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Abstract

Population-based studies suggest that black patients with multiple myeloma (MM) have a higher 

mortality rate than white patients; however, other studies suggest this disparity is related to 

socioeconomic status (SES) rather than race. To provide clarity on this topic, we reviewed 562 

patients diagnosed with MM at our institution. Patients with high-SES had a median OS of 62.8 

months (mos) (95% CI 43.1–82.6 mos), compared to 53.7 mos (45.2–62.3 mos) and 48.6 mos 

(40.4–56.8 mos) for the middle and low-SES, respectively (p =0.015). After controlling for race, 

age, year of diagnosis, severity of comorbidities, stem cell transplant utilization, and insurance 

provider, patients with low-SES had a 54 percent increase in mortality rate relative to patients with 

high-SES. To support our findings, we performed a similar analysis of 45,505 patients with MM 

from the Surveillance Epidemiology and End Results-18 (SEER) database. Low-SES is 

independently associated with poorer OS in MM.
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INTRODUCTION

Multiple myeloma (MM) is an incurable hematologic malignancy which causes lytic skeletal 

lesions, renal failure, hypercalcaemia, anemia, and recurrent infections due to aberrant 
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immune function. MM is the second most common hematologic malignancy in the United 

States (US)1, but is the most common in blacks, who have a nearly twofold increase in 

incidence compared to the general population2. Advances in MM therapies have improved 

overall survival (OS)3, however, not all population subgroups have benefited equally from 

these advances3,4.

Population-based studies utilizing data from US cancer registries suggest that black patients 

with MM have a much higher mortality rate than their white counterparts5,6. However, in 

several studies which controlled for treatment, OS was similar or even superior among black 

patients7–10. This discrepancy suggests that the poorer outcomes observed in black patients 

are attributable to factors other than race, such as socioeconomic status (SES).

SES is commonly conceptualized as the social standing or class of an individual. Different 

methodologies have been used to evaluate SES, but it is often measured by income, 

education, or occupation, either as singular variables or in combination. Commonly, SES is 

broken into tertiles and classified as low-SES, middle-SES, and high-SES.

The risk of multiple myeloma is significantly increased in individuals with low-SES11–13, 

however, the impact of SES on MM prognosis is unclear. Some studies have observed poorer 

survival among patients in lower-SES groups14–17, while others have not18–20. 

Unfortunately, the current studies have differed significantly in methodology, making their 

results difficult to compare, and none have included data on treatments for MM such as stem 

cell transplant (SCT).

Thus, to provide clarity on this topic, we tested the hypothesis that lower SES is associated 

with poorer OS in MM patients using two separate cohorts.

MATERIALS AND METHODS

We performed retrospective chart review of 652 consecutive adult patients (age 18+) 

diagnosed with MM from January 2000 through December 2009 at the Washington 

University School of Medicine (WUSM). This research was performed under the guidance 

of the Human Research Protection Office (HRPO) at Washington University School of 

Medicine. Patients were eligible for analysis if their home address within 6 months of 

diagnosis was available. Patients were followed for survival through December 2013.

Independent variables analyzed were: SES, race, age at diagnosis, year of diagnosis, sex, 

severity of comorbidities, SCT utilization, and primary insurance provider at diagnosis. SES 

was approximated by median household income (MHI) of each patient’s census tract from 

the American Community Survey (2012 5-year estimates); patients were divided into tertiles 

based on MHI and classified as low-SES, middle-SES, or high-SES. Race was patient 

reported; patients were classified as white, black, or other. The severity of comorbidities was 

scored with the ACE-27 as none, mild, moderate, or severe21. Primary insurance provider 

was classified as: private insurance, Medicare, Medicaid, or no insurance.
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Surveillance Epidemiology and End Results-18 (SEER-18) Database

To validate our results, we performed a similar analysis using the Surveillance Epidemiology 

and End Results (SEER)-18 registries database based on the November 2012 submission22. 

The SEER-18 registries database is a collection of data from 18 tumor registries across the 

US, covering approximately 28 percent of the total population.

