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in the adjusted model. The test of the model coefficients indicated that the final adjusted
model was significant X2 (16) = 6134.3, p<.001. The goodness of fit as measured by the
Hosmer-Lemeshow test indicated the model was satisfactory for this data X*(8) =10.712,
p=.219. The Nagelkerke R statistic predicted that 27% of the variance in the occurrence
of infectious complications during hospitalization can be explained by this model. These
results are summarized in Table 8. There were no significant differences in the risk of
infection in hospitalized children with ALL when compared to White children for those
belonging to the Black (AOR=0.95, p=.369), Hispanic (AOR=1.00, p=.950), Asian
(AOR=1.04, p=.586), or other racial (AOR=1.02, p=.745) groups. Therefore, hypothesis
1 was not supported.

Table 8

Summary of Results of the Test of Hypothesis 1: Odds of Infectious Complication
Present During Hospitalization in ALL Cases

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper  O.R. Lower  Upper

Race (ref=White)

Black J73FxE 704 .850 952 .855 1.060

Hispanic 898*** 851 948 1.002 939 1.069

Asian 982 871 1.107 1.039 905 1.193

Other Race 967 871 1.074 1.020 906 1.148
Age Group (ref=2-9
years)

Infant 729%** 651 816 .604*** 53] .686

10-14 years 617%** 580 .656 S585%#* 546 .627

15-20 years S548*%** 515 .583 ST5%#F% 536 618
Female 1.268*** 1208  1.332 1.185%** 1.121 1.253
Neutropenia 6.657**%* 6311  7.022 6.404*** 6063  6.764
Mucositis 2.520%** 2303  2.757 1.890*** 1.708  2.092
Weight loss 1.910%** 1759  2.075 1.474%** 1341 1.619
Obesity .839%* 745 945 1.075 936 1.235
Downs Syndrome 1.254%** 1104 1.424 1.235%*  1.070  1.426
Children’s hospital 1.082**  1.1031 1.135 960 908 1.017
Region of the U.S.

(ref=South)
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Table 8

Summary of Results of the Test of Hypothesis 1: Odds of Infectious Complication
Present During Hospitalization in ALL Cases

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper  O.R. Lower  Upper
Northeast 1.093* 1.014  1.179 1.309%** 1.201 1.427
Midwest 1.168*** 1.092  1.248 1.373%** 1.271 1.482
West 1.049 .989 1.113 1.166%** 1.087 1.251

Notes. *p<.05; **p<.01; ***p<.001

Variables not included in the model based upon bivariate analysis with chi square test,

significance set at p<.05: ALL remission present, hyperglycemia, income, insurance

type, urban or rural residence.

Final model: X2 (17)=6135.386, p <.001; Nagelkerke R?.272; Hosmer & Lemeshow

test X210.712 (8)=8.201, p = .414

Hypothesis 2. The second hypothesis proposed that when infection is present

during hospitalization, children with leukemia belonging to non-White racial groups are
more likely to develop severe sepsis compared to children in the White racial group. This
hypothesis was tested in a subsample of cases within the ALL group with infection
documented (see Table 7). Of the 14277 children with a documented infection, 853 (6%)
developed severe sepsis. Bivariate testing demonstrated that racial differences exist in
the development of severe sepsis X?(4) =38.878, p<.001. A higher percentage of
Hispanic children (8%) experienced documented severe sepsis compared to White
children (5%). Asian children (7%) and children belonging to the other race category
(6%) also had higher percentages of cases with documented severe sepsis compared to
White, while the percentage of Black children (5%) was the same as White. This
disparate rate of severe sepsis in Hispanic children continued to be evident in the
unadjusted model and Hispanic children were more likely to develop severe sepsis than

White children (OR 1.59, p<.001). After clinical and sociodemographic variables were

controlled in the adjusted model, this finding persisted, and the Hispanic racial group was
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associated with a 1.32-fold (p=.002) increased risk of developing severe sepsis compared
to White children. There were no significant differences in the likelihood of the
development of severe sepsis in Black (AOR=0.88, p=.435), Asian (AOR=1.32, p=.113)
or other race (AOR=1.14, p=.429) children when compared to White children. The test
of the model coefficients indicated that the final adjusted model was significant X (15)
=402.908, p<.001. The goodness of fit as measured by the Hosmer-Lemeshow test was
calculated and the model was satisfactory for this data X*(8) =2.828, p=.945. The
Nagelkerke R? indicates approximately eight percent of the variance in the development
of severe sepsis when infection was present can be explained by the model. These results
are found in Table 9. Hispanic children with ALL were found to be at greater risk of
developing severe sepsis when an infection was present during hospitalization than White
children, a finding that supports the hypothesis. The risk for Black, Asian, and other race
children does not differ from that of White children, therefore hypothesis 2 was partially
supported.

Table 9

Summary of Results of the Test of Hypothesis 2: Odds of Severe Sepsis When Infection
is Present During Hospitalization in ALL

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper O.R. Lower  Upper
Race (ref=White)
Black 1.002 735 1.367 .880 .638 1.214
Hispanic 1.588*** 1364 1.848 1.323*%*  1.112  1.573
Asian 1.348 968 1.878 1.317 937 1.852
Other Race 1.231 911 1.663 1.138 .826 1.568
Age Group (ref=2-9
years)
Infant L461*%*  1.025 2.083 1.378 964 1.971
10-14 years 2.478*%** 2078  2.952 2.346**%* 1962  2.805
15-20 years 3.181%*%* 2,684  3.769 3.092*%** 1588  3.696

Neutropenia present 2.335%*%* 1930 2.824 2.356**%* 1942  2.857
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Table 9

Summary of Results of the Test of Hypothesis 2: Odds of Severe Sepsis When Infection
is Present During Hospitalization in ALL

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper O.R. Lower  Upper
Weight loss present 2.001*** 1.690 2.369 1.665*** 1399  1.983
Obesity 2.116%** 1.613 2.776 1.162 .868 1.554
Hyperglycemia 1.964*** 1533  2.517 1.404* 1.082  1.821
Downs Syndrome 1.398* 1.031 1.896 1.404* 1.022 1918
Private insurance 798%* .693 918 .858 733 1.001
Children’s hospital 1.407%** 1224 1.617 1.342%** 1.161 1.552
Urban residence 1.217* 1.013  1.463 1.056 871 1.282

Notes. *p<.05; **p<.01; ***p<.001
Variables not included in the model based upon bivariate analysis with chi square test,

significance set at p<.05: sex, mucositis, ALL remission present, income, region of the
U.S.

Final model: X2 (15) =402.908, p<.001; Nagelkerke R?.077; Hosmer & Lemeshow test
X% (8) =2.828, p=.945
Hypothesis 3. It was hypothesized that children diagnosed with ALL in the non-

White racial groups are at greater risk than White children of an extended hospitalization
when infection is present. Bivariate analysis supported this hypothesis showing
differences between racial groups X? (4) =48.885, p<.001. It was found that the
percentage of White children having an extended LOS was lower than it was for children
of all other racial categories. Black children (OR=1.35, p<.001) and Hispanic children
(OR=1.30, p<.001) were more likely to have extended hospitalizations in the unadjusted
model. As summarized in Table 10, this association failed to persist when the model was
adjusted with the addition of clinical and sociodemographic covariates. There were no
significant differences between White children and Black (AOR=1.18, p=.051), Hispanic
(AOR 1.08, p=.143) Asian (AOR=1.06, p=.543), or other race children (AOR=0.97,

p=.753). The Nagelkerke R? estimated that 19% of the variance in the risk of extended
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hospitalization was explained by the adjusted model. The test of the model coefficients

showed the final adjusted model to be significant X?(21) =1989.108, p<.001. The

goodness of fit as measured by the Hosmer-Lemeshow test indicated the model was

satisfactory for this data X*(8) =4.669, p=.792. Hypothesis 3 was not supported.

Table 10

Summary of Results of the Test of Hypothesis 3: Odds of an Extended Hospitalization

When Infection is Present in ALL

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper O.R. Lower  Upper

Race (ref=White)

Black 1.347%** 1.166  1.556 1.177 999 1.386

Hispanic 1.301%** 1201 1411 1.079 975 1.195

Asian 1.108 927 1.325 1.063 873 1.295

Other Race 1.069 913 1.251 972 817 1.158
Age Group (ref=2-9
years)

Infant 2.351%** 1.003  2.759  2.067*** 1.739  2.458

10-14 years 1.731%** 1.577  1.899 1.555%** 1405  1.722

15-20 years 1.852%** 1.683  2.037 1.642%** 1475  1.828
Neutropenia present 3.456*** 3136  3.809 3.422*%**% 3086  3.794
Mucositis present 2.610*** 2364  2.882 1.931*** 1730  2.155
Weight loss present 2.741%*%% 2484  3.026  2.186*%** 1.959  2.441
Obesity 2.188%** 1.844  2.596 1.479%** 1213  1.803
Hyperglycemia 3.989%** 3418 4.656  3.457*** 2917  4.096
Remission absent 1.774%** 1.633  1.927 1.693*** 1.549  1.850
Downs Syndrome 1.229%*  1.032  1.463 1.267* 1.042  1.540
Income >50"%ile 874%** 813 941 941 .863 1.027
Private insurance J98F R 742 .858 B47x*x - T77 924
Children’s hospital 1.109*%*  1.032  1.192 1.045 962 1.135
Urban residence 1.115% 1.018  1.223 1.000 .897 1.114
Region of the US
(ref=South)

