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IMPORTANCE Cardiovascular disease (CVD) risk has not been previously evaluated in a large
matched cohort study in idiopathic intracranial hypertension (IIH).

OBJECTIVES To estimate the risk of composite cardiovascular events, heart failure, ischemic
heart disease, stroke/transient ischemic attack (TIA), type 2 diabetes, and hypertension in
women with idiopathic intracranial hypertension and compare it with the risk in women,
matched on body mass index (BMI) and age, without the condition; and to evaluate the
prevalence and incidence of IIH.

DESIGN, SETTING, AND PARTICIPANTS This population-based matched controlled cohort study
used 28 years of data, from January 1, 1990, to January 17, 2018, from The Health
Improvement Network (THIN), an anonymized, nationally representative electronic medical
records database in the United Kingdom. All female patients aged 16 years or older were
eligible for inclusion. Female patients with IIH (n = 2760) were included and randomly
matched with up to 10 control patients (n = 27 125) by BMI and age.

MAIN OUTCOMES AND MEASURES Adjusted hazard ratios (aHRs) of cardiovascular outcomes
were calculated using Cox regression models. The primary outcome was a composite of any
CVD (heart failure, ischemic heart disease, and stroke/TIA), and the secondary outcomes
were each CVD outcome, type 2 diabetes, and hypertension.

RESULTS In total, 2760 women with IIH and 27 125 women without IIH were included. Age
and BMI were similar between the 2 groups, with a median (interquartile range) age of 32.1
(25.6-42.0) years in the exposed group and 32.1 (25.7-42.1) years in the control group; in the
exposed group 1728 women (62.6%) were obese, and in the control group 16514 women
(60.9%) were obese. Higher absolute risks for all cardiovascular outcomes were observed in
women with IIH compared with control patients. The aHRs were as follows: composite
cardiovascular events, 2.10 (95% CI, 1.61-2.74; P < .001); heart failure, 1.97 (95% CI, 1.16-3.37;
P = .01); ischemic heart disease, 1.94 (95% CI, 1.27-2.94; P = .002); stroke/TIA, 2.27 (95% CI,
1.61-3.21; P < .001); type 2 diabetes, 1.30 (95% CI, 1.07-1.57; P = .009); and hypertension, 1.55
(95% CI, 1.30-1.84; P < .001). The incidence of IIH in female patients more than tripled
between 2005 and 2017, from 2.5 to 9.3 per 100 000 person-years. Similarly, IIH prevalence
increased in the same period, from 26 to 79 per 100 000 women. Incidence increased
markedly with BMI higher than 30.

CONCLUSIONS AND RELEVANCE Idiopathic intracranial hypertension in women appeared to be
associated with a 2-fold increase in CVD risk; change in patient care to modify risk factors for
CVD may reduce long-term morbidity for women with IIH and warrants further evaluation.
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I diopathic intracranial hypertension (IIH) is a condition of
unknown origin characterized by elevated intracranial pres-
sure typically manifesting as papilledema, with a conse-

quent risk of visual loss and chronic disabling headache.1,2 In-
cidence and economic burden of IIH are rising in line with
global obesity figures.3 Diagnostic criteria include brain imaging
to exclude mass lesion, hydrocephalus, and venous thrombo-
sis as well as the presence of papilledema and a lumbar punc-
ture pressure greater than 25 cm cerebrospinal fluid with nor-
mal constituents.4 Currently, management focuses on
preserving vision and reducing headache morbidity.5

Patients with IIH are typically female, and more than 90%
of them are obese.6 Body mass index (BMI; calculated as weight
in kilograms divided by height in meters squared) is associ-
ated with the risk of IIH.7 Obesity is an established risk factor
for cardiovascular disease (CVD)8 and type 2 diabetes.9,10 Obe-
sity alone may confer a higher risk of CVD in IIH. Idiopathic
intracranial hypertension is characterized by a unique pro-
file of androgen excess affecting the cerebrospinal fluid
dynamics.11 Androgen excess is a key driver of increased
cardiovascular risk.12-17 We hypothesized that patients with
IIH may have an increased risk of cardiometabolic disease
compared with a cohort matched for obesity (BMI), age, and
sex. The aim of this study was to define cardiometabolic
risk in IIH, independent of BMI, and to identify trends in
prevalence and incidence.

Methods
Design and Data Source
Yearly prevalence was estimated by performing sequential
cross-sectional studies on January 1 each calendar year from
2005 to 2017. Annual IIH incidence rates for the same period
were identified by conducting a series of yearly cohort stud-
ies. Long-term cardiometabolic outcomes were assessed
through a retrospective population-based matched con-
trolled cohort study using data, dated January 1, 1990, to
January 17, 2018, from The Health Improvement Network
(THIN). The THIN data-collection scheme and research
using THIN data were approved by the NHS South-East Mul-
ticenter Research Ethics Committee in 2003. Under the
terms of this approval, studies must undergo independent
scientific review. Approval for the use of THIN data in this
present analysis was obtained from the Scientific Review
Committee in 2018. Because THIN data are anonymized,
individual patients are not required to give consent for the
use of their data.

The Health Improvement Network is a national database
of electronic primary care records generalizable to the UK popu-
lation. It contains coded information for more than 15 million
patients from 787 primary care general practices, including pa-
tient demographics, symptoms, diagnoses, drug prescrip-
tions, consultations, and laboratory test results. Cardiovascu-
lar diseases, diabetes, and hypertension are included in the
Quality and Outcomes Framework, a scheme that incentiv-
izes appropriate identification and management of patients
with these diagnoses.18 Therefore, these conditions are well

coded in primary care and have been extensively studied (eAp-
pendix 1 in the Supplement).19,20

Study Population
General practices were eligible for inclusion 1 year after re-
porting acceptable mortality rates (a measure of data quality)
and 1 year after starting to use electronic medical records (to
ensure sufficient time for recording of comorbidities). For in-
cidence and prevalence, female patients of all ages who reg-
istered with an eligible general practice for 1 year or more be-
fore cohort entry (to ensure documentation of all important
baseline covariates) were eligible for inclusion. In the cardio-
metabolic outcomes cohort, only females aged 16 years or older
were included.

An IIH diagnosis was indicated by a record of a relevant
clinical (Read) code. In the United Kingdom, IIH is diagnosed
by hospital specialists according to diagnostic criteria4 and is
then communicated to general practices in which the clinical
code is entered into the patient’s electronic medical record. Pa-
tients with a clinical code for IIH and a simultaneous code for
hydrocephalus or cerebral venous thrombosis were excluded
to avoid the risk of miscoding.