Case listings were extracted using the SEERStat software for 46,361 consecutive adult 

patients (age 18+) diagnosed with MM from January 2000 through December 2009. 

Autopsy or death certificate only cases were excluded. As each patient’s census tract was not 

available, patients were eligible for analysis if the county of their home address at diagnosis 

was available. Patients were followed for survival through December 2011.

Independent variables analyzed were: SES, race, age at diagnosis, year of diagnosis, and sex. 

Comorbidities and SCT utilization were not available for analysis. SES was approximated 

by MHI of each patient’s county from the 2000 US Census; patients were divided into 

tertiles based on MHI and classified as low-SES, middle-SES, or high-SES. Race was 

patient reported; patients were classified as white, black, or other.

Statistical Analysis

All data was analyzed using IBM SPSS Statistics version 21. Demographics were 

summarized using descriptive statistics; the relationship between independent variables was 

analyzed using T-tests or chi-squared tests. Univariate survival analysis was performed by 

Kaplan-Meier survival curves and Cox proportional hazards modeling; multivariate survival 

analysis was performed by Cox proportional hazards modeling.

RESULTS

Washington University School of Medicine (WUSM)

Five-hundred-sixty-two patients were eligible for analysis. The median age at diagnosis was 

59 years (range 33–91); 55 percent were male; 26 percent were black. The median MHI 

(approximated by census tract) was $49,464.5 (range 11,917–163,958). The median follow-

up was 49 months (range 0–165). Sixty-one percent (343) of patients underwent SCT (341 

autologous and 2 syngeneic). Patient characteristics stratified by SES tertile are reported in 

Table I.

Relationships among baseline characteristics—Black patients were more likely to 

be in the lowest or middle SES tertiles than white patients (90% compared to 60%, p 

<0.001), and also were more likely to not have insurance at time of diagnosis (16% 

compared to 3%, p <0.001). High-SES patients were less likely to have comorbidities at 

diagnosis than middle-SES and low-SES patients (58% compared to 72% and 76%, p 

=0.007), and the prevalence of comorbidities increased with age (p <0.001). High-SES 

patients were more likely to have private insurance at diagnosis than middle-SES and low-

SES patients (69% compared to 59% and 42%), and were less likely to have Medicare (27% 

compared to 36% and 35%), Medicaid (2% compared to 3% and 10%), or no insurance (2% 

compared to 3% and 13%). Male patients tended to be younger at diagnosis than females, 
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(59.0 years compared to 61.2 years, p=0.019). The average age of patients with Medicare at 

diagnosis was 69.7 years-old, compared to 54.5 years-old for private insurance, 49.4 years-

old for no insurance 49.4, and 47.8 years-old for Medicaid (p< 0.001).

Relationships between baseline characteristics and stem cell transplant 
utilization—The median age for patients who underwent SCT was 56.9 years (range 33–

74), compared to 66.7 years for those who did not (range 35–91) (p <0.001). Patients 

diagnosed from 2005–2009 were more likely to have undergone SCT than those diagnosed 

2000–2004 (69% compared to 50%, p <0.001). High-SES patients were more likely to 

undergo SCT than middle-SES and low-SES patients (72% compared to 59% and 52%, 

respectively, p <0.001), as were white patients compared to black patients (67% compared to 

45%, p <0.001). Seventy-seven percent of patients without comorbidities underwent SCT 

while only 23 percent of patients with severe comorbidities did (p <0.001). Eighty-one 

percent of patients with private insurance at diagnosis underwent SCT, compared to 56 

percent of patients with Medicaid, 41 percent with no insurance, and 31 percent with 

Medicare (p <0.001).

Univariate survival analysis—The median OS for all patients was 53.7 months (mos) 

(95% CI 47.2–60.3 mos). Patients in the high-SES tertile (≥ $57,177 MHI) had a median OS 

of 62.8 mos (43.1–82.6 mos), compared to 53.7 mos (45.2–62.3 mos) and 48.6 mos (40.4–

56.8 mos) for the middle ($41,401–$57,177 MHI) and low-SES tertiles (≤ $41,400 MHI), 

respectively (p =0.015) [Figure 1]. OS was similar between white and black patients [Figure 

2].