Northeast 1.196*%*  1.063  1.337 1.378*** 1217  1.561

Midwest J72%*% 650 810 .830%* 740 931

West 1.307*** 1.216 1458 1.273*%** 1.149 1410

Notes. *p<.05; **p<.01; p<.001

Not included in the model based upon bivariate analysis with chi square test,

significance set at p<.05: sex

Final model: X2 (21) =1989.108, p<.001. Nagelkerke R*.189. Hosmer & Lemeshow

Test X2 (8) =4.669, p=.792
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Hypothesis 4. Hypothesis 4 proposed that when infection is present, the risk of a
high-cost of hospitalization is greater for a child in the non-White racial group than a
child in the White racial group. This hypothesis was supported in the bivariate analysis
with all non-White racial groups having a higher percentage of cases in which the
hospitalization resulted in a high cost X2 (4) =66.386, p<.001. In the unadjusted model,
compared to White children, those in the Black (OR=1.37, p<.001), Hispanic (OR=1.4,
p<.001), and Asian (OR=1.28, p=.008) racial groups had an increased likelihood of
incurring high costs when infection was present. When clinical and sociodemographic
variables were controlled, this effect persisted for Black children (AOR=1.23, p=.022)
and Asian children (AOR=1.25, p=.037), but not for Hispanic children (AOR=1.09,
p=.146), or other race children (AOR=1.03, p=.782). These results are found in Table 11.
Although the test of the model coefficients indicated that the final adjusted model was
significant X? (20) =2201.2135, p<.001, the data was a poor fit for the model, as measured
by the Hosmer-Lemeshow test X2(8) =19.724, p=.011. The Nagelkerke statistic of .217
determined that 22% of the variance in the risk of a high-cost hospitalization is explained
by the adjusted model. In conclusion, Black and Asian children were found to be at
greater risk of a high-cost hospitalization compared to White children. Children
belonging to the Hispanic and Other racial groups were not found to be at a significantly
different risk for a high-cost hospitalization. Hypothesis 4 was partially supported.

Table 11
Summary of Results of the Test of Hypothesis 4: Odds of a High-Cost Hospitalization

When Infection is Present in ALL
Unadjusted Adjusted

95% CI 95% CI
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Table 11

Summary of Results of the Test of Hypothesis 4: Odds of a High-Cost Hospitalization
When Infection is Present in ALL

Predictor O.R. Lower Upper O.R. Lower  Upper

Race (ref=White)

Black 1.365%** 1.172  1.590 1.227* 1.030  1.463

Hispanic 1.399%** 1284  1.523 1.085 972 1.211

Asian 1.284%*  1.067 1.544 1.246* 1.013  1.532

Other Race 1.101 931 1.302 1.027 851 1.240
Age Group (ref=2-9
years)

Infant 2.179%** 1841  2.578 1.920%** 1.598  2.308

10-14 years 1.875%** 1700  2.068 1.679%** 1.507  1.871

15-20 years 2.266%** 2052  2.501 2.109*%** 1.884  2.361
Neutropenia present 2.908*** 2627 3219  2.963*** 2,653  3.309
Mucositis present 1.872*%** 1.688  2.076 1.380*** 1.226  1.553
Weight loss present 2.488*** 2249  2.752 1.976*** 1.761  2.216
Obesity present 2.735%*%% 2034  3.248 1.577*** 1.291 1.928
Hyperglycemia present =~ 4.478*** 3842  5.220 3.869*** 3263  4.588
Remission absent 2.387**F* 2173 2,622  2.412%** 2177  2.671
Income >50" %ile .904%* .837 976 922 .840 1.011
Private Insurance .885%* .820 956 962 .876 1.057
Children’s hospital 2.246%** 2077 2428  2.411%¥** 2204  2.636
Urban residence 1.320*** 1.194  1.459 1.142%* 1.014  1.286
Region of U.S.
(ref=South)

Northeast 1.152 968 1.234 1.354%** 1180  1.554

Midwest 920 .824 1.028 918 811 1.039

West 1.607*** 1.465 1.763 1.286%** 1.153  1.433

Notes. *p<.05; **p<.01; ***p<.001
Not included in the model based upon bivariate analysis with chi square test,
significance set at p<.05: sex, Downs syndrome
Final model: X2 (20) =2201.215, p<.001. Nagelkerke R*>.217. Hosmer and Lemeshow
Test X2 (8) =19.724, p<.011
Acute Myeloid Leukemia
Demographics of the Study Sample. A description of the study sample
containing the 2902 cases in which AML was documented is presented in Table 12. The

mean age in the sample was 9.8 years (SD=6.7) with the largest number of children

between the ages of two and nine years (34%). There were slightly more males (51%)
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than females. Due to small numbers, the children belonging to the Native American
group were reassigned for this study to the other racial group (Agency for Healthcare
Research and Quality, 2018). Fifty percent of the children were White followed by
Hispanic (27%), Black (11%), Asian (5%), and other race (7%). The majority of the
children lived in residential areas where the average household income was below the
50™ percentile (51%) and less than half had private health insurance (48%). Seventy-nine
percent of the children lived in urban areas rather than rural areas (20%) and the largest
number of children were hospitalized in the Southern region of the U.S. (40%). Care was
more likely to be provided in a general hospital (55%) versus one with a NACHRI
designation (45%). Neutropenia was present in the majority of the cases (73%). Sixteen
percent of the cases had mucositis documented, 17% had evidence of weight loss or
cachexia, and four percent of the cases indicated the child was obese. AML with
evidence of remission was recorded in 23% of the cases and 12% of the cases indicated
the child was born with Down syndrome.

Two-thirds of the cases in the AML group had an infectious complication present
(66%). Fever was the most common infectious complication and was present in 1187 of
the cases with AML. A complete list of infectious complications can be found in
Appendix B, Table B1. To test hypotheses 2 through 4 the sample was further delimited
to just the 1913 cases with infection documented. Table 12 details the characteristics of
this subsample of cases with infection. In the subsample, the largest percentage of
children were in the White racial group (49%), followed by the Hispanic (27%), Black
(12%), Asian (6%), and other race (7%). A higher percentage of the children with

infectious complications lived in residential areas where the average household income
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(46%). Seventy-eight percent of the children lived in urban areas and the 20% lived in

rural areas. The largest number of children were hospitalized in the Southern region of
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the U.S. (38%). Care was more likely to be provided in a general hospital (52%) versus

one with a NACHRI designation (48%). Neutropenia was present in 84% of the cases.

Mucositis was present in 21% of the cases, obesity was documented in four percent of the

cases, and evidence of weight loss or cachexia was present in 20% of the cases. The

majority of the cases did not have documented evidence that AML was in remission

(80%) and 10% of the cases indicated the child was also diagnosed with Down syndrome.

Table 12

Description of the Study Sample and the Subsample of Cases with Documentation of

Infection, AML

Variable Frequency (%) Frequency (%)
AML Sample Infection Present
(N=2902) (n=1913)
Race
White 1440(49.6) 938(49.1)
Black 336(11.6) 229(12.0)
Hispanic 768(26.5) 510(26.6)
Asian 156(5.4) 109(5.7)
Other 202(7.0) 127(6.6)
Age Group
Infant 377(13.0) 233(12.2)
2-9 Years 977(33.7) 659(34.5)
10-14 Years 659(22.7) 457(23.9)
15-20 Years 888(30.6) 564(29.5)
Sex*
Female 1432(49.3) 945(49.4)
Male 1467(50.6) 966(50.5)
Insurance Type*
Private 1402(48.3) 882(46.1)
Public/Other 1498(50.6) 1029(53.8)
Household Income (zip code level) *
Upper 50™ %ile 1367(47.1) 902(47.2)
Lower 50" %ile 1468(50.6) 970(50.7)

Place of Residence*
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Table 12

Description of the Study Sample and the Subsample of Cases with Documentation of
Infection, AML

Rural Area 579(19.9) 401(21.0)

Urban Area 2276(78.5) 1485(77.6)
Region of the U.S.

South 1173(40.4) 727(38.0)

Northeast 389(13.4) 253(13.2)

Midwest 609(21.0) 418(21.8)

West 731(25.2%) 515(26.9)
Type of Hospital

General Hospital 1598(55.1) 997(52.1)

Children’s Hospital 1304(44.9) 915(47.9)
Neutropenia

Present 2115(72.9) 1612(84.3)

Absent 787(27.1) 301(15.7)
Mucositis

Present 452(15.6) 393(20.5)

Absent 2450(84.4) 1520(79.5)
Weight Loss/Cachexia

Present 484(16.7) 374(19.5)

Absent 2418(83.3) 1539(80.5)
Obesity

Present 118(4.1) 80(4.2)

Absent 2784(95.9) 1832(95.8)
Disease Status

Remission 652(22.5) 397(20.7)

Remission not Evident/Relapse 2250(77.5) 1516(79.3)
Down Syndrome

Present 346(11.9) 182(9.5)

Absent 2418(83.3) 1730(90.5)

Note. *Percentages do not equal 100% due to missing items.

Description of the Study Variables. Descriptive statistics for the study variables
are presented in Table 13. In this sample of 2902 cases, the majority had evidence of an
infection in the discharge diagnoses (66%). Of those cases in which infection is present,
14% had documentation indicating severe sepsis occurred during the hospitalization. The
average length of stay when infection was present was 25.3 days, and 47% of the

hospitalizations were considered extended stays lasting longer than 25 days. The mean
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cost of hospitalization was $93720 (SD = $165763) and 32% of the cases were found to

be high cost hospitalizations of above the mean.

Table 13
Description of the OQutcome Variables AML
Variable Mean (SD) Range Frequency %

Infection*®

Present 1913 65.9

Absent 989 34.1
Severe Sepsis**

Present 271 14.1

Absent 1642 85.9
Length of Stay** 25.3(25) 0.281

>25 Days 894 46.7

<=25Days 10053 70.4
Cost of Hospitalization**  $93720 $137-

($165763) $2417395
>$93720 582 31.6
<=$93720 1261 68.4

Notes. *N=2902. **p=1913.

