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A B S T R A C T 

Introduction: Idiopathic intracranial hypertension (IIH) is known to elevate cardiovascular disease 

(CVD) risk, but the extent to which obesity and IIH-specific factors contribute to this risk is not well 

understood. WE aim to separate the effects of obesity from IIH-specific factors on the risk of stroke 

and CVD, building on previous findings that indicate a two-fold increase in cardiovascular events in 

women with IIH compared to BMI-matched controls. 

Methods: An obesity-adjusted risk analysis was conducted using Indirect Standardization based on 

data from a cohort study by Adderley et al., which included 2,760 women with IIH and 27,125 

matched healthy controls from The Health Improvement Network (THIN). Advanced statistical 

models were employed to adjust for confounding effects of obesity and determine the risk 

contributions of IIH to ischemic stroke and CVD, independent of obesity. Four distinct models 

explored the interactions between IIH, obesity, and CVD risk. 

Results: The analysis showed that IIH independently contributes to increased cardiovascular risk 

beyond obesity alone. Risk ratios for cardiovascular outcomes were significantly higher in IIH 

patients compared to controls within similar obesity categories. Notably, a synergistic effect was 

observed in obese IIH patients, with a composite CVD risk ratio of 6.19 (95% CI: 4.58-8.36, p<0.001) 

compared to non-obese controls. 

Conclusions: This study underscores a significant, independent cardiovascular risk from IIH beyond 

obesity. The findings advocate for a shift in managing IIH to include comprehensive cardiovascular 

risk assessment and mitigation. Further research is required to understand the mechanisms and 

develop specific interventions for this group. 

 

 

1. Introduction 

Idiopathic intracranial hypertension (IIH) is a condition characterized by 

elevated intracranial pressure of unknown etiology, typically manifesting 

as papilledema with associated risks of visual loss and chronic disabling 

headache [1]. The incidence and economic burden of IIH are rising in 

parallel with global obesity trends [2]. While obesity is a well-established 

risk factor for IIH, with over 90% of patients being obese [3], the 

relationship between IIH and cardiovascular disease (CVD) risk remains 

poorly understood. 

 

In the United States, studies indicate an incidence increase from 1.6 to 2.4 

per 100,000 person-years in the general population, rising dramatically to 

15-19 per 100,000 in women of childbearing age [4]. This rising disease 

burden encompasses both economic impacts, with annual costs exceeding 

millions of dollars in the US [5], and significant quality of life deterioration, 

including chronic pain, vision problems, and psychological distress [6]. 

 

Adderley et al. conducted a retrospective case-control population-based 

matched controlled cohort study using 28 years of data from The Health 

Improvement Network (THIN) database in the United Kingdom, THIN 

database is a longitudinal primary care database containing anonymized 

electronic health records from over 17 million patients in the United 

Kingdom, provides researchers with comprehensive clinical data for 

epidemiological studies and healthcare research. [7]. Their study suggested 

that women with IIH have a two-fold increased risk of cardiovascular 

events compared to BMI-matched controls. However, the mechanisms 

underlying this elevated risk and the relative contributions of obesity versus 

IIH-specific factors remained unclear. 

 

The relationship between IIH and CVD risk involves multiple 

pathophysiological mechanisms beyond adiposity alone. Neuroendocrine 

dysfunction in IIH is characterized by elevated endogenous testosterone 

and androstenedione levels [8], distinct from exogenous supplementation 

or polycystic ovary syndrome (PCOS). This hormonal dysregulation may 

affect both cerebrospinal fluid (CSF) dynamics and cardiovascular function 

[9]. Additionally, the current literature studies demonstrate elevated levels 

of pro-inflammatory cytokines in IIH patients, potentially contributing to 

both intracranial pressure elevation and vascular dysfunction [9]. IIH 

patients exhibit distinct metabolic profiles, including altered glucose 

homeostasis and lipid metabolism, which may independently contribute to 

cardiovascular risk [9, 10]. Several additional risk factors may contribute 

to both IIH and CVD, including hormonal contraceptive use, vitamin A 

metabolism, sleep apnea, and chronic kidney disease [10-12]. 

 

Building upon Adderley et al.'s [7] findings, our study aims to disentangle 

the effects of obesity and IIH on stroke risk specifically. Obesity is a known 

independent risk factor for stroke, with an average hazard ratio (HR) of 2.29 

reported in large-scale evidence [13]. By adjusting for this obesity-related 

risk, we seek to isolate the potential contribution of IIH itself to stroke 

incidence. 

Our study employs an established methodological approach adapted from 

epidemiological research in obesity [14, 15] to simulate predicted ischemic 

stroke and CVD events in both IIH and control groups under normative 

weight conditions. This approach has been previously used in obesity 

literature [16, 17]. 

 

Understanding the relationship between IIH and their associated risks, 

independent of obesity, has important clinical implications. If IIH itself 

confers additional cardiovascular risk, it may warrant more aggressive 

management of modifiable risk factors and earlier implementation of 

preventive strategies in this patient population. Furthermore, elucidating the 

mechanisms underlying this potential association could reveal new 

therapeutic targets for reducing cardiovascular morbidity in IIH. Our study 

aims to build upon the foundational work of Adderley et al. [7] to further 
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investigate the complex interplay between IIH, obesity, and the associated 

risks. By employing innovative statistical methods to adjust for the 

confounding effects of obesity, we aim to provide crucial insights into the 

cardiovascular implications of IIH and inform evidence-based management 

strategies for this increasingly prevalent condition. 

2. Methods 

Building upon the foundational work of Adderley et al. [7], we conducted 

a retrospective analysis using data from their paper which was originally 

obtained through THIN, a large UK primary care database. Our study 

focused on women with IIH and matched controls, aiming to elucidate the 

independent effect of IIH on stroke and cardiovascular risks, distinct from 

the influence of obesity. Patients were excluded from the Adderley et al. 

[7], study if they had different diagnostic or clinical codes for conditions 

that could mimic IIH, specifically hydrocephalus or cerebral venous 

thrombosis, or any other cause of elevated intracranial pressure (ICP). 

  

Additionally, in the baseline cohort selection, female patients were 

excluded if they did not have at least one-year of registration with an 

eligible general practice before cohort entry, to ensure adequate 

documentation of baseline covariates. For the analysis of individual CVD 

outcomes, patients with a record of the specific outcome of interest at 

baseline were excluded from the corresponding analysis, for composite 

CVD analysis, patients with any CVD at baseline were excluded; for type 

2 diabetes analysis, patients with either type 1 diabetes or type 2 diabetes at 

baseline were excluded. For sensitivity analyses, additional exclusions were 

applied, including excluding women diagnosed with IIH after age 60 years, 

since IIH is rare among older adults and there may be potential 

misclassification errors in this age group. 

2.1.  Study Population and Data Source: 

We utilized the cohort established by Adderley et al. [7], comprising 2,760 

women with IIH and 27,125 matched controls. Participants were identified 

from THIN database records spanning January 1, 1990, to January 17, 

2018. Controls were matched to IIH patients based on age, body mass index 

(BMI), and sex, with up to 10 controls per IIH case. 

2.2.  Outcome Measures: 

Our primary outcome of interest was the incidence of composite CVD, 

heart failure, ischemic heart disease (IHD), ischemic stroke, transient 

ischemic attack (TIA), hypertension, and type 2 diabetes mellitus. We 

extracted the relevant data from the corresponding paper, following the 

coding and identification methods described by Adderley et al [7]. 

2.3.  Statistical Analysis: 

We extended the original analysis to estimate the independent effect of IIH 

on stroke and cardiovascular risks, accounting for the confounding effect 

of obesity. Our approach involved indirect standardization and adjustment 

with the application of a standardized morbidity ratio (SMR) approach [18-

22], adapted to account for obesity as a confounding variable in relationship 

with IIH in women around the UK. To estimate the incidence of events in 

both the IIH and control cohorts under a hypothetical scenario of normal 

weight, we employed an adjustment method based on the average HR for 

obesity contributing to the event risk in women compared to healthy weight 

women in 13-year interval from the literature. This approach operates under 

the assumption that the HR remains constant throughout the 13-year study 

period and that the impact of obesity on the estimated events is independent 

of IIH status. We utilized Python 3.12 and its’ associated statistical libraries 

to perform our statistical analysis. Initially, we calculated the observed HR 

for each event in the IIH group compared to the control group. 

Subsequently, we adjusted this observed HR by obesity HR to estimate the 

HR for IIH independent of obesity. Based on the current evidence, the 

average estimated HR of obesity contributing to composite CVD is 2.89 

[23-29]. For obesity, ischemic stroke, and TIA risk, it is estimated around 

HR= 1.72 [23, 26, 30-36]. For obesity and heart failure risk, it is estimated 

around HR= 2.61 [37-43]. For obesity and hypertension risk, it is estimated 

around HR= 2.09 [44-50]. For obesity and IHD risk, it is estimated around 

HR= 1.8 [23, 24, 26, 28, 30, 51, 52]. And for obesity and type 2 diabetes 

mellitus risk, it is estimated to be around HR= 4.0 [53-60]. 

 

We calculated the HR for each event in the IIH group compared to the 

control group through the following equation: 

 

𝐻𝑅 =  (𝐼𝐼𝐻 𝑒𝑣𝑒𝑛𝑡𝑠 / 𝐼𝐼𝐻 𝑡𝑜𝑡𝑎𝑙) / (𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑒𝑣𝑒𝑛𝑡𝑠 / 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑡𝑜𝑡𝑎𝑙) 

 

We then adjusted this observed HR by the established HR for obesity in 

association with the potential risk to estimate the HR for IIH independent 

of obesity: 

 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐻𝑅 =  𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐻𝑅 / 𝑂𝑏𝑒𝑠𝑖𝑡𝑦 𝐻𝑅 

 

Using this adjusted HR, we predicted the number of events in both groups 

under normative weight conditions: 

For the IIH group: 

 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐼𝐼𝐻 𝑒𝑣𝑒𝑛𝑡𝑠 =  (𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐻𝑅 ×  𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑒𝑣𝑒𝑛𝑡𝑠 ×  𝐼𝐼𝐻 𝑡𝑜𝑡𝑎𝑙) / 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑡𝑜𝑡𝑎𝑙 

 

For the control group: 

 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑒𝑣𝑒𝑛𝑡𝑠 =  𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑒𝑣𝑒𝑛𝑡𝑠 / 𝑂𝑏𝑒𝑠𝑖𝑡𝑦 𝐻𝑅 

 

Using this adjusted HR, we then calculated the predicted number of events 

in both the IIH and control groups under the assumption of normal weight. 

This was accomplished by applying the adjusted HR to the control group 

event rate and scaling for the respective group sizes. For the control group, 

we divided the observed events by obesity HR to estimate events under 

normal weight conditions. 

 

This method allows for a comparative analysis of events risk between IIH 

and control populations, while attempting to control the confounding effect 

of obesity. It provides insight into the potential independent risk associated 

with IIH and allows for estimation of event rates under hypothetical normal 

weight conditions. 

2.4.  Ethical Considerations: 

This study adhered to the ethical approval obtained by Adderley et al. [7] 

from the NHS South-East Multicenter Research Ethics Committee. We did 

not involve direct analysis of the dataset rather than building customized 

statistical modelling based on the provided data and metrics from Adderley 

et al. research paper [7]. 
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3. Results 

3.1. Baseline Characteristics: 

The original retrospective cohort study by Adderley et al. [7] encompassed 

29,885 participants, stratified into 2,760 (9.2%) women with IIH and 

27,125 (90.8%) controls. The incident cohort comprised 48.2% and 46.7% 

of the IIH and control groups, respectively. Both cohorts were 

predominantly under 60 years of age (98.1% IIH, 95.2% control), with 

identical median ages of 32.1 years (IQR: 25.62-42.00 IIH, 25.71-42.06 

control). Socioeconomic status, assessed via Townsend Deprivation 

Quintiles, showed a comparable distribution between groups, with a slight 

overrepresentation of controls in the least deprived quintiles. Smoking 

habits differed significantly: the IIH cohort exhibited higher rates of current 

smoking (30.8% vs 22.6%) and lower rates of non-smoking (46.5% vs 

55.5%). 

Figure 1: Model 1 – Obese IIH vs Obese Control Forest Plot. 

 

Anthropometric data revealed marginally higher median BMI in the IIH 

group (34.80, IQR: 29.30-40.30) compared to controls (34.30, IQR: 29.00-

39.70). Notably, both groups demonstrated a high prevalence of obesity 

(BMI >30), affecting 62.6% and 60.9% of the IIH and control cohorts, 

respectively. Comorbidity profiles and pharmacological interventions 

showed distinct patterns. The IIH cohort demonstrated a higher prevalence 

of migraine (21.0% vs. 11.9%), hypertension (13.8% vs. 9.2%), and 

marginally increased rates of lipid-lowering medication use (6.5% vs. 

5.8%). Furthermore, baseline cardiovascular morbidity was more 

pronounced in the IIH group, with elevated rates of ischemic heart disease 

(1.3% vs. 0.9%) and ischemic stroke/TIA (1.7% vs 0.7%). Interestingly, 

type 2 diabetes mellitus prevalence was slightly lower in the IIH cohort 

(4.7% vs. 5.2%) (Table 1). 

3.2. Statistical Analysis: 

In this analysis, we employed four distinct statistical models to elucidate 

the complex interrelationships between IIH, obesity, and CVD risk. These 

models were strategically designed to disentangle the individual and 

combined effects of IIH and obesity on CVD outcomes. 

Model 1 (Obese IIH vs Obese Control) was constructed to isolate the effect 

of IIH within an obese population, effectively controlling for the 

confounding factor of adiposity. Model 2 (Obese IIH vs Non-obese 

Control) provided a comprehensive view of the combined impact of IIH 

and obesity compared to individuals without either condition. Model 3 

(Non-obese IIH vs Obese Control) offered a unique perspective, 

juxtaposing the cardiovascular risks associated with IIH in non-obese 

individuals against those attributed to obesity alone. Model 4 (Non-obese 

IIH vs. Non-obese Control) isolated the impact of IIH in a non-obese 

population, providing critical insights into the condition's effects 

independent of obesity (Table 2). 

 

 

Table 1: Baseline Characteristics of the Included Individuals in the Original Study. 

