.3% 0.41 [-0.10, 0.93)
Malha A, 2014 170.85 64.46 39 13989 473 39 8.0% 0.54 [0.09, 0.99) =
Subtotal (95% CI) 125 125 32.6% 0.36 [0.11, 0.61] o
Heterogeneity: Tau*= 0.00; Chi*= 2.65, df= 4 (P = 0.62); F=0%
Test for overall effect: Z= 2.83 (P = 0.005)
5.2.3 Multi treatment
Cesur C,2007 1586 626 10 1464 329 10 4.0% 0.23 [-0.65,1.11) -
Almutari,2012 151.38 1576 100 13482 954 100 10.0% 1.27 [0.96, 1.57) -
Karatoprak B,2013 1188 46.8 13 1044 252 13 4.7% 0.37 [-0.41,1.15) = R
Karatoprak A,2013 168.3 486 12 1494 414 12 4.4% 0.40[-0.41,1.21) T
Subtotal (95% Cl) 135 135 23.1% 0.65 [0.03, 1.27] <
Heterogeneity: Tau*= 0.27; Chi*=10.46, df=3 (P=0.02); F=71%
Test for overall effect: Z= 2.07 (P = 0.04)
Total (95% CI) 624 624 100.0% 0.48[0.27, 0.70] o
Heterogeneity: Tau*= 0.09; Chi*= 35.90, df=14 (P = 0.001); F=61% '4 '2 kS 2 i
Test for overall effect: Z= 4.50 (P < 0.00001) Before Ramadan Aftér Ramfiadan

Test for subaroup differences: Chi*= 0.86, df= 2 (P = 0.65). F=0%

Fig. 3. Forest plot for pre-post Ramadan changes in fasting plasma glucose (mg/dl).

et al’’ showed that relatively modest weight loss was
significantly associated with improvement in FPG and
HbA . Fujioka®™ showed that even the intention to lose
weight, without significant success, improved outcomes
in patients with diabetes and moderate weight loss had
positive effects on metabolic control. However, another
meta-analysis examining non-pharmacological weight
loss in adults with T2DM did not report significant
changes in HbA *. Another meta-analysis which
assessed the benefit of low calorie diet programmes
in obese patients reported dramatic reductions in FPG
values after two weeks and relative improvement in
FPG over the course of a single week, when three per
cent decrease was achieved in body weight*. Overall
results of our meta-analysis also showed significant
FPG reductions after Ramadan and overall BMI result
was marginally significant. We did not find a significant
FPG reduction in the single OAD group. Fasting
patients consume substantial amounts of sugary foods

and carbohydrate-rich meals during non-fasting hours®.
Therefore, monotherapy alone for the treatment of
diabetes may not be sufficient for FPG control.

