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Abstract 29 

Word Count: 236 30 

Background: Asthma is a prevalent disease with high economic cost. Over 50% of its direct 31 

cost relates to asthma hospitalizations.  Diabetes mellitus (DM) is a significant comorbidity in 32 

asthmatic patients, yet its impact on asthma-related hospitalizations is unknown.   33 

Objective: To compare the outcome of asthma-related hospitalizations in patients with and 34 

without DM.   35 

Methods: Using Healthcare Cost and Utilization Project Nationwide Readmissions Database, 36 

we analyzed data of all adults with index admission for asthma and with no other chronic 37 

pulmonary conditions, and compared outcomes between patients with and without DM.  38 

Weighted regression analysis was used to determine the impact of DM on hospitalization 39 

outcomes.  All multivariate regression models were adjusted for patient demographics, 40 

socioeconomic status and chronic medical comorbidities. 41 

Results:  A total of 717,200 asthmatic patients were included, with 202,489 (28.3%) had DM.  42 

Diabetic patients were older and had more comorbidities.  When hospitalized for asthma, 43 

diabetic patients had increased hospital length of stay, cost, and risk for 30-day all-cause and 44 

asthma-related readmission.  They also had a higher risk for developing non-respiratory 45 

complications during their hospital stay compared to non-diabetics.  The risk of mortality was 46 

similar between the two groups.    47 

Conclusion: Patients hospitalized for asthma with coexisting DM had increased hospital length 48 

of stay, cost, and risk for readmission. Interventions are urgently needed to reduce the risk for 49 

hospital admission and readmission in patients with co-existing DM and asthma.  These 50 

interventions would have profound economic and societal impact.   51 

 52 

Highlights  53 

What is already known about this topic? 54 

Diabetes Mellitus and asthma frequently co-exist and are closely related.  Diabetes, via 55 

augmented systemic inflammation, likely worsens asthma disease severity. Conversely, certain 56 

asthma treatments including corticosteroid negatively impact diabetic control.   57 

What does this article add to our knowledge? 58 

When hospitalized for asthma, patients with co-existing diabetes had longer length of stay, 59 

higher cost, and were more likely to be readmitted within 30 days of discharge when compared 60 

to patients without diabetes.  61 

How does this study impact current management guidelines? 62 

Patients with co-existing asthma and diabetes likely constitute a under-recognized high-risk 63 

group for asthma hospitalization and related adverse outcomes.  Dedicated research and 64 

innovative management strategies for this group are urgently needed.   65 

Key words: asthma, diabetes mellitus, length of stay, cost, readmission 66 

Abbreviations 67 

COPD: chronic obstructive pulmonary disease 68 

T2DM: type 2 diabetes mellitus 69 

AIDS: acquired immune deficiency syndrome 70 
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Introduction 71 

Asthma, a common disease, is associated with significant morbidity and cost to society.  72 

The burden of asthma is rising both nationally and globally.  In the US, asthma prevalence 73 

steadily increased from 3.6% in 1980 to 8.4% in 2010; asthma was responsible for 479,300 74 

hospitalizations in 2009 (1)  and resulted in over $2 billion aggregate cost (2).  Hospitalization is 75 

one of the major drivers of the direct economic cost in asthma (3,4).   76 

 77 

Diabetes mellitus (DM), another significant public health concern, affects 14% of the US 78 

population (5).  DM can co-exist with asthma, and cumulative evidence points towards a close, 79 

bidirectional relationship between DM and asthma.  For example, patients with DM have higher 80 

asthma prevalence, severity and risk for exacerbations (6,7); conversely, patients with asthma 81 

have higher incidence of type 2 DM independent of body mass index (BMI) (8).  Despite the 82 

close interaction between DM and asthma, studies are scarce on the outcomes of these 83 

patients when they are hospitalized for asthma.  One study showed that, amongst patients 84 

hospitalized for asthma, concurrent DM was associated with higher hospital admission cost. 85 

However, the study did not adjust for chronic medical conditions (9).   Another study showed 86 

that following an index admission for asthma, patients with uncomplicated DM had higher risk of 87 

30-day all-cause readmission after adjusting for other chronic medical conditions (OR [95% CI] 88 

1.13 [1.05-1.21]; p <0.001); yet the study failed to show similar association between DM with 89 

diabetic complications and risk of readmission (OR [95% CI] 0.97 [0.93-1.01]; p = 0.18) (10). In 90 

addition, these studies are not readily generalizable to a wider US population due to limitations 91 

in study design and relatively small sample size (9,10).   92 

 93 

In this study, we used a large, nationally representative database to characterize asthma 94 

related admissions in patients with coexisting DM. We hypothesized that, amongst adult 95 

patients hospitalized for asthma, the presence of DM is associated with longer hospital length of 96 

stay (LOS), higher hospital cost, and higher 30-day readmission risk after discharge.     97 

 98 

 99 

 100 

Methods 101 

 102 

Study Design and Setting 103 

We analyzed data from the Healthcare Cost and Utilization Project (HCUP) Nationwide 104 

Readmissions Database (NRD). The HCUP is a family of health-care databases developed 105 

through a federal-state-industry partnership and sponsored by the Agency for Healthcare 106 

Research and Quality (AHRQ).  HCUP includes the largest collection of longitudinal hospital 107 

care data in the United States, with all-payer, encounter-level information.  As part of HCUP, 108 

