
ORIGINAL ARTICLE

TaggedH1Associations and relative risks of pulmonary

hypertension and lung diseases in individuals with

methamphetamine use disorder TaggedEnd

TaggedPS.C. Fanga, C.Y. Huangb, S.M. Huanga, Y.J. Shaoc,d,*TaggedEnd

TaggedPa Department of Nursing, Mackay Medical College, New Taipei City, Taiwan
b Department of Community Psychiatry, Bali Psychiatric Center, Ministry of Health and Welfare, New Taipei City, Taiwan
c Graduate Institute of Biomedical Informatics, College of Medical Science and Technology, Taipei Medical University, Taipei, Taiwan
d Clinical Big Data Research Center, Taipei Medical University Hospital, Taipei, Taiwan

TaggedEnd
Received 6 June 2022; accepted 12 January 2023

Available online 10 March 2023

TaggedPAbstract

Objective: Methamphetamine causes considerable short- and long-term adverse health effects.

Our aim was to assess the effects of methamphetamine use on pulmonary hypertension and lung

diseases at the population level.

Methods: This population-based retrospective study used data from the Taiwan National Health

Insurance Research Database between 2000 and 2018 that included 18,118 individuals with

methamphetamine use disorder (MUD) and 90,590 matched participants of the same age and sex

without substance use disorder as the non-exposed group. A conditional logistic regression model

was used to estimate associations of methamphetamine use with pulmonary hypertension and

lung diseases such as lung abscess, empyema, pneumonia, emphysema, pleurisy, pneumothorax,

or pulmonary hemorrhage. Incidence rate ratios (IRRs) of pulmonary hypertension and hospitali-

zation due to lung diseases were determined between the methamphetamine group and non-

methamphetamine group using negative binomial regression models.

Results: During an 8-year observation period, 32 (0.2%) individuals with MUD and 66 (0.1%) non-

methamphetamine participants suffered from pulmonary hypertension, and 2652 (14.6%) indi-

viduals with MUD and 6157 (6.8%) non-methamphetamine participants suffered from lung dis-

eases. After adjusting for demographic characteristics and comorbidities, individuals with MUD

were 1.78 times (95% confidence interval (CI) = 1.07�2.95) more likely to have pulmonary hyper-

tension and 1.98 times (95% CI = 1.88�2.08) more likely to have a lung disease, especially

emphysema, lung abscess, and pneumonia in descending order. Furthermore, compared to the

non-methamphetamine group, the methamphetamine group was associated with higher risks of

hospitalization caused by pulmonary hypertension and lung diseases. The respective IRRs were

2.79 and 1.67. Individuals with polysubstance use disorder were associated with higher risks of
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TaggedEndTaggedPempyema, lung abscess, and pneumonia compared to individuals with MUD alone, with respec-

tive adjusted odds ratios of 2.96, 2.21, and 1.67. However, pulmonary hypertension and emphy-

sema did not differ significantly between MUD individuals with or without polysubstance use

disorder.

Conclusions: Individuals with MUD were associated with higher risks of pulmonary hypertension

and lung diseases. Clinicians need to ensure that a methamphetamine exposure history is

obtained as part of the workup for these pulmonary diseases and provide timely management for

this contributing factor.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/). TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPMethamphetamine remains a widely used illicit drug, and its

use continues to grow around the world.1 According to the

2017 National Survey on Drug Use and Health, approximately

0.6% of the global population (1.6 million people) reported

using methamphetamine in the past year, and 774,000

(0.3%) reported using it in the past month.1 Methamphet-

amine is known to be associated with adverse public health

consequences and increased morbidity2 and mortality.3 In

addition to general health impacts, methamphetamine-

related adverse effects and toxicities have been docu-

mented in cardiovascular, pulmonary, gastrointestinal, der-

matological, genitourinary, and neurological organs.4 TaggedEnd
TaggedPMethamphetamine is one of the most toxic drugs of

