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ABSTRACT
Objectives  Intermittent fasting boosts some host defence 
mechanisms while modulating the inflammatory response. 
Lower-frequency fasting is associated with greater survival 
and lower risk from COVID-19-related comorbidities. 
This study evaluated associations of periodic fasting with 
COVID-19 severity and, secondarily, initial infection by 
SARS-CoV-2.
Design  Prospective longitudinal observational cohort 
study.
Setting  Single-centre secondary care facility in Salt 
Lake City, Utah, USA with follow-up across a 24-hospital 
integrated healthcare system.
Participants  Patients enrolled in the INSPIRE registry in 
2013–2020 were studied for the primary outcome if they 
tested positive for SARS-CoV-2 during March 2020 to 
February 2021 (n=205) or, for the secondary outcome, if 
they had any SARS-CoV-2 test result (n=1524).
Interventions  No treatment assignments were made; 
individuals reported their personal history of routine 
periodic fasting across their life span.
Main outcome measures  A composite of mortality or 
hospitalisation was the primary outcome and evaluated by 
Cox regression through February 2021 with multivariable 
analyses considering 36 covariables. The secondary 
outcome was whether a patient tested positive for SARS-
CoV-2.
Results  Subjects engaging in periodic fasting (n=73, 
35.6%) did so for 40.4±20.6 years (max: 81.9 years) prior 
to COVID-19 diagnosis. The composite outcome occurred 
in 11.0% of periodic fasters and 28.8% of non-fasters 
(p=0.013), with HR=0.61 (95% CI 0.42 to 0.90) favouring 
fasting. Multivariable analyses confirmed this association. 
Other predictors of hospitalisation/mortality were age, 
Hispanic ethnicity, prior MI, prior TIA and renal failure, 
with trends for race, smoking, hyperlipidaemia, coronary 
disease, diabetes, heart failure and anxiety, but not alcohol 
use. In secondary analysis, COVID-19 was diagnosed in 
14.3% of fasters and 13.0% of non-fasters (p=0.51).
Conclusions  Routine periodic fasting was associated 
with a lower risk of hospitalisation or mortality in patients 
with COVID-19. Fasting may be a complementary therapy 
to vaccination that could provide immune support 

and hyperinflammation control during and beyond the 
pandemic.
Trial registration  ​Clinicaltrials.​gov, NCT02450006 (the 
INSPIRE registry).

INTRODUCTION
Fasting modifies energy utilisation by 
consuming glucose and glycogen, inducing 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ During a period of energy restriction, fasting con-
trols inflammation by dampening the cytokine cas-
cade, it enhances autophagy, and it switches the 
metabolic source of energy from glucose to fats, 
including by increasing circulating free fatty acids 
such as linoleic acid.

	⇒ The SARS-CoV-2 receptor binding domains bind lin-
oleic acid in pockets that, when bound, reduce spike 
protein affinity for ACE 2.

	⇒ Repeated fasting boosts basal levels of some pa-
rameters related to inflammation control and host 
defence against infections, including galectin-3, and 
it ameliorates insulin resistance and cardiovascular 
risks such that periodic fasting is associated with 
greater survival and lower risk of heart failure, coro-
nary artery disease and type 2 diabetes.

WHAT THIS STUDY ADDS
	⇒ This observational longitudinal cohort study found 
that routine low-frequency periodic fasting for an 
average of >40 years was associated with a lower 
risk of COVID-19, measured as a composite of hos-
pitalisation or mortality after COVID-19 diagnosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Intermittent fasting should be further evaluated 
for potential short-term and long-term preventive 
or therapeutic use as a complementary approach 
to vaccines and antiviral therapies for reducing 
COVID-19 severity.
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gluconeogenesis, and subsequently activating ketogen-
esis.1–3 In the switch to ketosis during fasting, circulating 
levels of fatty acids, including linoleic acid, increase.2 3 4 
Intriguingly, linoleic acid tightly binds to the spike protein 
of SARS-CoV-2, the cause of COVID-19.5 The attachment 
of linoleic acid to the spike reduces the affinity of SARS-
CoV-2 for ACE2.5 An acute rise in linoleic acid while a 
person is fasting, thus, provides a direct mechanism for 
fasting to acutely reduce the severity of COVID-19.

In terms of chronic protection from severe outcomes 
of infection, the multifaceted protein galectin-3 
was increased, independent of weight change, by 
low-frequency intermittent fasting in the 6-month 
Weekly One-Day Water-only Fasting Interventional 
(WONDERFUL) Trial.6 Galectin-3 modulates inflamma-
tion with proinflammatory actions during acute infection 
and anti-inflammatory functions when infection resolves.7 
It minimises risk from chronic metabolic disorders (eg, 
diabetes),8 and is elevated in patients with diabetes and 
heart failure (HF),9 perhaps as a protective mechanism 
to reduce risk (eg, the antidiabetes medication canagli-
flozin also increased galectin-310). Importantly, galectin-3 
directly binds to a wide variety of pathogens,7 activates the 
innate immune system,7 impacts respiratory infections,11 
increases expression of human genes encoding proteins 
with antiviral capacities12 and inhibits viral replication.12 
Given the wide array of pathogens affected by galectin-3,7 
it may also limit SARS-CoV-2 infection. The chronic 
increase of galectin-3 by intermittent fasting may,6 thus, 
provide a mechanistic link in which long-term participa-
tion in fasting could reduce COVID-19 severity.

Previously, routine periodic fasting was associated with 
lower risk of coronary artery disease (CAD),13 lower risk of 
type 2 diabetes,14 and—in patients with a >42-year history 
of fasting—improved longitudinal outcomes including 
greater survival and lower risk of incident HF.15 These 
associations may result from various mechanisms not 
related to weight loss.6 15–18 Such risk reductions by fasting 
of diagnoses that exacerbate the severity of COVID-19 
(eg, diabetes, CAD and HF19 20) may indirectly reduce 
COVID-19 severity, providing a possible third biological 
mechanism for fasting-induced protection from severe 
COVID-19 outcomes.

