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Abstract

Background: Chronic obstructive lung disease, specifically chronic asthma and COPD, impacts 

more than 500 million adults worldwide, and is associated with high healthcare spending and 

significant disease related morbidity. While the direct impact of substance use disorder is 

well documented, little is known about the indirect impact of substance misuse within this 

patient population. The healthcare cost and indirect morbidity secondary to substance misuse 

in obstructive lung disease has yet to be quantified.

Objective: To determine the indirect impact of substance misuse on disease severity, healthcare 

utilization and healthcare costs in patients with chronic obstructive lung disease across the United 

States.

Methods: Utilizing data from the 2012–2015 National Readmissions Database (NRD) patients 

with a diagnosis of COPD or asthma were identified. Documented substance misuse, rates of 

hospitalization, frequency of hospital readmission, markers of admission severity and cost were 

assessed utilizing weighted regression analysis.

Results: 1,087,226 patients with an index admission for asthma or COPD were identified. 

Substance misuse was documented in 4.0% of patients. Substance misuse was associated with a 

30% increase in odds of readmission and a higher cost per index admission. The additional index 

admission costs totaled $24 million for our cohort.

Conclusion: Substance misuse is associated with an increase in healthcare utilization and 

healthcare cost in patients with chronic obstructive lung disease. Targeting substance misuse in 

this patient population has the potential for significant cost savings to the healthcare system.
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Introduction:

Over the past decade, focus on improving efficiency in our healthcare system has come to 

the forefront, particularly for patients with pre-existing chronic disease. Substance misuse, 

defined as either the harmful use of illicit drugs or use of prescribed drugs for unintended 

purposes, has been identified as an important cause of direct morbidity, mortality and 

ineffective healthcare utilization. Efforts to reduce these direct impacts are ongoing.

Substance misuse may also indirectly impact the health of the individual, reducing 

adherence with chronic disease therapy and other aspects of chronic care management. 

These “secondary” consequences may also impact morbidity, mortality and healthcare 

utilization. To date however, the secondary impacts of substance misuse in patients with 

pre-existing chronic disease has received little attention.

Asthma and COPD represent two of the most prevalent chronic pulmonary diseases 

worldwide, impacting more than 500 million adults globally1,2 Miscategorization of asthma 

and COPD is common.3 Many patients with severe asthma are incorrectly diagnosed 

with COPD. Additionally, asthma-COPD overlap syndromes are increasingly recognized, 

particularly in patients with tobacco use.4 The link between tobacco use and worsening 

outcomes in chronic obstructive lung disease is well-established. The relationship between 

substance misuse and chronic obstructive lung disease however is less clear.

Patients with substance misuse have been shown to be more likely utilize healthcare 

inefficiently with more frequent Emergency Department visits, and less consistent outpatient 

care. 5,6 It is reasonable to assume that patients with chronic obstructive lung disease and 

substance misuse also have a similar healthcare utilization pattern, reducing the likelihood 

that their chronic disease is well managed.

Regular use of “crack” cocaine has also been associated with increased risk of developing 

obstructive lung disease. 7–9 Use of inhaled drugs has also been associated with an increased 

risk of hospitalization, and increased risk of readmission. 10–15. Separating the impact of 

inhaled drug use from the impact of tobacco use in these small patient cohorts has proved 

challenging however.

In this study, we aim to quantify the secondary morbidity, mortality and healthcare 

utilization attributable to substance misuse in patients with chronic obstructive lung 

disease on a national scale. Utilizing national administrative data, we identify a cohort of 

patients with chronic obstructive lung disease, and determine the prevalence of clinician 

diagnosed substance misuse by drug class (benzodiazepines, opiates, amphetamines, 

cocaine, marijuana and polysubstance use, Supplemental Table 1). Utilizing weighted 

regression analysis, morbidity, mortality and healthcare utilization differences between the 

two groups were identified. The impact of tobacco use with or without associated substance 

misuse was determined, and adjusted for in final analysis.