abuse, and the high accumulation of methamphetamine in

the lungs is likely to render this organ vulnerable to

injury.5,6 Methamphetamine was reported to be associated

with pulmonary arterial hypertension (PAH)7-9 and other

lung diseases,10,11 including pulmonary edema,12,13 pneumo-

nia,14 and emphysema12 in case reports,8,14-16 animal stud-

ies,13,17-20 and autopsy studies.12 The association between

methamphetamine use and PAH was first reported by Schai-

berger et al.15 and was further supported by a retrospective

study by Chin et al.21 They found significantly higher rates of

methamphetamine use in individuals diagnosed with idio-

pathic PAH compared with other PAH groups. However, those

studies were either case reports or had small sample sizes

that would limit their application to other populations.

Therefore, extensive epidemiological and comprehensive

surveys are needed to investigate the associations of meth-

amphetamine use with pulmonary hypertension and other

lung diseases. TaggedEnd
TaggedPWe used nationwide population-based data to investigate

associations and relative risks of pulmonary hypertension

and lung diseases associated individuals with methamphet-

amine use disorder (MUD) compared to individuals without

MUD. The database provided a large sample of participants

with an extended study period for a more-comprehensive

analysis than previous studies. TaggedEnd

TaggedH1Methods and materials TaggedEnd

TaggedH2Data source TaggedEnd

TaggedPWe conducted a population-based retrospective study using

Taiwan National Health Insurance Research Database

TaggedEndTaggedP(NHIRD) from 2000 to 2018. The NHIRD is derived from Tai-

wan’s single-payer mandatory enrollment National Health

Insurance (NHI) Program, which covers up to 99% of the

23 million Taiwanese population.22 The NHIRD includes all

medical claims data on disease diagnoses, procedures, drug

prescriptions, demographics, and enrollment profiles of all

NHI beneficiaries.23 TaggedEnd

TaggedH2Study sample TaggedEnd

TaggedPIn this retrospective study, we enrolled individuals with

newly diagnosed MUD between January 1, 2000 and Decem-

ber 31, 2017 and followed these individuals until December

31, 2018. We defined MUD using the International Classifica-

tion of Diseases, Ninth Revision, Clinical Modification [ICD-9-

CM] codes 304.4x and 305.7x and ICD-10 codes F15.1x,

F15.2x, and F15.9x. MUD was diagnosed by physicians

through self-reports and urine drug tests and then registered

in the NHI system. The date of enrollment was defined as the

date of the first diagnosis of MUD in the dataset. We also

matched individuals of the same age and sex but without

MUD or other substance use disorder as the non-exposed

group in a 1 to 5 ratio for comparison. Totals of 18,118 indi-

viduals with MUD (methamphetamine group) and 90,590

individuals without MUD or other substance use disorder

(non-methamphetamine group) were included in our study.TaggedEnd
TaggedPComorbidities of other substance use disorders that iden-

tified during the study period were opioid dependence and

abuse (ICD-9-CM codes 304.0x and 305.5x and ICD-10 codes

F11.1x and F11.2x), sedative, hypnotic, or anxiolytic depen-

dence and abuse (ICD-9-CM codes 304.1x and 305.4x and

ICD-10 codes F13.1x and F13.2x), cocaine dependence and

abuse (ICD-9-CM codes 304.2x and 305.6x and ICD-10 codes

F14.1x and F14.2x), cannabis dependence and abuse (ICD-9-

CM codes 304.3x and 305.2x and ICD-10 codes F12.1x and

F12.2x), and hallucinogen dependence and abuse (ICD-9-CM

codes 304.6x and 305.3x and ICD-10 codes F16.1x and

F16.2x). To clarify the influence of polysubstance use, the

18,118 individuals with MUD were further divided into a

MUD-only group and a polysubstance group for analysis. TaggedEnd

TaggedH2Outcomes of interest TaggedEnd

TaggedPThe outcomes of interest were pulmonary hypertension

(ICD-9-CM code 416 and ICD-10 codes I27.x), lung abscess

(ICD-9-CM code 513 and ICD-10 codes J85.x), empyema (ICD-

9-CM code 510 and ICD-10 codes J86.x), pneumonia (ICD-9-

CM codes 480»486 and ICD-10 codes J13.x»J18.x),
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TaggedEndTaggedPemphysema (ICD-9-CM code 492 and ICD-10 codes J43.x),