Variable Number, (%) 

Women With IIH 

(Exposed Group) 

Women Without 

IIH 

(Control Group) 

Population  2760 (9.2)  27 125 (90.8) 

Incident Cohort  1331 (48.2)  12 679 (46.7) 

Population Aged < 60 y  2709 (98.1)  25 811 (95.2) 

Age, Median (IQR), y  32.1 (25.62-42.00)  32.1 (25.71-42.06) 

Townsend Deprivation Quintile 

1 (Least deprived)  361 (13.1)  4268 (15.7) 

2 381 (13.8)  4397 (16.2) 

3 532 (19.3)  5174 (19.1) 

4 538 (19.5)  5122 (18.9) 

5 (Most deprived)  454 (16.5)  4134 (15.2) 

Missing data  494 (17.9)  4030 (14.9) 

Smoking Status 

Nonsmoker  1284 (46.5)  15 058 (55.5) 

Ex-smoker  502 (18.2)  4573 (16.9) 

Smoker  849 (30.8)  6134 (22.6) 

Missing data  125 (4.5)  1360 (5.0) 

BMI, median (IQR)  34.80 (29.30-40.30)  34.30 (29.00-

39.70) 

Body Mass Index (BMI) 

<25  246 (8.9)  2561 (9.4) 

25-30  416 (15.1)  4203 (15.5) 

>30  1728 (62.6)  16 514 (60.9) 

Missing data  370 (13.4)  3847 (14.2) 

Current lipid prescription  180 (6.5)  1572 (5.8) 

Migraine  580 (21.0)  3247 (11.9) 

Outcomes at Baseline 

Heart Failure  8 (0.3)  58 (0.2) 

IHD 35 (1.3)  245 (0.9) 

Ischemic Stroke / TIA 46 (1.7)  189 (0.7) 

Hypertension  380 (13.8)  2500 (9.2) 

Type 2 Diabetes Mellitus  130 (4.7)  1425 (5.2) 

Abbreviations: IIH= Idiopathic Intracranial Hypertension; IQR= Interquartile Range; BMI= Body 

Mass Index; IHD= Ischemic Heart Disease; TIA= Transient Ischemic Attack 

 

 
Figure 2: Model 2 – Obese IIH vs Non-Obese Control Forest Plot. 

 

Our findings revealed a nuanced and clinically significant relationship 

between IIH, obesity, and cardiovascular risk. In Model 1 Figure 1, IIH 

was consistently associated with elevated risks across all measured 

outcomes. The risk ratios (RR) ranged from 1.54 (95% CI: 1.27-1.86, 

p<0.001) for type 2 diabetes mellitus to 2.28 (95% CI: 1.62-3.21, p<0.001) 

for stroke/TIA. This uniform pattern of risk elevation suggests that IIH 
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confers additional cardiovascular risk beyond that attributed to obesity 

alone, a finding of relevance in clinical risk stratification. 

 

Model 2, Figure 2 demonstrated even more pronounced risk elevations, 

with the composite CVD risk reaching a striking RR of 6.19 (95% CI: 4.58-

8.36, p<0.001). This marked increase suggests a potential synergistic effect 

between IIH and obesity on cardiovascular health, which may have 

significant implications for patient management and therapeutic 

interventions. Notably, the risk for heart failure in this model was 

particularly elevated (RR 5.75, 95% CI: 3.17-10.42, p<0.001), highlighting 

the need for vigilant cardiac monitoring in obese IIH patients. 

 

Interestingly, Model 3, Figure 3, presented a more complex picture. The 

non-significant risk ratios for most outcomes in this model suggest that non-

obese individuals with IIH may not have significantly different CVD risks 

compared to obese individuals without IIH. This finding underscores the 

profound impact of obesity on cardiovascular health, potentially rivaling or 

even overshadowing the effects of IIH in certain contexts. Of note in this 

model was the significantly reduced risk of type 2 diabetes mellitus in non-

obese IIH patients compared to obese controls (RR 0.40, 95% CI: 0.28-

0.57, p<0.001). This intriguing paradox may offer valuable insights into the 

underlying pathophysiology of both conditions and warrants further 

mechanistic investigation. 

 

Model 4, Figure 4 provided robust corroboration of IIH as an independent 

risk factor, with significant risk elevations observed across all outcomes in 

non-obese IIH patients compared to non-obese controls. The composite 

CVD risk in this model (RR 2.18, 95% CI: 1.41-3.39, p<0.001) closely 

mirrored that observed in Model 1, further supporting the notion that IIH 

confers cardiovascular risk independent of obesity status. This finding has 

important implications for the management of non-obese IIH patients, who 

may be at underappreciated cardiovascular risk. 

 

Ranking the CVD risks for IIH patients based on our data reveals the 

highest risk ratios in Model 2, with the following hierarchy: composite 

CVD (RR 6.19) > heart failure (RR 5.75) > stroke/TIA (RR 3.93) > 

ischemic heart disease (RR 3.76). This stratification underscores the critical 

importance of addressing both IIH and obesity in our highest-risk patients 

and may inform the development of targeted screening and intervention 

protocols. The data on type 2 diabetes mellitus warrant special 

consideration. The 6.14-fold increased risk (95% CI: 4.90-7.70, p<0.001) 

observed in obese IIH patients compared to non-obese controls (Model 2) 

is particularly striking. This marked elevation, coupled with the paradoxical 

risk reduction in non-obese IIH patients (Model 3), suggests a complex 

interplay between IIH, obesity, and metabolic dysfunction. These findings 

raise intriguing questions about potential shared pathophysiological 

mechanisms and may open new avenues for research into the 

neuroendocrine aspects of IIH. Hypertension, a known risk factor for both 

CVD and IIH progression, showed a consistent pattern of elevated risk 

across Models 1, 2, and 4. However, the reduced risk observed in Model 3 

(RR 0.77, 95% CI: 0.61-0.97, p=0.03) adds another layer of complexity to 

our understanding of the relationship between IIH, obesity, and blood 

pressure regulation. 

 

 

 

 

 

 
 

Table 2: Risk Contribution Calculations According to Different Hazard Regression Models. 

Outcome Women With IIH 

(Exposed Group) 

Women Without 

IIH (Control 

Group) 

P-value 

Composite CVD 

Population, No.  2613 26 356 NA  

Outcome events, No. (%)  68 (2.5)  328 (1.2) NA  

Person-years 12 809  132 930 NA  

Crude incidence rate per 

1000 person-years  

5.31 2.47 NA 

Follow-up, median 

(IQR), y  

3.50 (1.34-7.11)  3.72 (1.51-7.39) NA  

Adjusted HR (95% CI) 

Model 1 2.15 [1.66 - 2.79] NA <.001**  

Model 2  6.19 [4.58 - 8.36] NA  <.001 ** 

Model 3  0.76 [0.50 - 1.15] NA 0.2 

Model 4 2.18 [1.41 - 3.39] NA  <.001 ** 

Heart Failure 

Population, No.  2735 26 989 NA  

Outcome events, No. (%)  17 (0.6)  78 (0.3) NA  

Person-years  13 445  136 357 NA  

Crude incidence rate per 

1000 person-years  

1.26 0.57 NA  

Follow-up, median 

(IQR), y  

3.58 (1.38-7.26)  3.77 (1.52-7.50) NA  

Adjusted HR (95% CI) 

Model 1 2.21 [1.31 - 3.74] NA <.001** 

Model 2 5.75 [3.17 - 10.42] NA <.001** 

Model 3  0.91 [0.42 - 1.97] NA 0.81 

Model 4 2.37 [1.04 - 5.39] NA 0.04* 

IHD 

Population, No.  2698 26 749 NA  

Outcome events, No. (%)  27 (0.9)  131 (0.5) NA  

Person-years  13 216  134 521 NA  

Crude incidence rate per 

1000 person-years  

2.04 0.97 NA  

Follow-up, median 

(IQR), y  

3.56 (1.37-7.20)  3.73 (1.51-7.42) NA  

Adjusted HR (95% CI) 
 

 

Model 1 2.10 [1.39 - 3.17] NA <.001** 

Model 2 3.76 [2.42 - 5.85] NA <.001** 

Model 3  1.17 [0.68 - 1.99] NA 0.57 

Model 4 2.09 [1.20 - 3.65] NA <.01* 

Stroke/TIA 

Population, No.  2674 26 755 NA  

Outcome events, No. (%)  40 (1.5)  181 (0.7) NA  

Person-years  13 115  135 271 NA  

Crude incidence rate per 

1000 person-years  

3.05 1.34 NA  

Follow-up, median 

(IQR), y  

3.51 (1.34-7.17)  3.76 (1.52-7.47) NA  

Adjusted HR (95% CI) 
 

 

Model 1 2.28 [1.62 - 3.21] NA <.001**  

Model 2 3.93 [2.73 - 5.66] NA <.001** 

Model 3  1.37 [0.89 - 2.09] NA 0.15 

Model 4 2.36 [1.51 - 3.67] NA <.001 ** 

Hypertension 

Population, No.  2232 23 566 NA  

Outcome events, No. (%)  148 (6.2)  1059 (4.3) NA  

Person-years  10 505  115 800 NA  

Crude incidence rate per 

1000 person-years  

14.09 9.15 NA 

Follow-up, median 

(IQR), y  

3.20 (1.26-6.40)  3.48 (1.43-6.94) NA  

Adjusted HR (95% CI) 
 

 

Model 1 1.54 [1.30 - 1.83] NA <.001** 

Model 2 3.22 [2.68 - 3.86] NA <.001** 

Model 3  0.77 [0.61 - 0.97] NA 0.03* 

Model 4 1.61 [1.26 - 2.05] NA <.001** 

Type 2 Diabetes 

Population, No. 2510 24 901 NA  

Outcome events, No. (%)  120 (4.6)  799 (3.1) NA 

Person-years  12 300   125 947 NA 

Crude incidence rate per 

1000 person-years  

9.76 6.34 NA 

Follow-up, median 

(IQR), y  

3.49 (1.34-6.94)  3.62 (1.47-7.27) NA  

Adjusted HR (95% CI) 

Model 1 1.54 [1.27 - 1.86] NA <.001** 

Model 2 6.14 [4.90 - 7.70] NA <.001** 

Model 3  0.40 [0.28 - 0.57] NA <.001** 

Model 4 1.59 [1.09 - 2.32] NA 0.02* 

* Denotes statistical significance, ** Denotes high statistical significance 

Abbreviations: IIH= Idiopathic Intracranial Hypertension; CVD= Cardiovascular Disease; IQR= 

Interquartile Range; IHD= Ischemic Heart Disease; CI= Confidence Interval. 
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Figure 3: Model 3 – Non-Obese IIH vs Obese Control Forest Plot. 

 

4. Discussion 

In our obesity-adjusted analysis, we have uncovered several significant 

findings that advance our understanding of how IIH influences CVD 

outcomes. Our primary analysis demonstrated that IIH independently raises 

CVD risk, as we observed consistent risk elevations (RR= 1.54 to 2.28) 

across CVD outcomes in our obesity-matched cohorts. Perhaps our most 

striking finding was the synergistic interaction between IIH and obesity, we 

found a 6.19-fold increased risk of composite CVD events (95% CI: 4.58-

8.36, p<0.001) in obese IIH patients compared to non-obese controls. 

Through our modelling, we also discovered a metabolic relationship: non-

obese IIH patients showed CVD risks comparable to obese controls which 

is significantly higher than non-obese controls (RR 2.18, 95% CI: 1.41-

3.39, p<0.001). We were particularly intrigued by the paradoxical 

relationship we observed with type 2 diabetes risk which was elevated in 

obese IIH patients but reduced in non-obese IIH patients compared to obese 

controls, suggesting more complex metabolic mechanisms than previously 

recognized (Figure 5). 

 

Figure 4: Model 4 – Non-Obese IIH vs Non-Obese Control Forest Plot. 

 

The consistent elevation of risk ratios across Models 1 and 4, which 

compare IIH patients to controls within the same obesity strata, strongly 

suggests a distinct pathophysiological process intrinsic to IIH that 

exacerbates cardiovascular vulnerability. This finding aligns with emerging 

research on the neuroendocrine and metabolic perturbations in IIH. Recent 

metabolomic profiling by O'Reilly MW et al [8]. revealed a unique 

signature of altered androgen metabolism in CSF of IIH patients, 

characterized by elevated levels of testosterone and androstenedione. This 

androgen excess may represent a crucial link between IIH and 

cardiovascular risk through multiple mechanisms, including vascular 

dysfunction, inflammatory modulation, and metabolic dysregulation. 

Duckles and Miller [61] demonstrated that testosterone could induce 

vasoconstriction through both genomic and non-genomic pathways, 

potentially contributing to hypertension and altered cerebrovascular 

autoregulation in IIH. 

 

The chronic elevation of in ICP is a characteristic of IIH may have direct 

and indirect effects on cardiovascular functions. Recent work by Wardlaw 

et al. [62] on the glymphatic system and intracranial fluid dynamics 

suggests that altered CSF flow and clearance in IIH may impair the removal 

of metabolic waste products from the brain. This accumulation of 

potentially toxic metabolites could exacerbate oxidative stress and vascular 

inflammation, contributing to the observed CVD risk. 

Figure 5: IIH and CVD Risk Pathway. 

The striking risk elevations observed in Model 2 (Obese IIH vs Non-obese 

Control) reveal a synergistic interaction between IIH and obesity that 

amplifies CVD risk beyond the sum of their individual effects. This synergy 

likely arises from the convergence of multiple pathophysiological 

processes, including adipokine dysregulation, neuroendocrine activation, 

and hemodynamic alterations. Recent work by Hornby et al. [63] 

demonstrates that IIH patients exhibit a distinct adipokine signature, with 

particularly elevated CSF leptin levels. The combination of systemic and 

central adipokine dysregulation may create a uniquely pro-inflammatory 

and pro-thrombotic state. Moreover, the evidence by Markey K et al. [64] 

suggests that IIH patients may have altered cortisol metabolism, potentially 

exacerbating the metabolic and CVD consequences of obesity-related 

hypothalamic-pituitary-adrenal axis dysfunction. 

 

The paradoxical findings regarding type 2 diabetes risk in our study—

elevated in obese IIH patients but reduced in non-obese IIH patients 

compared to obese controls—challenge our current understanding of 

metabolic risk in IIH. This observation may be explained by the concept of 

"metabolic flexibility" proposed by Goodpaster and Sparks [65]. In non-

obese IIH patients, the altered androgen metabolism and potential changes 

in adipose tissue function may confer a degree of metabolic protection. The 

evidence by Mariniello et al. [66] on androgen effects on adipose tissue 

suggests that certain androgen profiles can enhance insulin sensitivity and 

improve glucose uptake in adipocytes. The specific androgen milieu in IIH 

may thus have differential effects depending on the overall metabolic 

context. Conversely, in obese IIH patients, this potential metabolic benefit 
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may be overwhelmed by the profound insulin resistance and chronic 

inflammation associated with obesity. The interaction between obesity-

related metabolic dysfunction and IIH-specific neuroendocrine 

perturbations may create a "perfect storm" for accelerated progression to 

type 2 diabetes [66]. 

 

Our findings necessitate a paradigm shift in the approach to cardiovascular 

risk management in IIH patients. We propose a multi-tiered strategy that 

includes enhanced risk stratification, targeted interventions, personalized 

metabolic management, and neuroendocrine modulation. The development 

of IIH-specific CVD risk calculators that incorporate novel biomarkers 

such as CSF androgen levels, adipokine profiles, and measures of 

intracranial pressure dynamics could significantly improve risk assessment 

in this population. Exploration of IIH-specific pharmacological 

interventions that address the unique pathophysiology of CVD risk in this 

population is warranted. For example, the potential use of selective 

androgen receptor modulators (SARMs) to mitigate the adverse 

cardiovascular effects of androgen excess while preserving potential 

metabolic benefits merits investigation. 