In the cardiometabolic outcomes cohort study, for each pa-
tient with IIH (exposed group), up to 10 controls were ran-
domly selected from a pool of age-, sex-, and BMI-matched pa-
tients. Age was matched to within 1 year, and BMI was matched
to within 2 kg/m2. Matched control patients were selected with
this method: Patients with IIH were identified, and their order
was shuffled by randomly permuting the patient list (follow-
ing the Fisher Yates algorithm) using a linear congruential gen-
erator as the source of randomness. Shuffling ensured that all
patients in the exposed group had an equal chance of being
matched to a control in instances in which a control individual
could potentially be matched with more than 1 exposed pa-
tient. When the required number (10) of possible control pa-
tients for a particular exposed patient was exceeded, a linear con-
gruential generator provided a random number between 1 and
the number of potential control patients. The potential control
at the position of this random number was selected. This pro-
cess was repeated for subsequent control patients.

Key Points
Question Is the risk of cardiovascular disease greater in women
with idiopathic intracranial hypertension than in women of the
same age and body mass index but without idiopathic intracranial
hypertension?

Findings In this population-based matched controlled cohort
study of 2760 female patients with idiopathic intracranial
hypertension and 27 125 control patients, women with this
condition had twice the risk for cardiovascular disease compared
with their counterparts with similar body mass index and age.
Between 2005 and 2017, the incidence and prevalence of
idiopathic intracranial hypertension have tripled.

Meaning Idiopathic intracranial hypertension appeared to be a
risk factor for cardiovascular disease in women; changing patient
management to address the risk factors for cardiovascular disease
may reduce long-term morbidity.
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For patients with a new IIH diagnosis, the index date was
the date of diagnosis. For patients with a preexisting diagno-
sis, the index date was 1 year after the registration date. Con-
trol patients were assigned the same index date as their cor-
responding exposed patient to avoid immortal time bias.21

Patients with IIH and control patients were followed up from
the index date until the earliest of these dates: outcome event,
death, patient left the general practice, general practice ceased
contributing to the database, or study end.

The primary outcome was a composite of any CVD: heart
failure, ischemic heart disease (IHD), and stroke or transient is-
chemic attack (TIA). Secondary outcomes were the cardiovas-
cular outcomes separately, type 2 diabetes, and hypertension.
Patients with a record of the outcome of interest at baseline were
excluded from the corresponding analysis; for CVD, patients
with a record of any CVD at baseline were excluded; for type 2
diabetes, patients with a record of type 1 or type 2 diabetes at
baseline were excluded.

Outcomes were defined by clinical codes. Ischemic heart
disease was defined in accordance with the Quality and Out-
comes Framework22 definition of coronary heart disease, which
included myocardial infarction, angina, coronary atheroscle-
rosis, ischemic cardiomyopathy, and coronary microvascular
disease.

Covariates that might be associated with outcomes were
selected on the basis of biological plausibility and use in pre-
vious research. Covariates considered for all outcomes in-
cluded age, BMI, social deprivation, smoking status, current
lipid-lowering medication prescription, baseline record of mi-
graine, and baseline cardiometabolic conditions (excluding the
outcome). In the event BMI was not available at baseline, a BMI
recorded up to 90 days after the index date was used. Body
mass index was categorized as lower than 25 (underweight
to healthy weight), 25-30 (overweight), and higher than
30 (obese). Social deprivation was recorded as Townsend
deprivation quintile (scale: 1-5, with 1 indicating least
deprived).23 Smoking status was categorized as nonsmoker,
smoker, and ex-smoker. Comorbidities were defined using rel-
evant clinical codes.

Statistical Analysis
For point prevalence, the proportion of eligible female pa-
tients with any record ever of IIH was calculated on January 1
each year from 2005 to 2017. Crude incidence rates of IIH for
every year from 2005 to 2017 were calculated by dividing the
number of female patients with new IIH diagnosis (numera-
tor) by the total number of person-years at risk (denomina-
tor) for the given year. To describe incidence rates stratified
by age at diagnosis, baseline BMI, and Townsend deprivation
quintile, we used data for the whole period (2005-2017). To
estimate the independent association of age at diagnosis, BMI,
and Townsend deprivation quintile with IIH incidence, we cal-
culated adjusted incidence rate ratios using Poisson regres-
sion, offsetting for person-years of follow-up. For the missing
data for BMI and Townsend deprivation quintile, a separate
missing category was created, which was included in the re-
gression analysis; BMI value was categorized as missing if no
BMI was recorded at baseline or within 90 days of the index

date, or if the recorded value was outside the plausible range
(14-75).

In the cardiometabolic outcomes cohort study, crude haz-
ard ratios (HRs) and adjusted HRs (aHR) and their correspond-
ing 95% CIs were calculated using Cox proportional hazards re-
gression models. The proportional hazards assumption was
checked using log-log plots and the Schoenfeld residuals test.
For the primary outcome (composite CVD) and each of the sec-
ondary outcomes (heart failure, IHD, stroke/TIA, diabetes, and
hypertension), 3 nested adjusted Cox models were assessed.
Model 1 was adjusted for the baseline patient demographic
variables: age, BMI (continuous), Townsend deprivation quin-
tile, and smoking status. Model 2 was adjusted for baseline
demographic variables, current (up to 65 days before the
index date) lipid-lowering drug prescription, and baseline
cardiometabolic comorbidities (for cardiovascular outcomes: hy-
pertension and diabetes; for diabetes outcome: heart failure,
IHD, stroke/TIA, and hypertension; and for hypertension
outcome: heart failure, IHD, stroke/TIA, and diabetes). Model
3 included all model 2 covariates plus migraine. The Nelson-
Aalen cumulative hazard function was used to plot cumula-
tive hazard of primary and secondary outcomes.

In primary analysis, all prevalent and incident IIH diag-
noses were included. Because IIH is a rare disease, all female
patients with a diagnosis of IIH were included to maximize the
sample size. However, a sensitivity analysis limited to pa-
tients with incident IIH (newly diagnosed after registration with
the general practice) and the corresponding control patients
was performed to explore any association with survival bias.
Another sensitivity analysis limited to women diagnosed with
IIH at age 60 years or younger was carried out, because IIH is
rare among older adults and misclassification error may be pres-
ent in those diagnosed older than age 60 years. Sensitivity
analyses were adjusted for covariates in model 2.

Body mass index was treated as a continuous variable.
Missing BMI data were replaced using multiple imputation.
Multiple imputation was performed using chained equations
and predictive mean matching. Values were imputed using the
following covariates: age; Townsend deprivation quintile;
smoking status; baseline diabetes, hypertension, heart fail-
ure, IHD, and stroke/TIA; and current lipid-lowering drug
prescription.

Baseline covariates were summarized for both exposed and
control groups using appropriate descriptive statistics: mean
(SD) and median (interquartile range [IQR]) for continuous vari-
ables, and number (%) for categorical variables. All analyses
were performed with Stata IC, version 14 (StataCorp LLC). Two-
sided, unpaired P values were calculated using the t test. Sta-
tistical significance was set at P < .05.