pleurisy (ICD-9-CM code 511 and ICD-10 codes J90.x), pneu-

mothorax (ICD-9-CM code 512 and ICD-10 codes J93.x), pul-

monary hemorrhage (ICD-9-CM code 770 and ICD-10 codes

J94.x), and composite lung disease. Composite lung disease

was defined as the presence of one or more diagnoses such

as lung abscess, empyema, pneumonia, emphysema, pleu-

risy, pneumothorax, or pulmonary hemorrhage. We observed

the occurrence of the above conditions within the period of

3 years prior to and 5 years after a MUD diagnosis because

most individuals already showed patterns of methamphet-

amine abuse or dependence before their first MUD diagnosis

was made.24,25 Therefore, we considered our outcomes

prior- and post-MUD diagnosis. TaggedEnd

TaggedH2Covariates TaggedEnd

TaggedPCharlson’s comorbidity index (CCI) was abstracted from

NHIRD claims 1 year before the MUD diagnosis as covariates

to assess the burden of comorbidities.26 We excluded chronic

pulmonary disease diagnoses from the CCI because they

were part of our outcomes of interest. Finally, we divided

individuals according to CCI scores into four groups: 0, 1, 2,

and �3 for adjustment. We also obtained data of the follow-

ing comorbidities: myocardial infarction, congestive heart

failure, peripheral vascular disease, cardiovascular disease,

diabetes mellitus (DM), and human immunodeficiency virus

(HIV) because these diseases were reported to be associated

with pulmonary hypertension in previous studies.27-29 TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPDescriptive statistics were used to summarize participant

characteristics. Independent t-test and Chi-squared test

were respectively adopted for continuous and categorical

variables. For the analysis of the methamphetamine versus

non-methamphetamine groups, we used conditional logistic

regression models to estimate the risk of pulmonary hyper-

tension, composite lung disease, and each lung disease. Inci-

dence rate ratios (IRRs) of hospitalization for pulmonary

hypertension and composite lung disease between these two

groups were also estimated using a negative binomial regres-

sion model by counting hospitalization events and person-

times of follow-up. All conditional logistic regression models

and negative binomial regression models were adjusted for

variables such as the age at enrollment, the comorbidity of

other substance use disorders (yes/no), and the CCI score.

These models did not include sex for adjustment because

this variable was already matched in the matching pro-

cesses. TaggedEnd
TaggedPTo clarify the influence of polysubstance use, all individu-

als with MUD were further divided into a MUD-only group

and a polysubstance group for analysis. The logistic regres-

sion models were applied to estimate the risk of pulmonary

hypertension, composite lung disease, and each lung disease

between these two groups. Because significant differences

in these two groups at the baseline limited proper matching,

variables such as the age at enrollment, the CCI score, and

sex were adjusted for in the logistic regression models. TaggedEnd
TaggedPAll statistical analyzes were performed with SAS version

9.4 (SAS Institute, Cary, NC, USA). This study was reviewed

TaggedEndTaggedPand approved by the Institutional Review Board of Taipei

Medical University (TMU-JIRB no. N201903151). TaggedEnd

TaggedH2Sensitivity analysis TaggedEnd

TaggedPPrevious studies demonstrated that HIV30 and other sub-

stance use31 were also associated with lung injury. In order

to more specifically examine the adverse effects of metham-

phetamine use on lung, we conducted two sensitivity analy-

ses that excluded participants with HIV or other substance

use disorders for further analysis. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPDuring an 8-year observation period, totals of 18,118 indi-

