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ABSTRACT

Background: Hormonal contraceptives (HC), one of the most prescribed classes of medication in women, have been
linked with pseudotumor cerebri syndrome (PTCS). To date, no large epidemiologic study has examined this
association.

Methods: A case-control study using the IMS LifeLink Pharmetrics Plus database was conducted. Cases had an ICD-
9-CM code for benign intracranial hypertension as well as a procedural code for a CT or MRI and a code for lumbar
puncture procedure within 15 days of the PTCS code. Controls were selected from the cohort using density-based
sampling.

Results: From a cohort of 9,053,240 subjects, there were 288 cases of PTCS corresponding to 2,880 controls. The
adjusted RRs for two or more prescriptions of oral combined contraceptive was 0.62 (95% confidence interval 0.39-
0.99). RRs for overall HC use was 0.91 (95% CI 0.39-2.12) for one prescription of HCs and 0.69 (95% CI 0.45-1.05)
for two or more prescriptions. The RRs for one and two or more prescriptions of progestin only HCs were 0.75 (95%
C10.08-7.46) and 1.06 (95% CI 0.42-2.69), respectively.

Conclusions: Overall HC use does not have a significant effect on incidence of PTCS, however harm associated with
progestin-only contraceptives cannot be excluded.
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Oral contraceptives

this can lead to vision loss. PTCS occurs most often in
women of child bearing age. Obesity has also been shown
to be highly correlated with the disease!. The effect of
several medications on the risk of PTCS have also been
studied including tetracycline and fluoroquinolone
antibiotics, vitamin A derivatives, and HC medications.?*

INTRODUCTION

Hormonal contraceptive (HC) drugs are one of the most
prescribed classes of medications in  women.
Pseudotumor cerebri syndrome (PTCS) is a rare but
serious condition that leads to an increased intracranial
pressure in the absence of malignancy or other causes.
One clinical feature of PTCS is papilledema or swelling
of the optic nerve secondary to raised ICP. If untreated,

The role of HCs on the risk of PTCS has been the topic of
much debate and many studies have reported on the
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potential association of HCs and PTCS. There is
sufficient plausibility that HCs increase the risk of PTCS.
Indeed, studies that have measured levels of estrogen
analogues (estradiol, estriol, and estrone) in human
cerebrospinal fluid (CSF) demonstrated that in most
patients with PTCS, CSF estrone levels, not estradiol and
estriol, were measurable in most PTCS cases and were
significantly elevated versus controls.® In addition, one
published case series described five women aged 18-27
who developed symptoms of PTCS, namely headaches,
papilledema, and engorged veins of the optic disk, while
on combined HCs.® Once these patients were switched to
progesterone-only HCs, clearance of headache and return
of normal blood flow to the optic disks was observed,
thus indicating the potential role of estrogens in PTCS.®

A study by Ireland et al undertook a small case-control
study of 40 cases and 39 controls that examined potential
risk factors for PTCS.” The study found a non-statistically
significant increase in risk (Odds Ratio = 2.50, 95% CI:
0.95-6.54) among women who took HCs within 12
months of PTCS diagnosis.” However, with only 40 cases
of PTCS, there was insufficient statistical power to draw
any conclusions from this study. Another study by
Giuseffi et al also examined the relation between HCs
and PTCS.® This study found no association between
HCs with PTCS (OR: 0.60, 95% CI 0.2-1.8) although the
study was also underpowered and relied on patient recall
to ascertain HC exposure.®

In light of the lack in large epidemiologic studies on the
relation between HCs and PTCS we sought to examine
the risk of PTCS with HCs using a large health claims
database in the United States.