Results
Prevalence of IIH in female patients increased from 26 per
100 000 in 2005 to 79 per 100 000 in 2017 (Figure 1A, eTable 1
in the Supplement). Annual incidence of IIH in female pa-
tients increased from 2.5 per 100 000 person-years in 2005 to
9.3 per 100 000 person-years in 2017 (Figure 1A). Incidence was
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highest in the 20- to 29-year age group (16.5 per 100 000 per-
son-years) followed by the 13- to 19-year age group (8.7 per
100 000 person-years) and the 30- to 39-year age group (8.4
per 100 000 person-years) (Figure 1B). Incidence of IIH in-
creased with increasing BMI (Figure 1C). After adjustments for
age at diagnosis and Townsend deprivation quintile, the inci-
dence rate ratio for IIH among patients with BMI of 25 to 30
was 3.76 (95% CI, 2.98-4.74; P < .001) and with BMI higher than
30 was 17.55 (95% CI, 14.41-21.36; P < .001), compared with
patients with BMI lower than 25 (eTable 2 in the Supple-
ment). Incidence of IIH also appeared to be higher among fe-
male patients who were in lower socioeconomic quintiles
(Figure 1D). However, after adjustments for age and BMI, the
trend was lost. The most-deprived Townsend quintile re-
mained statistically significantly associated with the
increased risk of IIH among female patients (incidence rate
ratio, 1.46; 95% CI, 1.22-1.77; P < .001).

In total, 2760 women with IIH (9.2%) and 27 125 women
without IIH (90.8%), matched for age and BMI, were
included in the analyses investigating cardiometabolic out-
comes. The median (IQR) follow-up time was 3.5 (1.3-7.5)
years. Baseline characteristics of female patients with IIH

(exposed group) and without IIH (control group) are pre-
sented in Table 1. At cohort entry, age and BMI were similar
between the 2 groups, with a median (IQR) age of 32.1 (25.6-
42.0) years in the exposed group and 32.1 (25.7-42.1) years
in the control group; in the exposed group 1728 women
(62.6%) were obese, and in the control group 16 514 women
(60.9%) were obese. Women with IIH, compared with those
without, were slightly more likely to be smokers (849
[30.8%] vs 6134 [22.6%]) or ex-smokers (502 [18.2%] vs
4573 [16.9%]). Women with IIH had substantially higher
migraine, CVD, and hypertension at baseline compared with
female patients without IIH.

Crude incidence rate of composite cardiovascular events
was 5.31 per 1000 person-years among women in the ex-
posed group, with a crude HR of 2.15 (95% CI, 1.66-2.79;
P < .001), and was 2.47 per 1000 person-years among women
in the control group. Adjusting for baseline demographic vari-
ables and cardiovascular risk factors (model 2) marginally re-
duced the effect estimate (aHR, 2.10; 95% CI, 1.61-2.74; P < .001)
(Table 2; Figure 2 and Figure 3). Further adjusting for base-
line diagnosis of migraine (model 3) was not associated with
any changes in the results.

Figure 1. Prevalence and Incidence of Idiopathic Intracranial Hypertension in Female Patients, 2005-2017
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All adjusted HRs (model 2) for individual CVD outcomes
showed a statistically significant increase in risk in patients with
IIH: heart failure, 1.97 (95% CI, 1.16-3.37; P = .01); IHD, 1.94 (95%
CI, 1.27-2.94; P = .002); and stroke/TIA, 2.27 (95% CI, 1.61-
3.21; P < .001).

The association between IIH and composite cardiovas-
cular events remained statistically significant, with a similar
effect size, in the 2 sensitivity analyses performed (adjusted
for covariates in model 2). The HR from the sensitivity analy-
sis restricted to patients with incident (new diagnosis) IIH and
the corresponding control female patients was 3.14 (95% CI,
2.07-4.78; P < .001). The HR from the analysis restricted to
women who received a diagnosis before 60 years of age was
2.09 (95% CI, 1.58-2.75; P < .001).

For type 2 diabetes, the crude incidence rate was 9.8 per
1000 person-years in women with IIH and 6.3 per 1000 person-

years in those without IIH. The crude HR was 1.55 (95% CI, 1.28-
1.87; P < .001). Adjusting for baseline demographic variables
and comorbidities was associated with a slight reduction in the
effect estimate (aHR, 1.30; 95% CI, 1.07-1.57; P = .009) (Table 2;
Figures 2 and 3).

For hypertension, the crude incidence rate was 14.1 per 1000
person-years in women with IIH and 9.2 per 1000 person-years
in those without IIH. The crude HR was 1.55 (95% CI, 1.30-1.84;
P < .001), and adjusting for baseline demographic variables and
comorbidities was not associated with any changes.

Sensitivity Analyses
In sensitivity analyses restricted to patients with incident
(newly diagnosed) IIH and their corresponding controls, the
median (IQR) age was 29.6 (24.2-38.2) years, and the median
(IQR) follow-up was 3.1 (1.3-6.1) years. The association be-
tween IIH and composite cardiovascular events remained sta-
tistically significant, with a similar effect size (aHR, 3.14; 95%
CI, 2.07-4.78; P < .001). The association with type 2 diabetes
was lost (aHR, 0.82; 95% CI, 0.57-1.18; P = .28), and the asso-
ciation with hypertension remained statistically significant
with a slight increase in effect estimate (aHR, 1.95; 95% CI, 1.49-
2.56; P < .001) (eTable 3 in the Supplement).

In sensitivity analyses restricted to women who received
an IIH diagnosis before 60 years of age, the aHRs remained
similar to those in the primary analyses: composite CVD, 2.09
(95% CI, 1.58-2.75; P < .001); diabetes, 1.35 (95% CI, 1.10-1.64;
P = .003); and hypertension, 1.60 (95% CI, 1.34-1.92; P < .001)
(eTable 3 in the Supplement).

Discussion
In this population-based matched controlled cohort study,
women with IIH had more than twice the risk of cardiovascu-
lar events compared with control patients without IIH matched
for BMI and age. Absolute risk for this young population was
low but noteworthy, considering the young age of the sample
and the relatively short median follow-up (approximately 3½
years). The disease burden of IIH is growing, and its preva-
lence and incidence are rising annually and heightened in those
with obesity.

To our knowledge, no previous cohort study has evalu-
ated cardiovascular risk in IIH.24 This current study has
identified that an IIH diagnosis is statistically significantly
associated with increased risk of composite cardiovascular
events, heart failure, IHD, and stroke/TIA, independent of BMI.
This finding is the first indication that morbidity in IIH may
extend beyond the typically considered areas of visual loss and
chronic headaches,1,2,6,25 The predominant occurrence of obe-
sity in IIH may be expected to increase the cardiovascular risk
in these patients; however, these findings are apparent de-
spite matching for BMI and age and controlling for important
covariates.