We hypothesize that for patients with chronic obstructive lung disease, documented 

substance misuse will be associated with increased morbidity, mortality and healthcare 

utilization as compared to patients without documented substance misuse. While the direct 
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costs of substance misuse is known and reported, its indirect impact on chronic diseases is 

not. Quantifying this indirect impact including increased morbidity, mortality and healthcare 

utilization further supports the value of identification and treatment for substance misuse.

Methods.

Data Description.

This study utilizes data from the 2012 to 2015 Nationwide Readmissions Database (NRD). 

The NRD contains de-identified hospitalization and discharge data collated from 27 states 

across the United States as part of the Healthcare Cost and Utilization database (HCUP). 

Through this dataset, hospital admissions and subsequent readmissions can be tracked 

across the calendar year for an individual patient, along with primary diagnosis, secondary 

comorbidities and healthcare cost data.16 Because the NRD transitioned from the use of 

international classification of diseases (ICD) 9 codes to ICD-10 coding in 2015, both 

ICD-9-CM and ICD-10 CM) codes were used to identify cases, substance misuse, and 

outcomes. Patients with a documented diagnosis of opiate, amphetamine, benzodiazepine, 

marijuana, cocaine misuse, ‘non-specific’ substance misuse or ‘other mixed’ substance 

misuse were categorized into the ‘substance misuse’ subset (Supplemental Table 1). Tobacco 

use was identified using ICD-9-CM/ICD-10-CM coding (Supplemental Table 1). Other 

potential confounders, including age, gender, primary expected payer, median household 

income national quartile per zip code, patient location, hospital location and pre-existing 

comorbidities were identified prior to initial data analysis.

The Elixhauser comorbidity index, a composite measure of individual patient comorbidities 

by ICD-9/10 CM code which was developed for use with administrative and HCUP data 

was calculated using the Elixhauser Comorbidity Software.16 This score was designed to 

predict in hospital mortality and 30 day readmission risk within administrative data. 16 The 

baseline score was modified to exclude alcohol and substance misuse as these are part of our 

exposure of interest.17 The HCUP Cost-to-Charge Ratio (CCR) Files were used to translate 

reported hospital admission charges into actual costs.18 These secondary files allow the 

conversion of individual hospital charges per patient to the actual cost for care provided.18 

Costs were then inflated to 2015 USD using the Gross Domestic Product (GDP) price 

index.19

Analytic Sample.

All adult subjects (18 years or older) with a primary diagnosis of asthma or COPD 

were included in the analysis. Subjects were excluded if they had a secondary diagnosis 

of pulmonary conditions due to fumes and vapors, cystic fibrosis, pulmonary circulation 

disorders and or idiopathic pulmonary fibrosis (Supplemental Table 2). The index NRD 

admission was the first admission during a particular year with a primary diagnosis 

of asthma or COPD. To assess 30-day readmissions, subjects who died in the hospital 

during the index admission (n=9,596) and those discharged during the month of December 

(n=93,708) were excluded, as the NRD database only tracks readmissions per patient across 

the calendar year. Due to the known frequency of misdiagnosis of both COPD and asthma, 

we chose to combine both diagnoses into a single cohort of patients rather than analyzing 
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each syndrome separately.3,20 Sensitivity analysis was performed for key outcomes by 

asthma, COPD and the combined diagnosis group.

Missing data.

Data were missing for the following NRD variables: median household income national 

quartile (1.6%), total charges/costs (1.2%), patient location (0.29%), primary expected payer 

(0.17%), in-hospital death (0.03%), and length of stay (0.006%).

Statistical Analysis.

Analyses were performed according to published HCUP analytic guidelines using the 

SURVEY procedures in SAS 9.4 software (SAS Institute, Cary, NC).21 Descriptive 

statistics, including means, percentages and, standard errors were computed with analytic 

sample weights. Unadjusted comparisons of subjects with substance misuse vs. those 

without were conducted using t-tests for continuous factors and Rao-Scott chi-square tests 

for categorical variables.

