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Restless legs syndrome (RLS) is a common sensorimotor dis-

order, occurring in approximately 5% to 10% of adults in the 

Western hemisphere [1]. Although abnormalities in iron metab-

olism appear to be a constant feature in the pathophysiology 

of RLS, much about the biological mechanisms underlying RLS 

is incompletely understood. There are multiple neurobiological 

pathways, which modulate the clinical expression of RLS by 

some, up to this point ill-defined mechanism. Exemplifying this 

assertion, the dopamine system has long been known to play 

a role in RLS pathophysiology, largely driven by clinical obser-

vations that dopamine blocking antipsychotic medications pro-

voke RLS [2], and that dopamine precursor medications treat 

RLS [3]. Other neurobiological pathways that appear to be in-

volved in the pathophysiology of RLS include the serotonin, glu-

tamate, opioid, adenosine, and histamine pathways [4].

Needless to say, the neurobiology of RLS is complex. Mirroring 

this neurobiological complexity, clinically, RLS symptoms are ei-

ther exacerbated or mitigated by a myriad of medications and 

substances which act on some of the above mentioned neuro-

biological pathways. Substances that exacerbate RLS include 

serotonin promoting medications, histamine blocking medica-

tions, and alcohol (likely through increasing glutamate), while 

RLS is ameliorated by opioid medications, adenosine promoting 

medications (e.g. dipyridamole), and glutamate suppressing 

medications (e.g. gabapentin).

In general, RLS can be divided into primary idiopathic RLS 

in which RLS occurs in the absence of a condition or substance 

which leads to its emergence and secondary RLS, which occurs 

concomitantly with an RLS-promoting condition or substance. 

It is likely that all humans are capable of experiencing RLS 

symptoms, if the right combination of provoking conditions or 

substances align. It is also likely that the threshold to develop 

RLS differs between individuals based upon inherent genetic 

factors, treatable disease factors (hypothyroidism [5], renal dis-

ease), modifiable dietary and medication factors, and dynamic 

metabolic factors such as iron status. For example, frequent 

blood donation may be sufficient to provoke RLS in one indi-

vidual, while another individual who donates blood with regu-

larity may not express RLS until they develop hypothyroidism. 

Yet another person may not express an RLS phenotype in the 

setting of blood donation and hypothyroidism, until they begin 

taking an antidepressant medication. Many of these factors 

occur commonly and thus have broad population implications. 

In the United States, according to the National Center for Health 

Statistics, during any given 30-day span, over 13% of adults have 

taken an antidepressant medication [6]. Even if RLS will develop 

in only 1% of persons taking an antidepressant medication, this 

still equates to hundreds of thousands of adults with RLS arising 

from an antidepressant medication.

In this issue of SLEEP, Earley et al.[7] study the potential as-

sociation between RLS and another group of commonly used 

medications, the antacid medications to treat gastric reflux 

disease. In their cross-sectional cohort study, the authors have 

found that in two large independent cohorts of blood donors 

from the United States (n = 13,403) and Denmark (50,323), the 

use of either a proton pump inhibitor (PPI) or a histamine H
2
-

receptor antagonist (H
2
A) was associated with the presence of 

RLS, independent of age, sex, race, BMI, or blood donation fre-

quency. The authors logically lay out the case that both PPI and 

H
2
A medications are linked to reduced iron [7], the latter being 

a known contributor to RLS, and hence there is likely to be an 

association between taking a PPI or H
2
A medication and having 

RLS. Indeed, an independent association was found between PPI 

or H
2
A medication usage and having RLS, such that those taking 

a PPI or H
2
A had a 41% increased odds of RLS (OR = 1.41; 95% CI, 

1.13–1.76; p = 0.002) in the US cohort and a 29% increased odds of 
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RLS (OR = 1.29; CI, 1.20–1.40; p < 0.001) in the Danish group. There 

were some notable nuances to this association.

First, the association between PPI or H
2
A use and RLS was 

not mediated by serum ferritin. The authors found that there 

was evidence for association between PPI or H
2
A use and RLS 

directly, as well as between PPI or H
2
A use and ferritin when 

controlling for RLS, but not for ferritin and RLS when controlling 

for PPI or H
2
A use, suggesting that the association between PPI 

or H
2
A use and RLS was not mediated by serum ferritin. They 

did not include, however, a multivariate regression model where 

serum ferritin was included along with PPI or H
2
A use and other 

covariates to determine association with RLS. An inclusion of 

this model would have made a stronger argument for the as-

sociation between RLS and PPI or H
2
A use being independent of 

low iron. Furthermore, a statistical finding or lack thereof does 

not indicate a lack of actual biological causality or mediation. It 

should be noted, however, that histamine H
1
-receptor blocking 

medications (e.g. diphenhydramine) taken by those with RLS 

typically cause an acute exacerbation of RLS, occurring within 

hours. The acuity of this reaction makes iron deficiency an un-

likely mediator of the H
1
 antagonist-RLS relationship.

Second, RLS prevalence was higher for those taking two or 

more antacid medications versus those taking only one antacid 

medication. While in the US cohort, PPI and H
2
A medications con-

sidered separately were both independently associated with RLS, 

in the Danish cohort, H
2
A but not PPI medications were associated 

with RLS, even though taking a PPI or H
2
A was associated with 

RLS. These medications have different mechanisms of action, one 

blocking the histamine H
2
 receptor and the other blocking the par-

ietal cell H+ / K+ ATP pump, thereby suppressing gastric acid se-

cretion. As mentioned above, the association between PPI or H
2
A 

use and RLS may be mediated by iron deficiency even though the 

results from the present study did not support this. This would 

make some sense as both PPIs and H
2
As have been independently 

associated with iron deficiency [8]. On the other hand, if iron defi-

ciency does not mediate the PPI/H
2
A-RLS association, then what 

does? Considering H
2
A, these drugs likely have effects on the brain. 

The histamine H
2
 receptor is excitatory and exists in different brain 

regions, including hypothalamus, basal ganglia, cortex, cerebellum, 

and dorsal raphe nucleus, and activation of the H
2
 receptor in these 

regions may modulate vigilance, feeding, movement, and likely a 

myriad of other functions [9]. That it could cause RLS would not 

be surprising, and in fact, there is a case report of a patient taking 

cimetidine chronically who developed RLS [10]. PPIs causing RLS? 

Could this be from an alteration of the gut microbiome and small 

intestinal bacterial overgrowth, which has been associated with 

RLS? [11] Or do PPIs act in the brain, suggested by findings that 

PPIs increase beta-amyloid levels in the brain, thereby increasing 

dementia risk [12]. The possibilities seem endless.

Regardless of the mechanism by which PPIs and H
2
As may 

be associated with RLS, the study by Earley et al. provides con-

vincing population-level evidence that these commonly used 

antacid medications are associated with and potentially causa-

tive of RLS. The cross-sectional nature of the study precludes 

a definitive conclusion of causality, but given the brittle track 

record of RLS being caused by numerous factors and the bio-

logical plausibility for at least the H
2
As interacting with brain 

regions thought key in RLS, it appears very possible that the 

antacids may in fact cause RLS. For the sleep medicine provider 

managing patients with RLS (particularly chronic severe RLS), 

these medications should be added to the long list of substances 

that can exacerbate or cause RLS.
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