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Abstract: Background. Fasting interventions have shown effectiveness in alleviating stress, anxiety
and depressive symptoms. However, no quantitative analysis has been carried out thus far. The
objective was to determine the effectiveness of fasting interventions on stress, anxiety and depression
and if these interventions were associated with increased or decreased fatigue/energy. Methods.
Overall, 11 studies and 1436 participants were included in the quantitative analyses. Results. After
limiting analyses to randomized controlled trials with low risk of bias, we found that fasting groups
had lower anxiety (b = —0.508, p = 0.038), depression levels (b= —0.281, p = 0.012) and body mass index
compared to controls without increased fatigue. There was no publication bias and no heterogeneity
for these results. These interventions were safe, even in patients with type 2 diabetes. Conclusions.
These results should be taken with a caveat. These results are preliminary and encouraging and
fasting appears to be a safe intervention. Data are not sufficient to recommend one fasting intervention
more than the others. No study was carried out in psychiatric populations and further trials should
be carried out in these populations that may be good candidates for fasting interventions.

Keywords: public health; mental health; fasting; antidepressant; depression; anxiety; schizophrenia;
physical health; obesity

1. Introduction

Depressive and anxiety disorders are leading worldwide causes of disability and loss
of quality-adjusted life year in people aged < 40 years [1]. Antidepressants are the gold
standard treatments for these disorders but are effective in only approximately half of the
patients and induce frequent side effects. Identifying new pathophysiological pathways
to develop personalized treatments for these disorders and improve the benefit/risk ratio
is a major challenge of current research. Among these new pathways, the gut-brain axis
has generated a lot of interest with the recent discoveries concerning the microbiota and
its role in anxiety and depression [2,3]. The field of psychonutrition has developed in
parallel with the discovery of the protective role of a healthy/anti-inflammatory diet on
depression onset [4,5] and the effectiveness, among other nutrients, of omega 3 fatty acids
in the treatment of anxiety and depression [6].

In the 1990s and 2000s, some trials explored the effect of therapeutic fasting (or very
low-caloric fasting) on depression and anxiety with inconsistent results and without non-
fasting group control [7-9]. Fasting interventions are becoming in parallel more and more
popular in the general population. Individuals experiencing these fasts mostly report a
subjective psychological improvement.
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Intermittent fasting is defined by reducing the daily duration of diet intake. Inter-
mittent fasting can take different forms, from fasting one or two days a week to fasting
12 to 18 h a day. The potential effectiveness of intermittent fasting on mood has raised
growing interest. Overweight/obesity is associated with increased depression and fasting
may be effective in improving depressive symptoms by favoring weight loss [10-13]. In
addition to weight loss, rodent and human studies have shown that daily intermittent
fasting may switch glucose metabolism to ketone metabolism, inducing anti-inflammatory,
anti-oxidative and stress resistance effects [14]. Fasting may improve microbiota distur-
bances and intestinal inflammation through decreased inflammatory foods intake and
decreased blood flow dedicated to digestion [15]. The safety and acceptability of intermit-
tent fasting may be limitations to the development of fasting interventions. Among them, it
is unclear if fasting interventions may decrease energy/increase fatigue. This question is of
importance as fatigue is a common depressive symptom [16]. Another remaining question
is that intermittent fasting is often combined with caloric restriction, and there is a debate to
know which is the true effective intervention to improve anxiety and depressive symptoms.
To address this question, a randomized controlled trial has been carried out comparing
caloric restriction with or without 14 h of restricted feeding in type 2 diabetes patients [17].
The authors concluded that both regimens were associated with improved depression,
suggesting that caloric restriction should also be studied among fasting interventions.

The primary objective of this systematic review and meta-analysis was to determine
the effectiveness of fasting interventions on stress, anxiety and depression. The secondary
objective was to confirm that these interventions were also effective in reducing body
mass index and if these interventions were associated with increased or decreased fa-
tigue/energy.