Previous evidence has suggested an association between
migraine and increased risk of CVD.26 Migraine is diagnosed
in approximately 80% of patients with IIH.27 Therefore, we in-
cluded migraine as a covariate in model 3 to assess whether

Table 1. Baseline Characteristics of Women With or Without Idiopathic
Intracranial Hypertension

Variable

No. (%)
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)

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)

Stroke/TIA 46 (1.7) 189 (0.7)

Hypertension 380 (13.8) 2500 (9.2)

Type 2 diabetes 130 (4.7) 1425 (5.2)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); IHD, ischemic heart disease; IIH, idiopathic
intracranial hypertension; IQR, interquartile range; TIA, transient ischemic
attack.
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Table 2. Incidence Rates and Hazard Ratios for Cardiometabolic Outcomes in Women With or Without
Idiopathic Intracranial Hypertension

Outcome Women With IIH (Exposed Group) P Value
Women Without IIH
(Control Group)

Composite CVD

Population, No. 2613 NA 26 356

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

Person-years 12 809 NA 132 930

Crude incidence rate per 1000
person-years

5.31 NA 2.47

Follow-up, median (IQR), y 3.50 (1.34-7.11) NA 3.72 (1.51-7.39)

Crude HR (95% CI) 2.15 (1.66-2.79) <.001 NA

Adjusted HR (95% CI)

Model 1a 2.10 (1.61-2.73) <.001 NA

Model 2b 2.10 (1.61-2.74) <.001 NA

Model 3c 2.08 (1.59-2.71) <.001 NA

Heart Failure

Population, No. 2735 NA 26 989

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

Person-years 13 445 NA 136 357

Crude incidence rate per 1000
person-years

1.26 NA 0.57

Follow-up, median (IQR), y 3.58 (1.38-7.26) NA 3.77 (1.52-7.50)

Crude HR (95% CI) 2.19 (1.30-3.71) .003 NA

Adjusted HR (95% CI)

Model 1a 1.99 (1.17-3.37) .01 NA

Model 2b 1.97 (1.16-3.37) .01 NA

Model 3c 1.97 (1.15-3.36) .01 NA

Ischemic Heart Disease

Population, No. 2698 NA 26 749

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

Person-years 13 216 NA 134 521

Crude incidence rate per 1000
person-years

2.04 NA 0.97

Follow-up, median (IQR), y 3.56 (1.37-7.20) NA 3.73 (1.51-7.42)

Crude HR (95% CI) 2.10 (1.39-3.18) <.001 NA

Adjusted HR (95% CI)

Model 1a 1.92 (1.27-2.91) .002 NA

Model 2b 1.94 (1.27-2.94) .002 NA

Model 3c 1.89 (1.24-2.88) .003 NA

Stroke/TIA

Population, No. 2674 NA 26 755

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

Person-years 13 115 NA 135 271

Crude incidence rate per 1000
person-years

3.05 NA 1.34

Follow-up, median (IQR), y 3.51 (1.34-7.17) NA 3.76 (1.52-7.47)

Crude HR (95% CI) 2.27 (1.61-3.19) <.001 NA

Adjusted HR (95% CI)

Model 1a 2.27 (1.61-3.21) <.001 NA

Model 2b 2.27 (1.61-3.21) <.001 NA

Model 3c 2.24 (1.58-3.17) <.001 NA

Hypertension

Population, No. 2232 NA 23 566

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

Person-years 10 505 NA 115 800

(continued)
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comorbid migraine was a factor in the observed increase in CVD
risk; however, the results were unaffected, suggesting no as-
sociation.

Idiopathic intracranial hypertension was associated with
a 30% increase in risk of diabetes and a 55% increase in risk of
hypertension in women, independent of BMI and age and af-

ter accounting for potential confounders. In a sensitivity analy-
sis limited to female patients with new IIH diagnosis, the as-
sociation with diabetes was lost. The reason for this lost
association may be the younger age of patients with incident
IIH (median age of 29 years) and the relatively short fol-
low-up (median length of 3 years), given that onset and diag-
nosis of type 2 diabetes typically occur at an older age (as
reflected in the cumulative hazard plot [Figure 3]).

The underlying mechanisms of the increased cardiovas-
cular risk in IIH are not established. Higher cardiovascular
risk would be estimated in an obese population, but it was ob-
served despite matching to an obese control population. This
finding adds support to the concept that cardiovascular risk
in IIH is not exclusively associated with obesity, and it points
to a more complex disease characterized by systemic meta-
bolic dysregulation. Centripetal fat accumulation is key in de-
termining the risk of metabolic syndrome and CVD.28-30 Cen-
tripetal fat predominance has been identified in IIH and
correlates with intracranial pressure.31 Whether obesity is
causal in IIH, or if it represents a comorbidity driven by the un-
derlying metabolic disease state, is unclear. However, weight
loss is associated with resolution of IIH.32 Evaluating the

Table 2. Incidence Rates and Hazard Ratios for Cardiometabolic Outcomes in Women With or Without
Idiopathic Intracranial Hypertension (continued)

Outcome Women With IIH (Exposed Group) P Value
Women Without IIH
(Control Group)

Crude incidence rate per 1000
person-years

14.09 NA 9.15

Follow-up, median (IQR), y 3.20 (1.26-6.40) NA 3.48 (1.43-6.94)

Crude HR (95% CI) 1.55 (1.30-1.84) <.001 NA

Adjusted HR (95% CI)

Model 1a 1.53 (1.29-1.82) <.001 NA

Model 2d 1.55 (1.30-1.84) <.001 NA

Model 3c 1.55 (1.30-1.84) <.001 NA

Type 2 Diabetes

Population, No. 2510 NA 24 901

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

Person-years 12 300 NA 125 947

Crude incidence rate per 1000
person-years

9.76 NA 6.34

Follow-up, median (IQR), y 3.49 (1.34-6.94) NA 3.62 (1.47-7.27)

Crude HR (95% CI) 1.55 (1.28-1.87) <.001 NA

Adjusted HR (95% CI)

Model 1a 1.32 (1.09-1.61) .005 NA

Model 2e 1.30 (1.07-1.57) .009 NA

Model 3c 1.29 (1.06-1.57) .01 NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
CVD, cardiovascular disease; HR, hazard ratio; IHD, ischemic heart disease; IIH, idiopathic intracranial hypertension;
IQR, interquartile range; NA, not applicable; TIA, transient ischemic attack.
a Model 1 adjusted for age, BMI (continuous), Townsend deprivation quintile (scale: 1-5, with 1 indicating least deprived),

and smoking status.
b Model 2 adjusted for all covariates in model 1 plus current (up to 65 days prior to index date) lipid-lowering drug

prescription and baseline hypertension and diabetes.
c Model 3 included all model 2 covariates plus migraine.
d Model 2 adjusted for all covariates in model 1 plus current (up to 65 days prior to index date) lipid-lowering drug

prescription and baseline IHD, heart failure, stroke/TIA, and hypertension.
e Model 2 adjusted for all covariates in model 1 plus current (up to 65 days prior to index date) lipid-lowering drug

prescription and baseline IHD, heart failure, stroke/TIA, and diabetes.