Due to these direct and indirect impacts of fasting on 
infectious disease outcomes, it is hypothesised that peri-
odic fasting is associated with lower COVID-19 severity in 
people infected by SARS-CoV-2. The primary objective of 
this study was to test whether periodic fasting is associated 
with the severe COVID-19 outcomes of hospitalisation 
and mortality after subjects were infected by SARS-CoV-2 
and diagnosed with COVID-19. A secondary objective 
was to test whether periodic fasting predicts the onset of 
COVID-19.

METHODS
Enrolment and ethics
This prospective observational cohort study evaluated 
patients who previously underwent cardiac catheterisa-
tion and completed a sociobehavioral survey regarding 
periodic fasting behaviour, education, income, marital 
status, exercise, work, race, ethnicity, alcohol intake and 
sleep behaviours. The survey was previously published.15

No subject was randomised in this study, but instead the 
long-term databasing and longitudinal surveillance of the 
INSPIRE (INtermountain Healthcare Biological Samples 
Collection Project and Investigational REgistry) registry 
were used. Subjects provided consent to participate and 
the INSPIRE registry collected clinical data, survey infor-
mation, biological samples and longitudinal outcomes 
of patients seen at Intermountain Medical Centre in Salt 
Lake City, Utah, USA. INSPIRE is detailed at ​clinicaltrials.​
gov (NCT02450006). This study of periodic fasting and 
COVID-19 outcomes evaluated INSPIRE data.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research 
study.

Population
Subjects included consenting patients who enrolled in 
the INSPIRE registry from 2013 to 2020 and completed 
the INSPIRE survey. They were adult women and men 
unrestricted with respect to age, sex, race or ethnicity who 
underwent cardiac catheterisation due to cardiac symp-
toms or clinical evaluation needs. Of the 8634 patients 
enrolled in the INSPIRE registry between 7 February 
2013 and 16 March 2020 (see figure  1 for a flow chart 
of included and excluded patients; see online supple-
mental table S1 for basic characteristics of patients not 
included in this study), 5795 patients (67.1%) completed 
the INSPIRE Survey and had registry demographics, 
cardiac risk factors, comorbidities, angiographic findings 
and prospective longitudinal outcomes available. That 
population was cross-referenced with patients who were 
tested at Intermountain for SARS-CoV-2 by PCR. Of the 
5795 subjects, 1682 (29.0%) were tested for COVID-19 
between 16 March 2020 and 25 February 2021, including 
1457 who tested negative and 225 who tested positive.

Study variables
Periodic fasting was defined based on two survey ques-
tions that inquired about whether patients engage in peri-
odic fasting and, if they ever have, for how many years 
they engaged in routine fasting during their lifetime.15 
Periodic fasting constituted routine fasting for 5 years 
or more, while not fasting included patients who never 
fasted routinely or who stopped their fasting routine prior 
to completing the survey. Patients who reported no peri-
odic fasting but who had a prior history of fasting for ≥5 
years (n=158) were excluded. Of the remaining 1524, 
n=205 tested positive for SARS-CoV-2 and constituted the 
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primary study population, while n=1319 tested negative 
and were included only in secondary analyses. Generally, 
such periodic fasting occurs due to religious practices; in 
past studies 89%–92% of patients engaging in periodic 
fasting were members of the Church of Jesus Christ of 
Latter-day Saints (LDS, or Mormon) among whom fasting 
is often done once per month for about 24 hours.13 15 
However, because in prior work ≈40% of LDS Church 
members reported that they engage in periodic fasting 
and religious preference did not confound the effect of 
fasting,13 15 and because the systematically shared health-
related behaviours like not smoking and not drinking 
alcohol were measured in this study, religious preference 
per se was not evaluated here.

Data elements for race, ethnicity, income, education, 
marital status, employment status, physical exercise 
(eg, swimming, jogging, aerobics, football, tennis, gym 
workout), cycling, walking and alcohol use were also 
drawn from the INSPIRE Survey. Age, sex, body mass 
index, smoking (current or past), other cardiac risk 
factors, and comorbidities were extracted electronically 
from the INSPIRE database or the electronic health 
record at the time of COVID-19 diagnosis. Coronary 
anatomy was reported by the attending cardiologist 
from angiographic findings at the time of the INSPIRE 
Survey.

Outcomes
Study end points of all-cause mortality and hospitalisation for 
COVID-19 were evaluated as a single composite end point, 
with the time to hospitalisation used in the event that both 
outcomes occurred. Mortal status was obtained from the 
Social Security death master file, Utah death certificates and 
Intermountain electronic health records, which allowed 
for complete follow-up for mortality. Hospitalisation for 
COVID-19 was queried electronically from encounters in 
the Intermountain electronic data warehouse that provides a 
centralised database of all hospitalisation information for the 
24 Intermountain hospitals in Utah and south-eastern Idaho. 
Because Intermountain provides the healthcare services to 
approximately two-thirds of people in that catchment region, 
>90% of hospitalisation events are captured by this method 
(and the small proportion of patients who may visit a hospital 
external to the integrated health system likely do not do so 
due to periodic fasting status).15 Mortality and hospitalisation 
outcomes were followed to 25 February 2021.

Statistical analysis
Baseline characteristics were evaluated between subjects 
who reported periodic fasting behaviour and those who 
reported being non-fasters, with statistical tests comparing 
differences by the Student’s t-test or the χ2 test, as appro-
priate. Statistical analyses were conducted with SPSS 
V.26.0 (IBM SPSS, Armonk, New York, USA). Statistical 
significance was defined as values of p≤0.05.

Cox regression was used to compute HRs and 95% CIs for 
the association of periodic fasting with the composite hospi-
talisation/mortality end point. The Wald approximation to 
the χ2 test was used to assess statistical significance in survival 
analyses. Kaplan-Meier survival curves were also drawn to 
graphically demonstrate the survival associations.

Multivariable Cox modelling evaluated periodic fasting 
with adjustments for 36 covariables (see table  1 for all 
covariables). Cox regressions were performed for each 
covariable and bivariable models entered periodic fasting 
with a single covariable. Because of the number of hospi-
talisation and mortality events observed (46 events), Cox 
analyses were limited to a maximum of four variables per 
model. Variables with three or four variables entered peri-
odic fasting and age along with one or two others to assess 
significance and confounding. A confounding effect of a 
covariable was defined as a change of >10% of the β-coef-
ficient of periodic fasting in Cox regression.