2. Materials and Methods
2.1. Literature Search Strategy

This meta-analysis was conducted in accordance with the Preferred Reporting Items
for Systematic reviews and Meta-Analysis guidelines. Systematic bibliographic searches
were carried out according to the Cochrane methodology. This project was registered in
PROSPERO (reference number CRD42020197359) (https:/ /www.crd.york.ac.uk/prospero/
accessed on 18 August 2020). The search paradigm was based on the PubMed interface
(Medline database) and adapted for 2 databases: ScienceDirect and Google Scholar. There
were no restrictions for languages and dates. The search paradigm was based on the
following combination of MeSH terms “fasting” AND each MeSH terms: “anxiety” OR
“stress” OR “mood disorder” OR “depression” OR “depressive”. In the case of missing
data, authors were contacted by email if possible. The reference lists and bibliographies of
relevant reviews and articles retrieved from the database searches were manually searched
for additional eligible articles. The last search was carried out on 30 August 2021.

2.2. Eligibility

The inclusion criteria were: (1) any language and date of publication; (2) original
research papers; (3) fasting intervention; (4) evaluation of stress and/or anxiety symptoms
and/or depression after one fasting intervention with a validated scale; (5) observational
studies or controlled trials. The exclusion criterion was diet interventions not directly tar-
geting fasting or caloric restriction. The titles and abstracts were screened by 2 researchers
(E.B. and G.F). The full texts of the manuscripts were then reviewed to determine whether
a study would be included (E.B. and G.F). In the case of non-consensus, a third author
(L.B.) had the final decision for inclusion.

2.3. Data Extraction

Two researchers (E.B. and G.F.) extracted data from the included studies in a systematic
manner using a predesigned extraction form. Each discrepancy in data extraction was
examined by three authors (E.B, D.E.E and G.F) to reach consensus.
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The variables were extracted as follows: study ID and design, author, year, type of
study, sample size, fasting intervention description, fasting duration, religious fasting (y/n),
fasting intervention including caloric restriction (y/n), socio-demographic data (country,
mean age, percentage of men, study including clinical population vs. healthy volunteers,
baseline and post-intervention body mass index (mean/standard deviation (SD)), baseline
and post-intervention stress, anxiety and depressive symptoms scores in fasting and control
groups (mean (SD)), delay between the end of fasting intervention and first evaluation
(weeks), and number and type of potential adverse event.

2.4. Study Quality

The study quality was assessed by DEE and GF with the study quality assessment
tool for observational cohort or cross-sectional studies for Ramadan studies and for quality
assessment tools for controlled studies for fasting intervention controlled trials [18]. In
cases of non-consensus, a third author (L.B.) made the final decision for study quality.

2.5. Statistical Analyses

As Ramadan studies were all observational except one [19], we calculated a pre/post
Ramadan effect. For controlled trials, we calculated mean standardized estimate between
groups receiving fasting intervention vs. controls at the endpoint following the end of
fasting intervention (i.e., differential changes from baseline to post-fast in the fasting versus
control groups). Heterogeneity between studies was measured by Cochrane’s Q test.
Publication bias was assessed using Egger’s test funnel plot. We used comprehensive
meta-analysis software (v3.0), Biostat, Englewood, NJ 07631, USA.

2.6. Role of the Funding Source

This work received no funding. No drug manufacturing company was involved in
the study design, the data collection, the data analysis, the data interpretation, the writing
of the report, or the decision to submit the report for publication.

3. Results
3.1. Characteristics of Studies

Overall, 11 studies were included [17,19-28] (flow chart, Figure 1). Among the
1436 participants, 1009 subjects experienced Ramadan fasting, 239 received other fast-
ing interventions (2 days/week (N = 28) or one day/week fasting (N = 22), 14 h restricted
fasting with caloric restriction (N = 27) or caloric restriction without intermittent fasting
(25% caloric restriction or 800 cal/day) (N = 162)). One study was included in both Ra-
madan and fasting controlled studies [19]. Three very low-calorie diet interventions could
not be included because both groups received fasting interventions [7-9].