NRD contains data from 18 million discharges per year in the dataset and estimates roughly 36 109 

million discharges nationwide after weighting (11).  Readmission data for all patients regardless 110 

of the expected payer at admission (e.g. Medicare, private insurance, self-pay) for the hospital 111 

stay were included (12).  Data from 2012 through 2015 were used.  The study period was 112 

chosen for the consistency of using the International Classification of Diseases Ninth Revision, 113 

Clinical Modification (ICD-9-CM) diagnosis in the database.  A data user agreement was signed 114 

with AHRQ. 115 

 116 

 117 

Study Population 118 

We included all adult patients (age 18 years and older) in  NRD with a principle 119 

admission diagnosis (DX1) of asthma (ICD-9-CM 493.xx and ICD-10-CM J45.xx on the 4th 120 

quarter of 2015), or a principle admission diagnosis of respiratory failure (HCUP Clinical 121 
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Classification Software [CCS] code: 131 (13)) and secondary diagnosis of asthma.  The index 122 

admission was defined as the first admission during a particular year with the above diagnoses. 123 

Patients were excluded if they had pneumonia, or any chronic pulmonary conditions other than 124 

asthma [Table E1]. Patient with dual diagnoses of COPD and asthma were also excluded.  To 125 

analyze 30-day readmissions, we excluded patients who died during index admission, or were 126 

discharged during December.   127 

 128 

 129 

Measurements 130 

The database contains information on patient characteristics, including demographics 131 

(age and sex), socio-economic status (estimated household income, primary insurance type), 132 

medical conditions (ICD-9-CM diagnoses, medical comorbidities at admission), hospital length 133 

of stay (LOS) and total charge of the admission.  The HCUP Cost-to-Charge Ratio (CCR) Files 134 

were used to translate reported hospital admission charges into actual costs (14).  Costs were 135 

then inflated to 2015 USD using the Gross Domestic Product (GDP) price index (15).  136 

 137 

 138 

Exposure 139 

The exposure variable was patient’s status of DM at index admission.  Patients with DM 140 

were further divided into DM without chronic complication (HCUP CCS code: 49) or DM with 141 

chronic complications (HCUP CCS code: 50).   142 

 143 

Outcome Measures 144 

The outcome variables include LOS, hospital admission cost, in-hospital mortality rate, 145 

acute complications during both index and re-admissions, and the readmission rate within 30 146 

days of discharge from index admission.  The acute complications during hospitalization 147 

included acute respiratory failure, sepsis, shock, acute kidney injury (AKI), delirium, 148 

encephalopathy and stroke.  149 

 150 

Statistical analysis 151 

Analytic sample weights (discharge-level weight: DISCWT) were used for the following 152 

analysis according to published HCUP-NRD guidelines (16) to create national estimates.  153 

Descriptive statistics, including medians [interquartile range] (IQR) and percentages, were 154 

computed.  Unadjusted comparison of subjects with DM vs. those without was done using t-155 

tests for continuous variables and chi-square tests for categorical variables. Weighted 156 

regression analysis was used to determine the impact of having DM on hospitalization 157 

outcomes.  Weighted logistic regression was used for binary outcomes (respiratory failure, 158 

sepsis, shock, acute kidney injury [AKI], encephalopathy, stroke, in-hospital death, and 30-day 159 

readmission); weighted odds ratios with 95% confidence intervals are presented. Continuous 160 

outcomes (length of stay and costs) were analyzed using weighted linear regression. Length of 161 

stay and costs were log-transformed and the exponential of the slope parameter and 162 

corresponding 95% confidence interval are presented. When using a natural logarithmic 163 

transformation on the outcome variable in linear regression, the exponential of the slope 164 

(exp(β)) is interpreted as a relative change in the outcome. All models included alcohol and 165 

tobacco misuse, age, gender, primary insurance type, predicted median household income per 166 

zip code, AIDS, iron deficiency anemias, rheumatoid arthritis/collagen vascular diseases, 167 

chronic blood loss anemia, congestive heart failure, coagulopathy, depression, hypertension, 168 

hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, 169 

other neurological disorders, obesity (as determined by ICD-9-CM code), paralysis, peripheral 170 

vascular disorders, psychoses, renal failure, solid tumor without metastasis, peptic ulcer disease 171 

(excluding bleeding), valvular disease, weight loss, hospital size, hospital location (rural vs. 172 
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urban) and other hospital characteristics (private vs. public, teaching vs. non-teaching). 173 

Information on other risk factors for severe asthma such as allergic rhinitis, gastroesophageal 174 

reflux disease, and race were not available; therefore, these variables were not included in the 175 

analysis.  All tests were two-tailed and performed at a significance level of 0.05.  Analyses were 176 

performed using the SURVEY package in R (R Foundation for Statistical Computing, Vienna, 177 

Austria). 178 

 179 

Missing data 180 

Patients with missing median household income national quartile (missing: 1.6%),  181 

hospital location (missing: 0.29%), or primary expected payer (missing: 0.17%)  were excluded 182 

from the analysis. However, patients with missing outcome variables including in-hospital death 183 

