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ARTICLE INFO ABSTRACT

Aticle history: Introduction: Managing idiopathic intracranial hypertension (IIH) is challenging due to limited

Received 28 Oct 2024 treatment options. This study evaluates metformin as a potential therapy for ITH, examining its impact
Received in revised form 23 Nov 2024 on disease outcomes and safety.
Accepted 27 Nov 2024 Methods: We performed a retrospective cohort study using the TriNetX database, covering data from

Published 27 Nov 2024 2009 to August 2024. The study included ITH patients, excluding those with other causes of raised
intracranial pressure or pre-existing diabetes. The propensity score matching was adjusted for age, sex,
race, ethnicity, Hemoglobin A1C, and baseline BMI at metformin initiation. We assessed outcomes
for up to 24 months.

Results: Initially, 1,268 patients received metformin, and 49,262 served as controls, showing dispar-
ities in various parameters. After matching, both groups consisted of 1,267 patients each. Metformin
users had significantly lower papilledema, headache, and refractory ITH risks at all follow-ups
(p<0.0001). They also had fewer spinal punctures and reduced acetazolamide use. BMI reductions
were more significant in the metformin group from 6 months onward (p<0.0001), with benefits
persisting regardless of BMI changes. Metformin’s safety profile was comparable to that of the control
group.

Conclusions: The study indicates metformin’s potential as a disease-modifying treatment in IIH, with
improvements across multiple outcomes independent of weight loss. This suggests complex mecha-
nisms at play, supporting further research through prospective clinical trials to confirm metformin’s
role in ITH management and its mechanisms of action.
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in body weight [3, 4]. The Idiopathic Intracranial Hypertension
Weight Trial (ITH: WT) provided Class I evidence that bariatric
surgery is superior to community weight management programs in
reducing ICP and improving quality of life [5]. Pharmacological
management primarily involves acetazolamide, a carbonic anhy-
drase inhibitor that decreases cerebrospinal fluid (CSF) production.
The landmark Idiopathic Intracranial Hypertension Treatment Trial

1. Introduction

The current standard of care for idiopathic intracranial hyperten-
sion (IIH) focuses on reducing intracranial pressure (ICP) and
preserving visual function [1, 2]. Weight loss remains the corner-
stone of therapy, with studies demonstrating significant improve-
ments in ICP and clinical outcomes following a 5-10% reduction
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(ITHTT) established acetazolamide’s efficacy in improving visual
field function and reducing ICP when combined with a low-sodium
weight reduction diet [6]. Other therapeutic approaches include
topiramate, which offers the dual benefit of ICP reduction and
migraine prophylaxis, and surgical interventions such as CSF di-
version procedures or optic nerve sheath fenestration for medically
refractory cases [7].

Despite these interventions, the management of IIH remains chal-
lenging, with a considerable proportion of patients experiencing
refractory or recurrent disease [8]. Refractory IIH is defined as
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persistent or worsening symptoms and signs (including headaches,
papilledema, and visual outcomes) despite maximal medical ther-
apy (usually consisting of weight loss interventions and maximum
tolerated doses of acetazolamide) for at least three months. Recur-
rent disease refers to the return of IIH symptoms and signs after a
period of remission, often requiring reinitiation or intensification of
therapy [8]. Many patients struggle to achieve or maintain weight
loss, particularly through non-surgical means. The side effect pro-
file of acetazolamide, including paresthesia, dysgeusia, and fatigue,
often limits its long-term use or dose escalation [9]. Furthermore,
a significant proportion of patients experience a plateau in their
clinical improvement or require multiple interventions to maintain
remission [10]. The lack of targeted therapies addressing the un-
derlying pathophysiology of IIH, particularly the complex inter-
play between adipose dysfunction, CSF dynamics, and metabolic
dysregulation, has hindered progress in disease modification and
long-term outcomes [11].

The latest evidence from the literature has highlighted the un-
met need for novel treatment approaches for IIH. Metformin, a
biguanide antidiabetic agent, has demonstrated pleiotropic effects
beyond glucose control, including modulation of adipose tissue
function and reduction of CSF secretion [12]. Preclinical studies
have shown that metformin can lower ICP through AMP-activated
protein kinase (AMPK)-dependent inhibition of Na+/K+-ATPase
at the choroid plexus, suggesting a direct mechanism for CSF
production reduction [13]. This effect is particularly intriguing
given the recent evidence implicating choroid plexus hypersecre-
tion in IIH pathogenesis [14]. Additionally, metformin’s effects on
weight loss, insulin sensitivity, and adipokine profiles may address
key pathogenic factors in CSF disorders such as hydrocephalus
in rodent models, offering a potential approach to related disease
management in certain phenotypes [15] (Figure 1).

