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Obesity-induced inflammation plays a substantial role in the development of insulin resistance and type 2 diabetes. 
The altered gut flora in obesity can also contribute to metabolic dysregulation and systemic inflammation. 
However, it remains unclear how dysregulation of systemic inflammation in obesity affects the gut microbiome. We 
hypothesized that colchicine’s systemic anti-inflammatory effects in obesity would be associated with improvements 
in gut microbial diversity. We conducted a secondary analysis of a double-blind randomized placebo-controlled 
trial, in which 40 adults with obesity, high C-reactive protein (CRP) (≥2.0 mg/L), insulin resistance (homeostatic 
model of insulin resistance: HOMA-IR ≥2.6 mg/L), and metabolic syndrome (MetS) were randomized to three 
months of colchicine 0.6 mg or placebo tablets twice daily. Serum and stool samples were collected at baseline 
and final visit. Gut microbiota composition was characterized from stool DNA by dual-index amplification and 
sequencing of 16S ribosomal RNA. Pre- and post-intervention stool samples were available for 15 colchicine- and 
12 placebo-treated subjects. Circulating high sensitivity CRP (hsCRP), interleukin-6, resistin, white blood count, 
and neutrophils were significantly decreased in the colchicine arm as compared to placebo. However, changes 
in stool microbiome alpha diversity, as assessed by the Chao1, Shannon, and Pielou indices, were not significant 
between groups. Amplicon sequence variant counts were unchanged among all examined phyla or families. 
Oscillibacter was the only genus to demonstrate even a nominally significant change. Among adults with obesity 
and MetS, colchicine significantly improved systemic inflammation. However, this anti-inflammatory effect was 
not associated with significant changes in the gut microbiome. Further studies are warranted to investigate this 
relationship.
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INTRODUCTION

Obesity, as defined by a body mass index (BMI) ≥30 kg/
m2, is found in over 40% of US adults and is associated with 
significant medical comorbidities, such as metabolic syndrome 
(MetS), type 2 diabetes mellitus, and cardiovascular disease [1]. 

Although the progression from obesity to its related sequelae are 
multifactorial, murine models and human studies indicate that 
chronic inflammation likely plays a significant role [2–4].

Recent literature has also identified that the altered gut flora 
and decreased microbial diversity in obesity is associated 
with increased systemic inflammation [5–7]. Changes to the 
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microbiome through fecal transplantation or diet may reduce 
this inflammatory state while simultaneously improving insulin 
resistance and body weight [8–10]. However, it is not well 
understood whether the reverse is true; namely whether reducing 
systemic inflammation in obesity can effectuate positive changes 
in the gut microbiome.

Colchicine, an anti-inflammatory medication commonly used 
in the management of gout, has recently garnered significant 
interest in the management of cardiometabolic disease. 
Prospective clinical trials have demonstrated that colchicine can 
ameliorate insulin resistance, decrease systemic inflammation, 
and reduce cardiovascular events in at-risk individuals [11–14]. 
However, colchicine’s effects on the microbiome in individuals 
with obesity and MetS are unknown.

Herein, we describe a secondary analysis of a randomized 
controlled trial examining colchicine’s metabolic effects in adults 
with obesity and MetS to study colchicine’s effect on the gut 
microbiome. Given that adiposity, dyslipidemia, and inflammation 
are associated with low gut microbiome diversity [15, 16], we 
hypothesized that colchicine treatment would increase markers 
of gut microbiome alpha-diversity. We also explored whether 
colchicine use significantly changed populations in any specific 
bacterial taxa as compared to placebo and whether changes in 
these populations were correlated with changes in particular 
markers of inflammation.

MATERIALS AND METHODS

Study design
The details of this single-center, double-blind, randomized, 

placebo-controlled trial have been described previously [11]. 
Subjects were randomized in a 1:1 ratio to receive colchicine 
0.6 mg (Spectrum Chemical Corp, New Brunswick, NJ, USA) 
or identically-appearing placebo capsules twice-daily for three 
months. The primary outcome was change in insulin sensitivity. 
For the pilot study, it was estimated that a total sample size of 
40 subjects (20 colchicine and 20 placebo) would have 80% 
power to detect a moderate effect size in the difference in change 
in insulin sensitivity between groups [11]. No power calculation 
was conducted for the exploratory microbiome analyses 
presented herein. The study protocol was approved by the Eunice 
Kennedy Shriver National Institute of Child Health and Human 
Development Institutional Review Board, and participants 
provided written consent for participation. No participant, 
investigator, or other staff interacting with participants was aware 
of study group assignment during the trial.

