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We conducted a multivariate single logistic regression analysis to identify the factors associated with prolonged LOS. Initially, variables that were statistically significant in univariate analyses (p < 0.05) in Tables 1, 2, and 3 (p < 0.05) were included in the model. The variables included in the model were Smoking, Biomass exposure, Long-Term Oxygen Therapy (LTOT), Non-Invasive Mechanical Ventilation (NIMV), Nebulizer use, high risk of Obstructive Sleep Apnea (OSA), Arrhythmia, Heart Failure, Chronic Renal Failure (CRF), Lung Cancer, Hospital Anxiety and Depression Scale (HAD)  score ≥16, presence of severe exacerbation, ≥2 intermediate exacerbations, delayed hospital presentation (more than 5 days), GOLD Stage C/D, PO2 <60 mmHg, HCO3 <22 mmol/L, elevated C-Reactive Protein (CRP), Hospital-Acquired Pneumonia (HAP), frequent antibiotic use, antibiotic change during hospitalization, need for additional corticosteroid doses, use of Short-Acting Beta Agonists/Short-Acting Muscarinic Antagonists (SABA/SAMA) for more than 3 days, need for theophylline, diuretics, increasing O2 requirement in hospital, Non-Invasive Ventilation (NIVM), nutritional supplementation and need for physiotherapy. A Backward Stepwise Likelihood Ratio (Backward LR) method was used to select the association variables with prolonged LOS. The final model obtained at the last step is presented the table 4. 








Tables containing all the studied variables
Table 1. Baseline sociodemographic characteristics and comorbidities of patients
	

	Total
N=434
	Nonprolonged LOS
n=197 (45.4%)
	Prolonged LOS
n=237 (54.6%)
	P

	Age, years
	69.2 ± 9.3
	68.6 ± 9.9
	69.6 ± 8.9
	0.2641

	Age, n (%)
<65 years
≥65 years
	
127 (29.3)
307 (70.7)
	
65 (33.0)
132 (67.0)
	
62 (26.2)
175 (73.8)
	0.1192

	Gender, n (%)
Male
Female
	
361 (83.2)
73 (16.8)
	
167 (84.8)
30 (15.2)
	
194 (81.9)
43 (18.1)
	0.4192

	BMI, kg/m2
	n=420
25.2 ± 5.7
	n=187
25.3 ± 5.4
	n=233
25.4 ± 5.7
	0.8081

	BMI, n (%)
Underweight/Normal (<25)
Overweight (25-30)
Obesity (≥30)
	n=420
227 (54.0)
115 (27.4)
78 (18.6)
	n=187
99 (52.9)
52 (27.8)
36 (19.3)
	n=233
128 (55.0)
63 (27.0)
42 (18.0)
	0.9132

	Socioeconomic status, n (%)
Poor	
Middle	
Good
	n=388
109 (28.1)
247 (63.7)
32 (8.2)
	n=168
39 (23.2)
112 (66.7)
17 (10.1)
	n=220
70 (31.8)
135 (61.4)
15 (6.8)
	0.1232

	Smoking status, n (%)
Never smoked	
Ex-smoker	
Passive smoker	
Active smoker
	
24 (5.5)
301 (69.4)
13 (3.0)
96 (22.1)
	
8 (4.1)
122 (61.9)
5 (2.5)
62 (31.5)
	
16 (6.8)
179 (75.5)
8 (3.4)
34 (14.3)
	<0.0012

	Biomass, n (%)
No
Yes
	
246 (56.7)
188 (43.3)
	
133 (67.5)
64 (32.5)
	
113 (47.7)
124 (52.3)
	<0.0012

	Comorbidity, n (%)
No
Yes
	
78 (18.0)
356 (82.0)
	
45 (22.8)
152 (77.2)
	
33 (13.9)
204 (86.1)
	0.0162

	Caregiver status, n (%)
No
Yes
	
119 (27.4)
315 (72.6)
	
56 (28.4)
141 (71.6)
	
63 (26.6)
174 (73.4)
	0.6682

	Refusal to discharge, n (%)
No
Yes
	
414 (95.4)
20 (4.6)
	