RESULTS
Baseline characteristics of n=205 patients diagnosed with 
COVID-19 are presented in table 1 (see below for details 
of the 1524 tested for COVID-19). Subjects engaging in 
periodic fasting (35.6%) did so for 40.4±20.6 years (max: 
81.9 years), with 36.7±20.4 of those years being prior 
to enrolment in the INSPIRE registry and 3.7±2.9 years 
being between enrolment and when the subjects tested 
positive for SARS-CoV-2.

Figure 1  Enrolment and selection of individuals for this 
study. CONSORT, Consolidated Standards of Reporting 
Trials.
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Table 1  Baseline characteristics of patients who were diagnosed with COVID-19

Characteristic Overall Periodic fasting Non-fasting P value

Sample size n=205 n=73 n=132 -----

Age (years)* 63.5±15.1 63.1±14.8 63.7±15.3 0.80

Sex (female)* 37.1% 39.7% 35.6% 0.56

Race (non-white)† 5.90% 1.40% 8.30% 0.042

Ethnicity (Hispanic)† 3.90% 2.70% 4.50% 0.52

BMI (kg/m2)* 31.1±7.9 30.4±8.2 31.5±7.7 0.36

Alcohol†

 � Non-drinker 71.2% 89.0% 61.4% <0.001

 � <1 drink/week 16.6% 6.8% 22.0%

 � 1–7 drinks/week 9.3% 2.7% 12.9%

 � >7 drinks/week 1.0% 0.0% 1.5%

 � Declined 2.0% 1.4% 2.3%

Hypertension* 86.3% 87.7% 85.6% 0.68

Hyperlipidaemia* 81.5% 80.8% 81.8% 0.86

Smoking† 28.3% 15.1% 35.6% 0.002

Diabetes* 41.5% 37.0% 43.9% 0.33

CAD history* 75.1% 75.3% 75.0% 0.96

MI history* 20.5% 19.2% 21.2% 0.73

Heart failure* 58.0% 54.8% 59.8% 0.48

Atrial fibrillation* 47.8% 41.1% 51.5% 0.15

Dementia* (n=189) 0.50% 1.50% 0.00% 0.35

Stroke* 11.7% 12.3% 11.4% 0.84

TIA* 12.7% 12.3% 12.9% 0.91

PAD* 8.80% 6.80% 9.80% 0.47

Renal failure* 2.10% 3.00% 1.60% 0.54

Asthma* 32.7% 21.9% 38.6% 0.015

COPD* 18.0% 11.0% 22.0% 0.0497

Depression* 44.4% 38.4% 47.7% 0.20

Anxiety* 40.0% 39.7% 40.2% 0.95

Cancer* 15.6% 12.3% 17.4% 0.34

Immune disease* 12.7% 13.7% 12.1% 0.75

Liver disease* 27.8% 28.8% 27.3% 0.82

PCI history* 24.4% 20.5% 26.5% 0.34

CABG history* 10.7% 6.8% 12.9% 0.18

CAD severity (maximum coronary stenosis)†

 � None (<10%) 52.9% 53.7% 52.5% 0.94

 � Mild (10%–60%) 12.7% 13.4% 12.3%

 � Severe (≥70%) 34.4% 32.8% 35.2%

Education†

 � Junior high 3.4% 4.1% 3.0% <0.001

 � High school 21.5% 9.6% 28.0%

 � College 61.0% 63.0% 59.8%

 � Graduate school 10.2% 20.5% 4.5%

 � Declined 3.9% 2.7% 4.5%

*Data obtained at COVID-19 diagnosis.
†Data obtained at INSPIRE enrolment (not shown: annual income, p=0.94; married, p=0.34; employed, p=0.84; exercise, p=0.24; cycling, p=0.66; walking, p=0.13).
BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; 
PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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In the n=205 patients with COVID-19, 11.0% of fasters 
and 28.8% of non-fasters had hospitalisation/mortality 
(figure 2). This constituted a total of 46 composite study 
events, or 40 hospitalisations without death, 4 hospitalisa-
tions ending in death and 2 deaths without hospitalisation. 
The association of periodic fasting with the composite 
end point had HR=0.61 (CI 0.42 to 0.90; p=0.013). 
Fasting remained significant in all multivariable anal-
yses (table 2), with a range of HR=0.61–0.65 depending 
on the covariables that were entered (p=0.015–0.036). 
Results for periodic fasting were similar in subjects 
<65 years (figure 3A) and ≥65 years of age (figure 3B), 
although splitting the population into the two subgroups 
(n=104 and n=101, respectively) reduced the statistical 
significance in both age groups.

Covariables that were associated with the composite 
outcome in models that also entered periodic fasting 
included: age (HR=1.32 per decade, p=0.009; or, 
compared with age decade 40–49, age 70–79: HR=3.05, 
p=0.09, and age 80+: HR=3.79, p=0.043), Hispanic 
ethnicity (HR=3.31, p=0.023), hyperlipidaemia (HR=3.88, 
p=0.024) or smoking (HR=1.89, p=0.046). Comorbidities 
also predicted hospitalisation or mortality in two-variable 
models entering periodic fasting and one of these: history 
of CAD (HR=4.11, p=0.007), myocardial infarction 
(MI) history (HR=2.28, p=0.009), HF history (HR=1.90, 
p=0.050), diabetes history (HR=1.83, p=0.048), transient 
ischemic attack (TIA) history (HR=2.79, p=0.002) or renal 
failure history (HR=5.03, p=0.008). These covariable asso-
ciations became less significant when age was added to 
models, with most of the covariables listed above having 
p>0.05 in three-variable models that also entered age and 
periodic fasting. In four-variable models entering peri-
odic fasting, age, Hispanic ethnicity and one comorbidity, 
the only comorbidities retaining significance at p≤0.05 
were MI history, TIA history and renal failure history (see 
table 2 footnotes for further information).