3.2. Ramadan Studies

Ramadan study (Figure 2) characteristics are presented in Table 1 and study quality
in Supplementary Table S1. Overall, five studies (1009 participants) [19,22,23,26,28] were
included in the Ramadan studies. Two studies were carried out in Iran [22,23], one in
Germany [19], one in Turkey [26], and one in Kuwait [28]. One study [22] was carried out
in hospital nurses, one in a type II diabetes mellitus population [28], and the others in
healthy volunteers [23].
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Records identified though da-
tabase searching n= 31 611

n= 7404 duplicates removed

Records Screened
n=24 207

n=24 188 excluded

full-text studies assessed to el-
igibility (n=19)

n=7 full-text studies excluded

- Fasting intervention in both
groups / Study design n=3

- Non-validated scale n=3

- No exploitable quantitative data
n=1

studies included in the qualitative and

quantitative synthesis (n=11)

Figure 1. Flow chart.
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Koushali, 2013
Erdem, 2018
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Statistics for each study Std diff in means and 95% CI
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-0,220 0,118 0,014 -0,452 0,013 -1,853 0,064 ‘ﬂ—\
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-1,00 -0,50 0,00 0,50 1,00
Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Nugraha, 2017

Study name

Koushali, 2013
Mousavi, 2014
Mousavi, 2014
Nugraha, 2017
Erdem, 2018

Al-Ozairi, 2019

Figur

Koushali, 2013 -0,125 0,057 0,003 -0,236 -0,014 -2200 0,028
Mousavi, 2014 (female) -0,255 0,103 0,011 -0,457 -0,053 -2,469 0,014 E o
Mousavi, 2014 (male) -0,167 0,279 0,078 -0,715 0,380 -0,599 0,549
-1,251 0,189 0,036 -1,621 -0,881 -6627 0,000
Erdem, 2018 -0,230 0,119 0,014 -0,463 0,002 -1,943 0,052
-0,387 0,154 0,024 -0,689 -0,084 -2508 0,012 ’
-2,00 -1,00 0,00

1,00 2,00
Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
inmeans  error Variance limit  limit Z-Value p-Value
-0,227 0,057 0,003 -0,340 -0,115 -3,973 0,000
(female) -0,128 0,102 0,010 -0,327 0,072 -1251 0,211
(male)  -0,230 0,281 0,079 -0,781 0,321 -0,818 0,413
-2,396 0,278 0,077 -2,941 -1851 -8612 0,000
-0,346 0,120 0,015 -0,582 -0,110 -2,869 0,004 [ |
-0,749 0,053 0,003 -0,852 -0,646 -14,239 0,000 ||
0,618 0,184 0,034 -0,977 -0,258 -3,363 0,001 -
-4,00 -2,00 0,00 2,00 4,00

e 2. Forests plots of Ramadan studies for stress, anxiety and depression.

Overall, Ramadan was associated with improved stress (b = —0.222 [-0.323;—-0.121],
p <0.0001, I2 = 0), improved anxiety (b = —0.387 [—0.689;,—0.084], p = 0.012, I2 = 87.79) and
improved depression (b = —0.618 [-0.977;—0.258], p = 0.001, 12 = 95.32).

Four studies were classified with moderate risk of bias [19,23,26,28] and one with
high risk of bias [22] (Supplementary Table S1). Removing this study did not change our
results. The moderate risk of bias was due to studies using self-reported questionnaires
and participants being aware of the exposure, as for all nutritional intervention studies.

Funnel plots for Ramadan studies are presented in Supplementary Figure S1. We
found no publication bias (Egger’s tests > 0.05 for anxiety and depression).

The observational Ramadan studies did not report fasting’s adverse events [22,23,26,28].
Fatigue was reported only in the controlled study [19]. Ramadan was associated with
increased fatigue during the first week but decreased fatigue during week 2 to 4 and
decreased sleepiness during the whole of Ramadan. No study reported dropout due to
inability to follow Ramadan.