Patients with no comorbidities had a median survival of 66.1 mos (95% CI 54.9–77.3 mos), 

compared to 61.6 mos (47.1–76.2 mos), 43.5 mos (35.9–51.1 mos), and 18.5 mos (8.7–28.3 

mos) for mild, moderate, and severe comorbidities, respectively (p <0.001). Patients who 

underwent ASCT had a median OS of 75.6 mos (95% CI 64.3–86.9 mos), compared to 21.8 

mos (17.3–26.2 mos) for those who did not (p <0.001). Patients with private insurance at 

diagnosis had a median survival of 67.5 mos (95% CI 55.4–79.6 mos), compared to 59 mos 

(528.4-89-5 mos), 38.3 mos (26.2–50.4 mos), and 37.5 mos (30.5–44.6 mos) for patients 

with no insurance, Medicaid, and Medicare, respectively (p <0.001).

Age at diagnosis was also associated with OS [HR 1.03/year (95% CI 1.02–1.05)], and 

patients 65-years-old or older at diagnosis had a median survival of 37.3 mos (95% CI 27.1–

47.7 mos), compared to 62.8 mos (55.6–70.0 mos) for patients under 65 at diagnosis (p 

<0.001). No relationship between sex and OS was observed.

Multivariate survival analysis—In a multivariate model of SES, age at diagnosis, year 

of diagnosis, race, comorbidity score, SCT utilization, and insurance provider at diagnosis 

all variables other than insurance provider were independently associated with survival. SES 

was associated with OS [HR 1.54 (95% CI 1.13–2.09) for low-SES relative to high-SES]; 

black patients had a reduced mortality rate compared to whites [HR 0.57 (95% CI 0.42–

0.76]. The results of the multivariate survival analysis are summarized in Table II.
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To test for immortal time bias with SCT utilization, a similar analysis was performed using 

only the 518 patients who survived ≥ 6 months and thus would have been able to proceed to 

ASCT (data not shown). Results of both analyses were similar.

SEER-18 Database

45,505 MM patients were identified for analysis. The median age at diagnosis was 69 years 

(range 18–85+); 55 percent were male; 18 percent were black. The median MHI 

(approximated by county) was $44,940 (range 15,810–79,890). The median follow-up was 

24 months (range 0–131). Patient characteristics stratified by SES tertile are reported in 

Table III.

Relationships among baseline characteristics—Black patients were more likely to 

be in the low or middle SES tertiles than white patients (78% compared to 65%, p <0.001). 

The mean age of black patients at diagnosis was 65.3-years-old, compared 68.7-years-old 

for whites patients (p <0.001). White patients were more likely to be male (56%), while 

black patients were just as likely to be female as male (p <0.001). Male patients tended to be 

younger at diagnosis than females (67.3 years compared to 68.8 years, p<0.001).

Univariate survival analysis—The median OS for all patients was 33.0 mos (95% CI 

32.4–33.6 mos). Patients in the high-SES tertile (≥ $50,760 MHI) had a median OS of 38.0 

mos (95% CI 36.8–39.2 mos), compared to 32.0 mos (30.9–33.1 mos) and 29 mos (28.1–

29.9 mos) for the middle ($42, 071–$50,759 MHI) and low SES tertiles (≤ $42,070 MHI), 

respectively (p <0.001) [Figure 3]. OS was similar between white and black patients [Figure 

4].

Age at diagnosis was associated with OS [HR 1.04/year (95% CI 1.04–1.04)], and patients 

65-years-old or older at diagnosis had a median survival of 23 mos (95% CI 22.4–23.6 mos), 

compared to 62 mos (60.2–63.8 mos) for patients under 65 at diagnosis (p <0.001). No 

relationship between sex and OS was observed.