Participants
A convenience sample of 40 adults with obesity (BMI ≥30 kg/

m2) and MetS were studied at the NIH Clinical Research Center 
between 2014 and 2018. At baseline, participants were required 
to have evidence for chronic inflammation (high-sensitivity 
C-reactive protein [hsCRP] ≥2.0 mg/L) and insulin resistance 
(Homeostatic Model of Insulin Resistance [HOMA-IR] ≥2.6). 
Subjects with significant chronic medical conditions, such as 
diabetes mellitus or cardiovascular disease, or taking medications 
affecting glucose homeostasis (e.g., metformin, insulin), lipids/
cholesterol (e.g., statins, fibrates), body weight, or inflammation 
(e.g., glucocorticoids, non-steroidal anti-inflammatory drugs: 
NSAIDs) were excluded. Exclusion criteria for premenopausal 

female participants included irregular menses, pregnancy, or 
breastfeeding.

Stool microbiome measurements
Stool samples were collected from participants at baseline and 

at week 12. From each available sample, 50 mg aliquots were 
made after homogenization, and DNA was extracted from each 
sample using the Qiagen MagAttract PowerMicrobiome DNA/
RNA EP Kit on an Eppendorf automated liquid handling system. 
A dual-index amplification and sequencing approach was taken to 
assess the composition of microbial communities from the given 
samples using the V4 region of the 16S ribosomal RNA gene 
(16S rRNA) on the Illumina MiSeq Platform.

16S amplicon libraries were prepared using 10.5 µL DNA (10 
ng/µl) as starting material in a 96-well polymerase chain reaction 
(PCR) plate proceeding with PCR I setup and cleanup, followed 
by PCR II setup and cleanup using AMPure XP Beads. Library 
QC included quantification of the final amplicon library using 
KAPA quantitative PCR (qPCR). The individual sample libraries 
were diluted and pooled at a concentration of 12 nM, to make the 
final library pool. The final amplicons were normalized to 11 pm, 
spiked-in with 15% phiX control library and sequenced on the 
MiSeq instrument.

Read pairs were trimmed for quality and adapter and primer 
sequences using BBDuk v38.34. The pairs were subsequently 
processed with the dada2 R package v1.10 with taxonomy 
assigned using the SILVA database v132. Samples with 
inadequate amplicon sequence variant (ASV) counts as evaluated 
by rarefaction plots were excluded. Paired samples were then 
analyzed for alpha diversity and differential abundance. Specific 
taxa were excluded from analyses if >25% of samples had absent 
ASV counts.

To assess the alpha diversity, three indices were calculated 
using the vegan R package v2.5: Chao1 to estimate the total 
number of different species in a given sample (richness), Pielou 
to estimate the overall evenness of the distribution of relative 
abundances across the different species in the sample, and 
Shannon, a measure of both richness and evenness [17, 18].

Laboratory measurements
Blood samples were drawn at baseline and after 3 months of 

study drug. Peripheral blood was collected after overnight fasting 
in serum tubes and centrifuged for 10 min at 3,500 rpm. Obtained 
serum was immediately stored at –80°C until further analysis 
without being exposed to freeze-thaw cycles, according to NIH 
Center for Human Immunology protocols (https://chi.niaid.nih.
gov/web/new/our-research/sop.html). HsCRP was assessed by 
the NIH CRC clinical laboratory on a Roche Cobas 6000 analyzer 
(Roche Diagnostics, Indianapolis, IN, USA). Glycoprotein 
acetyls (GlycA) concentrations were measured with a Vantera 
Clinical Analyzer using the LipoProfile-3 algorithm (LabCorp, 
Burlington, NC, USA) as described previously [19]. Serum 
proteomic analysis for interleukin-6 (IL-6) and resistin used 
the SOMAscan 1.3k Assay (SomaLogic, Boulder, CO, USA) as 
previously described [20].

Statistical analysis
Assessment of differences between treatment arms (calculated 

as end-treatment – baseline value) was conducted using Student’s 
unpaired t-test for normally distributed data or Mann Whitney 
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U test for nonnormally distributed data. Pearson and Spearman 
correlation analyses were used for normally and nonnormally 
distributed data, respectively. Two-sided significance tests were 
performed for all analyses. As this was an exploratory secondary 
analysis, statistical significance was defined at an FDR-adjusted 
p-value of 0.05. SPSS v27.0 (IBM Corp, Armonk, NY, USA) was 
used for statistical analyses.