For the secondary analysis of positive (indicating infec-
tion by SARS-CoV-2) versus negative test results, the n=205 

COVID-19-positive patients focused on in this paper were 
evaluated along with n=1319 patients who tested negative 
and had INSPIRE survey and other study data available. 
For the baseline characteristics of these patients, see 
online supplemental table S2. In this expanded popula-
tion, subjects who routinely engaged in periodic fasting 
had a similar frequency (p=0.51) of positive test results 
(14.3% positive, or 73 of 512 subjects who engaged in 
periodic fasting) compared with subjects who were non-
fasters (13.0% positive for SARS-CoV-2, or 132 of 1012 
non-fasting subjects).

Figure 2  Kaplan-Meier survival curves showing the 
differential hospitalisation/mortality events of patients 
diagnosed with COVID-19 who routinely engaged in periodic 
fasting compared with those who did not engage in fasting 
(p=0.013, n=205).

Table 2  HRs and 95% CIs for the association of periodic 
fasting with lower risk of hospitalisation/mortality in patients 
who were diagnosed with COVID-19

Cox models: Periodic fasting 
plus the indicated variables

HR (95% CI) for periodic 
fasting P value for periodic 
fasting

Univariable 0.61 (0.42 to 0.90) 0.013

Models with 1–2 covariables* (with each variable having multivariable 
p<0.15†)

Age‡ 0.62 (0.42 to 0.92) 0.017

Age‡, race 0.65 (0.44 to 0.96) 0.03

Age‡, ethnicity‡ 0.62 (0.42 to 0.92) 0.018

Age‡, alcohol consumption 0.63 (0.42 to 0.94) 0.023

Age‡, smoking 0.65 (0.44 to 0.97) 0.036

Age‡, hyperlipidaemia history 0.62 (0.42 to 0.92) 0.017

Age, history of CAD‡ 0.62 (0.42 to 0.91) 0.015

Age‡, MI history‡ 0.63 (0.43 to 0.93) 0.02

Age‡, history of HF 0.63 (0.43 to 0.93) 0.019

Age‡, diabetes history 0.63 (0.43 to 0.93) 0.021

Age‡, TIA history‡ 0.62 (0.42 to 0.92) 0.017

Age‡, renal failure history‡ 0.62 (0.42 to 0.92) 0.018

Age‡, history of anxiety 0.61 (0.41 to 0.91) 0.014

Models with three covariables* (with each variable having 
multivariable p<0.05)

Age‡, ethnicity,‡ MI history‡ 0.63 (0.43 to 0.93) 0.019

Age‡, ethnicity, ‡ TIA history‡ 0.62 (0.42 to 0.92) 0.018

Age‡, ethnicity‡, renal failure 
history‡

0.63 (0.42 to 0.93) 0.021

*A maximum of four variables per model (including periodic fasting) 
were allowed given the number of hospitalisations and deaths (46 
events: 40 hospitalisations, 4 hospitalisations with death, 2 deaths 
without hospitalisation).
†Covariables with p>0.15 were: sex, BMI, history of hypertension, 
atrial fibrillation history, stroke history, cancer history, asthma history, 
COPD history, dementia, immune disease, history of liver disease, 
history of PAD, history of CABG, history of PCI, CAD severity, history 
of depression, education, income, employment status, marital status, 
physical exercise, cycling and walking.
‡This variable had p<0.05 in the listed multivariable model.
BMI, body mass index; CABG, coronary artery bypass grafting; 
CAD, coronary artery disease; COPD, chronic obstructive pulmonary 
disease; HF, heart failure; MI, myocardial infarction; PAD, peripheral 
arterial disease; PCI, percutaneous coronary intervention; TIA, 
transient ischemic attack.
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DISCUSSION
In patients who previously enrolled in the INSPIRE registry 
and subsequently tested positive for SARS-CoV-2 in 2020 
or early 2021 prior to widespread vaccination, subjects 
who reported engaging in routine periodic fasting for an 
average of >40 years had a lower risk of hospitalisation or 
mortality after COVID-19 onset. This result was found in 
younger and older individuals, was present regardless of 
race or ethnicity, and did not depend on other cardiac 
risk factors, comorbidities or behaviours. Periodic fasting 
did not, however, predict whether or not a subject would 
be infected by SARS-CoV-2.

The degree to which COVID-19 resulted in hospitalisa-
tion and mortality throughout the world varied substan-
tially during the pandemic. This is due to many health, 
medical, biological and healthcare issues, as well as social 
and political challenges, that resulted in a complex patch-
work of differences in risk of hospitalisation and mortality 
across populations. Some of the factors involved in that 
variation include a population’s age distribution, its racial 
and ethnic composition, cardiovascular risk factor preva-
lences, and the distribution of comorbidities.19 20 Various 
mitigating factors specific to populations may also have 
lowered the severity of COVID-19.

Prior to SARS-CoV-2 vaccines, Utah and Alaska were 
the only US states with a COVID-19 case fatality rate <1% 
(both were ≈0.5%).21 Alaska has the 49th largest state 

population and before December 2021 had ≈47th highest 
number of COVID-19 cases.21 Its low case fatality could be 
anticipated because it is a geographical isolate to which 
COVID-19 arrived relatively late. Alaska’s public health 
officials had time to prepare and execute an aggressive 
mitigation programme that delayed widespread infection. 
Further, Alaska has the lowest number of nursing home 
beds in the USA (at ≈700 beds, vs Utah’s ≈8500 beds).22 
Utah has the 30th largest state population and before 
December 2021 had ≈28th highest case count,21 and 
shares some characteristics with Alaska that are relevant to 
COVID-19 severity: Utah has the lowest median age in the 
USA (Alaska has the second lowest) and is ranked as the 
state with the fourth lowest rate of coronary heart disease 
(Alaska is ranked eighth lowest).23 A low case fatality rate 
in Utah could also have occurred because the state has 
the lowest smoking rate in the USA, has a limited racial/
ethnic diversity (39th highest proportion of minorities), 
and had various healthcare system efforts that may have 
limited the severity of cases. Finally, Utah has the lowest 
per capita ethanol consumption in the USA that may have 
limited the spread of COVID-19 at bars and other social 
locales, but a connection of alcohol to COVID-19 severity 
is unconfirmed.