191 (97.0)
6 (3.0)
	
223 (94.1)
14 (5.9)
	0.1572

	Influenza vaccine, n (%)
No
Yes
	
311 (71.7)
123 (28.3)
	
150 (76.1)
47 (23.9)
	
161 (67.9)
76 (32.1)
	0.0592

	Pneumococcal vaccine, n (%)
No
Yes
	
312 (71.9)
122 (28.1)
	
149 (75.6)
48 (24.4)
	
163 (68.8)
74 (31.2)
	0.1142

	Supplement usage, n (%)
No
Yes
	
415 (95.6)
19(4.4)
	
189 (95.9)
8 (4.1)
	
226 (95.4)
11 (4.6)
	0,7692

	LTOT, n (%)
No
Yes
	
232 (53.5)
202 (46.5)
	
122 (61.9)
75 (38.1)
	
110 (46.4)
127 (53.6)
	0.0012

	NIMV, n (%)
No
Yes
	
339 (78.1)
95 (21.9)
	
164 (83.2)
33 (16.8)
	
175 (73.8)
62 (26.2)
	0.0182

	Nebulizer use, n (%)
No
Yes
	
148 (34.1)
286 (65.9)
	
78 (39.6)
119 (60.4)
	
70 (29.5)
167 (70.5)
	0.0282

	HAD (total point)
	n=399
16.0 (11.0-22.0)
	n=176
15.0 (8.0-19.0)
	n=223
18.0 (12.0-23.0)
	<0.0013

	HAD, n (%)
< 16 (median)
≥ 16 (median)
	n=399
179 (44.9)
220 (55.1)
	n=176
92 (52.3)
84 (47.7)
	n=223
87 (39.0)
136 (61.0)
	0.0082

	Stop Bang, n (%)
Low risk for OSA
Intermediate risk for OSA
High risk for OSA
	n=405
83 (20.5)
187 (46.2)
135 (33.3)
	n=180
31 (17.2)
99 (55.0)
50 (27.8)
	n=225
52 (23.1)
88 (39.1)
85 (37.8)
	0.0062

	
Comorbidities
	

	Diabetes, n (%)
No
Yes
	
312 (71.9)
122 (28.1)
	
144 (73.1)
53 (26.9)
	
168 (70.9)
69 (29.1)
	0.6102

	Heart Failure, n (%)
No
Yes
	
328 (75.6)
106 (24.4)
	
161 (81.7)
36 (18.3)
	
167 (70.5)
70 (29.5)
	0.0072

	Hypertension, n (%)
No
Yes
	
199 (45.9)
235 (54.1)
	
96 (48.7)
101 (51.3)
	
103 (43.5)
134 (56.5)
	0.2732

	Arrhythmia, n (%)
No
Yes
	
360 (82.9)
74 (17.1)
	
173 (87.8)
24 (12.2)
	
187 (78.9)
50 (21.1)
	0.0142

	CAD, n (%)
No
Yes
	
291 (67.1)
143 (32.9)
	
132 (67.0)
65 (33.0)
	
159 (67.1)
78 (32.9)
	0.9852

	CRF, n (%)
No
Yes
	
397 (91.5)
37 (8.5)
	
188 (95.4)
9 (4.6)
	
209 (88.2)
28 (11.8)
	0.0122

	ARF, n (%)
No
Yes
	
422 (97.2)
12 (2.8)
	
195 (99.0)
2 (1.0)
	
227 (95.8)
10 (4.2)
	0.0832

	PTE, n (%)
No
Yes
	
407 (93.8)
27 (6.2)
	
186 (94.4)
11 (5.6)
	
221 (93.2)
16 (6.8)
	0.7631

	History of TB, n (%)
No
Yes
	
406 (93.5)
28 (6.5)
	
180 (91.4)
17 (8.6)
	
226 (95.4)
11 (4.6)
	0.1372

	Bronchiectasis, n (%)
No
Yes
	
392 (90.3)
42 (9.7)
	