(missing: 0.03%), length of stay (missing: 0.006%) or total charges/costs (missing: 1.2%) were 184 

excluded from the analysis of that outcome variable only. 185 

 186 

 187 

Results 188 

 189 

Patient Characteristics at time of Index admission  190 

There were 717,200 patients meeting our inclusion criteria. The majority (70.2%) of these 191 

patients were women, with mean (SE) age of 55.4 (0.1) years.  Among them, 202,489 (28.3%) 192 

patients had diabetes, including 174,666 (24.4%) with uncomplicated DM (U-DM), and 27,823 193 

(3.9%) with DM and diabetic complications (CX-DM). Patients with DM were older, more likely to 194 

be female, and had more chronic medical conditions such as obesity, congestive heart failure 195 

(CHF), hypertension (HTN), and depression.  This comorbidity burden was reflected by the 196 

higher number of diagnosis at discharge (NDX) and higher diagnosis related group (DRG) 197 

severity and mortality risk scores in patients with DM. In contrast, DM was associated with a 198 

lower rate of alcohol or tobacco misuse (p<0.001) [Table 1].  199 

 200 

Characteristics of Index Admissions 201 

 202 

Diabetes was associated with increased hospital length of stay and cost.  203 

Within the entire study cohort, the  weighted median [IQR] of hospital LOS for the index 204 

admission was 3 [2 - 4] days, with an weighted median [IQR] cost of $5,343 [3,501 - 8,414].  205 

Compared to patients without DM, patients with DM had longer LOS and higher cost. Moreover, 206 

the presence of diabetic complications was associated with further increase in LOS and cost; 207 

compared to patients without DM, patients in CX-DM group had an average increase of 1 day in 208 

hospital and 41% increase in hospital cost (or $2,075f additional) [Table 2].  209 

   210 

Using a multivariable linear regression model adjusted for patient demographics, 211 

socioeconomic status and chronic medical comorbidities, we found that subjects with U-DM had 212 

22% higher LOS than those without DM, corresponding to adjusted exponential of slope [95% 213 

CI] of 1.22 [1.18-1.27]). Similarly, the association between U-DM and increased cost of 214 

hospitalization was significant (adjusted exponential of slope [95% CI]: 1.07 [1.06-1.07]). 215 

Moreover, CX-DM maintained the highest risk for both LOS (adjusted exponential of slope [95% 216 

CI]: 1.56 [1.42-1.72]) and cost (adjusted exponential of slope [95% CI]: 1.14 [1.13-1.16]) [Table 217 

3].   218 

   219 

 220 

Diabetes was associated with higher risk for non-respiratory complications but not mortality.  221 
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During index admission, respiratory failure was the most common acute complication 222 

(16.6%), while the most common non-respiratory acute complications were AKI (5.5%), sepsis 223 

(0.4%) and encephalopathy (0.4%). Compared to patients without DM, patients with DM 224 

(especially U-DM) had lower rate of respiratory failure (15.1% vs 17.0%, p <0.001).  However, 225 

the risk of having non-respiratory complications, especially AKI, sepsis and encephalopathy 226 

were much higher in diabetics. Patients with CX-DM had the highest risk of developing these 227 

complications during their hospitalization [Table 4]. 228 

 229 

For the index admission, the in-hospital mortality rate for the entire cohort was 0.9% 230 

[Table 2]. DM was associated with increased risk of mortality during index admission; however, 231 

such association was no longer present after adjusting for other factors in the multivariate 232 

model. In fact, CX-DM even appeared to be associated with slightly lower mortality risk during 233 

the index admission (adjusted OR [95% CI]: 0.79 [0.63-0.98]) [Table 3].  234 

 235 

 236 

Characteristics of 30-day readmissions  237 

A total of 68,260 (9.5%) patients were readmitted within 30 days of hospital discharge 238 

from the index admission, including 22,719 (3.2%) patients readmitted with for asthma.  The 239 

average time from discharge to the first readmission was around 13 days (SE=0.1). Compared 240 

to index admission, hospital LOS and cost were higher in both all-cause and asthma-related 241 

readmissions (p<0.001); in addition, the mortality rate was higher for all-cause readmissions 242 

(2.4% vs 0.9%; p<0.001) [Table 2].   243 

 244 

Adjusting for age, gender,  Median Household Income by Zip Code, diabetes without 245 

complications was associated with higher risk for all-cause readmission (adjusted OR [95% CI] 246 

= 1.68[1.59-1.77]), and asthma-related readmission (adjusted OR [95% CI] = 1.18 [1.12-1.24]). 247 

In contrast, diabetes with complications was associated with higher risk for all-cause 248 

readmission (adjusted OR [95% CI] =1.24 [1.20-1.27]) but not for asthma-related readmission 249 

(adjusted OR [95% CI] = 0.90 [0.80-1.01]) [Table E2]. In both situations, diabetes (U-DM and 250 

CX-DM) was also associated with significantly higher LOS and cost but not mortality [Table 3]. 251 

In a subgroup analysis of patients with asthma and nicotine addiction, the association between 252 

diabetes (U-DM and CX-DM) and mortality, LOS and cost mirrored the results from the total 253 

studied population and any differences could be explained by smaller sample size caused by 254 

stratification. 255 

The rate of respiratory failure was similar between index admission and all-cause 256 

readmission (16.6% vs 14.2%).  However, the rate for non-respiratory complications - especially 257 

