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A fasting-mimicking diet in patients with 
mild-to-moderate Crohn’s disease:  
a randomized controlled trial
 

In healthy individuals, short cycles of a fasting-mimicking diet (FMD) 
decrease systemic inflammatory markers and improve metabolic health. 
Potential benefits of FMD have not been investigated in Crohn’s disease 
(CD). We conducted an open-label, randomized, controlled trial to assess 
the effects of FMD in adults with mild-to-moderate CD. Patients in the 
FMD group followed an FMD for five consecutive days per month for three 
consecutive months, returning to their regular baseline diet on non-FMD 
days. Control participants continued their baseline diet. The primary 
outcome of clinical response was a reduction in CD Activity Index (CDAI) of 
at least 70 points or CDAI of ≤150 after the third 5-day diet cycle. Forty-five 
patients in the FMD group (69.2%) and 14 patients in the control group 
(43.8%) met the primary outcome of clinical response (P = 0.03). Forty-two 
patients in the FMD group (64.6%) and 12 patients in the control group 
(37.5%) achieved the secondary outcome of clinical remission (P = 0.02). 
There was also a decline from baseline in fecal calprotectin (an inflammatory 
marker) in the FMD group compared with the control group (−22.0% versus 
8.0%, P = 0.03). Exploratory analyses of plasma metabolites and peripheral 
blood mononuclear cell gene expression revealed post-FMD decreases 
in key inflammatory lipid mediators and immune-effector transcripts, 
concordant with reduced CD activity. Together, these findings demonstrate 
that FMD is superior to a baseline diet for inducing clinical response, clinical 
remission and biochemical improvement in mild-to-moderate CD, and 
support further investigation of FMD as an adjunctive therapy for chronic 
inflammatory diseases. ClinicalTrials.gov registration: NCT04147585.

Crohn’s disease (CD), a type of inflammatory bowel disease (IBD), is a 
chronic disorder of the gastrointestinal tract characterized by intestinal 
inflammation that affects about 5 million patients worldwide1. Approxi-
mately 20–30% patients with CD have a milder disease course, generally 
characterized by minimal endoscopic inflammation as determined by 
standardized endoscopic scoring, and lack of stricturing or penetrating 
complications2. In the United States, except for corticosteroids, which 
are known to have many side effects and are therefore used sparingly, 
there are no FDA-approved medical therapies for mild CD. Hence, there 

is substantial uncertainty regarding the best management strategy for 
these patients2. Although there are multiple medications approved for 
moderate-to-severe CD, these medications are immunosuppressive, 
and it is uncertain whether the potential benefit of using these medica-
tions outweighs the risk in patients with mild CD. There is a clear clinical 
need for treatments to fill this therapeutic gap.

The most common question asked by patients with IBD to gastro-
enterologists is, ‘what should I eat?’ and there is considerable inter-
est from physicians and patients alike in using diet as a therapeutic 

Received: 11 June 2025

Accepted: 10 December 2025

Published online: 13 January 2026

 Check for updates

 e-mail: sidsinha@stanford.edu

A list of authors and their affiliations appears at the end of the paper

http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-025-04173-w
https://clinicaltrials.gov/study/NCT04147585
http://crossmark.crossref.org/dialog/?doi=10.1038/s41591-025-04173-w&domain=pdf
mailto:sidsinha@stanford.edu


Nature Medicine | Volume 32 | March 2026 | 1023–1033 1024

Article https://doi.org/10.1038/s41591-025-04173-w

and hematocrit; CDAI is commonly used as an endpoint in clinical trials 
in CD13. The median CDAI was 196.0 (IQR = 155.0–231.0). Advanced IBD 
therapy, defined as use of a biologic, immunomodulator or Janus kinase 
inhibitor, was used by 60.0% of the FMD group and 71.8% of the control 
group (SMD = 0.24). The use of antitumor necrosis factor (anti-TNF) 
therapy was more common in control (37.5%) compared with FMD 
patients (20.0%), while 5-aminosalicylates (5-ASA) use was more com-
mon in FMD (26.2%) compared with control patients (9.4%). A greater 
proportion of patients in the FMD arm (21.5%) used corticosteroids 
compared with control patients (12.5%). As is reported in the literature 
on mild-to-moderate CD, at baseline only a minority of participants 
had elevated inflammatory markers such as CRP (>10 mg l−1) and fecal 
calprotectin (>120 µg g−1)14. After observing a slight imbalance in a few 
baseline characteristics, multivariable logistic regression was used 
to assess the presence of residual confounding. None of the factors 
tested—including sex, ethnicity, race, smoking status, BMI or the use 
of biologics or corticosteroids at baseline—significantly altered the 
odds for clinical remission (Supplementary Table 1).

FMD is superior to baseline diet in inducing clinical response 
and clinical remission
In intention-to-treat analysis, a significantly higher percentage of par-
ticipants achieved the primary outcome of clinical response 70 (decline 
in CDAI of at least 70 points from baseline or achieving CDAI ≤ 150) 
in the FMD group compared with control (69.2% FMD versus 43.8% 
control, P = 0.03; Fig. 2a). Median decline in CDAI was −105 (IQR = −48 
to −155) for the FMD group, compared with −76 (IQR = 0 to −119) for 
control (P = 0.02). A significantly higher percentage of participants also 
attained clinical remission (CDAI ≤ 150) with FMD after three cycles of 
treatment (64.6% FMD versus 37.5% control, P = 0.02; Fig. 2b). There 
was a significant difference in the percentage of patients in the FMD 
group who achieved clinical response 100 (decline in CDAI of at least 
100 points from baseline or achieving CDAI ≤ 150) compared with con-
trol (66.2% versus 40.6%, P = 0.02; Fig. 2c). After completing the first 
cycle of FMD, more participants achieved clinical response 70 (66.2% 
versus 43.8%, P < 0.05; Fig. 2d) and clinical remission compared with 
participants who made no diet changes (60.0% versus 37.5%, P = 0.04; 
Extended Data Fig. 1a). There were no significant differences in either 
clinical response or remission after a 3-month washout period after 
the third cycle of FMD (Extended Data Fig. 2). Throughout the study 
period, there was no difference in therapy escalation (corticosteroid 
prescription, starting new advanced therapy or dose escalation of 
advanced therapy) between both groups (27.7% FMD versus 25.0% 
control, P = 0.99).

There was a decrease in mean change in CRP compared with base-
line in the FMD group, whereas the control group showed an increase 
from baseline; however, this finding did not reach statistical signifi-
cance (−1.0% versus 36.9%, P = 0.06; Fig. 2e). There was a significant 
decline in mean percentage change in fecal calprotectin at the end of 
the third diet cycle compared with baseline in the FMD group, whereas 
there was an increase in the control group (−22.0% versus 8.0%, P = 0.03; 
Fig. 2f). In post hoc analysis, a greater proportion of participants in the 
FMD group had a 50% or greater decline in fecal calprotectin (37.0% 
versus 6.3%, P = 0.01; Fig. 2g). There was no statistically significant dif-
ference in the mean percentage change in erythrocyte sedimentation 
rate (10.7% versus 15.2%, P = 0.87).

Subgroup analysis consistently shows a superior clinical 
response to FMD compared with baseline diet
More patients with mild CD achieved clinical response 70 on FMD com-
pared with baseline diet (75.0% versus 47.8%, P = 0.03; Fig. 3a). Similarly, 
more patients with moderate CD achieved clinical response 70 on FMD 
compared with those on the baseline diet (57.1% versus 11.1%, P = 0.04; 
Fig. 3b). Participants with nonstricturing, nonpenetrating disease were 
more likely to have clinical improvement with FMD compared with 

modality for IBD3. Despite substantial interest, the majority of evidence 
for diet as induction or maintenance therapy in adult CD comes from 
nonrandomized or small studies4. A notable exception is a randomized 
trial evaluating a specific carbohydrate diet versus Mediterranean diet 
(MD) in mild-to-moderate CD, which showed that specific carbohydrate 
diet was not superior to MD in achieving clinical remission5. However, 
the study was limited by lack of a control group.

A key barrier to the therapeutic use of diet is the challenge of 
sustaining long-term dietary changes, as evidenced by low adher-
ence rates across dietary interventions6,7. Given these limitations, a 
fasting-mimicking diet (FMD) is an attractive solution as it does not 
require patients to make long-term changes to their baseline diet. FMD 
is a plant-based, calorie-restricted diet that is consumed for only 5 con-
secutive days per month. The diet is low in calories, sugars and protein, 
but high in unsaturated fats and is designed to mimic the benefits of 
fasting8. Participants eat their regular baseline diet for the remaining 
days of the month. The 5-day cycle is repeated twice for a total of three 
cycles over 3 months. It has been tested in multiple clinical trials related 
to cardiometabolic and oncologic disorders8,9.

FMD has been previously shown to improve metabolic parameters 
in healthy volunteers8. Preclinical evidence has shown that the diet 
attenuates inflammation and promotes intestinal healing through 
increased abundance of Lactobacillaceae and increased expression of 
cytokines associated with tissue repair in a mouse model of colitis10. In 
healthy human participants with mildly elevated baseline C-reactive 
protein (CRP), three 5-day cycles of FMD resulted in reduction in 
CRP levels compared with patients who continued their usual diet10.  
A recently published pilot trial assessed two cycles of FMD as an adjunc-
tive intervention in patients with ulcerative colitis undergoing induc-
tion therapy, the majority of whom (~90%) were treated with a Janus 
kinase inhibitor. The study did not achieve its primary endpoint of 
clinical response—limited by only 23 patients completing the study—
but patients in the FMD group did show greater clinical improvement 
when compared with those receiving only standard induction11.

Given FMD’s benefits in human studies and mouse colitis models, 
we hypothesized that FMD would be effective at reducing clinical dis-
ease activity and improving intestinal inflammation in patients with 
mild-to-moderate CD.

Results
Patients and characteristics
Between 2019 and 2023, a total of 97 of 279 patients screened in a 
national recruiting campaign were randomized 2:1 to either FMD or 
control (continue baseline diet); 65 participants were assigned to the 
FMD group and 32 were assigned to control. A Consolidated Standards 
of Reporting Trials diagram documenting patient flow and overview 
of the study design is shown in Fig. 1. Patients in the FMD group fol-
lowed the FMD for five consecutive days each month over 3 months, 
while the control group maintained their regular diet throughout the 
study (Fig. 1).