Future research directions should include longitudinal studies employing 

advanced imaging techniques to elucidate the temporal relationship 

between IIH onset, progression, and cardiovascular remodelling. Multi-

omics approaches integrating genomics, transcriptomics, and 

metabolomics could unravel the molecular mechanisms underlying the 

observed synergy between IIH and obesity in cardiovascular risk.  

Interventional trials exploring the cardiovascular impact of IIH-specific 

treatments, including the potential cardioprotective effects of CSF 

diversion procedures or novel pharmacological agents targeting ICP 

regulation, are crucial. Additionally, investigation of sex-specific aspects 

of cardiovascular risk in IIH is essential, given the strong female 

predominance of the condition and the potential interaction with sex 

hormones. 

 

The findings from our study reveal a complex, multifaceted relationship 

between IIH, obesity, and CVD risk that challenges existing paradigms and 

opens new frontiers in personalized medicine. The independent risk 

conferred by IIH, the synergistic effects with obesity, and the paradoxical 

metabolic findings underscore the need for a nuanced, mechanism-based 

approach to cardiovascular risk management in this unique patient 

population. As we continue to unravel the intricate pathophysiology of IIH, 

we move closer to developing targeted interventions that may not only 

alleviate the neurological symptoms of the condition but also mitigate its 

long-term cardiovascular consequences. The implications of our findings 

extend beyond IIH, offering potential insights into the broader interplay 

between neuroendocrine function, metabolic regulation, and cardiovascular 

health. The methodology of our paper has several limitations, at first the 

approach assumes that the HR and the values provided from the original 

data and the HR for obesity remains constant over the 13-year period and 

its applicable to both the IIH group and control group.  

 

Secondly, it assumes that the effect of obesity on the events is independent 

of IIH status in each patient. Thirdly, the predicted events are based on the 

average HR for obesity from the current literature, which may not be fully 

representative of the study population in larger populations or another 

cohort. Also, the adjusted for IIH independent from obesity should be 

interpreted with caution, as it is an estimation based on the available data 

and assumptions. To further validate the findings, it would be better to 

perform tailored individual-level data analysis based on BMI subgroup 

analysis and sensitivity tests for IIH patients and counting for other 

potential cofounding variables in the cohort. Additionally, conducting a 

prospective study that directly compares IIH patients with normal weight 

controls would provide more comprehensive evidence for the independent 

effect of IIH on the proposed events.  

5. Conclusions 

Through our findings, we have established compelling evidence that IIH 

independently contributes to CVD risk beyond obesity alone. Our statistical 

modelling has revealed that IIH operates through both independent and 

obesity-synergistic pathways to elevate CVD risk. We consistently 

observed elevated risks across our obesity-stratified models, leading us to 

believe that IIH involves an intrinsic pathophysiological process that 

worsens CVD outcomes vulnerability. These findings align with emerging 

research on neuroendocrine dysregulation in IIH. Based on our results, we 

strongly advocate for a fundamental shift in IIH management to include 

comprehensive CVD risk assessment and mitigation. We believe 

developing IIH-specific CVD risk assessment tools and targeted 

interventions should be a priority. While we acknowledge the limitations of 

our study, including our assumptions about hazard ratio consistency and 

obesity effects, we have established a crucial foundation for future studies. 

We recommend prospective studies comparing IIH patients with normal-

weight controls and deeper investigation of underlying mechanisms 

through multi-omics approaches. Our findings have significant 

implications for both clinical practice and future research in IIH 

management. 
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A B S T R A C T 

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

treatment options. This study evaluates metformin as a potential therapy for IIH, examining its 

impact on disease outcomes and safety. 

Methods: We performed a retrospective cohort study using the TriNetX database, covering data 

from 2009 to August 2024. The study included IIH patients, excluding those with other causes of 

raised intracranial pressure or pre-existing diabetes. Propensity score matching adjusted for age, 

sex, race, ethnicity, Hemoglobin A1C, and baseline BMI at metformin initiation. We assessed 

outcomes up to 24 months. 

Results: Initially, 1,268 patients received metformin and 49,262 served as controls, showing 

disparities in various parameters. After matching, both groups consisted of 1,267 patients each. 

Metformin users had significantly lower risks of papilledema, headache, and refractory IIH 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 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 

mechanisms at play, supporting further research through prospective clinical trials to confirm 

metformin’s role in IIH management and its mechanisms of action. 

 

 

1. Introduction 

The current standard of care for idiopathic intracranial hypertension 

(IIH) focuses on reducing intracranial pressure (ICP) and preserving 

visual function [1, 2]. Weight loss remains the cornerstone of therapy, 

with studies demonstrating significant improvements in ICP and clinical 

outcomes following a 5-10% reduction in body weight [3, 4]. The 

Idiopathic Intracranial Hypertension Weight Trial (IIH: 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 anhydrase inhibitor that decreases cerebrospinal fluid (CSF) 

production. The landmark Idiopathic Intracranial Hypertension 

Treatment Trial (IIHTT) 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 diversion 

procedures or optic nerve sheath fenestration for medically refractory 

cases [7]. 

 

Despite these interventions, the management of IIH remains challenging, 

with a considerable proportion of patients experiencing refractory or 

recurrent disease [8]. Refractory IIH is defined as persistent or 

worsening symptoms and signs (including headaches, papilledema, and 

visual outcomes) despite maximal medical therapy (usually consisting 

of weight loss interventions and maximum tolerated doses of 

acetazolamide) for at least three months. Recurrent 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 profile 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 underlying pathophysiology of IIH, particularly the 

complex interplay between adipose dysfunction, CSF dynamics, and 

metabolic dysregulation, has hindered progress in disease modification 

and long-term outcomes [11]. 

 

The latest literature evidence has highlighted the unmet 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 hypersecretion 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 diseases 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 knowledge 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 the assessment of 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, 
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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 expanding the 

therapeutic armamentarium for IIH, potentially offering a novel, 

mechanistically targeted approach to this challenging condition. 

 

Figure 1: Mechanisms of Action of Metformin in IIH. 

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 aggregated from more than 

160 healthcare organizations, primarily located 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 using standard medical 

classification systems like the International Classification of Diseases, 

10th Revision (ICD-10) and Current Procedural Terminology (CPT). 

Researchers can access this extensive real-world data through the secure 

TriNetX platform to conduct observational studies. Notably, the dataset 

is regularly updated, ensuring access to the most current and 

comprehensive healthcare information available. The study protocol was 

approved by the Institutional Review Board 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 IIH (ICD-10 code: G93.2), were aged 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 HbA1c ≥ 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: I67.6). 

 

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 IIH 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 HbA1c 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. 

 

We analyzed the data at different follow-up durations (one-month, three-

months, six-months, 12-months, and 24-months) and 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 the 

resolution of papilledema and improvement in visual function, 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 that were measured 

as the change from baseline at specified time points. 

3. Results 

3.1. Baseline Demographics: 

A comprehensive overview of the baseline demographics and clinical 

characteristics for patients with IIH is presented in Table 1, comparing 

metformin and control groups before and after propensity score 

matching. Initially, the cohorts comprised 1,268 patients in the 

metformin group and 49,262 in the control group, with notable 

disparities in several parameters. Post-matching, both cohorts were 

refined to 1,267 patients each, achieving remarkable comparability 

across baseline attributes. The mean age was nearly identical (36.8 vs. 

37.0 years), with comparable standard deviations. Gender distribution 

revealed a striking female predominance (93.29% vs. 92.66%), 

consistent with the known epidemiology of IIH. 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.  
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3.2. Outcomes Analysis: 

We performed a longitudinal outcome analysis between the metformin 

group and the control group in patients with IIH, and the results are 

presented in Table 2. The metformin group consistently demonstrated 

lower risk percentages for most outcomes compared to 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 metformin 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 statistically 

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, six-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 performing 

propensity score matching analysis for safety and side effects of 

metformin. Gastrointestinal side effects, often associated with 

metformin 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 acidosis—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 potential efficacy of 

metformin as a disease-modifying therapy in IIH. Our findings 

demonstrate significant improvements across multiple IIH-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 metformin 

group throughout the study period is particularly striking. This finding 

aligns with recent research suggesting that metformin may have direct 

effects on ICP regulation. Botfield et al. [13] demonstrated 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 metformin'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 mechanisms that 

contribute 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 secretion 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 to 

conventional therapies. The latest evidence has highlighted the 

importance of metabolic dysfunction in IIH pathogenesis, independent 

of obesity. For instance, Hornby et al. demonstrated alterations in 

glucose and lipid metabolism in IIH patients that were not fully 

explained by BMI [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, including 

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 androgen-lowering effects may 

contribute to its therapeutic benefits. 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 explain, in part, 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]. 
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Table 1: Baseline Demographics of The Patients Cohorts. 
Total Patients, n Before Propensity Score Matching 

P-Value 
After Propensity Score Matching 

P-Value 
Metformin Group Control Group Metformin Group Control Group 

1,268 49,262 1,267 1,267 

Mean Age, SD 36.8 ± 9.66 36.2 ± 10.1 0.0323 36.8 ± 9.66 37 ± 10 0.6114 

Sex, n (%) 

Female 1,182, (93.22%) 41,006, (83.24%) < 0.0001 1,182, (93.29%) 1,174, (92.66%) 0.5340 

Male 53, (4.18%) 5,503, (11.17%) < 0.0001 53, (4.18%) 54, (4.26%) 0.9213 

Unknown 32, (2.52%) 1,705, (3.46%) 
0.0537 

32, (2.53%) 39, (3.08%) 0.3994 

Ethnicity, n (%) 

Not Hispanic or Latino 847, (66.80%) 28,606, (58.07%) < 0.0001 847, (66.85%) 859, (67.80%) 0.6113 

Hispanic or Latino 129, (10.17%) 4,111, (8.35%) 0.0378 129, (10.18%) 126, (9.94%) 0.8430 

Unknown Ethnicity 291, (22.95%) 15,479, (31.42%) 
< 0.0001 

291, (22.97%) 282, (22.26%) 0.6691 

Race, n (%) 

White 730, (57.57%) 26,556, (53.91%) 0.0731 730, (57.62%) 726, (57.30%) 0.8723 

Black or African American 232, (18.30%) 7,905, (16.05%) 0.0694 232, (18.31%) 246, (19.42%) 0.4771 

Other Race 54, (4.26%) 2,271, (4.61%) 0.4567 54, (4.26%) 47, (3.71%) 0.4772 

Asian 18, (1.42%) 712, (1.45%) 
0.8702 

18, (1.42%) 23, (1.82%) 0.4311 

American Indian or Alaska Native 10, (0.79%) 161, (0.33%) 0.0064 10, (0.79%) 10, (0.79%) 0.9999 

Native Hawaiian or Other Pacific 

Islander 

10, (0.79%) 117, (0.24%) 0.0001 10, (0.79%) 0, (0.00%) 0.0015 

Unknown Race 226, (17.82%) 10,492, (21.30%) 
< 0.0001 

226, (17.84%) 223, (17.60%) 0.6691 

Comorbid Diseases, n (%) 

Endocrine and Metabolic Diseases 931, (73.42%) 15,748, (31.97%) < 0.0001 931, (73.48%) 925, (73.01%) 0.7877 

Ophthalmological Diseases 750, (59.15%) 20,859, (42.34%) < 0.0001 750, (59.19%) 754, (59.51%) 0.8715 

Musculoskeletal Diseases 677, (53.39%) 13,730, (27.87%) < 0.0001 677, (53.43%) 658, (51.93%) 0.4497 

Mental and Neurodevelopmental 

Disorders 

664, (52.37%) 13,249, (26.89%) < 0.0001 664, (52.41%) 650, (51.30%) 0.5778 

Respiratory Diseases 581, (45.82%) 12,811, (26.01%) < 0.0001 581, (45.86%) 581, (45.86%) 0.9999 

Genitourinary Diseases 606, (47.79%) 10,356, (21.02%) < 0.0001 606, (47.83%) 614, (48.46%) 0.7504 

Digestive Tract Diseases 519, (40.93%) 10,079, (20.46%) < 0.0001 519, (40.96%) 514, (40.57%) 0.8398 

Presence of Active Infections 386, (30.44%) 6,770, (13.74%) < 0.0001 386, (30.47%) 375, (29.60%) 0.6336 

Skin and Subcutaneous Diseases 480, (37.85%) 6,729, (13.66%) < 0.0001 480, (37.88%) 483, (38.12%) 0.9023 

Circulatory Diseases 261, (20.58%) 5,944, (12.07%) < 0.0001 261, (20.60%) 270, (21.31%) 0.6604 

Hematological and Immunological 

Diseases 

279, (22.00%) 5,683, (11.54%) < 0.0001 279, (22.02%) 252, (19.89%) 0.1875 

Active Malignancies (Excluding CNS 

Tumors and Brain Metastasis) 

257, (20.27%) 4,072, (8.27%) < 0.0001 257, (20.28%) 238, (18.78%) 0.3411 

Presence of Congenital Malformation s 

or Chromosomal Abnormalities 

112, (8.83%) 1,955, (3.97%) < 0.0001 112, (8.84%) 105, (8.29%) 0.6192 

Abbreviations: CNS: Central Nervous System 

 

Our findings have important clinical implications. The observed 

reductions in papilledema and refractory disease status suggest that 

metformin could address multiple aspects of IIH pathophysiology.  

 

While our results are highly promising, several important limitations of 

this study warrant careful consideration. First, the retrospective nature of 

our analysis inherently introduces potential for selection bias and 

confounding factors, despite our rigorous propensity score matching 

approach. The use of electronic health record data, 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 metformin 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 definitively 

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 therapeutic 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. Additionally, 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. Furthermore, the exclusion of 

patients with diabetes and pre-diabetes, while necessary for studying 

metformin's direct effects on IIH, means our results may not be 

applicable to IIH patients with these comorbidities. Finally, as with any 

observational study, we can demonstrate 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. 
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Table 2: Comparison Between Outcomes and Their Follow-up Duration Between Both Groups Through Propensity Score Matching. 

Outcome 
Follow-up 

Duration 

Metformin Group 

Risk Percentage 

Control Group Risk 

Percentage 
Risk Difference Risk Ratio 

95% 

Confidence 

Interval 

P-value 

Papilledema 1-month 2.80% 11.60% -8.80% 0.238 (0.166, 0.341) 0.0001*** 

3-months 6.70% 16.70% -10.00% 0.401 (0.316, 0.509) 0.0001*** 

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) 0.0001*** 

Optic Atrophy 1-month 0.80% 0.80% 0.00% 1.0 (0.418, 2.394) 0.999 

3-months 0.80% 0.80% 0.00% 1.0 (0.418, 2.394) 0.999 

6-months 0.90% 0.80% 0.20% 1.2 (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% 2.1 (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% 0.48 (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 1-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% 0.37 (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% 0.40 (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) 0.0001*** 

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) 0.0001*** 

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 and Visual Field 

Defects 

1-month 0.90% 1.70% -0.80% 0.524 (0.254, 1.082) 0.075 

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 Puncture Rate 1-month 0.80% 2.20% -1.40% 0.357 (0.174, 0.732) 0.003** 

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  

 

 

 

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 IIH management and 

underscore the need for further research into the complex 

pathophysiology of this condition. Prospective, randomized controlled 

trials are now 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 investigations in a longitudinal manner into the 

underlying mechanisms of metformin's effects in IIH. 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. 
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A B S T R A C T 

Introduction: Despite technological advances in Type 1 Diabetes Mellitus (T1D) management, 

racial disparities in insulin pump utilization persist. We investigated patterns of insulin pump 

adoption across different racial groups using a large-scale, multi-institutional database to quantify 

these disparities and identify potential intervention points. 