3.3. Fasting Controlled Trials

Fasting controlled trials (Figure 3) characteristics are presented in Table 1 and study
quality in Supplementary Table S2. Seven studies (452 participants, 264 receiving fasting in-
tervention, 188 being controls) were included (five randomized controlled trials [17,20,21,24,25]
and two controlled trials [19,27]). The two studies carried out in Malaysia assessed the effec-
tiveness of a 12-week, 300-500 kCal daily caloric restriction associated with 2 days a week
of Sunnah Muslim fasting [20,21]. One study carried out in the Czech Republic studied the
effects of 12 weeks of caloric restriction with or without 14 h/day intermittent fasting in a
diabetes population [17]. One US study measured the effects of 104 weeks of 25% caloric
restriction [24]. Among the three studies carried out in Germany, one studied the effects of
Ramadan [19], one the effects of 12 weeks of an 800 Cal/day low calorie diet [25] and one
the effects of 8 weeks of one day per week fasting, totaling 24 h a week [27].
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Table 1. Study characteristics.

o . . Fasting - -~ , . Adverse N Dropout N Dropout
Study Country N NF NC N(%) Men Design Population Intervention Controls Endpoint Scales Authors” Conclusion Events Fasting Controls
Koushali Hospital Anxiety: DASS21 Depression and stress were
(2013) Iran 313 313 NA 177(56.5%) OBS n f Ramadan NA 1to2 Depression: significantly reduced md NA NA
[22] urses DASS21 (p < 0.05) but not anxiety.
Anxiety: GHQ Significant reduction in
Mousavi Residents of subscore anxiety (p = 0.011) but no
(2014) Iran 110 110 NA 13(11.8%) OBS Kermanshah Ramadan NA MD Depression: GHQ significant reduction in md NA NA
[23] city subscore depression (p > 0.05) after
Stress: GHQ Ramadan.
et i Stess Dagsz - Sant s e
(2018) Turkey 73 73 NA 63(86.3%) OBS healthy Ramadan NA 0 anZi.et anxiety (p = 0.01) and stress md NA NA
[26] volunteers Depressi rryD ASS (p = 0.002) scores after
cpression: Ramadan.
Type 2 s Lo
Al-Ozairi . o diabetes Depression: Significant reduction in
Kuwait 463 463 NA 251(54.2%) OBS . Ramadan NA 4-6 depressive symptoms after md NA NA
(2019) [28] Muslim PHQ-9 R
. amadan (p < 0.05).
patients >21 years
Increased
fatigue
during first
week of
Ramadan,
Healthy male No fasti then 3/28(10.7%)
Nugraha volunteers > ;)ngsnl(?g Anxietv: HADS Significant reduction in decreased (2 time 2/28(7.6%)
(2017) Germany 50 25 25 50(100%) CT 18 years Ramadan N 1 Y depressive symptoms after fatigue schedule, (other
y b other inter- Depression: BDI-IT P ymp &
[19] (mostly vention ’ Ramadan (p < 0.05). during week 1 other reason)
students) entio 2 to 4 but reason)
decreased
sleepiness
during whole
Ramadan.
Reduction in
300 to 500 Adverse
Healthy men ~ K¢2l/day from notreported 2 /14(14.2%)
Y thei habitual No fasting Non-significant reduction P o o
Teng (2011) aged 50 to energy intake + and no Depression: in depressive symptoms but 2 (unable to 1/14(7.1%)
Malaysia 25 12 13 25(100%) CT 70 years, BMI Y . 0 ’ Sstve sy . participants follow the (personal
[20] two days of other inter- BDI-IT after fasting intervention SN
23.0 to Muslim sunnah ntion (> 0.05) were unable fasting in- reasons)
29.9 kg/m? sum sunna ventio p>059) to follow the tervention)

