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Background.  People with HIV (PWH) taking antiretroviral therapy (ART) may experience weight gain, dyslipidemia, increased 
risk of non-AIDS comorbidities, and long-term alteration of the gut microbiota. Both low CD4/CD8 ratio and chronic inflammation 
have been associated with changes in the gut microbiota of PWH. The antidiabetic drug metformin has been shown to improve gut 
microbiota composition while decreasing weight and inflammation in diabetes and polycystic ovary syndrome. Nevertheless, it re-
mains unknown whether metformin may benefit PWH receiving ART, especially those with a low CD4/CD8 ratio.

Methods.  In the Lilac pilot trial, we recruited 23 nondiabetic PWH receiving ART for more than 2 years with a low CD4/CD8 ratio 
(<0.7). Blood and stool samples were collected during study visits at baseline, after a 12-week metformin treatment, and 12 weeks after dis-
continuation. Microbiota composition was analyzed by 16S rDNA gene sequencing, and markers of inflammation were assessed in plasma.

Results.  Metformin decreased weight in PWH, and weight loss was inversely correlated with plasma levels of the satiety factor 
GDF-15. Furthermore, metformin changed the gut microbiota composition by increasing the abundance of anti-inflammatory bac-
teria such as butyrate-producing species and the protective Akkermansia muciniphila.

Conclusions.  Our study provides the first evidence that a 12-week metformin treatment decreased weight and favored anti-in-
flammatory bacteria abundance in the microbiota of nondiabetic ART-treated PWH. Larger randomized placebo-controlled clinical 
trials with longer metformin treatment will be needed to further investigate the role of metformin in reducing inflammation and the 
risk of non-AIDS comorbidities in ART-treated PWH.

Keywords.   HIV; metformin; microbiota; nondiabetic; weight.

Isolated from French lilac in the 1920s, metformin has been 
used for decades to treat type 2 diabetes mellitus (DM2). In di-
abetic people, metformin promotes euglycemia without the risk 
of hypoglycemia. Metformin also reduces inflammation, a fea-
ture not observed with other antidiabetic drugs such as insulin 
or sulfonylurea [1]. In addition, metformin has been shown to 
be beneficial beyond a glucose-lowering effect [2–7]. In women 

with polycystic ovary syndrome, metformin increased fertility 
while lowering the rate of the inflammatory cytokines inter-
leukin (IL)-6 and tumor necrosis factor (TNF)–α [6]. In patients 
with advanced lung adenocarcinoma, a combination therapy of 
metformin and epidermal growth factor receptor–tyrosine ki-
nase inhibitor (EGFR-TKI) increased survival compared with 
EGFR-TKIs alone [7]. Metformin has an anti-aging effects in 
animal models [8, 9]. Lastly, metformin improves the gut mi-
crobiota in diabetic rats and has a minimal effect on glucose 
level when administered intravenously [10, 11]. Depommier 
et al. showed that metformin was associated with variation in 
gut microbiota composition, with increased abundances of 
Escherichia and Akkermansia muciniphila in diabetic subjects 
[12–16]. Furthermore, in nondiabetic men, metformin was also 
associated with an increased abundance of Escherichia/Shigella 
and a decrease of Intestinibacter and Clostridium in stool, 
without changing glycemic levels [17].

HIV targets and rapidly depletes mucosal CD4 T cells, and 
as a result, people with HIV (PWH) have impaired gut barrier 
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integrity, leading to translocation of microbial products and 
systemic inflammation [18–20]. Epithelial gut immune damage 
also induces modification of defensin and mucosal barrier com-
position, contributing to a modification of the gut microbiota 
composition called dysbiosis [21–23]. Gut damage, dysbiosis, 
and the accompanying persistent inflammation are not re-
solved by antiretroviral therapy (ART) and contribute to risk 
of developing non-AIDS comorbidities including dyslipidemia, 
fatty liver, cardiovascular disease, and cancer [24–26]. Recently, 
integrase inhibitor–based ART has been shown to contribute to 
weight gain and development of DM2 through the cytochrome 
P450 pathway [27]. Non-AIDS comorbidities and weight gain 
while on ART were more frequently observed in PWH with a 
low CD4 cell count and low CD4/CD8 ratio [28].