The potential of metformin in IIH is further supported by its
established safety profile and its ability to mitigate components
of metabolic syndrome [16], which are increasingly recognized as
contributors to IIH pathophysiology [17]. To address this knowl-
edge gap and explore metformin’s potential as a disease-modifying
therapy for IIH, we are conducting a multicenter, retrospective
cohort study utilizing the TriNetX database. This large-scale, real-
world evidence approach allows for assessing metformin’s impact
on IIH outcomes across diverse clinical settings in the United
States, providing valuable insights into its safety and efficacy in
a large patient cohort. Our study aims to evaluate the effects of
metformin on IIH-related symptoms, healthcare utilization, and
long-term disease progression, offering a robust foundation for
future prospective clinical trials. By leveraging this comprehensive
dataset, we seek to elucidate metformin’s potential role in expand-
ing the therapeutic armamentarium for IIH, potentially offering a
novel, mechanistically targeted approach to this challenging condi-
tion.

2. Methods

Our study utilized data from the expansive TriNetX Research
Network, through the global collaborative network database [18],
which contains around 197 million electronic health records ag-
gregated from more than 160 healthcare organizations in the
United States. This comprehensive dataset includes a wide range
of patient-level information, such as demographic characteristics,
diagnoses, treatments, procedures, and outcomes, all coded us-
ing standard medical classification systems like the International
Classification of Diseases, 10th Revision (ICD-10) and Current
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Figure 1: Mechanisms of Action of Metformin in ITH.

Procedural Terminology (CPT). Researchers can access this ex-
tensive real-world data through the secure TriNetX platform to
conduct observational studies. The dataset is regularly updated,
ensuring access to the most current and comprehensive healthcare
information available. The Institutional Review Board approved the
study protocol at the Jacobs School of Medicine and Biomedical
Sciences, University at Buffalo, NY, USA (STUDY00008628).

We performed a retrospective analysis of the TriNetX data from
2009 to August 2024 (the timeframe associated with individuals
with our inclusion and exclusion criteria in the TriNetX database),
focusing on patients diagnosed with IIH. Patients were included if
they had a primary diagnosis of ITH (ICD-10 code: G93.2), were
18 years or older, had at least one recorded BMI measurement and
had a minimum follow-up period of 1 month. We excluded patients
with pre-existing type 1 or type 2 diabetes mellitus (ICD-10 codes:
E10., E11.), prediabetes (ICD-10: R73.03), or HbAlc > 6.5%.
Additional exclusion criteria encompassed other causes of elevated
intracranial pressure, including primary brain tumors (ICD-10:
C71.%), secondary brain metastases (ICD-10: C79.31), cerebral
arteriovenous malformations (ICD-10: Q28.2), and venous sinus
thrombosis (ICD-10: 167.6).

The study population was divided into two groups. The metformin
group consisted of patients with IIH who received metformin
(minimum dose 500mg daily) with no prior history of diabetes or
prediabetes, and their first prescription of metformin was initiated
after IIH diagnosis. The control group comprised patients with ITH
who did not receive metformin at any point during the study period
and had no prior history of diabetes or prediabetes. These groups
were matched for age, sex, race, ethnicity, baseline body mass index
(BMI), and baseline HbAlc using propensity score matching to
minimize selection bias.

Primary outcomes were defined as papilledema (ICD-10: H47.1),
refractory IIH status (ICD-10: G93.2 with modifier code Z91.82),
and therapeutic spinal puncture rate (CPT: 62272). Secondary
outcomes included optic atrophy (ICD-10: H47.2), blindness ICD-
10: H54.%), pulsatile tinnitus ICD-10: H93.A9), diplopia (ICD-10:
H53.2), visual field defects (ICD-10: H53.4), and adverse events
related to metformin use.
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We analyzed the data at different follow-up durations (one month,
three months, six months, 12 months, and 24 months). We assessed
the following outcomes: papilledema, optic atrophy, blindness,
pulsatile tinnitus, diplopia, refractory IIH status, visual discomfort,
visual field defects, and therapeutic spinal puncture rate as the
primary treatment. For outcome assessment purposes, refractory
IIH was defined as persistent or worsening symptoms despite
maximum medical therapy for three months or longer. Treatment
success was characterized by papilledema’s resolution and visual
function improvement, while disease recurrence was defined as a
new onset of symptoms after documented resolution. Therapeutic
spinal punctures were distinguished from diagnostic procedures,
specifically identifying lumbar punctures performed for therapeutic
purposes. Visual outcomes encompassed any documented changes
in visual acuity or visual fields measured as the change from
baseline at specified time points.