Hypothesis Testing. Hypothesis testing was previously described and was
conducted in the same manner as the ALL cases.

Hypothesis 1. The first hypothesis proposed that children belonging to the non-
White racial group would be more likely to have an infectious complication when
hospitalized with AML compared to children in the White racial group. The results of
the bivariate analysis found that there was no significant difference between racial groups
in the rate of infectious complications X? (4) =3.095, p<.542. Because a chi square test of
the independent variable, race, failed to meet the threshold of a significance test set at
.05, univariate and multivariate regression analyses were not conducted. Hypothesis 1

was not supported.
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Hypothesis 2. The second hypothesis proposed that when infection is present
during hospitalization, children with leukemia belonging to non-White racial groups are
more likely to develop severe sepsis compared to children in the White racial group.
Bivariate testing demonstrated that racial differences existed in the development of
severe sepsis X2(4) =20.396, p<.001. A higher percentage of Hispanic children (20%)
experienced documented severe sepsis compared to White children (12%), as did Black
children (14%) and children belonging to the other race category (16%) The percentage
of Asian children was lower (9%) than White. This increased risk of severe sepsis in
Hispanic children continued to be evident in the unadjusted model and Hispanic children
were more likely to be affected than White children (OR 1.87, p<.001). After clinical
and sociodemographic variables were controlled in the adjusted model, this finding
persisted and the Hispanic racial group was associated with a 1.55-fold (p=.006)
increased risk of developing severe sepsis. There were no significant differences in the
likelihood of the development of severe sepsis in Black (AOR = 1.22, p=.366), Asian
(AOR=0.55, p=.097), or other race (AOR=1.44, p=.182) children when compared to
White children in the final adjusted models. The test of the model coefficients indicated
that the adjusted model was significant X? (9) =65.938, p<.001. The goodness of fit as
measured by the Hosmer-Lemeshow test was calculated and the model was satisfactory
for this data X*(8) =15.267, p=.054. The Nagelkerke R? indicated approximately six
percent of the variance can be explained by the model. These results are found in Table
14. Hispanic children with AML were found to be at greater risk of developing severe
sepsis when an infection was present during hospitalization than White children, a

finding that supports the hypothesis. The risk for Black, Asian, and other race children
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does not differ from that of White children, therefore hypothesis 2 was partially
supported.
Table 14

Summary of Results of the Test of Hypothesis 2: Odds of Severe Sepsis When Infection
is Present During Hospitalization in AML

Unadjusted Adjusted
95% CI 95% CI

Predictor O.R. Lower Upper O.R. Lower  Upper
Race (ref=White)
Black 1.260 .826 1.922 1.219 793 1.874
Hispanic 1.868*** 1389  2.513 1.554%% 1138  2.123
Asian 770 390 1.521 552 273 1.113
Other Race 1.408 .837 2.370 1.435 .844 2.439
Age Group (ref=2-9
years)
Infant .828 492 1.396 .849 502 1.437
10-14 years 2.183*** 1553  3.070  2.098*** 1.477  2.980
15-20 years 1.706**  1.218  2.389 1.824%* 1288  2.583
Neutropenia present 1.828**  1.202  2.782 1.779**  1.162  2.723
Obesity 2.056** 1216  3.476 1.463 .850 2.517
Children’s hospital 1.582** 1220 2.051 1.524** 1.151  2.018

Notes. *p<.05; **p<.01; ***p<.001

Variables not included in the model based upon bivariate analysis with chi square test,

significance set at p<.05: sex, mucositis, weight loss, ALL remission status, income,

insurance type, urban or rural residence, region of the U.S.

Final model: X (10) =67.726, p<.001; Nagelkerke R?.062; Hosmer & Lemeshow test

X2 (8)=15.267, p=.054

Hypothesis 3. It was hypothesized that children diagnosed with AML in the non-

White racial groups are at greater risk than White children of an extended hospitalization
when infection was present. Bivariate analyses did not show significant differences
between racial groups in the risk of experiencing a prolonged hospitalization X (4) =

8.205, p<.084. The independent variable of race failed to meet the inclusion criterion of

significance testing by chi square set at 0.05. Hypothesis 3 was not supported.
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Hypothesis 4. Hypothesis 4 proposed that when infection is present, the risk of a
high-cost of hospitalization is greater for a child in the non-White racial group than a
child in the White racial group. This hypothesis was supported in the bivariate analysis
which showed significant differences between the racial groups X? (4) =28.974, p<.001.
In the unadjusted model, compared to White children, those in the Hispanic (OR=1.50,
p<.001) and Asian (OR=2.57, p<.001) racial groups had an increased likelihood of
incurring high costs when infection was present. When clinical and sociodemographic
variables were controlled, disparities in the risk of incurring high costs between racial
groups were not apparent. These results are found in Table 15. The test of the model
coefficients indicated that the final adjusted model was significant X? (20) =444.259,
p<.001, the data was a good fit for the model, as measured by the Hosmer-Lemeshow test
X%(8) =10.483, p=.233. The Nagelkerke statistic estimated that approximately 30% of the
variance in the risk of a high-cost hospitalization was explained by the adjusted model.

In conclusion, there were not significant differences in the likelihood of a high-cost
hospitalization for Black (AOR=1.24, p=.293), Hispanic (AOR=0.94, p=.669), Asian
(AOR=1.57, p=.084), and other race (AOR=1.04, p=.879) children compared to White
children. Therefore, hypothesis 4 was not supported.

Table 15

Summary of Results of the Test of Hypothesis 4: Odds of a High-Cost Hospitalization
When Infection is Present in AML

Unadjusted Adjusted
95% CI 95% CI
Predictor O.R. Lower Upper O.R. Lower  Upper
Race (ref=White)
Black 1.093 790 1.512 1.238 .832 1.842
Hispanic 1.504**  1.191  1.899 935 .689 1.271
Asian 2.566%** 1.689  3.897 1.573 940 2.632

Other Race 992 .650 1.513 1.040 .625 1.733
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Table 15

Summary of Results of the Test of Hypothesis 4: Odds of a High-Cost Hospitalization
When Infection is Present in AML

Age Group (ref=2-9

years)

Infant 1.242 .883 1.749 1.494%* 1.003  2.225

10-14 years 2.467*%** 1900 3.203 2.021%** 1.483  2.755

15-20 years 1.330* 1.029  1.717 1.565%*  1.151  2.128
Female 1.425 1.170  1.736 1.604%** 1273  2.020
Neutropenia present 2.424**%* 1762  3.334 2.002*** 1385  2.894
Mucositis present 2.282*** 1807  2.880 2.453**%* 1862  3.233
Weight loss present 3.168*** 2499  4.016 3.185%** 2428  4.177
Obesity 2.337%** 1492  3.662 1.665 975 2.846
Remission absent 1.349* 1.051  1.732 1.368* 1.020  1.835
Downs syndrome 267F¥% 166 431 386%* 223 .666
Income >50" %ile 1.355%*  1.111  1.653 1.196 933 1.533
Children’s hospital 3.857*** 3120 4.767  4.666%** 3.595  6.055
Urban residence 1.451** 1.131 1.863 1.032 754 1.413
Region of U.S.
(ref=South)

Northeast 1.256 915 1.724 1.514% 1.033 2219

Midwest 1.190 906 1.562 1.162 .848 1.592

West 2.373*** 1.851 3.043 2.080*** 1522  2.844

Notes. *p<.05; **p<.01; ***p<.001
Not included in the model based upon bivariate analysis with chi square test,
significance set at p<.05: Insurance

Final model: X* (20) =444.259, p<.001. Nagelkerke R*>.306. Hosmer and Lemeshow

Test X2 (8) =10.483, p<.233
Summary of the Hypothesis Testing

Four hypotheses about the association between a child’s race and the infectious

consequences of leukemia were tested separately in the two groups, ALL cases and AML
cases. There were no significant associations between racial groups and the presence of
infection during hospitalization in either the ALL or the AML group. In both the ALL
and the AML groups, children belonging to the Hispanic racial group were more likely

than White children to have documentation of severe sepsis when infection was present

during the hospitalization. There was not a significant association between race and a
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prolonged length of stay when infection was present in either group. In the ALL group,

Black and Asian children were at greater risk than White children for a high-cost

hospitalization in the presence of infection. There were no significant differences in the

risk of a high-cost hospitalization in the AML group. This summary of the findings is

presented in Table 16.
Table 16

Summary of Hypothesis Testing

Hypothesis

ALL

AML

Hypothesis 1:
Children diagnosed with leukemia
belonging to non-White racial groups
are more likely to have an infection
during hospitalization compared to
children in the White racial group.

Hypothesis 2:
Children diagnosed with leukemia
belonging to non-White racial groups
are more likely to develop severe
sepsis when infection is present
during hospitalization compared to
children in the White racial group.

Not supported.

Partially supported.
Hispanic race was
associated with risk
of severe sepsis.

Not supported.

Partially supported.
Hispanic race was
associated with risk
of severe sepsis.

Hypothesis 3: Not supported. Not supported.
In comparison to non-White children,
those belonging to other racial groups
are more likely to have an extended
length of stay when hospitalized with
infection.
Hypothesis 4: Partially supported. = Not supported.
In comparison to non-White children, Black and Asian
those belonging to other racial groups races were
incur greater costs during associated with risk
hospitalization with infection. of high cost
hospitalization.