viduals in the methamphetamine group and 90,590 individ-

uals of the same age and sex in the non-methamphetamine

group were included in the analysis (Table 1). The mean

age was 32 (standard deviation [SD]: 9.7) years, with 81.6%

male individuals. The methamphetamine group had a

higher percentage of individuals with CCI scores of �1 than

did the non-methamphetamine group. They were also

more likely to have congestive heart failure, peripheral

vascular disease, cardiovascular disease, DM, and HIV than

those in the non-methamphetamine group. Approximately

21.1% of MUD individuals also had other substance use

disorders. TaggedEnd
TaggedPIn the methamphetamine group, 0.2% of the MUD individuals

had pulmonary hypertension and 14.6% of the MUD individuals

had composite lung disease. Meanwhile, 0.1% of the partici-

pants in the non-methamphetamine group had pulmonary

hypertension and 6.8% of the participants had composite lung

disease in the non-methamphetamine group (Table 2). Among

MUD individuals with composite lung diseases, 91.8% of them

had only one lung disease, 8.0% of them had two or three lung

diseases, and 0.2% of them had four lung diseases. However,

among non-methamphetamine individuals with composite lung

diseases, 93.7% of them had only one lung disease, 6.1% of

them had two or three lung diseases, and 0.2% of them had four

lung diseases. In the multivariate conditional logistic regression,

the methamphetamine group showed higher risks of pulmonary

hypertension and composite lung disease compared to the non-

methamphetamine group with adjusted odds ratios (aORs) of

1.78 (95% confidence interval [CI] = 1.07�2.95) and 1.98 (95%

CI: 1.98�2.08) respectively. Additionally, individuals in the

methamphetamine group had a 3.11-fold (95% CI = 4.01�41.27)

risk of emphysema, a 2.36-fold (95% CI = 1.82�4.44) of lung

abscess, a 1.96-fold (95% CI = 1.86�2.07) risk of pneumonia, a

1.88-fold (95% CI = 1.56�2.26) risk of pleurisy, a 1.77-fold (95%

CI = 1.23�2.53) risk of empyema, and a 1.57-fold (95%

CI = 1.23�2.02) risk of pneumothorax compared to the non-

methamphetamine group. However, the risk of pulmonary hem-

orrhage did not significantly differ between these two groups.TaggedEnd
TaggedPIndividuals in the methamphetamine group had higher

hospitalization rates for pulmonary hypertension and com-

posite lung disease than their counterparts in the non-meth-

amphetamine group during the 8-year observation period

(Table 3). The average number of hospitalizations for each

individual was also higher in the methamphetamine group.

The average number of hospitalizations for pulmonary

hypertension was 2.29 in the methamphetamine group and
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TaggedEndTaggedP1.04 in the non-methamphetamine group. Results of the

negative binomial regression showed that the methamphet-

amine group exhibited a 279% higher risk of hospitalization

for pulmonary hypertension than the non-methamphet-

amine group (incidence rate ratio [IRR] = 2.79, 95%

CI = 1.56�5.00). TaggedEnd
TaggedPWe also compared the risks of these lung diseases

between individuals with MUD only to those comorbid MUD

with other substance use disorder. Table A.1 shows that poly-

substance group were older and had a higher percentage

with peripheral vascular disease, DM, HIV, and CCI scores of

�1 compared to the MUD-only group. The polysubstance

group also had higher risks of empyema, lung abscess, and

pneumonia than the MUD-only group. However no significant

difference of the risk of pulmonary hypertension, emphy-

sema, or pneumothorax were observed (Table 4).TaggedEnd
TaggedPTable A.2 shows the results of the sensitivity analysis

which excluded individuals with other substance use disor-

ders or HIV. The methamphetamine group still had an

increased risk for pulmonary hypertension and composite

lung disease than the non-methamphetamine group in the

sensitivity analysis. TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPIn this population-based study of a 8-year observation

