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Abstract Rapamycin (sirolimus) is an FDA-
approved drug with immune-modulating and growth-
inhibitory properties. Preclinical studies have shown 
that rapamycin extends lifespan and healthspan met-
rics in yeast, invertebrates, and rodents. Several phy-
sicians are now prescribing rapamycin off-label as a 
preventative therapy to maintain healthspan. Thus far, 
however, there is limited data available on side effects 
or efficacy associated with use of rapamycin in this 

context. To begin to address this gap in knowledge, 
we collected data from 333 adults with a history of 
off-label use of rapamycin by survey. Similar data 
were also collected from 172 adults who had never 
used rapamycin. Here, we describe the general char-
acteristics of a patient cohort using off-label rapamy-
cin and present initial evidence that rapamycin can be 
used safely in adults of normal health status.
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Introduction

Geroscience is a rapidly emerging field that aims to 
better understand the mechanisms linking biological 
aging with age-related functional decline and dis-
ease [1–3]. Several hallmarks or pillars of aging have 
been identified that contribute to or reflect biologi-
cal aging. Interventions targeting these hallmarks of 
aging are being developed for potential clinical appli-
cation to increase healthspan and delay the onset of 
age-related morbidities [4–7]. The long time frames 
and large cohort sizes required to demonstrate effi-
cacy in clinical trials evaluating age-related end-
points in otherwise disease-free adults are a particu-
lar challenge associated with development of novel 
geroscience therapies [8, 9]. A variety of strategies 
are being applied to address this challenge, includ-
ing combining multiple age-related diseases into a 
single composite endpoint, development of biomark-
ers or biological aging “clocks” that may one day 
serve as surrogate endpoints, and targeting individual 
age-related disorders using traditional clinical trial 
structures.

Repurposing and off-label use of drugs already 
approved by the US Food and Drug Administration 
(FDA) has become a popular approach in transla-
tional geroscience [6, 10, 11]. Among the FDA-
approved drugs being used in this way are metformin 
and rapamycin (sirolimus, Rapamune). Both agents 
have been reported to extend lifespan and healthspan 
in laboratory animals and are being actively tested in 
geroscience clinical trials. Based on early data and 
what appears to be a relatively modest side effect pro-
file, some physicians have begun prescribing these 
medications off-label for putative healthspan-pro-
moting benefits. While there is no concrete data on 
the prevalence of off-label use for such medications, 
metformin is likely more commonly used in this man-
ner compared to rapamycin, both because it is a more 
widely known drug and is perceived as comparatively 

safe. Off-label use of rapamycin has been gaining 
increasing attention, however, due to its efficacy and 
reproducibility for longevity and healthspan extension 
in preclinical studies [12, 13].

Rapamycin is an inhibitor of the mechanistic tar-
get of rapamycin (mTOR), and has been shown to 
increase lifespan in laboratory organisms includ-
ing yeast [14, 15], nematode worms [16], fruit flies 
[17, 18], and mice [19–29]. In addition to increasing 
lifespan, rapamycin has numerous healthspan ben-
efits in rodents such as lower cancer incidence [20, 
30], improved cognitive function [31, 32], improved 
kidney function [33], preservation of tendon [34], 
improved intestinal function and reduced gut dys-
biosis [28, 35], preservation of ovarian function [36], 
and protection against hearing loss [37]. Transient 
treatment with rapamycin in middle age is sufficient 
to robustly extend lifespan in mice [28] and reverse 
a subset of age-related declines including in the 
heart [38–40], immune system [41], and oral cavity 
[42, 43]. Initial evidence supports the idea that rapa-
mycin or rapamycin derivatives (rapalogs) may have 
similar beneficial effects on aging heart in companion 
dogs [44] and restoration of age-related declines in 
immune function in older adults [45, 46].

Rapamycin (used clinically under the name siroli-
mus) is FDA approved for kidney transplant rejec-
tion, for use in cardiac stents, and for the treatment 
of patients with lymphangioleiomyomatosis [47]. 
Dosing in this context is generally 6–15 mg loading 
dose followed by daily dosing of 2–5  mg/day. Side 
effects in these patients include dyslipidemia, mouth 
sores, thrombocytopenia, leukopenia, and diar-
rhea [48]. Rapamycin is commonly referred to as an 
immune suppressant [49]; however, other studies sug-
gest that rapamycin and rapalogs also have the abil-
ity to boost at least some aspects of immune function 
at different doses and delivery schedules [45, 46, 50, 
51]. For example, once weekly dosing of the rapalog 
everolimus (RAD001) at 5 mg/week for 6 weeks was 
found to boost influenza vaccine response in oth-
erwise healthy older adults without significant side 
effects [45]. Likewise, few side effects appear to be 
associated with lower-dose, short-term rapamycin use 
in healthy adults [52], but safety concerns about off-
label use of rapamycin persist within the clinical and 
regulatory community.

