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ackground: Type 2 diabetes mellitus (T2DM) is a severe public health issue notably impacting human life and health expenditure.

It has been observed in literature that intermittent fasting (IF) addresses diabetes and its underlying cause, which benefits people

with diabetes. Therefore, this study aimed to evaluate the effectiveness of IF treatment on glycaemic control in people with T2DM
compared with control group. Methods: Systematic review and meta-analysis of interventional studies among patients with T2DM with
glycated haemoglobin (HbA1c) as an outcome was performed. A comprehensive search of electronic databases, including PubMed, Embase
and Google Scholar, for articles published before 24 April 2022, was done. Studies reporting 24 hours of complete fasting or intermittent
restricted energy intake (feeding permitted for only 4-8 hours daily, with 16-20 hours of fasting) and reporting changes in HbA1c and fasting
glucose levels were eligible. Meta-analysis was performed using Cochrane’s Q statistic and the I? statistical approach. Results: Eleven studies
(13 arms) measuring the effect of IF on patients’ HbA1c level were analysed. There was no statistically significant difference between IF and
control groups (Standardized mean difference [SMD] -0.08, 95% confidence interval [CI] -0.20 to 0.04;p=0.19, >=22%). Overall, seven studies
on patients’ fasting blood glucose were analysed, and the meta-analysis revealed no significant difference between the two groups i.e. IF
and control groups (SMD 0.06, 95% CI -0.25 to 0.38;p=0.69, 1’=76%). Conclusion: IF and usual diet pattern have no difference in terms of
glycaemic control. Although, IF may be used as a preventative diet pattern in the pre-diabetic population, as it works well in the long-term
to achieve controlled sugar levels. Study registration: The protocol of this study was registered in The International Prospective Register of
Systematic Reviews (PROSPERO) with a registration number CRD42022328528.
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Type 2 diabetes mellitus (T2DM) is a severe public health issue notably
impacting human life and health expenditure. Around 9.3% (463 million
people) of the global population were living with diabetes in 2019,
and this is projected to increase to 10.2% (578 million people) by 2030
and 10.9% (700 million people) by 2045."2 Diabetes impacts functional
capacity and quality of life, and ultimately causes significant morbidity
and premature mortality. In 2019, diabetes was the tenth biggest cause
of death worldwide, directly causing an estimated 1.5 million deaths.?
Despite lifestyle treatments such as a healthy diet, frequent physical
activity and maintaining a normal body weight being critical pillars of
diabetes management, achieving persistent glycaemic control with non-
pharmacological techniques is difficult.*®

Recent studies have investigated the benefits of intermittent fasting (IF),
which involves repeatedly and purposefully interrupting or drastically
reducing energy intake for a period, for people with obesity and T2DM. IF
has also been suggested as a glycaemic control and weight loss strategy
with additional cardio-metabolic benefits.¢? Although it has not yet been
standardized, intermittent or short-term energy restriction through very
low-calorie diets is a common IF regimen.** Time-restricted feeding,
which allows for only 4-8 hours of feeding per day (16-20 hours of
fasting per day), is one of the most popular IF regimens.™" Other popular
IF technigues include alternate-day fasting and periodic fasting, which
call for a circular diet that includes fasting for 1 or 2 days per week
(burning <25% of the required calories) and eating normally for the rest
of the week.”>™
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The impact of IF has been observed on a range of health outcomes
including risk factors for metabolic diseases, such as weight, blood
pressure, waist circumference, body fat, lipid distribution and blood
glucose.™® Previous studies on people with T2DM have shown that IF
can result in comparable weight loss and glycated haemoglobin (HbA1c)
reduction as traditional dietary recommendations.”# However, in some
randomized crossover experiments, IF had no impact on lipid and
glucose metabolism. =2

These findings demonstrate that IF inconsistently impacts numerous
metabolic parameters. Furthermore, the small sample sizes of these
studies prevent drawing of firm conclusions. Therefore, a thorough
and methodical meta-analysis that includes all eligible randomized
controlled trials, a large sample size, and a range of IF types is needed
to ascertain the effectiveness of IF interventions on glycaemic control
in people with T2DM. This comprehensive review and meta-analysis
evaluates the effect of IF treatments on glycaemic control in people
with T2DM.

