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Abstract

Background—Hospital readmissions are costly and associated with inferior patient outcomes. 

There is limited knowledge related to readmissions following esophagectomy for malignancy. Our 

aim was to determine the impact of readmission following esophagectomy on survival.

Methods—This cohort study utilizes Surveillance, Epidemiology, and End Results-Medicare 

data (2002–2009). Survival, length of stay (LOS), 30-day readmissions and discharge disposition 

were determined. Multivariate logistic regression models were created to examine risk factors 

associated with readmission.

Results—1,744 patients with esophageal cancer underwent esophagectomy. 80% (1390) of 

patients were male and mean age was 73 years. 71.8% (1251) of tumors were adenocarcinomas 

and 72.5% (1265) were distal esophageal tumors. 38% (667) of patients received induction 

therapy. Operative approach was transthoracic in 52.6% (918), transhiatal in 37.4% (653) and 

required complex reconstruction (intestinal interposition) in 9.9% (173). Stage distribution was: 

Stage I 35.3% (616), Stage II 32.5% (566), Stage III 27.9% (487) and Stage IV 2.3% (40). Median 

LOS was 13 days, hospital mortality was 9.3% (158) and 30-day readmission rate was 18.6% 

(212/1139 home discharges). 25.4% (443) were discharged to institutional care facilities. Overall 

survival was significantly worse for patients readmitted (p<0.0001, log-rank test). Risk factors for 

readmission were comorbidity score of 3+, urgent admission and urban residence.

Conclusions—Hospital readmissions following esophagectomy for cancer occur frequently and 

are associated with worse survival. Improved identification of patients at risk for readmission 
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following esophagectomy can inform patient selection, discharge planning and outpatient 

monitoring. Optimization of such practices may lead to improved outcomes at reduced cost.
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Introduction

Reshospitalizations place a significant burden on the healthcare system in our country. One 

report, by Jencks and colleagues, found that 19% of Medicare patients discharged from the 

hospital were readmitted within 30 days after discharge[1]. This was associated with an 

estimated cost of 17 billion dollars to our healthcare system in 2004. In addition, hospital 

readmissions have been associated with inferior long term survival following colectomy for 

colorectal cancer[2]. With the recent passage of the Patient Protection and Affordable Care 

Act, the Centers for Medicare and Medicaid Services (CMS) have placed an emphasis on 

reducing hospital readmission rates in order to improve the quality of health care in the 

United States[3]. Postoperative readmission rates have been examined for a variety of 

operations, including coronary artery bypass, pancreatic resections, colorectal resections, hip 

replacements, and abdominal aortic aneurysm repair, and have been reported to be as high as 

21%[2,4–10].

An esophagectomy for esophageal cancer is a high risk surgical procedure, with large 

administrative datasets demonstrating mortality rates ranging from 7–28%[11–13]. Hospital 

readmissions following an esophagectomy for esophageal cancer are also a common 

occurrence, ranging from 5–25%[10,14,15]. However, there is limited knowledge related to 

risk factors and mortality following readmission following esophagectomy, or its impact on 

long term survival. In order to establish care processes that are designed to minimize 

preventable rehospitalizations, one must first understand what variables place an individual 

at risk for readmission to the hospital. The objective of this study was to examine the impact 

of hospital readmission following esophagectomy on survival and to determine risk factors 

for readmission after esophagectomy using the Surveillance, Epidemiology, and End Results 

(SEER)-Medicare linked database. We hypothesized that readmission following 

esophagectomy would be associated with a higher mortality rate.

Patients and Methods

We performed a retrospective cohort study using the SEER-Medicare linked database to 

assess the impact of hospital readmissions in patients with esophageal cancer treated with an 

esophagectomy between years 2002–2009. The SEER database is derived from 18 tumor 

registries, is maintained by the National Cancer Institute (NCI), and represents 

approximately 18% of United States population. Medicare beneficiaries within the registry 

have had their tumor records linked to all of their claims data. The quality, validity and 

generalizability of the SEER-Medicare data has been described previously [16]. Approval 

for the study was obtained from the Institutional Review Board of Emory University. We 
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utilized the Medicare Denominator, Inpatient, Outpatient and Physician/Supplier files for 

this study.