period, we observed that individuals with MUD were associ-

ated with higher risks of pulmonary hypertension and lung

TaggedEndTaggedPdiseases. The three major lung diseases in terms of

increased risks were emphysema, lung abscess, and pneumo-

nia in descending order. These individuals also demonstrated

increased risks of hospitalization for these conditions which

might reflect the disease severity. Our results showed that

methamphetamine use was probably an important contribu-

tor to pulmonary hypertension, emphysema, and pulmonary

infections, and these findings are important in clinical prac-

tice for enhancing management of these diseases. TaggedEnd
TaggedPThe development of pulmonary hypertension is associ-

ated with clinical deterioration and a substantially increased

mortality risk.32 Prolonged methamphetamine abuse can

result in markedly increased susceptibility to pulmonary

hypertension21,33 and is recognized as definitely being asso-

ciated with PAH.34 Our population-based study confirmed

this association and showed a 78% increased risk of pulmo-

nary hypertension and a more than twofold risk of hospitali-

zation for pulmonary hypertension in individuals with MUD.

To the best of our knowledge, this is probably the first large

observational study to investigate the associations between

pulmonary hypertension and individuals with MUD. TaggedEnd
TaggedPAlthough the actual underlying mechanisms of metham-

phetamine-induced pulmonary hypertension are still

unclear, several hypotheses have been proposed. Volkow’s

study showed that methamphetamine concentrations were

high in lung tissues, and the lungs demonstrated much higher

methamphetamine uptake, faster peak times, and slower

clearance than other organs.6 Methamphetamine is a sub-

strate that acts on norepinephrine, dopamine, and serotonin

TaggedEnd Table 1 Comparisons of characteristics at the date of first methamphetamine use disorder diagnosis between the methamphet-

amine group and non-methamphetamine group (N=108,708).

Methamphetamine group

(N=18,118)

Non-methamphetamine group

(N=90,590) p

Mean age at enrollment, years (SD) 31.9 (9.6) 32.0 (9.6) -

Age groups, years; n (%)

�30 8681 (47.9) 42,720 (47.2) -

>30 9437 (52.1) 47,870 (52.8)

Sex, n (%) -

Male 14,478 (81.6) 73,895 (81.6)

Female 3340 (18.4) 16,695 (18.4)

Combined with other substance use

disorders, n (%)

-

No 14,283 (79.9) 0

Yes 3835 (21.1) 0

Comorbidities at the baseline, n

(%)

Myocardial infarction 38 (0.2) 214 (0.2) 0.50

Congestive heart failure 235 (1.3) 424 (0.5) <0.01

Peripheral vascular disease 259 (1.4) 301 (0.3) <0.01

Cardiovascular disease 459 (2.5) 1026 (1.1) <0.01

Diabetes mellitus 1123 (6.2) 4659 (5.1) <0.01

Human Immunodeficiency Virus 749 (4.1) 475 (0.5) <0.01

Charlson comorbidity index <0.01

0 10,862 (60.0) 70,839 (78.2)

1 4002 (22.1) 13,506 (14.9)

2 1449 (8.0) 3912 (4.3)

�3 1805 (10.0) 2333 (2.6)

Abbreviation: SD, standard deviation.
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TaggedEndTaggedPtransporter with vasoconstrictive and growth-modulating

effects in smooth muscle cells. These transporters are

observed in the pulmonary vasculature, which suggests a

possible involvement of methamphetamine in the develop-

ment of PAH.35-37 Clinical features of methamphetamine-

induced pulmonary hypertension were reported to differ

from those of idiopathic PAH.38 and methamphetamine-

induced pulmonary hypertension presents less-favorable

hemodynamics which suggests concomitant myocardial tox-

icity from methamphetamine use. Therefore, assessment of

the methamphetamine exposure history is suggested when

evaluating individuals with pulmonary hypertension for

timely management of this risk factor.38 TaggedEnd
TaggedPIn our study, individuals with MUD were almost twice as