In order to begin to capture real-world data 
on people using rapamycin off-label for putative 
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healthspan-promoting benefits, we established an 
online data bank where people could self-report 
their experiences taking rapamycin. The project was 
open to both current and prior users of rapamycin as 
well as individuals who had never used rapamycin. 
Between March and June 2022, a total of 505 people 
completed the entire survey, of whom 333 had taken 
rapamycin and 172 had not. Here, we provide an 
overview of the results obtained from this study.

Methods

Survey design and collection

The study was approved by the University 
of Washington Institutional Review Board 
(STUDY00014726). Participants were recruited 
to the study by direct email from participating phy-
sicians, through social media posts, via targeted 
recruitment within rapamycin user groups such as the 
Rapamycin Users Facebook page and the Rapamycin 
News website (https:// www. rapam ycin. news/), word 
of mouth, and the study website. Prior to access-
ing the survey modules, participants were required 
to provide a working email address and complete an 
Informed Consent via DocuSign. Participation in the 
study was available to anyone with an active email 
account and internet connection from March 1, 2022, 
through June 30, 2022.

A HIPAA-compliant web-based survey system was 
constructed consisting of 10 survey modules, each 
expected to require less than 10  min to complete. 

The survey modules consisted of questions designed 
to obtain data about participant demographics, per-
ceived health status, rapamycin usage, medical and 
dental history, and overall quality of life. The mod-
ules and the order in which participants took them are 
shown in Table 1.

Upon completion of the Informed Consent, par-
ticipants were randomly assigned a unique 6-digit 
identification code that was required to access the 
survey modules and were also provided a direct URL 
to access Module 1 of the survey. Upon completion 
of each Module, participants were automatically 
directed to the next Module in numerical order. If 
participants indicated in Module 2 that they had never 
taken rapamycin, they were automatically directed to 
Module 4 and did not complete Module 3. Partici-
pants were not required to complete all modules in 
one sitting and received at least two email remind-
ers if they had completed some, but not all, mod-
ules. Only those participants who completed all of 
the offered modules were included in the analysis. A 
dedicated study coordinator was available by email to 
answer any questions that participants had throughout 
the entire process from Informed Consent through 
survey completion. The results presented here cor-
respond to data from Modules 1–4 and the COVID-
19 module (Module 8). Analysis of results from the 
other modules will be presented elsewhere.

Statistical analysis

For comparison of potentially negative health con-
ditions experienced in the past 3  months by survey 

Table 1  Description of survey modules used in the UW Rapamycin Study

Survey module Purpose

1. Demographics Obtain basic information about each participant
2. Rapamycin use history Obtain information about prior use of rapamycin or other mTOR inhibitors
3. Experiences with rapamycin Obtain participant perception on quality of life factors since taking rapamycin
4. Recent health history/potential side effects Obtain information about perceived overall health and specific health experi-

ences over the past 3 months that might be side effects of rapamycin use
5. 10-year reflection Obtain participant perception of current health status compared to 10 years ago
6. Sleep quality Obtain information about sleep quality
7. Immune status Obtain information about immune function
8. COVID-19 Obtain information about SARS-CoV-2 exposure, infection, and severity
9. Medical health Obtain basic information about medical care and conditions
10. Oral health Obtain basic information about oral health care and conditions

https://www.rapamycin.news/


2760 GeroScience (2023) 45:2757–2768

1 3
Vol:. (1234567890)

respondents,  only rapamycin users who had been 
taking rapamycin for at least 90 days (n = 245) were 
included in this analysis along with all non-users who 
completed the survey modules (n = 172). Chi-square 
tests or Fisher’s exact tests (when the expected fre-
quency of a frequency cell is less than 5) were used 
to compare the differences in these health conditions. 
False discovery rate (FDR) adjusted p-values were 
calculated for multiple comparisons.