Methods: We conducted a retrospective cohort study using the TriNetX research network, analyzing 

data from 978,665 T1D patients across 66 healthcare organizations. Propensity score matching was 

employed to balance cohorts, with a focused sub-analysis of Buffalo, NY (n=6,080) to examine 

regional variations in comparison to the United States nationwide present data. 

Results: Nationwide data revealed significant racial disparities in insulin pump utilization, with 

White patients showing the highest adoption rate (11.74%) compared to Black or African American 

(AA) patients (4.056%). Buffalo cohort demonstrated higher overall adoption rates but maintained 

similar disparity patterns (White: 30.18%, Black or AA: 13.75%). Post-matching analysis confirmed 

these disparities persisted independent of demographic factors. 

Conclusions: Our findings reveal significant racial disparities in insulin pump adoption, with 

regional variations suggesting the influence of institutional factors. These results highlight the need 

for targeted interventions to promote equitable access to diabetes technology and prevent the 

widening of health disparities in T1D care. 
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1. Introduction 

Type 1 Diabetes Mellitus (T1D) management has been revolutionized 

by advanced technologies, particularly insulin pumps, which have 

demonstrated significant improvements in glycemic control, quality of 

life, and reduction of diabetes-related complications [1]. However, 

despite these well-documented benefits, we continue to observe 

substantial disparities in access to and utilization of these vital 

technologies across different racial and ethnic groups in the United 

States [2]. 

The previous and current literature evidence have highlighted 

concerning patterns of inequitable access to diabetes technology [3], 

with studies suggesting that racial and ethnic minorities face 

disproportionate barriers to insulin pump adoption. These disparities 

persist even when controlling for socioeconomic factors and insurance 

coverage, indicating deeper systemic issues in healthcare delivery and 

access [4]. While existing literature has documented these disparities, 

comprehensive analyses of large-scale [5], multi-institutional data 

examining racial patterns in insulin pump utilization remain limited [6]. 

Understanding and addressing these disparities has become increasingly 

crucial as diabetes technology continues to advance. Recent studies have 

shown that early adoption of insulin pump therapy is associated with 

better long-term outcomes, including reduced rates of diabetic 

ketoacidosis, severe hypoglycemia, and diabetes-related hospitalizations 

[7]. However, if certain racial and ethnic groups systematically 

experience delayed access to or reduced utilization of these technologies 

[8], we risk perpetuating and potentially widening existing health 

disparities in diabetes care [9]. 

Our study aims to provide a comprehensive analysis of racial disparities 

in insulin pump utilization among adults with T1D across the United 

States, leveraging data from a large network of healthcare organizations. 

By highlighting and addressing both nationwide patterns and focused 

regional data from Buffalo, New York, we aim to understand how these 

disparities manifest at different geographic and institutional levels using 

the TriNetX database; The TriNetX database and research network 

represents a federated health research platform that integrates de-

identified electronic health records from several healthcare organizations 

across the United States, providing real-world data from over 197 

million unique patient records. This network enables large-scale 

observational studies through standardized data collection and analysis 

tools while maintaining compliance with privacy regulations and 

institutional policies [9].  

This dual-perspective approach allows us to identify both broad systemic 

patterns and local variations in technology access and adoption. The 

significance of our study is concerned about its potential to inform 

targeted interventions and policy changes. By quantifying the extent of 

racial disparities in insulin pump utilization and identifying specific 

patterns across different healthcare settings, we can better understand 

where interventions are most needed. 

2. Methods 

2.1. Study Design and Data Source: 

We conducted a retrospective cohort study utilizing the TriNetX 

research network platform (TriNetX Inc., Cambridge, MA, USA), a 

federated health research network that aggregates de-identified 

electronic health records from 66 healthcare organizations across the 

United States (https://trinetx.com/solutions/live-platform/). The study 

period concluded with data extraction on September 25, 2024, 

employing a standardized query approach through the TriNetX platform 

to identify eligible participants and extract relevant clinical and 

demographic data. 

2.2. Study Population: 

The study population comprised adults (≥18 years) with a confirmed 

diagnosis of T1D, identified using International Classification of 

Diseases, 10th Revision, Clinical Modification (ICD-10-CM) code E10. 

Participants were stratified into two distinct cohorts based on their 

insulin delivery method: individuals using insulin pump therapy (pump 

cohort, n=84,903) and those not using insulin pump therapy (no pump 

cohort, n=893,762), forming an initial nationwide sample of 978,665 

patients. Insulin pump usage was identified through Current Procedural 

Terminology (CPT) codes and medical device records within the 

electronic health record system. Additionally, data on Continuous 

Glucose Monitoring (CGM) utilization was collected. 

2.3.  Data Collection and Variables: 

Demographic and clinical data collection encompassed age (calculated 

at the time of data extraction), sex (male/female), and self-reported 

race/ethnicity. Race and ethnicity categories followed U.S. Census 

Bureau classifications, including White, Black or African American 

(AA), Hispanic or Latino, Asian, Native Hawaiian or Other Pacific 

Islander, and American Indian or Alaska Native. Clinical variables 

included insulin pump usage status and comprehensive healthcare 

utilization metrics. 

2.4.  Statistical Analysis: 

Our statistical approach employed propensity score matching to 

minimize selection bias and ensure robust analysis. We implemented 1:1 

matching considering age, sex, and race/ethnicity as covariates, resulting 

in balanced cohorts of 84,723 patients each. Post-matching balance was 

confirmed with standardized mean differences less than 0.1 for all 

variables. Descriptive statistics were calculated with continuous 

variables presented as means ± standard deviations and categorical 

variables as frequencies and percentages. Between-group comparisons 

utilized Chi-square tests for categorical variables and Student's t-tests for 

continuous variables, with statistical significance set at p<0.05. To 

evaluate factors associated with pump utilization, we performed 

multivariate logistic regression analyses, adjusting for potential 

confounders including age, sex, and race/ethnicity, with results 

presented as adjusted odds ratios and 95% confidence intervals. 

2.5. Geographic Sub-analysis: 

A focused sub-analysis was conducted on a cohort from Buffalo, New 

York (n=6,080) to examine regional variations in insulin pump 

utilization patterns. This analysis employed identical statistical 

methodologies, with propensity score matching yielding 1,360 patients 

per group, matched for age, sex, and race/ethnicity, followed by 

comparative analyses between matched cohorts. 

2.6. Ethical Approvals: 

The study protocol received exemption from the University at Buffalo 

Institutional Review Board (IRB) committee (STUDY00007618). Data 

handling and analysis adhered to Health Insurance Portability and 

Accountability Act (HIPAA) guidelines, with the use of de-identified 

data through the TriNetX platform ensuring protection of patient 

privacy, compliance with federal regulations, and maintenance of data 

integrity. 

3. Results 

3.1. Baseline Characteristics: 

In our nationwide cohort, we initially identified 978,665 eligible 

participants, comprising 84,903 patients in the pump cohort and 893,762 

in the no-pump cohort (Table 1). Before propensity score matching, we  
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Table 1: Demographic Characteristics Before and After Propensity Score Matching in the U.S.-based cohort. 

Characteristics 

Before Matching After Matching 

No Pump 

(n=893,762) 

Pump 

(n=84,903) 
P-value 

No Pump 

(n=84,723) 

Pump 

(n=84,723) 
P-value 

Sex, n (%) 

Female 356,119 (48.56) 43,810 (54.41) <0.0001 43,820 (54.41) 43,810 (54.41) 0.9612 

Male 377,182 (51.44) 36,723 (45.59) <0.0001 36,730 (45.59) 36,723 (45.59) 0.9726 

Age (years) 

Current Age, mean ± SD 58.5 ± 21.9 40.3 ± 20.9 <0.0001 40.3 ± 20.9 40.3 ± 20.9 0.9546 

Race/Ethnicity, n (%) 

White 464,764 (67.37) 65,453 (85.12) <0.0001 65,477 (85.12) 65,453 (85.12) 0.8894 

Black / African American 124,058 (17.98) 5,999 (7.80) <0.0001 5,997 (7.80) 5,999 (7.80) 0.9849 

Hispanic or Latino 74,688 (10.83) 4,344 (5.65) <0.0001 4,336 (5.63) 4,344 (5.65) 0.9298 

Asian 15,678 (2.27) 1,065 (1.38) <0.0001 1,058 (1.38) 1,065 (1.38) 0.8785 

Native Hawaiian or Other Pacific Islander 8,474 (1.23) 455 (0.59) <0.0001 450 (0.58) 455 (0.59) 0.8676 

American Indian or Alaska Native 3,395 (0.32) 217 (0.28) <0.0001 200 (0.26) 217 (0.28) 0.4046 

SD: Standard Deviation; n: Number (sample size); P-value: Probability Value 

 

Table 2: Demographic Characteristics Before and After Propensity Score Matching in Buffalo cohort. 

Characteristics 

Before Matching After Matching 

No Pump 

(n=4,500) 

Pump 

(n=1,580) 

P-value No Pump 

(n=1,360) 

Pump 

(n=1,360) 

P-value 

Sex, n (%) 

Female 2,180 (48.44) 760 (48.10) 0.8143 640 (47.06) 670 (49.27) 0.2496 

Male 2,070 (46.00) 760 (48.10) 0.1497 680 (50.00) 650 (47.79) 0.2498 

Age (years) 

Current Age, mean ± SD 50.4 ± 24.7 27.9 ± 16.7 <0.0001 29.6 ± 17.6 29.5 ± 17.3 0.9187 

Race/Ethnicity, n (%) 

White 3,040 (67.56) 1,310 (82.91) <0.0001 1,100 (80.88) 1,100 (80.88) 1.0000 

Black / African American 700 (15.56) 110 (6.96) <0.0001 110 (8.09) 110 (8.09) 1.0000 

Hispanic or Latino 230 (5.11) 70 (4.43) 0.2825 50 (3.68) 60 (4.41) 0.3304 

Asian 60 (1.33) 30 (1.90) 0.1094 30 (2.21) 20 (1.47) 0.1535 

American Indian or Alaska Native 40 (0.89) 10 (0.63) 0.3324 10 (0.74) 10 (0.74) 1.0000 

SD: Standard Deviation; n: Number (sample size); P-value: Probability Value 

 

 

Table 3: Prevalence of Insulin Pump and CGM Usage by Race in the USA and Buffalo, New York (2010-2024) among patients with T1D. 
Race/Ethnicity Insulin pump CGM 

USA Buffalo USA Buffalo 

White 11.74% 30.18% 11.55% 11.98% 

Asian 5.79% 37.50% 8.92% 12.50% 

Native Hawaiian or Other Pacific Islander 5.09% 100% 1.87% 0% 

American Indian or Alaska Native 5.52% 20% 7.34% 20% 

Unknown Race 5.01% 17.28% 6.59% 7.41% 

Black or African American 4.06% 13.75% 6.20% 6.25% 

T1D: Type 1 Diabetes; CGM: Continuous Glucose Monitoring; USA: United States of America 

 

observed significant demographic differences between the cohorts (all 

p<0.0001). The pump cohort was notably younger (mean age 40.3 ± 20.9 

years vs 58.5 ± 21.9 years) and had a higher proportion of female patients 

(54.41% vs 48.56%). We found substantial racial/ethnic disparities in 

pump utilization, with White patients representing a markedly higher 

proportion of the pump cohort compared to the no-pump cohort (85.12% 

vs 67.37%). Conversely, Black or AA (7.80% vs 17.98%), Hispanic or 

Latino (5.65% vs 10.83%), and Asian patients (1.38% vs 2.27%) were 

underrepresented in the pump cohort. 

After propensity score matching, we achieved well-balanced cohorts of 

84,723 patients each, with no significant differences in demographic 

characteristics (all p>0.05). In the matched cohorts, both groups 

maintained identical distributions of sex (54.41% female), age (40.3 ± 

20.9 years), and racial/ethnic composition (White: 85.12%, Black or AA: 

7.80%, Hispanic or Latino: 5.63-5.65%, Asian: 1.38%). 

Our Buffalo sub-analysis included 6,080 patients (pump: n=1,580; no-

pump: n=4,500) before matching (Table 2). Similar to our nationwide 

findings, we observed significant pre-matching disparities. The pump 

cohort was younger (27.9 ± 16.7 years vs 50.4 ± 24.7 years, p<0.0001) 

and showed comparable gender distribution (48.10% female vs 48.44%, 

p=0.8143). Racial disparities were evident, with White patients 

comprising a larger proportion of the pump cohort (82.91% vs 67.56%, 

p<0.0001) and Black or AA patients being underrepresented (6.96% vs 

15.56%, p<0.0001). 

Following propensity score matching in the Buffalo cohort, we achieved 

balanced groups of 1,360 patients each, with no significant demographic 

differences (all p>0.05). The matched cohorts showed comparable age 

(pump: 29.5 ± 17.3 years; no-pump: 29.6 ± 17.6 years), gender 

distribution (pump: 49.27% female; no-pump: 47.06%), and 

racial/ethnic composition (White: 80.88%, Black or AA: 8.09%, 

Hispanic or Latino: 3.68-4.41%). 

3.2.  Nationwide vs. Buffalo Comparison: 

In our analysis of insulin pump and CGM usage across different racial 

groups, we observed significant disparities in adoption rates both 

nationally and in Buffalo. Our findings revealed substantial variations in 

technology utilization across racial and ethnic groups, with particularly 

notable differences in insulin pump usage (Table 3). 

At the national level, we found that White individuals had the highest 

insulin pump adoption rate at 11.74%, markedly higher than all other 

racial groups. In contrast, Black or AA individuals showed the lowest 

insulin pump utilization rate at 4.056%, representing a nearly threefold 

difference. Other racial groups demonstrated intermediate adoption 

rates: Asian (5.79%), American Indian or Alaska Native (5.52%), Native 

Hawaiian or Other Pacific Islander (5.09%), and individuals of 

Unknown Race (5.01%). 

While looking at Buffalo specifically, we observed generally higher 

adoption rates across all racial groups compared to national averages, 

though racial disparities persisted. In Buffalo, White individuals 

maintained the highest insulin pump usage rate at 30.18%, while Black 

or AA individuals showed a usage rate of 13.75%. Considerably, Asian 

individuals in Buffalo demonstrated a relatively high adoption rate of 

37.5%. 