AKI (11.1% vs 5.5%), sepsis (5.9 % vs 0.4%), and encephalopathy (1.0% vs 0.4%) - was much 258 

higher during all-cause readmissions than in the initial admission, and diabetic patients were at 259 

increased risk. In contrast, the complication rate was similar between index admission and 260 

asthma-related readmission [Table 4].  261 

 262 

 263 

Stratified analysis by obesity status 264 

 265 

We performed a stratified analysis by obesity status (as indicated by reported 266 

comorbidities at the time of admission).  In the subgroup of patients with no obesity, the 267 

presence of U-DM or CX-DM was associated with higher LOS and cost in index admission, 30-268 

day all cause and asthma related readmissions comparing to patients without DM.  In the 269 
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subgroup of patients with obesity, patients with U-DM or CX-DM incurred higher LOS and cost 270 

during index admission [Table E3].    271 

  272 

To assess if the effect of diabetes on mortality depends on obesity, we included an 273 

interaction term between diabetes and obesity in our models. We found no interaction between 274 

diabetes and obesity on “mortality” as an outcome in the initial admission (p for the interaction = 275 

0.68), during the 30-days all-cause readmission (p for the interaction = 0.45) or during the 30 276 

days asthma-related readmission (p for the interaction = 0.47).  277 

 278 

 279 

Discussion 280 

When hospitalized for asthma, patients with coexisting diabetes mellitus had increased 281 

hospital length of stay, cost, and risk for 30-day all-cause and asthma-related readmission.  282 

These patients also had a higher risk for developing non-respiratory complications during their 283 

hospital stay.  To our knowledge, this is the first study to use a large, nationally representative 284 

database to specifically characterize hospitalized patients with concurrent asthma and DM.  285 

Compared to prior studies (9,10), our large nation-wide sample and increased statistical power 286 

makes our results more generalizable to the United States population.  287 

 288 

Asthma consumes a significant portion of economic resources; however, this 289 

expenditure is not evenly shared among patients.  Over 80% of the total cost arises from 20% of 290 

asthmatics, i.e. the “high-cost” patients.  Furthermore, hospital admissions alone were 291 

responsible for over 65% of the expenditure for these “high-cost” patients, while it only accounts 292 

for 1% of the expenditure for “low-cost” patients (4).  In fact, a recent study confirmed the 293 

presence of exacerbation-prone asthma phenotype – with the tendency for developing repeated 294 

asthma exacerbations over multiple years – in a subgroup of asthmatics that might benefit from 295 

targeted intervention (17). Therefore, considerable financial cost could be saved if we can 296 

minimize asthma-related hospital admissions and readmissions in high-risk patients.  Our 297 

findings suggest that patients with co-existing asthma and diabetes likely belong in this high-risk 298 

patient group where targeted interventions are needed to reduce readmissions and cost of care.     299 

 300 

There are several potential explanations for the association between DM and increased 301 

hospital LOS, cost, and risk for readmissions.  First, asthma patients with DM may have 302 

different physiologic and immunologic characteristics compared to asthma patients without DM.  303 

Potential mechanisms linking DM (especially T2DM) and asthma include insulin resistance and 304 

hyperinsulinemia, which causes greater airway smooth muscle contractility via phosphoinositide 305 

3-kinase and rho-kinase-dependent pathways (18) and increased bronchial hyper-306 

responsiveness (19). Indeed, we showed that DM was associated with higher admission LOS 307 

and cost in subgroup of patients without obesity. This suggests a possible direct association 308 

between DM and asthma outcomes. Second, obesity and metabolic dysfunction often co-exists 309 

with DM, leading to pro-inflammatory state via adipokines, IL-6, TNF- α, and C-reactive protein 310 

(20,21) and altered immune function via suppression of natural killer cell (22) and CD8+ 311 

cytotoxic T cells (23).  In asthmatics, both obesity (24,25) and systemic IL-6 inflammation 312 

(26,27) are associated with higher asthma disease severity, symptom burden and decreased 313 

response to inhaled corticosteroids.  Furthermore, the presence of diabetes, obesity, and higher 314 

plasma IL-6 level appears to be able to predict the Exacerbaton-Prone Asthma phenotype (17). 315 

Third, treatment for asthma exacerbations may adversely affect a patient’s diabetes. Most 316 

notably, systemic glucocorticoids (GC) substantially alter the homeostasis of glucose control, 317 

and can increase the risk of non-respiratory adverse effects like infection (28).   318 

 319 
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Acute non-respiratory complications during hospital stay, especially AKI and sepsis, 320 

pose a significant threat to asthma patients with DM.  Systemic glucocorticoid is the mainstay 321 

therapy currently available for asthma exacerbation.  In contrast to its known deleterious effect 322 

on DM, GC’s efficacy for patients with non-T2 asthma, including a subgroup of patients with 323 

metabolic dysfunction and systemic inflammation, are less consistent (29,30). Our study 324 

highlights the impact of non-respiratory complications for asthma patients with diabetes. The 325 

optimal management of such patients requires further studies, especially regarding the 326 

association between GC-based asthma therapy and the occurrence of non-respiratory 327 

complications associated with uncontrolled diabetes.  Furthermore, our study supports the 328 

urgent need to evaluate novel glucocorticoid sparing therapeutics that are both effective and 329 

safe for patients with comorbid asthma and DM.   330 

 331 

 332 

Patients with uncomplicated DM showed a small but statistically significantly lower rate 333 

of respiratory failure when compared to patients without DM, which was a finding we cannot fully 334 

explain. It is possible that, because our study is based on diagnostic coding, there are known 335 

coding biases which may account for this finding (31). For example, it is possible that patients 336 

with uncomplicated DM and asthma were misclassified as having pneumonia and excluded from 337 

this analysis based on our strict patient selection criteria. Alternatively, retrospective 338 

observational studies suggest the protective effects of metformin (32,33) and thiazolidinediones 339 

