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Abstract
Obesity and headache are both associated with a substantial personal and societal impact, and
epidemiologic studies have consistently identified a positive association between obesity and
headache in general, as well as obesity and migraine specifically (see part I). In the current
manuscript, we will discuss the potential mechanisms for the migraine–obesity association, with a
focus on the central and peripheral pathophysiological pathways which overlap between migraine
and those modulating the drive to feed. We then discuss surgical, behavioral, and pharmacological
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treatment considerations for overweight and obese migraineurs as well as for those with idiopathic
intracranial hypertension. We close by briefly discussing where future research may be headed in
light of this data.
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Obesity is a risk factor for headache in general, as well as for episodic migraine (EM) and
chronic migraine (CM) specifically.1,2 Obesity is also associated with certain secondary
headache conditions such as idiopathic intracranial hypertension (see Part I).1 Although the
direction of the headache/migraine–obesity association has not been determined, it has been
hypothesized that shared overlapping pathophysiologic mechanisms and/or lifestyle and
behavioral factors may contribute to this relationship. Further, given that obesity is a
modifiable risk factor for migraine, the question as to the efficacy of weight loss programs
(non-surgical or surgical) for migraine prevention is an important one.

In this manuscript, we first review the central and peripheral pathways regulating feeding
and adipose tissue function, with a focus on the overlapping mechanisms implicated in
migraine. Next, we review the surgical and behavioral treatment options (including diet and
exercise therapies) for overweight and obese patients with migraine as well as those with
idiopathic intracranial hypertension, a secondary headache condition with strong
associations with obesity. We also discuss pharmacologic considerations when treating
overweight or obese headache patients. We close by touching on the current data on surgical
and lifestyle interventions for overweight and obese migraineurs, as well as where future
research is headed.

Central Regulation of Feeding and Its Overlap With Migraine
Pathophysiology

The regulation of feeding is controlled by the hypothalamus and its connections.3 The
arcuate nucleus (ARC) of the hypothalamus contains both orexigenic and anorexigenic
neuropeptides.4,5 Signals from the ARC neurons are then transmitted to other hypothalamic
nuclei, including the paraventricular nucleus (which expresses adiponectin [ADP] and leptin
receptors), the ventromedial nucleus, and the lateral hypothalamus (LH) nucleus.3–6 The LH
contains 2 groups of neurons:the orexin neurons (which stimulate feeding) and the melanin-
concentrating hormone neurons (which inhibit food intake). These neurons subsequently
project to the brainstem nuclei (eg, the nucleus tractus solitarius and the dorsomotor nucleus
of the vagus) where the descending hypothalamic inputs are integrated with peripheral
inputs from the gastrointestinal system.3–5

The hypothalamus has also been implicated in migraine. This was initially suggested based
on the observations of hypothalamic premonitory and postdromal symptoms in migraineurs,
such as food cravings as well as mood and sleep disturbances.7 Additionally, functional
imaging has demonstrated hypothalamic activation during acute migraine attacks.8 Thus,
one could hypothesize that a pathological modulation of the hypothalamus in migraineurs
may result in hyperphagia and weight gain. Additionally, the existing data support that
several hypothalamic peptides, proteins, and neurotransmitters involved in feeding
contribute to migraine pathophysiology. Notably, these include serotonin, orexin, and
adipokines (eg, ADP).9 Therefore, it is also possible that modulation of the release of these
hypothalamic peptides and proteins in association with the drive to feed or not feed and/or
by states of obesity may trigger or contribute to the generation of migraine headaches. A full
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review of the connection of these neurotransmitters and proteins with migraine and satiety
has been previously published;10 below, we summarize key points.

Serotonin
Serotonin is a neurotransmitter synthesized from the essential amino acid tryptophan.
Interictal levels of plasma serotonin have been shown to be low in migraineurs.11 In
contrast, serotonin levels increase in migraineurs during acute attacks.12

In animal models, disruption of the 5-HT2C receptor is associated with increased feeding
and the development of obesity.13 Thus, low serotonin states in migraineurs interictally may
promote an increased drive for feeding, whereas high levels ictally may promote
hypophagia.14,15 Not surprisingly, several drugs that modulate serotonin and its receptors,
including those receptors most directly implicated in satiety, the 5-HT1B and 5-HT2C
receptors, are also used in the management of migraine.11,16–18