Materials and methods

This systematic review was submitted to the International
Prospective Register of Systematic Reviews and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines.® The protocol of this study was registered (PROSPERO
ID: CRD42022328528).

Databases and search strategy

This meta-analysis was done and presented in accordance with the
PRISMA standards. We conducted a comprehensive search of electronic
databases, including PubMed, Embase and Google Scholar, for articles
published before 24 April 2022, regardless of area. In addition, the
reference lists of particular articles were examined. As search terms, we
used intermittent fasting, intermittent energy restriction, type 2 diabetes,
HbA1c and fasting blood glucose.

Inclusion and exclusion criteria

We selected articles that met the following standards: (1) the participants
had T2DM and were at least 18 years old; (2) interventional research,
which may consist of randomized parallel-arm or crossover trials; (3)
intervention: i) 24 hours of complete fasting; ii) intermittent restricted
energy intake; iii) time-restricted feeding (feeding permitted for only
4-8 hours daily with 1620 hours of fasting); (4) the IF intervention could
be applied on alternate days, twice weekly or continuously and was
compared with standard dietary recommendations consisting of regular
eating hours (control group); (5) the changes in HbA1c were recorded;
and (6) the duration of the trial exceeded 6 weeks.

The criteria for exclusion were: (1) trials without a control group, or other
study designs; (2) studies that lack a HbA1c factor as an outcome or did not
provide enough information; (3) non-human samples, reviews and case
studies; (4) studies that were reported in a language other than English; (5)
absence of time restrictions for intermittent energy restrictions (IER) and
fasting. Cienfuegas et al. and Harvie et al. have performed studies with
outcomes measured at different levels or time. Both of their outcomes
were included in our meta-analysis and stated as Cienfuegas et al. [a] &
[b]; Harvie et al. [a] & [b]. Therefore, the total included studies in our meta-
analysis are 11 but HbA1c level outcomes shows analysis of 13 studies.

Data extraction
Two researchers separately reviewed databases and deleted redundant
studies. Pairs of independent reviewers first looked over the titles and

abstracts of all articles that met the inclusion criteria, before reading the
entire text of applicant studies. Disputes concerning a study’s inclusion
were discussed and resolved by a third reviewer. The reference lists of
the chosen papers were also examined. Independent data extraction
was done by two researchers. For each included study, the following
parameters were extracted: basic information (first author, year, title and
country), clinical features (participants’ characteristics, dietary habits,
intervention follow-up duration and results), and method and design
(randomization procedure and data analysis technique). The variation
in HbA1c and fasting glucose levels were the most crucial finding. We
emailed the corresponding author when we needed information specific
to the study.

Risk of bias assessment

Using the updated Cochrane risk of bias assessment tool for randomized
trials,” two independent reviewers assessed the likelihood of bias in
trials based on the outcomes (HbA1c or fasting glucose). The Cochrane
Handbook for Systematic Reviews categorizes the risk of bias for each
domain as low, high or unclear based on the signal questions for each
item.

Data analysis

The mean difference between before and after IF implementation and
their respective 95% confidence intervals (CIs) were used to evaluate
the effects of IF on HbA1c. To measure trial heterogeneity, Cochrane’s
Q statistic and the 12 statistical approach were applied. A random-effect
meta-analysis model was used if the pertinent p value was less than 0.05
and > was higher than 50%. Otherwise, a fixed-effect model was chosen.
For each outcome, funnel plots depicting effect sizes versus standard
errors were constructed and visually evaluated to assess the probability
of bias. For statistical analysis, we used RevMan 5.4 software (Cochrane,
London, UK).