Multivariate survival analysis—In a multivariate model of SES, age at diagnosis, year 

of diagnosis, and race, all four variables were independently associated with survival. SES 

was associated with OS [HR 1.18 (95% CI 1.15–1.22) for low-SES relative to high-SES; HR 

1.10 (95% CI 1.07–1.13) for middle-SES relative to high-SES]. Black patients had a slightly 

increased mortality rate compared to whites [HR 1.09 (95% CI 1.06–1.12]. The results of 

the multivariate survival analysis are summarized in Table IV.

DISCUSSION

In a large study of two separate cohorts of patients with MM, we showed that SES is 

independently associated with survival. Two potential hypotheses for the disparity in 

outcomes have been suggested. 1) patients with lower SES delay seeking medical attention 

and thus are farther advanced at presentation, or 2) patients with lower SES have reduced 

access to care and/or a lower quality of care for their disease (e.g. are less likely to undergo 

SCT). The current study found that patients with high-SES were more likely to undergo 

SCT, but that only partially accounted for the survival advantage associated with high-SES. 
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Additionally, the negative impact of lower SES on survival in MM patients has been 

observed in studies in England15, Sweden16, and Italy17, all three of which have universal 

health care systems and therefore the entire population has equal access to health care 

services. These findings suggest the more likely explanation may be that MM patients with 

lower SES delay seeking medical attention and thus have more advanced disease at 

presentation. This hypothesis has not been tested to date, but such associations have been 

seen in other cancer subtypes23–25.

Additional possible mechanisms for the disparity in outcome based on SES include: poorer 

tolerance and adherence to treatment and increased treatment complications among lower 

SES patients26. Determining the correct mechanisms will be an important area for future 

research, particularly in the current environment of healthcare reform and the need to reduce 

health care disparities.

The impact of SES on MM survival in the US has been previously studied but with smaller 

sample sizes and different methodologies. In 1984 Savage, et al. was the first publication on 

the topic; they reported on 144 MM patients diagnosed between 1958 and 1980 at two 

hospitals in New York14. SES variables were obtained from the 1970 Census from each 

patient’s home census tract and included: median family income, percentage of families 

living below the poverty level, adult male unemployment rate, low education (percentage of 

adults with less than 9 years of education), prevalence of separation or divorce, and 

overcrowding (mean occupancy of more than 1.5 persons/room. In univariate analysis, all 

socioeconomic variables were significantly associated with survival.

Weston, et al. (1987) reported on 153 MM patients (127 newly diagnosed and 26 previously 

diagnosed) referred between 1976 and 1982 to Duke University or one of the Veteran’s 

Administration Hospitals in Durham, North Carolina18. They prospectively collected patient 

reported SES variables from time of diagnosis, which included: current income, highest 

income, occupation, type of dwelling, years of education, and crowding. None of the SES 

variables were significantly associated with survival in univariate analysis. The strength of 

the study was the use of patient-reported SES, rather than geographical-based surrogates of 

SES.

Lenhard, et al. (1987) reported on 1,479 newly diagnosed MM patients enrolled into the 

Centralized Cancer Patient Data System (CCPDS), a NCI supported multi-center 

collaborative database, between 1977 and 198219. The investigators used the percentage of 

the population in each patient’s home zip code that were high school graduates during the 

1970 census as a surrogate for SES. While there was a trend of poorer survival for patients 

living in areas with lowest percent of patients, it was not statistically significant. SES levels 

were not defined using quantiles, which may explain the lack of significance.

Abou-Jawde, et al. (2006) reported on 292 MM patients (168 newly diagnosed and 124 

relapsed/refractory) diagnosed from 1997 to 2003 at the Cleveland Clinic, using MHI for 

each patient’s home zip code as a surrogate for SES20. The authors did not find an 

association between SES and OS, however, the study controlled for distance traveled to the 

Fiala et al. Page 6

Leuk Lymphoma. Author manuscript; available in PMC 2016 April 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treatment center, which may also be a function of SES, and thus potentially reduced the 

ability to observe an effect of SES on OS27.