Baseline characteristics of the enrolled participants were gener-
ally well-balanced between the two groups, although the FMD group 
had a higher proportion of females (80.0% versus 56.3%, standardized 
mean difference (SMD) = 0.54) compared with control (Table 1). The 
median age was 45.0 years (interquartile range (IQR) = 35.0–55.0). 
The control and FMD groups had very similar proportions of patients 
with overweight body mass index (BMI; 40.6% versus 40.0%), but the 
control group had a greater proportion of patients with obesity (BMI 
of 30 kg m−2 or higher) compared with the FMD group (31.3% versus 
15.4%). CD phenotype, as determined by Montreal classification, was 
similar between the groups, although notably stricturing disease (B2), 
a more aggressive form of CD, was more common in the FMD group 
(30.8% versus 9.4%, SMD = 0.51)12. CD Activity Index (CDAI) is a widely 
used clinical scoring system to assess the severity of CD. It incorporates 
factors such as weight, number of bowel movements, abdominal pain 
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Assessed for eligibility (n = 279)

Randomized (n = 97)

Excluded (n = 160)
• Not meeting inclusion
  criteria (n = 160)

Allocated to FMD (n = 65)
• Received allocated intervention (n = 60)
• Withdrew after randomization but before
   starting FMD (n = 5)

Allocated to control/baseline diet (n = 32)
• Received allocated intervention (n = 31)
• Withdrew after randomization but before
   starting the study (n = 1)

Withdrew from study (n = 9)
• No longer interested (n = 2)
• Di�iculty following diet (n = 6)
• Other (n = 1)

Withdrew from study (n = 2)
• No longer interested (n = 1)
• Wanted to change baseline
   diet (n = 1)

Analysis of primary and secondary
outcomes
• Analyzed (n = 65)

Enrollment

Allocation

Follow-up

Analysis

Withdrew before randomization (n = 22)
• Declined to participate (n = 6)
• Not contactable for an interview (n = 5)
• Other reasons—due to distance,
   schedule conflict (n = 11)

Recruited (n = 119)

Analysis of primary and secondary
outcomes
• Analyzed (n = 32)

2:1 block 
randomization

Baseline

FMD
(n = 65)

Control
(n = 32)

End of study 
(washout)

FMD 2
5 days

FMD 3
5 days

Baseline diet 
–25 days 

Week: 0 2 6 12 15 24

Baseline diet
–25 days

Patients with
mild-to-moderate

CD
(n = 97) 

Participants following baseline diet

Blood sample collection for clinical labs

Stool sample collection for clinical labs

Blood sample collection for immune/metabolite profiling

Stool sample collection for microbiome/metabolite profiling

Clinical disease scoring (CDAI, SIBDQ, PRO and PGA)

Primary outcome assessment

FMD 1
5 days

a

b

Fig. 1 | Study protocol overview of the FMD trial and CONSORT diagram.  
a, Study protocol overview of the FMD trial. For participants in the FMD group—
baseline assessments were completed up to 14 days before the first FMD cycle 
(FMD 1); subsequent assessments occurred after completion of each FMD cycle. 

Between consecutive FMD cycles, participants resumed their usual diet for 
approximately 25 days. b, CONSORT diagram of participant flow. All randomized 
participants were included in the intention-to-treat analysis. CONSORT, 
Consolidated Standards of Reporting Trials. Panel a created with BioRender.com.
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control (71.8% versus 40.0%, P = 0.02; Fig. 3c). Participants with colonic 
disease had a greater rate of clinical response 70 after three cycles of 
FMD compared with the baseline diet (82.4% versus 33.3%, P = 0.01; 
Fig. 3d). A similar pattern was seen in participants with ileocolonic 
disease (71.4% versus 30.0%, P = 0.03; Fig. 3e) but not in participants 
with isolated ileal disease (55.5% versus 60.0%, P = 0.99; Fig. 3f). Nota-
bly, FMD was effective in inducing clinical remission and response in 
patients who were not on any medical therapy compared with baseline 
diet without medical therapy (76.9% versus 33.3%, P = 0.04; Fig. 3g).

FMD is superior to baseline diet in improving patient-reported 
outcomes and quality of life
Patient-reported outcome (PRO) and quality-of-life measures were 
prespecified secondary outcomes that were measured after the com-
pletion of three FMD cycles (Extended Data Fig. 3).

In the FMD group, 47.7% participants achieved remission by PRO 
(defined as fewer than four loose or watery (Bristol type 6 or 7) stools per 
day and minimal abdominal pain (severity rated less than or equal to 1 on 
a 0–3 Likert scale)) compared with 25.0% in the control group (P < 0.05; 
Extended Data Fig. 3a). Quality of life was assessed using the short IBD 

Table 1 | Demographic and clinical characteristics of 
participants at baseline

Characteristic FMD (n = 65) Control (n = 32) SMD

n (%), median (IQR) n (%), median (IQR)

Age at enrollment, 
years

43.0 (34.0–53.0) 45.5 (33.0–57.3) −0.19

Sex, female 52 (80.0) 18 (56.3) 0.54

Race

  White 47 (72.3) 24 (75.0) −0.06

  Black 0 (0.0) 2 (6.3) −0.45

  Asian 7 (10.8) 4 (12.5) −0.05

  Native Hawaiian or 
Pacific Islander

0 (0.0) 0 (0.0) 0.00

  American Indian or 
Alaska Native

0 (0.0) 0 (0.0) 0.00

  Other 2 (3.1) 0 (0.0) 0.22

  Unknown 9 (13.8) 2 (6.3) 0.24

Ethnicity

  Hispanic or Latino 4 (6.2) 2 (6.3) 0.00

  Not Hispanic or 
Latino

52 (80.0) 28 (87.5) −0.20

  Unknown 9 (13.9) 2 (6.3) 0.24

BMI at inclusion, 
kg m−2

24.4 (21.7–28.1) 27.8 (23.7–31.5) −0.39

  Normal (18.0–23.9) 29 (44.6) 9 (28.1) 0.34

  Overweight 
(24.0–29.9)

26 (40.0) 13 (40.6) −0.01

  Obesity (≥30.0) 10 (15.4) 10 (31.3) −0.40

Smoking status

  Never 40 (61.5) 20 (62.5) −0.02

  Past 12 (18.5) 5 (15.6) 0.07

  Current 2 (3.1) 3 (9.4) −0.28

Alcohol use at baseline

  Never 32 (49.2) 14 (43.8) 0.11

  Light 29 (44.6) 16 (50.0) −0.11

  Moderate 4 (6.2) 2 (6.3) 0.00

  Heavy 0 (0.0) 0 (0.0) 0.00

CD phenotypea

Age at CD onset, years 38.0 (27.0–46.0) 34.0 (25.5–50.0) −0.09

  A1 (≤16 years) 7 (10.8) 2 (6.3) 0.16

  A2 (17–39 years) 26 (40.0) 15 (46.9) −0.11

  A3 (≥40 years) 31 (47.7) 14 (43.0) 0.08

CD distributionb

  Ileum alone (L1) 18 (27.7) 10 (31.3) −0.08

  Colon alone (L2) 17 (26.2) 9 (28.2) −0.04

  Ileocolon (L3) 28 (43.1) 10 (31.3) 0.24

  Upper GI alone (L4) 1 (1.5) 0 (0.0) 0.15

CD behaviorc

  Nonstricturing, 
nonpenetrating (B1)

39 (60.0) 23 (71.8) −0.39

  Stricturing (B2) 20 (30.8) 3 (9.4) 0.51

  Penetrating (B3) 6 (9.2) 3 (9.4) −0.01

  History of perianal 
disease (p)

19 (29.2) 7 (21.9) 0.17

Characteristic FMD (n = 65) Control (n = 32) SMD

n (%), median (IQR) n (%), median (IQR)

CDAI score at baseline 196.0 (154.0–229.0) 194.5 (170.3–231.3) −0.02

  Mild (151–220) 44 (66.7) 23 (71.9) −0.06

  Moderate (221–450) 21 (32.3) 9 (28.1) 0.06

CD medications at baseline

Any biologic, 
small molecule or 
immunomodulator

39 (60.0) 23 (71.8) −0.24

  Anti-TNF 13 (20.0) 12 (37.5) −0.40

  Anti-IL-12, IL-23 12 (18.5) 5 (15.6) 0.07

  Anti-integrin 7 (10.8) 4 (12.5) −0.05

  Immunomodulator 
(6-mercaptopurine, 
azathioprine, 
methotrexate)

9 (13.9) 4 (12.5) 0.04

  Small molecule  
(JAK inhibitor)

2 (3.1) 0 (0.0) 0.22

5-Aminosalicylate 17 (26.2) 3 (9.4) 0.42

Corticosteroids 14 (21.5) 4 (12.5) 0.21

Antibiotics 3 (4.6) 0 (0.0) 0.34

Duration of advanced 
therapy, months

8.0 (4.0–27.0) 12.0 (4.0–36.0) −0.12

CRP, mg l−1 3.0 (1.0–8.0) 3.0 (1.0–6.5) 0.12

CRP > 10 mg l−1 14 (21.5) 6 (18.8) 0.04

ESR, mm h−1 10.0 (4.0–24.0) 12.5 (4.3–18.3) 0.22

ESR elevated 11 (16.9) 4 (12.5) 0.11

Fecal calprotectin, 
µg g−1

115.0 (30.0–276.0) 88.5 (52.0–224.5) 0.26

Fecal calprotectin, 
>120 µg g−1

31 (48.4) 15 (46.9) 0.02

aAs determined per Montreal classification guidelines. bL4 (upper GI) is assigned as a 
mutually exclusive category if disease is only present proximal to the terminal ileum. If 
disease involves both proximal and distal regions relative to the terminal ileum, L4 is used as 
a modifier in combination with categories L1–L3. cParticipants without evidence of stricturing 
or penetrating disease were assigned to B1 (inflammatory) phenotype. Participants who 
reported perianal fistulae and/or abscesses of CD diagnosis were considered to have a history 
of perianal disease. IL, interleukin; JAK, Janus kinase; ESR, erythrocyte sedimentation rate.

