
the bmj | 30 January 2021           143

 Use of proton pump inhibitors to  Use of proton pump inhibitors to 
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  Study question  Are proton pump inhibitors more effective 
than placebo in treating persistent throat symptoms, 
such as globus sensation, throat clearing, cough, 
hoarseness, and catarrh? 

  Methods  This investigator initiated clinical trial recruited 
346 adults with persistent throat symptoms from eight 
ear, nose, and throat clinics in the UK. Participants were 
randomised 1:1 to receive either 30 mg lansoprazole or 
matched placebo twice daily for 16 weeks. Response 
was throat symptom severity on three patient reported 
outcome scores at baseline, 16 weeks, and 12 months. 
The primary outcome was an intention-to-treat analysis 
of the total reflux symptom index score at 16 weeks, 
adjusted for site and baseline symptom severity. 

  Study answer and limitations  Lansoprazole twice daily 
offered no symptomatic benefit over placebo twice daily 
for patients with persistent throat symptoms on any 
outcome measure. Mean reflux symptom index scores 
were similar between treatment groups at baseline: 
lansoprazole 22.0 (95% confidence interval 20.4 to 
23.6), placebo 21.7 (20.5 to 23.0). Both groups showed 
similar improvement (reduction in scores) at 16 weeks: 
lansoprazole 17.4 (15.5 to 19.4), placebo 15.6 (13.8 to 
17.3), P=0.096. A potential limitation of the trial was the 
reduction in the number of participants in the primary 
analysis. Only 220 participants fulfilled the prespecified 
primary outcome window (14-20 weeks).  

  What this study adds  This trial found no evidence of 
benefit to support the empirical use of proton pump 
inhibitors for throat symptoms. 

  Funding, competing interests, and data sharing  The trial 

was funded by the National Institute for Health Research Health 

Technology Assessment. No competing interests. No additional 

data available. 
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 Questionnaire outcome scores for compliant intention-to-
treat group 
Questionnaires 
and 
intervention

No in 
group

Mean score at follow-up (95% CI)

Baseline 16 weeks* 12 months
RSI*:

 Lansoprazole 102 22.0 (20.4 

to 23.6)

17.4 (15.5 

to 19.4)

16.0 (13.6 

to 18.4)

 Placebo 118 21.7 (20.5 

to 23.0)

15.6 (13.8 

to 17.3)

13.6 (11.7 

to 15.5)

 Difference† 0.3 (−1.7 

to 2.3)

1.8 (−0.8 to 

4.4)

2.4 (−0.6 to 

5.4)

RSI-HB:

 Lansoprazole 102 20.3 (18.8 

to 21.7)

16.3 (14.5 

to 18.1)

14.7 (12.4 

to 16.9)

 Placebo 118 19.8 (18.6 

to 21.0)

13.9 (12.2 

to 15.5)

11.9 (10.1 

to 13.7)

 Difference† 0.5 (−1.4 

to 2.4)

2.4 (−0.0 to 

4.8)

2.8 (0.5 to 

5.1)

CReSS:

 Lansoprazole 102 50.3 (44.9 

to 55.7)

38.9 (33.4 

to 44.3)

36.6 (29.8 

to 43.5)

 Placebo 118 51.1 (46.4 

to 55.8)

34.7 (29.6 

to 39.9)

31.8 (26.6 

to 36.9)

 Difference† −0.8 (−7.9 

to 6.3)

4.2 (−3.2 to 

11.6)

4.8 (−3.5 to 

13.1)

LPR-HRQL:

 Lansoprazole 102 28.9 (24.5 

to 33.3)

20.5 (16.1 

to 25.0)

18.8 (13.7 

to 23.8

 Placebo 118 26.5 (22.5 

to 30.5)

17.1 (13.3 

to 21.0)

13.9 (10.0 

to 17.8)

 Difference† 2.4 (−3.5 

to 8.3)

3.4 (−2.4 to 

9.2)

4.9 (−1.3 to 

11.1)

 RSI=reflux symptom index; RSI-HB=laryngopharyngeal RSI items without 

the heartburn score; CReSS=comprehensive reflux symptom score; LPR-

HRQL=laryngopharyngeal health related quality of life. 