METHODS
Data sources

The IMS LifeLink Pharmetrics Plus database contains
health claims comprised of over 150 million unique
enrollees, with fully adjudicated medical and pharmacy
claims including detailed information on the pharmacy
and medical benefit (copayment, deductible) and the
inpatient stay and provider details (provider specialty
included in all extracts). Specifically, it contains a
longitudinal view of inpatient and outpatient services,
prescription and office/outpatient administered drugs.
This database is generally representative of the under 65
commercially insured population in the US with respect
to both age and gender.’® The database is a good
representation of all geographic areas of the United
States.® We had access to a random sample of 9,053,240
million subjects of PharMetrics from 2006-2016.%°

Cohort entry
Subjects entered the cohort with the first enrollment date

and were followed to the first physician visit for PTCS
(International Classification for Diseases 9™ Revision,
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Clinical Modification (CM), ICD-9) code 348.2. From
the cohort, we omitted those with prior diagnosis of
papilledema, as this condition implies raised intracranial
pressure secondary to an intracranial mass lesion. We
also excluded cases of meningitis and central venous
thrombosis, given they are distinct clinical entities that
present with papilledema unrelated to PTCS. A one year
look back period was required for all subjects to assess
study drug and covariate distribution. We restricted our
analysis to only women.

Case and control definition

A definition for identifying PTCS cases was derived
following consultation with a neuro-ophthalmologist
(CAS). All newly diagnosed cases of PTCS (ICD-CM
348.2) were first identified. This date was regarded as the
index date. In addition to having the first ICD-CM code
for PTCS each case was required to have received a
current procedural terminology (CPT) codes for a head
computerized tomography (CT) scan or magnetic
resonance imaging (MRI) in addition and prior to a code
for lumbar puncture (LP) within 15 days of the PTCS
code. This definition was used in the primary analysis. As
some cases of PTCS may be diagnosed first and
confirmed by imaging or LP later, a patient could have
received these procedures within 15 days after the date of
the 1CD-9 code. For each identified case, ten control
patients (those without any diagnosis of PTCS) were
identified and matched to the cases by calendar time, age,
and follow up time. Controls were eligible to become
future cases and could have been selected more than
once. This density-based sampling approach of control
selection has shown to generate odds ratios (ORs) that
closely approximately rate ratios (RR).1

Exposure definition and statistical analysis

We ascertained all HC prescription records for cases and
controls in the year prior to the index date. We
categorized HCs to mutually exclusive groups of one of
the following categories:

1. All forms of hormonal contraceptives (HCs)
including combination ethinyl estradiol and progestin
pills

2. Oral combination pills

3. All forms contraceptive progestins which included
intrauterine or subdermal preparations, and injectable
progestin HCs

4. All forms of progestins which included drugs in the
point above in addition to non-contraceptive
progestins used for hormone replacement therapy or
gynecological disorders.

Exposure was defined as use of at least one prescription
in the year prior to the index. Given that both estrogen
and progestin hormonal contraceptives may play a role in
PTCS development and studies/case reports suggesting
that both estrogen and progestin  containing
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contraceptives might increase the risk of PTCS, we
combined all HCs in one of the analyses. The use of one
prescription was used to examine whether the risk of
PTCS is an acute event. We further examined the risk of
PTCS with two or more prescriptions to observe any dose
response effect with the study drugs and also ensured that
patients continued taking their medications. Additionally,
this category maximized exposure as it examines the risk
in women who renewed their prescriptions. The RRs for
all categories were compared to non-users of any
category.

A conditional logistic regression model was used to
estimate rate ratios adjusting for the following covariates:
obesity, hypothyroidism and use of tetracyclines,
fluoroquinolones, isotretinoin and steroids. In order to
assess the effect of obesity in the study we also undertook
an analysis excluding obesity in the model. All analyses
were done using SAS version 9.3. Ethics approval was
obtained from the University of British Columbia Ethics
Board.

RESULTS

From a cohort of 9,053,240 million subjects, there were
288 cases of PTCS which were matched to 2,880 controls
(Table 1). We excluded all men from the study and the
women had a MeantSD age of 33.6+13.2 years and
obesity were greater in cases (35.1% of cases versus
9.3% of controls) (Table 1). Proportion of patients with
hypothyroidism was also slightly higher in PTCS cases
compared to controls (19.4% versus 8.7%) (Table 1).
Additional prescription drug use including tetracyclines,
fluoroquinolones, isotretinoin, and steroids was also
found to be higher in cases compared to controls (Table
1).