Similarly, gut dysbiosis is associated with a low CD4 count 
in PWH on ART [29–34]. In PWH, dysbiosis is character-
ized by an increase of Proteobacteria, Enterobacteria, and 
Fusobacteria abundances and a decrease in Ruminococcaceae 
and Lachnospiraceae abundances compared with uninfected 
controls, Independently  of age, sex, and sexual practice [26, 30]. 
As observed in obese people, a decrease of the gut-protective 
bacteria A.  muciniphila was observed in both ART-naïve and 
ART-treated PWH [34, 35]. Moreover, gut microbiota–derived 
metabolites such as short-chain fatty acids (SCFAs) have been 
shown to protect the gut epithelial barrier and reduce inflam-
mation levels in PWH receiving ART [36–38]. Composition of 
the gut microbiota has been associated with disease outcome in 
ART-treated PWH [26, 31, 33, 39, 40].

These findings advocate in favor of repurposing metformin 
to restore gut microbiota composition while decreasing inflam-
mation in nondiabetic PWH. Given the effect of metformin on 
the gut microbiota and inflammation in nondiabetic people and 
its low toxicity, we hypothesize that metformin could decrease 
weight, improve gut microbiota composition, and reduce in-
flammation in ART-treated PWH with a low CD4/CD8 ratio 
[41, 42].

METHODS

Study Design

As part of the Lilac study (CIHR/CTN PT027), 23 PWH on 
ART were recruited in Montréal and Ottawa (Canada), fol-
lowing the protocol previously reported by our group [41]. In 
brief, all participants had an HIV RNA plasma viral load <50 
copies/mL for a minimum of 3 years. Participants with a CD4/
CD8 ratio <0.7 were selected for their increased risk of inflam-
matory non-AIDS comorbidities [43]. All participants were 
nondiabetic (HbA1c <6.4%). Participants received 850  mg of 
metformin (Glucophage; Sanofi-Aventis Canada Inc., Canada) 
twice daily, except for those taking dolutegravir, who received 
500 mg twice daily due to a known drug–drug interaction [41, 
44]. Blood and stool samples were collected at baseline (V1), 

after 12 weeks of metformin intake (V2), and 12 weeks after 
metformin discontinuation (V3). Clinical data were extracted 
from study charts, including participants’ demographics, 
weight and waist circumference at study visits, and clinical lab 
measurements, including CD4 and CD8 count, fasting glucose, 
and percentage of HbA1c. Plasma and serum were isolated by 
centrifugation and frozen at –80°C until used. Stools were col-
lected by participants, kept at 4°C for a maximum of 24 hours, 
and then frozen at –80°C until used.

Clinical Assessments

HIV viral load (VL) in plasma was quantified by the Abbott 
RealTime HIV-1 assay (Abbott Laboratories, Abbott Park, IL, 
USA).

Quantification of Soluble Markers of Gut Damage and Inflammation

Plasma levels of I-FABP, REG3α, sCD14, Lipopolysaccharide 
(LPS) binding protein (LBP), GDF-15, and Ghrelin were quan-
tified by enzyme-linked immunosorbent assay (ELISA; Hycult 
Biotech, Uden, the Netherlands, or R&D Systems, Minneapolis, 
MN, USA). LPS was measured by ELISA (Cusabio, Wuhan, 
China). (1→3)-β-D-glucan (βDG) was measured using the 
Fungitell assay (Associates of Cape Cod, Inc., East Falmouth, 
MA, USA). All measures were performed in duplicate as per 
manufacturers’ instructions.

Microbiota Composition Analysis in Stools

DNA was extracted from ~1 g of stool from each sample using 
a commercialized kit (Qiagen, Toronto, ON, Canada) adding 
Mutanolysin and Lysosyme to the lysis buffer (Sigma Aldrich, 
Oakville, ON, Canada) in the presence of silica beads (Biospec/
Cole parmer Canada, Montréal, QC, Canada) for 1 hour at 
37°C. Samples were then lysed mechanically on a bead beater at 
2000 rpm for 2 minutes. DNA extraction was then performed 
according to the provided Qiagen protocol.