184 (93.4)
13 (6.6)
	
208 (87.8)
29 (12.2)
	0.0702

	Intertistitial Lung Disease, n (%)
No
Yes
	
427 (98.4)
7 (1.6)
	
194 (98.5)
 3 (1.5)
	
233 (98.3)
4 (1.7)
	1.0002

	Lung Cancer, n (%)
No
Yes
	
412 (94.9)
22 (5.1)
	
194 (98.5)
3 (1.5)
	
218 (92.0)
19 (8.0)
	0.0042

	Other malignities, n (%)
No
Yes
	
404 (93.1)
30 (6.9)
	
185 (93.9)
12 (6.1)
	
219 (92.4)
18 (7.6)
	0.6712

	Osteoporosis, n (%)
No
Yes
	
395 (91.0)
39 (9.0)
	
179 (90.9)
18 (9.1)
	
216 (91.1)
21 (8.9)
	1.0002

	Anemia, n (%)
No
Yes
	
363 (83.6)
71 (16.4)
	
169 (85.8)
28 (14.2)
	
194 (81.9)
43 (18.1)
	0,2702


1 Student’s t test   2 Chi-square test    3 Mann‒Whitney U test   
Abbreviations: BMI; Body Mass Index, LTOT; Long Term Oxygen Therapy, NIMV; Noninvasive Mechanical Ventilation, HAD; Hospital Anxiety and Depression (0-7 normal, 8-10 mild, 11-15 moderate and 16-21 severe), Stop Bang (score used to assess the risk for obstructive sleep apnea, 0-2 low risk, 3-4 intermediate and 5-8 high risk), CAD; Coronary Artery Disease, CRF; Chronic Renal Failure, ARF; Acute Renal Failure, PTE; Pulmonary Thromboembolism, TB; Tuberculosis.


Table 2. Disease condition and features of COPD exacerbation.
	

	Total
N=434
(%)
	Nonprolonged  LOS
n=197 (45.4%)
	Prolonged
 LOS
n=237(54.6%)
	P

	GOLD Stage, n (%)
A
B
C
D
	n=424
20 (4.7)
80 (18.9)
39 (9.2)
285 (67.2)
	n=189
18 (9.5)
48 (25.4)
21 (11.1)
102 (54.0)
	n=235
2 (0.9)
32 (13.6)
18 (7.7)
183 (77.9)
	<0.0012

	GOLD Spirometry grade, n (%)
1
2
3
4
	n=335
11 (3.3)
76 (22.7)
100 (29.9)
148 (44.1)
	n=146
8 (5.5)
47 (32.2)
34 (23.3)
57 (39.0)
	n=189
3 (1.6)
29 (15.3)
66 (34.9)
91 (48.1)
	<0.0012

	Number of moderate exacerbations in the last 1 year 
	n=430
2.0 (1.0-3.0)
	n=196
2.0 (1.0-3.0)
	n=234
2.0 (1.0-3.0)
	0.0281

	Number of the patients who had moderate exacerbations in the last 1 year, n (%)
<2
≥2
	n=430

188 (43.7)
242 (56.3)
	n=196

97 (49.5)
99 (50.5)
	n=234

91 (38.9)
143 (61.1)
	0.0272

	Number of severe exacerbations in the last 1 

	n=430
1.0 (0-2.0)
	n=196
1.0 (0-2.0)
	n=234
1.0 (0-2.0)
	<0.0011

	Number of the patients who had severe exacerbations in the last 1 year, n (%)
No
≥1
	n=430

149 (34.7)
281 (65.3)
	n=196

83 (42.3)
113 (57.7)
	n=234

66 (28.2)
168 (71.8)
	0.0021

	Time from symptom onset to hospitalization, day
	n=431
5.0 (3.0-7.0)
	n=195
4.0 (2.0-7.0)
	n=236
7.0 (3.0-10.0)
	<0.0011

	Number of patients stratified according to time from symptom onset to hospitalization, n (%)
≤5 days
>5 days
	n=431