Chapter 5: Discussion of the Findings

There have been significant improvements in the overall survival rates for

children diagnosed with leukemia in the U.S., yet racial disparities persist (Bhatia, 2011;
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Siegel et al., 2017). Successful treatment of leukemia requires immunosuppressive
therapy. Subsequently, infectious complications as a cause of death are second only to
treatment-resistant disease (Alexander et al., 2015; Bailey et al., 2009; Hunger et al.,
2012; Pole et al., 2017). Little has been done to quantify the impact of infectious
complications experienced by non-White racial groups despite the fact that this may be
an underappreciated contributor to the racial inequities in mortality (Smits-Seemann et
al., 2017). This study sought to add to the current body of evidence by examining the
associations between race and infectious complications in children hospitalized with
leukemia in the U.S. in 2016. This study was a secondary analysis of a national
administrative database conducted with the goal of determining if racial disparities exist
and to provide empirical justification for future research exploring this phenomenon.
The Fundamental Cause Theory served as the conceptual framework for this
study. Rooted within fundamental causes of health outcomes are resources in a family’s
possession, by virtue of social position, that allow for either the avoidance or
minimization of a health threat. Conversely, social position may result in the absence of
protective resources. In the framework, these resources are identified as money,
knowledge, power, prestige, and social connections. Resources work on two levels. At
the individual level families can take advantage of available resources through
independent actions (Link & Phelan, 1995). A family can also experience contextual
advantage by being situated in a circumstance where the members benefit from available
community resources as a result of social position, even in the absence of actions
intentionally taken (Link, 2005; Link & Phelan, 1995). These resources can be

transferred and utilized as new health threats arise allowing some families, but not all, to
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have favorable outcomes resulting in the perpetuation of disparities (Link, 2005; Link &
Phelan, 1995; Phelan & Link, 2015). This study examined race as a fundamental cause.
The discussion in this chapter regarding the associations between race, as a fundamental
cause, and risk of infection, the development of severe sepsis, and prolonged and high-
cost hospitalizations will be presented in the context of the theoretical constructs of the
Fundamental Cause Theory.

Race and the Risk of Infectious Complications

It was hypothesized that children with leukemia who belonged to non-White
racial groups would be at increased risk for infectious complications while hospitalized.
Fifty-three percent of the cases in the ALL group and 66% in the AML group had
documentation indicating that an infectious complication occurred during hospitalization.
Statistical analyses found no significant racial differences in either group; thus, this
hypothesis was not supported.

Failure of support for this hypothesis can likely be attributed to two parallel
factors: the underestimation of the influence of neutropenia on the risk of infection in
children with leukemia, and the lack of consideration given to a critical assumption of the
Fundamental Cause Theory. Cancer treatment-related neutropenia is a significant
predictor of infection in children (Afzal et al., 2009; Agarwal & Joyce, 2014; Kelly et al.,
2013). In the current study, when an infectious complication was documented,
neutropenia was found to be present in 71% of cases within the ALL group, and was a
highly significant predictor of infection (AOR=6.4, p<.001). The therapy required to
treat AML is severely myelosuppressive as demonstrated in this study by evidence of

neutropenia in 84% of cases with infection. The risk for infection due to neutropenia is
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compounded by the requirement of a central venous catheter for the delivery of therapy
(Baggott et al., 2011; Bailey et al., 2009). When compared to other childhood cancers,
the diagnosis of leukemia is a greater predictor of invasive infection, intensive care
utilization, and mortality (Ammann et al., 2015; Delebarre et al., 2015; Hakim et al.,
2010; Yacobovich et al., 2015; Zinter, DuBois, Spicer, Matthay, & Sapru, 2014).

The Fundamental Cause Theory posits that when a health risk cannot be avoided,
as is the case with the profound neutropenia associated with leukemia therapy, social
position does not confer any advantage for members of one race over another.
Theoretically, in the presence of neutropenia, an inevitable adverse effect of leukemia
therapy, resources available to those families identified as White cannot be deployed to
decrease a child’s risk of infectious complications. It is possible, that this hypothesis was
not supported due to an a priori miscalculation of the unavoidable risk of neutropenia
that resulted in the inability of families to utilize their available resources. Thus, an
incorrect application of the Fundamental Cause Theory’s construct of the relationship
between available resources and a family’s ability to minimize a health threat resulted in
a flawed hypothesis.

Race and the Risk of Severe Sepsis

Severe sepsis, a life-threatening complication of treatment-related neutropenia,
represents a pediatric oncology nursing emergency (Baggott et al., 2011) A multicenter
retrospective analysis of more than 12000 hospitalizations found severe sepsis to be
associated with a 9.9-fold increased risk of death in children with cancer treatment-
related neutropenia (Basu et al., 2005). In this current study, six percent of the cases with

documented infection in the ALL group and 14% in the AML group were identified to
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have severe sepsis. The second hypothesis proposed that children in the non-White racial
groups would be more likely to have documentation of severe sepsis when infection was
present than White children. In both the ALL and the AML samples this hypothesis was
partially supported as Hispanic children were at greater risk for severe sepsis, but other
racial groups were not found to have significant differences in risk. These risks found in
this study were similar to that reported by Smits-Seemann et al. (2017) who determined
that, when compared to non-Hispanic White children, Hispanic children with cancer were
more likely to require transfer to an intensive care unit for management of infection
(p=.001). Also, Hispanic children diagnosed with AML and treated between 1996 and
2000 in a clinical trial conducted by COG had a 16% risk of infection-related death,
compared to a nine percent risk in White children (Aplenc et al., 2006).

An unexpected finding in the association of race and the development of severe
sepsis was that this relationship only applied to Hispanic children and not children
belonging to the other non-White racial groups. A study by Basu et al. (2005) examined
mortality during hospitalization in which febrile neutropenia was documented and found
that not only Hispanic children, but also Black, Asian, and other race children had
significantly greater odds of death than White children. The presence of severe sepsis
was controlled in that study. It should be noted, though, that this was a study of all
childhood cancers and the sample had an over-representation of Black children and
under-representation of Hispanic children when compared to the present study sample.
One methodological factor that could potentially explain the unexpected finding in this
study is the way in which AHRQ coded race in the 2016 HCUP KID file. When a

hospital submitted information about a child’s Hispanic or non-Hispanic ethnicity, in
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addition to race, AHRQ coded that case as Hispanic race, and disregarded the race that
was recorded at the hospital-level. This has the potential for the undercounting of Black
children resulting in a loss of power for the Black racial group. The findings in the Asian
and other race categories may have been the result of small sample sizes in both the ALL
and AML groups.

Race and the Risk of Prolonged Hospitalization

The third hypothesis stated that non-White children, compared to White children,
would be at greater risk of prolonged hospitalization, in this study longer than 9 days for
ALL cases and longer than 25 days for AML cases, when infection is present. When the
relationship between race and risk of prolonged LOS was tested in the AML group
through bivariate analysis, the results did not meet the threshold of significance set at .05
and no further analyses were conducted to test this hypothesis. These findings were not
unexpected and were likely a result of the common practice of retaining children in the
hospital until the prolonged myelosuppression caused by the chemotherapy has resolved
(Getz et al., 2015; Kavcic et al., 2013; Miller et al., 2016).

In the ALL group there was no association between race and the risk of an
extended LOS. This finding contradicted previously reported studies of children
hospitalized with febrile neutropenia (Basu et al., 2005; Mueller et al., 2016). While
these findings did not support the theorized premise that race may be a fundamental cause
of disparities in prolonged lengths of stay for children with ALL, they must be interpreted
with caution as several potential confounding factors were not included in the analysis.
Whether or not the child was admitted for the sole reason of an infection, or if the child

also received chemotherapy while hospitalized, was not accounted for and has the
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potential to influence the LOS. Additionally, although the confounding effects of
neutropenia, cachexia, obesity, hyperglycemia, and mucositis were controlled, the
severity and duration of these complications cannot be determined in the data available in
the HCUP KID. Similarly, not all clinical factors could be included in the adjusted
model due to the limitations of the available data with the notable example being the
presence, or absence, of a central venous access device. Another methodological concern
was that the final model was not adjusted for the severity of the infectious complication.
This means, for example, that otitis media and pneumonia were both considered
infections, but there were no adjustments made to the model to account for the varying
degrees of severity. The lack of association between racial differences and the risk of
prolonged LOS found in this study differ from the findings of an analysis of national data
conducted by Basu et al. (2005). In that study of neutropenia and extended LOS, severe
infections including sepsis, pneumonia, bacteremia, and fungal infections were included
in the adjusted model and Black, Hispanic, Asian, and other race children were more
likely to have prolonged hospitalizations compared to White children.
Race and High-Cost Hospitalizations

The fourth hypothesis tested in this study proposed that children belonging to
non-White racial groups would be at increased risk of high-cost hospitalizations when
infection was present. A high-cost hospitalization was defined in the AML group as an
admission with adjusted costs of more than $93720. The hypothesis was not supported in
this subsample. This was most likely attributed to the retention of children in the hospital
until the recovery of blood counts following chemotherapy; the cost of necessary

interventions such as transfusions of blood products, antimicrobial and antifungal
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medications; and the increased likelihood that a more intensive care setting may have
been required (Getz et al., 2015; Miller et al., 2016; Winestone et al., 2017).

The findings in the ALL group partially supported this hypothesis in that Black
children (AOR=1.23, p=.022) and Asian children (AOR=1.25, p=.037) had higher odds
of a high-cost hospitalization compared to White children, defined as greater than
$34200. These findings support the theorized premise that race may be a fundamental
cause of disparities in high-cost hospitalizations in children with ALL, however, similar
methodological concerns to those described in the testing of the third hypothesis existed,
as well as the exclusion of potential confounding variables representing high-cost
interventions, for example surgery or transfer to an intensive care unit. Finally, due to a
very poor model fit, adjustment for length of stay was not made.