Orexin
As with serotonin, orexin has been linked to headache and satiety. Specifically, orexin A
(OXA) and orexin B are peptides secreted by neuronal cell bodies primarily localized in the
hypothalamus, with axonal projections to the cortex and brainstem, superficial lamina of the
spinal cord, and the gastrointestinal tract.19,20 Orexin acts on 2 G-protein-coupled receptors,
OXR1 and OXR2, and have been shown to modulate the drive to feed.19–22 Specifically,
centrally administered orexin in rats has been shown to increase food intake.23 Animal and
human data also support a role for orexins in pain processing.20 In rat pain models,
intrathecally administered OXA has anti-hyperalgesic properties,24–28 and the specificity of
OXA’s anti-hyperalgesic effect has been demonstrated by its inhibition when pretreated with
the orexin receptor antagonist.25,29 Additionally, in humans, OXA levels have been shown
to be elevated in the cerebrospinal fluid of chronic daily headache sufferers.30 The findings
of OXA’s anti-hyperalgesic properties in animal models and the elevated OXA levels in
those with chronic daily headache may suggest orexin resistance or disruptions in orexin
receptors in those with chronic headache (which explains the continued pain while having
elevated OXA levels). The full role of the orexins and their receptors in migraine is still
being determined. Further research evaluating ictal and interictal orexin levels in
migraineurs as well as the integrity of orexin receptors is warranted.

Adipocytokines
In addition to peptides and neurotransmitters, adipocytokines participate in energy
homeostasis as well as immunity and inflammation. ADP and leptin are 2 such
adipocytokines.

ADP—ADP is a protein primarily secreted from adipocytes, with receptors expressed in the
endothelium of blood vessels and the brain, including in the hypothalamus.31,32 ADP’s pro-
or anti-inflammatory properties are primarily determined by the form of ADP involved.
ADP undergoes oligomerization and is released in the blood as trimers (low molecular
weight [LMW]), hexamers (middle molecular weight [MMW]), larger complexes (high
molecular weight [HMW] multimers), and a globular fraction (globular ADP [gADP]). In
humans, while HMW-ADP and MMW-ADP activate the NFkβ pathways and induce
interleukin (IL)-6 secretion, LMW-ADP decreases IL-6 secretion.33 Additionally gADP
may have both pro and anti-inflammatory properties.34 Animal and human macrophages
pre-exposed to low doses of gADP for 24 hours showed marked secretion of pro-
inflammatory cytokines with re-exposure to gADP; however, macrophages pre-exposed to
high dose gADP for 24 hours inhibited subsequent cytokine secretion. Investigators
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hypothesized that ADP-mediated induction of macrophages can form tolerance and cause an
“anti-inflammatory” effect when there is high enough circulating levels.34

As with migraine, ADP exhibits a sexual dimorphism, with women having greater ADP
levels compared with men.34,35 The majority of studies also support that ADP levels are
inversely associated with obesity, with obese individuals having lower fasting ADP
levels.36,37

In the first trial evaluating interictal ADP levels in episodic and chronic migraineurs,38 ADP
and its multimers were measured in 37 participants (EM: 13; CM: 12; Control 12). Total
(T)-ADP levels were increased in chronic migraineurs at baseline level of pain as compared
with controls, but not in episodic migraineurs (when pain-free) as compared with controls.
The authors reported that this elevation in total ADP in chronic migraineurs was largely due
to the increase in HMW-ADP.38

In a more recent pilot study of 20 female episodic migraineurs, Peterlin et al evaluated ictal
ADP levels in 20 EM participants before and after treatment with either sumatriptan/
naproxen sodium or placebo. In all 20 participants, both the HMW : LMW ADP ratio and
LMW-ADP multimer levels were associated with migraine severity.9 Specifically, for every
1 point increase in the HMW : LMW ratio, pain severity increased by 0.22 (95% CI: 0.07,
0.37; P = .004). In contrast, for every 0.25 μg/mL increase in LMW-ADP, pain severity
decreased by 0.20 (95% CI: −0.41, −0.002; P = .047). Further, following administration of
the study treatment, T-ADP levels were reduced at 30 min (12.52 ± 3.4; P = .03), 60 min
(12.32 ± 3.2; P = .017), and 120 min (12.65 ± 3.2; P = .016) as compared with prior to
treatment onset(13.48 ± 3.8), in the 11 treatment responders. Responders also showed a
decrease in the HMW : LMW ratio (ie, toward an anti-inflammatory direction) at 60 min
(2.37 ± 1.1; P = .002) and 120 min (2.76 ± 1.4; P = .02) after treatment as compared with
onset (3.70 ± 1.9). In contrast, non-responders showed an increase in the HMW : LMW ratio
(ie, toward a pro-inflammatory direction) at 120 min (1.93 ± 1.69; P = .025) as compared
with onset. These findings suggest that ADP has potential as an operational acute migraine
biomarker and of treatment response in migraineurs. Larger studies evaluating ictal and
interictal ADP and its oligomers in both women and men are warranted.