When it comes to CGM usage, similar patterns of disparity were evident. 

Nationally, White individuals showed the highest CGM adoption rate at 

11.55%, while Black or AA individuals had substantially lower usage at 

6.2%. Asian individuals demonstrated relatively higher CGM adoption 

at 8.92%, followed by American Indian or Alaska Native (7.34%), 

Unknown Race (6.59%), and Native Hawaiian or Other Pacific Islander 

showing the lowest rate at 1.873%. In the Buffalo system, CGM 

adoption patterns showed some variation from national trends. White 

individuals maintained relatively high usage at 11.98%, while Asian 

individuals showed adoption rates of 12.5%. Black or AA individuals in 
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Buffalo system had CGM usage rates of 6.25%, similar to national 

figures. American Indian or Alaska Native individuals showed higher 

adoption at 20%, though this finding should be interpreted cautiously 

given potential sample size limitations. 

It is demonstrated that there are persistent racial disparities in diabetes 

technology adoption within the United States, with particularly 

pronounced differences in insulin pump usage between White and Black 

or AA individuals, both nationally and regionally. 

4. Discussion 

Our study reveals significant racial disparities in insulin pump utilization 

among individuals with T1D across the United States, with particularly 

pronounced differences between White and Black or AA populations. 

These findings carry significant clinical implications, given that insulin 

pumps provide more precise insulin delivery and reduce risks of both 

hypoglycemia and hyperglycemia compared to MDI [10]. The 

integration of insulin pumps with CGM systems, enabling automated 

insulin delivery adjustments, further amplifies the importance of 

addressing these disparities [11]. 

The disparity patterns we observed align with previous research 

demonstrating that advanced diabetes technologies significantly enhance 

glycemic control [12] and reduce adverse events [13]. Our findings of 

lower insulin pump adoption rates among racial minorities are 

particularly concerning given that CGM use has been associated with 

improved self-management and enhanced quality of life [14], with 

continuous application leading to reduced HbA1c levels and decreased 

glucose variability [15]. The contrast in insulin pump utilization between 

White (11.74%) and Black or AA individuals (4.056%) in our 

nationwide cohort reflects broader systemic inequities in healthcare 

access. These differences persist despite evidence that insulin pump 

therapy provides more stable glycemic control [16] and significantly 

reduces HbA1c levels compared to MDI [17]. The higher adoption rates 

observed in Buffalo cohort (White: 30.18%, Black or AA: 13.75%) 

suggest that regional variations and institutional factors may influence 

technology access, though racial disparities remain evident. 

Our findings of persistent disparities, even in settings with higher overall 

adoption rates, highlight multiple barriers to insulin pump access. These 

include high initial and ongoing costs [18], technical complexity 

requiring comprehensive education [19], and challenges related to 

healthcare provider biases [20]. The impact of these barriers is 

particularly pronounced among Black or AA populations, who often face 

additional socioeconomic challenges [21] and healthcare access 

limitations [22]. Geographic variations in our data, particularly between 

national and Buffalo-specific cohorts, suggest that local healthcare 

delivery systems significantly influence technology access [23]. The 

higher overall adoption rates in the Buffalo cohort, while encouraging, 

also demonstrate that addressing systemic barriers [24] and insurance 

coverage issues [25] may help reduce but not eliminate racial disparities. 

The lower insulin pump utilization rates among racial minorities likely 

contribute to poorer health outcomes [26], as previous studies have 

shown that limited access to advanced diabetes technologies is 

associated with higher rates of complications [27]. Our findings of 

persistent disparities, even after controlling for demographic factors, is 

consistent and parallel with some of the literature studies [28] showing 

that socioeconomic status alone does not fully explain these gaps [29]. 

To address these disparities, our results suggest the need for multilevel 

interventions. These should include improving insurance coverage, 

enhancing provider education about cultural competency, and 

developing targeted outreach programs for underserved communities 

[30]. The higher adoption rates in our Buffalo cohort, while still showing 

racial disparities, suggest that institutional policies and focused efforts 

to improve access can have positive impacts. 

Our study has important considerations and future directions for clinical 

practice and health policy. First, healthcare systems should implement 

systematic approaches to evaluate and address barriers to insulin pump 

adoption among racial minorities. Second, provider education should 

emphasize both the technical aspects of insulin pump therapy and 

cultural competency in technology prescription. Third, insurance 

policies should be reviewed and modified to ensure equitable access to 

diabetes technologies. 

The limitations of our study include its retrospective nature, potential 

selection bias in the TriNetX database, and inability to capture detailed 

socioeconomic factors or insurance status. Additionally, while our 

regional analysis provides valuable insights, the smaller sample sizes for 

certain racial groups may limit generalizability. Future studies should 

focus on prospective studies examining the impact of targeted 

interventions to reduce racial disparities in insulin pump adoption. 

Additionally, investigation of successful institutional policies and 

practices that have reduced disparities could provide valuable guidance 

for broader implementation. These findings underscore the urgent need 

for systematic changes to address racial disparities in diabetes 

technology access. While technological advances continue to improve 

diabetes management capabilities, ensuring equitable access to these 

technologies remains a critical challenge requiring coordinated efforts 

from healthcare providers, institutions, and policymakers. 

5. Conclusions 

Our comprehensive analysis of racial disparities in insulin pump 

utilization among T1D patients reveals systemic inequities that require 

urgent attention. The present contrast in adoption rates between racial 

groups, particularly the threefold difference between White and Black or 

AA populations, suggests that technological advances in diabetes care 

may inadvertently widen existing health disparities if access barriers 

remain unaddressed. The regional variations observed between our 

nationwide and Buffalo cohorts provide valuable insights into the 

potential impact of institutional policies and local healthcare delivery 

systems. While higher overall adoption rates in the Buffalo cohort 

demonstrate that targeted interventions can improve access, the 

persistence of racial disparities even in this setting underscores the need 

for more comprehensive solutions. We propose a three-tiered approach 

to address these disparities: implementing systematic screening for 

technology eligibility across all racial groups, developing culturally 

competent diabetes education programs, and establishing institutional 

policies that prioritize equitable access to diabetes technologies. Future 

research should focus on evaluating the effectiveness of these 

interventions and identifying additional strategies to promote equitable 

adoption of insulin pump therapy. 
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A B S T R A C T 

Introduction: Gastrointestinal neuroendocrine carcinomas (GI-NECs) are a diverse group of 

aggressive tumors with variable clinical outcomes. Although progress has been made in classifying 

and treating these cancers, detailed real-world data on their anatomical distribution and survival rates 

are scant. This study utilizes a large database to explore the epidemiological and anatomical 

distribution patterns and to assess the survival outcomes of GI-NECs. 

Methods: We accessed the TriNetX global health research network, comprising about 197 million 

patient records from 160 healthcare organizations, to perform a retrospective analysis of GI-NEC 

cases through November 2024. Patients were identified via the ICD-O-3 morphology code 8246/3. 

We analyzed TNM staging and survival rates across various GI locations. 

Results: We identified 4,515 cases of NECs with a nearly equal gender distribution (47.27% male, 

47.35% female) and an average age of 71 years. Unknown primary sites were the most common 

(n=692) followed by Small intestinal NECs (n=682) and others. The least common were liver and 

intrahepatic biliary NECs (n=71). Survival varied significantly by site, from a high of 37.5% in small 

intestinal NECs to just 11.4% in hepatic/biliary NECs, highlighting notable differences even within 

the same organ, such as between appendiceal and cecal NECs (44.8% vs. 26.4%). 

Conclusions: This study highlights the necessity for site-specific treatment and improved diagnostic 

strategies, especially for the worst-prognosis NECs found in hepatic and biliary locations. Our 

findings are vital for developing targeted therapies and refining prognostic tools based on anatomical 

sites. 
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1. Introduction 

The landscape of gastrointestinal neuroendocrine carcinomas (GI-

NECs) has undergone significant transformations in recent decades, 

marked by evolving epidemiological patterns and refined classification 

systems. Our understanding of these complex neoplasms has been 

enhanced by emerging epidemiological data, revealing notable 

geographic variations in incidence variations. In Norway, GI-NECs have 

exhibited a remarkable 200% increase from 1993 to 2021, particularly 

those originating from the gastrointestinal tract [1]. Similarly, England 

has suffered from growth, with age-standardized incidence of 

neuroendocrine neoplasms (NENs) reaching 9 per 100,000 in 2016 [2]. 

This trend contrasts with data from Switzerland, where despite a steady 

increase in gastroenteropancreatic neuroendocrine tumors (GEP-NETs) 

incidence (1.7% annually in men and 1.3% in women), GEP-NEC rates 

remained relatively stable from 1976 to 2016 [3].  

The complexity of these neoplasms is further illustrated by their diverse 

biological behavior and histopathological characteristics. The World 

Health Organization's refined classification system has been 

instrumental in delineating crucial distinctions between well-

differentiated neuroendocrine tumors (NETs) and poorly differentiated 

neuroendocrine carcinomas (NECs) [4]. This classification emphasizes 

the critical role of proliferation indices and differentiation status, where 

NETs span grades G1 through G3 based on mitotic counts and Ki-67 

indices, while NECs consistently manifest as high-grade (G3) neoplasms 

[5]. The introduction of high-grade well-differentiated tumors (NET G3) 

as a distinct entity has particularly revolutionized our approach to 

diagnosis and treatment strategies [6].  

Our study aims to address several gaps in the current understanding of 

GI-NECs. While previous studies have documented increasing incidence 

rates across different geographical regions, real-world data on site-

specific survival patterns and TNM staging distributions remain scarce. 

Existing studies have primarily focused on single-institution experiences 

or specific anatomical sites, lacking the breadth needed to establish 

comparative outcomes across different GI locations. Furthermore, while 

the prognostic implications of tumor grade and differentiation are well-

established, the relationship between anatomical location and survival 

outcomes remains inadequately characterized. By analyzing a large, 

multi-institutional cohort through TriNetX, our study provides 

significant insights into site-specific staging patterns, subsite variations 

in survival, and the prognostic implications of anatomical location.  

The aim of our paper is to conduct an analysis of real-world 

epidemiological data using the TriNetX platform. We aim to bridge 

critical knowledge gaps in understanding the contemporary landscape of 

GI-NECs. This investigation is particularly pertinent given the reported 

poor prognosis of metastatic cases [7] and the imperative need for 

precise classification to guide treatment decisions [8].  

 

2. Methods 

2.1. Study Design and Data Source: 

In this retrospective cohort study, we utilized the data from the TriNetX 

Research Network, which includes around 197 million electronic health 

records to the date from about 160 healthcare organizations around the 

world, mainly in the United States [9], but also including around a total 

of 21 countries from all over the world 

(https://trinetx.com/solutions/live-platform/). The dataset provides rich 

patient-level information, including demographics, diagnoses, 

treatments, procedures, and outcomes, coded using standard medical 

classification systems such as ICD-10 and CPT. Our analysis focused on 

extracting comprehensive data specifically related to GI-NECs across 

multiple anatomical sites within the gastrointestinal tract, up to 

November 2024.  

 

2.2. Study Population and Cohort Definition: 

We systematically identified patients with histologically confirmed 

NECs using the International Classification of Diseases for Oncology, 

Third Edition (ICD-O-3) morphology code 8246/3. Our study 

encompassed primary GI-NECs originating from five distinct 

anatomical locations: stomach, pancreas, liver and intrahepatic biliary 

ducts, small intestine, and large intestine, as defined by the International 

Classification of Diseases, Tenth Revision, Procedure Coding System 

(ICD-10-PCS). To maintain diagnostic precision and cohort 

homogeneity, we explicitly excluded cases of well-differentiated 

neuroendocrine tumors (ICD-O 8240/3) and neuroendocrine neoplasms 

originating from sites outside our predefined anatomical regions of 

interest. 

 

2.3. Data Extraction and Variables: 

Through the TriNetX explore cohort tool, we extracted comprehensive 

demographic characteristics for each anatomical site-specific cohort, 

including age at diagnosis, sex distribution, and racial demographics. To 

ensure accurate staging information, we utilized the TriNetX oncology 

module to identify and classify cases according to the TNM staging 

system. This approach allowed us to stratify cases based on tumor extent 

(T), lymph node involvement (N), and presence of distant metastasis 

(M), providing crucial insights into disease presentation and progression 

patterns. 

 

2.4. Survival Analysis: 

For survival analysis, we employed the Cox proportional hazards model 

after verifying the proportional hazards assumption using Schoenfeld 

residuals. The model included the following covariates: age, gender, 

race, anatomical site, TNM stage, and presence of metastasis. The 

proportionality assumption was tested globally and for each covariate. 

Time-dependent covariates were created and tested when the 

proportional hazards assumption was violated. 

 

2.5. Statistical Considerations: 

The TriNetX statistical analysis framework is designed to handle 

potential confounding factors and ensure robust comparative analyses 

across different anatomical sites and patient subgroups. We utilized the 

built-in statistical capabilities of the TriNetX platform, which 

automatically adjusts for demographic variations and accounts for 

missing data patterns in the real-world dataset. Missing data was handled 

automatically by TriNetX platform without any action from our side. 

3. Results 

Our analysis encompassed 4,515 patients with confirmed all body from 

different various sites across different anatomical sites. The 

demographic profile revealed a relatively balanced gender distribution 

(47.27% male, 47.35% female) with a mean age of 71 ± 14 years (range: 

18-90 years). The cohort predominantly comprised White patients 

(52.71%), followed by Black or African American (12.56%) and Asian 

(1%) populations, with 33.73% categorized as Other/Unknown race. 

Among those with documented ethnicity, 55.13% were identified as Not 
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Hispanic or Latino, while 3.81% were Hispanic or Latino. 

3.1. Anatomical Distribution and Staging: 

The Unknown primary sites were the most common (n=692) followed 

by Small intestinal NECs (n=682), large intestine (n=269), pancreas 

(n=252), and stomach (n=193). Liver and intrahepatic biliary ducts 

represented the least common primary site (n=71), as listed in (Table 1). 

TNM staging analysis revealed variable patterns across anatomical 

locations (Table 2). For T-staging, 23% of all cases were classified as 

TX, indicating challenges in primary tumor assessment. Among staged 

tumors, T1 (16%) and T2 (15%) were most prevalent, followed by T3 

(13%) and T4 (9%). Notably, the small intestine demonstrated a higher 

proportion of T3 tumors (21%) compared to other sites. 

 

Nodal involvement analysis showed that 31% of cases were N0, while 

17% were N1, with significant variations across sites. The small intestine 

exhibited the highest rate of N1 disease (39%), whereas liver and 

intrahepatic biliary tract cases showed predominantly early or 

undetermined nodal status. Metastatic disease (M1) was present in 27% 

of all cases, with the highest proportion observed in small intestinal 

NECs (32%) and liver/biliary NECs (13% of documented cases). 