Adequacy of the Fundamental Cause Theory in Explaining the Association between
Race and Infectious Complications

Few studies have focused on racial differences in the risk of infections faced by
children who require treatment of leukemia, yet disparities have been discovered when
race was included as a potential confounding variable. None of these studies used a
conceptual framework to guide hypothesis development. This study examined race as the
independent variable and hypotheses were developed based upon the theorized concept of
race as a fundamental cause of infectious complications. The Fundamental Cause Theory
postulates that when new circumstances of a health threat emerge, for instance
knowledge about prevention or advancements in treatment, those with greater resources
will have an advantage in accessing these innovations resulting in the persistence of

health inequality. It is this deployment of flexible resources in the face of emerging
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health threats that results in an enduring association between social position and risk of
mortality (Link & Phelan, 1995; Phelan et al., 2010; Phelan & Link, 2015; Phelan et al.,
2004). In contrast, in situations where effective medical interventions are absent or
ineffective, available resources are of little assistance, and differences in risk are not
dependent upon group membership, in this case a racial group (Link & Phelan, 1995;
Phelan & Link, 2015; Phelan et al., 2004; Tehranifar et al., 2009).

The first hypothesis that proposed significantly higher risks for infection among
non-White children with ALL and AML was not supported. This provided theoretical
support of the Fundamental Cause Theory in that race is not a predictor of the risk of
infection because leukemia therapy leaves no racial group with an advantage due to
inevitability of treatment-related neutropenia. That is, when there is no mechanism by
which to avoid the threat of neutropenia, there will be no difference in the risk of
infection, secondary to that neutropenia, based upon membership in a racial group.

Due to the increased risk of infectious complications in immunocompromised
children, the American College of Critical Care Medicine has issued guidelines for the
early detection of warning signs of impending sepsis in these patients. The guidelines
have been used to develop standardized protocols for hospitals and these have resulted in
the prevention and minimization of the consequences of severe sepsis in at-risk children
(Davis et al., 2017). Implementation of supportive care guidelines and the recognition of
the importance of prompt treatment in the event of fever has resulted in declining rates of
treatment-related mortality due to infection in childhood leukemia (Baggott et al., 2011;
Fletcher et al., 2013; Sung et al., 2008). However, despite this increasing success over

time, the framework would propose that a racial gradient would emerge leaving those
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with the least resources at greater risk of sepsis. That is, as new knowledge and treatment
modalities emerge, some families will benefit from these innovations more than others
(Link & Phelan, 1995; Phelan et al., 2004). This construct of the framework is especially
evident in the case of AML, where due to the intensity of the therapy required for the
treatment, it is common practice that children remain hospitalized until the prolonged
neutropenia resolves (Baggott et al., 2011; Getz et al., 2015; Kavcic et al., 2013; Miller et
al., 2016; Rubnitz et al., 2010). Even in the context of these precautions, disparate rates
of severe sepsis occurred in Hispanic children within the setting of the controlled medical
environment. In this study, Hispanic children were found to be at significantly higher
risk for severe sepsis than White children providing evidence of the adequacy of the
Fundamental Cause Theory as a conceptual framework.

Chapter 6: Summary, Conclusions, Implications, and Recommendations
Summary

This study was conducted to address gaps in the current evidence surrounding the

relationship between race and the risk of infectious complications that result from the
treatment of childhood leukemia. This study was guided by the framework of the
Fundamental Cause Theory and sought to answer the questions: Are there disparate risks
of infections dependent upon a child’s race and do these disparities impact healthcare
resource use? This was a secondary analysis of the 2016 HCUP KID database and the
two populations of interest representing cases of ALL and AML were determined through
a systematic delimitation of the file. Cases were included if any of the 30 discharge
diagnoses contained the ICD-10-CM codes for ALL (C9100, C9101, or C9102) or for

AML (C9200, C9201, or C9102) (Practice Management Information Corporation, 2015).
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Cases in which the child was diagnosed with a rare form of leukemia, received perinatal
care, had evidence of undergoing bone marrow or stem cell transplant, or indication that a
transfer to another acute care facility took place were removed (Russell et al., 2016).

The final sample size in the ALL group was 28614 cases. The mean age was 8.8
years (SD=35.6), the majority of which were male (59%). Most of the children were
White (50%), followed by the Hispanic (33%), Black (7%), Asian (4%), and other race
(6%). More than half of the children lived in residential areas where the average
household income was below the 50™ percentile (52%) and less than half had private
health insurance (46%). Seventy-nine percent of the children lived in urban areas rather
than rural areas (20%) and the largest number of children were hospitalized in the
Southern region of the U.S. (39%). Care was more likely to be provided in a general
hospital (54%) versus one with a NACHRI designation (46%). There was documentation
of infection in 53% of the cases and of these, six percent had severe sepsis.

The final sample size of the AML group was 2902 cases. The mean age was 9.8
years (SD=6.7) and 51% were male. Fifty percent of the children were White followed by
the Hispanic (27%), Black (11%), Asian (5%), and other race (7%). Greater than half of
the children lived in residential areas where the average household income was below the
50" percentile (51%) and less than half had private health insurance (48%). Twenty
percent of the children lived in rural areas, 79% lived in metropolitan areas, and the
largest number of children were hospitalized in the Southern region of the U.S. (40%).
Care was more likely to be provided in a general hospital (55%) versus one with a
NACHRI designation (45%). Sixty-six percent of the cases had infection, and of that

14% developed severe sepsis.
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Hypotheses were derived from the Fundamental Cause Theory and analyses
performed in this study were done to test the following:

1. Children diagnosed with leukemia belonging to non-White racial groups are more
likely have an infection during hospitalization compared to children in the White
racial group.

2. When infection is present during hospitalization, children belonging to non-White
racial groups are more likely to develop severe sepsis compared to children in the
White racial group.

3. In comparison to White children, those belonging to other racial groups will be
more likely to have an extended length of stay when hospitalized with infection.

4. In comparison to White children, those belonging to other racial groups will incur
greater costs when hospitalized with infection.

Bivariate analyses using the chi square test were conducted to determine if
differences existed between the categorical predictors and all four outcomes in each
leukemia subtype. Those predictors that met the significance threshold, set
conservatively at .05, were included in logistic regression models. Unadjusted and
adjusted models were constructed for comparison.

There were no significant associations between race and the risk of a documented
infectious complication while hospitalized with either ALL or AML. However, when
infection was present, Hispanic race was a significant predictor of increased risk for the
development of severe sepsis in children diagnosed with both ALL and AML. There
were no significant differences in the risk of severe sepsis in Black, Asian, or other race

children when compared to White children in either group. No significant associations
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were found between race and the risk of an extended length of stay in the ALL or the
AML groups. Asian and Black children were at greater odds of a high-cost
hospitalization when infection was present in the ALL group. There were no racial
differences in the risk of a high-cost hospitalization in the AML group.

There are notable considerations that must be taken in the interpretation of the
results of this study, and each represents an unavoidable limitation of a secondary data
analysis. The first limitation was the method used by AHRQ for the coding of race in the
HCUP KID file. If a hospital reported race and Hispanic ethnicity in a case file, AHRQ
coded these cases as Hispanic. This had the potential to undercount cases in Black,
White, Asian and other race groups. The second limitation was the possibility of
inaccurate coding of ICD-10-CM diagnoses and ICD-10-PCS procedure codes by the
hospitals submitting data to AHRQ. Finally, any study of secondary data is limited by
the information that was collected prior to the development of research questions
(Brennan & Bakken, 2015). There are clinical factors that have been found to be
associated with the development of sepsis that could not be determined with the
information available in the HCUP KID. Examples of these factors are the phase of
therapy, exposure to corticosteroids, severity and length of neutropenia, and presence of a
central venous access device (Afzal et al., 2009; Baggott et al., 2011; Bailey et al., 2009;
Delebarre et al., 2015; Hakim et al., 2010; Hakim & Gaur, 2011). In the case of this
study, data was collected on inpatient hospitalizations only and does not reflect the
entirety of the experience of this population. Variations in care exist between providers
that determine if a child with fever is hospitalized or is treated as an outpatient (Delebarre

et al., 2015; Hakim et al., 2010; Hakim & Gaur, 2011). Children who are not
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hospitalized, yet had an infectious complication, were not captured in the HCUP KID and
not accounted for in this study.
Conclusions

Neutropenia is experienced almost universally by children receiving treatment
following the diagnosis of leukemia leaving children of all racial groups equally
vulnerable to infectious complications, most often in the form of neutropenic fever. A
small number of children progress to develop life-threatening severe sepsis. Systematic
changes in the care of children vulnerable to the development of severe sepsis have
resulted in improvements in its prevention and the recognition of early warning signs,
when it does occur. Despite these improvements, a gradient in the risk of severe sepsis in
children hospitalized with leukemia exists favoring White over Hispanic children. These
findings are consistent with the propositions of the Fundamental Cause Theory and lend
credence to its use as a conceptual framework for the exploration of this disparity.
Implications for Nursing

Therapy-resistant or recurrent disease is the primary cause of death in children
with leukemia but innovations in the form of precise genetic risk profiling and targeted
therapies are improving the rates of survival. Genetic variations have been identified as
potential contributors to the development of childhood leukemia and the response to
therapy, many of which are common in Asian, Native American, African, and Latin
American children (Harvey et al., 2010; Wiemels et al., 2018; H. Xu et al., 2012; Heng
Xu et al., 2013; Yang et al., 2015). These discoveries have the potential to explain some
of the disparities observed in this current study. However, the Fundamental Cause

Theory stresses that concentrating on one intervening factor, as is the premise of targeted
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therapies, will not remove the remaining multiple pathways resulting in disparities and
they will perpetuate.

New targeted therapies show great promise; however, they also have unique
adverse effect profiles. As these therapies improve overall survival for children with
difficult to treat leukemia, the Fundamental Cause Theory proposes a gradient will
emerge and the inequities will persist. It is possible that, similar to the racial differences
in the risk of severe sepsis resulting from conventional therapy found in this study, the
adverse effects of newer therapies will also be experienced disproportionately.