243 (56.4)
188 (43.6)
	n=195


129 (66.2)
66 (33.8)
	n=236


114 (48.3)
122 (51.7)
	<0.0012

	Number of days in the emergency department day
	n=349
1.0 (0-1.0)
	n=152
0 (0-1.0)
	n=197
1.0 (0-1.0)
	<0.0011

	Number of patients stratified according to the number of days in the emergency department, n (%)
<1 day
≥1 days
	n=349


167 (47.9)
182 (52.1)
	n=152


90 (59.2)
62 (40.8)
	n=197


77 (39.1)
120 (60.9)
	<0.0012

	CRP, n (%)
Normal
High
	
104 (24.0)
330 (76.0)
	
60 (30.5)
137 (69.5)
	
44 (18.6)
193 (81.4)
	0.0042

	Hospital acquired pneumonia, n (%)
No
Yes
	
391 (90.1)
43 (9.9)
	
188 (95.4)
 9 (4.6)
	
203 (85.6)
34 (14.4)
	0.0011

	Increasing cough, n (%)
No
Yes
	
57 (13.1)
377 (86.9)
	
25 (12.7)
172(87.3)
	
32 (13.5)
205 (86.5)
	0.8032

	Increasing sputum, n (%)
No
Yes
	
89 (20.5)
345 (79.5)
	
42 (21.3)
155 (78.7)
	
47 (19.8)
190 (80.2)
	0.7022

	Increasing purulence of sputum, n (%)
No
Yes
	
133 (30.6)
301 (69.4)
	
61 (31.0)
136 (69.0)
	
72 (30.4)
165 (69.6)
	0.8952

	Ph (ABG) 
	n=377
7.40 (7.16-7.44)
	n=153
7.40 (7.37-7.43)
	n=224
7.41 (7.36-7.44)
	0.2861

	Ph (ABG), n (%)
≥7.35
<7.35
	n=377
316 (83.8)
61 (16.2)
	n=153
131 (85.6)
22 (14.4)
	n=224
185 (82.6)
39 (17.4)
	0.4332

	PO2 mmHg (ABG)
	n=377
59.1 (51.0-73.5)
	n=153
63.0 (52.0-74.5)
	n=224
57.9 (50.1-72.8)
	0.0431

	PO2 (ABG), n (%)
≥60
<60
	n=377
182 (48.3)
195 (51.7)
	n=153
88 (57.5)
65 (42.5)
	n=224
94 (42.0)
130 (58.0)
	0.0032

	PCO2 mmHg (ABG)
	n=377
43.0 (37.2-52.1)
	n=153
43.0 (37.9-53.0)
	n=224
42.5 (37.0-52.0)
	0,8431

	PCO2  mmHg (ABG), n (%)
<45
≥45
	n=377
220 (58.4)
157 (41.6)
	n=153
89 (58.2)
64 (41.8)
	n=224
131 (58.5)
93 (41.5)
	0.9522

	SO2, % (ABG) 
	n=400
90.0 (85.0-94.0)
	n=179
90.0 (85.0-93.6)
	n=221
90.0 (84.5-94.2)
	0.6721

	SO2, % (ABG), n (%)
>88
≤88
	n=400
241 (60.3)
159 (39.8)
	n=179
112 (62.6)
67 (37.4)
	n=221
129 (58.4)
92 (41.6)
	0.3942

	HCO3, mEq/L (ABG)
	n=373
25.6 (23.4-28.3)
	n=152
25.8 (23.9-28.0)
	n=221
25.3 (23.2-28.5)
	0.4971

	HCO3 mEq/L (ABG), n (%)
≥22
<22
	n=373
331 (88.7)
42 (11.3)
	n=152
142 (93.4)
10 (6.6)
	n=221
189 (85.5)
32 (14.5)
	0.0182


1 Mann‒Whitney U test     2 Chi-square test    
Abbreviations: ABG; Arterial blood gases, PO2; Partial oxygen pressure, PCO2; Partial carbon dioxide pressure, SO2; Oxygen saturation, HCO3; Bicarbonate.
Table 3. Treatment-related factors
	