Given those characteristics of the Utah population, 
when survival analyses adjusted here for age, smoking, 
alcohol, race, ethnicity, CAD history, MI history, HF 
history and other factors, periodic fasting remained an 
independent predictor of a lower risk of hospitalisa-
tion or mortality. Because  >60% of Utah residents are 
members of the LDS Church, routine periodic fasting is a 
common practice in the state. In this and previous studies 
at Intermountain, 27%–36% of all patients reported 
routinely engaging in periodic fasting,13–15 and had done 
so for more than four decades on average (with age aver-
aging >60 years).15 Although these data suggest that only 
about a third of the Utah population engages routinely in 
periodic fasting, this is substantially higher than in other 
US states and may have contributed to the low COVID-19 
case fatality rate for the state.

Periodic fasting was previously reported to be associ-
ated with lower mortality and lower HF incidence in a 
cohort of almost 2000 patients.15 A trend towards lower 
MI incidence was also found in that study.15 Further, peri-
odic fasting was associated with a lower risk of CAD and a 
lower risk of diabetes in cross-sectional studies.13 14 In the 
present study, in addition to the association of periodic 
fasting with a lower risk of hospitalisation or mortality, 
various factors including many comorbidities were asso-
ciated with a greater risk of hospitalisation or mortality. 
These findings support published predictors of COVID-19 
severity,19 20 and extend the list by adding routine fasting 
as a predictor of lower COVID-19 severity.

Previously in a study of 24-hour water-only intermittent 
fasting, fatty acids including linoleic acid were increased 
during fasting.4 Linoleic acid locks the spike protein of 
SARS-CoV-2 in a conformation that is not conducive to 
the effective binding to ACE2.5 Elevated linoleic acid 

Figure 3  Kaplan-Meier survival curves for hospitalisation/
mortality of patients diagnosed with COVID-19 who engaged 
in periodic fasting compared with patients who did not, in 
strata defined by: (A) Age <65 years (p=0.07, n=104) and (B) 
Age ≥65 years (p=0.09, n=101).
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during fasting may, thus, lessen the number of infected 
cells or the number of SARS-CoV-2 virions in cells and 
thereby decrease the severity of COVID-19. Ketogenic 
diets that cause a switch of energy source from glucose to 
fatty acids/ketones should also provide this benefit. This 
provides one mechanism in which fasting may directly 
enhance immune function related to COVID-19 mitiga-
tion, while other more general immune-related mecha-
nisms exist.

A loss of appetite is a typical response to infection, 
which may indicate that the human body has intrinsic 
mechanisms for initiating fasting in order to activate the 
immune system, as proposed by an animal study.24 While 
that finding requires testing in humans, other evidence 
supports the activation of general immune responses 
and autophagy by fasting.25 26 Interestingly, small human 
studies reveal that intermittent fasting blunts CD4+ T cell 
responsiveness during fasting by upregulating insulin-
like growth factor binding protein 1 and FOXO4/
FK506-binding protein 5,27 28 and that fasting generally 
suppresses the production of proinflammatory cyto-
kines.25 Often in severe COVID-19 the human immune 
system over-reacts to SARS-CoV-2 infection and the 
consequent hyperinflammation can result in respiratory 
failure.29 Fasting during an active infection could, thus, 
bolster the immune response through pathways not 
involved in the standard inflammatory response to infec-
tion while minimising severe inflammatory outbursts. It 
may also counteract the inhibition of autophagy that is 
caused by SARS-CoV-2.30 31 Immunomodulation by fasting 
and its effects on autophagy with respect to COVID-19 
require further study.

Very frequent intermittent fasting such as alternate-day 
fasting or uninterrupted multiple-day fasting is chal-
lenging. Even lower frequency or shorter duration fasting 
(eg, 16-hour time-restricted eating18 or 24-hour once-
per-week fasting32) over a long period of time (ie, years/
decades) may prevent chronic disease onset or reduce the 
severity of existing chronic diseases13–15 and, thus, prepare 
the body to prevent severe COVID-19 outcomes.26 This 
may occur as fasting prevents or treats morbidities13–15 32 33 
that increase the risk of severe COVID-19 outcomes, such 
as CAD, MI, HF and diabetes.19 20 A variety of mechanisms 
may be involved in the long-term prevention and treat-
ment of those diseases (which mechanisms are beyond 
the scope of this study),4 6 16–18 26 30–37 and, as a preventive 
health practice, periodic fasting may indirectly prevent 
severe COVID-19 by its long-term impacts on those 
disease mechanisms and comorbidities.25 26 38

Finally, a periodic fasting lifestyle may condition 
the body by elevating basal levels of key physiological 
parameters in preparation for insults such as infection. 
A randomised human study of low-frequency (once-per-
week) 24-hour water-only intermittent fasting showed that 
fasting increased basal galectin-3 level over a moderate 
term (6 months).6 Galectin-3 is integrally involved in 
host defence to infectious diseases.7 11 12 Further, galec-
tin-3 stimulates anti-inflammatory effects by modulating 

nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) and the NLR family pyrin domain 
containing 3 (NLRP3) inflammasome,8 which should 
inhibit the hyperinflammation associated with COVID-19. 
The routine practice of once-per-month fasting for >40 
years that is reported here is lower-frequency fasting over 
a longer term and may have conditioned the body by 
elevating basal galectin-3 and optimising basal levels of 
other factors that aided in preventing severe complica-
tions of COVID-19. Further study is needed of how fasting 
may impact the human immune system.

This study is potentially limited by the observational 
nature in which subjects engaging in periodic fasting were 
not randomised to the behaviour. Incomplete adjustment 
for important confounders or failure to measure some 
confounders may have limited the ability to correctly 
assign risk to the variables under study. However, 36 
covariables were evaluated and none of them substan-
tially modified the association of periodic fasting with 
hospitalisation/mortality, including smoking and others 
that may share some covariation with periodic fasting 
in the study population. The enrolment of study partic-
ipants at the time of angiography may have introduced 
selection biases that further limit the study; figure 1 and 
online supplemental table S1 provide information about 
enrolment characteristics.