This study provides evidence that severe sepsis in children hospitalized with
leukemia is not experienced equally across racial groups. Nursing is in the unique
position to illuminate the multifaceted nature of supportive pediatric oncology care as
medical care moves to a more focused genetic approach. When conducting research, it is
important to be cognizant of the multiple pathways in which a fundamental cause can
effect a health outcome. Although the current study is unable to explain why Hispanic
children experience severe sepsis at increased rates compare to White children, there
exists evidence of potential pathways in which this may be occurring in the existing
research. Studies have shown differences between Hispanic and White families that may
impact a family’s health-seeking behaviors, whether severe sepsis develops in the
hospital or after a child becomes ill at home. These patterns have the potential to limit
the utility of interventions shown to decrease the escalation of the severity of sepsis in
children. Previous research of factors that may lessen a family’s inclination to seek care
immediately in the event of fever include studies of non-adherence to oral chemotherapy

at home by Hispanic families or increased levels of depression and anxiety in Hispanic
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parents of children following the diagnosis of cancer (Bhatia et al., 2014; Bhatia et al.,
2012; Meeske et al., 2013; Wahi, Phelan, Sherman-Bien, Sender, & Fortier, 2016).
Evidence exists that there are factors that may impede communication between a parent
and the health care team members regarding changes in the hospitalized child’s
condition. These studies have shown potential communication barriers including
assumptions made by healthcare providers about the level of information Hispanic
parents desire and barriers for limited-English proficient families (Eneriz-Wiemer,
Sanders, Barr, & Mendoza, 2014; Harris et al., 2017; Ilowite, Cronin, Kang, & Mack,
2017; Levas, Cowden, & Dowd, 2011; Wahi et al., 2016).
Recommendations

Future pediatric oncology nursing research must take the initiative to address
current disparities and develop an explanatory model that accounts for the multiple
pathways that contribute to the sustained inequitable outcomes. The following research
should be undertaken:

1. In order to develop an explanatory model, replication of this study must take place
through retrospective analyses of the more comprehensive data that has already
been collected through pediatric clinical trials and electronic hospital medical
records to construct and test controlled models more rigorously. These studies
should include:

a. Additional clinical factors that have the potential to confound the results
of this study, but were not available in the HCUP KID, such as prognostic
features of the leukemia, recent therapy received, comorbidities, and

concurrent complications.
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b. Additional family-level factors such as economic hardship, limited
English proficiency, parental education level, environmental influences,
and immigration status that may impact risk factors for infection and
access to healthcare.

c. Detailed clinical information about the episodes of severe sepsis including
the location and timing to identify areas where access barriers exist and
improvements in nursing care can be made.

2. Draw upon research from other areas, such as asthma and perinatal health where
racial disparities are being examined within the social-biomedical context. These
findings should be incorporated, prospectively, into pediatric leukemia clinical
trials. The goal must be to identify measures of environmental risk, allostatic
load, stress, biomarkers of inflammation, and other predisposing factors in the
development of severe sepsis which can provide empirical support to the
proposed explanatory model developed through secondary analyses outlined in
item 1.

3. Conduct intervention studies guided by the explanatory model developed through
secondary analyses, and verified by clinical trial data, that targets areas where the

delivery of care by nurses can be improved.
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Summary of the Studies Examining Race as a Fundamental Cause of Cancer Health

Qutcomes
Reference  Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Kim, etal. Retrospective 351 adult women OV: Time from Cumulative survival
(2010) secondary data  diagnosed with diagnosis to death probability
analysis epithelial ovarian IV: (1) Race (Black, Compared to Black
cancer between White) women, White women
6/1/94 and 1/31/98 (2) Years of education =~ HR =2.2 (95% C.I. 1.1-
in Cook County, IL.  (3) SES at the census 4.1, p<0.05)
tract level (%age of pop
living below the FPL.
Cox proportional model
for hazard ratios
Saldana- Retrospective ~ National Center for OV: Mortality rates Mortality Rate Ratio
Ruiz, et secondary data  Health Statistics: per county Black race 1.22, (95%
al. (2013)  analysis Adults diagnosed IV: (1) Race (White, C.I. 1.20-1.24,
with colorectal Black) ref=White race)
cancer between 1968-  (2) County level SES
2005 as a composite index
score
Negative binomial
regression analysis
Clouston  Retrospective ~ National Center for OV: Timing of decline  Black race was
et al. secondary data  Health Statistics: in CRC mortality rate  associated 4.1-year
(2017) analysis Adults diagnosed IV: (1) Race (Black, delay in colonoscopy-
with colorectal White) attributable declines vs.
cancer between 1968-  (2) County level SES White race with an
2010 as a composite index estimated 14,000
score preventable deaths
Layered joint-point
regression
Bona, et Clinical trial 575 children OV: Overall survival Overall Survival
al. (2016)  cohort study diagnosed with ALL ~ (OS) Hispanic children had
treated on IV: (1) Race (White, OS of 87% vs. non-
consecutive clinical Black, Asian, Other) Hispanic OS of 93%
trials at institutions in ~ (2) Ethnicity (p=0.008)
the Dana Farber (Hispanic/ White children had an
Cancer Consortium NH) OS of 91% vs. non-
(3) median household ~ White children OS of
income at the zip code ~ 90% (p=.58)

level

Kaplan Meier, Cox
proportional model for
hazard ratios
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Summary of the Studies Examining Race as a Fundamental Cause of Cancer Health

Qutcomes
Reference  Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Abrhdo, et Retrospective  California SEER OV: Overall survival Death
al. (2015)  secondary data  registry: 9295 IV: (1) Race (White, Race compared to
analysis children diagnosed Black, Asian, White
with ALL between Hispanic) Hazard ratio of death
1998-2011 (2) SES as median Black HR 1.72 (95%

income by zip C.I. 1.29-2.28).
(3) Treatment era as Hispanic HR 1.37 (95%
1988-1995, 1996- C.IL 1.17-1.62);
2003, 2004-2011 Asian HR 1.40 (95%
(4) Treatment in a C.I 1.11-1.76)
pediatric cancer center  5-year OS by treatment
(5) Insurance defined  era:
as none, private, 1988-1995: 93.0%
public, unknown 1996-2003: 94.8%
Kaplan Meier, Cox 2004-2011: 95.5%
proportional model for
hazard ratios

Aplenc, et Clinical trial 1141 children OV: Overall survival Overall Survival

al. (2006)  cohort study
Acharya,  Retrospective
et al. secondary data
(2016) analysis
Goggins Retrospective
& Lo secondary data
(2012) analysis

diagnosed AML
enrolled in
consecutive clinical
trials at COG
institutions between
1989 and 2002

Florida and Texas
cancer registries 4954
children diagnosed
with ALL between
1995 and 2008

National SEER data:
10796 children
diagnosed with ALL
between 1988-2008

IV: (1) Race (White,
Black, Asian, Other)
Kaplan Meier, Cox
proportional model for
hazard ratios

OV: Overall survival
IV: (1) Race (non-
Hispanic White,
Hispanic, non-
Hispanic Black)

(2) Age

(3) SESas <5%
poverty level, 5-<20%
poverty level, >=20%
poverty level

(4) Treatment era
1995-2001, 2002-2008
Cox proportional
model for hazard
ratios

OV: Overall survival
IV: (1) Race (NHW,
Black, AIAN,
Hispanic, specific

Earlier trial:

Black 34% vs White
48% (p=0.007)
Hispanic 37% vs.
White 48 (p=0.007)
Later trial:

Black 45% vs. White
60% (p=0.007)

Hazard Ratio of Death
Race, compared to non-
Hispanic White
children:

Hispanic HR 1.18 (95%
C.I. 1.01-1.39, p=.04)
Non-Hispanic Black
HR 1.31 (95% C.I.
1.03-1.66, p=.03)

Relative Rate of Death
Race, compared to
NHW
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Summary of the Studies Examining Race as a Fundamental Cause of Cancer Health

Outcomes

Reference  Study Design Sample Relevant Variables/
Methodology

Relevant Findings

Hispanic origins,
Asian, specific Asian
origins

(2) Age

(3) Sex

(4) Immuno-
phenotype

(5) year of diagnosis
Cox proportional
model for hazard
ratios

Black RR 1.82 (95%
C.I 1.52-2.17, p<.001)
Hispanic RR 1.89 (95%
C.L 1.67-2.14, p<.001)
East Asians combined
RR 1.48 (95% C.1.
1.17-1.86, p=.0009)
Survival probabilities
by race and treatment
era:

1988-1994:

All: 0.78

NHW: 0.81

Black: 0.74

Hispanic: 0.72
1995-2001:

All: 0.82

NHW: 0.87

Black 0.73

Hispanic: 0.76
2002-2008:

All: 0.85

NHW: 0.89

Black 0.82

Hispanic: 0.80
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Table Al.
Summary of the Studies Examining Race as a Fundamental Cause of Cancer Health
Qutcomes
Reference  Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Hunger, et  Clinical trial 21626 children OV: OS Overall Survival
al. (2012)  cohort study diagnosed with ALL  IV: (1) Race (White
enrolled in Black, Other) Race compared to
consecutive COG (2) Ethnicity White by era
trials between 1990 (Hispanic, non-
and 2005 Hispanic) 1990-1994
(3) Sex Black RR 1.73
(4) Immuno- (p<0.001)
Phenotype
(5) Age Other 1.58 (p<0.001)
(6) Risk group defined
by NCI guidelines as Hispanic ethnicity 1.31
standard or high (p=0.0024, ref=non-
Cox proportional Hispanic)
model for hazard
ratios 1995-1999
Black RR 1.60
(p<0.001)
Other 1.16 (p=0.0121)
Hispanic ethnicity 1.16
(p=0.0645, ref=non-
Hispanic)
2000-2005
Black RR 1.37
(p=0.0119)
Other 1.27 (p=0.0056)
Hispanic ethnicity 1.47
(p<0.001, ref=non-
Hispanic)
Pui,etal.  Retrospective = National SEER data: ~ OV: Overall survival =~ Leukemia survival by
(2012) secondary data  children with various  IV: Race (Black, treatment era
analysis cancers diagnosed White) 1992-2000
between 2001-2007 Kaplan Meier for OS ALL
then compared eras White vs Black race:
with Mantel-Haenszel ~ 85.9% vs 72.8%
statistic (p<0.01)
AML
White vs Black race:
49.9% vs 48.7%
(p=-81)
2001-2001

ALL
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Summary of the Studies Examining Race as a Fundamental Cause of Cancer Health

Outcomes

Reference

Study Design

Sample

Relevant Variables/
Methodology

Relevant Findings

White vs Black race:
89.0% vs 82.1%
(p<0.01)

AML

White vs Black race:
66.6% vs 46.1%
(p=<0.01)

Table A2.