Since smoking is not permitted during RF, there
is a consequential reduction in smoking and tobacco
consumption among fasting diabetic patients. Another
explanation for the improvement in FPG and HbA
(%) could be cessation or reduction of smoking during
Ramadan. In healthy young males, an increased insulin
resistance was observed in acute smokers*. Other
studies showed that smoking reduced insulin-mediated
glucose uptake by 10-40 per cent when compared to
non-smokers*>#, Other studies showed a positive
association between HbA and total smoking exposure
as measured by pack-years**. One of the reasons
for positive outcomes of our meta-analysis could be
increased treatment adherence during Ramadan. It
has been shown that in most of the countries, non-
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Before Ramadan After Ramadan Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.2 Single OAD
Belkadir A,1993 1.7 37 78 118 31 78 59% -0.03[-0.34,0.28) =
Belkadir B,1993 14 38 173 142 31 173 67% -0.06 [-0.27,0.15) i
Belkadir C,1993 13 3 95 1389 28 95 6.1% -0.31 [-0.60,-0.02) il
Belkadir D,1993 141 37 87 146 31 87 6.0% -0.15[-0.44,0.15) -t
Belkadir E,1993 15 28 101 154 25 101 6.2% -0.15[-0.43,0.13) -T
GLIRA,2005 8.4 1.8 232 73 13 232 68% 0.70[0.51,0.89] -
Karatoprak C,2013 6.9 0.7 18 69 08 18  35% 0.00 [-0.65, 0.65] —
M'Guil,2008 665 081 60 663 066 60 56% 0.03 [-0.33, 0.38] -
San A,2004 6.6 09 23 64 11 23 39% 0.20[-0.38,0.78) ==
San B,2004 75 1 17 75 08 17 3.4% 0.00 [-0.67, 0.67) —_——
Subtotal (95% Cl) 884 884 54.2% 0.03 [-0.23, 0.28] <
Heterogeneity: Tau®= 0.13; Chi*=56.12, df= 9 (P < 0.00001); F= 84%
Test for overall effect: Z=0.20 (P = 0.84)
3.1.3 Multi OAD
CesurA,2007 693 1.33 21 668 1.06 21 3.8% 0.20 [-0.40, 0.81] =p—
Cesur B,2007 661 075 18 656 097 18 35% 0.06 [-0.60, 0.71] .
Hassanein A,2011 7.7 09 23 72 07 23 39% 0.61 [0.02,1.20) T
Hassanein B, 2011 7.2 0.6 36 73 07 36 4.8% -0.15[-0.61,0.31] -1
Karatoprak D,2013 8 1.5 17w 76 089 17 3.4% 0.32[-0.36, 0.99] —r—
Malha A, 2014 793 147 30 71 084 30 43% 0.68([0.16,1.21) =—
Malha B, 2014 847 1.75 39 751 116 39 48% 0.64[0.18,1.10] ——
Uysal, 1998 7.3 1.6 41 755 1.7 41 5.0% -0.15[-0.58, 0.29] S T
Yeoh, 2015 8.6 24 29 8 23 29 4.4% 0.25[-0.27,0.77) =pe—
Subtotal (95% Cl) 254 254 37.7% 0.26 [0.03, 0.49] <
Heterogeneity: Tau®= 0.05; Chi*=13.46, df=8 (P=0.10); F= 41%
Test for overall effect: Z= 2.23 (P = 0.03)
3.1.4 Multi treatment
Cesur C,2007 7.76 09 10 776 091 10 25% 0.00 [-0.88, 0.88] T
Karatoprak A,2013 8.3 1.8 12 81 11 12 28% 0.13[-0.67,0.93] ——
Karatoprak B,2013 8.22 1.5 13 7.7 1.2 13 29% 0.37 [-0.41,1.15) —_
Subtotal (95% Cl) 35 35 8.1% 0.18 [-0.29, 0.65] <>
Heterogeneity: Tau®= 0.00; Chi*=0.41, df=2 (P=0.82); F= 0%
Test for overall effect. Z= 0.75 (P = 0.45)
Total (95% Cl) 1173 1173 100.0% 0.13 [-0.04, 0.30]

Heterogeneity: Tau*= 0.10; Chi*= 72.14, df= 21 (P < 0.00001);, F=71%
Test for overall effect: Z=1.51 (P=0.13)
Test for subaroup differences: Chi*=1.86, df= 2 (P=0.39), F=0%

2 - 1 2
Before Ramadan After Ramadan

oT%

Fig. 4. Forest plot for pre-post Ramadan changes in glycated haemoglobin (%).

adherence rates are surprisingly high during RF*-4,
However, the VIRTUE study enrolling 1333 patients
from 10 countries reported high treatment adherence
during Ramadan, with low or similar number of missed
doses compared to other months®.

The sensitivity analysis showed similar SMDs for
all of the outcomes (Table II). For fructosamine, HbA |
(%) and FPG significant heterogeneity were detected
among included studies. Not all of the included studies
followed the same duration of fasting (Table I). Hence,
duration of fasting may be one of the reasons for
heterogeneity. Egger regression analysis showed no
publication bias for PPG (P=0.068), FBG (P=0.802),
BMI (P=0.622) and fructosamine (P=0.950). For
HbA (%), publication bias was detected (P=0.015).