Table 1 (continued) | Demographic and clinical 
characteristics of participants at baseline
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questionnaire (SIBDQ)15,16. In the FMD group, 46.2% participants reported 
an SIBDQ score of greater than 50 after three cycles of FMD, compared 
with only 25.0% in the control group15 (P < 0.05; Extended Data Fig. 3b). 
In addition, each participant’s perception of their remission status was 
assessed through the patient global assessment (PGA). A significantly 
higher percentage of participants in the FMD group reported feeling 
that they were in remission by PGA compared with the control group 
(24.6% versus 6.3%, P = 0.03; Extended Data Fig. 3c).

Endoscopic outcomes
Due to the COVID-19 pandemic and patient hesitation to undergo elec-
tive colonoscopy, only six participants elected to have colonoscopy 
to assess for endoscopic evaluation of response to dietary therapy, of 
which five were in the FMD group and one was in the control group. 
Disease activity was determined by a blinded endoscopist using the 
Simple Endoscopic Score for CD (SES-CD). In the FMD group, four of 
five participants showed endoscopic remission after the third cycle; 
this included one participant who showed improvement from severe 
activity (SES-CD 19) to complete remission (SES-CD 0) and one partici-
pant who showed improvement from moderate activity (SES-CD 12) to 
remission (SES-CD 2)17. In the control group, the only participant who 
underwent colonoscopy maintained mild activity.

Dietary adherence
Participants in the FMD group achieved 76.9% adherence to the 
diet for all three cycles. Adherence rates were similar across 

each of the three cycles. In the control group, 87.5% participants 
were adherent to their baseline diet during the study period 
(Supplementary Table 2).

Among those participants who reported adherence to their 
assigned diet at all times, the per-protocol analysis showed that 
82.0% FMD patients and 50.0% control patients achieved the primary 
outcome of clinical response 70 (P < 0.01; Extended Data Fig. 4a). 
Furthermore, among these participants, a greater proportion of the 
FMD group achieved clinical remission (76.0% versus 39.3%, P < 0.01; 
Extended Data Fig. 4c). We observed concordant changes in both 
CRP (−15.7% versus 36.9%, P < 0.01; Extended Data Fig. 4f) and cal-
protectin (−36.5% versus 8.9%, P < 0.01; Extended Data Fig. 4g), favor-
ing the FMD group among participants who were adherent to their 
assigned diet.

FMD attenuates lipid mediators and immune-effector gene 
expression associated with intestinal inflammation
Given the enhanced clinical response to FMD compared with baseline 
diet, we then examined whether these improvements were accompa-
nied by biological changes that provide insight into the underlying 
mechanisms. We conducted untargeted plasma metabolomics on all 
samples collected at baseline and after FMD. Fourteen of the top 20 
downregulated pathways mapped to arachidonic and linoleic acid 
metabolism, consistent with suppression of lipid mediator signaling 
and inflammation; by contrast, no pathway enrichment was observed 
among upregulated metabolites (Extended Data Fig. 5). Guided by 
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Fig. 2 | Clinical and laboratory outcomes after FMD. a, A significantly higher 
proportion of participants met the primary outcome (clinical response 70, CDAI 
decrease of ≥70 points or CDAI ≤ 150) after 3 cycles of FMD compared with 12 
weeks of baseline diet (69.2% versus 43.8%, P = 0.03). b, A greater proportion 
of participants in the FMD group achieved clinical remission (CDAI ≤ 150) after 
3 FMD cycles versus baseline diet (64.6% versus 37.5%, P = 0.02). c, There was a 
significant difference in the proportion of participants who achieved clinical 
response 100 (reduction in CDAI by ≥100 or CDAI ≤ 150) after completing 
the third FMD cycle versus control (66.2% versus 40.6%, P = 0.02). d, More 
participants achieved clinical response 70 after only 1 cycle of FMD compared 
with 2 weeks of baseline diet (66.2% versus 43.8%, P < 0.05). e, After the third FMD 

cycle, the mean percentage change in CRP from baseline was not statistically 
different between the two groups (−1.0% versus 36.9%, P = 0.06). f, There was 
a significant decline in mean percentage change in fecal calprotectin (−22.0% 
versus 8.0%, P = 0.03) after the third FMD cycle. g, Analysis showed a significantly 
higher proportion of participants in the FMD group (37.0%) had a ≥50% decline 
in fecal calprotectin from baseline compared with controls (6.3%) after the third 
FMD cycle (P = 0.01). In a–d, percentages of participants meet the criteria for 
response. In e,f, Percentage change was measured from baseline compared with 
after the third FMD cycle, where error bars represent s.e.m. In g, percentages of 
participants meet the criteria for response. P values were calculated by two-sided 
Fisher’s exact test or chi-square test; P values are shown or *P < 0.05.
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this pathway analysis, we then examined the detected lipid media-
tors within these specific downregulated pathways. In line with the 
enrichment analysis, we observed a broad reduction in intestinal 
inflammation-associated lipid mediators after FMD compared with 
baseline18–21. In the arachidonic acid-derived leukotriene (LT) path-
way, FMD significantly reduced downstream oxidation products 
of both LTB4 and LTE4, key pro-inflammatory mediators elevated in 
IBD22–26. After FMD, we also observed significant decreases in recog-
nized markers of oxidative stress and inflammation, including the 
oxidized linoleic acid derivatives 13-hydroxyoctadecadienoic and 
9-hydroxyoctadecadienoic acids (13-HODE and 9-HODE), as well as their 
downstream trihydroxyoctadecenoic acids (TriHOMEs)—all elevated in 
active IBD19,20,27,28 (Fig. 4a). Notably, FMD increased 15-oxo-LXA4/LXB4, 
anti-inflammatory lipoxin (LX) metabolites known to suppress nuclear 
factor-κ B-dependent transcription29,30.

Next, we asked whether the anti-inflammatory effects of FMD 
extended to key pathogenic inflammatory mediators of CD. To test this, 
we measured expression of a prespecified panel of genes with estab-
lished relevance to CD pathogenesis in peripheral blood mononuclear 
cells (PBMCs) from participants, comparing post-FMD levels to baseline 
using reverse transcription quantitative polymerase chain reaction 
(RT–qPCR; Fig. 4b and Supplementary Table 3). FMD significantly 
reduced expression of several canonical pro-inflammatory cytokines, 
specifically TNF, NLRP3, IL-1β and IL-18. FMD also significantly decreased 
expression of chemokines CCL20 (C-C motif chemokine ligand 20) and 
CXCL10 (C-X-C motif chemokine ligand 10), which mediate immune 
cell recruitment, compared with baseline (Fig. 4b). Together, these 
data indicate that FMD lowers pro-inflammatory lipid mediators and 
downregulates immune-effector transcripts, providing a molecular 
basis for the observed reduction in CD activity.

Safety
FMD was well-tolerated throughout the study. There were no significant 
changes in weight in either the FMD group (median = 0.0%, IQR = −3.1 
to 0.5%) or the control group (median = 0.0%, IQR = 1.0–1.0%).

No participants in the FMD group reported severe (grade 3) 
adverse events, while seven (21.8%) participants in the control group 
reported severe adverse events at the time of primary outcome assess-
ment. In the FMD group, fatigue (n = 34, 52.3%) and headache (n = 33, 
50.8%) were the most common adverse events and are commonly 
reported in fasting31. Among those who reported either headache or 
fatigue, the vast majority reported only mild symptoms (headache 
(n = 27, 81.8%) and fatigue (n = 26, 76.5%)). In the control group, diarrhea 
(50.0%) and abdominal pain (37.5%) were the most common adverse 
events (Table 2). Fourteen (21.5%) participants withdrew from the 
FMD group compared with three (9.4%) from the control group, but 
none of these withdrawals were due to adverse effects. The reasons 
for withdrawal are noted in Supplementary Table 4.

Discussion
This randomized, controlled, clinical trial compared the effective-
ness of FMD versus baseline diet to reduce clinical disease activity 
and intestinal inflammation in adult patients with mild-to-moderate 
CD. FMD significantly improved the primary outcome compared 
with the baseline diet, with nearly 70% participants achieving clinical 
response and over 60% participants achieving remission. FMD was 
also effective in eliciting biochemical response, with a significantly 
greater average decline in fecal calprotectin in the FMD group com-
pared with the control group. Although the percentage changes in 
CRP between the FMD and control groups did not quite meet statistical 
significance (P = 0.06), the study was powered only for the primary 
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Fig. 3 | Clinical response at the primary endpoint by CD severity and 
phenotype. a,b, More participants with mild (a; 75.0% versus 47.8%, P = 0.03) and 
moderate (b; 57.1% versus 11.1%, P = 0.04) disease severity achieved the primary 
outcome (clinical response 70, CDAI decrease of ≥70 points or CDAI ≤ 150) in 
the FMD group compared with control. c, Participants with inflammatory CD 
were significantly more likely to respond to the FMD versus control (71.8% 
versus 40.0%, P = 0.02). d–f, Clinical response was higher in the FMD group 
than in controls among patients with colonic (d; 82.4% versus 33.3%, P = 0.01) 

and ileocolonic (e; 71.4% versus 30.0%, P = 0.03) diseases, but no significant 
difference was observed in participants with ileal CD (f; 55.5% versus 60.0%, 
P = 0.99). g, Of participants not on medical therapy at baseline, participants in 
the FMD group had a higher rate of clinical response versus participants in the 
control group (76.9% versus 33.3%, P = 0.03). Results are shown as percentages of 
participants meeting the criteria for response. P values were calculated by two-
sided Fisher’s exact test or chi-square test; NS, P ≥ 0.05, *P < 0.05.
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outcome of clinical response and remission. Furthermore, patients 
with mild CD (the majority of the trial participants) often do not have 
notable abnormalities in CRP, which can make it more challenging 
to assess therapeutic responses. Following emerging evidence after 
initial study design, such as the STRIDE II guidelines, which linked a 
50% reduction in fecal calprotectin to corticosteroid-free remission 
and endoscopic inactivity, we conducted a post hoc analysis to assess 
the proportion of patients in each group who met this threshold32–34. 
Significantly more participants in the FMD group had a 50% or greater 
decline in fecal calprotectin, providing further biochemical support 
for the favorable changes observed in CDAI in the FMD group. We also 
observed concordant reductions in inflammatory pathways across 
both plasma metabolomics and PBMC transcript profiling, as further 
discussed below, aligning with improvements in clinical biomarkers 
and disease activity.