Weighted regression analysis was used to determine the impact of substance misuse on 

morbidity and mortality. Weighted logistic regression was used for binary outcomes (risk of 

mortality and severity of illness, mechanical ventilation, respiratory failure, sepsis, shock, 

acute kidney injury, encephalopathy, stroke, in-hospital death, and 30-day readmission); 

weighted odds ratios with 95% confidence intervals are presented. Continuous outcomes 

(length of stay and costs) were analyzed using weighted linear regression. Length of 

stay and costs were log-transformed and the adjusted means and corresponding 95% 

confidence interval are presented. Sensitivity analysis was performed by diagnosis group 

utilizing weighted regression analysis. All models included substance misuse, tobacco 

use disorder, age, gender, primary expected payer, median household income national 

quartile per zip code, patient location, hospital location, rehabilitation transfer involved, 

AIDS, deficiency anemias, rheumatoid arthritis/collagen vascular diseases, chronic blood 

loss anemia, congestive heart failure, coagulopathy, depression, diabetes, hypertension, 

hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, 

other neurological disorders, obesity, paralysis, peripheral vascular disorders, psychoses, 

renal failure, solid tumor without metastasis, peptic ulcer disease excluding bleeding, 

valvular disease and weight loss. All tests were two-tailed and performed at a significance 

level of 0.05.

Results:

Prevalence of substance misuse:

A total 1,087,226 (weighted n = 2,426,294) index admissions with a primary diagnosis of 

COPD or asthma were identified during the study period. 5% of patients received primary 

admission diagnoses of both COPD and asthma. Of all patients admitted with COPD and 

asthma, 4.01% (95%CI: 3.87, 4.15) had a diagnosis of substance misuse documented by 

their providers during hospitalization.
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Patients with a diagnosis of substance misuse in the inpatient setting were on average 14 

years younger, and more likely to be male (Table 1). Documentation of active tobacco use 

was significantly more common in patients with a diagnosis of substance misuse of any kind 

(OR 3.89 95%CI: 3.82–3.96, p < 0.001).

For patients with documented substance misuse, opiate misuse was the most common 

diagnosis (Table 2). Modified Elixhauser comorbidity scores were lower in patients with 

documented substance misuse (11.3 vs 12.0, p<0.001). However, significantly higher rates 

of AIDS, psychiatric disease and liver disease were seen in the substance misuse group 

(Supplemental Table 3).

Index Admission Outcomes.

Patients admitted with a substance misuse diagnosis of any kind were significantly more 

likely to have documented respiratory failure or shock during their index hospitalization 

(OR: 1.44 95%CI: 1.37, 1.52, p<0.001). Their likelihood of requiring mechanical ventilation 

was also significantly higher, with an adjusted OR of 1.44 (95%CI: 1.37, 1.52 p 

<0.05). (Table 3) When analyzed by type of substance misuse, the increased odds of 

respiratory failure and need for mechanical ventilation was strongest in patients with 

documented amphetamine, benzodiazepine or opiate misuse (Supplemental Table 4). 

Patients with documented substance misuse were more likely to have documented sepsis 

or encephalopathy at time of index admission. Amphetamine misuse specifically was 

associated with a significantly increased likelihood of shock during index admission (OR 

2.45 95% CI: 1.53, 3.93, p<0.001), though this association was not seen across all substance 

misuse types.

Despite the association between substance misuse and increased likelihood of negative 

outcomes during index admissions, there was no identified difference in in-hospital mortality 

between patients with and without a documented history of substance misuse. After 

adjusting for potential confounders there was no evidence of an increased length of stay 

between the two groups. Patients with documented substance misuse were significantly 

more likely to discharge from hospital against medical advice. (OR 4.35 95%CI: 4.17, 4.52, 

p<0.0001).

After adjusting for potential confounders, a statistically significant increase in the cost of 

index admission was seen in patients with substance misuse of any kind, with an absolute 

cost of $6509 (95% CI: 6377.05, 6645.54) in patients with documented substance misuse, 

compared with $5988.84 (95% CI: 5894.95, 6084.22) in those without — an absolute 8% 

increase in cost per initial admission (p<0.001).

30-Day Readmission.

Out of subjects that were discharged alive between January and November, 15.4% were 

readmitted within 30 days. Patients with documented substance misuse were at increased 

odds of readmission during this time period (OR 1.29 95%CI: 1.25, 1.33 p<0.001), after 

adjusting for potential confounders. Patients with documented substance misuse were also 

more likely to be readmitted multiple times- 0.55% of patients with documented substance 
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misuse were observed to have three or more readmissions in this time period, compared with 

0.21% of patients without documented substance misuse.