Fasting history was self-reported after years of partici-
pation in the practice, which may have caused data to be 
imprecise due to recall bias; however, the vast majority 
of people who report fasting also report membership in 
the LDS Church (89%–92% in past evaluations13 15) and 
fast routinely for religious purposes, thus the average 
definition of periodic fasting here is a 24-hour fast once 
per month that was followed consistently for an average 
of 40.4 years (see Results). More than 60% of Utahns 
identify as members of the LDS Church; however, since 
fewer than half of LDS Church members report that they 
engage in periodic fasting,13 15 many of the other factors 
that may be systematically shared in the Utah population 
(eg, not smoking, not drinking alcohol, being married) 
were shared by both those who engaged in fasting and 
those who did not. Consequently, confounding from 
systematically shared religion-related characteristics is less 
of an issue for this study than may be commonly assumed. 
Additionally, adjustment for variables such as smoking, 
alcohol use, marital status and other factors corrected for 
shared health-related characteristics that could confound 
the association of periodic fasting with study outcomes.

The case fatality rate in the USA was around 3% prior 
to the advent of SARS-CoV-2 vaccines,21 and this study’s 
mortality rate was similar: 6 of 205 subjects (2.93%) died. 
This partly reflects that this population was a higher-risk 
group than the general population due to the prevalence 
of morbidities, older age and existence of cardiovascular 
conditions requiring medical care. Thus, the findings of 
this study may not generalise to the overall population 
and interpretation should be made with caution. Unfor-
tunately, no data on common side effects of fasting such 
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as muscle loss were available here and such potential side 
effects should be considered in future studies. As with all 
medical interventions, assessment of the risks and not 
just the benefits of intermittent fasting should be made 
when considering its use for health purposes, including 
for people with chronic diseases.39

CONCLUSIONS
Routine periodic fasting was associated with a lower risk 
of hospitalisation or mortality in patients with COVID-19. 
While fasting is not a panacea or a quick fix for health 
problems, low-frequency fasting improves cardiometa-
bolic health even without significant weight loss,18 32 and 
multiple biological mechanisms4–8 11 12 24–28 30 31 33 and 
epidemiological results13–15 19 20 support the idea that 
consistent fasting may limit COVID-19 severity. Fasting 
may do so via acute but temporary physiological changes 
during energy deprivation and by persistent modification 
of basal physiological norms and reduction of chronic 
disease risks across repeated fasting episodes. The primary 
mechanisms may include hyperinflammation control and 
strengthening of some immunity pathways.

Sustainable intermittent fasting regimens deserve 
further investigation for potential short-term and long-
term preventive or therapeutic use as a complementary 
therapy to vaccines to reduce COVID-19 severity, both 
during the pandemic and postpandemic since repeat 
vaccinations cannot be performed every few months 
indefinitely for the entire world and vaccine access is 
limited in many nations. Investigations of the effect of 
fasting on long COVID-19 should be included in new 
studies that are conducted.

Author affiliations
1Intermountain Heart Institute, Intermountain Medical Center, Salt Lake City, Utah, 
USA
2Department of Medicine, Division of Cardiovascular Medicine, Stanford University, 
Stanford, California, USA
3Department of Internal Medicine, Cardiology Division, University of Utah, Salt Lake 
City, Utah, USA
4Department of Physician Assistant Studies, Rocky Mountain University of Health 
Professions, Provo, Utah, USA
5Department of Medicine, Division of Cardiovascular Medicine, University of 
California San Diego, La Jolla, California, USA

Twitter Benjamin D Horne @DrBenjaminHorne

Contributors  BDH as guarantor accepts full responsibility for the work and 
the conduct of the study, had full access to all study data, and controlled the 
decision to publish. Conception and design: BDH, JBM, JLA; acquisition, analysis, 
or interpretation of data: BDH, JBM, HTM, VTL, TLB, KUK, JLA; drafting of the 
manuscript: BDH, JLA; critical revision for important intellectual content: JBM, HTM, 
TLB, VTL, KUK; final approval of the submitted manuscript: BDH, JBM, HTM, TLB, 
VTL, KUK, JLA; agreement to be accountable for all aspects of the work: BDH, JBM, 
HTM, TLB, VTL, KUK, JLA. The corresponding author attests that all listed authors 
meet authorship criteria and that no others meeting the criteria have been omitted.

Funding  This research was funded by a grant from the Intermountain Research 
and Medical Foundation through the philanthropy of the Dell Loy Hansen Heart 
Foundation (PI: BDH; grant #614).

Disclaimer  The funders had no role in the design of the study; in the collection, 
analyses, or interpretation of data; in the writing of the manuscript; or in the 
decision to publish the results.

Competing interests  All authors have completed the ICMJE uniform disclosure 
form at http://www.icmje.org/disclosure-of-interest/ and declare: funding from the 
Intermountain Research and Medical Foundation through the philanthropy of the 
Dell Loy Hansen Heart Foundation for the submitted work; BDH has also received 
other research grants from the Intermountain Research and Medical Foundation 
for other fasting-related studies, but the authors have no financial relationships 
with any organisations that might have an interest in the submitted work in the 
previous three years; BDH is a member of the scientific advisory boards of Opsis 
Health and Lab Me Analytics outside of the submitted work; BDH received a grant 
from AstraZeneca for prepandemic clinical risk prediction in percutaneous coronary 
intervention outside the submitted work, and BDH, HTM and JLA are inventors of 
clinical decision tools that are licensed to CareCentra and Alluceo.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved by 
the Intermountain Healthcare Institutional Review Board. The INSPIRE registry was 
approved as IRB number 1024811 and the present study of periodic fasting in the 
INSPIRE registry as IRB number 1051223. Participants gave informed consent to 
participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed by 
Mohamed Allaf, United Kingdom of Great Britain and Northern Ireland.