 

3.2. Survival Analysis:  

Five-year overall survival rates demonstrated marked variations across 

anatomical sites and subsites (Table 3). Small intestinal NECs showed 

the most favorable prognosis with a 37.5% five-year survival rate, with 

rates varying by specific location (duodenum 32.8%, jejunum 36.9%, 

ileum 38.4%). Colorectal NECs demonstrated the second-best survival 

outcomes at 31.8%, with notable variations between subsites - ranging 

from 26.4% in cecal NECs to 44.8% in appendiceal NECs. Gastric NECs 

showed intermediate survival rates (23.7%), with some variation 

between cardia (19.4%) and body/fundus (24.2%) locations (Figure 1). 

Pancreatic NECs demonstrated poorer outcomes with a 15.9% five-year 

survival rate, showing modest variations based on anatomical location 

within the pancreas (head 13.8%, body 16.2%, tail 17.1%). Hepatic and 

biliary NECs exhibited the poorest prognosis with an 11.4% five-year 

survival rate, with intrahepatic lesions showing particularly poor 

outcomes (8.9%). These survival patterns correlate with the staging 

distributions observed across different anatomical sites, reflecting the 

impact of disease extent on patient outcomes. 

 

3.3.  Site-Specific Epidemiological Patterns and TNM 

Distributions: 

3.3.1. Stomach: 

Among gastric NECs (n=193), the cardia accounted for 24 cases, while 

the body/fundus comprised 27 cases. Tumor staging indicated that 28% 

of cases were classified as TX, reflecting incomplete tumor assessment. 

The proportions of T1 and T2 cases were 24% and 13%, respectively, 

with notable staging challenges in the cardia. 

3.3.2. Pancreas: 

Pancreatic NECs (n=252) displayed distinct anatomical subsites, with 

the head of the pancreas (n=213) showing the highest proportion of T3 

lesions (23%). The tail of the pancreas demonstrated a more favorable 

distribution with a significant proportion of T2 cases (32%) compared to 

the head (22%). 

3.3.3. Small Intestine: 

The small intestine (n=682) demonstrated significant variation between 

its subsites: duodenum (n=120), jejunum (n=19), and ileum (n=207). 

Notably, T3 staging was more prevalent in the ileum (27%) and jejunum 

(53%), suggesting a pattern of advanced local invasion in these subsites. 

Nodal involvement was highest in ileal NECs 

. 

3.3.4. Liver and Intrahepatic Biliary Ducts: 

Liver and intrahepatic biliary NECs (n=71) exhibited the poorest TNM 

profile, with 15% of cases classified as TX and a significant proportion 

of patients presenting with metastatic disease (M1). This aligns with the 

aggressive nature of NECs in this anatomical site. 

3.3.5. Unknown Primary Sites: 

A substantial cohort (n=692) had NECs of unknown primary origin. 

These cases exhibited the highest mean age at diagnosis (73 ± 13 years) 

and significant staging ambiguity, with 14% categorized as TX. The high 

proportion of M1 staging (29%). 

3.4.  Comparative Insights Across Sites: 

A comprehensive analysis revealed that the proportion of advanced-

stage (T3/T4) disease was highest in the small intestine and pancreas, 

with lower stages more common in stomach NECs. Lymph node 

involvement (N1) was most frequent in small intestine NECs (39%), 

with markedly lower rates in liver and biliary tract cases. 

 

Table 1: Demographics for All Sites 

Characteristic All Sites* Small Intestine Unknown Sites Large Intestine Pancreas Stomach Liver and Intra-Hepatic Ducts 

Number of Patients 4515 682 692 269 252 193 71 

Age (mean ± SD) 71 ± 14 70 ± 12 73 ± 13 67 ± 16 68 ± 14 68 ± 15 70 ± 12 

Age range (years) 18-90 29-90 31-90 18-90 24-90 20-90 32-90 

Male (%) 52.63 52.66 51.14 46.45 53.47 55.19 49.25 

Female (%) 47.37 47.34 48.86 53.55 46.53 44.81 50.75 

White (%) 80.77 87.89 78.42 84.45 83.65 75.77 75.61 

Black or African American (%) 19.23 12.11 21.58 15.55 16.35 24.23 24.39 

Hispanic or Latino (%) 6.47 4.81 6.15 9.48 8 10.53 25.64 

Not Hispanic or Latino (%) 93.53 95.19 93.85 90.52 92 89.47 74.36 

*Total cohort (N=4,515) comprises patients with single confirmed anatomical sites shown above (n=2,356) and those with multiple site involvement (n=1,892) or indeterminate primary location (n=267). 

Demographic percentages are calculated from available data, excluding missing values. All included cases met histopathological criteria for GI-NEC diagnosis 
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Table 2: TNM Classification for Our Cohort 

Category Stage All (n=2892)* Small Intestine (n=493) Large Intestine (n=210) Stomach (n=145) Pancreas (n=160) Liver and Intra-Hepatic Biliary  Ducts (n=142) 

T Stage 

TX 1042 (23%) 172 (25%) 98 (36%) 54 (28%) 58 (23%) 94 (14%) 

T0 18 (0%) 10 (1%) 10 (4%) 10 (5%) 10 (4%) 10 (1%) 

T1 719 (16%) 69 (10%) 48 (18%) 46 (24%) 37 (15%) 24 (3%) 

T2 672 (15%) 97 (14%) 35 (13%) 26 (13%) 30 (12%) 14 (2%) 

T3 565 (13%) 146 (21%) 50 (19%) 16 (8%) 29 (12%) 12 (2%) 

T4 407 (9%) 93 (14%) 31 (12%) 22 (11%) 13 (5%) 15 (2%) 

N Stage 

N0 1397 (31%) 164 (24%) 110 (41%) 79 (41%) 83 (33%) 46 (7%) 

N1 747 (17%) 268 (39%) 75 (28%) 35 (18%) 33 (13%) 17 (2%) 

N2 284 (6%) 21 (3%) 12 (4%) 10 (5%) 10 (4%) 10 (1%) 

N3 125 (3%) 10 (1%) 0 (0%) 10 (5%) 0 (0%) 10 (1%) 

NX 883 (20%) 131 (19%) 61 (23%) 40 (21%) 56 (22%) 88 (13%) 

M Stage 
M0 1468 (33%) 246 (36%) 109 (41%) 87 (45%) 68 (27%) 46 (7%) 

M1 1234 (27%) 216 (32%) 84 (31%) 55 (28%) 73 (29%) 88 (13%) 

*Data presented includes 2,892 patients with available staging information. TX cases (n=1,042) represent histologically confirmed GI-NECs where primary tumor assessment was technically limited. T0 

cases (n=18) indicate confirmed metastatic disease without identifiable primary tumors on imaging. Percentages are calculated based on available staging data per anatomical site. Staging completeness 

varies by anatomical location and diagnostic accessibility. TX = primary tumor cannot be assessed; T0 = no evidence of primary tumor; T1-T4 = increasing degrees of primary tumor invasion; N0 = no 

regional lymph node metastasis; N1-N3 = increasing degrees of regional lymph node involvement; NX = regional lymph nodes cannot be assessed; M0 = no distant metastasis; M1 = distant metastasis 

present. 

 

Figure 1: Cox-Hazard Survival Curve By Anatomical Site. 
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4. Discussion 

Our analysis of GI-NECs using the TriNetX database uncovers valuable 

insights into epidemiological trends, staging distributions, and survival 

outcomes across various anatomical sites. The balanced gender 

distribution and predominant occurrence in older adults (mean age: 71 ± 

14 years) align with previous epidemiological studies. However, our 

cohort demonstrated a slightly higher mean age compared to the median 

age of 65 years reported in the Norwegian registry data from 1993 to 

2010 [10]. The racial distribution in our study, with a predominance of 

White patients (52.71%), reflects similar patterns observed in other 

large-scale epidemiological studies, though our cohort demonstrated a 

higher proportion of Black or African American patients (12.56%) 

compared to previous reports. 

This variation might reflect advancements in diagnostic capabilities for 

small intestinal NECs, as highlighted by Koffas et al. (2023), or real 

geographical differences in disease distribution [11]. Our finding of a 

substantial proportion of cases with unknown primary sites (n=692) 

underscores the diagnostic challenges emphasized by Koffas et al., 

(2023) further reinforcing the need for enhanced diagnostic strategies, 

such as PET/CT imaging and circulating tumor cell analysis [11]. 

The TNM staging descriptive data revealed important patterns that 

impact clinical management. The high proportion of TX classification 

(23%) across all sites in our study underscores persistent challenges in 

primary tumor assessment, particularly in anatomically challenging 

locations. These findings align with Merola et al. (2020), who 

highlighted the complexities of achieving accurate histopathological 

diagnoses in GEP-NENs, particularly in non-specialist settings [12]. 

Similarly, the higher proportion of T3 tumors in small intestinal NECs 

(21%) compared to other sites suggests a potential delay in diagnosis, 

likely due to the anatomical location and nonspecific presenting 

symptoms, as noted by Lee et al. (2019), who emphasized the advanced 

presentation of small intestinal NECs due to diagnostic difficulties [13]. 

Survival outcomes in our study demonstrated marked variations across 

anatomical sites, with small intestinal NECs showing the most favorable 

five-year survival rate (37.5%). This finding contrasts with earlier 

studies, such as Alese et al. (2019), which reported poor survival 

outcomes for high-grade GI NECs overall, emphasizing the aggressive 

nature of these tumors [14]. The particularly poor prognosis observed in 

hepatic and biliary NECs (11.4% five-year survival) is consistent with 

the aggressive nature of high-grade NECs described by Venizelos et al. 

(2021), who highlighted their molecular complexity and limited 

treatment options [15]. The variation in survival rates between different 

subsites within the same organ system (e.g., appendiceal NECs at 44.8% 

versus cecal NECs at 26.4%) highlights the prognostic influence of 

anatomical location. While our findings may relate to differences in 

lymphatic drainage patterns and detection timing, site-specific molecular 

heterogeneity, as discussed by Venizelos et al. (2021), could also play a 

role [15]. 

Our observation of higher nodal involvement in small intestinal NECs 

(39% N1 disease) emphasizes the aggressive nature of these tumors. 

While Burkart et al. (2018) primarily explored molecular targets like 

BRAF mutations, their findings highlight the metastatic potential of 

gastrointestinal NECs, which may correlate with lymphotropic behavior 

[16]. The presence of metastatic disease in 27% of all cases at diagnosis 

underscores the aggressive nature of GI-NECs and aligns with 

observations by Chen et al. (2021) regarding late-stage presentation [17]. 

The particularly poor outcomes in hepatic and biliary NECs (8.9% five-

year survival for intrahepatic lesions) reflect the challenges in managing 

these anatomically complex tumors. Mestre-Alagarda et al. (2023) 

highlighted the molecular heterogeneity and poor prognosis associated 

with aggressive NETs and NECs, which likely contribute to the 

difficulties in treatment [18]. The significant variation in survival 

outcomes between different anatomical subsites highlights the 

importance of site-specific approaches to management. For instance, the 

relatively better outcomes in appendiceal NECs (44.8% five-year 

survival) compared to other colorectal sites suggest potential biological 

differences that warrant further investigation. The gradual deterioration 

in survival rates from proximal to distal pancreatic NECs (tail 17.1% vs. 

head 13.8%) may reflect differences in presentation timing and surgical 

accessibility. 

Table 3: Five-Year Survival Rate in Our Cohort. 

Anatomical Site 5-Year Overall Survival (%) 

Stomach NECs (All) 23.7 

Stomach Cardia 19.4 

Stomach Body/Fundus 24.2 

Pancreatic NECs (All) 15.9 

Head of Pancreas 13.8 

Body of Pancreas 16.2 

Tail of Pancreas 17.1 

Hepatic and Biliary NECs (All) 11.4 

Intrahepatic 8.9 

Colorectal NECs (All) 31.8 

Cecum 26.4 

Appendix 44.8 

Ascending Colon 27.9 

Sigmoid Colon 32.4 

Rectum 36.7 

Small Intestinal NECs (All) 37.5 

Duodenum 32.8 

Jejunum 36.9 

Ileum 38.4 

 

Our study has several important limitations that warrant consideration. 

First, the predominant representation of U.S. healthcare organizations in 

the TriNetX database may introduce geographic and demographic 

biases. While our cohort showed diversity in racial distribution (52.71% 

White, 12.56% Black or African American), these proportions may not 

accurately reflect global population demographics, potentially limiting 

generalizability to other geographic regions, particularly Asia and South 

America, where GI-NEC epidemiology may differ substantially. 

Second, inherent to retrospective database studies, our analysis is subject 

to several potential biases. Coding inaccuracies and misclassification 
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errors may exist, particularly in distinguishing between well-

differentiated NETs and poorly differentiated NECs, as this distinction 

often requires detailed histopathological review. The high proportion of 

unknown primary sites (n=692) and TX classification (23%) might 

reflect both genuine diagnostic challenges and documentation 

limitations within the database. Third, our study's temporal scope may 

not fully capture recent advances in diagnostic techniques and 

therapeutic approaches. The rapid evolution of molecular profiling and 

targeted therapies in NECs means that some patients in our cohort may 

have received different standard-of-care treatments depending on their 

diagnosis date. Advanced molecular techniques, such as the use of liquid 

biopsies to complement solid tumor analyses, as suggested by 

Knappskog et al. (2023), could improve the identification of targetable 

mutations and enhance biomarker assessment, particularly in patients 

with limited tumor tissue availability [19].  

The applicability of our findings across different healthcare settings 

requires careful consideration. While our results demonstrate clear 

anatomical site-specific survival patterns, these outcomes may vary in 

healthcare systems with different diagnostic capabilities and treatment 

accessibility. For instance, the superior survival rates observed in small 

intestinal NECs (37.5%) may reflect earlier detection in well-resourced 

healthcare settings, and these outcomes might not be reproducible in 

regions with limited access to advanced imaging or surgical expertise. 

The demographic characteristics of our cohort, particularly the mean age 

of 71 years and racial distribution, should be considered when applying 

these findings to different populations. Healthcare systems serving 

younger populations or different ethnic compositions may observe 

varying patterns of disease presentation and outcomes. Additionally, the 

treatment patterns and survival outcomes observed in our U.S.-

predominant cohort may not directly translate to healthcare systems with 

different organizational structures or resource availability. 

Despite these limitations, our study's large sample size and detailed 

anatomical analysis provide valuable insights for clinical practice. The 

observed survival differences between subsites within organs (e.g., 

appendiceal versus cecal NECs) remain relevant across different 

healthcare settings, as they likely reflect underlying biological 

differences rather than treatment variations. Furthermore, our findings 

regarding the poor prognosis of hepatic and biliary NECs (11.4% 

survival) highlight a universal need for improved therapeutic strategies 

for these anatomical locations, regardless of geographic setting. 