RESULTS

Of the 40 participants included in the primary efficacy 
analyses, adequate stool sample collection for both pre- and 
post-intervention time points were available for 27 participants 
(colchicine n=15, placebo n=12). Baseline characteristics were 
similar between groups (Table 1). The 13 participants that did 
not provide an adequate stool sample showed statistically 
significant differences in several sociodemographic variables at 
baseline from the 27 participants studied (Supplementary Table 
1). Similar to the primary efficacy analyses [11], systemic levels 
of inflammation in our subset of 27 subjects were significantly 
decreased in the colchicine arm as compared to placebo, including 
hsCRP (mean ± SD: −3.35 ± 3.12 vs. 0.79 ± 2.69 mg/L; p<0.001), 
GlycA (−23.50 ± 38.31 vs. 23.31 ± 35.72 μmol/L; p<0.002), IL-6 
(−72.89 ± 57.01 vs. 1.36 ± 94.28 rfu; p=0.01), resistin (−812.92 
± 545.11 vs. 28.50 ± 249.72 rfu; p<0.001), white blood cell 
count (WBC) (−1.52 ± 1.13 vs. 0.19 ± 1.05 K/uL; p<0.001), and 
neutrophils (−1.18 ± 0.57 vs. 0.06 ± 0.84 K/uL; p<0.001) (Fig. 1).

Alpha diversity was assessed using the Chao1, Shannon 
and Pielou indices to compare Week 12 (final visit) and Week 
0 (baseline visit) for each group. No statistically significant 
differences in the Chao1 (−6.37 ± 23.84 vs. −0.74 ± 44.23; 
p=0.68), Shannon (−0.10 ± 0.19 vs. −0.04 ± 0.30; p=0.53), or 
Pielou (−0.01 ± 0.03 vs. −0.01 ± 0.04; p=0.57) indices were seen 
between the colchicine and placebo groups over time (Fig. 2).

Although ASV counts, converted to relative abundance, for 
phyla, classes, or families were not significantly changed between 

groups (Fig. 3), there was a trend towards nominal significance in 
several genera and species (Fig. 4). ASV counts demonstrated a 
potential change in relative abundance of one genus, Oscillibacter, 
with colchicine having a nominally-significant (but not FDR-
corrected significant) decrease in counts as compared to placebo 
(−33.5 ± 118.4 vs. 102.5 ± 183.9 counts; p=0.04). Changes in 
Oscillibacter counts were nominally significantly associated with 
changes in concentrations of the inflammatory markers hsCRP 
(ρ=0.433, p=0.02), neutrophils (ρ=0.508, p=0.007), and resistin 
(ρ=0.554, p=0.003), while correlations with GlycA (ρ=0.370, 
p=0.057) and WBC (ρ=0.355, p=0.07) trended towards but did 
not reach nominal statistical significance (Fig. 5). No significant 
correlations were seen with changes in Oscillibacter amplicon 
counts and IL-6 (ρ=0.294, p=0.15).

DISCUSSION

To our knowledge, this is the first study examining the effects 
of colchicine on the gut microbiome in humans. In this study, 
we observed that despite significantly reducing levels of systemic 
inflammation in adults with obesity and MetS, colchicine 
had no significant effects on gut microbiome alpha-diversity 
measures. Furthermore, colchicine had limited effect on specific 
taxonomic populations, with only one genus demonstrating even 
a nominally-significant change over the three-month study.

Previous research in mice has also suggested that colchicine 
may not have appreciable effects on the microbiome. In a recent 
study by Shi et al. [21], no significant changes to alpha diversity of 
the gut microbiome, as measured by the Observed species index, 
Shannon index, or Simpson index, were seen at lower daily doses 
of colchicine (0.1 mg/kg or 0.5 mg/kg). Only once toxic doses of 
colchicine (2.5 mg/kg/day) were administered, were significant 
decreases in alpha-diversity observed [21]. However, this study 
was conducted in chow fed mice, so it is unclear whether these 
effects would be similar in mouse models of obesity.

Similarly, few studies have previously investigated 

Table 1. Baseline characteristics

Variable Colchicine (n=15) Placebo (n=12)
Age (years) 50.2 ± 6.4 47.3 ± 6.2
Sex (n, %)

Male 3 (20%) 2 (16.7%)
Female 12 (80%) 10 (83.3%)

Race (n, %)
White 8 (53.3%) 4 (33.3%)
Black 3 (20%) 3 (25%)
Multiracial/Unknown/Other 4 (26.7%) 5 (41.7%)

BMI (kg/m2) 38.2 ± 3.1 39.5 ± 3.9
Hemoglobin A1c (%) 5.7 ± 0.2 5.4 ± 0.2
hsCRP (mg/L) 7.8 ± 4.1 6.5 ± 2.2
GlycA (μmol/L) 424.3 ± 27.5 420.4 ± 19.3
IL-6 (rfu) 677.3 ± 123.2 586.3 ± 32.2
Resistin (rfu) 4,350.7 ± 485.4 3,573.3 ± 486.0
Neutrophils (K/uL) 4.5 ± 0.8 3.3 ± 0.5
WBC (K/uL) 7.4 ± 1.0 6.0 ± 0.8