These findings highlight the potential of FMD to serve as an effec-
tive intervention for mild and moderate CD. This is an unmet clinical 
need, particularly as mild CD has no FDA-approved therapies apart from 
corticosteroids. It is notable that we show that FMD was superior to 
baseline diet for the induction of clinical response and remission even 
among patients not on CD therapy. In addition, FMD requires dietary 
changes for only 5 days per month, allowing individuals to maintain 
their usual eating patterns and making it potentially adaptable across 
diverse baseline diets.

FMD likely confers benefit in CD through multiple mechanisms. 
Caloric restriction suppresses inflammatory pathways, including 
nuclear factor-κ B, NOD-like receptor family, pyrin domain-containing 

protein 3 (NLRP3) and TNF—central mediators of mucosal inflammation 
and tissue damage in CD35,36. Our transcriptional profiling of PBMCs 
demonstrated that FMD reduced expression of key pro-inflammatory 
mediators, including NLRP3, TNF, IL-1β and IL-18; IL-1β and IL-18 are 
cytokines released downstream of NLRP3 inflammasome activation, 
and propagate intestinal inflammation37–43. FMD also reduced circu-
lating levels of arachidonic acid-derived LT and linoleic acid oxidized 
metabolites—pro-inflammatory lipid mediators elevated in CD and 
linked to epithelial barrier disruption and inflammation27,28. Second, 
FMD and the post-FMD refeeding state activate intestinal stem cells 
in mouse models, facilitating the replacement of damaged epithelial 
tissue through various signaling proteins and growth factors, such 
as increased fibroblast growth factor 2 expression17,44. Third, FMD is 
rich in prebiotic oligofructoses, fructo-oligosaccharides and galac-
tomannan that promote outgrowth of beneficial bacteria, including 
Lactobacillaceae, a family of bacteria that has been shown to regulate 
T-cell activity and attenuate colitis symptoms45. Fourth, FMD promotes 
adaptive autophagy, which is an early part of cellular stress response; 
autophagy, which removes damaged organelles and misfolded pro-
teins, protects host cells from subsequent injury46. Finally, in other 
studies, both fasting and FMD have been shown to increase serum 
ketones several fold; certain ketones, such as β-hydroxybutyrate, have 
been shown to modulate intestinal inflammation through direct effects 
on inflammatory cell profiles47–49.

FMD was able to rapidly improve symptoms compared with 
baseline diet, with 66% participants reporting clinical improvement 
after a single, 5-day cycle of FMD. We also observed loss of clinical 
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Fig. 4 | FMD attenuates lipid mediators and immune-effector transcripts 
associated with CD. a, Untargeted plasma metabolomics at baseline (n = 13) 
and after FMD (n = 13) showed reductions in pro-inflammatory oxidized LT 
and linoleic acid metabolites after FMD versus baseline, with a concomitant 
increase in anti-inflammatory oxo-LXs. These metabolites are represented in the 
figure as ox-LTB4, 20-OH-LTB4; ox-LTE4, 18-carboxy-dinor-LTE4; ox-LXA4/LXB4, 
15-oxo-LXA4/B4. b, RT–qPCR analysis of PBMCs at baseline (n = 14) and after FMD 
(n = 14) demonstrated reduced expression of pro-inflammatory chemokines 
and cytokines. Blood samples were available only for a subset of the original 
FMD arm cohort, drawn after one FMD cycle. One patient’s plasma samples were 
excluded due to quality control failure. Statistical significance was assessed by 

paired two-sided Wilcoxon signed-rank test. Data are presented as mean ± s.e.m. 
P values were FDR-adjusted using the two-stage BKY procedure (adjusted within 
panel), with significance defined as q ≤ 0.10. Asterisks denote FDR-adjusted 
significance (*q ≤ 0.10; **q ≤ 0.05). Exact FDR-adjusted P values (q) for all results 
are as follows: (a) TriHOMEs, q = 0.09; 9-HODE/13-HODE, q = 0.06; 9-HpODE/13-
HpODE, q = 0.31; linoleic acid, q = 0.59; ox-LTB4, q = 0.02; ox-LTE4, q = 0.02; ox-
LXA4/B4, q = 0.05; arachidonic acid, q = 0.02; (b) TNF, q = 0.04; CXCL10, q = 0.04; 
CCL20, q = 0.09; IL-10, q = 0.43; IL-18, q = 0.04; IL-1β, q = 0.01; NLRP3, q = 0.09; 
NF-κB, q = 0.36. HpODE, hydroperoxyoctadecadienoic acid; CXCL, C-X-C motif 
chemokine ligand; CCL, C-C motif chemokine ligand; NF-κB, nuclear factor-κ B1.
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response after a washout period of 3 months. This suggests that the 
optimal number of FMD cycles required to maintain clinical benefits 
over extended periods in patients with CD remains unclear, and that 
continued 5-day cycles per month of diet therapy may be necessary 
for sustained remission.

Participants with colonic and ileocolonic CD had higher rates 
of clinical response and remission with FMD compared with control. 
However, participants with ileal disease alone did not demonstrate 
the same improvement. We hypothesize that this is due to the dis-
tinct immune environments in the large and small bowel. The colonic 
immune microenvironment is more responsive to luminal antigens, 
and fasting effectively reduces antigenic stimulation50,51. In addition, 
given the more rapid turnover of enterocytes relative to colonocytes, 
the autophagy response triggered by fasting may not be as beneficial 
in the small bowel52,53.

Blinded endoscopic assessments also showed promising results 
with FMD—four of five participants with baseline endoscopic dis-
ease achieved endoscopic remission by the end of the third diet 
cycle17,54. Patients not receiving any IBD therapy experienced sig-
nificant improvement with FMD relative to baseline diet alone—an 
important finding given the limited maintenance treatment options 
for mild CD.

The trial had a high response rate in the control group, with approx-
imately 40% participants showing clinical improvement or remission. 
This high response rate was likely multifactorial. First, all participants 
were allowed to continue standard-of-care medical therapy. Second, 
as the study population included only patients with mild-to-moderate 
CD, it is reasonable that some participants had clinical improvement 
due to fluctuations that may occur in the natural history of the disease.

Adherence to the FMD was high, likely due to the provision of 
meal kits and the brief, 5-day duration of dietary restrictions. FMD 

was well-tolerated, with no serious adverse events reported. A total 
of 17 participants (17.5%) dropped out of the study, and the study was 
powered a priori to account for dropouts.

This study has several key strengths. To our knowledge, this is 
the largest randomized, controlled trial of a solid, nonexclusion diet 
in adults with CD55–59. While exclusive and partial enteral nutrition 
are effective, their limited palatability and high cost currently hinder 
broad adoption60,61. In contrast, FMD is compatible with a wide range 
of dietary patterns and does not require complete change in diet—an 
important advantage as the global prevalence of IBD rises, particularly 
outside Europe and North America. This study identifies a dietary inter-
vention that is not only effective at controlling clinical disease activity 
but also effective for inducing biochemical response in patients with 
mild-to-moderate CD. Notably, there were no differences between FMD 
and control in starting corticosteroids or advanced therapy during 
the trial. Furthermore, there was no difference in the recent start of 
advanced therapy (defined as less than or equal to 2 months) or median 
duration of advanced therapy. While we believe that FMD is best used 
as an adjunctive treatment along with conventional therapy, our data 
suggest that it may be effective as monotherapy in patients with mild 
disease. In addition, the concordant metabolomic and transcriptional 
signatures from analysis of biological samples provide alignment with 
the clinical benefit, indicating that FMD modulates known metabolic 
pathways and associated cytokine-chemokine networks implicated in 
CD. Finally, the trial also enrolled participants from diverse geographic 
regions across the United States, adding to the generalizability of 
the findings.

Our study has some limitations. Similar to virtually all diet studies, 
we were unable to blind patients to the group to which they were rand-
omized. In addition, while we enrolled patients with mild-to-moderate 
disease, nearly two-thirds of the cohort had mild disease, limiting our 

Table 2 | List of adverse events per NCI CTCAE version 5.0 (ref. 62)

Adverse event Grade 1 Grade 2 Grade 3

FMD Control P value FMD Control P value FMD Control P value

n (%) n (%) n (%) n (%) n (%) n (%)

Fatigue 26 (40.0) 3 (9.4) <0.01 8 (12.3) 1 (3.1) 0.26 0 (0.0) 0 (0.0) 1.00

Headache 27 (41.5) 0 (0.0) <0.01 6 (9.2) 1 (3.1) 0.42 0 (0.0) 0 (0.0) 1.00

Bloating 16 (24.6) 1 (3.1) <0.01 6 (9.2) 0 (0.0) 0.17 0 (0.0) 0 (0.0) 1.00

Dizziness 12 (18.5) 1 (3.1) 0.06 4 (6.2) 0 (0.0) 0.30 0 (0.0) 0 (0.0) 1.00

Diarrhea 12 (18.5) 11 (34.4) 0.13 3 (4.6) 3 (9.4) 0.39 0 (0.0) 2 (6.3) 0.11

Abdominal pain 13 (20.0) 1 (3.1) 0.03 1 (1.5) 5 (15.6) 0.01 0 (0.0) 6 (18.8) <0.01

Other complaints 11 (16.9) 3 (9.4) 0.38 2 (3.1) 1 (3.1) 1.00 0 (0.0) 0 (0.0) 1.00

Nausea 9 (13.9) 1 (3.1) 0.16 3 (4.6) 1 (3.1) 1.00 0 (0.0) 0 (0.0) 1.00

Concentration impairment 8 (12.3) 0 (0.0) 0.05 2 (3.1) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Malaise 5 (7.7) 0 (0.0) 0.17 3 (4.6) 0 (0.0) 0.55 0 (0.0) 0 (0.0) 1.00

Flatulence 7 (10.8) 0 (0.0) 0.09 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Irritability 5 (7.7) 0 (0.0) 0.17 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Constipation 4 (6.2) 0 (0.0) 0.30 0 (0.0) 0 (0.0) 1.00 0 (0.0) 1 (3.1) 1.00

Vomiting 2 (3.1) 3 (9.4) 0.33 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 0.33

Dry mouth 0 (0.0) 0 (0.0) 1.00 1 (1.5) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Fecal incontinence 0 (0.0) 0 (0.0) 1.00 1 (1.5) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Chills 1 (1.5) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Tinnitus 1 (1.5) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00