Sensitivity analysis

Sensitivity analysis was performed by diagnosis group (Table 4). The association between 

substance misuse and need for mechanical ventilation persisted across all diagnosis groups, 

though was strongest in patients with asthma alone (OR 2.33 95%CI 2.13, 2.55, P <0.001). 

Similar patterns of association between substance misuse and the risk of 30-day readmission 

were seen on sensitivity analysis by diagnosis group, though again, the association was 

strongest in the group with asthma alone. When analyzed for asthma alone, an increased 

risk of in-hospital mortality was identified (OR 1.45 95%CI 1.08, 1.95 P 0.014), though this 

was not seen across other diagnosis groups. Cost per hospitalization was increased across 

all diagnosis groups, with the greatest increase in mean cost per admission recorded in the 

patient group with both asthma and COPD diagnosis codes.

Discussion:

Substance misuse has a significant secondary impact in patients with chronic asthma 

and COPD, which persists even after adjusting for tobacco misuse, income disparities 

and substance misuse associated comorbidities. This secondary morbidity represents a 

previously undocumented burden to the individual patient, the healthcare system and society, 

and is not limited to inhaled substance misuse alone.

Within our cohort of patients, a documented diagnosis of substance misuse was associated 

with an increase in morbidity, including an increased risk of respiratory failure, need for 

mechanical ventilation and likelihood of sepsis on admission. Sequelae of substance misuse, 

including cirrhosis, AIDS and psychiatric disease, were also significantly more prevalent 

within this cohort.

Patients with documented substance misuse had a shorter average length of stay, likely 

primarily attributable to their increased risk of discharge against medical advice. Despite 

this decrease in length of stay, costs of initial hospitalization were higher in patients with 

documented substance misuse ($6,509 in total costs) compared to those without documented 

substance misuse ($5,988 in total costs). This difference is likely attributable to increased 

severity of illness seen at presentation and greater need for higher resource intensive care 

such as mechanical ventilation, and persisted with sensitivity analysis.

Documented substance misuse was associated with a significantly increased risk of 30 day 

readmission, and an increased likelihood of multiple readmission events. These readmissions 

in particular represent a substantial burden to the healthcare system, and to the individual 

patient. In addition to growing Center for Medicare and Medicare services financial 

penalties for excessive COPD related readmissions, 30 day readmission has previously been 

identified as an independent predictor of 1 year mortality in patients with COPD.22,23

Distinguishing between asthma and COPD has been shown to be challenging, and asthma-

COPD overlap is increasingly recognized. Especially when utilizing administrative data, risk 
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of misclassification may be high. To avoid misclassification bias and to capture these overlap 

patients, we chose to analyze asthma and COPD as a combined diagnosis code. While for 

some outcomes the strength of association seen varied by diagnosis code, the finding that 

substance misuse is associated with an increased risk of mechanical ventilation, respiratory 

failure and 30 day readmission was robust across both the COPD and asthma cohorts.

While these findings are significant, they likely represent a small portion of the true 

burden of secondary substance misuse related morbidity. Our study utilizes the HCUP-NRD 

database, which is reliant on physician-level documentation. It is well known that substance 

misuse is both under-documented by providers and under-reported by patients.12,24,25 It is 

likely our study underestimates the true financial and clinical burden of substance misuse 

within this population.

Additionally, due to the limitations of documentation, we cannot comment on relationship 

between frequency of use and severity of disease outcomes. Broader patterns of healthcare 

utilization outside of hospitalization are also not captured by our study, and represent an area 

for further research.

Improving outcomes in chronic asthma and COPD has proved challenging. Our study 

highlights a previously unquantified contributor to worsening outcomes within this patient 

population- one that represents both a significant economic burden, and an area for 

intervention. Treatment of substance dependence is associated with a decrease in healthcare 

utilization.6,26,27 Increasing attention to identifying patients with active substance misuse 

during hospitalization or in the outpatient setting could allow us to offer targeted substance 

use disorder treatment in addition to the traditional aspects of chronic lung disease care. 