Among all esophageal cancer patients from 2002 through 2009 in the SEER-Medicare 

dataset, the following sequential exclusions were made: patients less than 66 years old, 

patients treated with therapy other than surgery, and patients with partial fee-for-service or 

concurrent health maintenance organization enrollment, or both, 1 year before esophageal 

cancer surgery. Only full fee-for-service beneficiaries not enrolled in other insurance 

programs would have complete claims records, therefore, all other patients were excluded. 

Patients who were 65 years old at the time of diagnosis were excluded because they do not 

have Medicare claims data in the year before esophagectomy, which would preclude the 

determination of receipt of neoadjuvant chemotherapy and/or radiation, and the calculation 

of comorbidity scores.

Patient, disease and treatment information were available through the SEER registry and 

Medicare database. Specifically, Current Procedural Terminology (CPT) and International 

Classification of Diseases, 9th revision (ICD-9) codes were used to determine the surgical 

approach to esophagectomy (transthoracic versus transhiatal), patient comorbid medical 

conditions, and delivery of neoadjuvant chemotherapy and radiation (see Appendix 1 for 

specific Medicare billing codes, found at http://www.annalsthoracicsurgery.org/). Medicare 

claims within the Physician/Supplier and Outpatient files in the year before diagnosis were 

used to calculate a Klabunde-modified Charlson Comorbidity Index, which was then used 

for risk adjustment [17]. Chemotherapy and/or radiation administered within 4 months of 

esophagectomy was considered neoadjuvant therapy, as classified in prior publications using 

SEER-Medicare data [18]. For analysis of patient characteristics, indicators of low income 

or education were based on the lowest quartiles of median income and proportion with a 

high school education within a given zip code from Census Tract data. Tumor size, stage 

and histology were all based on information within 4 months of diagnosis in the SEER 

registry. All tumors were restaged to the American Joint Committee on Cancer (AJCC), 7th 

edition esophageal cancer staging system [19].

The primary outcome measure was hospital readmission with 30 days following discharge 

after esophagectomy. The denominator for analysis of hospital readmission was all patients 

discharged to home following esophageal resection for cancer. Patients discharged to an 

intermediate care facility (ICF) were not considered in the readmission analysis. Patients 

discharged to an ICF were not included in the readmission analysis, as it is difficult to 

determine what constitutes a hospital discharge or readmission, as patients are transferred 

from one inpatient care facility to another. Secondary outcomes were mortality and resource 

utilization following esophagectomy.

SAS Version 9.3 (Cary, NC) was used to perform all statistical analysis. Descriptive 

statistics are presented as counts with percentages, means with standard deviation, and/or 

median with interquartile range. Kaplan-Meier (KM) curves were generated that provide 

unadjusted survival estimates at postoperative points in time for patients who were and were 

not rehospitalized. Differences between strata were determined by log-rank tests. Binary 

logistic regression models were used to examine the association between patient 
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demographic, clinical and treatment characteristics and hospital readmission following 

esophagectomy. Variables were selected a priori for inclusion in the multivariable analysis. 

All statistical tests were two-sided and used an α = 0.05 level of significance.

Results

1,744 patients in the SEER-Medicare dataset underwent esophageal resection for esophageal 

cancer between the years 2002 and 2009 and met inclusion criteria. The demographics and 

clinical details of patients at the time of hospital admission for esophagectomy are 

summarized in Table 1. These patients were predominantly elderly Caucasian males. The 

most common presentation of esophageal cancer was a distal esophageal adenocarcinoma. 

38% (667/1,744) of patients received neoadjuvant chemotherapy and/or radiation. More than 

sixty percent of patients had a modified Charlson comorbidity score of zero. A transthoracic 

approach to esophagectomy was more common than transhiatal (52.6% vs. 37.4%). 

Complex reconstruction following esophagectomy (colonic or intestinal interposition, with 

or without microvascular anastomosis) was performed in 9.9%.