3. Results

3.1. Baseline Demographics:

A comprehensive overview of the baseline demographics and clin-
ical characteristics of patients with IIH is presented in (Table 1),
comparing metformin and control groups before and after propen-
sity score matching. Initially, the cohorts comprised 1,268 patients
in the metformin group and 49,262 in the control group, with no-
table disparities in several parameters. Post-matching, both cohorts
were refined to 1,267 patients, achieving remarkable comparability
across baseline attributes. The mean age was nearly identical
(36.8 vs. 37.0 years), with comparable standard deviations. Gen-
der distribution revealed a striking female predominance (93.29%
vs. 92.66%), consistent with the known epidemiology of ITH.
Comorbidity profiles highlighted the complex medical landscape
of IIH patients. Endocrine and metabolic diseases were highly
prevalent (73.48% vs. 73.01%), potentially reflecting the metabolic
dysfunction often associated with IIH. Notably, ophthalmological
diseases affected approximately 59% of patients in both groups,
underscoring the significant ocular manifestations in IIH. Other
frequent comorbidities included musculoskeletal diseases, mental
and neurodevelopmental disorders, and respiratory conditions, all
showing similar distributions between groups.

3.2. Outcomes Analysis:

We performed a longitudinal outcome analysis between the met-
formin group and the control group in patients with IIH, and the
results are presented in (Table 2). The metformin group consis-
tently demonstrated lower risk percentages for most outcomes than
the control group. Papilledema and refractory IIH showed very
high statistical significance (p<0.0001) in favor of the metformin
group at all follow-up points (1, 3, 6, 12, and 24 months). The risk
ratios for these outcomes ranged from 0.238 to 0.889, indicating a
substantially lower risk in the metformin group. Optic atrophy risk
was similar between the groups at 1, 3, 6, and 12 months, but at 24
months, the metformin group had a slightly higher risk (2.1% vs.
0.8%, p=0.047). Blindness risk was significantly lower in the met-
formin group at 3 months (p=0.031) but not statistically significant
at other follow-up points. Pulsatile tinnitus and diplopia showed
significantly lower risks in the metformin group at 6 months
(p=0.005 and p=0.007, respectively) and 24 months (p=0.002 and
p<0.0001, respectively). However, the differences were not statisti-
cally significant at one month, three months, and 12 months. Visual
discomfort and visual field defects were significantly lower in the
metformin group only at 3 months (p=0.025), with no significant
differences at other follow-up durations. The therapeutic spinal
puncture rate was significantly lower in the metformin group at all

follow-up points (one month, three months, months, 12 months,
and 24 months), with p-values ranging from 0.0001 to 0.007.
The risk difference and risk ratio favored the metformin group
across all durations, with significant p-values (p<0.0001). The 95%
confidence intervals for the risk ratios indicated a consistent benefit
of metformin over the entire study period.

3.3. Metformin Safety Profile:

We analyzed a total of 2,534 patients equally divided between the
metformin and control groups (1,267 patients each) after perform-
ing propensity score matching analysis for safety and side effects of
metformin. Gastrointestinal side effects, often associated with met-
formin use, showed similar incidence rates in both groups. Notably,
nausea was reported in 8.52% of metformin users compared to
10.58% in the control group (RR 0.81, 95% CI 0.63-1.03, p=0.09).
Vomiting occurred less frequently, affecting 2.37% and 3.31% of
the metformin and control groups, respectively (RR 0.71, 95% CI
0.45-1.13, p=0.19). Regarding metabolic side effects, lactic acido-
sis—a rare but serious concern with metformin use—was observed
in 1.03% of metformin users versus 1.74% in the control group
(RR 0.59, 95% CI 0.30-1.17, p=0.17). Vitamin B12 deficiency
or megaloblastic anemia showed identical rates in both groups
(4.58%,RR 1.0,95% CI 0.70-1.43, p=0.999). General and systemic
side effects were also comparable between groups. Myalgia was
reported in 6.47% of metformin users and 8.29% of controls (RR
0.78, 95% CI 0.59-1.03, p=0.09), while asthenia affected 5.21%
and 5.84% of the metformin and control groups, respectively (RR
0.89, 95% CI 0.65-1.23, p=0.54).

4. Discussion

In our large-scale multicenter retrospective study based on the
TriNetX database, we illustrated compelling evidence for the po-
tential efficacy of metformin as a disease-modifying therapy in IIH.
Our findings demonstrate significant improvements across multiple
[IH-related outcomes in patients treated with metformin compared
to those who did not receive the medication.

The marked reduction in papilledema risk observed in the met-
formin group throughout the study period is particularly striking.
This finding aligns with recent research suggesting that metformin
may directly affect ICP regulation. Botfield et al. [13] Demon-
strated that metformin can reduce ICP in rodent models of IIH
through AMPK-dependent inhibition of the Na+/K+-ATPase at
the choroid plexus, thereby decreasing CSF secretion. Our clinical
findings support this preclinical evidence, indicating that met-
formin’s effects on papilledema may be mediated through direct
modulation of CSF dynamics rather than solely through weight
loss.

The observed reduction in refractory IIH status among metformin-
treated patients is particularly noteworthy. This finding suggests
that metformin may address underlying pathophysiological mecha-
nisms contributing to treatment resistance in IIH. Recent evidence
has implicated adipose tissue dysfunction and altered adipokine
profiles in IIH pathogenesis [11]. Metformin’s known effects on
adipose tissue function, including modulation of adipokine se-
cretion and improvement of insulin sensitivity, may contribute to
its efficacy in refractory cases. Furthermore, emerging evidence
suggests that metformin can influence the gut microbiome, which
has been increasingly linked to neurological disorders, including
those affecting ICP regulation [19].