Initiating treatment during hospitalization could also be considered, especially given the 

frequency of readmissions, and the fact that many of these patients lack access to consistent 

outpatient care.

Conclusion

For patients with chronic asthma and COPD, documented substance misuse is associated 

with an increase in morbidity, healthcare utilization and healthcare cost. This impact extends 

beyond inhaled substance misuse, is associated with harm to our patients, and represents 

an additional burden to our already strained healthcare system. Further research at the 

individual patient level is needed to quantify the full impact of substance misuse on chronic 

asthma and COPD outcomes, and identify potential areas for targeted intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:

Index admission characteristics for patients admitted with asthma and/or COPD

Factor Overall No Drug Misuse Drug Misuse
1 p-value

(N=1,087,226) (N=1,040,601) (N=46,625)

Primary diagnosis, % (95% CI) <0.001

  Asthma 29.8 (29.4, 30.2) 29.3 (28.9, 29.7) 42.1 (41.2, 43.1)

  COPD 70.2 (69.8, 70.6) 70.7 (70.3, 71.1) 57.9 (56.9, 58.8)

Age in years at admission, mean (95% CI) 64.9 (64.7, 65.0) 65.4 (65.3, 65.6) 51.4 (51.2, 51.6) <0.001

Gender, % (95% CI) <0.001

  Male 39.7 (39.5, 39.8) 39.3 (39.1, 39.4) 49.2 (48.6, 49.8)

  Female 60.3 (60.2, 60.5) 60.7 (60.6, 60.9) 50.8 (50.2, 51.4)

Primary expected payer, % (95% CI) <0.001

  Medicare 62.9 (62.6, 63.3) 64.2 (63.8, 64.5) 33.0 (32.2, 33.8)

  Medicaid 13.8 (13.5, 14.0) 12.7 (12.5, 13.0) 38.9 (38.0, 39.8)

  Private insurance 14.6 (14.4, 14.8) 14.8 (14.6, 15.0) 9.9 (9.5, 10.3)

  Self-pay 5.0 (4.8, 5.2) 4.7 (4.6, 4.9) 11.9 (11.2, 12.6)

  Other/Unknown 3.7 (3.5, 3.9) 3.6 (3.4, 3.7) 6.3 (5.6, 7.0)

Patient location, % (95% CI) <0.001

  Large Metro 47.9 (46.8, 49.0) 47.3 (46.2, 48.5) 61.8 (60.0, 63.6)

  Small-Medium Metro 29.1 (28.2, 30.1) 29.3 (28.4, 30.2) 25.3 (23.9, 26.7)

  Micropolitan or Noncore 22.7 (22.1, 23.3) 23.1 (22.5, 23.8) 12.0 (11.2, 12.8)

  Unknown 0.25 (0.22, 0.29) 0.23 (0.20, 0.26) 0.84 (0.71, 0.96)

Tobacco use disorder, % (95% CI) 32.7 (32.4, 33.0) 31.5 (31.2, 31.8) 62.7 (62.1, 63.3) <0.001

Alcohol use disorder, % (95% CI) 4.16 (4.08, 4.24) 3.6 (3.5, 3.7) 12.2 (16.7, 17.7) <0.001

1
Frequencies presented are unweighted counts. p values: a = linear regression; c = Rao-Scott chi-square test.
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Table 2:

Frequency and prevalence of substance misuse in the inpatient cohort

Drug misuse (non-exclusive) Inpatient (total) (N=1,087,226)

Opioids misuse 1.35 (1.30, 1.41)

Cannabis misuse 1.12 (1.06, 1.18)

Cocaine misuse 1.00 (0.93, 1.07)

Non-specific drug misuse 0.81 (0.78, 0.84)

Other, mixed, unspecified drug abuse 0.58 (0.55, 0.60)

Amphetamine misuse 0.29 (0.27, 0.31)

Benzodiazepine misuse 0.12 (0.11, 0.13)

Drug misuse 4.01 (3.87, 4.15)