Postoperative outcomes in patients following esophagectomy for esophageal cancer are 

detailed in Table 2. Thirty day and in-hospital mortality rates were substantial, at 8.8% and 

9.3%, respectively. Due to outliers causing skewed distributions, the mean length of stay 

(LOS) and intensive care unit (ICU) days were larger than the median values (18.1 vs. 13 

and 10.6 vs. 6, respectively). Approximately one quarter of patients were discharged to an 

ICF (i.e. skilled nursing or rehabilitation facility). Out of 1,139 patients discharged to home 

following esophagectomy, 18.6% were readmitted to the hospital within 30 days of 

discharge and 31.3% within 90 days.

The proportion of hospital readmissions within 30 days of discharge, stratified by day of 

discharge, is shown in Figure 1. Mean time to hospital readmission in these patients was 

12.5 days (standard deviation 8.2). Outcomes following hospital readmission within 30 days 

of esophagectomy are shown in Table 3. Over 80% of these readmissions were classified as 

“urgent or emergent”. Mortality occurred in 5.2% who were readmitted and another 18.9% 

were discharged to an ICF.

A multivariable binary logistic regression model was developed to examine variables 

associated with 30 day hospital readmission following esophagectomy. Variables were 

selected a priori for inclusion into the model. Results of the logistic regression model are 

shown in Table 4. A modified Charlson comorbidity score of 3+ was most strongly 

associated with 30 day hospital readmission. An urgent admission status and an urban 

(compared to metropolitan) area of residence were also significantly associated with 

readmissions, whereas African American race appeared to demonstrate a trend towards 

association with hospital readmission.

Finally, Kaplan-Meier survival curves were generated in order to compare survival in 

patients readmitted within 30 days following discharge versus those who were not. Again, 

only patients discharge to home were considered in this analysis, as it is difficult to define 

readmission for patients discharged to an intermediate care facility. Survival curves are 
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shown in Figure 2. Overall survival was significantly worse for patients who were 

readmitted to the hospital within 30 days following discharge after esophagectomy.

Comment

Hospital readmissions place a significant burden on the healthcare system, and are 

associated with billions of dollars of increased cost. This has led CMS and other payers to 

focus on identifying risk factors for readmission and putting care processes in place that are 

aimed at reducing readmission rates. We again demonstrate that hospital readmission after 

esophagectomy for esophageal cancer is common, occurring in 18% of patients within 30 

days of discharge to home. Importantly, we show that hospital readmissions following 

esophagectomy are associated with inferior long term survival. No prior study has examined 

the relationship between readmission and long term survival following esophagectomy.

Variables associated with hospital readmission after esophagectomy in our study were a 

modified Charlson Comorbidity score of 3 or greater, urgent admission status, and an urban 

area of residence (as compared to metropolitan) and a complex reconstruction (colonic or 

small intestine interposition). In addition, African American race also demonstrated a trend 

toward being a risk factor for readmission. Schneider and colleagues have previously 

reported that a comorbidity score of 3 or greater is a risk factor for rehospitalization 

following colectomy [2]. An urgent, versus elective, admission status intuitively is a 

surrogate for complexity of care. Further, not living in a metropolitan area likely represents 

socio-economic actors that may predispose to hospital readmission. Whether other socio-

economic factors, such as African American race, play a significant role in readmission after 

esophagectomy should be further evaluated. Perhaps more interestingly patient age, the 

operative approach (transhiatal vs. transthoracic), stage of disease, and the use of induction 

chemotherapy and/or radiation were not associated with readmission.

Several studies have looked at risk factors for readmission after a variety of other surgeries 

such as pancreatic, colorectal, coronary artery bypass, and orthopedic surgery [2,4–10]. 

Volume, medical comorbidities (such as COPD, heart failure, and chronic renal 

insufficiency), chronic steroid use, prolonged postoperative length of stay, malnutrition, 

postoperative complications, and the need for postoperative blood transfusion have all been 

associated with increased readmission rates. Not surprisingly, previous analysis of CMS data 

has shown that higher surgical volume and lower mortality rates are associated with lower 

readmission rates [4]. Unfortunately, there has been little research investigating readmission 

following esophagectomy. Previous studies examining outcomes after esophagectomy have 

reported readmission rates ranging from 5% to as high as 25% [10,14,15]. The observed 

readmission rate of 18% is consistent with these finds. Unlike studies examining other 

complex operations though, studies on esophagectomy have found no association between 

surgical volume and readmission rates [10,14,15,20].