	Total
N=434
(%)
	Nonprolonged LOS
n=197 (45.4)
	Prolonged LOS
n=237(54.6)
	P

	Regular usage of stable period therapy 
n (%)
No
Yes
	n=431

91 (21.1)
340 (78.9)
	n=196

47 (24.0)
149 (76.0)
	n=235

44 (18.7)
191 (81.3)
	0.1831

	Immunosuppressive treatment
n (%)
No
Yes
	n=431

390 (90.5)
41 (9.5)
	n=196

177 (90.3)
19(9.7)
	n=235

213 (90.6)
22 (9.4)
	0.9071

	Frequently using antibiotics, n (%)
No
Yes
	n=430
254 (59.1)
176 (40.9)
	n=195
131 (67.2)
64 (32.8)
	n=235
123 (52.3)
112 (47.4)
	0.0021

	Need for antibiotics on the first day of hospitalization, n (%)
No
Yes
	n=431

48 (11.1)
383 (88.9)
	n=196

24 (12.2)
172 (87.8)
	n=235

24 (10.2)
211 (89.8)
	0.6071

	Antibiotic switch during hospitalization,
 n (%)
No
Yes
	n=419

341 (81.4)
78 (18.6)
	n=192

176 (91.7)
16 (8.3)
	n=227

165 (72.7)
62 (27.3)
	<0.0011

	Need for antibiotics longer than 7 days, 
n (%)
No
Yes
	n=421

199 (47.3)
222 (52.7)
	n=191

144 (75.4)
47 (24.6)
	n=230

55 (23.9)
175 (76.1)
	<0.0011

	Need for corticosteroid longer than 7 days, n (%)
No
Yes
	n=429

291 (67.8)
138 (32.2)
	n=197

174 (88.3)
23 (11.7)
	n=232

117 (50.4)
115 (49.6)
	<0.0011

	Need for additional doses of corticosteroids, n (%)
No
Yes
	n=431

343 (79.6)
88 (20.4)
	n=197

173 (87.8)
24 (12.2)
	n=234

170 (72.6)
64 (27.4)
	<0.0011

	Needs more than 3 days of SABA/SAMA,
 n (%)
No
Yes
	n=432

178 (41.2)
254 (58.8)
	n=197

106 (53.8)
91 (46.2)
	n=235

72 (30.6)
163 (69.4)
	<0.0011

	Need for theophylline, n (%)
No
Yes
	n=429
346 (80.7)
83 (19.3)
	n=195
170 (87.2)
25 (12.8)
	n=234
176 (75.2)
58 (24.8)
	0.0021

	Need for antifungal treatment, n (%)
No
Yes
	n=432
423 (97.9)
9 (2.1)
	n=197
191 (97.0)
6 (3.0)
	n=235
     232 (98.7)
3 (1.3)
	0.3111

	Need for antiviral treatment, n (%)
No
Yes
	n=432
389 (90.0)
43 (10.0)
	n=197
178 (90.4)
19 (9.6)
	n=235
211 (89.8)
24 (10.2)
	0.9721

	Need for diuretics, n (%)
No
Yes
	n=430
310 (72.1)
120 (27.9)
	n=196
156 (79.6)
40 (20.4)
	n=234
154 (65.8)
80 (34.2)
	0.0021

	Increasing O2 requirement at follow-up, 
n (%)
No
Yes
	n=431

263 (61.0)
168 (39.0)
	n=197

153 (77.7)
44 (22.3)
	n=234

110 (47.0)
124 (53.0)
	<0.0011

	Need for NIV at follow-up, n (%)
No
Yes
	n=432
287 (66.4)
145 (33.6)
	n=197
153 (77.7)
44 (22.3)
	n=235
134 (57.0)
101 (43.0)
	<0.0011