likely to have a lung disease, especially emphysema, lung

abscess, and pneumonia in descending order. The rela-

tionship between methamphetamine use and barotrauma

injuries such as emphysema and pneumothorax were

reported in case studies.39-41 Our study showed that

TaggedEndTaggedPmethamphetamine use was strongly associated with

emphysema and pneumothorax which were consistent

with previous studies. A previous study showed that inha-

lation was a key way for early-onset emphysema in heroin

users.42 In Taiwan, most individuals with MUD used meth-

amphetamine by smoking or inhaling the vapor. There-

fore, methamphetamine use, especially the inhalation

form of use, may also be an important contributor to

pneumothorax and emphysema as we observed in this

study. TaggedEnd
TaggedPOur study also demonstrated that methamphetamine

use was associated with lung infections such as lung

abscess, empyema, pneumonia, and pleurisy. The effects

of methamphetamine on adaptive immunity defenses have

not yet been extensively described, and the mechanism

remained largely unknown.43 HIV and polysubstance abuse

are risk factors for lung abscess and pneumonia according

to previous studies.44,45 In our study, methamphetamine

users had a higher percentage of comorbidities at the

TaggedEnd Table 2 Crude and adjusted odds ratios (ORs) of pulmonary hypertension and lung disease between the methamphetamine and

non-methamphetamine groups (N=108,708).

Methamphetamine group

(N=18,118)

Non-methamphetamine

group (N=90,590)

n (%) n (%) Crude OR

(95% CI)

Adjusted OR

(95% CI)

Pulmonary hypertension

No 18,086 (99.8) 90,524 (99.9) Reference Reference

Yes 32 (0.2) 66 (0.1) 2.42 (1.59�3.70) 1.78 (1.07�2.95)

Composite lung disease

No 15,466 (85.4) 84,433 (93.2) Reference Reference

Yes 2652 (14.6) 6157 (6.8) 2.37 (2.26�2.49) 1.98 (1.88�2.08)

Emphysema

No 18,040 (99.6) 90,499 (99.9) Reference Reference

Yes 78 (0.4) 91 (0.1) 4.31 (3.18�5.84) 3.11 (2.21�4.36)

Lung abscess

No 18,071 (99.7) 90,516 (99.9) Reference Reference

Yes 47(0.3) 74 (0.1) 3.21 (2.22�4.64) 2.36 (1.57�3.54)

Pneumonia

No 15,682 (86.6) 84,920 (93.74) Reference Reference

Yes 2436 (13.5) 5670 (6.3) 2.35 (2.23�2.47) 1.96 (1.86�2.07)

Pleurisy

No 17,908 (98.8) 90,182 (99.6) Reference Reference

Yes 210 (1.2) 408 (0.5) 2.61 (2.2�3.08) 1.88 (1.56�2.26)

Empyema

No 18,063 (99.7) 90,471 (99.9) Reference Reference

Yes 55 (0.3) 119 (0.1) 2.33 (1.69�3.21) 1.77 (1.23�2.53)

Pneumothorax

No 18,029 (99.5) 90,322 (99.7) Reference Reference

Yes 89 (0.5) 268 (0.3) 1.66 (1.31�2.11) 1.57 (1.23�2.02)

Pulmonary hemorrhage

No 18,085 (99.8) 90,369 (99.8) Reference Reference

Yes 33 (0.2) 221 (0.2) 0.74 (0.51�1.07) 0.84 (0.57�1.25)

Composite lung disease was defined as the presence of one or more diagnoses such as lung abscess, empyema, pneumonia, emphysema,

pleurisy, pneumothorax, or pulmonary hemorrhage.

Adjusted ORs were estimated from the conditional logistics regression adjusted for age at enrollment, combined with other substance use

disorders (yes/no) and Charlson comorbidity index scores.