The frequency and percentage of  the severity of 
SARS-CoV-2 infection were described among non-
users (Non-users), rapamycin users who only took 
rapamycin after recovering from infection (After 
only), rapamycin users who took rapamycin prior 
to but not during infection (Prior not during), and 
rapamycin users who took rapamycin continuously 
before, during, and after infection (Continuous). The 
distribution differences of the severity of COVID-19 
among these groups were tested using Fisher’s exact 
tests.

Results

A total of 505 participants successfully completed the 
survey modules and were included in the final data 
set. Of these, 333 had previously used rapamycin, 
while 172 had never used rapamycin. A description 
of the basic demographic and self-reported lifestyle 

characteristics of study participants is provided in 
Table 2.

Rapamycin users

Among rapamycin users, 77.7% (202) of men and 
82.2% (60) women reported taking rapamycin under 
the supervision of a physician. Among the reasons 
given for taking rapamycin, the most common answer 
was “healthy longevity/anti-aging” reported by 95% 
(313) of users. Other responses included 62 indi-
viduals who reported taking rapamycin as a potential 
preventative for higher risk of dementia as a result of 
carrying one or more APOE4 alleles, 27 individu-
als selected “cardiovascular disease,” 12 individuals 
selected “cancer,” and 2 individuals reported taking 
rapamycin for PTEN Hamartoma Syndrome. None of 
the study participants reported taking rapamycin for 
organ transplant rejection.

Participants reported a variety of different dos-
ing strategies (Supplemental Table 1) and lengths of 
rapamycin use (Table  3). By far, the most common 
current dosing interval among rapamycin users is 
once weekly dosing, with 88.1% (229) of male and 
91.8% (67) of female respondents reporting using this 
strategy. The second most common interval for dos-
ing was 14 days, reported by 5.8% (15) of men and 
2.7% (5) of women. Only four participants (three 
men and one woman) reported using rapamycin daily. 

Table 2  Demographic 
and basic lifestyle features 
of the study participants. 
For age, height, BMI, and 
weight, values are shown 
as average ± standard 
deviation. For other 
categories, values shown 
as percent of respondents 
(n). BMI, body mass 
index; TRF, time-restricted 
feeding. ∆ = Change in

Rapamycin users Non-users

Men Women Men Women

Gender at birth 260 73 109 63
Age (years) 61.1 ± 11.6 60.7 ± 10.5 51.8 ± 14.6 56.4 ± 12.2
Height (inches) 70.8 ± 2.6 65.0 ± 2.6 70.6 ± 2.8 65.7 ± 2.8
Current weight (lbs) 178.0 ± 29.5 136.9 ± 24.1 180.2 ± 25.8 143.1 ± 21.6
Current BMI 24.9 ± 3.6 22.8 ± 3.9 25.4 ± 3.3 23.4 ± 3.7
∆Weight (age 25-current, lbs) 8.7 ± 23.2 8.1 ± 17.4 11.6 ± 18.5 12.3 ± 17.4
Exercise regularly 89.6% (233) 84.9% (62) 84.4% (92) 87.3% (55)
Healthy diet 97.3% (252) 93.2% (68) 97.2% (106) 98.4% (62)
Fasting/TRF 70.4% (183) 63.0% (46) 61.5% (67) 71.4% (45)
Tobacco use 1.2% (3) 0% (0) 1.8% (2) 4.8% (3)
 > 2 alcoholic drinks/day 12.7% (33) 8.2% (6) 7.3% (8) 4.8% (3)
Cannabis > 1/wk 8.5% (22) 11.0% (8) 10.1% (11) 6.3% (4)
Medical exam in last 12 months 83.8% (218) 90.4% (66) 76.1% (83) 85.7% (54)
Dental exams in last 12 months 78.8% (205) 90.4% (66) 75.2% (82) 87.3% (55)
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Other dosing intervals reported by users were 5, 6, 8, 
9, 10, 15, 16, and 17 days.

Similar to the case for dosing intervals, respond-
ents reported a wide range of rapamycin doses taken. 
Among the individuals taking rapamycin weekly, 
6 mg was the most common dose, with 101 out of 229 
men and 25 out of 67 women reporting taking this 
dose. The minimum weekly dose for both men and 
women was 1 mg and the maximum weekly dose was 
20 mg and 14 mg, respectively. Due to the wide range 
in dosing intervals and concentrations, we normal-
ized dosing to estimate the equivalent weekly amount 
of rapamycin taken across all respondents rounded 
to the nearest milligram (Fig. 1). The median length 
of time on rapamycin among all survey respondents 
was 218 days (228.5 for men, 183 for women), with a 
range of 1–3890 days.