	Need for increasing pressure of NIV at follow-up, n (%)
No
Yes
	n=145

73 (50.3)
72 (49.7)
	n=44

32 (72.7)
12 (27.3)
	n=101

41 (40.6)
60 (59.4)
	<0.0011

	Need for nutritional support at follow-up, n (%)
No
Yes
	n=431

347 (80.5)
84 (19.5)
	n=197

181 (91.9)
16 (8.1)
	n=234

166 (70.9)
68 (29.1)
	<0.0011

	Need for physiotherapy, n (%)
No
Yes
	n=432
275 (63.7)
157 (36.3)
	n=197
151 (76.6)
46 (23.4)
	n=235
124 (52.8)
111 (47.2)
	<0.0011

	Inability to be discharged due to the delay of the examination, n (%)
No
Yes

	
n=431

389 (90.3)
42 (9.7)
	
n=196

190 (96.9)
6 (3.1)
	
n=235

199 (84.7)
36 (15.3)
	<0.0011


             1 Chi-square test    



Table 4. Multivariate logistic regression analysis of risk factors for prolonged LOS (≥9 days)
	
	Multivariate LR Model (Backward LR Method: Final Step)

	
	Adjusted OR (95% CI)
	p

	Smoking (ref: active smoking)
	1.9 (0.9-3.9)
	0.057

	Biomass exposure (ref: No)
	2.4 (1.3-4.4)
	0.004

	Past history of NIMV (ref:No)
	2.9 (1.2-7.3)
	0.018

	Heart failure (ref: No)
	1.9 (0.9-4.0)
	0.069

	Lung cancer (ref: No)
	3.4 (0.8-13.5)
	0.087

	Failure to apply to the hospital despite the presence of symptoms longer than 5 days (ref: ≤5 days)
	1.7 (0.9-3.0)
	0.099

	PO2  <60 mmHg (ref: ≥60 mmHg)
	1.7 (0.9-3.1)
	0.071

	HCO3 <22 (ref:≥22)
	3.2 (1.2-8.8)
	0.022

	High CRP (ref:normal)
	1.9  (0.9-3.7)
	0.060

	Antibiotic change during hospitalization (ref: No)
	2.9 (1.2-7.0)
	0.014

	Need for theophylline (ref: No)
	3.1 (1.3-7.1)
	0.008

	Increasing O2 requirement in hospital (ref: No)
	2.2 (1.2-4.2)
	0.014

	Need for NIVM in-hospital (ref: No)
	3.5 (1.5-8.1)
	0.003

	Need for nutritional supplement in-hospital (ref: No)
	2.7 (1.1-6.4)
	0.026

	Need for physiotherapy in-hospital (ref:No)
	2.6 (1.4-4.8)
	0.003


*Variables with P<0,05 as determined by univariate analysis were entered into multivariate logistic regression analysis. NIMV: noninvasive mechanical ventilation, CRP: C reactive protein, HCO3: Bicarbonate, PO2: partial oxygen pressure
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Not Active smoking (ref: active smoking)
Biomass exposure (ref: No)
LTOT (ref: No)
NIMV (ref:No)
Nebulizer (ref: No)
High risk of OSA (ref: low/intermediate risk)
Arrhythmia  (ref:No)
Heart failure (ref: No)
CRF (ref: No)
Lung cancer (ref: No)
HAD ≥16 (ref: <16)
Presence of severe exacerbation (ref: No)
≥2 intermediate exacerbations (ref:<2)
Failure to apply to the hospital despite the presence of symptoms longer than 5 days (ref: ≤5 days)
>1 days stay in the ER (ref: 0-1 day)
GOLD Stage C/D (ref:A,B)
PO2  <60 mmHg (v ref: ≥60 mmHg)
HCO3 <22 (ref:≥22)
High CRP (ref:normal)
HAP (ref: No)
Frequently using antibiotic (ref: No)
Antibiotic change during hospitalization (ref: No)
Need for additional doses of corticosteroids (ref: No)
Need for more than 3 days of SABA/SAMA (ref: No)
Need for theophylline (ref: No)
Need for diuretic (ref: No)
Increasing O2 requirement in hospital (ref: No)
Need for NIVM (ref: No)
Need for nutritional supplement in-hospital (ref: No)
Need for physiotherapy in-hospital (ref:No)
Inability to be discharged due to the delay of the examination (ref:No)