These multifaceted effects of metformin may explain its potential to
improve outcomes in patients who have not responded adequately
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Characteristic

Total Patients (n)

Mean Age, SD

Sex, n (%)

Female

Male

Unknown

Ethnicity, n (%)

Not Hispanic or Latino
Hispanic or Latino
Unknown Ethnicity

Race, n (%)

White

Black or African American
Other Race

Asian

American Indian or Alaska Native

Native Hawaiian or Other Pacific Is-
lander

Unknown Race

Comorbid Diseases, n (%)
Endocrine and Metabolic Diseases
Ophthalmological Diseases
Musculoskeletal Diseases

Mental and Neurodevelopmental Dis-
orders

Respiratory Diseases
Genitourinary Diseases
Digestive Tract Diseases
Presence of Active Infections
Skin and Subcutaneous Diseases
Circulatory Diseases

Hematological and Immunological
Diseases

Active Malignancies (Excl. CNS Tu-
mors/Brain Mets)

Congenital Malformations/ Chromo-
somal Abnormalities

Metformin
1,268
36.8 +9.66

1,182 (93.22%)
53 (4.18%)
32 (2.52%)

847 (66.80%)
129 (10.17%)
291 (22.95%)

730 (57.57%)
232 (18.30%)
54 (4.26%)
18 (1.42%)
10 (0.79%)
10 (0.79%)

226 (17.82%)

931 (73.42%)
750 (59.15%)
677 (53.39%)
664 (52.37%)

581 (45.82%)
606 (47.79%)
519 (40.93%)
386 (30.44%)
480 (37.85%)
261 (20.58%)
279 (22.00%)

257 (20.27%)

112 (8.83%)

Table 1: Baseline Demographics of The Patients Cohorts.

Control
49,262
36.2 + 10.1

41,006 (83.24%)
5,503 (11.17%)
1,705 (3.46%)

28,606 (58.07%)
4,111 (8.35%)
15,479 (31.42%)

26,556 (53.91%)
7,905 (16.05%)
2,271 (4.61%)
712 (1.45%)

161 (0.33%)
117 (0.24%)

10,492 (21.30%)

15,748 (31.97%)
20,859 (42.34%)
13,730 (27.87%)
13,249 (26.89%)

12,811 (26.01%)
10,356 (21.02%)
10,079 (20.46%)
6,770 (13.74%)
6,729 (13.66%)
5,944 (12.07%)
5,683 (11.54%)

4,072 (8.27%)

1,955 (3.97%)

P-Value Metformin Control P-Value
- 1,267 1,267 -
0.0323 36.8 +9.66 37+ 10 0.6114
<0.0001 1,182 (93.29%) 1,174 (92.66%) 0.5340
<0.0001 53 (4.18%) 54 (4.26%) 0.9213
0.0537 32 (2.53%) 39 (3.08%) 0.3994
<0.0001 847 (66.85%) 859 (67.80%) 0.6113
0.0378 129 (10.18%) 126 (9.94%) 0.8430
<0.0001 291 (22.97%) 282 (22.26%) 0.6691
0.0731 730 (57.62%) 726 (57.30%) 0.8723
0.0694 232 (18.31%) 246 (19.42%) 0.4771
0.4567 54 (4.26%) 47 (3.71%) 0.4772
0.8702 18 (1.42%) 23 (1.82%) 0.4311
0.0064 10 (0.79%) 10 (0.79%) 0.9999
0.0001 10 (0.79%) 0 (0.00%) 0.0015
<0.0001 226 (17.84%) 223 (17.60%) 0.6691
<0.0001 931 (73.48%) 925 (73.01%) 0.7877
<0.0001 750 (59.19%) 754 (59.51%) 0.8715
<0.0001 677 (53.43%) 658 (51.93%) 0.4497
<0.0001 664 (52.41%) 650 (51.30%) 0.5778
<0.0001 581 (45.86%) 581 (45.86%) 0.9999
<0.0001 606 (47.83%) 614 (48.46%) 0.7504
<0.0001 519 (40.96%) 514 (40.57%) 0.8398
<0.0001 386 (30.47%) 375 (29.60%) 0.6336
<0.0001 480 (37.88%) 483 (38.12%) 0.9023
<0.0001 261 (20.60%) 270 (21.31%) 0.6604
<0.0001 279 (22.02%) 252 (19.89%) 0.1875
<0.0001 257 (20.28%) 238 (18.78%) 0.3411
<0.0001 112 (8.84%) 105 (8.29%) 0.6192

CNS, Central Nervous System

to conventional therapies. The latest evidence has highlighted the
importance of metabolic dysfunction in IIH pathogenesis, indepen-
dent of obesity. For instance, Hornby et al. demonstrated alterations
in glucose and lipid metabolism in IIH patients that BMI did not
fully explain [20]. Metformin’s pleiotropic effects on metabolism,
including improved insulin sensitivity and modulation of lipid
profiles, may, therefore, contribute to its efficacy in IIH through
mechanisms distinct from weight loss.