Rapamycin user experiences

Survey respondents who indicated that they had taken 
rapamycin were asked in Module 3 to reflect on their 
perception of experiences taking rapamycin. For each 
of the questions asked in Module 3, participants were 
prompted to “Please consider your overall experience 
with rapamycin and any changes that you associate 
with rapamycin. Please select the option that best 
describes your experiences:”. The options given for 
each question were “Strongly Agree, Agree, Neither 
Agree nor Disagree, Disagree, Strongly Disagree.” 
For questions that were gender specific, “Not Appli-
cable” was also an option. The results of this mod-
ule are shown in Table 4 with “Strongly Agree/Agree 
and Strongly Disagree/Disagree” shown as combined 
categories. The ratio of combined (Strongly)/Agree to 
(Strongly)/Disagree is also shown and questions are 
ranked according to this ratio.

Because many of the survey respondents had only 
recently begun taking rapamycin, a similar analy-
sis was performed for those respondents who had 
reported rapamycin use for at least two months. These 
results are provided in Supplemental Table 2.

Recent health history

We sought to assess whether off-label use of rapamy-
cin is associated with any significant side effects by 
asking both rapamycin users and non-users to recall 
if they had experienced any of 44 common health 
conditions in the past 3 months. For the purposes of 
this analysis, only those rapamycin users (n = 245) 
who had been taking rapamycin for longer than 
3 months (the experience recall period) were included 
(Table 5). Similar analyses for only men (n = 196) and 
only women (n = 49) are provided in Supplemental 
Tables 4 and 5, respectively.

A total of 7 conditions were significantly differ-
ent between non-users and rapamycin users. The 
only condition that was significantly more common 
in rapamycin users was presence of mouth ulcera-
tion, a known common side effect of rapamycin usage 
[53, 54]. Several conditions were significantly less 
frequent in rapamycin users compared to non-users: 
abdominal cramps, depression, abdominal pain, mus-
cle tightness, anxiety, and eye pain. A trend toward a 
higher frequency of infections (respiratory tract, skin, 

Table 3  Reported length of rapamycin usage among men and 
women at the time the survey was completed

Length of rapamycin usage Women Men

 < 1 month 23.3% (17) 11.9% (31)
1–6 months 26% (19) 30.4% (79)
6 months–1 year 16.4% (12) 19.2% (50)
1–3 years 23.5% (18) 24.7% (61)
 > 3 years 15.0% (7) 9.6% (39)

Fig. 1  Weekly dose of rapamycin usage reported by survey 
respondents. Dosing was determined based on self-reported 
usage of rapamycin. When more than one dose was reported 
by a single participant, the most recent dose reported was 
used. When dosing intervals other than weekly were reported, 
the dose was normalized to the equivalent weekly dose and 
rounded to the nearest milligram
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fungal, and urinary tract) among rapamycin users was 
noted, but did not reach statistical significance.

COVID-19

Among all study participants, 29.5% (n = 149) 
reported experiencing a SARS-CoV-2 infection. 
Reported infection rates were similar between groups, 
with 31.3% (n = 54) of non-users and 28.5% (n = 95) 
of rapamycin users reporting a prior infection. Survey 
respondents were asked to characterize their COVID-
19 case as either mild (less than 1  week of symp-
toms), moderate (more than 1 week of symptoms), or 
severe (requiring a trip to the hospital). Additionally, 
respondents were asked whether they suffered pro-
longed symptoms consistent with long-COVID.

Because many rapamycin users did not begin 
taking rapamycin until after their SARS-CoV-2 
infection, we examined three different groups of 

rapamycin users and compared them to non-users. 
We defined 37 individuals as continuous rapamy-
cin users based on their reported use of rapamycin 
continuously before, during, and after their SARS-
CoV-2 infection. Seventeen individuals took rapam-
ycin before their SARS-CoV-2 infection but stopped 
during the course of their infection. The remaining 
41 rapamycin users did not start taking rapamycin 
until after their SARS-CoV-2 infection. Aggregate 
results are presented in Fig. 2 with percentages and 
number of participants in each category provided 
in Supplemental Table  6 (all participants), Sup-
plemental Table  7 (men only), and Supplemental 
Table 8 (women only).