We found a high-degree of consistency between the results of the two datasets analyzed. In 

the WUSM dataset we found a 23 and 14 percent OS advantage for high-SES patients over 

low-SES and middle-SES patients, respectively; In the SEER-18 dataset we found a 24 

percent and 16 percent OS advantage for high-SES patients over low-SES and middle-SES 

patients, respectively. In both datasets black patients were more likely to be low or middle-

SES than white patients, males tended to be younger than females, increasing age was 

associated with poorer survival, and race was not associated with OS in univariate analysis 

but was in multivariate analysis.

In multivariate survival analysis of the WUSM dataset, white patients had a 76 percent 

increase in mortality rate compared to black patients, while in multivariate survival analysis 

of the SEER-18 dataset, black patients had a 9 percent increase in mortality rate compared to 

white patients. Several possible factors could account for this discrepancy such as the 

absence of comorbidity, SCT utilization, and insurance data in the multivariate model for the 

SEER-18 dataset. Alternatively, additional treatment variations or differences in access to 

care between black and white patients in the SEER-18 dataset could explain the difference; 

in the WUSM dataset, once patients presented for care, they likely were treated uniformly 

regardless of race within a single center. An analysis of a dataset such as the SEER-

Medicare linked dataset would allow further exploration of this discrepancy by examining 

patients treated across the country, while accounting for comorbidities.

Overall patients in the WUSM dataset had a better OS than patients in the SEER-18 dataset 

[53.7 mos (95% CI 47.2–60.3 mos) compared to 33 mos (32.4–33.6mos)], but that is likely 

attributed to age differences between the two populations, as the median age for WUSM 

patients was 59 years, compared to 69 years for SEER-18 patients. The median OS of 

patients <65 years of diagnosis was similar between the two groups [62.8 mos (55.6–70.0 

mos) compared to 62 mos (60.2–63.8 mos)]. The discrepancy between median age at 

diagnosis between the two datasets is likely attributed to referral bias at WUSM. It has been 

reported that patients treated at NCI-designated Cancer Centers tend to be younger than 

those treated elsewhere28.

The strengths of the current study are: its large sample size, its inclusion of SCT as a 

predictor of survival, and its inter-dataset reliability. The current study is limited by the use 

of area-based surrogates of SES rather than patient reported SES. The use of area-based 

surrogates of SES is common because medical records rarely contain information regarding 

SES and most US public health surveillance databases contain little or no SES data; only 7 

percent of US state cancer registries include data on education and none include data on 

income.

An additional limitation of this study is the lack of MM staging data. While staging systems 

for MM prognosis have been developed, they are only useful for prognosis not for risk 

stratification29. Furthermore, the most commonly used staging system for MM, the 

International Staging System (ISS), was developed in 2005 and requires a beta-2 
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microglobulin test. Unfortunately, beta-2 microglobulin tests were not routinely performed 

on MM patients at our institution prior to 2005, therefore ISS stage would only be available 

on ~50% of the WUSM dataset. Neither lab values nor MM staging data is available in the 

SEER-18 dataset.

CONCLUSION

In conclusion, low-SES is independently associated with poorer OS in MM. The most likely 

hypothesis for this is patients with low-SES delay seeking medical attention and thus are 

farther advanced at presentation.

There have been many campaigns in recent years to eliminate outcome disparities in cancer 

based on race and SES, including: increasing early detection, increasing access to care, and 

improving the quality of treatment, however, none of these campaigns have specifically 

addressed hematologic malignancies such as multiple myeloma. This paper highlights the 

need for additional action to eliminate outcome disparities based on SES in hematologic 

malignancies.