The potential endocrinological connections underlying metformin’s
efficacy in IIH are particularly interesting. Recent studies have
implicated various endocrine factors in IIH pathophysiology, in-
cluding androgens, glucocorticoids, and growth hormones [21].
Metformin has been shown to influence several of these endocrine
pathways. For example, metformin can reduce androgen levels and
improve insulin sensitivity in polycystic ovary syndrome (PCOS),
a condition often comorbid with IIH [22]. Given that androgen
excess has been implicated in IIH pathogenesis, metformin’s
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Table 2: Comparison Between Outcomes and Their Follow-up Duration Between Both Groups Through Propensity Score Matching

Outcome Follow-up Metformin Control Risk Diff. RR 95% CI P-value
Risk (%) Risk (%) (%)
Papilledema 1-month 2.80 11.60 -8.80 0.238 (0.166, 0.341) 0.00071 ***
3-months 6.70 16.70 -10.00 0.401 (0.316, 0.509) 0.00071 %
6-months 9.50 19.40 -10.00 0.488 (0.398, 0.598) 0.0001%%*%*
12-months 11.00 19.90 -8.90 0.553 (0.457, 0.668) 0.0001 %%
24-months 12.40 21.60 -9.20 0.573 (0.479, 0.686) 0.00071 #**
Optic Atrophy 1-month 0.80 0.80 0.00 1.000 (0.418,2.394) 0.999
3-months 0.80 0.80 0.00 1.000 (0.418,2.394) 0.999
6-months 0.90 0.80 0.20 1.200 (0.520,2.767) 0.668
12-months 1.50 1.40 0.10 1.056 (0.557, 2.002) 0.868
24-months 1.70 0.80 0.90 2.100 (0.993,4.441) 0.047%*
Blindness 1-month 0.80 1.30 -0.50 0.625 (0.285, 1.372) 0.237
3-months 0.90 2.00 -1.00 0.480 (0.242,0.951) 0.031%*
6-months 1.50 2.10 -0.60 0.704 (0.393, 1.259) 0.234
12-months 1.80 2.80 -1.00 0.639 (0.381, 1.072) 0.087
24-months 2.10 2.60 -0.60 0.788 (0.474, 1.309) 0.356
Pulsatile Tinnitus I-month 0.80 0.90 -0.20 0.833 (0.361, 1.922) 0.668
3-months 0.80 1.50 -0.70 0.526 (0.246, 1.127) 0.093
6-months 0.80 2.10 -1.30 0.370 (0.180, 0.762) 0.005%*
12-months 1.10 1.70 -0.60 0.636 (0.327, 1.238) 0.179
24-months 1.10 2.80 -1.70 0.400 (0.216, 0.740) 0.002%*
Diplopia 1-month 0.80 1.30 -0.50 0.625 (0.285, 1.372) 0.237
3-months 0.80 1.80 -1.00 0.435 (0.208, 0.910) 0.023*
6-months 0.80 2.10 -1.30 0.385 (0.186, 0.794) 0.007**
12-months 0.80 1.80 -1.00 0.435 (0.208, 0.910) 0.023%*
24-months 0.80 2.80 -2.10 0.278 (0.138, 0.557) 0.0007 ##*
Refractory IIH 1-month 16.70 30.60 -14.00 0.544 (0.469, 0.631) 0.0001%**
3-months 31.40 42.70 -11.40 0.734 (0.662, 0.814) 0.0001 %
6-months 39.70 49.50 -9.90 0.801 (0.733, 0.874) 0.00071 #**
12-months 45.90 53.90 -8.00 0.851 (0.787, 0.920) 0.0001%%**
24-months 50.10 56.30 -6.20 0.889 (0.826, 0.957) 0.002%*
Visual Discomfort / 1-month 0.90 1.70 -0.80 0.524 (0.254, 1.082) 0.075
VF Defect
3-months 1.40 2.70 -1.30 0.529 (0.301, 0.932) 0.025%*
6-months 2.20 3.50 -1.30 0.636 (0.399, 1.016) 0.056
12-months 3.30 3.70 -0.40 0.896 (0.598, 1.342) 0.594
24-months 3.80 4.40 -0.60 0.857 (0.588, 1.250) 0.423
Therapeutic  Spinal  1-month 0.80 2.20 -1.40 0.357 (0.174,0.732) 0.003**
Puncture
3-months 0.80 2.40 -1.70 0.323 (0.159, 0.655) 0.001%*
6-months 0.80 2.70 -1.90 0.294 (0.146, 0.593) 0.0001 %
12-months 0.90 2.20 -1.30 0.414 (0.212, 0.807) 0.007**
24-months 1.20 3.10 -1.90 0.385 (0.213, 0.694) 0.001%*

* Denotes Statistical Significance, ** Denotes High Statistical Significance, *** Denotes Very High Statistical Significance
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androgen-lowering effects may contribute to its therapeutic ben-
efits. Additionally, metformin has been shown to modulate the
hypothalamic-pituitary-adrenal (HPA) axis, which could influence
CSF dynamics and ICP regulation [23]These endocrinological
effects of metformin may partially explain its apparent disease-
modifying properties in IIH observed in our study.