Data availability statement  Data are available upon reasonable request. The data 
underlying this article cannot be shared publicly due to US privacy laws. Data are 
available upon reasonable request to the corresponding author.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Benjamin D Horne http://orcid.org/0000-0002-2656-0263

REFERENCES
	 1	 Cahill GF, Herrera MG, Morgan AP, et al. Hormone-fuel 

interrelationships during fasting. J Clin Invest 1966;45:1751–69.
	 2	 Ruderman NB, Aoki TT, Cahill GF. Gluconeogenesis and its disorders 

in man. In: Hanson RW, Mehlman MA, eds. Gluconeogenesis: its 
regulation in mammalian species. New York: Wiley, 1976: pp 515–30.

	 3	 Owen OE, Reichard GA, Patel MS. Energy Metabolism in Feasting 
and Fasting. In: Klachko DM, Anderson RR, Heimberg M, eds. 
Hormones and energy metabolism. advances in experimental 
medicine and biology. 111, 1979.

	 4	 Washburn RL, Cox JE, Muhlestein JB, et al. Pilot Study of Novel 
Intermittent Fasting Effects on Metabolomic and Trimethylamine N-
oxide Changes During 24-hour Water-Only Fasting in the FEELGOOD 
Trial. Nutrients 2019;11:246.

	 5	 Toelzer C, Gupta K, Yadav SKN, et al. Free fatty acid binding pocket 
in the locked structure of SARS-CoV-2 spike protein. Science 
2020;370:725–30.

	 6	 Horne BD, Anderson JL, May HT, et al. Intermittent fasting and 
changes in galectin-3: a secondary analysis of a randomized 
controlled trial of disease-free subjects. Nutr Metab Cardiovasc Dis 
2022;32:1538–48.

	 7	 Díaz-Alvarez L, Ortega E. The many roles of galectin-3, a 
multifaceted molecule, in innate immune responses against 
pathogens. Mediators Inflamm 2017;2017:1–10.

	 8	 Pugliese G, Iacobini C, Pesce CM, et al. Galectin-3: an emerging 
all-out player in metabolic disorders and their complications. 
Glycobiology 2015;25:136–50.

	 9	 Ho JE, Liu C, Lyass A, et al. Galectin-3, a marker of cardiac fibrosis, 
predicts incident heart failure in the community. J Am Coll Cardiol 
2012;60:1249–56.

 on July 13, 2022 by guest. P
rotected by copyright.

http://nutrition.bm
j.com

/
B

M
JN

P
H

: first published as 10.1136/bm
jnph-2022-000462 on 1 July 2022. D

ow
nloaded from

 

https://twitter.com/DrBenjaminHorne
http://www.icmje.org/disclosure-of-interest/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2656-0263
http://dx.doi.org/10.1172/JCI105481
http://dx.doi.org/10.3390/nu11020246
http://dx.doi.org/10.1126/science.abd3255
http://dx.doi.org/10.1016/j.numecd.2022.03.001
http://dx.doi.org/10.1155/2017/9247574
http://dx.doi.org/10.1093/glycob/cwu111
http://dx.doi.org/10.1016/j.jacc.2012.04.053
http://nutrition.bmj.com/


9Horne BD, et al. bmjnph 2022;0:e000462. doi:10.1136/bmjnph-2022-000462

BMJ Nutrition, Prevention & Health�

	10	 Januzzi JL, Butler J, Jarolim P, et al. Effects of Canagliflozin on 
Cardiovascular Biomarkers in Older Adults With Type 2 Diabetes. J 
Am Coll Cardiol 2017;70:704–12.

	11	 Wang W-H, Lin C-Y, Chang MR, et al. The role of galectins in virus 
infection - A systemic literature review. J Microbiol Immunol Infect 
2020;53:925–35.

	12	 Li S-W, Yang T-C, Lai C-C, et al. Antiviral activity of aloe-emodin 
against influenza A virus via galectin-3 up-regulation. Eur J 
Pharmacol 2014;738:125–32.

	13	 Horne BD, May HT, Anderson JL, et al. Usefulness of routine periodic 
fasting to lower risk of coronary artery disease in patients undergoing 
coronary angiography. Am J Cardiol 2008;102:814–9.

	14	 Horne BD, Muhlestein JB, May HT, et al. Relation of routine, 
periodic fasting to risk of diabetes mellitus, and coronary artery 
disease in patients undergoing coronary angiography. Am J Cardiol 
2012;109:1558–62.

	15	 Bartholomew CL, Muhlestein JB, Anderson JL, et al. Association of 
periodic fasting lifestyles with survival and incident major adverse 
cardiovascular events in patients undergoing cardiac catheterization. 
Eur J Prev Cardiol 2022;28:1774–81.

	16	 Horne BD, Muhlestein JB, Lappé DL, et al. Randomized cross-over 
trial of short-term water-only fasting: metabolic and cardiovascular 
consequences. Nutr Metab Cardiovasc Dis 2013;23:1050–7.

	17	 Spark RF, Arky RA, Boulter PR, et al. Renin, aldosterone and 
glucagon in the natriuresis of fasting. N Engl J Med 1975;292:e40.

	18	 Sutton EF, Beyl R, Early KS, et al. Early time-restricted feeding 
improves insulin sensitivity, blood pressure, and oxidative stress 
even without weight loss in men with prediabetes. Cell Metab 
2018;27:1212–21.

	19	 Yonas E, Alwi I, Pranata R, et al. Effect of heart failure on the 
outcome of COVID-19 - A meta analysis and systematic review. Am J 
Emerg Med 2021;46:204–11.

	20	 Chidambaram V, Tun NL, Haque WZ, et al. Factors associated with 
disease severity and mortality among patients with COVID-19: a 
systematic review and meta-analysis. PLoS One 2020;15:e0241541.

	21	 Dong E, Du H, Gardner L. An interactive web-based dashboard to 
track COVID-19 in real time. Lancet Infect Dis 2020;20:533–4.

	22	 US centers for disease control and prevention. Available: https://
www.cdc.gov/nchs/data/hus/2017/092.pdf [Accessed 1 Mar 2022].

	23	 Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke 
statistics-2021 update: a report from the American heart association. 
Circulation 2021;143:e254–743.

	24	 Graef FA, Celiberto LS, Allaire JM, et al. Fasting increases 
microbiome-based colonization resistance and reduces host 
inflammatory responses during an enteric bacterial infection. PLoS 
Pathog 2021;17:e1009719.