Leptin—Like ADP, leptin is primarily produced by adipocytes, but also by several other
tissues including the brain.39 Leptin is inhibited by testosterone and increased by ovarian sex
steroids, with women exhibiting levels which are 2–3 times higher than men even when
matched for age and body mass index (BMI).10,40 Additionally, although leptin is associated
with satiety, obese individuals generally exhibit high circulating concentration of leptin,
suggesting leptin resistance in states of obesity.36

As with orexin and ADP, leptin has also been implicated in the modulation of inflammation
and pain.4,41 However, studies evaluating leptin levels in migraineurs have been
inconclusive, with data suggesting both low and elevated levels in migraineurs. In a study of
61 episodic migraineurs and 64 controls, fasting leptin levels were reported to be decreased
in migraineurs (40.1 ± 21.2 ng/mL) interictally as compared with controls (48.5 ± 24.5 ng/
mL; P < .05).42 A second study which evaluated serum leptin levels in migraineurs before
and after preventive treatment (tx) with amitriptyline reported increased leptin levels after
treatment (pre-tx: 7.15 ± 1.12; post-tx: 16.85 ± 2.38, P < .01).43 However, one small case
series of 6 migraine patients reported that leptin was decreased by 39.2 ± 6.5% from
baseline following 20 weeks of treatment (P = .013).44 Most recently Bernecker et al
evaluated fasting leptin levels in 40 non-obese female migraineurs. Although crude leptin
levels in EM participants (15.07 ± 9.63) were greater than controls (9.99 ± 5.62; P < .01),
this association was no longer significant after adjustment for age and BMI.45 Given the
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available data, one could speculate that leptin levels may be low in migraineurs who have
had the disease for longer durations since some data have suggested that chronic exposure to
inflammation may be associated with decreased leptin levels.46

Peripheral Regulation of Adiposity and Its Overlap With Migraine
Pathophysiology

Expansion of adipose tissue during weight gain leads to the recruitment of macrophages and
T-cells, and directly results in the induction of adipocytokines and expression of several pro-
inflammatory cytokines,6,47 including IL-1, IL-6, and tumor necrosis factor (TNF)-α.
Approximately one third of the IL-6 concentration in the circulation of obese individuals
comes from adipocytes.3,35 TNF-α has also been shown to induce insulin resistance and
inhibit adipocyte differentiation, further contributing to this vicious cycle.31

Several alterations in cytokines have been reported in patients with migraine. Specifically,
serum TNF-α and IL-6 have been shown to be increased ictally in episodic migraineurs,
while cerebrospinal fluid TNF-α has been shown to be increased in chronic daily headache
sufferers.48,49 In addition, serum levels of the anti-inflammatory cytokine, IL-10, have also
been suggested to be lower following treatment of acute episodic migraine attacks with
sumatriptan, suggesting elevated levels of IL-10 during acute attacks, perhaps in response to
acute inflammation.50 ADP and leptin have been shown to have reciprocal relationships
with several of these cytokines. Thus future studies evaluating the association between
adipocytokines and cytokines in migraineurs may be of interest.

TREATMENT CONSIDERATIONS FOR OVERWEIGHT AND OBESE
HEADACHE PATIENTS

Obesity has been demonstrated to be a risk factor for migraine and secondary headache
conditions such as idiopathic intracranial hypertension (IIH). Obesity and headache share
overlapping mechanisms as detailed previously. In light of these data, the potentially
modifiable nature of obesity makes it an attractive target for headache treatment. Weight
loss, by either surgical or conservative means, have been theorized to be possibly beneficial
in overweight/ obese migraineurs. While one prospective study evaluating episodic and
chronic migraineurs’ response to prophylactic medication did not find a difference in the
mean reduction of headache frequency based on their baseline weight (i.e. regardless of
baseline weight, all participants were able to improve with medication), this study did not
take into account the effect of weight loss at follow-up in their participants.51 Conversely,
multiple recent studies with a focus on surgical weight loss in obese migraineurs have
suggested that weight loss may be beneficial for improving headache pain and frequency. In
the following section, we will discuss the evidence and precautions associated with both
surgical and non-surgical weight loss options and their potential efficacy for improving
headache.