Table 1: Characteristics of pseudotumor cerebri cases
and their matched controls.

Number 288 2.880
Age in years 33.6+£13.2 33.6%£13.2
Follow-up in years 3.7+2.9 3.7+2.9
Covariates (%)

Obesity 35.1 9.3
Hypothyroidism 19.4 8.7
Tetracycline 26.7 11.3
Fluoroquinolone 0.7 0.5
Isotretinoin 16.0 6.7
Steroids 26.0 11.2

The adjusted rate ratios (RR) for one prescription of all
HCs was 0.91 (95% confidence interval [CI] 0.39-2.12)
and for two or more prescriptions, the RR was 0.69 (95%
Cl 0.45-1.05) (Table 2).

The RRs for one and two or more prescriptions for oral
combined contraceptives were 1.00 (95% CI 0.41-2.45)
and 0.62 (95% CI 0.39-0.99), respectively (Table 2). The
RRs for one and two or more prescriptions of all forms of
progestin  HCs including those used for hormone
replacement therapy (HRT) was 0.75 (95% CI:0.08-0.46)
and 1.06 (95% CI 0.42-2.69). The RR for two or more
prescriptions for all forms of progestin HCs was 1.90
(95% ClI 0.74-8.72) (Table 2). The results did not change
significantly in the obesity excluded analysis other than
the category for those taking two or more oral
contraceptives where the protective effect was lost (Table
3).

Table 2: Rate ratios and confidence intervals for the risk of pseudotumor cerebri syndrome with different
formulations of hormonal contraceptives.

Cases
Number of subjects 288
No use of any HC (%) 86.5
AIl HCs N (%) 1Rx 7(2.4)
All HCs N (%) >2Rx 32 (11.1)
Oral combination pills N (%) 1Rx 6 (2.1)
Oral combination pills N (%) >2Rx 23 (8.0)
All progestins+HRT N (%) 1 Rx 1(0.4)
All progestins+HRT N (%) >2 Rx 6(2.1)
All forms progestin HCs N (%) >2 Rx 4 (1.4)

Controls Rate ratio Rate ratio 95 % CI

2880

83.8 Reference - -

64 (2.2) 1.04 0.91 0.39-2.12

403 (14.0) 0.75 0.69 0.45-1.05

56 (1.9) 1.01 1.00 0.41-2.45

339 (11.8) 0.64 0.62 0.39-0.99
8 (0.3) 1.20 0.75 0.08-7.46
48 (1.7) 1.18 1.06 0.42-2.69
16 (0.6) 2.39 1.90 0.74-8.72

*Adjusted for variables in Table 1 except obesity; Rx: Prescription; HRT: Hormone replacement therapy
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Table 3: Rate ratios and confidence intervals for the risk of pseudotumor cerebri syndrome with different
formulations of hormonal contraceptives excluding obesity from the analysis.

Cases
Number of subjects 187
No use of any HC (%) 86.1
All HCs N (%) 6(3.2)
All HCs (%) >=2Rx 20 (10.7)
Oral combination pills N (%) 1Rx 5(2.7)
Oral combination pills N (%) >2Rx 17 (8.0)
All progestins +HRT N (%) 1Rx 1(0.5)
All progestins +HRT N (%) >2 Rx 3(1.6)
All progestin HCs N (%) 1 Rx 0 (0.0)
All progestin HCs N (%) >2 Rx 3(1.6)

Controls Rate ratio Rate ratio 95% CI
1,720
85.0 Reference - -
34 (2.0) 1.56 0.64 0.67-4.04
220 (13.0) 0.80 0.74 0.44-1.25
32 (1.9) 1.40 1.47 0.56-3.85
193 (11.8) 0.78 0.71 0.41-1.24
2(0.2) 3.92 4.68 0.42-52.27
22 (1.3) 1.19 1.23 0.34-4.41
1(0.1) 0.00 0.00 -
5(0.3) 4.84 5.11 1.19-21.96

*Adjusted for variables in Table 1 except obesity; Rx: Prescription; HRT:Hormone replacement therapy

DISCUSSION

This study is the first large epidemiologic study
investigating the effects of all HCs and PTCS.