The 37 respondents who took rapamycin continu-
ously before, during, and after SARS-CoV-2 infec-
tion had the lowest rate of moderate or severe infec-
tions among all groups. Only 5 individuals (13.5%) 
reported a moderate infection while the rest (88.5%) 

Table 4  Reported 
perceptions of user 
experiences with 
rapamycin. Ratio equals the 
percent of users who agreed 
divided by the percent who 
disagreed

Agree Disagree Neither Ratio

Rapamycin has anti-aging properties 65.5% (218) 0% (0) 34.5% (115) -
My health has improved since taking rapamycin 44.7% (149) 5.7% (19) 49.5% (165) 7.8
I’m happier 34.8% (116) 4.8% (16) 60.4% (201) 7.3
My brain works better 35.4% (118) 5.1% (17) 59.5% (198) 6.9
I feel younger 37.5% (125) 5.7% (19) 56.8% (189) 6.6
I have more energy 38.7% (129) 6.3% (21) 55% (183) 6.1
Family/friends have commented that I look good 38.7% (129) 7.2% (24) 54.1% (180) 5.4
I feel more confident 28.8% (96) 6.3% (21) 64.9% (216) 4.6
I’m calmer and less likely to get upset or angry 25.2% (84) 7.5% (25) 67.3% (224) 3.4
My anxiety is lower 24.3% (81) 7.5% (25) 68.2% (227) 3.2
I have fewer aches and pains 35.4% (118) 12% (40) 52.6% (175) 3
It’s easier to lose weight 35.1% (117) 13.2% (44) 51.7% (172) 2.7
My relationships have improved 12.6% (42) 6% (20) 81.4% (271) 2.1
I have reduced frequency of hot flashes (women) 24.4% (10) 12.2% (5) 63.4% (26) 2
I have reduced severity of hot flashes (women) 25% (10) 12.5% (5) 62.5% (25) 2
I have more erections on waking (men) 27.3% (72) 16.3% (43) 56.4% (149) 1.7
My arthritis has gotten better 18.3% (61) 10.5% (35) 71.2% (237) 1.7
I have more interest in sex 23.7% (79) 16.2% (54) 60.1% (200) 1.5
My quality of sleep improved 23.7% (79) 15.6% (52) 60.7% (202) 1.5
I have improved urinary flow (men) 20.2% (54) 16.9% (45) 62.9% (168) 1.2
I have more stronger vaginal bleeding during 

menstruation (women)
11.5% (3) 15.4% (4) 73.1% (19) 0.8

My vision got better 11.4% (38) 19.2% (64) 69.4% (231) 0.6
I have decreased tinnitus (ringing of the ear) 8.7% (29) 18.6% (62) 72.7% (242) 0.5
My hearing got better 6% (20) 13.5% (45) 80.5% (268) 0.4
I have increased menstrual cramping (women) 9.5% (2) 28.6% (6) 61.9% (13) 0.3
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reported a mild case. There were no reports of hospi-
talization or long-COVID among this group.

Among the 17 individuals who took rapamycin 
prior to but not during their SARS-CoV-2 infec-
tion, 10 (58.8%) reported mild symptoms, 6 (35.3%) 
reported moderate symptoms, and 1 reported a 
(5.9%) severe case (trip to hospital). Only one of 

these individuals did not resume rapamycin use after 
SARS-CoV-2 infection. There were no reports of 
long-COVID among this group.

A total of 41 rapamycin users had not yet 
started taking rapamycin prior to or during their 
SARS-CoV-2 infection. Thus, this group can be 
considered similar to the non-users for assessing 

Table 5  Reported 
frequency of potentially 
negative health conditions 
experienced in the past 
3 months by survey 
respondents. Only 
rapamycin users who had 
been taking rapamycin for 
at least 90 days (n = 245) 
were included in this 
analysis. False discovery 
rate (FDR) adjusted 
p-values shown. Shading 
indicates p < 0.05 with 
green being more frequent 
in non-users and yellow 
being more frequent in 
rapamycin users

All 
par�cipants
(n=417)

Non-users
(n=172)

Rapamycin 
users
(n=245)