The safety profile of metformin in our IIH cohort was favorable,
with no significant differences in adverse events compared to the
control group. This is consistent with metformin’s well-established
safety record in other clinical contexts and supports its potential
as a long-term therapy for IIH. The similar incidence of lactic
acidosis between the metformin and control groups is particularly
reassuring, given historical concerns about this rare but serious
complication [24]. Our findings have important clinical implica-
tions. The observed reductions in papilledema and refractory dis-
ease status suggest that metformin could address multiple aspects
of ITH pathophysiology.

While our results are highly promising, several important limita-
tions of this study warrant careful consideration. First, the retro-
spective nature of our analysis inherently introduces the potential
for selection bias and confounding factors despite our rigorous
propensity score matching approach. Electronic health record data
use, while providing a good sample size, may be subject to coding
errors, missing data, or inconsistent documentation practices across
different healthcare institutions within the TriNetX network. A
significant limitation is the inability to directly measure intracranial
pressure or access detailed CSF dynamics data. The absence of
direct ICP measurements and CSF opening/closing pressures limits
our ability to quantify the precise physiological effects of met-
formin on CSF dynamics. Additionally, we could not standardize
the methods and timing of ophthalmological assessments across
institutions, potentially introducing variability in the evaluation of
visual outcomes.

The study’s reliance on ICD-10 codes for diagnosis and outcome
measurement may not capture the full spectrum of disease severity
or subtle clinical changes. Furthermore, while we controlled for
various confounding factors, we cannot completely account for all
potential confounders, such as dietary habits, exercise patterns,
or concurrent medications that might influence IIH outcomes.
The impact of these unmeasured variables on our results remains
unknown.

Patient compliance with metformin therapy could not be defini-
tively assessed beyond prescription fills, and we lacked data on
medication adherence patterns. The study also cannot account for
potential variations in clinical practice patterns across different
institutions, including differences in the threshold for therapeu-
tic interventions or the timing of treatment escalation. Another
limitation is the potential for immortal time bias, as patients in
the metformin group had to survive long enough to receive the
prescription. While our matching process attempted to minimize
this bias, its influence cannot be completely eliminated. Addi-
tionally, the study’s follow-up period, though substantial, may not
be sufficient to capture very long-term outcomes or rare adverse
events. The generalizability of our findings may be limited by the
study population’s characteristics and the participating healthcare
institutions’ geographic and demographic distribution. Further-
more, the exclusion of patients with diabetes and pre-diabetes,
while necessary for studying metformin’s direct effects on IIH,
means our results may not apply to IIH patients with these comor-
bidities. Finally, as with any observational study, we can demon-
strate association but not causation. The precise mechanisms by
which metformin influences IIH outcomes remain speculative and

require validation through prospective, mechanistic studies. These
limitations underscore the need for randomized controlled trials
to definitively establish metformin’s role in IIH management and
elucidate its therapeutic mechanisms.

5. Conclusions

Our study provides strong evidence for the potential of metformin
as a disease-modifying therapy in IIH, with benefits extending
beyond weight loss. These findings open new avenues for ITH
management and underscore the need for further research into the
complex pathophysiology of this condition. Prospective, random-
ized controlled trials are warranted to confirm these results and
establish optimal treatment protocols. Such studies should include
direct measurements of ICP, CSF opening pressure estimations,
detailed ophthalmological assessments, and longitudinal investi-
gations into the underlying mechanisms of metformin’s effects in
ITH. Additionally, long-term follow-up studies will be crucial to
assess the durability of metformin’s benefits and its impact on
disease progression. As our understanding of IIH pathophysiology
continues to evolve, metformin may represent a promising addition
to the therapeutic armamentarium for this challenging condition.

Conflicts of Interest

The authors declare no competing interests that could have influ-
enced the objectivity or outcome of this research.

Funding Source

Dr. Wu’s current research work is partially supported by the
National Institutes of Health (NIH) under a grant agreement,
NIH/NINDS grant: ROINS076491. The National Center for Ad-
vancing Translational Sciences (NCATS), National Institutes of
Health, supported the project described through CTSA award
number UM1TR004400. The content is solely the responsibility
of the authors and does not necessarily represent the official views
of the NIH.

Acknowledgments

None

Institutional Review Board (IRB)

The Institutional Review Board at the Jacobs School of Medicine
and Biomedical Sciences, University at Buffalo, NY, USA, ap-
proved the study protocol under IRB approval (STUDY00-008628).