These results found no association of PTCS with overall
HC use. Progestin-only contraceptives were also not
associated with an increase in risk, although the upper
limit of the confidence interval is high, which does not
exclude a harmful association. Subjects with two or more
prescriptions of oral combined HCs demonstrated a
statistically significant protective effect against PTCS
when obesity was adjusted for although the upper limit of
the confidence interval was very close to 1.

Since obesity is a major confounder in this study, RRs
from the obesity adjusted model are more accurate than
the analysis where obesity was not accounted for.
Although this may seem contradictory to previous
aforementioned case reports, some animal studies provide
evidence that highlights a potential protective effect of
estrogen. For example, estrogen has been implicated in
decreasing brain edema, brain tissue water content, and
ICP thus exerting a protective effect, in particular
following traumatic brain injury.!** Furthermore,
estrogen has demonstrated a decrease in choroid plexus
production of CSF, thus decreasing intracranial pressure
(ICP) in rabbits.*

The cellular mechanism relating estrogen to ICP is
unclear. Increased glutamate receptor and excitatory
neurotransmission has been found to increase intracranial
pressure and antagonizing glutamate receptors has been
shown to decrease brain tissue water content'6. Estrogen
has been implicated in decreasing severity of glutamate
neurotoxicity by upregulating glutamate transporters in
astrocytes, which are critical for synaptic glutamate
reuptake  and preventing excitotoxicity  and
neurodegeneration®’. In humans, on days of the menstrual
cycle when blood glutamate levels are at their lowest,
plasma estrogen levels are at their highest and vice versa,
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indicating a potential protective role.*® It has also been
speculated that estrogens may promote venous sinus
thrombosis, impairing CSF resorption however, in the
current study, subjects with cerebral venous thrombosis
were excluded from analysis and we are unable to
comment on this association.1%2°

Future studies are needed to further examine the role of
progestin only contraceptives with PTCS, other than case
studies.?12

One recent descriptive study demonstrated an increase in
risk with intrauterine levonorgestrel (IL) and PTCS.%
The study used data from Utah and Denmark and showed
an increased odds ratio of 7.70 (95% CI: 3.7-16.0) and
3.91 (95% CI: 1.89-8.06).22 One limitation of the study
was difficulty discerning the timing of the onset of PTCS
in relation to IL use.

The present study has a few strengths and limitations.
One key strength of our study methodology was in the
identification of PTCS. We ensured robust ascertainment
of PTCS with the assistance of a neuro-ophthalmologist
(C.A.S) and made use of lumbar puncture and brain
imaging codes.

One main limitation is the relatively low number of cases.
Another limitation of our study is that the database we
utilized does not record patient medical records, and thus
we did not have details of individual patients’ medical
history. We did not have complete information on BMI
for cases and controls, although the crude and adjusted
analyses for obesity did not change the results.

Finally, it is possible that some women may have
acquired HCs through other insurance providers which
would not be captured in their prescription drug history.
However, we do not believe this would have occurred
differentially among cases and controls and is unlikely to
have affected the results of the present study.

Volume 7 - Issue 3 Page 781



Sodhi M et al. Int J Reprod Contracept Obstet Gynecol. 2018 Mar;7(3):778-782

CONCLUSION

Overall use of HCs was seen to have no significant effect
on incidence of PTCS, however harm for progestin-only
contraceptives cannot be excluded and requires further
work to confirm in addition to investigating different HC
drug delivery systems. Estrogen containing HCs may be a
viable option for women currently taking drugs that may
induce PTCS or have comorbidities of PTCS, however
further research must be done to determine potential HC
benefit or harm.
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