 *Primary outcome measure. 

 †Lansoprazole minus placebo is the difference in means (95% confidence 

intervals). 
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  Study question  Are medical and recreational 
cannabis store (referred to as dispensary) 
counts associated with opioid related mortality 
rates at the county level in the United States? 

  Methods  This study examined opioid related 
mortality rates at the county level in 23 US 
states that allowed legal storefront dispensary 
operations (812 counties) from 2014 to 2018. 
US mortality data were obtained from the 
Centers for Disease Control and Prevention 
and combined with US census data, and data 

from Weedmaps.com on storefront dispensary 
operations. Data were analysed at the county 
level by using panel regression methods. 
The main outcome measures were the log 
transformed, age adjusted mortality rates 
associated with all opioid types combined, 
and with subcategories of prescription 
opioids, heroin, and synthetic opioids other 
than methadone.   

  Study answer and limitations  County level 
dispensary count (natural logarithm) is 
negatively related to the log transformed, 
age adjusted mortality rate associated with 
all opioid types (β=−0.17, 95% confidence 
interval −0.23 to −0.11). According to 
this estimate, an increase from one to 
two storefront dispensaries in a county 
is associated with an estimated 17% 
reduction in all opioid related mortality rates. 
Dispensary count has a particularly strong 

negative association with deaths caused 
by synthetic opioids other than methadone 
(β=−0.21, 95% confidence interval −0.27 to 
−0.14), with an estimated 21% reduction in 
mortality rates associated with an increase 
from one to two dispensaries. Similar 
associations were found for medical versus 
recreational storefront dispensary counts and 
synthetic (non-methadone) opioid related 
mortality rates. The study focused on the years 
2014-18, which limits the generalisability of 
the findings. 

  What this study adds  Higher medical and 
recreational storefront dispensary counts 
are associated with reduced opioid related 
mortality rates, particularly deaths associated 
with synthetic opioids such as fentanyl. 
  Funding, competing interests, and data sharing  

No relevant funding or competing interests. No data 

available. 

 The US is in the midst of an unprecedented 
opioid crisis. 1  Approximately 10 million 
people misused prescription opioids, 
808 000 people misused heroin, and 
two million people met the criteria for an 
opioid use disorder in 2018. 2  In that same 
timeframe, 46 800 people died of an opioid 
overdose, with two thirds of the deaths 
involving synthetic opioids (including 
fentanyl and fentanyl analogues). 3  In 
response to the rising burden of disease, 
a range of opioid related policies have 
been implemented, which have been 
geared towards reducing high risk opioid 
prescribing, improving access to treatment, 
and expanding overdose prevention eff orts. 4  

 One perspective points to the co-occurring 
cannabis liberalisation as a potential means 
of reducing opioid related harms. Increased 
availability of cannabis has been suggested 
to result in the partial substitution of opioids 
for cannabis in managing pain. 4  In this 
issue, Hsu and colleagues examine the 
association between average counts of 
cannabis dispensaries—stores authorised 
to sell cannabis—and opioid overdose 

deaths among US states with medicinal or 
recreational cannabis legalisation. 

They  show that increases in average counts 
of medicinal and recreational cannabis 
dispensaries are jointly and independently 
associated with reduced deaths from 
opioid overdose, especially synthetic 
opioid overdose. Three methodological 
enhancements are noteworthy. First, 
counties are modelled as the unit of 
analysis to enable within state diff erences 
to be considered. Second, average counts 
of cannabis dispensaries are modelled 
as the explanatory variable to achieve a 
closer approximation of the availability of 
cannabis. 6  Third, states without medicinal 
or recreational cannabis legalisation are 
excluded from the main analyses to exercise 
better control over broader diff erences in 
the social and legal environments. 7  

Mixed evidence 
Hsu and colleagues’ fi ndings join an overall 
mixed evidence base, 6  -  11  which makes 
fi rm conclusions diffi  cult. Although some 
authors might interpret their fi ndings as 
evidence supporting cannabis liberalisation 
to address the opioid crisis, such conclusions 
are currently premature without evidence 
of causality. Two considerations merit 
further discussion. First, the mechanism of 