Our study had several limitations. Although
studies with co-morbidities were excluded, it was

very difficult to include only those cases of diabetes
without co-morbid conditions, and most of the studies
did not follow similar inclusion criteria. The reported
rates of hypoglycaemic and hyperglycaemic and
hyperglycaemic rate events vary between 3.7 and
33.3 per cent'®!*22, Since only a small number of studies
reported these outcomes, we could not include them
in our meta-analysis. Another limitation of our study
was related to the fact that most of the included studies
investigated the impact of RF just after Ramadan;
therefore, sustainability of positive outcomes could not
be evaluated.

In conclusion, our meta-analysis showed that
RF was not associated with any significant negative
effects on PPG and fructosamine levels. However,
BMI and FPG and HbA (%) were positively affected
by RF. Although RF showed positive effects on certain
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Before Ramadan After Ramadan Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.1.1 Single OAD
Belkadir A,1993 336 78 78 324 80 78 8.0% 0.15[-0.16, 0.47] e
Belkadir B,1993 381 98 173 380 97 173 96% 0.01 [-0.20, 0.22) . i
Belkadir C,1993 358 78 95 396 99 95 84% -0.42[-0.71,-0.14) =t
Belkadir D,1993 365 75 87 403 104 87 82% -0.42[-0.72,-0.12) i
Belkadir E,1993 410 67 101 419 91 101 86% -0.11 [-0.39,0.186) -=r
Gustaviani, 2004 3441 457 24 3039 345 24 44% 0.98 [0.38, 1.58]
M'Guil, 2008 269.7 2515 60 28275 2515 60 7.3% -0.52[-0.88,-0.15) m—
Mafauzy A,2002 3896 846 116 3708 8643 116 8.9% 0.22[-0.04, 0.48] s
Mafauzy B,2002 3659 7589 119 3585 70 119 9.0% 0.10 [-0.15, 0.36] T—
San A,2004 251 37 23 252 34 23 47% -0.03[-0.61, 0.55) T
San B,2004 331 62 17 330 72 17 39% 0.01 [-0.66, 0.69] ——
Vasan,2012 316 10235 50 3526 9465 50 6.8% -0.37 [-0.76, 0.03) |
Subtotal (95% CI) 943 943 87.9% -0.06 [-0.25, 0.12] <
Heterogeneity: Tau*= 0.07; Chi*= 39.74, df= 11 (P < 0.0001); F=72%
Test for overall effect: Z= 0.69 (P = 0.49)
8.1.2 Multi OAD
CesurA,2007 2587 702 21 2788 774 21 4.4% -0.27 [-0.88, 0.34) —_—
Cesur B,2007 2515 584 18 262 451 18 4.0% -0.20 [-0.85, 0.46) I
Subtotal (95% CI) 39 39 84% -0.23[-0.68, 0.21] <
Heterogeneity: Tau®*= 0.00; Chi*=0.02, df=1 (P=0.88); F=0%
Test for overall effect: Z=1.03 (P = 0.30)
8.1.3 Multi treatment
Cesur C,2007 2644 352 16 2688 411 16 37% -0.11 [-0.81, 0.58) S
Subtotal (95% Cl) 16 16  3.7% -0.11[-0.81, 0.58] Rcieeg
Heterogeneity: Not applicable
Test for overall effect: Z=0.32 (P = 0.75)
Total (95% CI) 998 998 100.0% -0.08 [-0.24, 0.08] q

Heterogeneity: Tau®= 0.06; Chi*= 40.29, df= 14 (P = 0.0002); F= 65%

Test for overall effect: Z= 0.99 (P =0.32)
Test for subaroup differences: Chi*=0.48, df=2 (P=0.78). F= 0%

-2 -1

1
Before Ramadan After Ramadan

Fig. 5. Forest plot for pre-post Ramadan changes in fructosamine.