FDR adj
p value 

Abdominal cramps 7.0%(29) 14.0%(24) 2.0%(5) 0.0000
Depression 8.6%(36) 15.1%(26) 4.1%(10) 0.0022
Abdominal pain 13.7%(57) 20.9%(36) 8.6%(21) 0.0044
Muscle �ghtness 36.2%(151) 45.3%(78) 29.8%(73) 0.0081
Mouth ulcera�on (canker sore) 10.6%(44) 4.7%(8) 14.7%(36) 0.0081
Anxiety 11.8%(49) 18.0%(31) 7.3%(18) 0.0081
Eye pain 7.0%(29) 11.6%(20) 3.7%(9) 0.0107
Nausea 5.0%(21) 8.1%(14) 2.9%(7) 0.0836
Muscle strain 26.6%(111) 32.6%(56) 22.4%(55) 0.1051
Lower back pain 37.4%(156) 43.6%(75) 33.1%(81) 0.1254
Excessive fa�gue 11.8%(49) 15.7%(27) 9.0%(22) 0.1440
Respiratory tract infec�on 12.0%(50) 8.1%(14) 14.7%(36) 0.1516
Lacera�on 1.4%(6) 0.0%(0) 2.4%(6) 0.1516
Headache 39.3%(164) 44.8%(77) 35.5%(87) 0.1785
Skin infec�on 4.6%(19) 2.3%(4) 6.1%(15) 0.1971
Dizziness 6.7%(28) 9.3%(16) 4.9%(12) 0.2115
Cough/tonsili�s 7.7%(32) 9.9%(17) 6.1%(15) 0.4025
Musculoskeletal pain 30.7%(128) 34.3%(59) 28.2%(69) 0.4293
Abnormal vision 5.8%(24) 7.6%(13) 4.5%(11) 0.4293
Tearing 3.8%(16) 5.2%(9) 2.9%(7) 0.4704
Ear pain 5.5%(23) 7.0%(12) 4.5%(11) 0.5470
Open sores 0.7%(3) 0.0%(0) 1.2%(3) 0.5470
Urinary tract infec�on 2.2%(9) 1.2%(2) 2.9%(7) 0.5997
Bronchi�s 3.4%(14) 2.3%(4) 4.1%(10) 0.5997
Loss of hearing 3.1%(13) 4.1%(7) 2.4%(6) 0.6134
Mouth/tooth pain 14.2%(61) 12.8%(22) 15.9%(39) 0.6322
Other fungal infec�on 3.1%(13) 2.3%(4) 3.7%(9) 0.7099
Skin rash 8.6%(36) 7.6%(13) 9.4%(23) 0.8054
Weight gain > than 5 lbs 5.0%(21) 5.8%(10) 4.5%(11) 0.8234
Leg cramps 29.3%(122) 27.9%(48) 30.2%(74) 0.8299
Abnormal running nose and/or 
sneezing 15.1%(63) 14.0%(24) 15.9%(39) 0.8299
Sore throat 11.3%(47) 12.2%(21) 10.6%(26) 0.8299
Diarrhea 22.1%(92) 23.3%(40) 21.2%(52) 0.8299
Oral herpes 3.4%(14) 2.9%(5) 3.7%(9) 0.8655
Joint pain/s�ffness 55.2%(230) 55.8%(96) 54.7%(134) 0.9762
Tinnitus 22.1%(92) 22.7%(39) 21.6%(53) 0.9762
Cons�pa�on 16.3%(68) 16.9%(29) 15.9%(39) 0.9762
Other bacterial infec�on 2.6%(11) 2.3%(4) 2.9%(7) 0.9999
Pain in extremi�es 13.9%(58) 14.0%(24) 13.9%(34) 0.9999
Difficulty breathing 1.0%(4) 1.2%(2) 0.8%(2) 0.9999
Abnormal bruising 1.7%(7) 1.7%(3) 1.6%(4) 0.9999
Fall 1.7%(7) 1.7%(3) 1.6%(4) 0.9999
Fever 3.4%(14) 3.5%(6) 3.3%(8) 0.9999
Weight loss > than 5 lbs 10.8%(45) 11.0%(19) 10.6%(26) 0.9999
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potential impacts of rapamycin on COVID-19 
severity, although rapamycin use could impact risk 
of long-COVID in this group. Among this group, 
15 (36.6%) individuals reported a moderate infec-
tion and 26 (63.4%) reported mild symptoms. There 
were no reports of severe infection or long-COVID 
among this group.

There were a total of 54 reported SARS-CoV-2 
infections among non-users. Of these, 27 (50.0%) 
were reported as mild, 25 (46.3%) were reported 
as moderate, and 2 (3.7%) were reported as severe. 
A total of 3 (5.6%) non-users report that they 
are still experiencing symptoms consistent with 
long-COVID. Among the individuals reporting 
long-COVID symptoms, one experienced a mild 
infection, one experienced a moderate infection, 
and one experienced a severe infection requiring 
hospitalization.