Cannabis liberalisation and the US opioid crisis
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action underlying the association remains 
unclear. In the context of medicinal cannabis 
legalisation, reduced deaths from opioid 
overdose do not coincide with reduced 
non-medicinal use of pain relievers or with 
opioid distribution—defi ned as the fl ow of 
substances from the manufacturers to retail 
distributors. 6   11  The absence of concurrent 
changes in such opioid related outcomes 
questions the premise of substitution. 11  

 Second, the ecological design used in 
many studies confers the risk of ecological 
fallacy—an epidemiological principle that 
prohibits inferences at the individual level 
on the basis of associations observed at the 
aggregate level. Indeed, an aggregate level 
relationship might not hold, or even reverse 
in direction, at the individual level. 

Harmful and benefi cial associations are 
evident between opioids and cannabis 
at the individual level. On the one hand, 
cannabis use is associated with increases in 
non-medicinal use of prescription opioids 
and opioid use disorder in population 
studies. 12  Additionally, medicinal cannabis 
use has been associated with increases 
in use of prescription pain relievers for 

medicinal and non-medicinal purposes. 13  
On the other hand, emerging evidence 
from studies of people at high risk of 
opioid overdose indicate that regular 
cannabis use is associated with increases 
in injection opioid cessation, retention in 
opioid agonist treatment programmes, and 
decreases in illicit opioid use. 14  -  16  

 These considerations are better 
addressed by experimental designs. In 
particular, cannabis liberalisation in 
the US off ers unique opportunities to 
prospectively randomise counties within 
states to legalisation of either medicinal 
or recreational cannabis. Comparing 
individual level data of participants with 
use of prescription opioids and illicit 
opioids within these designs would 
inform a more nuanced understanding 
of the substitution between opioids and 
cannabis. Such an endeavour would 
require consensus between county and 
state authorities, which should be possible 
given the current magnitude of the opioid 
crisis burdening both types of jurisdictions. 
Cannabis liberalisation cannot be regarded 
as a remedy to the opioid crisis until a 
robust evidence base is available. 

 Cite this as:  BMJ  2021;372:n163 
 Find the full version with references at 
http://dx.doi.org/10.1136/bmj.n163 

Harmful and beneficial associations 
are evident between opioids and 
cannabis at the individual level 

County level monthly counts of storefront dispensaries listed on Weedmaps.com in 23 US states that allowed legal storefront dispensary operations (plus District of Columbia), 

averaged over calendar year, 2017
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  Study question  What is the association 
between human papillomavirus (HPV) 
vaccination and serious adverse events in 
adolescent girls in South Korea? 

  Methods  A large database was created for 
the study by linking data from the Korea 
Immunization Registry Information System 
and the National Health Information 
Database, between January 2017 and 
December 2019. The study sample 
comprised 441 399 girls aged 11-14 years 
who had been vaccinated in 2017: 382 020 
had received HPV vaccination and 59 379 had 
not received HPV vaccination. The predefined 
outcomes were 33 serious adverse events, 
including several autoimmune diseases. 
Both a cohort analysis and a self-controlled 
risk interval analysis with a risk period of one 
year after HPV vaccination were performed for 
each outcome. Incidence rate and adjusted 
rate ratios were estimated using Poisson 
regression in the cohort analysis, with the 
HPV vaccinated group compared with the HPV 
unvaccinated group, and adjusted relative 
risks were estimated using conditional 
logistic regression in the self-controlled risk 
interval analysis. 