2

Heterogeneity: Chi*= 1.63, df= 7 (P = 0.98); F= 0%
Test for overall effect: Z= 0.69 (P = 0.49)
Test for subaroup differences: Chi*= 0.54, df=2 (P=0.76), F=0%

Before Ramadan After Ramadan Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD _Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
7.1.1 Single OAD
M'Guil, 2008 26.15 0.55 60 262 06 60 8.8% -0.09 [-0.44,0.27] —
Almutari,2012 3335 466 100 3322 459 100 147% 0.03[-0.25,0.31) T
Vasan,2012 29.84 42 50 29.72 44 50 7.3% 0.03[-0.36,0.42) S T
Subtotal (95% Cl) 210 210 30.8% -0.00 [-0.20, 0.19] <
Heterogeneity: Chi*= 0.28, df=2 (P = 0.87); F= 0%
Test for overall effect. Z= 0.05 (P = 0.96)
7.1.2 Multi OAD
Uysal, 1998 30.4 3 41 304 4 41 6.0% 0.00[-0.43,0.43) I T
Khaled, 2009 3516 363 276 344 364 276 Not estimable
Malha B, 2014 29.49 466 30 28.83 472 30 44% 0.14 [-0.37, 0.65) I [ a—
Malha A, 2014 289 449 39 27.79 387 39 57% 0.26 [[0.18,0.71) -
Yeoh, 2015 30.3 56 29 3015 57 29 42% 0.03 [-0.49, 0.54) |
Subtotal (95% CI) 139 139 20.3% 0.11[-0.13, 0.34] <
Heterogeneity: Chi*= 0.81, df= 3 (P = 0.85), F=0%
Test for overall effect: Z= 0.90 (P = 0.37)
7.1.4 Multi treatment
Patel, 2007 289 59 334 287 589 334 489% 0.03[-0.12,0.19) :
Subtotal (95% Cl) 334 334 48.9% 0.03[-0.12, 0.19]
Heterogeneity: Not applicable
Test for overall effect: Z= 0.44 (P = 0.66)
Total (95% CI) 683 683 100.0% 0.04 [-0.07,0.14] ?

0

I

-1 -05 05

Before Ramadan After Ramadan

Fig. 6. Forest plot for pre-post Ramadan changes in body mass index.

1
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Table II. Result of sensitivity analysis

Outcome Effect size Heterogeneity

Sensitivity analysis

P (%) P Excluding the
largest

Excluding the Excluding the Excluding studies
smallest carliest with the most
contradictory results

PPG (mg/dl) 0.06 (-0.14-026) 0  0.900 0.13 (~0.10-0.35)

FPG (mg/dl)  0.48 (0.27-0.70) 61  0.001  0.44 (0.20-0.69)

HbA (%)  0.13(-0.04-030) 71  0.001 0.05(-0.07-0.17)
BMI 0.09 (-0.00-0.18) 0  0.810 0.04 (—0.07-0.14)

Fructosamine —0.08 (—0.24-0.08) 65 0.001 -0.09 (-0.27-0.09) —0.08 (-0.25-0.09) —0.03 (—0.27-0.22) —0.05 (-0.21-0.11)
HbA , glycated haemoglobin; TG, triglyceride; BMI, body mass index; PPG, post-prandial plasma glucose; FPG, fasting plasma

glucose

0.03 (-0.17-0.23)  0.05 (-0.17-0.27)  0.09 (=0.11-0.30)
0.49 (0.28-0.71)  0.54 (0.32-0.76) None

0.13 (-0.04-0.30)  0.14 (-0.03-0.32)  0.16 (=0.01-0.32)
0.08 (~0.01-0.18)  0.09 (—0.00-0.18)  0.04 (=0.07-0.14)

outcomes, one should consider the limitations of the
study and confounders while interpreting the results.

Financial support & sponsorship: None.
Conflicts of Interest: None.
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