Adverse events are graded according to CTCAE guidelines. Grade 1, mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated. Grade 2, 
moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate instrumental activities of daily living (that is, preparing meals, shopping for groceries or clothes, using 
the telephone, managing money, etc.). Grade 3, severe or medically significant but not immediately life-threatening; hospitalization or prolongation of hospitalization indicated; disabling; 
limiting self-care activities of daily living (that is, bathing, dressing and undressing, feeding self, using the toilet, taking medications and not bedridden). P values were calculated by two-sided 
Fisher’s exact test or chi-square test. CTCAE, Common Terminology Criteria for Adverse Events.
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ability to understand the impact on patients with moderate-to-severe 
disease. Patients with mild disease may be more prone to assessor bias 
when reporting symptoms, particularly in diet studies. Furthermore, 
the study could not assess the effect of FMD on endoscopic healing 
because the number of participants who underwent colonoscopy 
was too small to permit quantitative analyses of this outcome. Given 
the small and open-label nature of this study and limited endoscopic 
data, findings should be interpreted with care. Also, the study popu-
lation was predominantly white, which may impact the generaliz-
ability of the results to other races and ethnic groups. In addition, 
despite collecting blood samples within 24 h of completing FMD, 
this duration and variability, along with the lack of specialized stabi-
lization in our metabolomics, detection of labile metabolites, such 
certain eicosanoids, may be attenuated. For these reasons, we view 
these findings as hypothesis-generating at the species level; targeted 
workflows in a follow-up cohort can further delineate the principal 
mediators. While there are several mechanisms of action by which 
FMD exerts its anti-inflammatory effect, it is notable that the majority 
of downregulated pathways in the pathway enrichment comparing 
FMD to control mapped predominantly to arachidonic and linoleic 
acid metabolism, indicating that attenuation of inflammatory lipid 
mediators occurs at the pathway level rather than being driven by a  
single species.

In conclusion, our study demonstrates that FMD is a clinically 
effective and feasible intervention for inducing clinical response and 
remission in mild-to-moderate CD. While additional investigation is 
necessary, its adaptability and short duration of dietary restriction 
make it a promising adjunct to pharmacologic therapy.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41591-025-04173-w.

References
1.	 Wang, R., Li, Z., Liu, S. & Zhang, D. Global, regional and national 

burden of inflammatory bowel disease in 204 countries and 
territories from 1990 to 2019: a systematic analysis based on the 
Global Burden of Disease Study 2019. BMJ Open 13, e065186 
(2023).

2.	 Elmasry, S. & Ha, C. Evidence-based approach to the 
management of mild Crohn’s disease. Clin. Gastroenterol. 
Hepatol. 22, 480–483 (2024).

3.	 Lewis, J. D. & Abreu, M. T. Diet as a trigger or therapy for 
inflammatory bowel diseases. Gastroenterology 152, 398–414 
(2017).

4.	 Gubatan, J. et al. Dietary exposures and interventions in 
inflammatory bowel disease: current evidence and emerging 
concepts. Nutrients 15, 579 (2023).

5.	 Lewis, J. D. et al. A randomized trial comparing the specific 
carbohydrate diet to a Mediterranean diet in adults with Crohn’s 
disease. Gastroenterology 161, 837–852 (2021).

6.	 Johnston, B. C. et al. Comparison of weight loss among named 
diet programs in overweight and obese adults: a meta-analysis. 
JAMA 312, 923–933 (2014).

7.	 Dansinger, M. L., Gleason, J. A., Griffith, J. L., Selker, H. P. & 
Schaefer, E. J. Comparison of the Atkins, Ornish,  
Weight Watchers, and Zone Diets for weight loss and heart 
disease risk reduction: a randomized trial. JAMA 293, 43–53 
(2005).

8.	 Wei, M. et al. Fasting-mimicking diet and markers/risk factors for 
aging, diabetes, cancer, and cardiovascular disease. Sci. Transl. 
Med. 9, eaai8700 (2017).

9.	 De Groot, S. et al. Fasting mimicking diet as an adjunct 
to neoadjuvant chemotherapy for breast cancer in the  
multicentre randomized phase 2 DIRECT trial. Nat. Commun. 11, 
3083 (2020).

10.	 Rangan, P. et al. Fasting-mimicking diet modulates 
microbiota and promotes intestinal regeneration to reduce 
inflammatory bowel disease pathology. Cell Rep. 26, 
2704–2719 (2019).

11.	 Damas, O. M. et al. A pilot randomized control trial to assess the 
adjunctive effect of diet on response to advanced therapies in 
patients with UC. Clin. Gastroenterol. Hepatol. 23, 2579–2587 
(2025).

12.	 Silverberg, M. S. et al. Toward an integrated clinical, molecular 
and serological classification of inflammatory bowel disease: 
report of a working party of the 2005 Montreal World Congress 
of Gastroenterology. Can. J. Gastroenterol. 19, A:5A–A:36A 
(2005).

13.	 D’Haens, G. et al. Risankizumab as induction therapy for Crohn’s 
disease: results from the phase 3 ADVANCE and MOTIVATE 
induction trials. Lancet 399, 2015–2030 (2022).

14.	 Ananthakrishnan, A. N. et al. AGA clinical practice guideline on 
the role of biomarkers for the management of Crohn’s disease. 
Gastroenterology 165, 1367–1399 (2023).

15.	 Irvine, E. J., Zhou, Q. & Thompson, A. K. The short inflammatory 
bowel disease questionnaire: a quality of life instrument for 
community physicians managing inflammatory bowel disease. 
CCRPT investigators. Canadian Crohn’s relapse prevention trial. 
Am. J. Gastroenterol. 91, 1571–1578 (1996).

16.	 Roseira, J., Sousa, H. T., Marreiros, A., Contente, L. F. &  
Magro, F. Short inflammatory bowel disease questionnaire: 
translation and validation to the Portuguese language. Health 
Qual. Life Outcomes 19, 59 (2021).

17.	 Panaccione, R. et al. Achievement of endoscopic remission  
after induction reduces hospitalization burden in Crohn’s  
disease: findings from a pooled post hoc analysis of risankizumab 
and upadacitinib phase III trials. J. Crohns Colitis 19, jjae128 
(2025).

18.	 Sharon, P. & Stenson, W. F. Enhanced synthesis of leukotriene 
B4 by colonic mucosa in inflammatory bowel disease. 
Gastroenterology 86, 453–460 (1984).

19.	 Kikut, J. et al. Involvement of proinflammatory arachidonic acid 
(ARA) derivatives in Crohn’s disease (CD) and ulcerative colitis 
(UC). J. Clin. Med. 11, 1861 (2022).

20.	 Szczuko, M., Komisarska, P., Kikut, J., Drozd, A. &  
Sochaczewska, D. Calprotectin is associated with HETE and 
HODE acids in inflammatory bowel diseases. J. Clin. Med. 12, 7584 
(2023).

21.	 Faizo, N., Narasimhulu, C. A., Forsman, A., Yooseph, S. & 
Parthasarathy, S. Peroxidized linoleic acid, 13-HPODE, alters gene 
expression profile in intestinal epithelial cells. Foods 10, 314 
(2021).

22.	 Henderson, W. R. Jr The role of leukotrienes in inflammation. Ann. 
Intern. Med. 121, 684–697 (1994).

23.	 Stanke-Labesque, F., Pofelski, J., Moreau-Gaudry, A., Bessard, 
G. & Bonaz, B. Urinary leukotriene E4 excretion: a biomarker of 
inflammatory bowel disease activity. Inflamm. Bowel Dis. 14, 
769–774 (2008).

24.	 Paruchuri, S. et al. Leukotriene E4-induced pulmonary 
inflammation is mediated by the P2Y12 receptor. J. Exp. Med. 206, 
2543–2555 (2009).

25.	 Ikehata, A. et al. Altered leukotriene B4 metabolism in colonic 
mucosa with inflammatory bowel disease. Scand. 
 J. Gastroenterol. 30, 44–49 (1995).

26.	 Afonso, P. V. et al. LTB4 is a signal relay molecule during neutrophil 
chemotaxis. Dev. Cell 22, 1079–1091 (2012).

http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-025-04173-w


Nature Medicine | Volume 32 | March 2026 | 1023–1033 1032

Article https://doi.org/10.1038/s41591-025-04173-w

27.	 Diab, J. et al. A quantitative analysis of colonic mucosal  
oxylipins and endocannabinoids in treatment-naive and deep 
remission ulcerative colitis patients and the potential link with 
cytokine gene expression. Inflamm. Bowel Dis. 25, 490–497 
(2019).

28.	 Ben-Mustapha, Y. et al. Altered mucosal and plasma 
polyunsaturated fatty acids, oxylipins, and endocannabinoids 
profiles in Crohn’s disease. Prostaglandins Other Lipid Mediat. 168, 
106741 (2023).

29.	 Koudelka, A. et al. Lipoxin A4 yields an electrophilic 15-oxo 
metabolite that mediates FPR2 receptor-independent 
anti-inflammatory signaling. J. Lipid Res. 66, 100705  
(2024).

30.	 McGuffee, R. M., Luetzen, M. A. & Ford, D. A. Resolving lipoxin A4: 
endogenous mediator or exogenous anti-inflammatory agent? J. 
Lipid Res. 66, 100734 (2024).

31.	 Finnell, J. S., Saul, B. C., Goldhamer, A. C. & Myers, T. R. Is 
fasting safe? A chart review of adverse events during medically 
supervised, water-only fasting. BMC Complement. Altern. Med. 18, 
67 (2018).

32.	 Turner, D. et al. STRIDE-II: an update on the selecting therapeutic 
targets in inflammatory bowel disease (STRIDE) initiative of 
the international organization for the study of IBD (IOIBD): 
determining therapeutic goals for treat-to-target strategies in IBD. 
Gastroenterology 160, 1570–1583 (2021).

33.	 Sollelis, E. et al. Combined evaluation of biomarkers as predictor 
of maintained remission in Crohn’s disease. World J. Gastroenterol. 
25, 2354–2364 (2019).

34.	 Zubin, G. & Peter, L. Predicting endoscopic Crohn’s disease 
activity before and after induction therapy in children: a 
comprehensive assessment of PCDAI, CRP, and fecal calprotectin. 
Inflamm. Bowel Dis. 21, 1386–1391 (2015).