  Study answer and limitations  Among the 
33 serious adverse events, no associations 
were found with HPV vaccination in the 
cohort analysis, including Hashimoto’s 
thyroiditis (incidence rate per 100 000 
person years: 52.7  v  36.3 for the vaccinated 
and unvaccinated groups; adjusted rate ratio 
1.24, 95% confidence interval 0.78 to 1.94) 
and rheumatoid arthritis (incidence rate per 
100 000 person years: 168.1  v  145.4 for 
the vaccinated and unvaccinated groups; 
0.99, 0.79 to 1.25), with the exception of 
an increased risk observed for migraine 
(incidence rate per 100 000 person years: 
1235.0  v  920.9 for the vaccinated and 
unvaccinated groups; 1.11, 1.02 to 1.22). 
Secondary analysis using self-controlled risk 
intervals confirmed no associations between 
HPV vaccination and serious adverse events, 
including migraine (adjusted relative risk 

0.67, 95% confidence interval 0.58 to 0.78). 
Inconsistent findings for migraine should 
be interpreted with caution, considering 
its pathophysiology and the population of 
interest. Case definition relied on ICD-
10 codes (international classification of 
diseases, 10th revision) recorded in health 
insurance data, and the date of diagnosis 
was used rather than the date of disease 
onset owing to limited access to medical 
records. 

  What this study adds  No associations were 
found between HPV vaccination and 33 
predefined serious adverse events, using both 
cohort and self-controlled risk interval analyses, 
although inconsistent findings for migraine 
should be interpreted with caution. 

 Funding, competing interests, and data sharing  This 

research was supported by Government-wide R&D Fund 

project for infectious disease research (GFID), Republic of 

Korea (grant No HG18C0068). See full paper on bmj.com 

for competing interests. No additional data available.

ORIGINAL RESEARCH  Nationwide cohort study 

Endocrine diseases

  Graves’ disease

  Hashimoto’s thyroiditis

  Hyperthyroidism

  Hypothyroidism

  Type 1 diabetes

Gastrointestinal diseases

  Crohn’s disease

  Ulcerative colitis

  Peptic ulcer diseases

  Pancreatitis

Cardiovascular diseases

  Raynaud’s disease

  Venous thromboembolism

  Vasculitis

  Hypotension

Musculoskeletal and systemic diseases

  Ankylosing spondylitis

  Behcet's syndrome

  Juvenile arthritis

  Rheumatoid arthritis

  Systemic lupus erythematosus

Haematological diseases

  Idiopathic thrombocytopenic purpura

  Henoch-Schönlein’s purpura

Dermatological diseases

  Erythema nodosum

  Psoriasis

Neurological diseases

  Bell’s palsy

  Epilepsy

  Narcolepsy

  Paralysis

  Migraine

  Guillain-Barré syndrome 

  Optical neuritis

  Neuralgia and neuritis

  Intracerebral haemorrhage

  Extrapyramidal and movement disorders

Tuberculosis

0.81 (0.50 to 1.33)

1.24 (0.78 to 1.94)

1.00 (0.76 to 1.32)

1.14 (0.95 to 1.38)

0.66 (0.38 to 1.14)

1.21 (0.54 to 2.69)

0.65 (0.21 to 1.98)

1.03 (0.96 to 1.12)

1.01 (0.82 to 1.24)

1.34 (0.40 to 4.49)

0.62 (0.22 to 1.70)

0.80 (0.52 to 1.22)

1.12 (0.89 to 1.41)

Not applicable

0.61 (0.22 to 1.67)

1.10 (0.56 to 2.18)

0.99 (0.79 to 1.25)

Not applicable

0.40 (0.18 to 0.89)

0.73 (0.53 to 1.01)

Not applicable

0.86 (0.69 to 1.09)

0.70 (0.41 to 1.20)

1.09 (0.84 to 1.40)

0.63 (0.21 to 1.89)

0.68 (0.22 to 2.11)

1.11 (1.02 to 1.22)

0.13 (0.03 to 0.53)

1.69 (0.81 to 3.54)

0.87 (0.65 to 1.15)

1.58 (0.47 to 5.30)

0.78 (0.52 to 1.18)

0.89 (0.50 to 1.60)

0.1 0.5 21 10

Adjusted rate ratio
(95% CI)

Adjusted rate ratio
(95% CI)

Cohort

Association between human papillomavirus vaccination and serious adverse events in cohort 
analysis among girls aged 11-14 years and vaccinated in South Korea in 2017 (see full figure on 
bmj.com for results of self-controlled risk interval analysis)