Results

Study characteristics

Figure 1 depicts a flowchart of the literature search procedure. Using
this search method, we evaluated 3,153 studies after deleting 582
duplicates. Screening titles and abstracts eliminated an additional
3,087 articles. The remaining 66 citations’ entire texts were evaluated
in greater detail to determine their eligibility. A further 31 articles were
excluded because they were review articles, 15 studies were excluded
because they were guidelines or recommendations, and nine studies
were excluded because they were systematic reviews and meta-
analyses. Eleven studies including 879 patients were included in the
final data synthesis.z#-%

Table 1 presents the features of and interventions used in the 11 selected
studies. All were randomized parallel-arm trials, with the exception of one
crossover trial and one non-inferiority trial. The studies were published
between 1991 and 2020. The sample sizes in these trials were 33-137,
and the duration of the interventions was 10-12 months. The mean
age of the patients was 45.2-65.5 years, and 38.77% were male. The
IF interventions used varied, with one study evaluating time-restricted
feeding, two studies evaluating caloric restriction, four studies evaluating
intermittent energy restriction and four studies evaluating extremely
low-caloric diet.

Risk of bias and quality assessment of studies

Figure 2 and the supplementary table provide information on all
Cochrane risk-assessment domains and methodology findings. The
majority of studies had a minimal risk of bias. In case of any missing

touchREVIEWS in Endocrinology



Effect of Intermittent Fasting on Glycaemic Control

"BOUBIBJLUNIIID ISIEM = DM /181D BLI0JIRI-MO] AIoA = (DA BUIPas) PeIdLISeI-aLLI} = 41 'SOPLBIAISLI = D1 [j0181SEj0Y (10} = D1 [LORBIASD PIepuels = (S /9inssald poojq d1j0IsAs = d4s ‘ajqejiene
10U = /N /0483S8j0Y0 LI830Idodl] ANSuap-mol = D-1a7T 18I 8LI0[BI-MO] = D7 {UORILISE] AS18U8 JUSNILLLSILI = ¥I] {UORILISEI 91RIPAYOGIRD pUE ASISUS JUSLLISIUI = YOI {UORUBAISILI = | ‘90UBISISaY UIINSU| J0§ JUSLLUSSASSY [OPON J1IRISOBLIOH = YI-YINOH
‘JoJe3saj0yo utRI0.dod) AUSUBP-USIY = D-TaH uIqojSowaey paiedki8 = oL vYqH !SSeu 1e) = - uinsul Suse) = Sui4 '9s0an8 poolq Sulise) = D&+ ‘21nssald poojq 1j0ISelp = 4gad [uoiaLSal ASIaus SNONURLOD = 3D /J043U00 = D xapul SSew Apoq = NG

ISEEN ISR

984 0Z 40y Aep/|edx 00S'L-000'L  Sululewal Joj Aep/[edx 00S'L—-000'L+ Adelayy Jnoineyaq wie-ajjeled sl 66L

OLVGH ‘D-1aH D-1d71 9L DL WSiem + Adesauy Inoineyeg | (G0 pouad uI-uni) ZL-G S8 Ul (Aep/|edX 00%) DA 0z §z8 L6FTLS ©L:/1)€e pazjwopuey VSN 239 UM
Syoam SululeLwal 1o}

984 OLVgH d4d noysno.us (Aep/ead 00Z'L (Aep/1e9% 00Z'1-000"L) A1 wle-o|jesed V661

dgS D-1aH *D-1a71 DL DL WS1eMm -000'L) @1 PUB ‘vZ 1e pue ZL-0 SH98M Ul (Aep/(edy 005-00v) A 1A 0S £€:09 L6%8°LS (87:57) €6 pazjwopuey A 1239 SUIM

suid Aep Aiana shep pody uo Aep/|edd 008'L-00S'L PU S3oM § (O LFLS) Wwie-ajjeled <[] 8661

‘OLVQH D-1aH 0-1a7 9L DL WS1eMm Aep/|edx 008'L-005'L:¥30 | A1ans Aep isey uo Aep/[eod 009-00 :(19em/sAep ) Y3 0z 66 6LFYLS (8L:81) 9 paziwopuey VSN [e 3o swelim
SY9OM G| IXaU 10} %29M/SABp 9 (|edy]

sul4 Aep Atans | 008°L-005"L) 1aIp Jein3al pue deam/Aep L 1A Usul ‘g ©£F1%9) wle-a|jesed «[€] 8661