Surgical Weight Loss
Surgical Weight Loss in Obese Migraine Patients—Bond et al conducted the first
prospective clinic-based study to evaluate changes in headache frequency and severity after
bariatric surgery in 24 episodic migraineurs with severe obesity (BMI ≥ 35 kg/m2).52

Participants (88% women, mean age 39.3) completed the Migraine Disability Assessment
(MIDAS) questionnaire as a measure of headache frequency, intensity, and disability
preoperatively and 6 months postoperatively. With an average reduction of BMI from 46.6
to 34.6 postoperatively, monthly headache frequency decreased on average from 3.7
headache days per month pre-operatively to 2.2 headache days per month postoperatively (P
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= .01). Additionally, participants who achieved greater weight loss had greater odds of
experiencing a ≥50% reduction in headache frequency. Finally, findings showed significant
postoperative reductions in headache severity as well as a reduction in the percentage of
participants with moderate-to-severe disability (50–12.5%, P = .008).52

Subsequently, Novak et al conducted a second prospective clinic-based study that examined
changes in headache characteristics after bariatric surgery in 29 women (mean age 33.2)
with severe obesity (mean BMI 43.0) and episodic migraine.53 The investigators echoed the
findings of Bond et al,52 demonstrating improvements in headache frequency and disability
3 months (mean BMI 37) and 6 months (mean BMI 34) postoperatively. The median
monthly headache frequency decreased from 4 headache days to 2 headache days per month
3 months postoperatively, and to 1 headache day per month 6 months postoperatively. In
addition, the authors reported improved headache-related disability (both the MIDAS and
headache impact score [HIT]-6), decreased headache duration, and improved headache-
associated symptoms following surgery.53

Most recently, Gunay et al conducted a retrospective study that included data from 81
morbidly obese patients (mean age 40, 90% women, mean BMI 48) with preoperative
diagnosis of migraine who underwent Roux-en-Y gastric bypass (RYGB). Findings showed
that migraine symptoms were improved in 89% of patients within approximately 6 months
(range 1–36; P < .01, chi-square test) of undergoing RYGB.54

The above studies provide encouraging data to suggest that bariatric surgery may potentially
have a role in the treatment of episodic migraineurs with severe obesity. However, further
research is warranted in the area. One limitation of the above surgical weight loss studies
include the retrospective documentation of changes in headache frequency and related
parameters vs a prospective headache diary. Thus, larger controlled studies that include
assessment of potential mediators and prospective measures of monthly headache frequency
are needed to substantiate these findings. Moreover, although the above studies suggest that
weight loss could be a principal mechanism underlying the potential benefits of bariatric
surgery, it is also possible that several downstream mechanisms may also be at play, such as
favorable changes in inflammatory cytokines and adipokines, improved psychological
symptoms (eg, depression), or behavioral activity (eg, dietary changes including decreased
exposure to migraine food triggers as a result of postoperative dietary restrictions, increased
engagement in physical activity due to weight loss, and improved physical function, etc).
Additionally, given that many obese and overweight migraineurs may not choose or may be
ineligible for bariatric surgery, it is important to evaluate whether weight loss achieved via
non-surgical approaches (ie, lifestyle interventions such as diet and exercise) produce
similar improvements in headache frequency and severity in controlled trials before formal
recommendations are able to be made.

Finally, it is not yet known whether weight loss-related improvements in migraine can be
sustained over time as the above studies assessed changes in migraine during the initial
active weight loss period. This question carries significant clinical implications given that
maintaining a significant weight loss is a challenging task for many overweight and obese
patients. However, recent observational and experimental research suggests that long-term
weight loss maintenance is possible. In a recent study from the National Weight Control
Registry, an estimated 87% of nearly 3000 participants who had an average weight loss of
31.3 kg at baseline were able to maintain a ≥10% weight loss at 5- and 10-year follow-up
periods.55 Additionally, findings from the Look AHEAD trial, which randomly assigned
more than 5000 overweight or obese patients with type 2 diabetes to intensive lifestyle
intervention or diabetes support and education, showed that intensive lifestyle intervention
participants who achieved an average 8.6% loss of initial body weight at year 1 maintained
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an average 6.0% weight loss at year 10.56 Further, sustained weight loss of 20% at 6 years
after bariatric surgery, and up to 16% at 10 years have been reported in a majority of post-
surgical patients.57,58