(34) for asthma and asthma exacerbations. Unfortunately, we do not have medication-use data 340 

to evaluate the association between DM medication use and respiratory-related outcomes.   341 

 342 

Our study demonstrates that DM patients have higher in-hospital mortality risk during 343 

hospital stay, but that this association disappeared in multivariable analysis when adjusting for 344 

other factors.  This suggests that the increased mortality risk may not entirely come from 345 

asthma. The mortality risk could also arise from other non-respiratory causes, including acute 346 

inpatient complications. Our findings are consistent with published data suggesting a relatively 347 

low mortality rate directly attributed to asthma (1.4 per 10,000 persons) (1).  348 

 349 

Taken together, these differences between hospitalized asthma patients with and 350 

without DM represent a crucial window for intervention.  Once considered “a rare coincidence” 351 

in the 1970s (35), DM is now a common and significant co-morbidity of asthma. The prevalence 352 

of DM in patients with asthma ranges from 5% to 16%(36,37), and was as high as  28% in our 353 

study. From an individual patient level, mechanistic studies on how DM and asthma interact are 354 

urgently needed. Currently, we lack guidance on the optimal strategy to care for asthma patients 355 

with DM. Our existing asthma therapy may cause serious adverse effects yet not offer maximal 356 

efficacy for our patients. From the population health perspective, we need novel tools to identify 357 

vulnerable patients, and effective protocols to mitigate their risk for complications and 358 

readmissions. From a cost-effectiveness standpoint, targeting these vulnerable populations with 359 

preventative strategies could reduce direct medical costs and indirect societal costs.   360 

 361 

Our study has several limitations. First, given the nature of the observational study 362 

design, we were unable to establish any causal effect. However, our findings of increased 363 

hospital LOS and cost in patients with DM were consistent between index admission and 364 

readmissions, and were consistent between patient subgroups with or without obesity.  In 365 

addition, our study design enabled accurate capture of readmissions and allowed direct 366 

comparison between patients with and without DM. Second, HCUP is an administrative claim-367 

based database and does not provide detailed clinical data or information on medication use. As 368 

a result, we could not control for asthma disease phenotype, disease severity, outpatient 369 

medications, or inpatient care process; information on asthma-related comorbidities is also 370 
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limited.  Nonetheless, being one of the largest administrative health care data sets, HCUP offers 371 

unique advantages in asthma research: 1) these data represents “real-world” scenario on 372 

unselected patients; 2) the number of patients included in the data sets are huge, and the 373 

patient population is nationally representative; 3) outcomes including hospital admission and 374 

length of stay are reliably reported in these data sets (38).  Third, NRD database do not provide 375 

information on patients’ race and ethnicity, yet we know there is considerable racial/ethnical 376 

disparity in asthma hospitalizations (39). Fourth, we could not guarantee complete exclusion all 377 

COPD patients, as up to 20% could have COPD-asthma overlap syndrome (40).  To make up 378 

for this limitation, we excluded all patients with COPD diagnosis, regardless of whether they 379 

also had asthma diagnosis. Among patients excluded from our study, 14.9% carry both COPD 380 

and asthma diagnosis. Lastly, all diagnoses and complications were determined by 381 

corresponding ICD-9/10 codes. A previous study suggested a relatively high specificity (over 382 

90%) but fairly variable sensitivity of ICD code-based diagnosis accuracy (41);  therefore, some 383 

DM patients may be mistakenly included in the “no DM” group which could dilute the observed 384 

results.  Similarly, some obese individuals could be misclassified and analyzed in the “non-385 

obese” group, which could lead to decreased inter-group difference when we tested for 386 

interaction between obesity and DM status.   387 

 388 

 389 

 390 

Conclusion 391 

Using stringent criteria that adjusted for age-related comorbidities and other socio-economic 392 

and demographic factors, we show that patients hospitalized for asthma with coexisting 393 

diabetes mellites had increased hospital length of stay, cost, and risk for 30-day all-cause and 394 

asthma-related readmission. These patients were also more likely to develop acute inpatient 395 

non-respiratory complications. Interventions are urgently needed to reduce the risk for hospital 396 

admission and readmission in patients with co-existing DM and asthma that would have 397 

profound economic and societal impact.   398 

  399 
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Table 1 Baseline characteristics of study cohort at time of index admission 

 

 
Total No DM 

Uncomplicated 

DM (U-DM) 

Complicated DM 

(CX-DM) 
p 

n (% of N) 717,200 (100) 514,711 (71.8) 174,666 (24.4) 27,823 (3.9) 