OLVGH "D-1aH D-1d71 9L DL WS1em Aep/|e2x 008'L-00S'L:¥ID | 4O UO SABD BAIINIBSUOD G (Aep/|edx 009-00%) DA 4 yans 9'8FE 05 (8L:8L) 9 pazjwopuey VSN [e 39 swelim

(SyoeuUs

JLVQH € + Jauulp ‘'youn| ‘1sepiealq) (wd p-zL youn| JBN0SS0.D 2l|gnday %7102

‘984 "0-1d7°0-10H DL ‘OM WSIom Aep/s|eal XIs Jo syaam g1 pue We 0L-9 sepfesiq) Aep/s|esiu M3 JO SYoM ZL zL 62:5C 0 LF7'6S (Lz:L2) vs paziwopuey Uoszo | e 30 BAOB|UEY

YI-YINOH DLVQH ‘sul4 'Dg4 (L [76'LY) pazjwopuel laleloz

‘0-1QH 2-1a7 DL d9S DM S8 uonoLisal A3isus Ajled 184 pue Ufeold wnyqy pe pue ¥od zL ov:8¢ €LF98Y (ov:8¢) 82 2.3u80-913UIS VSN |e 30 dIneH
3}99M 8U} JO SAep G Sululewa. ay3 1o} 181p

dI-VINOH DLVH ‘suld 'Dg4 adA3-ueaurLIBIPBIA PUE %98M UoeS SABP 9AINIBSUOD (L (76°1Y) pazjwopuel clel Loz

‘0-10H "D-1a7 ‘DL d4S DM WS1eMm uonoyisal A31aus Alled ¢ Uo sa1elpAyogied pue A31aus 30133l 3403l 4 ov:LE £'8F9'Gy (ov:L€) LL 913u80-8|3uIS vsn ‘|e 30 dIneH

3unes |enligey papnjoul sAep § ululewa. pa||043Uu0d 9102

OLVAH ‘N4 USiem Y30 8ul pue yeem yoes shep ¢ 10 Aep/rnt 00§'¢-0£9°L ¥l 4 0£€e | (6¥29) 8FLY (ce1Le) €9 ‘paziwopuel ‘|9]leled elleisny e 3o Joned
shep €
YI-YINOH JBAO SWaY ooy AlUIPIO JO UORONPOJIUI-8] asImdals

OLVYQH ‘suld 'Dg4 "D-1aH “D-1a1 Juenbasqns pue sAep Sunsey palipow / AQ pamoj|o} (/'GFG°G9) 1011d pa||0J3U02

D1 ‘01 d9a dgS ‘NG DM ‘WS1eMm 191 UgBURLIBHPBIN UOROLISBI O110[eD B1RIBPOL Yim shep 3unsey-aid ¢ 9L V/N WATAT] (€z:€0) 97 peziwopuey  AuBWIBD  ¢/L0Z [RID N
}9am/sAep G 1xau Jo}

OLVYQOH ‘D94 D-1aH D141 191P [BNSN Se BLUNSUOD pUE ¥98M/SABP 8AIIND8SU0d-UoU O LLFS Lp) paJ043u0d 1£8L0C

‘D1 'L d9d d4S ING ‘OM SIom 430 OM] JO 0B UO (3lew/s(ewsy)Aep/|edy 009/00 ¥l 9z 9595 | LOLF66Y | (8S:S) ZLL pazjwopuey AemioN ‘e 38 Jojpuns

OLVQH D94 D-1aH *D-1a71 9L Noem/shep ¢ 1o} aoIn e pajjouod puelesz 8L0C

‘01 d9a d9S ‘NG ‘N4 DM WS1em Y30 8INP8YIS Z:G :UORILIISBI 140|RD SABP BANOSSLOD-UON zL sl (29) 85 8L:6L) L€ pazjwopuey MEN le3e Asi00

(sAep G 1830 8Y3 J0§ JBIP |ensn) deam/sAep 8AIIN08SU0D Aylouajul 2810C

OLVQH ‘NG ‘N WUS1em 430 -Uou om3 104 pamolio} ‘Aep/|edx 009-00S 143l zs 09:4L | (6FL9) 6719 (/9:00) LEL -uou paziwopuey | eljessny e 38 Joned