Surgical Weight Loss in IIH Patients—As with migraine, there is some evidence
supporting surgical weight loss for treatment of IIH.59,60 When 19 severely obese women
(mean BMI = 47) with IIH underwent bariatric surgery and were followed for 1 year, the
mean BMI decreased to 30, and only 1 patient had persistent headache.60 A more recent
small clinical trial also showed promising results. When 4 female patients (mean BMI =
46.1) underwent laparoscopic adjustable gastric banding, with subsequent weight loss of
64.1% at follow-up, all 4 patients reported either total resolution or significant improvement
in pain score.59 However, larger randomized studies are not available at this time.

Behavioral Interventions
Behavioral Interventions in Migraine Patients—Physical exercise and diet are key
weight loss strategies and are often recommended to migraine patients. Lack of exercise has
been demonstrated to be associated with a 21% increased risk of headache attacks in adult
migraineurs (hazard ratio 1.209; P < .01)61 and a 50% increased risk of migraine in
adolescents (odds ratio 1.5; 95% CI: 1.0–2.2).62 However, activity has also been reported by
migraineurs to be a headache trigger,63 raising concern among some migraineurs that
exercise may exacerbate their migraine. This concern has been addressed by multiple studies
that ultimately support moderate exercise in migraineurs (Table 1).64–70 In the following
section, we will discuss the effect of various behavioral interventions on migraine relief.

Physical Activity Component Only: Several randomized controlled trials and non-
controlled clinical trials have consistently demonstrated reductions in migraine intensity and
migraine-related disability after participation in an exercise program.65–69 Multiple studies
have also demonstrated a decrease in migraine frequency after participation in an exercise
program (see Table 1).65,66,69 The most recent prospective randomized controlled study by
Darabaneanu et al, which included 16 episodic migraineurs (8 age/gender matched controls)
found that the mean number of headache days per month decreased from 3.8 ± 1.3 to 2.3 ±
1.7 in the exercise group compared with 3.3 ± 1.3 to 3.6 ± 1.4 in the control group, after 10
weeks of exercise, P = .048.69 This study also demonstrated significant decreases in the
duration and intensity of the migraine attacks in those episodic migraineurs in the exercise
group compared with the controls (see Table 1).69 However, none of these studies were able
to determine if it was the exercise itself or the weight reduction as a result of exercise that
accounted for the improved migraine symptoms. Future studies are needed to further define
these possibilities.

Dietary Component Only: Diet is an integral aspect of a successful and healthy weight loss
plan. Further, dietary triggers of certain foods have long been described in migraineurs.71

While for weight loss in general, there is evidence suggesting that adherence to a diet is
more important than any particular diet type,72 for migraine in particular, a variety of
specific diets have been tried for headache prevention given the previously discussed
overlaps in migraine and obesity pathophysiology. Some have suggested a low fat or a low
protein diet,73,74 while others have suggested a high fat or a low carbohydrate diet as
possible migraine preventative therapy.75,76 However, all such studies have been either
negative or methodologically flawed preventing conclusions. Thus, we remain without
definitive scientific evidence substantiating the efficacy of any particular diet as a part of
migraine therapy. Encouragingly, several research teams (including the authors D.S.B. and
B.L.P.) are currently conducting prospective, randomized studies that involve testing the
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efficacy of specific diets for treating migraine (eg, D.S.B.: low-fat diet in conjunction with
physical activity; and B.L.P.: low-fat vs low-carbohydrate diet).