Baseline characteristics of randomized participants for whom stool samples for microbiome analysis were 
available. Values presented in mean ± SD format except where otherwise noted. BMI: body mass index; 
hsCRP: high-sensitivity C-reactive protein; GlycA: glycoprotein acetyls; IL-6: interleukin-6; rfu: relative 
fluorescence units; WBC: white blood cells.
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colchicine’s effects on the human microbiome. In a study of 
subjects with Behcet’s disease (BD), individuals on powerful 
systemic immunosuppressant medications (e.g., cyclosporin A, 
azathioprine, prednisone) did not have significantly different 
salivary microbiome measures from those on colchicine [22]. 
However, an unpublished study investigating genital and oral 
microbiome populations in BD suggested that colchicine use 
may have significant effects on genital microbial abundance 
[23]. A study evaluating individuals with gout found that anti-
inflammatory drug use as a whole, which included colchicine in 
some subjects, did not impact alpha-diversity as measured by the 
Shannon index, but affected the populations of several specific 
gut species [24]. Although anti-inflammatory medications do 
not seem to significantly affect microbial diversity [25], it is 
well documented that the reverse is true; namely, improving the 
diversity and composition of the gut microbiome can reduce 
systemic inflammation [8–10].

In our study, only one taxonomic rank, the genus Oscillibacter, 
was found to be nominally significantly decreased in the 
colchicine group versus the placebo group, but the effect 
appeared mostly driven by an increase of Oscillibacter in the 
placebo group. Interestingly, changes in Oscillibacter counts 
were positively correlated with changes in multiple measures 
of inflammation, including hsCRP, resistin, and neutrophil 
count. However, as correlation does not imply causation, it is 
unclear whether colchicine’s anti-inflammatory effects directly 
influenced changes in Oscillibacter counts, other mechanisms 
(e.g. colchicine’s microtubule effects) instead contributed to 
changes in Oscillibacter counts, or whether the changes seen in 
Oscillibacter counts were simply spurious findings.

Our findings contrast with previous cross-sectional studies 
which have suggested that Oscillibacter counts may be associated 
with metabolic health. For example, a decreasing predominance 
of Oscillibacter has been found in individuals with obesity [26]. 

Fig. 1. Changes in inflammatory markers. Solid lines connect samples from the same subject between Week 0 (circle) and Week 12 (triangle) (A) 
hsCRP, (B) GlycA, (C) IL-6, (D) Resistin, (E) Neutrophils, and (F) WBC. The p-values were for comparison of changes between groups per 
inflammatory marker. Data were analyzed using the unpaired Student’s t-test. hsCRP: high-sensitivity C-reactive protein; GlycA: glycoprotein 
acetyls; IL-6: interleukin-6; WBC: white blood cells.
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Fig. 2. Changes in alpha-diversity indices. Dotted lines connect samples from the same subject between weeks 0 and 12. Boxes represent the range 
between the first and third quartiles. The horizontal line in the box displays the median value. No significant differences were found in any alpha-
diversity index between the colchicine and placebo groups over the study duration. Data were analyzed using the unpaired Student’s t-test.

Fig. 3. Phyla compositions at baseline and final visits between groups. Counts were not significantly changed for any phyla between groups over time.
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Fig. 4. Changes in the abundance of gut microbial populations at the genus level from baseline (week 0) to final visit (week 12). Each point represents 
a different microbiome bacterial genus. Descriptions of statistical tests used per microbial variable is included in Supplementary Table 2.

Fig. 5. Correlations of changes in Oscillibacter amplicon counts versus changes in inflammatory markers (A) hsCRP, (B) GlycA, (C) IL-6, (D) 
Resistin, (E) Neutrophils, and (F) WBC. Oscillibacter counts were significantly associated with ΔhsCRP, Δresistin, and Δneutrophils.
Solid line: entire cohort, dotted line: colchicine-treated group. Open circles: colchicine, closed circles: placebo. Data were analyzed using Spearman’s 
rank correlation. hsCRP: high-sensitivity C-reactive protein; GlycA: glycoprotein acetyls; IL-6: interleukin-6; WBC: white blood cells.
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Conversely, increasing Oscillibacter valericigenes populations 
have been seen with increased adherence to Mediterranean diet, 
as well as in individuals on low carbohydrate/high protein diets 
[27, 28].

The findings from our study are limited by their conduct as 
a secondary analysis as well as the small sample size, which 
may have hampered the ability to identify significant differences 
between groups. The strengths of the study design include the 
conduct of a prospective randomized placebo-controlled trial.

In conclusion, our results indicate that administration of 
colchicine in adults with obesity and MetS did not result 
in significant changes in microbial diversity or abundance 
of particular bacterial taxa in the stool microbiome, despite 
significant improvements in systemic inflammation. Thus, 
colchicine’s previously described cardiometabolic benefits are 
unlikely to be due to any significant salutary effects on the gut 
microbiome. Additional studies are warranted to further explore 
this relationship.
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