Among all survey respondents, continuous rapa-
mycin users were significantly less likely to have 
experienced a moderate or severe infection or 
long-COVID symptoms, compared to non-users 
(p < 0.005). Continuous rapamycin users were also 
significantly less likely to have experienced moder-
ate or severe infection compared to rapamycin users 
who took rapamycin prior to but not during their 
infection (p = 0.039) or those who took rapamycin 
only after recovering from infection (p = 0.037). 
Comparisons among other groups were not statisti-
cally significant.

Discussion

Survey-based data of 333 off-label rapamycin users 
indicates a high perceived quality of life and good 
health status. No major differences in basic demo-
graphics or lifestyle features were noted between 
the rapamycin users and non-users. Among sur-
vey respondents, rapamycin users were on average 
slightly older than non-users for both men (9  years) 

Fig. 2  Severity of COVID-19 outcomes among survey partici-
pants reporting an infection. Survey participants self-reported 
SARS-CoV-2 infection as mild (less than 1 week of symptoms, 
no hospitalization), moderate (more than 1 week of symptoms, 
no hospitalization), or severe (trip to hospital). Participants 
also noted whether they suffered from prolonged symptoms 
consistent with long-COVID. A All participants. A total of 
54 individuals who have never take rapamycin are included in 
the “Non-users” group. Rapamycin users are split into three 
groups to reflect their use of rapamycin relative to the timing 
of SARS-CoV-2 infection. Rapamycin users who did not begin 
rapamycin use until after their SARS-CoV-2 infection (n = 41) 
are included in the “After infection only” group. Rapamycin 
users who stopped taking rapamycin during their SARS-CoV-2 
infection (n = 17) are included in the “Prior but not during” 
group. Rapamycin users who took rapamycin continuously 
throughout their SARS-CoV-2 infection (n = 37) are shown in 
the “Continuous” group. B Men only. C Women only. Percent-
ages and number of participants in each group are provided in 
Supplemental Tables 6–8

▸
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and women (6 years). Rapamycin users reported con-
suming more alcohol than non-users, and a greater 
percentage of rapamycin users were male (78% male) 
compared to non-users (63% male).

Rapamycin users generally reported perceived 
improvements in quality of life since beginning off-
label use of rapamycin. Ratios of greater than 3:1 in 
agreement were observed for self-reported improve-
ments in health, happiness, brain function, feelings of 
youthfulness, confidence, calmness, anxiety, and gen-
eralized aches and pains. Interestingly, greater than 
fivefold more rapamycin users agreed with the com-
ment that “family/friends have commented that I look 
good” than disagreed, suggesting that these perceived 
self-benefits may also be apparent to others.

Rapamycin use by organ transplant patients is 
associated with a long list of potential side effects, 
including immune suppression, mouth sores, hyper-
triglyceridemia, anxiety, abdominal pain, nausea, 
dizziness, and many others. Organ transplant patients 
typically also take additional strong immunosuppres-
sants such as tacrolimus, cyclosporine, or mycophe-
nolate mofetil along with rapamycin or rapalogs, 
potentially exacerbating side effects or inducing side 
effects which would not be present in the absence of 
these drugs Interestingly, among survey respondents, 
only mouth sores was significantly more prevalent in 
rapamycin users compared to non-users. Unexpect-
edly, several supposed side effects associated with 
rapamycin use were significantly less frequent in 
rapamycin users, including abdominal cramps, other 
abdominal pain, anxiety, and eye pain. While it is 
difficult to know the extent to which self-reporting 
may have biased these results, it seems plausible that 
any bias could act to both increase and decrease the 
reported frequency of rapamycin-associated side 
effects. For example, rapamycin users are likely to 
know that mouth sores and infection are common 
side effects associated with rapamycin use in organ 
transplant patients, and therefore may be more likely 
to note and recall such events than non-users. Indeed, 
several rapamycin users reported that their prescrib-
ing physician specifically warned them to be watchful 
for signs of infection and to begin taking antibiotics if 
they suspected an infection, suggesting a heightened 
awareness for certain potential side effects among this 
group. The lack of apparent side effects associated 
with off-label rapamycin use here is also consistent 
with prior reports that once weekly administration of 

5 mg of the rapamycin derivative everolimus has side 
effects comparable to placebo among healthy older 
adults [45].