* fasting per
week
12 weeks

fasting
intervention
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Table 1. Cont.
o . . Fasting - . , . Adverse N Dropout N Dropout
Study Country N NF NC N(%) Men  Design Population Intervention Controls Endpoint Scales Authors” Conclusion Events Fasting Controls
Reduction of
300 to 500
kcal/day from
. Healthy men thei habitual No fasting L Non-significant reduction
Hussin aged 50 to 70 enerey intake + and no Depression: in depressive symptoms No reported
(2013) Malaysia 32 16 16 32(100%) RCT years, BMI gy ; 0 BDI-IL pressive symptor adverse 0(0%) 1/16(6.2%)
two days of other inter- L after fasting intervention
[21] 23.0t029.9 Muslim sunnah * vention Fatigue: POMS (> 0.05) events.
kg/m? . p>059)
fasting per
week
12 weeks
Significant reduction in
. . depression score was
Patient with . . . .
Time Restricted decreased in the fasting o o
Kahleova Czech dtizllj:tis feeding (14 h 6 group (p <0.05), and No reported %{Zz(rlslc;rluﬁ) %2/ 279(1'15%).1?1;;)
o . fasting/day) + meals/day . feelings of hunger were P P P
(2015) Re- 54 27 27 29(54 %) RCT mean age 59.4 X 0 Depression: BDI-II . adverse reasons, 2 reasons, 2
. caloric (3 meals + greater than in the control
[17] bublic years, mean . . . events. lack of mo- lack of mo-
BMI32.6 restriction 3 snacks) group. Quality of life S o
y 12 weeks increased (p < 0.01) tivation) tivation)
kg/m? P
& comparably under both
regimens.
26/143(18.2%)
@8
withdrew
No reported consent, 6
Healthy men adverse moved
aged 20 to 50 events but away from 5/75(6.7%)
years and 25% Caloric No fasting De . Significant improvement in 3/117(2.6%) study site, (3 women
. o pression: . L
Martin(2016) USA 018 143 75 66(30%) RCT women aged Restriction and.no 0 BDLIT the depr_essmn score (p < part1c1par}ts 6 for became
[24] 20 to 47 years, 104 K other inter- Fatieue: POMS 0.05), tension (p < 0.01), and of the fasting personal pregnant, 1
with a BMI weeks vention atgue: General health (p < 0.001). group were and other withdrew
between 22.0 removed for reasons, 3 consent)
and 28.0 safety reasons women
(not detailed). became
pregnant, 3
withdrawn
for safety)
No reported
adverse
. I , events but 6
Prehn w?)ﬁi;orbfsaen Low calorie diet Ngnfgsrtll;lg Anxiety: STAI depf‘{eescslilt)cr?(s)yolrr; ](3pec<k05001) subjects were 5/23(21.7%)
- Germany 37 19 18 0(0%) RCT 4 (800 kcal/J) N 0 o . : excluded for (personal 5/24(20.8%)
(2017) [25] age 61 years, other inter- Depression: BDI-II  and anxiety score (p < 0.004) : .
12 weeks . . . instruction reasons)
mean BMI 35 vention in the fasting group. .
failure
without

details.
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Table 1. Cont.
o . . Fasting - . , . Adverse N Dropout N Dropout
Study Country N NF NC N(%) Men  Design Population Intervention Controls Endpoint Scales Authors” Conclusion Events Fasting Controls
Adverse
events:
headache,
migraine,
Significant within- group nausea,
2 groups : . . ravenousness,
‘ differences in the fasting -
counseling b d af circulatory N=4/22
Fixed fasting sessions for . group were observed after 6 disturbance, 9.1%) (2
dav per week health Anxiety: HADS-A months for the HADS total hunger ’ dedlined to
Kessler o Healthy y P aihy Depression: score, and the HADS gL, N=2/14
Germany 36 22 14 14(39)% CT for 8 weeks, a diet + 0 L . - general further o,
(2018) [27] volunteers . e HADS-D Fatigue: depression and anxiety . L. (14.2%)
fixed week day waiting list feeling of participate,
R POMS subscales, the POMS total
8 weeks for fasting . . weakness, 2 lost of
; score (including subscales .
interven- f . tiredness, follow-up)
. or positive mood and
tion . stomach ache,
vigor). .
meteorism,
heartburn,
and cold
sensations in
the body.
* in weeks after end of fasting intervention. ** all scales were self-reported questionnaires. BDI-II, Beck Depression Inventory. DASS, Depression Anxiety Stress Scale (DASS-42). GHQ, General Health