Num. of drug types

  No drug misuse 92.52 (92.35, 92.69)

  Single drug type 2.93 (2.83, 3.03)

  Multiple drug types 1.08 (1.03, 1.12)
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Table 3:

Binary outcomes in patients admitted with a diagnosis of COPD or asthma and documented substance misuse 

compared to those without documented substance misuse.
1

Outcome Adjusted Weighted OR (95% CI) P value

Intubation/Mechanical Ventilation 1.57 (1.47, 1.67) < 0.01

Respiratory failure 1.19 (1.14, 1.24) <0.01

Sepsis 1.20 (1.03, 1.40) 0.017

Encephalopathy 1.80 (1.56, 2.07) < 0.01

In hospital mortality 0.96 (0.81, 1.13) 0.63

1.
All adjusted ORs are adjusted for tobacco use disorder, alcohol misuse, age, gender, primary expected payer, median household income national 

quartile per zip code, patient location, hospital location, AIDS, deficiency anemias, rheumatoid arthritis/collagen vascular diseases, chronic 
blood loss anemia, congestive heart failure, coagulopathy, depression, diabetes, hypertension, hypothyroidism, liver disease, lymphoma, fluid and 
electrolyte disorders, metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disorders, psychoses, renal failure, solid 
tumor without metastasis, peptic ulcer disease excluding bleeding, valvular disease and weight loss.
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Table 4:

Sensitivity analysis of key inpatient outcomes for patients with documented asthma, COPD and overlapping 

asthma/COPD diagnosis codes.

Asthma Only COPD Only Asthma + COPD

Unweighted N 309,576 722,786 54,864

Weighted N 670,396 1,639,721 116,177

% with documented 
alcohol misuse (95% CI) 2.77 (2.68, 2.87) 4.77 (4.68, 4.87) 3.46 (3.27, 3.65)

Binary Outcomes
Adjusted

1
 OR (95% 

CI)
p-value Adjusted

1
 OR (95% 

CI)
p-value Adjusted

1
 OR (95% 

CI)
p-value

Intubation/Mechanical 
Ventilation 1.22 (1.06, 1.39) 0.005 1.20 (1.11, 1.30) <0.001 1.58 (1.15, 2.18) 0.005 

Respiratory failure 1.02 (0.93, 1.11) 0.73 1.02 (0.97, 1.06) 0.45 1.01 (0.87, 1.18) 0.86

Sepsis 0.90 (0.63, 1.29) 0.57 0.86 (0.72, 1.02) 0.075 0.91 (0.49, 1.68) 0.75

Encephalopathy 1.62 (1.15, 2.29) 0.006 1.70 (1.49, 1.95) <0.001 0.82 (0.42, 1.61) 0.56

In hospital mortality 0.75 (0.51, 1.10) 0.14 0.93 (0.82, 1.07) 0.32 0.95 (0.45, 2.01) 0.89

30-day Readmission 1.34 (1.25, 1.44) <0.001 1.18 (1.14, 1.22) <0.001 1.19 (1.01, 1.39) 0.037 

Costs
Adjusted

1
 Mean 

(95% CI)
p-value Adjusted

1
 Mean 

(95% CI)
p-value Adjusted

1
 Mean (95% 

CI)
p-value

Alcohol misuse group 5953.52
(5784.41, 6127.58)

<0.001 

6910.62
(6779.65, 7044.12)

<0.001 

7184.43
(6826.29, 7561.36)

<0.001 

No alcohol misuse group 5615.76
(5491.56, 5742.76)

6486.23
(6379.40, 6594.85)

6706.10
(6442.03, 6980.99)

1
.Adjusted for tobacco use disorder, drug misuse, age, gender, primary expected payer, median household income national quartile per zip code, 

patient location, hospital location, AIDS, deficiency anemias, rheumatoid arthritis/collagen vascular diseases, chronic blood loss anemia, congestive 
heart failure, coagulopathy, depression, diabetes, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic 
cancer, other neurological disorders, obesity, paralysis, peripheral vascular disorders, psychoses, renal failure, solid tumor without metastasis, 
peptic ulcer disease excluding bleeding, valvular disease and weight loss.
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