35.	 Markó, L. et al. Tubular epithelial NF-κB activity regulates ischemic 
AKI. J. Am. Soc. Nephrol. 27, 2658–2669 (2016).

36.	 Traba, J. et al. Fasting and refeeding differentially regulate NLRP3 
inflammasome activation in human subjects. J. Clin. Invest. 125, 
4592–4600 (2015).

37.	 Rutgeerts, P. et al. Adalimumab induces and maintains mucosal 
healing in patients with Crohn’s disease: data from the EXTEND 
trial. Gastroenterology 142, 1102–1111 (2012).

38.	 Schmitt, H. et al. Expansion of IL-23 receptor bearing TNFR2+ 
T cells is associated with molecular resistance to anti-TNF therapy 
in Crohn’s disease. Gut 68, 814–828 (2019).

39.	 Koelink, P. J. et al. Anti-TNF therapy in IBD exerts its therapeutic 
effect through macrophage IL-10 signalling. Gut 69, 1053–1063 
(2020).

40.	 Rutgeerts, P. et al. Scheduled maintenance treatment with 
infliximab is superior to episodic treatment for the healing of 
mucosal ulceration associated with Crohn’s disease. Gastrointest. 
Endosc. 63, 433–442 (2006).

41.	 Swanson, K. V., Deng, M. & Ting, J. P.-Y. The NLRP3 inflammasome: 
molecular activation and regulation to therapeutics. Nat. Rev. 
Immunol. 19, 477–489 (2019).

42.	 Schroder, K. & Tschopp, J. The inflammasomes. Cell 140, 821–832 
(2010).

43.	 Mao, L., Kitani, A., Strober, W. & Fuss, I. J. The role of NLRP3 and 
IL-1β in the pathogenesis of inflammatory bowel disease. Front. 
Immunol. 9, 2566 (2018).

44.	 Ducarmon, Q. R. et al. Remodelling of the intestinal ecosystem 
during caloric restriction and fasting. Trends Microbiol. 31, 
832–844 (2023).

45.	 Damaskos, D. & Kolios, G. Probiotics and prebiotics in 
inflammatory bowel disease: microflora ‘on the scope’. Br. J. Clin. 
Pharmacol. 65, 453–467 (2008).

46.	 Shabkhizan, R. et al. The beneficial and adverse effects of 
autophagic response to caloric restriction and fasting. Adv. Nutr. 
14, 1211–1225 (2023).

47.	 Brandhorst, S. et al. A periodic diet that mimics fasting promotes 
multi-system regeneration, enhanced cognitive performance and 
healthspan. Cell Metab. 22, 86–99 (2015).

48.	 Huang, C. et al. Ketone body β-hydroxybutyrate ameliorates 
colitis by promoting M2 macrophage polarization through the 
STAT6-dependent signaling pathway. BMC Med. 20, 148 (2022).

49.	 Newman, J. C. & Verdin, E. β-Hydroxybutyrate. Annu. Rev. Nutr. 37, 
51–76 (2017).

50.	 Martinez-Lopez, N. et al. System-wide benefits of intermeal 
fasting by autophagy. Cell Metab. 26, 856–871 (2017).

51.	 Rutgeerts, P. et al. Effect of faecal stream diversion on recurrence 
of Crohn’s disease in the neoterminal ileum. Lancet 338, 771–774 
(1991).

52.	 Filardy, A. A., Ferreira, J. R. M., Rezende, R. M., Kelsall, B. L. 
& Oliveira, R. P. The intestinal microenvironment shapes 
macrophage and dendritic cell identity and function. Immunol. 
Lett. 253, 41–53 (2023).

53.	 Mowat, A. M. & Agace, W. W. Regional specialization within the 
intestinal immune system. Nat. Rev. Immunol. 14, 667–685 (2014).

54.	 Narula, N. et al. Defining endoscopic remission in Crohn’s disease: 
MM-SES-CD and SES-CD thresholds associated with low risk of disease 
progression. Clin. Gastroenterol. Hepatol. 22, 1687–1696 (2024).

55.	 Marsh, A. et al. A pilot randomized controlled trial investigating the 
effects of an anti-inflammatory dietary pattern on disease activity, 
symptoms and microbiota profile in adults with inflammatory 
bowel disease. Eur. J. Clin. Nutr. 78, 1072–1081 (2024).

56.	 Bodini, G. et al. A randomized, 6-wk trial of a low FODMAP diet 
in patients with inflammatory bowel disease. Nutrition 67–68, 
110542 (2019).

57.	 Cox, S. R. et al. Effects of low FODMAP diet on symptoms, fecal 
microbiome, and markers of inflammation in patients with 
quiescent inflammatory bowel disease in a randomized trial. 
Gastroenterology 158, 176–188 (2020).

58.	 Lomer, M. C. E. et al. Lack of efficacy of a reduced microparticle 
diet in a multi-centred trial of patients with active Crohn’s disease. 
Eur. J. Gastroenterol. Hepatol. 17, 377–384 (2005).

59.	 Lomer, M. C., Harvey, R. S., Evans, S. M., Thompson, R. P. & Powell, 
J. J. Efficacy and tolerability of a low microparticle diet in a 
double blind, randomized, pilot study in Crohn’s disease. Eur. J. 
Gastroenterol. Hepatol. 13, 101–106 (2001).

60.	 De Sire, R. et al. Exclusive enteral nutrition in adult Crohn’s 
disease: an overview of clinical practice and perceived barriers. 
Clin. Exp. Gastroenterol. 14, 493–501 (2021).

61.	 Mehta, P., Pan, Z., Furuta, G. T., Kim, D. Y. & de Zoeten, E. F. Parent 
perspectives on exclusive enteral nutrition for the treatment of pediatric 
Crohn disease. J. Pediatr. Gastroenterol. Nutr. 71, 744–748 (2020).

62.	 U.S. Department of Health and Human Services. Common Terminology 
Criteria for Adverse Events (CTCAE) v5.0. dctd.cancer.gov/research/
ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf (2017).

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with 
the author(s) or other rightsholder(s); author self-archiving of the 
accepted manuscript version of this article is solely governed by the 
terms of such publishing agreement and applicable law.

© The Author(s), under exclusive licence to Springer Nature America, 
Inc. 2026

http://www.nature.com/naturemedicine
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf


Nature Medicine | Volume 32 | March 2026 | 1023–1033 1033

Article https://doi.org/10.1038/s41591-025-04173-w

1Department of Medicine, Division of Gastroenterology and Hepatology, Stanford University School of Medicine, Stanford, CA, USA. 2Gastroenterology, 
Stanford Health Care, Stanford, CA, USA. 3Longevity Institute, School of Gerontology, Department of Biological Sciences, University of Southern 
California, Los Angeles, CA, USA. 4Department of Medicine, Quantitative Sciences Unit, Stanford University School of Medicine, Stanford, CA, USA. 
5Rosalind Russell and Ephraim P. Engleman Rheumatology Research Center, Department of Medicine, University of California, San Francisco, San 
Francisco, CA, USA. 6Microbiology and Immunology, Stanford University School of Medicine, Stanford, CA, USA. 7Stanford Prevention Research Center, 
Stanford University School of Medicine, Stanford, CA, USA. 8These authors contributed equally: C. Kulkarni, T. Fardeen.  e-mail: sidsinha@stanford.edu

C. Kulkarni1,8, T. Fardeen    1,8, J. Gubatan    1, J. Ye1, K. Jarr1, E. Dickson1, H. Jang    1, M. Temby1, A. Patel1, Y. Jiang1, G. Singh1, 
K. Keyashian1, S. Streett1, E. Ho1, G. Barber1, S. Singh1, D. Limsui1, N. Anaizi2, L. Becker    1, S. P. Spencer    1, D. Mehrish1, 
D. Perelman    1, V. D. Longo    3, V. Charu4, J. F. Ashouri    5, M. M. Davis    6, A. Habtezion1, J. L. Sonnenburg6,  
C. Gardner    7 & S. R. Sinha    1 

http://www.nature.com/naturemedicine
mailto:sidsinha@stanford.edu
http://orcid.org/0000-0001-6050-740X
http://orcid.org/0000-0001-6037-2883
http://orcid.org/0009-0001-4124-9908
http://orcid.org/0000-0002-8736-0257
http://orcid.org/0000-0002-7328-5399
http://orcid.org/0000-0003-3335-1950
http://orcid.org/0000-0002-0946-7534
http://orcid.org/0000-0001-8405-7503
http://orcid.org/0000-0001-6868-657X
http://orcid.org/0000-0002-7596-1530
http://orcid.org/0000-0001-5104-6410


Nature Medicine

Article https://doi.org/10.1038/s41591-025-04173-w

Methods
Study design and patient population
The ‘effects of an intermittent reduced-calorie diet on CD’ study was 
an open-label, randomized, controlled, clinical trial (NCT04147585) 
conducted at Stanford University that compared the effectiveness of 
FMD versus baseline diet to reduce clinical disease activity in patients 
with mild-to-moderate CD. The study protocol was approved by the 
Stanford University Institutional Review Board (IRB), and complied 
with all federal regulations, state laws, local policies and established 
ethical practices. For more information, the study protocol and statisti-
cal analysis plan are included in Supplementary Note.

Enrollment occurred between 2019 and 2023 in the United States. 
We screened 279 potential participants, who were identified from a 
national recruiting campaign. A total of 119 participants were recruited. 
Twenty-two participants, although eligible, decided not to participate 
before randomization. The 97 enrolled patients were block randomized 
2:1 (block size of 6) such that 65 participants were assigned to FMD 
and 32 to control. The random allocation sequence was sequentially 
numbered. Thirty-eight of these patients were recruited from Stanford 
University, and the remaining patients were recruited nationally from 
59 institutions. During the trial, 14 participants in the FMD group and 3 
in the control group withdrew (Supplementary Table 4).

Sample size determination
The study was powered for the primary outcome assuming an α of 
0.05, power of 90% and a dropout rate of 30%. For sample size deter-
mination, the enrollment ratio was assumed to be 2:1. The effect size 
was estimated from the proportion of healthy control patients who 
normalized CRP during FMD in a study of healthy participants8.