YI-VINOH DLYaH ‘suld SUOROLASaI Uil [eaw (S3110[e2 JUN0d pajlou0d (0] 0202

‘984 ‘0-10H "2-1a1 ‘D1 490 d8S ‘W4 OU UM Uieyed 1a1p [ensn 0} 3uiney Inoyum) wd /-1 Ajuo 3uiies 441 Inoy-9 oL €98 (ZFSY) £F9Y (6L:02) 6€ pazjwopuey VSN [e 39 so3anjusio

YI-YINOH DLYaH ‘suld SUOIOLIASaI Sullul [eaw (S9110]22 JUNOD pajl03u0d [€1020C

'0g4 ‘0-10H D-1a1 ‘D1 490 d8S ‘4 OU YIIM Uienied 1a1p [ensn 01 Suiney Inoyum) wd /- Ajuo Suies ;441 Inoy- oL vvE | (@FSY) ZF6Y (6L:6L) 8 pazjwopuey VSN le 39 so8snjusio

SaWw0dIN0

uoiuaAIalu|

SyoaM
‘uoneinp

Apms

alew:aews}
PGS

(D) | SIeak
ul 88eas
FuesiN

Q:u
‘syuedionted

ugisaq

Aiunod

sIsAjeue-e1aW 8y} Ul PapN|dUl SIPNIS JO SoNsLaloeIeYD *| 3|geL

27

touchREVIEWS in Endocrinology



Review Diabetes

28

Figure 1. Study selection, assessment and inclusion
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Figure 2. Risk of bias assessment of the included studies using the Cochrane risk of bias tool for randomized trials on
glycaemic control outcomes across seven domains
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Figure 3. Forest plot comparing the effects of intermittent fasting versus control on glycated haemoglobin levels

Experimental Control Std. mean difference Std. mean difference
Study or subgroup Std. mean difference  SE Total  Total Weight (%) IV, Random [95% CI] IV, Random [95% ClI]
Carter et al. 2016 0.1 0.2551 70 67 4.9 0.10 [-0.40, 0.60]
Carter et al. 2018 0.2 0.2245 26 25 6.1 0.20 [-0.24, 0.64]
Cienfuegos et al. 2020 (a) -0.1 0.1378 20 19 13.1 -0.10[-0.37,0.17]
Cienfuegos et al. 2020 (b) -0.1 0.1429 19 19 12.5 -0.10[-0.38, 0.18]
Corley et al. 2018 -0.1 0.5357 18 19 1.2 -0.10 (-1.15, 0.95]
Harvie et al. 2013 (a) 0.01 0.6633 53 54 0.8 0.01[-1.29,1.31]
Harvie et al. 2013 (b) 0.04 0.6378 37 38 0.9 0.04 [-1.21, 1.29]
Kahleova et al. 2014 -0.02 0.0306 27 27 38.1 -0.02 [-0.08, 0.04] —
Lietal. 2014 0 0.2949 23 23 3.8 0.00 [-0.58, 0.58]
Sundfor et al. 2018 -0.1 0.1892 54 58 8.1 -0.10[-0.47,0.27]
Williams et al. 1998 -0.74 0.5153 18 18 1.3 -0.74[-1.75,0.27]
Wwing et al. 1991 -1.3 0.3878 17 16 2.3 -1.30 [-2.06,-0.54] <«
Wing et al. 1994 -0.2 0.2080 48 45 7.0 -0.20[-0.61, 0.21]
Total (95% CI) 430 428 100.0 -0.08 [-0.20, 0.04] ’»
Heterogeneity: Tau?=0.01; Chi?=15.35, df=12 (p=0.22); I = 22% T T T T
. -02 -0.1 0 0.1 0.2
Test for overall effect: Z=1.30 (p=0.19) .
Favours (experimental) Favours (control)

Cl = confidence interval; df = degrees of freedom, IV= inverse variance; SE = standard error; Std = standardized. Cienfuegos et al. 2020 (a): 4 hours time restricted feeding
intervention, Cienfuegos et al. 2020 (b): é hours time restricted feeding intervention; Harvie et al. 2013 (a): Data at 3 months, Harvie et al. 2013 (b): Data at 4 months.