We observed a 9.3% in hospital mortality rate following esophagectomy. This is in keeping 

with reported numbers from other studies using administrative data. In addition, 25.4% of 

patients in our series were discharged to some type of institutional care facility (skilled 

nursing home, rehabilitation facility etc.). When combined with an 18.6% 30 day 
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rehospitalzation rate, a full 53.3% of patients suffered a morbid post-operative outcome. 

Clearly, opportunity for improvement in outcomes for esophagectomy exists. Data from 

board certified thoracic surgeons, as reported in the Society of Thoracic Surgeons (STS) 

General Thoracic Surgery Database (GTSD), demonstrates a much more acceptable in 

hospital mortality rate of 2.7% [21]. Data from single institutions also report excellent 

mortality rates for esophagectomy in the elderly population, as examined in this study, of 

3.2% in persons age 70–79 [22].

Unfortunately, multiple barriers exist in regards to studying readmission rates after 

esophagectomy, such as low institutional volumes, readmission to different hospitals, as 

well as different payers. By using the SEER-Medicare linked database, we were able to 

capture a large volume of patients who underwent esophagectomy for esophageal cancer at 

many institutions. Furthermore, this allowed for analysis of a number of possible risk factors 

for readmission including patient demographics, comorbidities, cancer stage, operative 

approach, and the use of induction therapy while determining accurate readmission rates. 

The use of CMS data allows readmissions that occur at an institution other than the one at 

which the index operation was performed to be recorded and analyzed.

There are several limitations to this study. Foremost, this is a retrospective cohort study 

analyzing data from a national cancer registry linked to a large administrative dataset (CMS) 

and, therefore, subject to misclassification of data. This is particularly true for CMS data, 

which is collected for billing and not clinical purposes, and often lacks accuracy on clinical 

diagnosis. Also, because this is a Medicare population, the study is restricted to individuals 

aged 65 or older. Our study may not be representative of a younger cohort of patients, those 

with private insurance or those treated by board certified thoracic surgeons. In addition, 

specific clinical detail with regard to patient comorbid medical conditions and post-operative 

complications was not available in the analyzed datasets. Finally, data regarding hospital 

and surgeon volume was not examined, as it could not accurately be analyzed with our 

dataset.

In the future, linkage of robust clinical data from the STS-GTSD would allow for a more 

detailed analysis of specific patient risk factors for readmission following esophagectomy. 

Linkage to administrative databases from other payers would further allow for analysis of 

individuals younger than 65. Further, analysis of Medicare payments would allow for the 

estimation of the additional cost burden associated with hospital readmission following 

esophageal resection.

In summary, hospital readmission following esophagectomy for esophageal cancer occurs 

frequently and is associated with worse long term survival. Beginning in 2015, CMS will 

begin penalizing hospitals for readmission after certain surgeries [1]. Improved 

identification of patients at risk for hospital readmission following esophagectomy for 

esophageal cancer can inform patient selection, as well as guide discharge planning and 

outpatient monitoring strategies. The optimization of such practices may lead to improved 

outcomes at reduced costs.
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Appendix 1. Medicare billing codes used to define type of esophagectomy 

and the administration of chemotherapy and radiation therapy

Transhiatal esophagectomy Billing codes

 ICD-9 42.40–42.42

 HCPCS 43107

Transthoracic esophagectomy

 ICD-9 42.52, 42.5

 HCPCS 43112, 43117, 43121, 43122

Complex reconstruction (colonic or intestinal 
interposition, microvascular anastomosis)