Inclusion and exclusion criteria
Adult patients (male or female) between the ages of 18 and 70 years with CD 
were eligible for inclusion in the study. Male or female sex was self-reported 
by patients at the time of screening; information was not collected regard-
ing sex identity. Participants were also required to have mild-to-moderate 
symptoms, defined by a CDAI score above 150 and no greater than 450. 
A diagnosis of CD was established by each patient’s gastroenterologist 
based on usual clinical, radiographic, endoscopic and histologic criteria.

Patients were excluded from the study based on several criteria. 
Women who were pregnant, nursing or planning to become pregnant 
were not eligible. In addition, individuals with a known nut allergy or a 
BMI below 18 were excluded. Patients who were severely weakened by 
disease or medical procedures, or who were taking medications that 
may not be safely combined with a calorie-restricted diet, were not 
allowed to participate. Patients with diabetes who used antidiabetic 
drugs associated with the risk of hypoglycemia were similarly excluded. 
Furthermore, individuals with more than mild-to-moderate cardio-
vascular disease or life-threatening cancer were not eligible unless 
approved by a physician. This also applied to patients with a history of 
severe cardiac disease, particularly uncompensated congestive heart 
failure (NYHA grade 2 or higher) or a left ventricular ejection fraction 
of less than 40%, as well as those with a history of syncope. Patients 
with dietary requirements incompatible with the FMD meal plan were 
excluded, along with those with liver or kidney disorders that could be 
adversely affected by a low-glucose and protein diet. Patients already 
on a calorie-restricted diet, those with short bowel syndrome and indi-
viduals with a history of relevant gastrointestinal surgeries, including 
ostomy of the small or large intestine, total colectomy, proctocolec-
tomy or ileoanal pouch, were also excluded from the study. Patients 
who had undergone resection of the terminal ileum, resection of short 
strictures of the small intestine or hemicolectomy were not excluded.

Intervention
Participants randomized to the intervention arm consumed the FMD 
for five consecutive days per month for three consecutive months. 

Participants resumed their normal diet during the remaining approxi-
mately 25 days in each month.

Ahead of the start date for each FMD cycle, participants received a 
commercially available diet box, which was purchased by the research 
team from L-Nutra. Each box contained all the meals for each day of the 
5-day FMD cycles. The foods for each day consisted of soups, nutrition 
bars, snacks and supplements. During the FMD, participants’ daily 
calorie intake was limited to 1,090 calories (10% protein, 56% fat, 34% 
carbohydrates) on day 1, and 725 calories (9% protein, 44% fat, 47% 
carbohydrates) on days 2–5. Participants were encouraged to follow 
the diet exactly and consume only and all of what was provided in the 
box for each day. In the rare cases where a particular food or ingredient 
was poorly tolerated, participants were allowed to substitute that item 
using a recipe with matching macronutrients developed by the research 
dietitian. Any substitution requests or needs were overseen by the 
research dietician to ensure the nutritional consistency with the FMD.

Outcome measures
The primary outcome was defined as a reduction in CDAI of at least 70 
points from baseline or CDAI ≤ 150 (clinical response 70) after the third 
5-day diet cycle63,64. For the primary analysis, data were obtained within 
1 week, starting immediately after the completion of the third FMD cycle 
when participants had resumed their baseline diet. The CDAI score was 
calculated at the end of the 1-week period. Secondary outcomes were 
measured at three time points—after the first cycle of FMD, after the third 
cycle of FMD and after a 3-month washout period following the third 
cycle of FMD. The secondary outcomes measured were clinical remission 
(CDAI ≤ 150), clinical response 100 (reduction in CDAI of at least 100 points 
from baseline or CDAI ≤ 150), percentage change from baseline CRP, per-
centage change from baseline erythrocyte sedimentation rate, percentage 
change from baseline fecal calprotectin, remission per PRO (defined as 
fewer than four loose or watery (Bristol type 6 or 7) stools per day and mini-
mal abdominal pain (severity rated less than or equal to 1 on a 0–3 Likert 
scale), PGA of symptoms, effect of FMD on patient quality of life measured 
by SIBDQ and the effect of FMD on endoscopic healing as measured by the 
SES-CD. Participants were considered to have achieved PGA remission if 
they perceived their CD symptoms to be in remission at the time of the 
assessment. All labs were performed at the Stanford Clinical Lab or at 
commercial labs. All participants continued to receive standard-of-care 
medical therapy under the direction of their gastroenterologist.

Additional post hoc analyses were performed. First, after observ-
ing that many enrolled patients were not receiving advanced therapy, 
we evaluated the efficacy of FMD compared with baseline diet in a 
subgroup of patients who were off advanced therapy. Second, after 
observing a clinically significant difference in some baseline charac-
teristics (defined by SMD difference of ≥0.20), we performed multivari-
able logistic regression analyses to estimate the treatment effect while 
adjusting for imbalanced baseline variables (Supplementary Table 1). 
Third, we adjusted the inflammatory markers for multiple comparisons 
(Supplementary Table 5). Finally, we determined what percentage of 
patients had a 50% or greater decline in fecal calprotectin from baseline, 
consistent with a clinically meaningful decline previously described 
in multiple other studies and the STRIDE II guidelines, which were 
released after the initial study design32.

For all binary outcomes, any participant who withdrew from the 
study before the relevant endpoint was categorized as FMD treatment 
failure. Missing continuous outcomes were imputed by carrying for-
ward the baseline measurement.

Protocol modifications
Our study faced substantial delays in recruitment due to the SARS-CoV-2 
pandemic. In response, we modified our protocol to allow any partici-
pants who withdrew from the study before the third FMD cycle due to 
the pandemic to re-enroll after a washout period of 3 months; ultimately, 
this accommodation allowed for the re-enrollment of four participants.
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We also expanded our recruitment from Stanford clinics to nation-
wide in February 2021. This modification enabled screening of par-
ticipants from outside Stanford. Local participants continued to have 
study visits and labs at Stanford clinics; however, for participants living 
outside of the Stanford area, study visits were conducted through 
phone or video call and labs were completed at local facilities.

Dietary adherence assessments
Participants reported adherence by completing online questionnaires 
(weekly during the baseline diet and daily during the FMD cycles) and 
phone calls from the research team. The daily surveys during FMD 
cycles asked participants to self-report adherence and any deviations 
from the FMD. Participants also received two scheduled calls from the 
research dietitian during the baseline diet period, and three calls from 
the research team (including at least one call from the study dietitian) 
during each FMD cycle.

Participants in the FMD arm were considered adherent during 
FMD cycles if they did not consume more than 400 additional calories 
beyond what was provided in the meal kit on any given day of the cycle 
and completed all 5 days of each cycle. Participants were considered 
adherent to their regular diet if they did not have any self-described 
changes in diet or exclusion of foods (for example, new start of an 
MD) during the periods between FMD cycles (for FMD participants) 
or throughout the study period (for control participants).

Adverse events
Adverse events were assessed at each study visit for all participants 
and during each diet cycle for the FMD group. Adverse events were 
self-reported and subsequently graded according to the Common 
Terminology Criteria for Adverse Events version 5.

Ethics
The protocol was reviewed and approved by the Stanford University IRB 
(IRB-53161) in 2019. All patients provided written informed consent to par-
ticipate before proceeding with any study-specific procedures. The study 
adhered to the Consolidated Standards of Reporting Trials guidelines.

Participants received a $200 reimbursement to offset time and 
parking-related expenses and the inconvenience/personal costs associ-
ated with attending multiple study visits. Participants who agreed to 
undergo endoscopy as part of the study received an additional $200, 
bringing the total payment to $400. Payments were made to each 
participant after completion of all study activities.

Statistical analysis
Sample size was determined a priori by standard power calculations. 
All analyses of clinical data presented in the main body of the paper 
were conducted by intention-to-treat analysis. We have also included 
per-protocol analysis for the following endpoints that were measured 
after the third cycle of FMD in the supplement: clinical response 70, 
clinical response 100, clinical remission, remission by PRO and SIBDQ, 
CRP and calprotectin changes (Extended Data Fig. 4). All endpoints and 
analyses were prespecified unless otherwise stated. Descriptive data 
are reported with median and IQR or counts and percentages. Continu-
ous data were analyzed using a two-sided t test. For t tests, normality 
was verified using the D’Agostino–Pearson test and homogeneity of 
variance was verified by Levene’s test. Categorical data were analyzed 
using a chi-square test or Fisher’s exact test, as appropriate. All tests 
were two-sided (ɑ = 0.05). P values were adjusted for multiplicity using 
the two-stage Benjamini–Krieger–Yekutieli (BKY) procedure due to 
positive dependence among tests within a panel; FDR-adjusted P val-
ues are reported with a prespecified FDR threshold of 10% (q ≤ 0.10), 
defining significant results65. Adjustments were applied within each 
prespecified panel, namely the clinical inflammatory biomarker panel 
(Supplementary Table 5), lipid mediator families (specifically, arachi-
donic acid-derived LT and linoleic acid-derived metabolite pathways; 

Fig. 4a and Extended Data Fig. 5), and the cytokine/chemokine RT–qPCR 
transcripts (Fig. 4b). Additional data analysis methodology for metabo-
lomics and RT–qPCR is described below in their respective sections.

Subgroup analyses were performed to understand the impact of 
the following variables: mild versus moderate disease, IBD therapy, 
disease location (L1–L3) and disease behavior. We also assessed the 
impact of residual confounding using multivariable logistic regres-
sion, including the following variables that had baseline imbalances 
(SMD > 0.20) after randomization: sex, race, ethnicity, smoking status, 
BMI and use of advanced IBD therapy. The adjusted odds ratios are 
presented in Supplementary Table 1.

Demographic data are reported as median and IQR or counts and 
percentages (Table 1 and Supplementary Tables 4, 6 and 7). SMDs were 
calculated to measure effect size66,67 (Table 1). SMD is a measure of 
effect size that quantifies the difference in proportion between two 
groups. Typically, an SMD of 0.20–0.49 is considered small, 0.50–0.79 is 
medium and >0.79 is large66,67. All clinical data analyses were conducted 
using R (version 4.3). Data visualization was done using GraphPad.