Figure 4. Forest plot comparing the effects of intermittent fasting versus control on fasting blood sugar

Experimental Control

Std. mean difference Std. mean difference

Test for overall effect: Z=0.40 (p=0.69)

Study or subgroup Std. mean difference  SE Total ~ Total Weight (%) IV, Random [95% ClI] IV, Random [95% CI]

Cienfuegos et al. 2020 (a) -0.27 0.1837 20 19 17.2 -0.27 [-0.63, 0.09]

Cienfuegos et al. 2020 (b) -0.42 0.3284 19 19 1.6 -0.42 [-1.06, 0.22]

Corley et al. 2018 0.2 0.7398 18 19 3.9 0.20 [1.25, 1.65]

Harvie et al. 2013 (a) -0.01 0.1173 53 54 19.8 -0.01[-0.24, 0.22] —_— =

Harvie et al. 2013 (b) -0.1 0.1276 37 38 19.4 -0.10[-0.35, 0.15]

Lietal. 2014 1.54 0.3393 23 23 1.2 1.54[0.87, 2.21] >
sundfor et al. 2018 0 0.1891 54 58 17.0 0.00 [-0.37, 0.37]

Total (95% CI) 224 230  100.0 0.06 [-0.25, 0.38] ’
Heterogeneity; Tau?=0.12; Chi?=24.97, df=6 (p=0.0003); I = 76% s obs o oos o

Favours (experimental) Favours (control)

Cl = confidence interval; df = degrees of freedom, IV= inverse variance; SE = standard error; Std = standardized. Cienfuegos et al. 2020 (a): 4 hours time restricted feeding
intervention, Cienfuegos et al. 2020 (b): 6 hours time restricted feeding intervention, Harvie et al. 2013 (a): Data at 3 months; Harvie et al. 2013 (b): Data at 4 months.

information from the study findings and after receiving responses from
the corresponding authors of included studies, all authors of this analysis
reached a consensus on the next steps.

Outcome measures

Glycaemic control (glycated haemoglobin and fasting blood
glucose levels)

Figure 3 represents the overall analysis of 11 studies (13 arms) to measure
the effectofIFon patients’HbA1c level. There was no statistically significant
difference between IF and control groups (statistically meaningful
difference [SMD]-0.08, 95% CI-0.20t0 0.04;p=0.19, I’=22%). Overall, seven
studies on patients’ fasting blood glucose value (FBG) were analysed, and
the meta-analysis revealed no significant difference between the IF and
control groups (SMD 0.06, 95% Cl -0.25 to 0.38;p=0.69, ’=76%,; Figure 4).

Sensitivity analysis

Glycated haemoglobin level

Five studies monitored HbA1c levels after 12 weeks' treatment duration,
with the remaining eight studies monitoring HbA1c level at <12 weeks’
treatment duration. When analysed by treatment duration, there was still
no significant difference between the IF and control groups (SMD -0.03,

touchREVIEWS in Endocrinology

95% ClI -0.08 to 0.03;p=0.38, I’=0%). Further, meta-analysis was performed
including only the five studies with reported HbA1c level after 12 weeks’
treatment (SMD -0.31, 95% CI -0.73 t0 0.11;p=0.14, ’=68%,; Figure 5).

Four studies included participants >60 years of age and nine studies
included those <60 years of age. When analysed by patient age, the reported
change in the HbA1c levels of IF and control groups was statistically
significant (SMD -0.20, 95% CI -0.39 t0 -0.01;p=0.04, ’=24%, Figure 5).

Fasting blood sugar levels

One study monitored FBG after 6 months, and six studies monitored FBG
at <6 months. When the >6 months study was excluded from analysis,
there was still no significant difference between the FBG values of the
IF and control groups (SMD 0.09, 95% CI -0.30 to 0.47;p=0.65, I =80%;
Figure 6).