Figure 2. Composite Outcomes Among Women With or Without
Idiopathic Intracranial Hypertension

Decreased
Risk

Increased
Risk

1010.1
HR (95% CI)

Outcome
Adjusted HR
(95% CI)

Compound CVD 2.10 (1.61-2.74)
Heart failure 1.97 (1.16-3.37)
IHD 1.94 (1.27-2.94)
Stroke/TIA 2.27 (1.61-3.21)

Hypertension 1.55 (1.30-1.84)
Type 2 diabetes 1.30 (1.07-1.57)

CVD indicates cardiovascular disease; HR, hazard ratio; IHD, ischemic heart
disease; and TIA, transient ischemic attack.
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association of weight modification with cardiovascular risk in
IIH is of future interest.

To date, IIH has been considered a rare condition, with re-
ported incidence of 1 to 3 per 100 000 in the general popula-
tion, but IIH incidence has been speculated to be rising, sec-
ondary to the obesity epidemic that has been spreading globally
over the past 40 years.1,33 In this large cohort study, recorded
prevalence and incidence of IIH tripled between 2005 and 2017,

mirroring other reports.3,34 Incidence is highest in female pa-
tients aged 20 to 29 years, with few patients older than 50 years
receiving a diagnosis. The condition is much more frequent in
those who are overweight and obese, and the adjusted inci-
dence increases 18-fold in those with a BMI higher than 30, com-
pared with those with a BMI in the healthy weight range. Inci-
dence rises dramatically with a BMI of 30 or higher. Although
the rising IIH incidence rates are in line with growing obesity

Figure 3. Cardiometabolic Outcomes in Women With (Exposed) or Without (Control) Idiopathic Intracranial Hypertension
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rates, the numbers could also represent increased reporting of
this condition. However, cerebrospinal fluid shunt surgery for
IIH has also increased dramatically (320% increase in surgical
procedures between 1988 and 2002).35

Idiopathic intracranial hypertension occurrence in-
creased with higher Townsend deprivation levels. The asso-
ciation between social deprivation and increased morbidity and
mortality has been well established.36-40 The association be-
tween increased incidence of IIH and the most-deprived quin-
tile remained after adjustments for age and BMI, suggesting
that obesity may not be the only factor in higher incidence in
the most deprived population.

Implications
This study has demonstrated increased cardiovascular risk in
patients with IIH, despite their young age and independent of
BMI. These findings would support broadening the care for pa-
tients with IIH to include evaluating and modifying cardio-
vascular risk.

Patients with IIH are typically identified at a young age,
which could provide the opportunity for early assessment for
modifiable cardiovascular risk factors with subsequent man-
agement. Early intervention is likely to improve long-term car-
diometabolic outcomes as noted in other diseases.41,42 Weight
loss can modify cardiometabolic disease risk, and it has also
been shown as a treatment for IIH.32 The role of bariatric sur-
gery to modify IIH is being evaluated, but its association with
cardiometabolic health in the context of IIH is also of interest.43

Future studies that comprehensively evaluate the clinical and
financial implications of modifying cardiometabolic risk for IIH
are important.

Strengths and Limitations
This study has several strengths, including its large sample size
used to evaluate a rare condition. In addition, the THIN pri-
mary care database is generalizable to the UK population and
has been found to be reliable.44,45 However, as with any rou-
tinely collected data, the use of this database presents poten-
tial biases, such as incorrect or inconsistent coding and in-
complete data. An IIH diagnosis necessitates a hospital
encounter for the diagnostic investigations,3 and the diagno-
sis is then reported to general practice or primary care physi-
cians; this process increases the likelihood that the diagnosis
in the primary care electronic record is correct, but accuracy
cannot be guaranteed. To ensure that IIH mimics were not ana-
lyzed, we excluded patients with hydrocephalus or cerebral ve-

nous sinus thrombosis and, in a sensitivity analysis, those who
received a diagnosis after 60 years of age. We used BMI at or
near the baseline date; however, weight may fluctuate over
time, and BMI at baseline may not be the same as that at the
time of IIH or outcome diagnosis for all patients. These re-
sults are limited by the relatively short median follow-up.

Headache pain may have reduced physical activity in the
exposed cohort. Physical activity was poorly recorded in pri-
mary care, and therefore adjusting for this potential con-
founder in the regression models was not possible. However,
most of the women in the exposed and control cohorts were
obese; levels of physical activity are substantially lower in
people with obesity,46,47 and therefore any further reduction
in physical activity in the IIH cohort was likely to be small. Fur-
thermore, we adjusted for other cardiometabolic risk factors,
such as hypertension, which are also associated with physi-
cal activity levels.48 In addition, recent research has shown no
difference in adipose tissue distribution31 or muscle mass, a
marker of physical activity,49-51 between individuals with IIH
and BMI-matched control patients (eAppendix 2 and the eFig-
ure in the Supplement). However, differences in physical ac-
tivity could have had an association with CVD outcomes.

These results may have been affected by surveillance bias
from a greater number of contacts between patients with IIH and
healthcareprofessionals;however,becauseoftheserious,symp-
tomatic nature of the outcomes considered, this association is
likely to be small. Increased risk of CVD in patients with IIH may
be partially mediated by exposure to drugs, such as nonsteroi-
dal anti-inflammatory drugs, during the study period; we did not
account for these medications in the study design.

Conclusions
Women with IIH appeared to have increased risk of CVD com-
pared with women without IIH who were matched for BMI and
age. The elevated risk of CVD is over and above that expected
from obesity alone, suggesting additional systemic meta-
bolic factors unique to IIH. Absolute risk in IIH remains low
but is important to know given the rising incidence of this con-
dition and the relatively young age of the patients with IIH di-
agnosis, which provides an opportunity for intervention. A step
change in clinical practice to include assessment and manage-
ment of cardiovascular risk in IIH is likely to be advantageous
in efforts to improve long-term health outcomes for patients
and warrants further evaluation.

ARTICLE INFORMATION

Accepted for Publication: April 26, 2019.

Published Online: July 8, 2019.
doi:10.1001/jamaneurol.2019.1812

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2019 Adderley NJ et al. JAMA Neurology.

Author Affiliations: Institute of Applied Health
Research, University of Birmingham, Birmingham,
United Kingdom (Adderley, Subramanian,
Nirantharakumar, Gokhale); Centre for

Endocrinology, Diabetes, and Metabolism,
Birmingham Health Partners, Birmingham, United
Kingdom (Nirantharakumar); Health Data Research
UK, Birmingham, United Kingdom
(Nirantharakumar); Metabolic Neurology, Institute
of Metabolism and Systems Research, University of
Birmingham, Birmingham, United Kingdom
(Yiangou, Mollan, Sinclair); Department of
Neurology, University Hospitals Birmingham,
Queen Elizabeth Hospital, Birmingham, United
Kingdom (Yiangou, Sinclair); Birmingham
Neuro-Ophthalmology, Queen Elizabeth Hospital,
Birmingham, United Kingdom (Mollan).