Demographics 

Age in years, mean (SE) 55.4 (0.1) 53.1 (0.1) 60.9 (0.1) 62.9 (0.2) <0.001 

Female, % (SE) 71.2 (0.1) 69.5 (0.1) 75.8 (0.2) 74.2 (0.5) <0.001 

NDX&, mean (SE) 9.3 (0.04) 8.3 (0.04) 11.4 (0.05) 15.3 (0.1) <0.001 

Primary Insurance 

Type,% (SE) 

   

<0.001 

Medicare  41.7 (0.2) 36.3 (0.2) 54.0 (0.3) 62.8 (0.5) 

Medicaid 21.1 (0.2) 21.9 (0.3) 19.8 (0.3) 16.5 (0.4) 

Private 23.1 (0.2) 25.3 (0.2) 18.0 (0.2) 15.8 (0.4) 

Other  3.1 (0.1) 3.4 (0.1) 2.7 (0.1) 1.9 (0.1) 

Median Household 

Income by Zip 

Code, %(SE) 
   

<0.001 

< $41,999  37.3 (0.6) 36.3 (0.6) 40.3 (0.6) 37.7 (0.8) 

$42,000 - 51,999  24.5 (0.3) 24.6 (0.3) 24.4 (0.4) 24.6 (0.5) 

S52, 000 - 67,999  20.3 (0.3) 20.7 (0.3) 19.1 (0.3) 20.3 (0.5) 

> $68,000 , % 16.3 (0.4) 16.9 (0.4) 14.4 (0.4) 16.1 (0.6) 

Comorbidities, %(SE) 
    Alcohol use  2.9 (0.1) 3.4 (0.1) 1.8 (0.1) 1.5 (0.1) <0.001 

Tobacco use  24.4 (0.2) 26.8 (0.2) 18.9 (0.2) 15.6 (0.4) <0.001 

Obesity  25.6 (0.2) 19.9 (0.1) 39.1 (0.3) 46.7 (0.5) <0.001 

CHF  12.1 (0.1) 8.8 (0.1) 19.2 (0.2) 30.3 (0.5) <0.001 

Depression  14.6 (0.1) 13.9 (0.1) 16.1 (0.2) 18.7 (0.5) <0.001 

HTN  55.2 (0.2) 46.0 (0.2) 77.8 (0.2) 83.5 (0.4) <0.001 

High Severity
#
 25.6 (0.2) 22.0 (0.2) 31.7 (0.3) 54.9 (0.6) <0.001 

High risk of Mortality#  17.7 (0.2) 15.8 (0.2) 20.6 (0.2) 35.1 (0.5) <0.001 

 

& NDX stands for Number of diagnosis at discharge.  

# High severity and high-risk mortality are defined as patients belonged to All Patient Refined 

DRGs (APR-DRGs) severity class 3 or 4 and risk of mortality class 3 or 4, respectively.   

Frequencies presented are weighted counts. 

Data expressed as weighted mean (SE) or weighted percent (SE).  

CHF = Congestive heart failure. HTN = hypertension. SE: standard error.  
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Table 2 Outcomes of index admission and 30-day readmission  

 

Total No DM 
Uncomplicated DM 

(U-DM) 

Complicated DM 

(CX-DM) 
p 

Index Admission 
    n (% of N) 717,200 (100) 514,711 (71.8) 174,666 (24.4) 27,823 (3.9) 

LOS in days, median 

[IQR]  3 [2-5]  3 [2,4]  3 [2-5]  4 [2-6] <0.001 

Cost in $,  median [IQR] 

 

5,343 [3,501-

8,414] 

 5,057 [3,318-

7,952] 

  

6,002 [4,006-9,339] 

 

7,132 [4,586-

11,088] <0.001 

In-hospital Mortality, % 

(SE) 0.9 (0.02) 0.8 (0.02) 1.0 (0.04) 1.1 (0.1) <0.001 

30-day readmission rate 

  All-cause, % (SE) 9.5 (0.1) 8.6 (0.1) 11.4 (0.1) 15.4 (0.4) <0.001 

Asthma-related, % (SE) 3.2 (0.03) 3.1 (0.03) 3.3 (0.1) 2.8 (0.2) 0.006 

30-Day All-Cause Readmission  

n (% of N) 68,260 (100.0) 44,060 (64.5) 19,925 (29.2) 4,275 (6.3) 

Days to Readmission, 

median [IQR] 12 [5-20] 12 [5-21]  12 [5-20]  12 [5-20] 0.62 

LOS in days,  median 

[IQR]  3 [2-5]  3 [2-5]  4 [2-6]  4 [3-7] <0.001 

Cost in $,  median [IQR] 

 6,112 [3,900-

9,956] 

  

5,755 [3,678-

9,344] 

 6,610 [4,281-

10,596]  

 8,245 [5,122-

1,3504] <0.001 

In-hospital 

Mortality, %( SE) 2.4 (0.01) 2.4 (0.1) 2.4 (0.2) 2.5 (0.3) 0.96 

30-Day Asthma-Related Readmission 

n (% of N) 22,719 (100.0) 16,122 (71.0) 5,814 (25.6) 783 (3.4) 

Days to Readmission,  

median [IQR]  12 [5-21]  13 [5-21]  13 [5-21]  11 [5-21] 0.46 

LOS in days,  median 

[IQR]  3 [2-4]  3 [2-4]  3 [2-5]  4 [2-6] <0.001 

Cost in $,  median [IQR] 
 5,080 [3,271-

8,105] 

 4,794 [3,084-

7,534] 

 5,748 [3,741-

9,268] 

 6,700 [4,091-

10,515] <0.001 

In-hospital Mortality, % 

(SE) 0.7 (0.01) 0.6 (0.1) 1.0 (0.2) *** (n = 8) 0.07 

Frequencies presented are weighted counts. Data expressed as weighted  median [IQR] or 

weighted percent (SE). LOS = length of stay.  