Extracted DNA samples were used for 16S rRNA gene am-
plification of the V3–V4 region, adapted to incorporate the 
transposon-based Illumina Nextera adapters (Illumina, San 
Diego, CA, USA) and a sample barcode, as previously described 
[45]. Cutadapt was used to trim forward and reverse primers 
from 16 S rRNA gene amplicons [46]. Paired-end reads gener-
ated from 16S rRNA gene sequencing were filtered and analyzed 
using DADA2 (version 1.10.1) [47]. Taxonomic assignment of 
amplicon sequence variants (ASVs) was performed against the 
Silva database 132 [48] using the RDP classifier algorithm (ver-
sion 2.2) [49]. Samples were rarefied to an even sampling depth 
of 14 405 sequences in order to normalize sampling effort.

SCFA Composition Analysis

Serum levels of SCFA were analyzed by automated online solid 
phase extraction high-performance liquid chromatography–
tandem mass spectrometry as previously reported [50].
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Statistical Analysis

Descriptive analyses were conducted using GraphPad Prism 8.3 
(La Jolla, CA, USA). Nonparametric 1-way analyses of variance 
were performed using Friedman’s test. Multivariate analyses 
were performed with SPSS (IBM).

Microbiota composition analysis was performed in R (http://
www.R-project.org). α-diversity was assessed using Shannon’s 
and Simpson’s reciprocal indexes, calculated using the phyloseq 
package (version 1.22) [51]. Statistical significance of differen-
tially abundant features was assessed with a differential abun-
dance analysis (DESeq2) R package (Benjamin-Hochberg 
procedure) [52] and a linear discriminant analysis effect size 
(LEfSe) [53]. Comparison of log2 abundances and soluble fac-
tors was performed using Spearman’s tests.

A P value of <.05 and a linear discriminant analysis (LDA) 
score >2.5 were considered statistically significant.

Patient Consent Statement

This study was approved by the Research Ethics Boards of 
the Research Institute of the McGill University Health Centre 
(MUHC; number MP-37-2016-2456) and by the Health Canada 
Therapeutic Products Directorate. The study was also approved 
by the Internal Review Board (IRB) of the Ottawa Hospital 
Research Institute, Ontario, Canada (IRB No. 20160433-01H) 
and CHUM Research Centre, Montréal, Québec, Canada (IRB 
No. 17.074). This study was conducted in accordance with the 
Declaration of Helsinki. Each participant provided written in-
formed consent before entering the study (Canadian CIHR/
CTN protocol CTNPT027; trial registration: NCT02659306).

RESULTS

Participant Characteristics

From a total of 23 participants, 2 were female and 21 were male. 
The median age was 56 years, ranging from 41 to 69. Eight out 
of the 23 participants defined themselves as of African origin, 
while the others defined themselves as Caucasian. The median 
CD4 count (range) was 435 (141–1082) cells/mm3 of blood, 
the median CD8 count was 729 (351–1867) cells/mm3, and the 
median CD4/CD8 was 0.6 (0.2–0.7). All participants were re-
ceiving ART for a median (range) of 10 (3–25) years and had a 
viral load <50 copies/mL (Supplementary Table 1). No partici-
pants were treated with antibiotics, and no changes in ART or 
other medications occurred during the study.

Metformin Use Appeared Safe in Nondiabetic PWH

Out of the 23 participants, no serious adverse events were re-
ported. One participant presented with stomach cramps, 
generalized muscle aches, and loose stools 2 weeks after 
starting metformin and chose to discontinue medication 
(Supplementary Table 1).

In the 22 participants who completed the study, CD4 count, 
CD8 count, and CD4/CD8 ratio were not influenced by 

metformin (Figure 1A–C). All participants had a viral load <50 
copies/mL at all study visits.