Pathway analysis directed plasma metabolomics sample 
preparation and data acquisition
Blood was centrifuged at 800g for 10 min. Plasma and PBMCs were 
isolated and stored as previously described68. Plasma samples were 
thawed on ice and mixed with prechilled 100% methanol at a 1:4 ratio, 
followed by 30 min of shaking in a sonicator bath. Samples were then 
kept on ice for an additional 30 min and centrifuged at 4 °C for 15 min. 
A 150-µl aliquot of the supernatant was transferred into liquid chroma-
tography–mass spectrometry (LC–MS) vials containing 150-µl inserts. 
Quality control samples were prepared by pooling 10 µl of supernatant 
from each individual sample.

Untargeted metabolomic profiling was performed on an Agilent 
1290 Infinity LC system coupled to an Agilent 6545 time-of-flight mass 
spectrometer. A reverse-phase (RP) column (Agilent Technologies, part 
959758-902) was used in positive and negative ion electrospray ioniza-
tion (ESI+ and ESI−) modes. Briefly, 5-μl supernatant was injected into the 
system. Mobile phases for ESI+-included 0.1% formic acid in water (A) and 
0.1% formic acid in acetonitrile (B)69. Mobile phases for ESI−-included 
5-mM ammonium acetate in water (A) and 100% acetonitrile (B)70. Gradi-
ent settings of RP-ESI+ were as follows: 0–2.5 min, 5% B; 2.5–9.5 min, 5–95% 
B; 9.5–12 min, 95% B; 12–12.1 min, 95–5% B; and 12.1–15 min, 5% B. Gradient 
settings of RP-ESI− were as follows: 0–2.5 min, 2% B; 2.5–9.5 min, 2–80% B; 
9.5–12 min, 80% B; 12–12.1 min, 80–2% B; and 12.1–15 min, 2% B. The flow 
rate was maintained at 0.4 ml min−1. Dual Agilent Jet Stream ESI param-
eters are as follows: gas temperature, 300 °C; drying gas, 11 l min−1, nebu-
lizer, 35 psi; sheath gas temperature, 275 °C, sheath gas flow, 11 l min−1; 
VCap, 3,500 V. MS/time-of-flight was set as follows: fragmentor, 120 V; 
skimmer, 65 V. The scanning range was set to m/z 100–1,700, and the 
acquisition rate was 2 spectra per scan. High-resolution, accurate-mass 
full-scan MS was performed to capture all detectable ions.

Metabolomic annotation and data analysis
Raw data were converted to MS markup language format using 
MSConvert (version 2.1, ProteoWizard) and processed through Meta-
boanalystR. A noise threshold of 1,000 was used when constructing 
isolated chromatograms for each mass. The locally estimated scat-
terplot smoothing regression method was applied to correct retention 
times, and missing values were imputed using local chromatographic 
signals. MS1 annotation used CompoundDB with Human Metabo-
lome Database (version 5.0), applying a 10 ppm mass tolerance. Raw 
metabolite intensities were normalized to the median peak intensity 
of each sample to reduce variation arising from sample loading and 
instrument drift, and then log10 transformed to improve normality. 
To investigate pathway-level metabolic alterations associated with 
FMD, metabolites exhibiting a fold change ≥1.5 or ≤1/1.5 were selected 
for enrichment analysis using MetaboAnalystR. Overrepresentation 
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analysis was performed leveraging the Reactome pathway database to 
identify significantly enriched pathways within this subset. Pathways 
passing FDR correction using the BKY two-step method with an FDR 
threshold set at 10% (q ≤ 0.10) were considered significant. We then 
focused on a subset of FDR-significant pathways of interest and ana-
lyzed the corresponding metabolites. Longitudinal within-participant 
changes in these metabolites were evaluated using paired, two-tailed t 
tests or Wilcoxon signed-rank tests, depending on data distribution71.

RNA isolation and RT–qPCR
PBMCs were thawed on ice. RNA was extracted using RNeasy Mini (74104, 
Qiagen). Complementary DNA synthesis was performed using the Quan-
tiNova Reverse Transcription Kit (205411, Qiagen). qPCR was performed 
on Applied Biosystems StepOnePlus Real Time-PCR System Thermal 
Cycling Block (Thermo Fisher Scientific) using SYBR Green fluorescence 
dye (Q712, Vazyme) expression assays, following the manufacturer’s 
instructions. Primers were designed using the Primer-BLAST tool at 
the National Center for Biotechnology Information and made by the 
Stanford Protein and Nucleic Acid Facility. For analysis, each gene was 
normalized to the housekeeping gene, hypoxanthine phosphoribosyl-
transferase 1. mRNA levels were quantified using the difference in Ct 
values and calculated using the 2−ΔΔCt method. A list of the qPCR primers 
used is provided in Supplementary Table 3. For RT–qPCR analysis, sta-
tistical significance was assessed using a two-sided (α = 0.05) Wilcoxon 
signed-rank test for paired samples. P values were adjusted for multiple 
comparisons in GraphPad Prism using the two-stage linear step-up BKY 
across the prespecified transcript panel, which were considered posi-
tively dependent. Analysis of inflammatory gene expression using qPCR 
was conducted using GraphPad Prism 10. FDR correction of P values was 
performed using GraphPad Prism and verified in R.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
We have deposited metabolomics raw data on figshare (https://fig-
share.com/s/5ef87ff3127d0aad5a5a). Anonymized clinical data may 
be made available upon reasonable request with at least 4 weeks’ 
notice. Data access requests should contact the corresponding author. 
Approval of such requests is at the PI’s and sponsor’s discretion and 
depends on the nature of the request, the merit of the research pro-
posed, the availability of the data and the intended use of the data.
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Extended Data Fig. 1 | Clinical outcomes after the first FMD cycle. CDAI score 
significantly decreased among participants with mild-to-moderately active 
CD after completing the first cycle of the FMD compared to control. a, After 
completing the first 5-day FMD, more participants achieved clinical remission 
compared to participants who made no diet changes (60.0% versus 37.5%, 
P = 0.04). b,c, This difference in clinical response after a single cycle of FMD was 

also observed when patients were stratified into mild (b, 75.0% versus 43.5%, 
P = 0.02) and moderate (c, 47.6% versus 0.0%, P = 0.01) disease. Results are shown 
as percentages of participants meeting the criteria for response. P values were 
calculated by Fisher’s exact test or chi-square test; NS: P ≥ 0.05, *P < 0.05. FMD, 
fasting-mimicking diet.
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Extended Data Fig. 2 | Clinical outcomes 3 months after the third FMD cycle. 
CDAI score assessment at the end of the study (week 24); for participants in the 
FMD group, this corresponded to approximately 3 months after completion 
of the third FMD cycle. a–d, No significant differences were observed in the 
percentages of participants achieving clinical response (a, 56.9% versus 53.1%, 
P = 0.83) or clinical remission (b, 55.4% versus 43.8%, P = 0.39) between FMD and 

control groups after 3-month washout, regardless of mild (c, 54.6% versus 60.9%, 
P = 0.79) or moderate (d, 71.4% versus 33.3%, P = 0.10) disease severity. Results 
are shown as percentages of participants meeting the criteria for response. P 
values were calculated by Fisher’s exact test or chi-square test; NS: P ≥ 0.05. FMD, 
fasting-mimicking diet.
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Extended Data Fig. 3 | PRO and quality of life after the third FMD cycle. 
a, Remission by PRO was achieved by 47.7% of FMD versus 25.0% (P < 0.05). 
b, Improvement in SIBDQ by more than 50 points was observed in 46.2% of 
FMD versus 25.0% of control participants (P < 0.05)15,16. c, Remission by PGA 
was observed in 24.6% of FMD versus 6.3% of control participants (P = 0.03). 

FMD, fasting-mimicking diet; PRO, patient-reported outcomes; SIBDQ, short 
inflammatory bowel disease questionnaire; PGA, patient global assessment. 
Results are shown as percentages of participants meeting the criteria for 
response. P values were calculated by two-sided Fisher’s exact test or chi-square 
test; *P < 0.05.
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Extended Data Fig. 4 | Per-protocol analysis of clinical, patient-reported, and 
laboratory outcomes after the third FMD cycle. Data from participants who 
completed the study were assessed after the third FMD cycle; for participants in 
the control group, this corresponded to approximately 12 weeks after baseline. 
a–c, Significantly more participants met criteria for clinical response 70 (a, 
82.0% versus 50.0%, P < 0.01), clinical response 100 (b, 78.0% versus 42.9%, 
P < 0.01), and clinical remission (c, 76.0% versus 39.3%, P < 0.01) after completing 
the three FMD cycles compared to participants who made no dietary changes. 
d,e, Compared to baseline, a significantly higher percentage of participants 
reported remission by PRO (d, 58.0% versus 25.0%, P < 0.01) and improvement in 

SIBDQ score (e, 56.0% versus 28.6%, P = 0.02) after the third FMD cycle compared 
to participants in the control arm. f,g, There were significant differences in 
mean percentage change in CRP (f, −15.7% versus 36.9%, P < 0.01) and fecal 
calprotectin (g, −36.5% versus 8.9%, P < 0.01) between the FMD and control arms. 
a–e, Percentages of participants meeting the criteria for response. f,g, Mean 
percentage change measured from baseline to after the third FMD cycle; error 
bars represent standard error of the mean (s.e.m.). P values were calculated 
by Fisher’s exact test or chi-square test (a–e) or t-test (f,g); *P < 0.05, **P < 0.01. 
FMD, fasting-mimicking diet; PRO, patient-reported outcomes; SIBDQ, short 
inflammatory bowel disease questionnaire; CRP, C-reactive protein.
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Extended Data Fig. 5 | Downregulated pathways in FMD compared to control. 
Features with fold change ≤1/1.5 (FMD versus control) underwent pathway 
enrichment analysis using Reactome in MetaboAnalyst. Figure shows the top 20 
downregulated pathways. Two-sided tests as implemented in MetaboAnalyst; 
P values were FDR-adjusted using the two-stage Benjamini-Krieger-Yekutieli 
(BKY) procedure, with significance defined as q ≤ 0.10. All pathways shown have 

FDR-adjusted P < 0.10. Dot size indicates the enrichment score, and the x-axis 
represents statistical significance as −log₁₀(FDR). FMD, fasting-mimicking 
diet; RAMD, random accelerator molecular dynamics; FDR, false discovery 
rate; NF-κB, nuclear factor-κ B; AP-1, activator protein 1; PG, prostaglandins; TX, 
thromboxanes; LOX, lipooxygenases; COX-2, cyclooxygenase-2; EGFR, epidermal 
growth factor receptor.
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