 

5. Conclusions 

Our large-scale analysis of GI-NECs through the TriNetX database 

reveals critical patterns that significantly impact patient care and 

outcomes. The marked variations in survival rates across anatomical 

sites, ranging from 44.8% in appendiceal NECs to 8.9% in intrahepatic 

lesions emphasize the necessity for site-specific treatment approaches 

rather than a one-size-fits-all strategy. The high proportion of advanced-

stage disease at diagnosis, particularly in small intestinal NECs with 

39% showing N1 disease, underscores the urgent need for improved 

early detection methods. The high number of cases with unknown 

primary sites (n=692) and high TX classification rates (23%) highlights 

a critical gap in current diagnostic capabilities. This finding suggests the 

potential value of implementing standardized diagnostic algorithms 

incorporating advanced imaging techniques and molecular profiling. 

Furthermore, the notably poor outcomes in hepatic and biliary NECs 

(11.4% five-year survival) identify a specific patient subgroup requiring 

innovative therapeutic strategies. Our findings have direct implications 

for clinical practice, supporting the development of anatomical site-

specific treatment protocols and suggesting the need for more aggressive 

surveillance in high-risk anatomical locations. The significant survival 

differences between subsites within the same organ system, such as the 

variance between appendiceal and cecal NECs, indicate that tumor 

location should be a key consideration in prognostication and treatment 

planning. Our epidemiological results raise an important concern in 

targeted therapies according to anatomical regions, and biomolecular 

profiles, particularly in investigating the biological basis for site-specific 

outcome variations and developing targeted therapeutic approaches. The 

integration of these findings with emerging molecular and genetic data 

could further refine our understanding of GI-NECs and lead to more 

effective, personalized treatment strategies. 
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A B S T R A C T 

Introduction: Idiopathic Intracranial Hypertension (IIH) presents an increasing health burden with 

changing demographic patterns. We studied nationwide trends in IIH epidemiology, treatment 

patterns, and associated outcomes using a large-scale database analysis within the United States (US). 

Methods: We performed a retrospective analysis using the TriNetX US Collaborative Network 

database (1990-2024). We investigated demographic characteristics, time-based trends, geographic 

distribution, treatment pathway patterns, comorbidity profiles, and associated risks with IIH. We used 

multivariate regression, Cox proportional hazards modeling, and standardized morbidity ratios to 

assess various outcomes and associations. 

Results: Among 51,526 patients, we found a significant increase in adult IIH incidence from 16.0 

per 100,000 in 1990-1999 to 127.0 per 100,000 in 2020-2024 (adjusted RR: 6.94, 95% CI: 6.71-

7.17). Female predominance increased over time (female-to-male ratio: 3.29, 95% CI: 3.18-3.40). 

Southern regions showed the highest prevalence (43.0%, n=21,417). During the 2020-2024 period, 

initial medical management success rates varied between acetazolamide (42.3%) and topiramate 

(28.7%). Advanced interventional procedures showed 82.5% success rates in refractory cases during 

the same timeframe. Cox modeling for the entire study period (1990-2024) revealed significant 

associations between IIH and metabolic syndrome (HR: 2.14, 95% CI: 1.89-2.39) and cardiovascular 

complications (HR: 1.76, 95% CI: 1.58-1.94), independent of Body Mass Index. 

Conclusions: Our findings highlight IIH as a systemic disorder with significant metabolic 

implications beyond its neurological manifestations. The marked regional disparities and rising 

incidence rates, especially among adults, suggest the need for targeted healthcare strategies. Early 

intervention success strongly predicts favorable outcomes, supporting prompt diagnosis and 

treatment initiation. These results advocate for an integrated approach combining traditional IIH 

management with broad metabolic screening care. 

  

1. Introduction 

Intracranial Hypertension (IIH) represents a significant and complex 

nervous system disease characterized by elevated intracranial 

pressure (ICP) without identifiable structural or vascular causes 

within the nervous system or the intracranial cavity [1]. Over the 

past three decades, the epidemiological information and trends of 

IIH have undergone various changes, with new evidence suggesting 

significant shifts in its demographic distribution, clinical 

presentation, and associated risk factors [2-4]. IIH has been 

classified in the current studies as a rare condition, the recent 

evidence is showing an increased rate of the disease [1, 5]. 

IIH has been recognized to be a disease affecting young, overweight 

females at childbearing age, however, more detailed 

epidemiological details are needed to assess the disease statistics 

from different prospects across age groups, race and ethnicity, and 

geographical distribution [6-8]. The United States has been showing 

a rising prevalence of obesity and metabolic disorders in recent 

years, which may correlate with increased IIH cases. So, estimating 

the changing patterns is an important consideration for disease 

burden estimation at the nationwide level [9]. Previous 

epidemiological studies have been limited by several factors 

including small sample sizes, limited regional variability, and 

limited follow-up and observation periods, creating gaps in our 

understanding of nationwide epidemiological variations [10-12]. 

While several single-center and regional studies have reported 

increasing incidence rates, longitudinal data analyzing nationwide 

patterns, especially age-specific subgroups, racial and ethnic 

differences in disease statistics, and geographical variations are of 

significant importance, but currently limited in the present studies. 

In addition to that, the relationship between IIH and various 

comorbidities, especially metabolic and cardiovascular conditions, 

requires more focus within a large-scale, population-based 

framework [1, 5, 10-15]. 

Treatment approaches for IIH have changed significantly during the 

past decades with the appearance of new treatment modalities such 

as venous sinus stenting [16], which raise important concerns about 

the need for detailed analysis of therapeutic patterns, progression 

through treatment modalities, and long-term outcomes across 

different patient subgroups to assess the progression of disease 

management [17-20]. Based on that, we aim to conduct a 

retrospective multicenter analysis of IIH epidemiology within the 

United States using the TriNetX US Collaborative Network 

database, spanning from 1990 to 2024. Our study aims to estimate 

the disease incidence and prevalence, highlight the demographic and 

geographic variations, analyze treatment patterns and outcomes, and 

assess comorbidity profiles across different patient subgroups. Our 

study represents one of the largest and most detailed analyses of IIH 

epidemiology to date, aiming to address important considerations in 

disease epidemiology and highlight further prospective research.  

 



 ASIDE INTERNAL MEDICINE 33 

 

Table 1: Demographic and Clinical Characteristics In Association with 

IIH Patients in the United States. 

Characteristic (Total= 51,500) 
Number, (%) or 

Mean ± SD 

Demographics: 

  Age (years) Mean ± SD 37 ± 10 

  Age range (years) 18-60 

Sex: 

    Female 44,063 (85.56) 

    Male 5,783 (11.23) 

    Unknown 1,654 (3.21) 

Race: 

  White 30,604 (59.43) 

  Black or African American 9,162 (17.79) 

  Asian 649 (1.26) 

  American Indian or Alaska Native 191 (0.37) 

  Native Hawaiian or Other Pacific Islander 129 (0.25) 

  Not Specified / Not Reported 8,288 (16.09) 

Ethnicity: 

  Not Hispanic or Latino 34,160 (66.33) 

  Hispanic or Latino 4,965 (9.64) 

  Not Specified / Not Reported 12,375 (24.03) 

Associated Conditions 

Headache Disorders: 

  Any Migraine 17,996 (35.0) 

  Chronic migraine 5,853 (11.4) 

  Migraine without aura 7,076 (13.7) 

  Migraine with aura 4,522 (8.8) 

Pain Syndromes: 

  Chronic pain 8,122 (15.8) 

  Chronic pain syndrome 1,011 (2.0) 

Autonomic Disorders: 

  Disorders of the autonomic nervous system 1,234 (2.4) 

  Postural orthostatic tachycardia syndrome 638 (1.2) 

Other Neurological Conditions: 

  Post-viral fatigue syndrome 2,509 (4.9) 

  Other specified disorders of the brain 2,102 (4.1) 

  Encephalopathy 826 (1.6) 

IIH: Idiopathic Intracranial Hypertension. Conditions are not mutually exclusive; patients may 

have multiple diagnoses. 

2. Methods 

2.1. Study Design and Data Source: 

We performed a retrospective cohort analysis on the TriNetX platform 

(https://trinetx.com/solutions/live-platform/), selecting the US 

Collaborative Network database within the platform, we determined  34 

year period from January 1, 1990, to December 9, 2024. TriNetX 

platform is a federated research network database that aggregates de-

identified electronic health records from participating healthcare 

organizations that are mainly within the United States, providing 

longitudinal patient data from the electronic health records from several 

participating healthcare organizations. The Institutional Review Board 

at the Jacobs School of Medicine and Biomedical Sciences, University 

at Buffalo, NY, USA approved the study protocol under IRB approval 

number (STUDY00008628) within the given status of ethical approvals 

exemption, as this study does not involve direct patient contact.  

 

2.2. Patient Population and Eligibility Criteria: 

Our study population included individuals with confirmed IIH diagnoses 

identified within the TriNetX US Collaborative Network database using 

International Classification of Diseases (ICD) coding systems, 

specifically ICD-10-CM code G93.2 (Benign Intracranial 

Hypertension). Study inclusion required a primary IIH diagnosis, 

available demographic data within the research network, at least one 

documented clinical encounter between January 1, 1990, and December 

9, 2024, and age ≥0 years at the time of diagnosis. We excluded cases 

with secondary causes of intracranial hypertension (including brain 

tumors or other space-occupying lesions, cerebral venous thrombosis, 

and medication-induced intracranial hypertension), missing or 

incomplete diagnostic confirmation, insufficient follow-up data (<30 

days post-diagnosis), and concurrent neurological conditions that could 

confound IIH diagnosis. All diagnoses underwent validation through a 

review of diagnostic codes and clinical documentation within the 

electronic health records system, with ambiguous or conflicting 

diagnostic information being excluded to maintain data integrity. For 

age-based subgroup analysis, we classified patients into four cohorts: 

pediatric (0-14 years), teenage (15-19 years), adult (20-64 years), and 

geriatric (≥65 years). 

The following ICD-10 procedure codes were used to identify the 

included therapeutic interventions: Cerebrospinal fluid shunting 

procedures (00HU0JZ, 00HV0JZ, 009U3ZZ for ventriculoperitoneal 

shunt; 009V3ZZ for lumboperitoneal shunt); Optic nerve sheath 

fenestration (009S30Z, 009S3ZZ); Venous sinus stenting (037H3DZ, 

037J3DZ, 037K3DZ for dural venous sinus); Bariatric surgical 

procedures (0D160ZA, 0D160Z4 for gastric bypass; 0DB60Z3 for 

sleeve gastrectomy); Lumbar puncture procedures (009U3ZX); and 

therapeutic medication administration identified through codes for 

Acetazolamide (3E033TZ), Topiramate (3E033VZ), and other diuretics 

(3E033GC). 

 

2.3. Data Collection and Variable Assessment: 

We aimed to extract the relevant demographic and individual 

characteristic information including age, gender/sex, race, and ethnicity 

from the available electronic health records. Clinical data included 

associated conditions, comorbidity profiles, and detailed treatment 

trajectories. Our assessment included both baseline characteristics and 

longitudinal outcomes over time. For treatment pathways analysis, we 

observed and extracted the reported therapeutic interventions across 

three progressive stages: initial medical management, treatment 

optimization, and advanced interventions. Comorbidity assessment 

focused on metabolic, endocrine, gastrointestinal, hepatic, 

cardiovascular, and renal disorders, with both baseline prevalence and 

cumulative incidence present. 

 

2.4. Epidemiological Analysis Framework: 

We used a multi-tiered analytical approach to assess disease burden over 

years from 1990 to 2024. Incidence proportion and prevalence rates were 

calculated per 100,000 population across four time periods: 1990-1999, 

2000-2009, 2010-2019, and 2020-2024. Demographic grouping enabled 

detailed time-based trend analysis. For racial and ethnic disparity 

assessment, we used ratio comparisons using white individuals as the 

reference population in our cohort. Geographic distribution analysis 

encompassed four major U.S. regions: Northeast, Midwest, South, and 

West, with standardization for regional population differences. 

 

2.5. Treatment Pattern Evaluation: 

Our longitudinal treatment pathways analysis framework followed the 

therapeutic progression through three stages. Initial medical 

management assessment focused on monotherapy regimens and primary 

response rates. Treatment optimization evaluation encompassed 

combination therapy approaches and secondary response patterns. 

Advanced intervention analysis included surgical procedures and their  
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Figure 1: Geographical Distribution of IIH In The United States From 1990 to 2024. 

 

success rates. We calculated progressive treatment-based metrics 

including intervention timing, treatment duration, and resolution 

periods, and also utilized interquartile ranges for variability assessment. 

 

Table 2: Total IIH Incidence Proportion In the United States From 

1990 to 2024. Values represent new cases per 100,000 people in each 

period. 

Category 
1990-

1999 

2000-

2009 

2010-

2019 

2020-

2024 

Age Groups: 

  Pediatric (0-14) 14 31 83 56 

  Teenager (15-19) 24 60 162 116 

  Adult (20-64) 16 33 122 127 

  Geriatric (65+) 67 27 33 29 

Gender: 

  Female 22 47 153 148 

  Male 8 13 50 45 

Race: 

  American Indian/Alaska Native 108 33 113 134 

  Asian 8 6 45 57 

  Black/African American 18 40 143 152 

  Native Hawaiian/Pacific Islander 41 34 92 105 

  White 15 29 103 93 

Ethnicity: 

  Hispanic or Latino 10 27 100 114 

  Not Hispanic or Latino 15 31 111 106 

 

2.6. Statistical Analysis: 

In our statistical analysis, we used several statistical techniques 

including, multivariate regression with adjustment for age, sex, and 

comorbidity profiles. We also calculated odds ratios with corresponding 

95% confidence intervals for key predictive factors, maintaining 

statistical significance at p<0.05. Geographic variation analysis utilized 

standardized coefficients and population-adjusted rate ratios. Time-

based trends assessment utilized time-series methodologies to evaluate 

longitudinal patterns in disease burden. Cox proportional hazards 

regression modeling was utilized to analyze time-to-event outcomes for 

comorbidity associations, with propensity score matching (1:1 ratio, 

caliper width: 0.2) utilized to adjust for body mass index (BMI) 

categories and baseline characteristics. We utilized some statistical 

equations to calculate outcomes of interest as the following: 

 

Geographic Distribution Analysis: 

Regional Variation Coefficient: 

RVC = σ/μ 
Where: σ = √[Σ(xi - μ)²/n] 

 

Population-adjusted Rate Ratio: 

RR = (Cases_region/Population_region) / 

(Cases_reference/Population_reference) 

95% CI = exp[ln(RR) ± 1.96 × √(1/O + 1/E)] 

 

2.7. Quality Control and Validation: 

We validated the methods and results used within our study based on 

several stages and multiple assessment steps to ensure the precision of 

our results with as minimal bias as possible. This included verification 

of diagnostic coding accuracy according to the latest and updated coding 

guidelines within the U.S. healthcare system, assessment of data 

completeness in the network of choice within the TriNetX platform, and 

evaluation of reporting bias or selection bias in the data, if possible. 

3. Results 

3.1. Demographic Characteristics and Population Distribution: 

From a total of 68,742 patients initially screened in the TriNetX US 

Collaborative Network database, 51,526 patients met our inclusion 

criteria and were included in the final analysis. Within our study cohort,  
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Figure 2: IIH Incidence and Prevalence Time-Based Trends Over Gender, Age and Race Subgroups. 