Abbreviation: CI, confidence interval.
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TaggedEndTaggedPbaseline, especially of HIV, than non-methamphetamine

users. In order to more specifically examine the adverse

effects of methamphetamine use on lung infections, we

conducted two sensitivity analyses that excluded partici-

pants with HIV or polysubstance abuse. The methamphet-

amine group still had an increased risk for lung infections

which implied that methamphetamine use itself might also

be a contributor to lung infections. TaggedEnd
TaggedPHowever, it is also possible that these associations with

composite lung disease were partly due to the presence of

several important confounders related to methamphet-

amine use, such as cigarette smoking, exposure to other

harmful substances, and lifestyles2,46-48 rather than the

direct pharmacological effects of methamphetamine. In our

previous study, we found an extremely high rate of cigarette

smoking (93.1%) among MUD individuals.49 So these associa-

tions with composite lung disease might also be viewed as a

mixed consequence of methamphetamine use with these

confounders, especially cigarette smoking. Although we

could not rule out the impact of these confounders due to

the limitations of NHIRD, our results may support the contri-

bution of methamphetamine to higher risks of pulmonary

hypertension and selected lung diseases, as observed at pop-

ulation level. TaggedEnd
TaggedPOur results did not find a statistical difference in the rate

of pulmonary hemorrhage between the methamphetamine

and non-methamphetamine groups, which is inconsistent

with previous case reports.50-52 This may partially have been

due to the small event number observed in our population.

Determining the relationship between methamphetamine

use and pulmonary hemorrhage requires further research

too. TaggedEnd
TaggedPIn summary, our findings support the thesis that metham-

phetamine use is an important risk factor associated with

pulmonary hypertension and lung injury. Careful assessment

TaggedEndTaggedPof the methamphetamine exposure history is suggested with

these diseases because of these associations. Once metham-

phetamine use is confirmed, early counseling or other pre-

vention efforts should be provided to reduce the adverse

effects of methamphetamine on pulmonary hypertension

and lung injury.TaggedEnd

TaggedH2Strengths and limitations TaggedEnd

TaggedPThe main strength of this study was the large nationwide

population we surveyed. This advantage allowed us to

understand long-term courses of people seeking treatment

for MUD in the real world. Several limitations should be

addressed. First, individuals with MUD were identified using

ICD codes in the NHI system that could only reflect a lifetime

history of methamphetamine use and the timing of seeking

medical intervention. Cumulative incidences of lung injuries

associated with methamphetamine could not be estimated.

Second, information on the severity of MUD was not included

in the dataset. We could not assess the dose effects of meth-

amphetamine use on lung diseases. Third, MUD was diag-

nosed by physicians through self-reports and urine drug tests

and then registered in the NHIRD. Although social desirabil-

ity bias cannot be excluded, it was more likely to have

occurred in the non-methamphetamine group. Such a mis-

classification would have attenuated the risk effect if it did

exist. The true risk would be higher. Fourth, several con-

founders related to methamphetamine use were not avail-

able in the NHIRD for adjustment. These confounders were

cigarette smoking, other exposure to harmful substances,

and lifestyles.2,46-49 Finally, we only included individuals

with methamphetamine use who sought treatment in Tai-

wan, which may have limited the generalizability of the

study results to MUD individuals in the community or other

populations. TaggedEnd

TaggedEnd Table 3 Incidence rate ratios (IRRs) of hospitalization for pulmonary hypertension and composite lung disease between the

methamphetamine and non-methamphetamine groups (N=108,708).

No. of participants

hospitalized

Mean no. of

hospitalizations

n (%) (SD) Crude IRR (95% CI) Adjusted IRR (95% CI)

Pulmonary hypertension

Methamphetamine group

(N=18,118)

24 (0.13) 2.29 (3.18) 5.96 (3.30�10.76) 2.79 (1.56�5.00)

Non-methamphetamine group

(N=90,590)

42 (0.04) 1.04 (0.21) Reference Reference

Composite lung disease

Methamphetamine group

(N=18,118)

1476 (8.15) 1.48 (1.37) 2.3 (2.11�2.50) 1.67 (1.53�1.81)

Non-methamphetamine group

(N=90,590)

2656 (2.93) 1.19 (0.57) Reference Reference

The adjusted IRR used a conditional negative binomial regression model adjusted for age at enrollment, combined with other substance

use disorders (yes/no), and the Charlson comorbidity index score.