Author Contributions: Dr Adderley and Ms
Subramanian had full access to all of the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis.
Drs Adderley and Nirantharakumar and Ms
Subramanian contributed equally and are joint first
coauthors.
Concept and design: Adderley, Nirantharakumar,
Sinclair.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: All authors.
Critical revision of the manuscript for important

Association Between Idiopathic Intracranial Hypertension and Cardiovascular Risk in Women Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology Published online July 8, 2019 E9

Downloaded From: https://jamanetwork.com/ on 07/18/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2019.1812&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2019.1812&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812
https://jamanetwork.com/journals/jamaneurology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812#SecOpenAccess
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812


intellectual content: Adderley, Nirantharakumar,
Yiangou, Mollan, Sinclair.
Statistical analysis: Adderley, Subramanian,
Nirantharakumar, Yiangou, Gokhale.
Obtained funding: Sinclair.
Administrative, technical, or material support:
Adderley, Nirantharakumar, Yiangou, Gokhale.
Supervision: Nirantharakumar, Mollan, Sinclair.

Conflict of Interest Disclosures: Dr
Nirantharakumar reported personal fees from
Sanofi, Merck Sharp & Dohme Corp, and Boehringer
Ingelheim as well as grants from AstraZeneca,
National Institute for Health Research (NIHR),
Health Data Research UK (Medical Research
Council), and British Heart Foundation outside of
the submitted work. Dr Subramanian reported
grants from AstraZeneca outside of the submitted
work. Dr Mollan reported personal fees from Roche,
Santen, Allergan, Santhera, and Chugai outside of
the submitted work. Dr Sinclair reported grant
NIHR-CS-011-028 from the NIHR Clinician Scientist
Fellowship, grant MR/K015184/1 from the Medical
Research Council, and Registered Charity in
England and Wales grant 1143522 and Scotland
grant SCO43294 from the Idiopathic Intracranial
Hypertension UK Charity. No other disclosures
were reported.

REFERENCES

1. Markey KA, Mollan SP, Jensen RH, Sinclair AJ.
Understanding idiopathic intracranial hypertension:
mechanisms, management, and future directions.
Lancet Neurol. 2016;15(1):78-91. doi:10.1016/S1474-
4422(15)00298-7

2. Mulla Y, Markey KA, Woolley RL, Patel S, Mollan
SP, Sinclair AJ. Headache determines quality of life
in idiopathic intracranial hypertension. J Headache
Pain. 2015;16:521. doi:10.1186/s10194-015-0521-9

3. Mollan S, Aguiar M, Evison F, Frew E, Sinclair AJ.
The expanding burden of idiopathic intracranial
hypertension. Eye (Lond). 2019;33(3):478-485. doi:
10.1038/s41433-018-0238-5

4. Friedman DI, Liu GT, Digre KB. Revised
diagnostic criteria for the pseudotumor cerebri
syndrome in adults and children. Neurology. 2013;
81(13):1159-1165. doi:10.1212/WNL.0b013e3182a55f17

5. Mollan SP, Davies B, Silver NC, et al. Consensus
guidance for adult idiopathic intracranial
hypertension. J Neurol Neurosurg Psychiatry. 2018;
89(10):1088-1100. doi:10.1136/jnnp-2017-317440

6. Mollan SP, Ali F, Hassan-Smith G, Botfield H,
Friedman DI, Sinclair AJ. Evolving evidence in adult
idiopathic intracranial hypertension:
pathophysiology and management. J Neurol
Neurosurg Psychiatry. 2016;87(9):982-992. doi:10.
1136/jnnp-2015-311302

7. Daniels AB, Liu GT, Volpe NJ, et al. Profiles of
obesity, weight gain, and quality of life in idiopathic
intracranial hypertension (pseudotumor cerebri).
Am J Ophthalmol. 2007;143(4):635-641. doi:10.
1016/j.ajo.2006.12.040

8. Guh DP, Zhang W, Bansback N, Amarsi Z,
Birmingham CL, Anis AH. The incidence of
co-morbidities related to obesity and overweight:
a systematic review and meta-analysis. BMC Public
Health. 2009;9:88. doi:10.1186/1471-2458-9-88

9. Lu Y, Hajifathalian K, Ezzati M, Woodward M,
Rimm EB, Danaei G; Global Burden of Metabolic
Risk Factors for Chronic Diseases Collaboration
(BMI Mediated Effects). Metabolic mediators of the

effects of body-mass index, overweight, and
obesity on coronary heart disease and stroke:
a pooled analysis of 97 prospective cohorts with 1.8
million participants. Lancet. 2014;383(9921):970-
983. doi:10.1016/S0140-6736(13)61836-X

10. Fontana L, Hu FB. Optimal body weight for
health and longevity: bridging basic, clinical, and
population research. Aging Cell. 2014;13(3):391-400.
doi:10.1111/acel.12207

11. O’Reilly MW, Westgate CSJ, Hornby C, et al.
A unique androgen excess signature in idiopathic
intracranial hypertension is linked to cerebrospinal
fluid dynamics. JCI Insight. 2019;4(6):e125348. doi:
10.1172/jci.insight.125348

12. Ding EL, Song Y, Malik VS, Liu S. Sex differences
of endogenous sex hormones and risk of type 2
diabetes: a systematic review and meta-analysis.
JAMA. 2006;295(11):1288-1299. doi:10.1001/jama.
295.11.1288

13. Dalmasso C, Maranon R, Patil C, et al.
Cardiometabolic effects of chronic
hyperandrogenemia in a new model of
postmenopausal polycystic ovary syndrome.
Endocrinology. 2016;157(7):2920-2927. doi:10.1210/
en.2015-1617

14. Azziz R, Carmina E, Dewailly D, et al; Androgen
Excess Society. Positions statement: criteria for
defining polycystic ovary syndrome as a
predominantly hyperandrogenic syndrome: an
Androgen Excess Society guideline. J Clin
Endocrinol Metab. 2006;91(11):4237-4245. doi:10.
1210/jc.2006-0178

15. Morgan CL, Jenkins-Jones S, Currie CJ, Rees DA.
Evaluation of adverse outcome in young women
with polycystic ovary syndrome versus matched,
reference controls: a retrospective, observational
study. J Clin Endocrinol Metab. 2012;97(9):3251-3260.
doi:10.1210/jc.2012-1690

16. Mani H, Levy MJ, Davies MJ, et al. Diabetes and
cardiovascular events in women with polycystic
ovary syndrome: a 20-year retrospective cohort
study. Clin Endocrinol (Oxf). 2013;78(6):926-934.
doi:10.1111/cen.12068

17. Randeva HS, Tan BK, Weickert MO, et al.
Cardiometabolic aspects of the polycystic ovary
syndrome. Endocr Rev. 2012;33(5):812-841. doi:10.
1210/er.2012-1003

18. General Practitioners Committee. NHS
Employers and NHS England. 2016/17 General
Medical Services (GMS) Contract Quality and
Outcomes Framework (QOF) Guidance for GMS
Contract 2016/17. https://www.http://
nhsemployers.org/-/media/Employers/Documents/
Primary-care-contracts/QOF/2016-17/2016-17-QOF-
guidance-documents.pdf. Published April 2016.
Accessed May 31, 2019.