Metformin Decreased Participant Weight Independent of a Glucose-
Lowering Effect, in Association With Increased Plasma GDF-15 Levels

Fasting glucose, percentage of HbA1c, and waist circumfer-
ence were not affected by metformin (Figure 1D–F). However, 
participants experienced weight loss after metformin intake 
(median loss [range], 1.6 [–8 to +2.3]; P = .021; 1.4% of parti-
cipants’ weight) (Figure 1G; Supplementary Figure 1). Weight 
returned to the baseline level 3 months after metformin discon-
tinuation. Weight variation was observed in absence of changes 
in participants’ diet and physical activity. After metformin 
treatment, plasma levels of GDF-15 were increased (fold 
change, 1.8; P  =  .0003) (Figure  1H) and returned to baseline 
levels after discontinuation. Conversely, plasma levels of the 
“hunger hormone” Ghrelin remained stable throughout the 
study (Figure 1I). Interestingly, baseline plasma levels of GDF-
15 but not Ghrelin negatively correlated with weight loss after 
metformin use (r  =  –.44; P  =  .04) (Figure  1J; Supplementary 
Figure 2). Moreover, plasma levels of GDF-15 but not Ghrelin 
after metformin treatment (V2) negatively correlated with 
weight at the same study visit (r = –.43; P = .048) (Figure 1K; 
Supplementary Figure 2). Multivariate analysis showed that the 
weight loss associated with GDF-15 increase was independent 
of age, sex, and use of integrase inhibitors. Hence, metformin 
induced weight loss in participants independent of a glucose-
lowering effect in association with a GDF-15 increase in 
nondiabetic PWH.

Metformin Modified Gut Microbiota Composition

We observed no variation in α-diversity with Shannon’s index 
(Figure 2A) and a tendency toward an increase in diversity with 
the Simpson’s reciprocal index and the weighted faith diversity 
index (Figure  2B, C) after metformin intake and metformin 
discontinuation.

Abundance of A.  muciniphila was significantly increased 
after metformin treatment (P =  .02) and tended to remain el-
evated after metformin discontinuation (P = .07) (Figure 2D).

As depicted in Supplementary Figure 3, fecal bacterial pro-
files were fairly similar between visits. After metformin treat-
ment, DESeq2 analyses showed a decrease of Collinsella and 
an increase of Escherichia/Shigella, Staphylococcus, Citrobacter, 
and Coprobacillus abundances (Figure  2E). Abundances 
of Staphylococcus, Clostridium CAG-352, and Escherichia/
Shigella were decreased between V2 and V3 (Figure  2F). 
CAG352 abundance was lower at baseline compared with 
after discontinuation, while abundances of Citrobacter and 
Coprobacillus were higher after discontinuation than at base-
line (Figure 2G). Moreover, LEfSe analysis showed an increase 
in Lachnoclostridium after metformin intake (Supplementary 
Figure 4). Abundance of Lachnospiraceae_NK4A136 was 
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Figure 1.  Metformin decreased participant weight in association with an increase in plasma GDF15 levels without modifying glucose levels, CD4 T-cell counts, or CD8 T-cell 
counts. CD4 (A) and CD8 (B) T-cell counts and CD4/CD8 ratio (C) were measured at each study visit. Fasting glucose levels (D) and percentage of glycosylated hemoglobin 
(HbA1c) (E) were quantified in blood. Waist circumference (F) and weight (G) were measured at each visit. GDF-15 (H) and Ghrelin levels (I) were quantified in plasma. Weight 
change after metformin correlated inversely with baseline plasma GDF-15 (J) (Spearman’s test). After metformin treatment, weight correlated inversely with plasma GDF-15 
levels (K) (Spearman’s test). Bars represent mean values. Abbreviations: V1, baseline; V2, after 12 weeks of metformin treatment; V3, 12 weeks after metformin discontinuation. 
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increased only after metformin discontinuation as compared 
with the baseline value (Supplementary Figure 4). We hypothe-
sized here that metformin treatment modified stool microbiota 
composition in nondiabetic ART-treated PWH.

Metformin Use Was Associated With Increased Blood Levels of SCFA

Increased abundance of A.  muciniphila was linked with in-
creased colonization of SCFA- producing bacteria, notably 
butyric acid [54–56]. Serum SCFA levels were compared, and 
butyric/isobutyric acid levels were found to be higher after 
metformin discontinuation as compared with metformin treat-
ment (P  =  .02) (Figure  3A). Levels of succinic and propionic 
acids were stable during the study (Figure 3B, C).