Similarly, one study had participants over the age of 60 vyears,
and the remaining six had participants aged <60 vyears. When
the >60 years of age study was excluded, there was no
significant difference in the FBG values of the IF and control
groups (SMD -0.09, 95% Cl -0.23 to 0.05,p=0.20, *=0%; Figure 6).
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Figure 5. Forest plot comparing glycated haemoglobin outcomes based on treatment duration (before and after 12 weeks

of treatment) and age (<60 years and >60 years)

Experimental Control

Std. mean difference Std. mean difference

Test for subground differences: Chi?=5.04, df=3 (p=0.17), 1>=40.4%
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Cl = confidence interval; df = degrees of freedom, HbA1c = glycated haemoglobin, IV= inverse variance, SE = standard error; Std = standardized. Cienfuegos et al. 2020 (a): 4
hours time restricted feeding intervention; Cienfuegos et al. 2020 (b): 6 hours time restricted feeding intervention, Harvie et al. 2013 (a): Data at 3 months; Harvie et al. 2013 (b):

Data at 4 months

Publication bias

The funnel plot illustrating the effect of IF on glycaemic control demonstrates
a pattern that is nearly symmetric (Figure 7 and 8), which suggests that the
findings were less likely to be influenced by publication bias.

Discussion

IF has gained recognition as a method to improve metabolic health.
In IF, eating habits are based on eating very few or no calories during
periods from 12 hours to many days, while following a regular routine. An
imbalance in the levels of adiponectin and leptin is a factor in the altered
metabolism that increases the risk of developing T2DM.¥ Interestingly,
various studies have shown that IF leads to lower leptin levels, as well
as higher adiponectin levels, which can improve insulin resistance.¥#

We have gathered clinical trials on the impact of IF on glycaemic control
among patients with T2DM. There were only a handful of studies that
focused on the effect of IF on metabolism of lipids which was not included
in our meta-analysis. Also, these studies varied in terms of participants’
age, duration of IF, restriction of calorie intake and timing of outcome
measurements. Hence, this meta-analysis was designed to test whether
IF significantly impacted patients’ HbA1c and FBG levels, with a pooled
analysis of outcomes measured at different intervals. Overall, there was no
significant change in patients’ HbA1c and FBG levels between IF and control.

In one study, significant reductions in HbA1c and weight were reported

for almost all patients.” Also, there were no side effects noted among the
patients on IF. Similarly, another meta-analysis also reported the positive

touchREVIEWS in Endocrinology




Effect of Intermittent Fasting on Glycaemic Control

Figure 6. Forest plot comparing fasting blood glucose outcomes based on treatment duration (<12 weeks of treatment)

and age (<60 years)

Experimental Control

Std. mean difference Std. mean difference

Study or subgroup Std. mean difference  SE Total  Total Weight (%) IV, Random [95% Cl] IV, Random [95% Cl]
FBG value (at or before 12 weeks)
Cienfuegos et al. 2020 (a) -0.27 0.1837 20 19 10.0 -0.27 [-0.63, 0.09] —
Cienfuegos et al. 2020 (b) -0.42 0.3284 19 19 54 -0.42 [-1.06, 0.22]
Corley et al. 2018 0.2 0.7398 18 19 1.4 0.20 [-1.25, 1.65]
Harvie et al. 2013 (a) -0.01 0.1173 53 54 131 -0.01[-0.24,0.22] . E—
Harvie et al. 2013 (b) -0.1 0.1276 37 38 12.6 -0.10[-0.35, 0.15] —_—
Lietal. 2014 1.54 0.3393 23 23 5.1 1.54[0.87,2.21] >
Subtotal (95% CI) 170 172 a47.7 0.09 [-0.30, 0.47] e
Heterogeneity: Tau?=0.16; Chi?=24.95, df=5 (p=0.0001); I? = 80%
Test for overall effect: Z=0.45 (p=0.65)
FBG value (at age <60 years)
Cienfuegos et al. 2020 (a) -0.27 0.1837 20 19 10.0 -0.27 [-0.63, 0.09] e
Cienfuegos et al. 2020 (b) -0.42 0.3284 19 19 5.4 -0.42 [-1.06, 0.22]
Corley et al. 2018 0.2 0.7398 18 19 1.4 0.20 [-1.25, 1.65]
Harvie et al. 2013 (a) -0.01 0.1173 53 54 131 -0.01[-0.24, 0.22]
Harvie et al. 2013 (b) -0.1 0.1276 37 38 12.6 -0.10[-0.35, 0.15] I
Sundfor et al. 2018 0 0.1891 54 58 9.8 0.00[-0.37,0.37]
Subtotal (95% CI) 201 207 52.3 -0.09 [-0.23, 0.05] -
Heterogeneity: Tau?=0.00; Chi?>=2.82, df=5 (p=0.73); I = 0%
Test for overall effect: Z=1.29 (p=0.20)
Total (95% CI) 371 379 100.0 -0.04 [-0.22, 0.14] ‘
Heterogeneity: Tau?=0.05; Chi?=28.16, df=11 (p=0.003); I = 61%
Test for overall effect: Z=0.46 (p=0.65)
Test for subground differences: Chi?=0.74, df=1 (p=0.39), I’=0%
—075 —0.I25 0 0.I25 0|.5