 ICD-9 42.43, 42.55, 42.58, 42.62, 42.63, 42.65, 42.68, 43.5, 
43.91, 43.99

 HCPCS 43108, 43113, 43124

Radiation therapy Billing codes

 ICD-9 V58.0 V66.1 V67.1 92.20 92.21 92.22 92.23 92.24 92.26 92.27 9.28

 HCPCS 31643 77300 77301 77305 77310 77315 77321 77326 77327 77328 77331 77332 77333 77334 
77336 77370 77380 77381 77399 77401 77402 77403 77404 77406 77407 77408 77409 77411 
77412 77413 77414 77416 77417 77418 77419 77420 77425 77427 77430 77431 77432 77470 
77499 77520 77522 77523 77525 77750 77761 77762 77763 77781 77782 77783 77784 77799 
C1716 C1717 C1718 C1719 C1720 C1790 C1791 C1792 C1793 C1794 C1795 C1796 C1797 
C1798 C1799 C1800 C1801 C1802 C1803 C1804 C1805 C1806 C2616 G0126 G0173

Chemotherapy Billing codes

 ICD-9 V58.1 V66.2 V67.2 99.25

 HCPCS 95549 96400 96404 96406 96410 96412 96414 96420 96420 96422 96423 96425 96440 96445 
96450 96542 96545 C9017 J0182 J8510 J8530 J8560 J8610 J899 J9000 J9001 J9010 J9045 J9060 
J9062 J9070 J9080 J9090 J9091 J9092 J9093 J9094 J9095 J9096 J9097 J9170 J9180 J9181 J9182 
J9190 J9201 J9206 J9208 J9230 J9250 J9260 J9265 J9280 J9290 J9291 J9350 J9360 J9370 J9375 
J9380 J9390 J9999 Q0083 Q0084 Q0085 Q0125 Q0127 Q0128 Q0129 S0178 S0182 S9329 S9330 
S9331
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Figure 1. 
Proportion of readmissions within 30 days of discharge, stratified by day after discharge.
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Figure 2. 
Kaplan-Meier overall survival curves for patients with readmitted to the hospital within 30 

days following hospital readmission following esophagectomy, compared to those patient 

not readmitted to the hospital during that time period. A significant difference was noted 

between the survival curve (p=0.0015, log-rank test).
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Table 1

Patient and disease characteristics for esophagectomy patients

Variable n (%), mean ± SD

Male sex, n (%) 1,390 (79.7%)

Age, mean ± SD, years 73.0 ± 5.2

Race

 Caucasian 1,619 (92.8%)

 African American 84 (4.8%)

 Other 41 (2.4%)

Marital Status

 Married 1,248 (71.6%)

 Not Married 496 (28.4%)

Education – Census Tract

 Lowest quartile 384 (22.0%)

Poverty – Census Tract

 Lowest quartile 130 (7.5%)

Comorbidity Score

 0 1070 (61.4%)

 1 442 (25.3%)

 2 137 (7.9%)

 3+ 95 (5.5%)

Type of Admission

 Elective 1539 (88.3%)

 Urgent 122 (7.0%)

 Emergency 81 (4.6%)

Location of esophageal tumor

 Distal third 1,265 (72.5%)

 Middle third 270 (15.5%)

 Proximal third 59 (3.4%)

 Other 150 (8.6%)

Operative approach

 Transthoracic 918 (52.6%)

 Transhiatal 653 (37.4%)

 Complex reconstruction 173 (9.9%)

Neoadjuvant Therapy

 Chemotherapy Only 80 (4.6%)

 Radiation Only 134 (7.7%)

 Both Chemo and Radiation 453 (26.0%)

Histology

 Adenocarcinoma 1,251 (71.8%)

 Squamous Cell 426 (24.4%)

 Other 38 (2.2%)
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Variable n (%), mean ± SD

 Unknown 29 (1.7%)

Grade

 Well to Moderate 745 (42.7%)

 Poor to Undifferientiated 768 (44.0%)

 Unknown 231 (13.3%)

Stage

 I 616 (35.3%)

 II 566 (32.5%)

 III 487 (27.9%)

 IV 40 (2.3%)

 Unknown 35 (2.0%)

Area of Residence

 Metropolitan 1469 (84.2%)