***: Per HCUP analysis guidelines, we presented the exact number instead of a relative 

percentage when n < 10.  

 

Table 3 Unadjusted and adjusted
#
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  Uncomplicated DM (U-DM) Complicated DM (CX-DM) 

  Exponential of 

slope† (95% CI) 

Adjusted 

Exponential of 

slope † (95% CI) 

Exponential of 

slope† (95% CI) 

Adjusted 

Exponential of 

slope† (95% CI) 

Index admission 

LOS 1.27 (1.25-1.28)* 1.22 (1.18-1.27)* 1.44 (1.41-1.47)* 1.56 (1.42-1.72)* 

Cost 1.19 (1.18-1.20)* 1.07 (1.06-1.07)* 1.40 (1.38-1.43)* 1.14 (1.13-1.16)* 

30-Day All-cause readmission 

LOS 1.10 (1.07-1.12)* 1.04 (1.01-1.06)* 1.25 (1.20-1.30)* 1.12 (1.07-1.17)* 

Cost 1.14 (1.11-1.17)* 1.07 (1.04-1.09)* 1.30 (1.24-1.36)* 1.13 (1.08-1.18)* 

30-Day Asthma-related readmission 

LOS 1.18 (1.14-1.22)* 1.06 (1.02-1.09)* 1.35 (1.24-1.47)* 1.15 (1.05-1.26)* 

Cost 1.22 (1.17-1.27)* 1.10 (1.06-1.14)* 1.39 (1.26-1.52)* 1.18 (1.07-1.30)* 

  Odds Ratio (95% CI) Adjusted Odds 

Ratio (95% CI) 

Odds Ratio (95% CI) Adjusted Odds Ratio 

(95% CI) 

Index admission 

In-hospital 

Mortality 

1.15 (1.04-1.20)* 1.02 (0.92-1.14) 1.36 (1.11-1.70)* 0.79 (0.63-0.98)* 

30-Day All-cause readmission 

In-hospital 

Mortality 

0.94 (0.79-1.12) 0.89 (0.74-1.10) 0.97 (0.71-1.31) 0.82 (0.59-1.14) 

30-Day Asthma-related readmission 

In-hospital 

Mortality 

1.68 (1.01-2.77)* 1.47 (0.89-2.43) 1.69 (0.66-4.32) 1.00 (0.31-3.12) 

# Adjusted for demographic features, insurance and income status, and all known chronic 

comorbidities including obesity.  

†LOS and Cost were analyzed using linear regression with a natural log transformation. When 

using a natural logarithmic transformation on the outcome variable in linear regression, the 

exponential of the slope (exp(β)) is interpreted as a relative change in the outcome. For 

example, an exponential slope of 1.27 means that subjects with U-DM had 27% higher LOS than 

those without DM. 

Mortality was analyzed with logistic regression. 

LOS = length of stay. CI: confidence interval.  

* p < 0.05 
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Table 4 Respiratory and non-respiratory complications during hospitalization  

Total No DM 
Uncomplicated 

DM (U-DM) 

Complicated 

DM (CX-DM) 
p 

Index admission 
     

n (% of N) 717,200 (100.0) 514,711 (71.8) 174,666 (24.4) 27,823 (3.9) 

Respiratory failure, % 16.6 (0.2) 17.0 (0.2) 15.1 (0.2) 18.8 (0.5) <0.001 

Sepsis, %  0.4 (0.01) 0.4 (0.0) 0.5 (0.0) 0.8 (0.1) <0.001 

Shock, % 0.3 (0.01) 0.3 (0.01) 0.4 (0.02) 0.5 (0.1) <0.001 

AKI, % 5.5 (0.01) 4.1 (0.1) 7.9 (0.1) 15.8 (0.4) <0.001 

Delirium, % 0.2 (0.01) 0.2 (0.01) 0.2 (0.02) 0.3 (0.1) 0.018 

Encephalopathy, % 0.4 (0.01) 0.4 (0.02) 0.4 (0.03) 0.6 (0.1) <0.001 

Stroke, % 0.1 (0.01) 0.1 (0.01) 0.1 (0.01) 0.2 (0.01) 0.002 

30-day All-cause readmission 

n (% of N) 68,260 (100.0) 44,060 (64.5) 19,925 (29.2) 4,275 (6.3) 

Respiratory failure, % 14.2 (0.3) 14.7 (0.3) 13.2 (0.4) 13.7 (0.9) 0.006 

Sepsis, %  5.9 (0.2) 5.6 (0.2) 6.2 (0.3) 7.5 (0.6) 0.002 

Shock, % 1.7 (0.01) 1.6 (0.1) 1.9 (0.1) 1.8 (0.3) 0.16 

AKI, % 11.1 (0.2) 8.7 (0.2) 14.4 (0.5) 20.0 (1.0) <0.001 

Delirium, % 0.4 (0.01) 0.4 (0.1) 0.5 (0.1) 0.4 (0.1) 0.92 

Encephalopathy, % 1.0 (0.01) 1.0 (0.1) 1.0 (0.1) 1.5 (0.3) 0.13 

Stroke, % 0.8 (0.01) 0.7 (0.1) 1.1 (0.1) 0.8 (0.2) 0.006 

30-Day Asthma-Related Readmission 

n (% of N) 22,719 (100.0) 16,122 (71.0) 5,814 (25.6) 783 (3.4) 