	25	 Hannan MA, Rahman MA, Rahman MS, et al. Intermittent fasting, 
a possible priming tool for host defense against SARS-CoV-2 
infection: crosstalk among calorie restriction, autophagy and immune 
response. Immunol Lett 2020;226:38–45.

	26	 Ealey KN, Phillips J, Sung H-K. COVID-19 and obesity: fighting 
two pandemics with intermittent fasting. Trends Endocrinol Metab 
2021;32:706–20.

	27	 Han K, Singh K, Rodman MJ, et al. Fasting-induced FOXO4 
blunts human CD4+ T helper cell responsiveness. Nat Metab 
2021;3:318–26.

	28	 Han K, Singh K, Rodman MJ, et al. Identification and Validation of 
Nutrient State-Dependent Serum Protein Mediators of Human CD4+ 
T Cell Responsiveness. Nutrients 2021;13:1492.

	29	 Webb BJ, Peltan ID, Jensen P, et al. Clinical criteria for COVID-19-
associated hyperinflammatory syndrome: a cohort study. Lancet 
Rheumatol 2020;2:e754–63.

	30	 Zhang Y, Sun H, Pei R, et al. The SARS-CoV-2 protein ORF3a inhibits 
fusion of autophagosomes with lysosomes. Cell Discov 2021;7:31.

	31	 Silva RCMC, Ribeiro JS, da Silva GPD, et al. Autophagy modulators 
in coronavirus diseases: a double strike in viral burden and 
inflammation. Front Cell Infect Microbiol 2022;12:845368.

	32	 Bartholomew CL, Muhlestein JB, May HT, et al. Randomized 
controlled trial of once-per-week intermittent fasting for 
health improvement: the WONDERFUL trial. Eur Heart J Open 
2021;1:oeab026..

	33	 Carter S, Clifton PM, Keogh JB. Effect of intermittent compared with 
continuous energy restricted diet on glycemic control in patients with 
type 2 diabetes: a randomized Noninferiority trial. JAMA Netw Open 
2018;1:e180756.

	34	 Roger VL. Epidemiology of heart failure. Circ Res 2013;113:646–59.
	35	 Johnson SC, sensing N. Signaling and ageing: The role of IGF-

1 and mTOR in ageing and age-related disease. In: Subcellular 
biochemistry. Singapore: Springer, 2018: 49–97.

	36	 Arcopinto M, Bobbio E, Bossone E, et al. The GH/IGF-1 axis in 
chronic heart failure. Endocr Metab Immune Disord Drug Targets 
2013;13:76–91.

	37	 Kamel SK, Lin SH, Cheema-Dhadli S, et al. Prolonged total fasting: a 
feast for the integrative physiologist. Kidney Int 1998;53:531–9.

	38	 Gnoni M, Beas R, Vásquez-Garagatti R. Is there any role of 
intermittent fasting in the prevention and improving clinical 
outcomes of COVID-19?: intersection between inflammation, 
mTOR pathway, autophagy and calorie restriction. Virusdisease 
2021;32:625–34.

	39	 Horne BD, Grajower MM, Anderson JL. Limited evidence for the 
health effects and safety of intermittent fasting among patients with 
type 2 diabetes. JAMA 2020;324:341–2.

 on July 13, 2022 by guest. P
rotected by copyright.

http://nutrition.bm
j.com

/
B

M
JN

P
H

: first published as 10.1136/bm
jnph-2022-000462 on 1 July 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jacc.2017.06.016
http://dx.doi.org/10.1016/j.jacc.2017.06.016
http://dx.doi.org/10.1016/j.jmii.2019.09.005
http://dx.doi.org/10.1016/j.ejphar.2014.05.028
http://dx.doi.org/10.1016/j.ejphar.2014.05.028
http://dx.doi.org/10.1016/j.amjcard.2008.05.021
http://dx.doi.org/10.1016/j.amjcard.2012.01.379
http://dx.doi.org/10.1093/eurjpc/zwaa050
http://dx.doi.org/10.1016/j.numecd.2012.09.007
http://dx.doi.org/10.1056/NEJM197506192922506
http://dx.doi.org/10.1016/j.cmet.2018.04.010
http://dx.doi.org/10.1016/j.ajem.2020.07.009
http://dx.doi.org/10.1016/j.ajem.2020.07.009
http://dx.doi.org/10.1371/journal.pone.0241541
http://dx.doi.org/10.1016/S1473-3099(20)30120-1
https://www.cdc.gov/nchs/data/hus/2017/092.pdf
https://www.cdc.gov/nchs/data/hus/2017/092.pdf
http://dx.doi.org/10.1161/CIR.0000000000000950
http://dx.doi.org/10.1371/journal.ppat.1009719
http://dx.doi.org/10.1371/journal.ppat.1009719
http://dx.doi.org/10.1016/j.imlet.2020.07.001
http://dx.doi.org/10.1016/j.tem.2021.06.004
http://dx.doi.org/10.1038/s42255-021-00356-0
http://dx.doi.org/10.3390/nu13051492
http://dx.doi.org/10.1016/S2665-9913(20)30343-X
http://dx.doi.org/10.1016/S2665-9913(20)30343-X
http://dx.doi.org/10.1038/s41421-021-00268-z
http://dx.doi.org/10.3389/fcimb.2022.845368
http://dx.doi.org/10.1093/ehjopen/oeab026
http://dx.doi.org/10.1001/jamanetworkopen.2018.0756
http://dx.doi.org/10.1161/CIRCRESAHA.113.300268
http://dx.doi.org/10.2174/1871530311313010010
http://dx.doi.org/10.1046/j.1523-1755.1998.00803.x
http://dx.doi.org/10.1007/s13337-021-00703-5
http://dx.doi.org/10.1001/jama.2020.3908
http://nutrition.bmj.com/

	Association of periodic fasting with lower severity of COVID-­19 outcomes in the SARS-­CoV-­2 prevaccine era: an observational cohort from the INSPIRE registry
	Abstract
	Introduction﻿﻿
	Methods
	Enrolment and ethics
	Patient and public involvement
	Population
	Study variables
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