Gut Damage and Microbial Translocation Were Not Changed With 
Metformin Treatment, but Inflammatory Response Was Decreased After 
Metformin Discontinuation

Levels of the gut damage marker REG3α, as well as  and LPS 
and BDG, were stable across the 3 study visits (Supplementary 
Figure 5). Circulating levels of sCD14 tended to decrease after 
metformin treatment (P  =  .06) and further decreased after 
metformin discontinuation (P  =  .02) compared with base-
line levels (Figure  4A). LBP levels tended to decrease after 
metformin discontinuation as compared with baseline (P = .13) 
(Figure  4B). Plasma levels of IL-6 and TNF-α were not af-
fected by metformin treatment or its discontinuation (data 
not shown).

Modification of the Gut Microbiota was Associated With Weight Loss and 
Decreased sCD14 Levels

As indicated in Table 1, abundances of Lachnospiraceae_g and 
other species were associated with weight loss after metformin 
treatment, while abundances of Prevotella_7 and other bacteria 
were associated with weight gain after metformin.

Abundances of Bacteroides fragilis, Thetaiotaomicron, and 
Lachnospiraceae CAG-56 were associated with increased levels 
of GDF-15 in plasma after metformin treatment, while abun-
dances of Prevotellaceae_g, Lachnospira, and others were nega-
tively associated with GDF-15 level fold changes after metformin 
treatment (Table 1). Finally, abundances of Bacteroides fragilis 
and Alistipes also correlated positively with plasma sCD14 fold 
change. (Table 1). These results suggest that a complex network 
of bacteria, including Bacteroidales and Lachnospiraceae, might 
influence weight and inflammation in ART-treated PWH.

DISCUSSION

In this pilot study, we investigated for the first time the influ-
ence of metformin on weight, inflammation, and gut micro-
biota composition in nondiabetic ART-treated PWH. We found 
that metformin decreased weight and modified gut microbiota 
composition without modifying glucose levels, CD4 and CD8 
T-cell counts, or CD4/CD8 ratio.

Weight gain and obesity are escalating global health concerns 
contributing to morbidity via increased risk of cardiovascular 
disease, diabetes, nonalcoholic steatohepatitis, and cancer. In 
ART-treated PWH, similar comorbidities have been observed, 
and weight gain associated with ART is under investigation 
[28, 57–64]. Integrase inhibitor–containing regimens have 
been shown to increase weight, and several cofactors have been 
identified such as low CD4 nadir, being of African origin, and 
being female. Repurposing metformin to prevent weight gain 
in nondiabetic ART-treated PWH might reduce risks of non-
AIDS comorbidities.

Metformin decreased participants’ weight with no diet or 
physical activity modification. Weight is regulated in part 
through a neuroendocrine axis with Ghrelin, a hunger hormone, 
counterbalanced by GDF-15, a growth factor that promotes sa-
tiety. Weight loss was associated with increased levels of GDF-
15, but not Ghrelin. In line with our findings, Coll et al. showed 
that metformin-induced weight loss was dependent on increased 
production of GDF-15 in the colon and liver, independent of a 
glucose-lowering effect, in mice. Moreover, metformin has been 
shown to decrease weight in diabetic and/or obese people in as-
sociation with increased GDF-15 [65, 66]. Interestingly, in our 
study, we found that plasma levels of GDF-15 returned to base-
line levels 12 weeks after metformin discontinuation, concom-
itant with participants’ weight. Thus, the dynamics of GDF-15 
before, during, and after metformin discontinuation favor a di-
rect role of metformin on weight loss in nondiabetic people.

Variations in weight were also associated with gut microbiota 
composition. The Prevotellaceae family was associated with 
weight gain and GDF-15 decrease after metformin treatment. 
The Prevotellaceae and Desulfovibrionaceae families have been 
shown to be associated with inflammation and disease progres-
sion in men who have sex with men [26, 29–31, 33, 36, 67]. 
The SCFA-producing Lachnospiraceae family appears to have 
a role in both weight and GDF-15 modulation. In obese mice, 
butyrate production was shown to decrease weight through a 
gut–brain axis [68]. The influence of the gut microbiota, SCFA, 
and GDF-15 on weight change should be further studied.