Questionnaire. GHQ-28, General Health Questionnaire-28. HADS, Hospitalization Anxiety and Depression scale. POMS, Profile of Mood states. PHQ, Patient Health Questionnaire. STAI, State-Trait Anxiety
Inventory. F, Fasting. C, Controls. MD, missing data. OBS, observational. RCT, randomized controlled trial. SD, standardized deviation. NA: not adapted.
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All studies itivi is: i ;
Sensitivity analysis: Randomized controlled studies only
Anxiety
Study name Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper -
e e tance: B o Zehen; g iine Study name Statistics for each study Std diff in means and 96% CI
Hussin 2013 0,570 0,361 0130 -1,276 0137 1579 0114 - Std diff  Standard ) Lower  Upper
0263 0284 0061 0820 0203 0927 0364 - inmeans  error  Variance limit  limit 2-Value p-Value
0,455 0,333 0,111 -1,108 0,198 -1367 0172 = Hussin 2013 0,570 0,361 0,130 12716 0,137 1,579 0,114
Kasslar,2018 0015 OM: ONT-0SM 0TE: 0L 0745 —_—p— Pronhn 2017 0,455 0333 0111 -1,108 0198 -1367 0172
0.287 0163 0027 0606 0033 -1.760 0078 5|
0,508 0245 0060 -0988 -0028 -2076 0038
-2,00 1,00 0,00 1,00 2,00
: 200 -100 000 100 2,00
Depression
Study name Statistics for each study Std diff in means and 95% C1
R e i Ospar Study name Statistics for each study Std diff in means and 95% CI
inmeans error Variance fimit Hmit ZValue p-Value A e Tower Upped
0252 0355 0126 0948 0444 0709 0478 inmeans error Variance limit limit Z-Value p-Value
0188 0283 0080 0743 0368 0663 0507
0249 0330 0100 -0898 0398 0754 0451 Hussin 2013 0,252 0355 0,126 -0948 0444 -0709 0478
4417 0,508 0255 -5406 -3.428 0,000 Prehn 2017 -0,249 0,330 0,109 -0,896 0,398 0,754 0,451 —_—
0225 0143 0020 -0505 0,056 0116 Kahleova 2015 -0535 0277 0,077 -1,078 0008 -1931 0,054
0542 0348 0121 0,139 1224 155 0119 s : 5 s
oas: 64 oGor T 0d8E e oiio Martin, 2016 0,225 0,143 0020 -0505 0056 -1571 0,116 B &
0281 0112 0013 -0502 -0061 -2501 0,012 <
800 400 000 400 800
200 100 000 1,00 2,00
Study name_ Statistics with study removed Std diff in means (95%
— S SCoR U CI) with study removed Study name Statistics for each study Std diff in means and 95% CI
Point  error  Variance fimit  limit ZValue p-Value Stddiff Standard Lower Upper
Terg2011 1684 0757 0572 -3167 0201 2226 002 - inmeans eror  Variance limit limit ZValue p-Value
Hussin 2013 -1.708 0.772 0507 -3222 -0194 -2211 0027 —_— Teng,2011 -0,382 0.404 0,163 -1,174 0409 -0,946 0,344
Nugraha 2017 -1.761 0186 0617 3301 0222 2242 0025 —-— Hisat 2013 0304 0356 0126 -100% 0393 0854 0303
Prohn2017 1512 0760 0502 3020 0005 1966 0049 e S o b i e o i
Kahleova 2015 -0.501 0.205 0,042 0903 -0,100 2,448 0,014 T ' =~ 7 R 5
Kessior, 2018 -1.654 0.784 0614 -3,190 -0118 2110 0,035 . Kahleova, 2015 -0,921 0,286 0,082 -1482 -0360 -3217 0,001
1446 0628 0395 -2677 0214 2301 0021 - 0741 0218 0048 -1,168 -0313 -3,397 0,001
400 400 0% 4% 8% -2,00 1,00 0,00 1,00 2,00

Figure 3. Forest plots of fasting intervention controlled studies for anxiety, depression and body mass index.