Large Language Model

None

Authors Contribution

AYA and MN conceptualized and designed the study, performed
data curation, formal analysis, investigation, methodology, and
project administration, and wrote the original draft. ASA, AE,
MMM, AAM, OE, OSE, MAA, and MAE contributed to data
curation, investigation, and manuscript review and editing. JW
contributed to the methodology, provided resources, supervised
the work, validated results, reviewed and edited the manuscript,
and secured funding. AAD and DJA contributed to the method,


https://doi.org/DOI:10.71079/2024001001
https://asidejournals.com/index.php/internal-medicine

DOI:10.71079/2024001001

ASIDE Internal Medicine 17

provided resources, supervised the work, validated results, and
reviewed and edited the manuscript. As the corresponding author,
MN supervised the overall work and was responsible for the final
version of the manuscript. All authors have read and agreed to the
published version of the manuscript.

Data Availability

Available on TriNetX Database Based on Institutional Collabora-
tions.

References

1.

10.

11.

12.

Friedman DI, Liu GT, Digre KB. Revised diagnostic crite-
ria for the pseudotumor cerebri syndrome in adults and chil-
dren. Neurology. 2013;81(13):1159-65. [PMID: 23966248,
https://doi.org/10.1212/WNL.0b013e3182a55f17].

. Mollan SP, Davies B, Silver NC, Shaw S, Mallucci CL, Wak-

erley BR, et al. Idiopathic intracranial hypertension: consen-
sus guidelines on management. J Neurol Neurosurg Psychiatry.
2018;89(10):1088-100. [PMID: 29903905, PMCID: PMC6166610,
https://doi.org/10.1136/jnnp-2017-317440].

. Manfield JH, Yu KK, Efthimiou E, Darzi A, Athanasiou T, Ashrafian

H. Bariatric Surgery or Non-surgical Weight Loss for Idiopathic
Intracranial Hypertension? A Systematic Review and Comparison of
Meta-analyses. Obes Surg. 2017;27(2):513-21. [PMID: 27981458,
PMCID: PMC5237659, https://doi.org/10.1007/s11695-016-2467-7].

. Sinclair AJ, Burdon MA, Nightingale PG, Ball AK, Good P, Matthews

TD, et al. Low energy diet and intracranial pressure in women
with idiopathic intracranial hypertension: prospective cohort study.
BMIJ. 2010;341:c2701. [PMID: 20610512, PMCID: PMC2898925,
https://doi.org/10.1136/bmj.c2701].

. Ottridge R, Mollan SP, Botfield H, Frew E, Ives NJ, Matthews

T, et al. Randomised controlled trial of bariatric surgery ver-
sus a community weight loss programme for the sustained treat-
ment of idiopathic intracranial hypertension: the Idiopathic Intracra-
nial Hypertension Weight Trial (IIH:WT) protocol. BMIJ Open.
2017;7(9):e017426.  [PMID: 28963303, PMCID: PMC5623580,
https://doi.org/10.1136/bmjopen-2017-017426].

. Committee NIITHSGW, Wall M, McDermott MP, Kieburtz KD, Corbett

JJ, Feldon SE, et al. Effect of acetazolamide on visual function
in patients with idiopathic intracranial hypertension and mild visual
loss: the idiopathic intracranial hypertension treatment trial. JAMA.
2014;311(16):1641-51. [PMID: 24756514, PMCID: PMC4362615,
https://doi.org/10.1001/jama.2014.3312].

. Mollan SP, Aguiar M, Evison F, Frew E, Sinclair AJ. The ex-

panding burden of idiopathic intracranial hypertension. Eye (Lond).
2019;33(3):478-85.  [PMID: 30356129, PMCID: PMC6460708,
https://doi.org/10.1038/s41433-018-0238-5].

. Mulla Y, Markey KA, Woolley RL, Patel S, Mollan SP, Sinclair

AJ. Headache determines quality of life in idiopathic intracranial
hypertension. J Headache Pain. 2015;16:521. [PMID: 25982204,
PMCID: PMC4436432, https://doi.org/10.1186/s10194-015-0521-9].

. Schmickl CN, Owens RL, Orr JE, Edwards BA, Malhotra A.

Side effects of acetazolamide: a systematic review and meta-
analysis assessing overall risk and dose dependence. BMIJ Open
Respir Res. 2020;7(1). [PMID: 32332024, PMCID: PMC7204833,
https://doi.org/10.1136/bmjresp-2020-000557].

Yri HM, Wegener M, Sander B, Jensen R. Idiopathic
intracranial hypertension is not benign: a long-term outcome
study. J Neurol. 2012;259(5):886-94. [PMID: 22008872,
https://doi.org/10.1007/s00415-011-6273-9].