19. Doran T, Fullwood C, Gravelle H, et al.
Pay-for-performance programs in family practices
in the United Kingdom. N Engl J Med. 2006;355(4):
375-384. doi:10.1056/NEJMsa055505

20. Lewis JD, Schinnar R, Bilker WB, Wang X,
Strom BL. Validation studies of the health
improvement network (THIN) database for
pharmacoepidemiology research.
Pharmacoepidemiol Drug Saf. 2007;16(4):393-401.
doi:10.1002/pds.1335

21. Lévesque LE, Hanley JA, Kezouh A, Suissa S.
Problem of immortal time bias in cohort studies:
example using statins for preventing progression of

diabetes. BMJ. 2010;340:b5087. doi:10.1136/bmj.
b5087

22. NHS Digital. Business Rules for Quality and
Outcomes Framework (QOF) 2017/18. Secondary
Prevention of Coronary Heart Disease (CHD). Leeds,
England: NHS Digital; 2017.

23. Adams J, Ryan V, White M. How accurate are
Townsend deprivation scores as predictors of
self-reported health? a comparison with individual
level data. J Public Health (Oxf). 2005;27(1):101-106.
doi:10.1093/pubmed/fdh193

24. Frič R, Pripp AH, Eide PK. Cardiovascular risk
factors in Chiari malformation and idiopathic
intracranial hypertension. Brain Behav. 2017;7(5):
e00677. doi:10.1002/brb3.677

25. Best J, Silvestri G, Burton B, Foot B, Acheson J.
The incidence of blindness due to idiopathic
intracranial hypertension in the UK. Open
Ophthalmol J. 2013;7(7):26-29. doi:10.2174/
1874364101307010026

26. Bigal ME, Kurth T, Santanello N, et al. Migraine
and cardiovascular disease: a population-based
study. Neurology. 2010;74(8):628-635. doi:10.1212/
WNL.0b013e3181d0cc8b

27. Yiangou A, Mitchell J, Markey KA, et al.
Therapeutic lumbar puncture for headache in
idiopathic intracranial hypertension: minimal gain,
is it worth the pain? Cephalalgia. 2019;39(2):245-253.
doi:10.1177/0333102418782192

28. Canoy D, Luben R, Welch A, et al. Fat
distribution, body mass index and blood pressure in
22,090 men and women in the Norfolk cohort of
the European Prospective Investigation into Cancer
and Nutrition (EPIC-Norfolk) study. J Hypertens.
2004;22(11):2067-2074. doi:10.1097/00004872-
200411000-00007

29. Yusuf S, Hawken S, Ounpuu S, et al;
INTERHEART Study Investigators. Obesity and the
risk of myocardial infarction in 27,000 participants
from 52 countries: a case-control study. Lancet.
2005;366(9497):1640-1649. doi:10.1016/S0140-
6736(05)67663-5

30. Grundy SM, Adams-Huet B, Vega GL. Variable
contributions of fat content and distribution to
metabolic syndrome risk factors. Metab Syndr Relat
Disord. 2008;6(4):281-288. doi:10.1089/met.
2008.0026

31. Hornby C, Botfield H, O’Reilly MW, et al.
Evaluating the fat distribution in idiopathic
intracranial hypertension using dual-energy X-ray
absorptiometry scanning. Neuroophthalmology.
2017;42(2):99-104. doi:10.1080/01658107.2017.
1334218

32. Sinclair AJ, Burdon MA, Nightingale PG, et al.
Low energy diet and intracranial pressure in women
with idiopathic intracranial hypertension:
prospective cohort study. BMJ. 2010;341:c2701.
doi:10.1136/bmj.c2701

33. NCD Risk Factor Collaboration (NCD-RisC).
Trends in adult body-mass index in 200 countries
from 1975 to 2014: a pooled analysis of 1698
population-based measurement studies with 19.2
million participants. Lancet. 2016;387(10026):1377-
1396. doi:10.1016/S0140-6736(16)30054-X

34. Kilgore KP, Lee MS, Leavitt JA, et al.
Re-evaluating the incidence of idiopathic
intracranial hypertension in an era of increasing
obesity. Ophthalmology. 2017;124(5):697-700. doi:
10.1016/j.ophtha.2017.01.006

Research Original Investigation Association Between Idiopathic Intracranial Hypertension and Cardiovascular Risk in Women

E10 JAMA Neurology Published online July 8, 2019 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 07/18/2019

https://dx.doi.org/10.1016/S1474-4422(15)00298-7
https://dx.doi.org/10.1016/S1474-4422(15)00298-7
https://dx.doi.org/10.1186/s10194-015-0521-9
https://dx.doi.org/10.1038/s41433-018-0238-5
https://dx.doi.org/10.1212/WNL.0b013e3182a55f17
https://dx.doi.org/10.1136/jnnp-2017-317440
https://dx.doi.org/10.1136/jnnp-2015-311302
https://dx.doi.org/10.1136/jnnp-2015-311302
https://dx.doi.org/10.1016/j.ajo.2006.12.040
https://dx.doi.org/10.1016/j.ajo.2006.12.040
https://dx.doi.org/10.1186/1471-2458-9-88
https://dx.doi.org/10.1016/S0140-6736(13)61836-X
https://dx.doi.org/10.1111/acel.12207
https://dx.doi.org/10.1172/jci.insight.125348
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.295.11.1288&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.295.11.1288&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812
https://dx.doi.org/10.1210/en.2015-1617
https://dx.doi.org/10.1210/en.2015-1617
https://dx.doi.org/10.1210/jc.2006-0178
https://dx.doi.org/10.1210/jc.2006-0178
https://dx.doi.org/10.1210/jc.2012-1690
https://dx.doi.org/10.1111/cen.12068
https://dx.doi.org/10.1210/er.2012-1003
https://dx.doi.org/10.1210/er.2012-1003
https://www
http://nhsemployers.org/-/media/Employers/Documents/Primary-care-contracts/QOF/2016-17/2016-17-QOF-guidance-documents.pdf
http://nhsemployers.org/-/media/Employers/Documents/Primary-care-contracts/QOF/2016-17/2016-17-QOF-guidance-documents.pdf
http://nhsemployers.org/-/media/Employers/Documents/Primary-care-contracts/QOF/2016-17/2016-17-QOF-guidance-documents.pdf
http://nhsemployers.org/-/media/Employers/Documents/Primary-care-contracts/QOF/2016-17/2016-17-QOF-guidance-documents.pdf
https://dx.doi.org/10.1056/NEJMsa055505
https://dx.doi.org/10.1002/pds.1335
https://dx.doi.org/10.1136/bmj.b5087
https://dx.doi.org/10.1136/bmj.b5087
https://dx.doi.org/10.1093/pubmed/fdh193
https://dx.doi.org/10.1002/brb3.677
https://dx.doi.org/10.2174/1874364101307010026
https://dx.doi.org/10.2174/1874364101307010026
https://dx.doi.org/10.1212/WNL.0b013e3181d0cc8b
https://dx.doi.org/10.1212/WNL.0b013e3181d0cc8b
https://dx.doi.org/10.1177/0333102418782192
https://dx.doi.org/10.1097/00004872-200411000-00007
https://dx.doi.org/10.1097/00004872-200411000-00007
https://dx.doi.org/10.1016/S0140-6736(05)67663-5
https://dx.doi.org/10.1016/S0140-6736(05)67663-5
https://dx.doi.org/10.1089/met.2008.0026
https://dx.doi.org/10.1089/met.2008.0026
https://dx.doi.org/10.1080/01658107.2017.1334218
https://dx.doi.org/10.1080/01658107.2017.1334218
https://dx.doi.org/10.1136/bmj.c2701
https://dx.doi.org/10.1016/S0140-6736(16)30054-X
https://dx.doi.org/10.1016/j.ophtha.2017.01.006
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812