Summary of the Studies Examining Race and Infectious Complications

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Aplenc etal. Clinical trial 1141 children Sample description Rate of infection by race
(2006) cohort study diagnosed with Iv: Treatment era:
AML enrolledin (1) Race (White, Black, 1989-1995
consecutive COG  Other) White 6%
trials between Chi Square Black 11%
1989 and 2002 (p=-099)
1996-2002
White 9%
Black 13%
Hispanic 16%
(p=.035)
Sung Clinical trial 872 children OV: Life-threatening or ~ Odds ratio
et al. cohort study diagnosed with fatal infection Odds or infection by
(2012) AML enrolledin  IV: (1) Race (White, type compared to White
a COQG trial non-White) race:
between 1989 and  Cox proportional All organisms:
1995 hazards model Non-White 1.39
(p=2127)
Bacteria:
Non-White 1.19
(p=2459)
Fungi:
Non-White 0.91
(p=-790)
Alvarez Retrospective  California Office ~ OV: LOS Adjusted odds ratio for
etal. (2017) secondary data of Statewide IV: (1) Race (Black, LOS >8 days compared
analysis Health Planning White, Hispanic, Asian, to White

and Development

Other)
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Summary of the Studies Examining Race and Infectious Complications

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
database: 24,559 (2) SES with regardto ~ Black OR 1.33 (95% CI
hospitalizations of the FPL 1.18-1.50)
children with Logistic regression Hispanic OR 1.24 (95%
cancer related CI1.17-1.31)
fever/neutropenia Asian OR 1.28 (95% CI
between 1983- 1.17-1.41)
2011 Other race OR 1.21
(95% CI 1.05-1.39)
Basu Retrospective ~ University Health  OV: (1) LOS (2) Odds of LOS >
et al. secondary data  Services Mortality 5 days:
(2005) analysis Consortium Iv: Black OR 1.46 (95% CI
database: 12,466 (1) Race (White, Black, 1.29-1.67)
hospitalizations of Hispanic, Asian, Hispanic OR 1.75 (95%
children with Other), CI 1.54-1.99)
cancer related Logistic regression Asian OR 1.53 (95% CI
fever/neutropenia 1.21-1.93)
between 1995- Other race OR 1.51
2002 (95% CI 1.33-1.72)
Odds of death:
Black OR 1.95 (95% CI
1.37-2.76)
Hispanic OR 2.12 (95%
CI 1.50-3.05)
Asian OR 2.53 (95% CI
1.39-4.60)
Other race 1.96 (95% CI
1.37-2.79)
Mueller et Retrospective =~ HCUP KID data OV: LOS Odds of shorter length of
al. (2016) secondary data  file: 13,456 IV: (1) Race (White, stay (<3 days)
analysis hospitalizations of ~ Black, Hispanic, Asian, Race, compared to
children with Other race) White:
cancer related (2) SES as median Black: 0.78 (p=.008)
fever/neutropenia  household income by Hispanic: 0.85 (p=.037)
in 2012 zip code
Logistic regression
Table A3.

Summary of the Studies Examining Variables Addressing Potential Confounding
Fundamental Causes for Disparities

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Abrahdo et Retrospective California OV: Overall survival Hazard Rate for death
al. (2015) secondary data ~ SEER: 9295 IV: (1) Race (White, Race compared to
analysis children Black, Asian, Hispanic) White:

diagnosed with
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Summary of the Studies Examining Variables Addressing Potential Confounding
Fundamental Causes for Disparities

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
ALL between (2) SES as median income  Black 1.72 (95% C.L
1998-2011 by zip 1.29-2.28)
(3) Treatment in a pediatric  Hispanic 1.37 (95%
cancer center C.I. 1.17-1.62)
(4) Insurance (none, Asian 1.40 (95% C.IL
private, public, unknown) 1.11-1.76)
Kaplan Meier, Cox Lowest SES quintile
proportional model for 1.30 (95% C.I. 1.04-
hazard ratios 2.27, ref=highest
quintile)
Treatment in a non-
specialized center 1.05
(95% C.1. 0.92-1.19)
Insurance type
compared to private:
Public 1.15 (95% C.L
1.01-1.32)
No insurance 1.22
(95% C.1. 0.83-1.89)
Unknown 1.77 (95%
C.I. 1.38-2.26)
Acharya, et  Retrospective Florida and OV: Death Hazard ratio of death
al. (2016) secondary data  Texas cancer IV: (1) Race (Non- Race compared to
analysis registries: 4954  Hispanic White, Hispanic, = NHW: Hispanic
children non-Hispanic Black) children HR 1.18
diagnosed with ~ (2) SES as percentage of (95% C.I1. 1.01-1.39)
ALL between families in poverty at the Non-Hispanic Black
1995 and 2008  community level (HR 1.31,95% C.L.
Cox proportional model for 1.03-1.66)
hazard ratios SES compared to 0%-
<5% poverty:
5%-<20% 1.29 (95%
C.I. 1.03-1.61)
>20% 1.80 (95% C.1.
1.41-2.30)
DeRoeunet  Retrospective California OV: Death Hazard Ratio of Death
al. (2017) secondary data  Cancer IV: (1) Race (White, non- Race, compared to
analysis Registry: 4247  White) NHW:

adolescents and
young adults
diagnosed with
leukemia
between 2001
and 2011

(2) SES as neighborhood
quintile

(3) Insurance type

Cox proportional hazards
model

NHB HR 1.47 (95%
C.L 1.03-2.10)
Hispanic HR 1.30
(95% C.I. 1.14-1.47)
SES compared to
highest quintile:
Lowest

HR 1.42 (95% C.I.
1.18-1.71)
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Summary of the Studies Examining Variables Addressing Potential Confounding
Fundamental Causes for Disparities

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Lower-middle HR
1.31 (95% C.I. 1.09-
1.57)
Middle HR 1.30 (95%
C.I. 1.08-1.56)
Insurance type
compared to
private/military
Public Insurance 1.16
(95% C.1. 1.04-1.29)
Kehm, etal.  Retrospective National SEER: OV: Death Hazard Ratio of Death
(2018) secondary data 8492 children Iv: with SES as mediator
analysis diagnosed (1) Race (Black, White, Black race 1.17 (95%
with ALL and Hispanic) C.I1. 1.07-1.28,
1832 with AML  (2) SES using the SEER ref=White)
between 2000 composite index measured  Hispanic race 1.16
and 2011 at the neighborhood level (95% C.1. 1.08-1.26)
Cox proportional hazards
model
Inverse odd weighting
method to test SES as a
mediator
Alvarez Retrospective California OV: LOS Adjusted odds ratio for
etal. (2017) secondary data  Office of IV: (1) Race (Black, LOS >8 days
analysis Statewide White, Hispanic, Asian, compared to White
Health Planning  Other) Black 1.33 (95% CI
and (2) SES with regard to the 1.18-1.50)
Development FPL Hispanic 1.24 (95% CI
database: (3) Insurance type 1.17-1.31)
24,559 (4) Access to a specialized ~ Asian 1.28 (95% CI
hospitalizations  program 1.17-1.41)
of children with  Logistic regression Other race 1.21 (95%
cancer related CI 1.05-1.39)
fever/neutropen Access to a specialized
ia between program 1.66 (95% CI
1983-2011 1.54-1.78, ref=non-

specialized program)
Compared to income
<2X FPL:

1-4X FPL 0.89 (0.84-
0.95),

>4X FPL 0.76 (0.70-
0.83)

Private insurance 0.74
(0.70-0.78, ref=Public)
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Summary of the Studies Examining Variables Addressing Potential Confounding

Fundamental Causes for Disparities

Reference Study Design Sample Relevant Variables/ Relevant Findings
Methodology
Mueller et Retrospective HCUP KID OV: LOS Odds of shorter length
al. (2016) secondary data  data file: 13,456 IV: (1) Race (White, of stay (<3 days) after
analysis hospitalizations  Black, Hispanic, Asian, adjusting for SES and
of children with ~ Other race) insurance type
cancer related (2) SES as median Race compared to
fever/neutropen  household income by zip White:
iain 2012 code Black: 0.78 (p=.008)

(3) Insurance type (private,
public, self-pay, other)
Logistic regression

Hispanic: 0.85
(p=.037)

Insurance compared to
private:

Public OR 0.89 (95%
C.L 0.80-1.00)
Self-pay OR 1.52
(95% C.1. 0.99-2.33)
Other OR 0.74 (95%
C.L 0.59-0.94)

SES compared to 1%
(lowest) quartile

2" quartile OR 1.08
(95% C.1. 0.94-1.24)
3 quartile OR 1.03
(0.90-1.18)

4™ quartile OR 1.05
(95% C.I. 0.89-1.23)
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Summary of ICD-10-CM Coding Used to Identify Infectious Complications and

Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

CHOLERA A00 0 0
TYPHOID A01 0 0
SALMONELLA A02 16 0
SHIGELLOSIS A03 4 0
GI BACTERIAL INFECTION A04 1063 190
FOODBORNE BACTERIAL
INFECTION AO05 0 0
AMEBIASIS A06 0 0
PROTOZOAL A07 31 0
GI VIRAL INFECTION A08 280 31
GI UNSPECIFIED OR OTHER
INFECTION A09 18 7
TUBERCULOSIS A15-A19 6 1
PLAGUE A20 0 0
TULAREMIA A21 0 0
ANTHRAX A22 0 0
BRUCELLOSIS A23 0 0
GLANDERS A24 0 0
RATBITE A25 0 0
ERYSIPELOID A26 1 0
LEPTOSPIROSIS A27 0 0
OTHER ZOONOTIC INFECTION A28 3 0
LEPROSY A30 0 0
MYCOBACTERIA A31 16 1
LISTERIOSIS A32 1 0
TETANUS A35 0 0
DISPTHERIA A36 0 0
WHOOPING COUGH A37 4 0
SCARLET FEVER A38 1 0
MENINGOCOCCAL INFECTION A39 1 0
STREPTOCOCCAL SEPSIS A40 94 133
OTHER AND UNSPECIFIED
SEPSIS Adl 1140 274
ACTINOMYCOSIS A42 3 3
NOCARDIOSIS A43 1 1
BARTONELLOSIS Ad4 0 0
ERYSIPELAS A46 3 0
OTHER BACTERIAL DISEASES A48 7 1
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Table B1

Summary of ICD-10-CM Coding Used to Identify Infectious Complications and
Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

BACTERIAL INFECTIONS,
UNSPEC SITES A49 77 17
SYPHILIS A50-AS53 6 0
GONOCCOCAL INFECTION A54 1 0
CHLAMYDIAL INFECTION AS55-A56,

A70-A74 1 0
CHANCROID A57 0 0
GRANULOMA INGUINALE A58 0 0
TRICHOMONIASIS A59 0 0
ANOGENITAL HERPES A60 16 0
OTHER STD A63-A64 2 0
NON-VENEREAL SYPHILIS A65 0 0
YAWS A66 0 0
PINTA A67 0 0
RELAPSING FEVERS A68 5 0
OTHER SPIROCHETAL
INFECTIONS A69 8 0
TYPHUS FEVER A75 0 0
SPOTTED FEVER AT7 4 0
Q FEVER A78 0 0
RICKETTSIOSES A79 0 0
POLIOMYELITIS A80 0 0
RABIES A82 0 0
MOSQUITO-BORNE
ENCEPHALITIS AR3 0 0
TICK-BORNE ENCEPHALITIS A84 0 0
OTHER VIRAL ENCEPHALITIS AB5-A86 4 0
VIRAL MENINGITIS A7 5 0
OTHER VIRAL CNS INFECTIONS  A88-A89 3 0
ARTHROPOD-BORNE
INFECTIONS A90-A99 1 0
HERPES SIMPLEX B00 444 63
VARICELLA BO1 38 1
ZOSTER B02 67 4
SMALLPOX B03 0 0
MONKEY POX B04 0 0
MEASLES BO05 0 0
RUBELLA B06 0 0
VIRAL WARTS B07 20 8
VIRAL SKIN INFECTION BO0S8 87 14
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Summary of ICD-10-CM Coding Used to Identify Infectious Complications and
Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

UNSPECIFIED VIRAL SKIN

INFECTION B09 35 1
OTHER HERPES VIRUSES B10 11 1
VIRAL HEPATITIS B15-B19 21 4
HIV B20 0 0
CYTOMEGALOVIRAL DISEASE B25 96 20
MUMPS B26 4 0
INFECTIOUS MONONUCLEOSIS B27 36 1
VIRAL CONJUNCTIVITIS B30 24 3
OTHER AND UNSPECIFIED

VIRUSES B33-B34 1290 98
DERMAPHYTOSIS B35 115 6
OTHER SUPERFICIAL MYCOSES  B36 28 6
CANDIDIASIS B37 943 126
COCCIDIOMY COSIS B38 15 0
HISTOPLASMOSIS B39 8 0
BLASTOMYCOSIS B40 0 0
PARACOCCIDIOSOMY COSIS B41 0 0
SPOROTRICHOSIS B42 0 0
CHROMOMYCOSIS &

PHEOMYCOTIC ABCESS B43 0 0
ASPERGILLOSIS B44 175 43
CRYPTOCOCCOSIS B45 13 0
ZYGOMYCOSIS B46 80 8
MYCETOMA B47 0 1
OTHER MYCOSES B48-B49 270 63
MALARIA B50-B54 0 0
LEISHMANIASIS B55 0 0
TRYPANOSOMIASIS B56 0 0
CHAGAS B57 0 0
TOXOPLASMOSIS B58 3 0
PNEUMOCYSTOSIS B59 31 1
OTHER PROTOZOAL

INFECTIONS B60-B64 0 0
SCHISTOSOMIASIS B65 0 0
FLUKE B66 0 0
EXHINOCOCCOSIS B67 0 0
TAENIASIS B68 0 0
CYSTICERCOSIS B69 0 0
DIPHYLLOBOTHRIASIS B70 0 0
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Summary of ICD-10-CM Coding Used to Identify Infectious Complications and
Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

OTHER CESTODE INFECTION B71 0 0
DRACUNCULIASIS B72 0 0
ONCHSOCERCIASIS B73 0 0
FILARIASIS B74 0 0
TRICHNELLOSIS B75 0 0
HOOKWORM B76 0 0
ACARIASIS B77 0 0
STONGYLOIDIASIS B78 0 0
TRICHURIASIS B79 0 0
ENTEROBIASIS B&0 6 0
OTHER & UNSPEC
HELMINTHIASES B&81-B8&3 3 0
STREPTOCOCCUS,
STAPHYLOCOCCUS,
ENTEROCCOCCUS AS CAUSE OF
DISEASE B95 684 179
BACTERIA AS CAUSE OF
DISEASE CLASSIFIED
ELSEWHERE B96 812 148
VIRAL AGENTS AS THE CAUSE
OF DISEASE CLASSIFIED
ELSEWHERE B97 1543 142
OTHER INFECTIOUS DISEASE B99 32 1
INFECTIOUS MENINGITIS G00-G02 14 0
BACTERIAL CNS INFECTIONS G042 0 0
NECROTIZING
ENCEPHALOPATHY G043 0 0
CNS ABCESS G06-G0O7 32 0
HORDEOLUM HO000 0 0
DACRYOADENITIS H040 1 1
DACRYOCYSTITIS H043 4 1
ACUTE INFLAMMATION OF
ORBIT HO050 11 1
CONJUNCTIVITIS H103 13 1
OTITIS EXTERNA H600-H603 12 4
OTITIS MEDIA H65-H67 478 38
MASTOIDITIS H70 25 7
PERICARDITIS J301 0 1
ENDOCARDITIS J33 11 3
MYOCARDITIS J400 1 0



109

Table B1

Summary of ICD-10-CM Coding Used to Identify Infectious Complications and
Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

GANGRENE 196 8 1
UPPER RESPIRATORY
INFECTION J00-JO6 1820 182
INFLUENZA J09-J11 309 11
PNEUMONIA J12-J18 1124 235
BRONCHITIS 120 61 5
BRONCHIOLITIS 21 139 19
UNSPEC LOWER RESPIRATORY
INFECTIONS 122 26 1
PERITONSILLAR ABCESS J36 4
UPPER RESPIRATORY ABCESS J383, J387,

J390 7 1
BRONCHIECTASIS J470 5 0
LOWER RESPIRATORY ABCESS J85-J86 35 10
ORAL ABCESS K046-K047,

K122 49 11
APPENDICITIS K352-K353 43 6
GANGRENOUS HERNIA K401, K404,

K411, K414,

K431, K437,

K441, K461 0 0
RECTAL ABCESS K61 87 31
INTESTINAL ABCESS K630 3 0
PERITONITIS K65 39 8
RETROPERITONEAL ABCESS K681 4 0
LIVER ABCESS K750 14 1
SCALDED SKIN SYNDROME L00 0 0
IMPETIGO LO1 40 1
CUTANEOUS ABCESS L02 141 40
CELLULITIS L03 661 126
LYMPHADENITIS L04 12 11
PILONIDAL CYST L050 11 4
OTHER SKING AND

SUBCUTANEOUS INFECTIONS LO8 111 6
INFECTIOUS ARTHRITIS M00-MO1 23 1
MYOSITIS M600 28 11
ABCESS OF TENDON M650 0 0
SYNOVITIS M651 0
ABCESS OF BURSA M710 0
OTHER BURSITIS M711 0

S = O
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Summary of ICD-10-CM Coding Used to Identify Infectious Complications and
Frequencies

Variable ICD-10-CM Number of Number of
Category ALL Cases AML Cases

OSTEOMYELITIS M86 106 14
NEPHRITIS N10-N12 42 10
CYSTITIS N390 435 62
SALPINGITIS & OOPHORITIS N70 0 1
FEVER R508-R509 8934 1187
SEVER SEPSIS WITH INFECTION  R652 593 199
CENTRAL LINE ACQUIRED
BLOOD STREAM INFECTION T8021 626 165
TRANSFUSION RELATED
INFECTION T8022 1 1
ATYPICAL VIRAL INFECTION A81 0 0
BACTEREMIA BY LAB R7881 571 136

Note. Adapted from Practice Management Information Corporation. (2015). ICD-10-
CM: international classification of diseases, 10th revision, clinical modification, sixth
edition, color coded, 2016. Los Angeles, Calif.: PMIC, Practice Management

Information Corp.