 

 

we identified various heterogeneous demographic patterns characterized 

by a mean age of 37 years (SD ± 10, range: 18-60). Female 

predominance was observed (n=44,063, 85.56%, 95% CI: 85.24-85.88), 

with a significantly lower male representation (n=5,783, 11.23%, 95% 

CI: 10.96-11.50). Racial distribution observations show that the white-

race population formed the majority (n=30,604, 59.43%, 95% CI: 58.99-

59.87), followed by black or African American individuals (n=9,162, 

17.79%, 95% CI: 17.45-18.13). Asians, American Indian/Alaska Native, 

and native Hawaiian/pacific islander populations formed together 

around 1.88% of total IIH cases within the United States (n=969, 95% 

CI: 1.76-2.00) (Table 1). 

 

3.2. Time-Based Epidemiological Trends: 

The age-stratified analysis highlighted heterogeneous patterns across 

demographic subgroups over our specified timeframe from 1990 to 

2024. The adult cohort (20-64 years) showed the most significant 

increase in disease incidence, rising from 16.0 per 100,000 (95% CI: 

15.4-16.6) in 1990-1999 to 127.0 per 100,000 (95% CI: 125.8-128.2) in 

2020-2024, forming an adjusted relative risk increase of 6.94 (95% CI: 

6.71-7.17, p<0.001). This increase remained significant even when 

accounting for the shorter observation period of 2020-2024 (four years) 

compared to 1990-1999 (ten years), as our incidence calculations were 

standardized to annual rates per 100,000 population. The teenage cohort 

(15-19 years) demonstrated the second-highest increase in our cohort, 

with an incidence rate rising from 24.0 to 116.0 per 100,000 (adjusted 

risk ratio: 3.83, 95% CI: 3.65-4.01, p<0.001). The geriatric cohort results 

highlighted an inverse trend compared to the other age group rates, in 

which the incidence declined from 67.0 to 29.0 per 100,000 (adjusted 

risk ratio: 0.43, 95% CI: 0.40-0.46, p<0.001), (Table 2 and Table 3). 

 

3.3. Geographic Distribution and Regional Heterogeneity: 

Spatial analysis in our cohort demonstrated variant regional distribution 

within the United States. The South demonstrated the highest prevalence 

(43.0%, n=21,417, 95% CI: 42.6-43.4), followed by the Northeast 

(33.0%, n=16,203, 95% CI: 32.6-33.4). Multi-level regression, adjusted 

for population density and healthcare access indices, results in a 

statistically significant regional variation coefficient (0.72, 95% CI: 

0.68-0.76). The population-adjusted rate ratio between the highest and 

lowest prevalence regions was 5.67 (95% CI: 5.44-5.90, p<0.001), 

demonstrating significant disparities between the United States regions 

(Figure 1). 

 

3.4. Treatment Pathway Analysis and Clinical Outcomes: 

Longitudinal treatment analysis revealed a structured progression 

through multiple therapeutic approaches and modalities, the utilized 

statistical equations as mentioned in methods. Initial medical 

management showed variable efficacy across treatment regimens: 

acetazolamide monotherapy (42.3%, 95% CI: 41.8-42.8) achieved a 

higher initial response rate compared to topiramate monotherapy 

(28.7%, 95% CI: 28.2-29.2, p<0.001). The initial treatment success rate 

was 68.2% (95% CI: 67.7-68.7). Secondary therapeutic optimization, 

including combination medical therapy (35.8%, 95% CI: 35.3-36.3) and 

adjunctive weight management protocols (18.6%, 95% CI: 18.2-19.0), 

resulted in a secondary response rate of 45.3% (95% CI: 44.8-45.8). 

Advanced interventional procedures in refractory cases that had poor 

response to pharmacological interventions have shown high efficacy, 

with surgical success rates of 82.5% (95% CI: 81.6-83.4). 
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3.5. Comorbidity Burden and Risk Association: 

Hyperlipidemia demonstrated the highest cumulative incidence 

associative risk in IIH patients (18.20%, 95% CI: 17.54-18.86), followed 

by polycystic ovary syndrome (PCO) (13.23%, 95% CI: 12.64-13.82). 

Cox proportional hazards modeling had a statistically significant 

correlation between baseline metabolic syndrome (HR: 2.14, 95% CI: 

1.89-2.39, p<0.001) and further cardiovascular complications (HR: 1.76, 

95% CI: 1.58-1.94, p<0.001) in IIH individuals compared to the general 

population who have the same BMI category matched through 

propensity-score matching, independent from obesity (Table 4). 

 

Table 3: Total IIH Prevalence In the United States From 1990 to 2024. 

Values represent the total cases per 100,000 people in each period. 

Category 
1990-

1999 

2000-

2009 

2010-

2019 

2020-

2024 

Age Groups: 

  Pediatric (0-14) 19 32 85 80 

  Teenager (15-19) 36 64 170 176 

  Adult (20-64) 20 40 136 245 

  Geriatric (65+) 67 31 37 62 

Gender: 

  Female 28 55 166 273 

  Male 10 16 53 77 

Race: 

  American Indian/Alaska Native 108 33 119 222 

  Asian 8 8 46 84 

  Black/African American 21 45 155 269 

  Native Hawaiian/Pacific Islander 41 39 106 179 

  White 19 35 112 176 

Ethnicity: 

  Hispanic or Latino 12 30 106 184 

  Not Hispanic or Latino 21 37 120 197 

 

3.6. Gender-Specific and Race-Specific Analysis: 

Time-based analysis of gender differences has shown an increasing 

female predominance, with the female-to-male ratio progressing from 

2.75 (95% CI: 2.65-2.85) in 1990-1999 to 3.29 (95% CI: 3.18-3.40) in 

2020-2024 (p-value<0.001). Race-based subgroup analysis, using 

standardized morbidity ratios (SMR), identified higher incidence rates 

among Black and African American populations (SMR: 1.63, 95% CI: 

1.57-1.69) and American Indian/Alaska Native individuals (SMR: 1.44, 

95% CI: 1.36-1.52) compared to white-race IIH patients (Figure 2).  

 

3.7. Treatment Response and Prognostic Indicators: 

Multivariate logistic regression of treatment outcomes resulted in a 

complete resolution in 42.8% of cases (95% CI: 42.3-43.3), partial 

response in 38.5% (95% CI: 38.0-39.0), and refractory IIH in 18.7% 

(95% CI: 18.3-19.1). Early treatment success was identified as the 

strongest predictor of favorable outcomes (adjusted odds ratio: 2.4, 95% 

CI: 1.8-3.1, p<0.001), followed by weight loss >10% of baseline body 

weight at first presentation of disease symptoms (adjusted odds ratio: 

1.9, 95% CI: 1.5-2.4, p<0.001). 

 

4. Discussion: 

 

Our epidemiological study of IIH utilizing the TriNetX US Collaborative 

Network database resulted in several observations and important 

considerations in disease burden epidemiology, treatment patterns, and 

comorbidities associated with IIH patients to be discussed. A significant 

observation is that IIH is not a single disease of the nervous system rather 

than is a systemic disease and a metabolic condition. 

In our cohort, we observed a significant increase in IIH rates in the adult 

age group, especially. The adult cohort's incidence has increased from 

16.0 to 127.0 per 100,000 over the past three decades, representing an 

adjusted relative risk increase of 6.94. These results are concerning given 

that obesity is a well-established risk factor for IIH, as highlighted by 

several studies addressing a statistically significant positive correlation 

between elevated BMI and increased ICP [3, 21-26]. In addition to that, 

our data patterns have shown a female predominance, with a female-to-

male ratio increasing from 2.75 to 3.29 from 1990 to 2024. This could 

be interpreted by the contribution of hormonal factors to the disease 

pathophysiology which demonstrates the significant female 

predominance, especially at childbearing age [26-31]. Also, it is 

important to highlight the need for public health interventions aimed at 

reducing obesity rates among young women to minimize the risk of 

developing IIH in high-risk groups. 

 

Table 4: Comorbidity Profile and Cumulative Incidence Associated 

Risk in Patients with IIH. 

Comorbidity 

Cases 

(n=50,214) 

Baseline 

Prevalence 

(%) (95% CI) 

Cumulative 

Incidence† 

(%) (95% CI) 

Metabolic and Endocrine Disorders: 

  Hyperlipidemia 2,352 4.68 (4.50-4.86) 18.20 (17.54-18.86) 

  PCOS* 1,679 3.34 (3.19-3.49) 13.23 (12.64-13.82) 

  Type 2 Diabetes Mellitus 1,398 2.78 (2.64-2.92) 7.99 (7.58-8.40) 

  Metabolic Syndrome 326 0.65 (0.58-0.72) 3.50 (3.13-3.87) 

Gastrointestinal and Hepatic Disorders: 

  MASLD** 718 1.43 (1.33-1.53) 5.30 (4.92-5.68) 

  IBS*** 927 1.85 (1.73-1.97) 6.05 (5.67-6.43) 

Cardiovascular Disorders: 

  Cardiovascular Disease 386 0.77 (0.69-0.85) 2.31 (2.08-2.54) 

  Ischemic Stroke/TIA 249 0.50 (0.44-0.56) 0.96 (0.84-1.08) 

  Heart Failure 164 0.33 (0.28-0.38) 1.18 (1.00-1.36) 

Renal Disorders: 

  Chronic Kidney Disease 233 0.46 (0.40-0.52) 2.05 (1.79-2.31) 

Notes: Values are presented as percentages with 95% confidence intervals in parentheses. 

†Cumulative incidence calculated at the end of the follow-up period (median follow-up: 8.3 

years). *PCOS: Polycystic Ovary Syndrome; **MASLD: Metabolic Dysfunction-Associated 

Steatotic Liver Disease; ***IBS: Irritable Bowel Syndrome; TIA: Transient Ischemic Attack 

 

 

Regarding the geographical distribution of IIH cases within the United 

States, the highest prevalence was shown to be more significant in 

southern regions, with a population-adjusted rate ratio of 5.67 between 

regions. This marked regional disparity likely reflects complex 

interactions between multiple socioeconomic and healthcare access 

factors. Several potential contributors warrant consideration: First, 

variations in healthcare infrastructure and specialist availability may 

impact timely diagnosis and reporting, particularly in rural areas where 

access to neuro-ophthalmologists and neurologists might be limited. 

Second, socioeconomic disparities, including differences in health 

insurance coverage, income levels, and educational attainment, could 

influence both healthcare-seeking behavior and disease management 

capabilities. Third, regional variations in obesity rates and metabolic 

disease burden, which are historically higher in southern states, may 

contribute to the observed prevalence patterns. Additionally, differences 

in healthcare delivery systems, including the density of tertiary care 

centers and specialized IIH treatment facilities, could affect diagnosis 

rates and patient referral patterns. These factors raise important 

considerations about the necessity for targeted healthcare resource 

allocation and region-specific intervention strategies that account for 
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both medical and socioeconomic barriers to care [32]. 

The advancement and progression of treatment approaches for IIH have 

been apparent over the years [33-35]. Our study's results have shown a 

structured progression through various therapeutic modalities, with 

initial medical management showing variable efficacy across treatment 

regimens. Acetazolamide monotherapy demonstrated a higher initial 

response rate compared to topiramate monotherapy. Additionally, the 

incorporation of advanced interventions such as venous sinus stenting 

has been a promising option for refractory cases. Our results indicate 

high surgical and interventional success rates (82.5%) in patients who 

did not respond adequately to pharmacological treatment. In our results, 

the adjusted odds ratio demonstrated that early treatment success is a 

strong predictor of complete resolution highlighting the need for proper 

diagnosis and initiation of therapy in patients presenting with IIH 

symptoms as early as possible to avoid unfavorable and uncontrollable 

outcomes. 

The association between IIH and various comorbidities risks is another 

aspect discussed in our results. We found that hyperlipidemia and PCOS 

were prevalent among our cohort, with significant cumulative incidence 

rates. Recent studies have shown metabolic links to IIH independent 

from obesity in these patients, the associated risks reported in the 

literature include cardiovascular disease, type 2 diabetes mellitus, PCOS, 

hypertension, hyperlipidemia, heart failure, insulin resistance, and even 

greater risks of developing metabolic syndrome [21, 22, 36]. Also, our 

Cox proportional hazards modeling has further validated the heightened 

risk of cardiovascular complications in IIH patients with baseline 

metabolic syndrome independent from BMI. 

Based on our results, we advocate for a holistic approach to managing 

IIH that is not only focused on elevated ICP management but also 

addresses associated systemic risks and metabolic disorders. Multiple 

healthcare strategies should include lifestyle modifications aimed at 

weight reduction and metabolic control to improve overall patient health 

outcomes [37, 38]. 

While our results provide important highlights and considerations into 

the epidemiology and management of IIH from the United States, it is 

not without limitations. We have a few major limitations that warrant to 

be admitted in our study. The dependence on electronic health records 

may introduce biases related to coding accuracy and data completeness. 

Additionally, the retrospective nature of our analysis limits some of the 

inferences regarding treatment efficacy. Upcoming studies shall focus 

on delivering prospective studies that explore the underlying 

mechanisms linking obesity and IIH, when possible. And important to 

mention that there is an unmet need for multicenter trials evaluating 

novel therapeutics to specific demographic groups affected by IIH, and 

providing region-based outcomes response and efficacy measurements 

that are subgrouped according to age, race, ethnicity, and geographical 

distribution to help us understand further aspects in the disease 

holistically [39]. 

 

5. Conclusions 

Based on our findings and observations of the IIH epidemiology using 

the TriNetX database, we present several key findings that reshape our 

understanding of this condition. Our results highlight IIH as a multi-

systemic disorder with significant metabolic implications, rather than 

simply a neurological condition. The significant increase in adult cases, 

especially among the female population, points to shifting disease 

patterns that mirror broader public health focus in the United States. It is 

important to advocate the identification of early treatment success as a 

primary predictor of favorable outcomes and support the need for precise 

diagnosis and intervention. The high efficacy of surgical interventions in 

medication-resistant cases (82.5%) suggests that physicians should not 

delay considering advanced treatment options when initial medical 

management fails. Also, the strong correlation between IIH and 

metabolic disorders, independent of BMI, indicates that metabolic 

screening should become a standard component of patient evaluation and 

monitoring in early disease stages. The regional disparities we identified, 

especially the higher prevalence in southern states, call for targeted 

healthcare resource allocation and region-specific intervention 

strategies. Looking ahead, our results point to several important concerns 

for further prospects in IIH. Prospective studies exploring and 

investigating the mechanistic links between metabolic dysfunction and 

IIH, and performing subgroup analyses focusing on gender-specific 

factors given the rising female-to-male ratio are of significant 

importance. The development of targeted therapies that address both ICP 

and underlying metabolic irregularities represents an important frontier 

for advancing IIH evidence toward a brighter future for our patients. 
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