 Urban 235 (13.5%)

 Rural 40 (2.3%)
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Table 2

Postoperative outcomes in esophagectomy patients

Variable n (%), mean ± SD, or Median (IQR)

Discharge Disposition

 Home discharge 1,139 (65.3%)

 Intermediate care facility 443 (25.4%)

 Hospital Mortality 162 (9.3%)

Length of Stay (LOS, days) 18.1 ± 16.0

LOS (days), median (IQR) 13 (9 – 21)

Intensive Care Days 10.6 ± 14.4

Intensive Care Days, median (IQR) 6 (2 – 13)

Readmission (out of 1,138 home discharges)

 Readmission within 30 days 212 (18.6%)

 Readmission within 90 days 356 (31.3%)

Mortality (out of 1,691 had esophagectomy before 2010/01/01)

30 day mortality 8.8% (148)

90 day mortality 17.9% (302)

6 month mortality 28.0% (473)

1 year mortality 43.94% (743)
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Table 3

Characteristics of 30 day hospital readmissions following esophagectomy in 212 patients

Variable n (%), mean ± SD, or Median (IQR)

Type of Admission

 Elective 41 (19.3%)

 Emergency 108 (50.9%)

 Urgent 62 (29.3%)

Length of Stay (days) 8.46 (9.94)

Length of Stay (days), median (IQR) 5 (3 – 10)

Intensive Care Days 2.54 (7.50)

Intensive Care Days, median (IQR) 0 (0 – 2)

Discharge Disposition

 Home Discharge 160 (75.5%)

 Intermediate Care Facility 40 (18.9%)

 Hospital Mortality 12 (5.2%)
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Table 4

Multivariate analysis, risk factors for 30 day hospital readmission

Variable Odds Ratio 95% Confidence Limits P value

Operative approach

 Transthoracic 1 (Ref)

 Transhiatal 1.08 0.78 1.50 0.64

 Complex reconstruction 0.92 0.52 1.61 0.77

Neoadjuvant Therapy

 No 1 (Ref)

 Yes 1.15 0.83 1.60 0.40

Gender

 Male 1 (Ref)

 Female 1.32 0.86 2.02 0.21

Age 1.01 0.98 1.04 0.67

Race

 Caucasian 1 (Ref)

 African American 1.98 0.90 4.34 0.09

 Other 0.62 0.18 2.18 0.46

Marital status

 Married 1 (Ref)

 Unmarried 1.05 0.72 1.53 0.81

Education

 Lowest 25% 1.22 0.82 1.83 0.33

 Other 1 (Ref)

Poverty Level

 Lowest 25% 0.83 0.42 1.63 0.58

 Other 1 (Ref)

Charlson Comorbidity Index

 0 1 (Ref)

 1 1.10 0.76 1.58 0.62

 2 1.22 0.65 2.29 0.54

 3+ 2.36 1.09 5.09 0.03

Type of admission

 Elective 1 (Ref)

 Emergency 1.28 0.59 2.82 0.53

 Urgent* 1.88 1.07 3.32 0.03

Location of tumor in esophagus

 Lower 1 (Ref)

 Middle 1.00 0.59 1.70 0.99

 Upper 1.20 0.51 2.83 0.68

 Other 1.12 0.64 1.94 0.69

Histology
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Variable Odds Ratio 95% Confidence Limits P value

 Adenocarcinoma 1 (Ref)

 Squamous Cell 0.84 0.52 1.36 0.48

 Other/ Unknown 1.08 0.49 2.39 0.86

Grade

 Well / moderate 1 (Ref)

 Poor / undifferentiated 1.24 0.88 1.74 0.23

 Unknown 1.23 0.73 2.07 0.45

Stage

 I 1 (Ref)

 II 1.23 0.83 1.82 0.30

 III 0.86 0.56 1.31 0.47

 IV 0.56 0.16 2.03 0.38

 Unknown 1.06 0.35 3.17 0.92

Area of residence

 Metropolitan 1 (Ref)

 Urban 1.59 1.06 2.39 0.02

 Rural 2.26 0.92 5.55 0.08
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