The Affordable Care Act includes many measures with the intent to increase the access and 

quality of care of all patients, such as an annual checkup at no out-of-pocket cost. Additional 

measures such as oral chemotherapy parity, which limits the copays insurance companies 

can charge for oral chemotherapy agents to that of comparable intravenous chemotherapy, 

should improve access to these agents for lower SES patients. However, increasing access 

and reducing costs alone will not eliminate all outcome disparities, as they are still prevalent 

today in countries with long histories of universal health care. The population also needs to 

be educated on the early signs and symptoms of MM and advised to seek medical care early.
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Figure 1. 
Patients in the highest SES tertile (≥ $57,177 median household income) had a median OS 

of 62.8 months (mos) (95% CI 43.1–82.6 mos), compared to 53.7 mos (45.2–62.3 mos) and 

48.6 mos (40.4–56.8 mos) for the middle and lowest tertiles, respectively (p =0.015).
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Figure 2. 
In univariate analysis, there was no difference in OS based on race.
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Figure 3. 
In the SEER-18 registries database, patients in the highest SES tertile (≥ $50,760 median 

household income) had a median OS of 38.0 mos (95% CI 36.8–39.2 mos), compared to 32 

mos (30.9–33.1 mos) and 29 mos (28.1–29.9 mos) for the middle and lowest tertiles, 

respectively (p <0.001).
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Figure 4. 
In univariate analysis of the SEER-18 registries database, there was no difference in OS 

based on race.
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Table I

Patient characteristics stratified by SES tertile (WUSM)

Characteristics Low-SES Middle-SES High-SES All Patients

Number of Patients 187 188 187 562

Median Age at Diagnosis (years) 58 60 59 59

Race

 White 48% 82% 88% 72%

 Black 52% 17% 8% 26%

 Other 1% 1% 4% 2%

Sex

 Male 52% 55% 57% 55%

 Female 48% 45% 43% 45%

Comorbidity Score

 None 21% 26% 37% 28%

 Mild 33% 42% 29% 35%

 Moderate 23% 18% 14% 18%

 Severe 9% 7% 8% 8%

 Unknown 14% 7% 11% 11%

SCT Utilization

 Yes 52% 59% 72% 61%

 No 48% 41% 28% 39%

Insurance Provider

 Private 42% 59% 69% 57%

 Medicare 35% 36% 27% 33%

 Medicaid 10% 3% 2% 5%

 No Insurance 13% 3% 2% 6%
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Table II

Multivariate Survival Analysis (WUSM)

95.0% CI for HR

HR1 Lower Upper p value

SES 0.022

 High-SES 12

 Middle-SES 1.25 0.95 1.65 0.114

 Low-SES 1.54 1.13 2.09 0.006

Age (per year) 1.02 1.01 1.04 0.002

Year of Diagnosis (per year) 0.95 0.91 0.99 0.031

Race <0.001

 White 12

 Black 0.57 0.42 0.76 0.001

 Other 1.97 0.92 4.24 0.083

Comorbidity Score 0.002

 None 12

 Mild 1.12 0.85 1.47 0.433

 Moderate 1.34 0.97 1.84 0.074

 Severe 2.17 1.43 3.28 <0.001

SCT Utilization <0.001

 Yes 12

 No 2.57 1.96 3.38 <0.001

Insurance Provider 0.058

 Private 12

 Medicare 0.74 0.53 1.03 .071

 Medicaid 1.224 0.70 2.14 .478

 No Insurance 1.59 0.94 2.70 .083

1
Controlled for all other variables within the model

2
Reference level
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Table III

Patient characteristics stratified by SES tertile (SEER-18)

Characteristics Low-SES Middle-SES High-SES All Patients

Number of Patients 15,238 15,146 15,121 45,505

Median Age at Diagnosis (years) 69 69 69 69

Race

 White 74% 76% 80% 76%

 Black 24% 19% 12% 18%

 Other 2% 6% 8% 5%

Sex

 Male 55% 55% 55% 55%

 Female 45% 45% 45% 45%
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Table IV

Multivariate Survival Analysis (SEER-18)

95.0% CI for HR

HR1 Lower Upper p value

SES <0.001

 High-SES 12

 Middle-SES 1.10 1.07 1.13 <0.001

 Low-SES 1.18 1.15 1.22 <0.001

Age (per year) 1.04 1.04 1.04 <0.001

Year of Diagnosis (per year) 0.97 0.96 0.97 <0.001

Race <0.001

 White 12

 Black 1.09 1.06 1.12 <0.001

 Other 1.02 0.97 1.07 0.516

1
Controlled for all other variables within the model

2
Reference level
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