Composite lung disease was defined as the presence of one or more diagnoses such as lung abscess, empyema, pneumonia, emphysema,

pleurisy, pneumothorax, or pulmonary hemorrhage.

Abbreviation: CI, confidence interval; no., number; SD, standard deviation.
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TaggedH1Conclusions TaggedEnd

TaggedPIndividuals with MUD are associated with an increased risk of

pulmonary hypertension and lung injury. These findings

strongly support recommendations of the 2018 World Sympo-

sium on Pulmonary Hypertension that methamphetamine is

considered a “definite” risk factor.29 Although the mecha-

nisms and causal relationships surrounding these associa-

tions need to be clarified by more research, clinicians need

to ensure that a methamphetamine exposure history is

obtained as part of the workup for these pulmonary diseases

and provide timely management for this contributing factor.TaggedEnd

TaggedH1Abbreviations TaggedEnd

TaggedPCCI, Charlson’s comorbidity index; DM, diabetes mellitus,

HIV, human immunodeficiency virus; ICD-9-CM, International

Classification of Diseases, Ninth Revision, Clinical Modifica-

tion; MUD, methamphetamine use disorder; PAH, pulmonary

TaggedEndTaggedParterial hypertension; NHI, National Health Insurance;

NHIRD, National Health Insurance Research Database TaggedEnd
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TaggedEnd Table 4 Crude and adjusted odds ratios (ORs) of pulmonary hypertension and lung diseases among methamphetamine use disor-

der (MUD) individuals with and those without other substance use disorders (N=18,118).

Polysubstance group a

(N=3835)

MUD-only group b

(N=14,283)

Crude OR

(95% CI)

Adjusted OR

(95% CI)

n (%) n (%)

Pulmonary hypertension

No 3826 (99.8) 14,260 (99.8) Reference Reference

Yes 9 (0.2) 23 (0.2) 1.46 (0.67�3.15) 0.96 (0.44�2.1)

Composite lung diseases

No 3192 (83.2) 12476 (87.4) Reference Reference

Yes 643 (16.8) 1807 (12.7) 1.38 (1.26�1.52) 1.19 (1.07�1.31)

Empyema

No 3806 (99.2) 14,257 (99.8) Reference Reference

Yes 29 (0.8) 26 (0.2) 4.18 (2.46�7.10) 2.96 (1.71�5.12)

Lung Abscess

No 3813 (99.4) 14,258 (99.8) Reference Reference

Yes 22 (0.6) 25 (0.2) 3.29 (1.85�5.84) 2.21 (1.22�3.98)

Pneumonia

No 3190 (83.2) 12,492 (87.5) Reference Reference

Yes 645 (16.9) 1791 (12.5) 1.41 (1.28�1.56) 1.21 (1.09�1.34)

Pleurisy

No 3774 (98.4) 14,134 (99.0) Reference Reference

Yes 61 (1.6) 149 (1.0) 1.53 (1.14�2.07) 1.18 (0.87�1.61)

Emphysema

No 3817 (99.5) 14,223 (99.6) Reference Reference

Yes 18 (0.5) 60 (0.4) 1.12 (0.66�1.90) 0.77 (0.45�1.31)

Pneumothorax

No 3819 (99.6) 14,210 (99.5) Reference Reference

Yes 16 (0.4) 73 (0.5) 0.82 (0.47�1.40) 0.98 (0.56�1.71)

Pulmonary hemorrhage

No 3829 (99.8) 14,256 (99.8) Reference Reference

Yes 6 (0.2) 27 (0.2) 0.83 (0.34�2.01) 1.38 (0.55�3.45)

Composite lung disease was defined as the presence of one or more diagnoses such as lung abscess, empyema, pneumonia, emphysema,

pleurisy, pneumothorax or pulmonary hemorrhage.
a MUD individuals with other substance use disorders.
b MUD individuals without other substance use disorders.

Adjusted ORs were estimated from the logistics regression and were adjusted the age at enrollment, sex, and Charlson comorbidity index

score.

Abbreviation: CI, confidence interval.
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