Hornby C, Mollan SP, Botfield H, O’Reilly MW, Sinclair AJ.
Metabolic Concepts in Idiopathic Intracranial Hypertension and
Their Potential for Therapeutic Intervention. J Neuroophthalmol.
2018;38(4):522-30.  [PMID: 29985799, PMCID: PMC6215484,
https://doi.org/10.1097/WNO.0000000000000684].

Viollet B, Guigas B, Sanz Garcia N, Leclerc J, Foretz M, Andreelli
F. Cellular and molecular mechanisms of metformin: an overview.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Clin Sci (Lond). 2012;122(6):253-70. [PMID: 22117616, PMCID:
PMC3398862, https://doi.org/10.1042/CS20110386].

Botfield HF, Uldall MS, Westgate CSJ, Mitchell JL, Hagen SM,
Gonzalez AM, et al. A glucagon-like peptide-1 receptor ag-
onist reduces intracranial pressure in a rat model of hydro-
cephalus.  Sci Transl Med. 2017;9(404). [PMID: 28835515,
https://doi.org/10.1126/scitranslmed.aan0972].

. Karimy JK, Reeves BC, Damisah E, Duy PQ, Antwi P, David W, et al.

Inflammation in acquired hydrocephalus: pathogenic mechanisms and
therapeutic targets. Nat Rev Neurol. 2020;16(5):285-96. [PMID:
32152460, PMCID: PMC7375440, https://doi.org/10.1038/s41582-
020-0321-y].

Labuzek K, Suchy D, Gabryel B, Bielecka A, Liber S, Okopien
B. Quantification of metformin by the HPLC method in brain re-
gions, cerebrospinal fluid and plasma of rats treated with lipopolysac-
charide. Pharmacol Rep. 2010;62(5):956-65. [PMID: 21098880,
https://doi.org/10.1016/s1734-1140(10)70357-1].

LinZ, Sun L. Research advances in the therapy of metabolic syndrome.
Front Pharmacol. 2024;15:1364881. [PMID: 39139641, PMCID:
PMC11319131, https://doi.org/10.3389/fphar.2024.1364881].
Wardman JH, Andreassen SN, Toft-Bertelsen TL, Jensen MN,
Wilhjelm JE, Styrishave B, et al. CSF hyperdynamics in rats
mimicking the obesity and androgen excess characteristic of pa-
tients with idiopathic intracranial hypertension.  Fluids Barriers
CNS. 2024;21(1):10. [PMID: 38273331, PMCID: PMC10810013,
https://doi.org/10.1186/s12987-024-00511-1].

Palchuk MB, London JW, Perez-Rey D, Drebert ZJ, Winer-
Jones JP, Thompson CN, et al. A global federated real-
world data and analytics platform for research. JAMIA Open.
2023;6(2):00ad035.  [PMID: 37193038, PMCID: PMC10182857,
https://doi.org/10.1093/jamiaopen/ooad035].

Sun L, Xie C, Wang G, Wu Y, Wu Q, Wang X, et al. Gut microbiota and
intestinal FXR mediate the clinical benefits of metformin. Nat Med.
2018;24(12):1919-29.  [PMID: 30397356, PMCID: PMC6479226,
https://doi.org/10.1038/s41591-018-0222-4].

Hornby C, Mollan SP, Mitchell J, Markey KA, Yangou A,
Wright BLC, et al. What Do Transgender Patients Teach Us
About Idiopathic Intracranial Hypertension?  Neuroophthalmol-
ogy. 2017;41(6):326-9. [PMID: 29238388, PMCID: PMC5706971,
https://doi.org/10.1080/01658107.2017.1316744].

O’Reilly MW, Westgate CS, Hornby C, Botfield H, Taylor AE,
Markey K, et al. A unique androgen excess signature in idiopathic
intracranial hypertension is linked to cerebrospinal fluid dynamics.
JCI Insight. 2019;4(6). [PMID: 30753168, PMCID: PMC6483000,
https://doi.org/10.1172/jci.insight.125348].

Lashen H. Role of metformin in the management of
polycystic ovary syndrome. Ther Adv Endocrinol Metab.
2010;1(3):117-28. [PMID: 23148156, PMCID: PMC3475283,
https://doi.org/10.1177/2042018810380215].

Lv WS, Wen JP, Li L, Sun RX, Wang J, Xian YX, et al. The effect
of metformin on food intake and its potential role in hypothalamic
regulation in obese diabetic rats. Brain Res. 2012;1444:11-9. [PMID:
22325091, https://doi.org/10.1016/j.brainres.2012.01.028].

DeFronzo R, Fleming GA, Chen K, Bicsak TA. Metformin-
associated lactic acidosis: Current perspectives on causes
and risk. Metabolism. 2016;65(2):20-9. [PMID: 26773926,
https://doi.org/10.1016/j.metabol.2015.10.014].


https://doi.org/DOI:10.71079/2024001001
https://asidejournals.com/index.php/internal-medicine

	Introduction
	Methods
	Results
	Baseline Demographics:
	Outcomes Analysis:
	Metformin Safety Profile:

	Discussion
	Conclusions