Of particular interest was the analysis of COVID-
19 severity among rapamycin users and non-users. 
Rapamycin has been proposed as a potential therapy 
for preventing and treating severe COVID-19 cases 
via its possible effects on anti-viral gene expression 
and attenuation of the “cytokine storm” [51, 55, 56]. 
No obvious difference in risk of infection was appar-
ent between groups. Interestingly, continuous rapa-
mycin use throughout the SARS-CoV-2 infection 
period was associated with a significant reduction in 
moderate or severe COVID-19 cases, and rapamycin 
users did not report any cases of long-COVID, despite 
being an average of 7.5 years older than non-users.

More research is needed to determine whether this 
represents a clinically meaningful benefit from rapa-
mycin use for reducing severity and long-term con-
sequences of infection with SARS-CoV-2 and other 
viruses. Long-COVID in particular is being recog-
nized as having a substantial detrimental effect on 
quality of life for many people [57]. We speculate that 
the anti-inflammatory effects of rapamycin may be 
helpful in reducing symptoms and restoring immune 
homeostasis in people suffering from long-COVID. 
Additionally, mTOR inhibitors including everolimus 
(RAD001) and dactolisib (RTB101) have repeatedly 
shown beneficial effects on vaccine response and sub-
sequent viral infections in otherwise healthy people in 
placebo-controlled clinical trials [45, 46, 51]. Given 
the long history of clinical use, low cost, and low risk 
profile associated with off-label use of rapamycin 
observed here, we propose that controlled clinical tri-
als to assess benefits of rapamycin for long-COVID 
should be prioritized.

This study has several limitations that make the 
data less reliable than what would be obtained from 
a double-blind, randomized clinical trial. The self-
reported nature of the data and the possibility of unin-
tended bias in the participant pool reduce confidence 
that these results would be recapitulated in a larger, 
more heterogenous population. In particular, we can-
not rule out the possibility that the population of 
rapamycin users is self-selected against people who 
started taking rapamycin and stopped because of neg-
ative experiences; however, we attempted to recruit as 
broadly as possible to include such individuals both 
through social media and through direct recruitment 
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of prior patients who had been prescribed rapamycin 
in the past.

It is also possible that individuals taking rapamycin 
off-label are more likely to practice healthy lifestyle 
habits or take other substances that could confound 
this analysis. We attempted to evaluate this and found 
no major differences between groups. Indeed, both 
rapamycin users and non-users in this study appear to 
be atypical in that they report higher rates of exercise 
and healthy dietary habits, lower body mass index, 
and lower rates of alcohol consumption and tobacco 
use, relative to the general population. It is possible 
that potential benefits and side effects from off-label 
rapamycin use would be different in a less healthy 
population. For example, there are several reports that 
rapamycin or genetic inhibition of mTOR can reduce 
weight gain and improve metabolic parameters in 
mice subjected to diet-induced obesity [58–61], but 
paradoxically, has negative effects in a murine genetic 
model of obesity caused by mutation of the leptin 
receptor [62].

An additional limitation of this study is that was 
large variation in dose and duration of rapamycin use. 
Approximately 20% of rapamycin users also reported 
taking rapamycin without the supervision of a physi-
cian. Unsupervised use of prescription medications 
appears to be common within the biohacking com-
munity, based on comments found in multiple online 
forums, and is unlikely to be unique to rapamycin. We 
chose not to exclude these individuals from the analy-
ses because none of the data collected here is derived 
from medical records or underwent prior physician 
review. While it is possible that obtaining rapamycin 
from sources that do not require a valid prescription 
could influence bioavailability or purity of the prod-
uct, a cursory examination of the data suggests there 
are no obvious differences based on prescription ver-
sus non-prescription use.

Despite these limitations, we find no evidence for 
significant increases in health risks, other than mouth 
sores, from off-label rapamycin use. A trend toward 
increased risk of bacterial and fungal infection was 
associated with rapamycin use, but did not reach sta-
tistical significance and appear to be small in magni-
tude. Overall, the risk of side effects from off-label 
use of rapamycin may compare favorably with other 
drugs commonly used off-label, such as statins [63] 
and metformin [64]. Interestingly, several positive 
effects were associated with off-label rapamycin use, 

including significant reductions in eye pain, stomach 
pain, anxiety, and depression relative to non-users. 
We also found a significant reduction in severity of 
COVID-19 and risk of long-COVID among respond-
ents who took rapamycin continuously during the 
time of their SARS-CoV-2 infection. Rapamycin 
users expressed overwhelmingly positive impressions 
of their experiences with rapamycin. Taken together, 
these observations support further study of rapamy-
cin as a potential intervention to improve quality, and 
perhaps quantity, of life in otherwise healthy older 
adults.
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