Opverall, the fasting groups were not found to have lower anxiety or depression levels
compared to control groups at the end of fasting (p > 0.05, Figure 3), but they were found
to have lower body mass index (b = —1.446[—2.677;—0.274], p = 0.021).

After removing the two non-randomized controlled trials [19,27], fasting groups were
found to have lower anxiety and depression levels (respectively, b = —0.508[ —0.988;—-0.028],
p=0.038,12 =0 and b = —0.281[—0.502;—-0.061], p = 0.012, I2 = 0).

Four randomized controlled trials were evaluated to have low risk of bias [17,20,21,24],
one with intermediate risk of bias [25] and the two controlled trials were evaluated to have
a high risk of bias [19,27].

There was no publication bias for anxiety and depression (Egger’s tests > 0.05) but a
publication bias for body mass index (Egger’s test = 0.01). Funnel plots are presented in
Supplementary Figure S2.

Fatigue was measured in four studies [19,21,24,27]. The fasting groups were not found
to have lower or increased fatigue levels at the end of fasting compared to control groups
(p > 0.05, data not shown). Limiting the analysis to randomized controlled trials [21,24] did
not change our results.

Overall, 42 (15.4%) dropouts were reported in fasting groups and 20 (10.2%) in control
groups (p > 0.05). Among dropouts of fasting interventions, two diabetic patients reported
a lack of motivation for 2 meals a day [17], two participants were unable to follow the
two days/week fasting combined with caloric restriction for 12 weeks [20] and three
participants were removed for safety reasons for 104 weeks of 25% caloric restriction [24].
The other dropouts were for reasons not related to fasting or for unknown reasons.

Only one study reported detailed adverse events for 1 day/week fasting [27]. These
adverse events were: headache, migraine, nausea, ravenousness, circulatory disturbance,
hunger, general feeling of weakness, tiredness, stomach ache, meteorism, heartburn, and
cold sensations in the body.

4. Discussion

In our meta-analysis including 11 studies and 1436 participants, we found that post-
Ramadan scores for stress, anxiety and depression were lower compared to those before
Ramadan. In fasting controlled trials, we found no significant effect of fasting on anxiety
and depression when analyzing all studies. However, we found that fasting groups had
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lower anxiety and depression levels compared to control groups when limiting the analyses
to randomized controlled trials. Fasting was associated with decreased body mass index
in all studies without increased fatigue in fasting groups compared to controls. Adverse
events were only reported for 1 day/week fasting.

First, we found a positive effect of Ramadan on stress, anxiety and depression. Ra-
madan is a religious fasting, i.e., including a spiritual and social dimension that may be
missing in other forms of fasting. One may hypothesize that depression improvement
may not be only due to fasting but also to other lifestyle modifications. For example,
Ramadan fasting includes tobacco abstinence, and tobacco abstinence has been associated
with improved depressive symptoms [29]. As Ramadan is a dry fasting between sunrise
and sunset, the Ramadan fasters may wake up earlier in the morning to feed before sunrise
and may therefore reduce their sleep duration. Sleep reduction has been associated with
depression improvement [30] and may also play a role in the observed results. Despite
its significance, we found heterogeneous results across Ramadan studies for anxiety and
depression. We have identified the following factors that may explain this heterogeneity:
country/cultural context, clinical (diabetes) vs. non clinical populations, various delay
between end of Ramadan and first endpoint evaluation (from 0 to 6 weeks), various scales
to assess stress, anxiety and depressive symptoms, various ages and sex ratios. These
variables could not be tested due to the small number of studies. Other uncaptured data,
such as socioeconomic environment, addictive behaviors, sleep, diet, physical activity and
physical comorbidities, including overweight/obesity, may also contribute to heterogeneity.
For example, the German study included only healthy male students [19] and the effect
of Ramadan on anxiety was much higher in this study compared to the others. However,
the results were still significant after removing this study. It should be underlined that all
scales to evaluate stress, anxiety or depression were self-reported, and that clinician-rated
scales could be useful to confirm these results.