35. Curry WT Jr, Butler WE, Barker FG II. Rapidly
rising incidence of cerebrospinal fluid shunting
procedures for idiopathic intracranial hypertension
in the United States, 1988-2002. Neurosurgery.
2005;57(1):97-108. doi:10.1227/01.NEU.
0000163094.23923.E5

36. Marmot M. Social determinants of health
inequalities. Lancet. 2005;365(9464):1099-1104.
doi:10.1016/S0140-6736(05)74234-3

37. Wilkinson R, Marmot M, eds. Social
Determinants of Health: The Solid Facts. 2nd
edition. Geneva, Switzerland: World Health
Organization; 2003:31.

38. Pickett KE, Pearl M. Multilevel analyses of
neighbourhood socioeconomic context and health
outcomes: a critical review. J Epidemiol Community
Health. 2001;55(2):111-122. doi:10.1136/jech.55.2.111

39. Phillimore P, Beattie A, Townsend P. Widening
inequality of health in northern England, 1981-91.
BMJ. 1994;308(6937):1125-1128. doi:10.1136/bmj.
308.6937.1125

40. Barnett K, Mercer SW, Norbury M, Watt G,
Wyke S, Guthrie B. Epidemiology of multimorbidity
and implications for health care, research, and
medical education: a cross-sectional study. Lancet.
2012;380(9836):37-43. doi:10.1016/S0140-6736(12)
60240-2

41. Herman WH, Ye W, Griffin SJ, et al. Early
detection and treatment of type 2 diabetes reduce

cardiovascular morbidity and mortality:
a simulation of the results of the Anglo-Danish-
Dutch Study of Intensive Treatment in People With
Screen-Detected Diabetes in Primary Care
(ADDITION-Europe). Diabetes Care. 2015;38(8):
1449-1455. doi:10.2337/dc14-2459

42. Feldman AL, Griffin SJ, Fhärm E, et al.
Screening for type 2 diabetes: do screen-detected
cases fare better? Diabetologia. 2017;60(11):2200-
2209. doi:10.1007/s00125-017-4402-4

43. Ottridge R, Mollan SP, Botfield H, et al.
Randomised controlled trial of bariatric surgery
versus a community weight loss programme for the
sustained treatment of idiopathic intracranial
hypertension: the Idiopathic Intracranial
Hypertension Weight Trial (IIH:WT) protocol. BMJ
Open. 2017;7(9):e017426. doi:10.1136/bmjopen-2017-
017426

44. Hall GC. Validation of death and suicide
recording on the THIN UK primary care database.
Pharmacoepidemiol Drug Saf. 2009;18(2):120-131.
doi:10.1002/pds.1686

45. Seminara NM, Abuabara K, Shin DB, et al.
Validity of The Health Improvement Network
(THIN) for the study of psoriasis. Br J Dermatol.
2011;164(3):602-609.

46. Cooper AR, Page A, Fox KR, Misson J. Physical
activity patterns in normal, overweight and obese

individuals using minute-by-minute accelerometry.
Eur J Clin Nutr. 2000;54(12):887-894. doi:10.1038/
sj.ejcn.1601116

47. Chen Y, Mao Y. Obesity and leisure time
physical activity among Canadians. Prev Med.
2006;42(4):261-265. doi:10.1016/j.ypmed.2006.01.
006

48. Diaz KM, Shimbo D. Physical activity and the
prevention of hypertension. Curr Hypertens Rep.
2013;15(6):659-668. doi:10.1007/s11906-013-0386-
8

49. Heymsfield SB, Gonzalez MC, Lu J, Jia G, Zheng
J. Skeletal muscle mass and quality: evolution of
modern measurement concepts in the context of
sarcopenia. Proc Nutr Soc. 2015;74(4):355-366. doi:
10.1017/S0029665115000129

50. Park J, Ishikawa-Takata K, Tanaka S, et al.
Relation of body composition to daily physical
activity in free-living Japanese adult women. Br J
Nutr. 2011;106(7):1117-1127. doi:10.1017/
S0007114511001358

51. Park J, Ishikawa-Takata K, Tanaka S, et al. The
relationship of body composition to daily physical
activity in free-living Japanese adult men. Br J Nutr.
2014;111(1):182-188. doi:10.1017/S0007114513001918

Association Between Idiopathic Intracranial Hypertension and Cardiovascular Risk in Women Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology Published online July 8, 2019 E11

Downloaded From: https://jamanetwork.com/ on 07/18/2019

https://dx.doi.org/10.1227/01.NEU.0000163094.23923.E5
https://dx.doi.org/10.1227/01.NEU.0000163094.23923.E5
https://dx.doi.org/10.1016/S0140-6736(05)74234-3
https://dx.doi.org/10.1136/jech.55.2.111
https://dx.doi.org/10.1136/bmj.308.6937.1125
https://dx.doi.org/10.1136/bmj.308.6937.1125
https://dx.doi.org/10.1016/S0140-6736(12)60240-2
https://dx.doi.org/10.1016/S0140-6736(12)60240-2
https://dx.doi.org/10.2337/dc14-2459
https://dx.doi.org/10.1007/s00125-017-4402-4
https://dx.doi.org/10.1136/bmjopen-2017-017426
https://dx.doi.org/10.1136/bmjopen-2017-017426
https://dx.doi.org/10.1002/pds.1686
https://www.ncbi.nlm.nih.gov/pubmed/21073449
https://www.ncbi.nlm.nih.gov/pubmed/21073449
https://dx.doi.org/10.1038/sj.ejcn.1601116
https://dx.doi.org/10.1038/sj.ejcn.1601116
https://dx.doi.org/10.1016/j.ypmed.2006.01.006
https://dx.doi.org/10.1016/j.ypmed.2006.01.006
https://dx.doi.org/10.1007/s11906-013-0386-8
https://dx.doi.org/10.1007/s11906-013-0386-8
https://dx.doi.org/10.1017/S0029665115000129
https://dx.doi.org/10.1017/S0007114511001358
https://dx.doi.org/10.1017/S0007114511001358
https://dx.doi.org/10.1017/S0007114513001918
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.1812