Favours (experimental) Favours (control)
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Figure 7. Funnel plot of glycated haemoglobin level

Figure 8. Funnel plot of fasting blood sugar level
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impact of IF on reducing HbA1c level and body weight.®# These results
are in line with some of the studies included in this review, which have
reported that IF is superior to control group in terms of weight reduction
and glycaemic control.®%%3% On the contrary, other included studies
showed no significant difference in HbA1c levels following IF versus
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the control group.7% Another meta-analysis has also concluded that
there was no significant impact of IF on patients’ HbA1c levels, although
IF may be useful in preventing metabolic disorders.® These results are
in line with the present meta-analysis, which reports no significant
difference in glycaemic control between patients using IF versus another
intervention.”* Qur meta-analysis on performing sensitivity analysis
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found that benefits of IF also depend on participants’ age as IF was well
tolerated among patients aged <60 years and has a significant impact on
HbA1C levels in this age group. There was no significant impact of IF on
HbA1c among patients over the age of 60 years.

Pooled analysis of the studies included in our meta-analysis showed no
significant reduction in patients’ FBG levels following IF. On the contrary,
a study where IF was followed for 12 months reported significant
reductions in fasting insulin levels and homeostatic model assessment
of insulin resistance (HOMA-IR) levels in the alternate-day fasting group.*
Similarly, another systematic review found that IF reduces participants’
FBG levels.” Studies have also reported that insulin decreases because
of increased insulin sensitivity and, hence, decrease fasting and post-
prandial blood glucose in patients with diabetes.*

A few studies comment that IF and continuous energy restrictions
have equal benefits in achieving long-term weight and glycaemic
control.®## The |F diet differs from the ketogenic or low-calorie diet
in that it does not restrict carbohydrate intake; therefore, the direct
effect on blood glucose levels in the short-term is unknown. Yet, IF is
certainly beneficial in regulating blood glucose levels during fasting. IF
can enhance insulin sensitivity in the long-term and therefore needs to
be practised by patients with diabetes. Moreover, it is important to follow

standard guidelines while practicing any dietary restrictions to avoid
serious adverse effects.

There were some limitations on this analysis. First, there is heterogeneity
among the studies and dietary interventions, with the treatment duration
likely being the primary source of heterogeneity. As a result, the random-
effects models were used in this analysis for merging, and sensitivity
analyses were carried out in accordance with potential sources. Second,
there were only a small number of randomized controlled trials that met
the inclusion criteria, and sample sizes were small. It was also difficult to
reach a firm conclusion about how IF affected glycaemic control, because
the intervention duration ranged from 8 weeks to 12 months. Additionally, it
was not possible to determine whether IF was safe for patients with T2DM
who were taking insulin in our analyses, which is particularly important.

Conclusion

IF and usual diet pattern have no difference in terms of glycaemic
control. Although, IF might be used as a preventative diet pattern in
the pre-diabetic population, as it works well in the long-term to achieve
controlled sugar levels. It is clearly evident from our meta-analysis that
IF alone does not reduce blood glucose levels in patients with diabetes.
Further clinical trials are required with uniform or standard IF intervention
to study its impact in depth. O
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