The second major finding is the result of fasting controlled trials. Our overall results
were not significant (with a trend toward significance for anxiety, p = 0.07). However, after
removing two studies with a high risk of bias, the results became significant with low
heterogeneity. These results are encouraging to pursue research on fasting intervention
effects on mental health, especially in psychiatric samples that have been untested thus
far. It should be underlined that the mean stress/anxiety /depression scores were mostly
under the pathological rank at baseline, suggesting that fasting interventions are effective
for moving from a “healthy” to “even healthier” mood. Despite this fact, the effect sizes
indicated a mild effect for depression and moderate effect for anxiety when limited to
randomized controlled trials. As most interventions are most effective in patients with
more severe baseline symptoms, we believe that fasting interventions should therefore be
effective in psychiatric samples. Moreover, we found that patients receiving these inter-
ventions benefited from body mass index reduction. Obesity is common in patients with
major depression and may influence psychiatric trajectory [31,32]. Intentional weight loss
improves the symptoms of depression [10]. However, no study explored if fasting inter-
ventions were more effective in overweight participants and it remains to be determined if
body mass index is correlated with depressive symptoms. It remains also to be determined
if overeating is conversely associated with impaired mood and the direction of the causal
relationship [33]. Animal studies also suggest that fasting improves oxidative stress [34].
Further studies should explore if the improvement of oxidative stress parameters would
be associated with improved anxiety/depression in humans.

Adverse events were poorly reported. The only study reporting adverse events was
those exploring the effects of 24 h/week fasting. Daily intermittent fasting may be effective
in limiting these adverse events. The absence of significant dropout rate differences between
fasting and control groups is encouraging for the acceptability of fasting interventions. It
should be underlined that two meals/day associated with caloric restriction appeared as a
safe intervention in patients with diabetes. No hypoglycemia was reported in this study.
Metabolic disorders are frequent in psychiatric populations and should therefore not be a
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limitation to test fasting interventions in psychiatry. Additional data are needed to confirm
these preliminary results.

Strengths. We used the most recent meta-analysis standards to carry out the present
meta-analysis. A comprehensive search following PRISMA criteria has been carried out,
and we used leave-1-out analyses and quality evaluations to determine the risk of bias.
The present work therefore adds important knowledge in the field.

Limitations. Our results must be interpreted with caution. Only 11 studies with
relatively small sample sizes were included. Four Ramadan studies were observational
and two fasting controlled trials were not randomized. The small number of studies did
not enable us to carry out sensitivity analyses. An important limitation and direction for
future research is that our results were insufficient to determine if caloric restriction is
the true effective intervention to improve anxiety or depression, or if intermittent fasting
(time-restricted feeding) may have a specific effect. Lastly, although visual inspection of
funnel plots did not suggest publication bias, definitive confidence in excluding publication
bias was limited by the small number of studies included in our funnel plots. Very low-
calorie interventions could not be included in the quantitative analyses. However, most of
them reported mood improvement after these interventions. Further trials are therefore
warranted to explore their effectiveness.

5. Conclusions

Preliminary evidence suggests that fasting interventions may have a positive effect on
anxiety, depression and body mass index reduction without increasing fatigue. It remains
unknown if caloric restriction is the true effective component of fasting or if intermittent
fasting may increase its effectiveness on stress, anxiety and depressive symptoms. A 12-
week intermittent fasting associated with caloric restriction appears as a safe and acceptable
intervention, even in patients with diabetes. Further randomized controlled trials are
warranted to strengthen these results, especially in psychiatric populations that have not
been tested thus far.
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