Respiratory failure, % 17.6 (0.5) 17.9 (0.5) 16.7 (1.0) 19.5 (2.4) 0.34 

Sepsis, %  0.4 (0.01) 0.4 (0.1) 0.5 (0.1) *** (n = 4) 0.62 

Shock, % 0.2 (0.01) 0.1 (0.03) 0.5 (0.1) *** (n = 2) <0.001 

AKI, % 5.0 (0.2) 3.8 (0.2) 7.2 (0.6) 13.9 (2.0) <0.001 

Delirium, % 0.1 (0.01) 0.1 (0.03) *** (n = 3) *** (n = 2) 0.45 

Encephalopathy, % 0.2 (0.03) 0.2 (0.04) 0.3 (0.1) *** (n = 3) 0.59 

Stroke, % 0.1 (0.01) *** (n = 6) *** (n = 6) *** (n = 0) 0.45 

Frequencies presented are weighted counts. Data expressed as weighted percent ± SE. AKI = 

acute kidney injury.  

***: Per HCUP analysis guidelines, we presented the exact number instead of a relative 

percentage when n < 10.  
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Table E1 Chronic pulmonary conditions excluded from study 

Cancer of bronchus; lung 

Cancer; other respiratory and intrathoracic 

Secondary malignancy of lung  

Respiratory infections  

Chronic obstructive pulmonary disease and 

bronchiectasis 

Aspiration pneumonitis; food/vomitus 

Pleurisy; pneumothorax; pulmonary collapse 

Lung disease due to external agents 

Other lower respiratory disease 
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Table E2: Unadjusted and adjusted analysis of the association between diabetes and all-cause- and 
asthma-related re-hospitalization.  

  
Diabetes without 

complication  

Diabetes with  

complication  All Diabetics combined 

  
Unadj 
OR[95%CI] Adj OR[95%CI] 

Unadj 
OR[95%CI] 

Adj 
OR[95%CI] 

Unadj 
OR[95%CI] 

Adj 
OR[95%CI] 

All-Cause 30 
days 
Readmission 

1.36 [1.33-
1.42] 1.24 [1.20-1.27] 1.94 [1.84-2.05] 

1.68 [1.59-
1.77] 1.45 [1.41-1.49] 

1.35 [1.31-
1.38] 

Asthma-Related 
30 days 
Readmission 

1.07 [1.01-
1.12] 1.18 [1.12-1.24] 0.90 [0.80-1.01] 

1.02 [0.90-
1.14] 1.04 [0.99-1.09] 

1.16 [1.10-
1.21] 

Analysis adjusted to age, gender,  Median Household Income by Zip Code. 

OR [95%CI] compared to patients with diabetes without or without complications as compared to non-diabetics. 
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Table E3  Adjusted
 # 

analysis of outcome during hospitalization, stratified by obesity  

  Non-Obese (N = 533,374) Obese (N = 183,826) 

  No-DM Uncomplicated DM 

(U-DM) 

Complicated DM 

(CX-DM) 

No-DM Uncomplicated DM 

(U-DM) 

Complicated DM 

(CX-DM) 

n (% of N) 412,187 (77.3) 106,365 (19.9) 14,822 (2.8) 102,524 (55.8) 68,301 (37.1) 13,001 (7.1) 

Adjusted Exponential of slope (95% CI) 

Index admission 

LOS 1.00 1.20 (1.15, 1.25)* 1.52 (1.36, 1.70)* 1.00 1.31 (1.26,1.36)* 1.72 (1.57, 1.89)* 

Cost 1.00 1.06 (1.05, 1.07)* 1.14 (1.12, 1.16)* 1.00 1.09 (1.08, 1.10)* 1.18 (1.16, 1.20)* 

30-Day All-cause readmission 

LOS 1.00 1.05 (1.02, 1.08)* 1.13 (1.07, 1.20)* 1.00 1.00 (0.96, 1.04) 1.10 (1.03,1.17)* 

Cost 1.00 1.08 (1.05, 1.11)* 1.14 (1.07, 1.22)* 1.00 1.04 (1.01, 1.08)* 1.12 (1.05,1.20)* 

30-Day Asthma-related readmission 

LOS 1.00 1.06 (1.01, 1.11)* 1.24 (1.09, 1.40)* 1.00 1.04 (0.98, 1.10) 1.04 (0.92, 1.19) 

Cost 1.00 1.11 (1.06, 1.16)* 1.27 (1.11, 1.45)* 1.00 1.07 (1.01,1.14) * 1.08 (0.94, 1.24) 

# Adjusted for demographic features, insurance and income status, and all known chronic comorbidities excluding obesity. LOS and Cost were 

analyzed using linear regression with a log transformation. LOS = length of stay. CI: confidence interval. * p < 0.05 
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