Gut microbiota composition has been shown to differ in 
ART-treated PWH compared with uninfected controls [30]. 
Notably, abundance of butyrate-producing bacteria, mostly 
from the Lachnospiraceae family, has been shown to be de-
creased in PWH [29, 30]. Herein, we have shown that metformin 
was associated with increased levels of butyrate in the blood 
after metformin discontinuation. Decreased abundance of 
A. muciniphila has been associated with epithelial gut damage, 
inflammation, and metabolic disorders in diabetic people [16, 
69]. Herein, we showed that metformin increased abundance 
of A.  muciniphila in ART-treated PWH [11, 70]. Metformin 
increasing A. muciniphila abundance might support other spe-
cies, including SCFA-producing bacteria [71, 72]. Metformin 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa338#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa338#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa338#supplementary-data
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also increased abundance of Escherichia/Shigella in ART-treated 
PWH, which has been previously observed in diabetic people 
and healthy men [14, 17, 73]. Abundance of Escherichia/Shigella 
was associated with gastrointestinal symptoms in healthy men 
taking metformin, a contribution that requires further assess-
ment in PWH. Overall, metformin appears to induce moderate 
but potentially beneficial shifts in nondiabetic ART-treated 
PWH by increasing abundance of SCFA-producing bacteria 
and A. muciniphila.

Increased levels of SCFA were observed after metformin dis-
continuation, along with a decrease of the pro-inflammatory 
marker sCD14, secreted by antigen-presenting cells upon de-
tection of bacterial LPS. Shikuma et al. showed in 6 nondiabetic 
PWH that metformin decreased CD4 T-cell expression of the 
marker of cell exhaustion programmed cell death–1 (PD-1) but 
not T-cell activation markers CD38 and HLA-DR [74]. Butyrate 
has been shown to decrease the LPS-induced pro-inflammatory 
response of antigen-presenting cells [75]. In agreement with 
those results, we observed that Lachnospiraceae abundance cor-
related negatively with sCD14 levels, while circulating levels of 
LPS were not modified by metformin. Conversely, Bacteroides 
fragilis abundance was associated with increased levels of sCD14 
after metformin treatment. Bacteroides fragilis was hypothe-
sized to restore CD4 T-cell expansion and promote anti-in-
flammatory responses [76]. Moreover, increased abundance of 
Bacteroides fragilis and bacteria from the Erysipelotrichaceae 
family were associated with immune responses against colon 
cancer, whose risks are higher in PWH than in uninfected 
people [77–79]. Hence, the specific role of bacterial species in 
the gut microbiota must be further studied in PWH.

We acknowledge several limitations to our analysis, as our 
pilot study included 1 arm only. Future studies should include a 
placebo arm, accounting for diet and physical activity. As weight 
gain was predominantly observed in women of African descent 

taking ART, a comprehensive view of metformin’s effect on this 
population will be required in large randomized controlled 
trials. In addition, animal models would help in deciphering 
the mechanisms of metformin-induced microbiota modifica-
tion and its influence on weight and inflammation.

CONCLUSIONS

Our study showed that metformin may be beneficial in 
nondiabetic ART-treated PWH by decreasing people’s weight 
and possibly favoring a more anti-inflammatory microbiota 
composition. Further, weight modulation by metformin was as-
sociated with increased GDF-15, an effect that was reversible 
after metformin discontinuation.
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Metformin appears to mimic fasting/caloric restriction 
without reducing glucose levels in PWH [8]. Such a mechanism 
has been shown to be beneficial partially through modifica-
tion of the gut microbiota [80, 81]. Hence, long-term use of 
metformin might decrease inflammation and thereby decrease 
the risk of developing non-AIDS comorbidities [42].

The extended-release form of metformin appeared to re-
duce weight and inflammation, with fewer side effects than the 
immediate-release metformin in diabetic people [82], repre-
senting a promising avenue in nondiabetic PWH. The duration 
and optimal metformin dosage will have to be defined before 
implementing a large randomized controlled trial. Our findings 
pave the way toward repurposing metformin to decrease non-
AIDS comorbidities in ART-treated PWH.
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