Physical Activity and Dietary Components: At least 2 studies have evaluated the efficacy
of multidisciplinary interventions (with both dietary and physical activity components) on
migraine (see Table 1). One of the first randomized controlled clinical trials evaluating the
effect of a multidisciplinary program on migraine was by Lemstra et al in 2002.64 Eighty
participants (including 36 controls) were assigned to group exercise sessions 3 times/week
for 6 weeks, along with stress management, relaxation, dietary lectures, as well as massage
therapies. Investigators found significant differences in improvement of pain frequency,
severity, duration, and quality of life measures between migraine and control groups after
participation in the multidisciplinary program for 6 weeks. Though again, this study did not
specify participants’ initial weight or changes in weight after the program. Most recently,
Verrotti et al assigned 135 adolescent (ages 14–18) migraineurs to a program consisting of
physical exercise, dietary, and behavioral training. This study showed that lowering BMI
(baseline BMI 32.9 ± 4.6, BMI at 12 months 29.9 ± 6.0, P < .01) was significantly
associated with better migraine outcomes 12 months after the interdisciplinary intervention
program for weight loss (see Table 1).77 Larger randomized control studies are underway to
further evaluate the efficacy of a standardized weight loss intervention for reducing migraine
frequency in the adult population.78

Behavioral Interventions in IIH Patients—Weight loss has often been suggested for
IIH patients as a treatment strategy, and both retrospective reviews and prospective studies
evaluating the efficacy of weight loss for IIH have yielded positive results.79–84 A recent
prospective cohort study involving 25 morbidly obese women with IIH (excluded those who
had undergone surgery to treat IIH) demonstrated improvement of headache frequency,
headache severity, vision, and intracranial pressure after an intensive 3-month diet.79 With
weight loss from baseline BMI 38.2 ± 5 to 32.8 ± 4.4, HIT-6 improved from 57.5 ± 9 to 46.9
± 10.1 (P = .004), headache severity (10 point visual analog pain score) decreased from 3.8
± 2.4 to 2.1 ± 2.8 (P = .015), and headache frequency decreased from 3.8 ± 2.9 days/week to
2.1 ± 2.8 days/week (P = .011).

Pharmacological Considerations
Medications used for migraine frequently modulate weight (see Table 2).85,86 Additionally,
weight gain is among one of the most common reasons for a patient to reject a migraine
prophylactic medication.87 Some of the most common migraine prophylactic medications
that can induce weight gain include tricyclic antidepressants (amitriptyline) and
anticonvulsant medications (valproic acid).88,89 Alternatively, protriptyline, timolol, and
topiramate are more likely to be weight neutral or associated with weight loss (see Table
2).44,85,90 Given the migraine–obesity association, physicians of episodic and chronic
migraine patients should consider the impact of migraine preventatives on weight when
choosing pharmacological treatment options.

CONCLUSION
Obesity increases the risk of both episodic and chronic migraine, and this risk increases with
increasing obesity status. While the causal relationship is not known, obesity and migraine
share overlapping central and peripheral mechanisms that may contribute to their
association. In addition, lifestyle and behavioral factors may, at least in part, contribute.
Data on the effect of weight loss, either surgical or non-surgical, in overweight or obese
migraineurs are limited. However, preliminary and pilot data suggest bariatric surgery has
potential to be part of an effective migraine prevention treatment strategy for obese
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migraineurs. Currently, there are no substantial data supporting a specific diet for
overweight and obese migraineurs, although research in this area is underway. Similarly, for
headache patients with idiopathic intracranial hypertension, there are encouraging but
limited data on both surgical and non-surgical weight loss for disease modification. Overall,
current recommendations for clinicians treating overweight and obese headache patients
should be to take particular care in the choices of medications prescribed to their patients,
given that many drugs can modulate weight both positively and negatively, as well as to
promote healthy lifestyle choices in regards to both diet and exercise.
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Table 2

Potential Migraine Preventative Medications and Weight Considerations

Drug Class/Drug Weight Change

Antidepressants

 Amitriptyline ↑↑↑

 Nortriptyline ↑↑

 Protriptyline ↓

 Venlafaxine ↔↓

 Duloxetine ↔↓

Anticonvulsants

 Divalproex sodium ↑↑↑

 Lamotrigine ↔

 Gabapentin ↑

 Topiramate ↓↓

β-Blockers

 Propranolol ↑

 Timolol ↔

 Metoprolol ↑

Angiotensin II receptor blocker

 Candesartan ↔↓

 Telmisartan ↓

ACE-inhibitor

 Captopril ↔↓

 Lisinopril ↔

Serotonin antagonists

 Methysergide ↑↑↑

 Cyproheptadine ↑↑↑

Calcium channel blockers

 Flunarizine ↑↑↑

 Verapamil ↔

Modified based on Peterlin et al 2008.86

ACE-inhibitor = angiotensin-converting-enzyme inhibitor.
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