
AUGUST 2022 • FEDERAL PRACTITIONER SPECIAL ISSUE  • S23

Background: Multiple myeloma (MM) accounts for 1% to 2% 
of all cancers. Exposure to the pesticide Agent Orange (AO) 
has been established as a potential risk factor for the develop-
ment of monoclonal gammopathy of undetermined significance 
(MGUS) and, subsequently, MM in Vietnam War veterans. 
Methods: This study explored variation in survival related to AO 
exposure, transformation from MGUS to MM, and covariates. 
Vietnam War veterans with MM or MGUS were identified in Vet-
erans Health Administration (VHA) health records data. Cox pro-
portional hazards models analyzed survival as a function of AO, 
race, ethnicity, body mass index, nicotine dependence, alcohol 
use disorder, Charlson Comorbidity Index, and treatment. Au-
tologous hematopoietic cell transplantation for MM was defined 
by procedure codes. 
Results: In the VHA 16,366 patients were identified: 11,112 pa-
tients diagnosed with MGUS and 7261 with MM during fiscal 
years 2010 to 2015 were identified; 12% (n = 2007) had both 
diagnoses. No statistically significant difference in the rate of 

transformation from MGUS to MM in the AO exposed and AO 
not exposed groups was found. In survival models, AO expo-
sure was associated with slightly lower mortality. Alcohol use 
disorder, nicotine dependence, older age, and greater comor-
bidity burden increased mortality risk. Black race, female sex, 
obesity/overweight, and hematopoietic cell transplantation for 
patients with MM were protective factors. AO exposure was as-
sociated with decreased mortality for both MM/MGUS groups. 
Transformation increased mortality risk for patients with MGUS 
and decreased mortality risk for patients with MM. 
Conclusions: Because AO exposure is a nonmodifiable risk 
factor, focus should be placed on modifiable risk factors (eg, 
nicotine dependence, alcohol and drug use disorders, underly-
ing comorbid conditions) as these were associated with worse 
outcomes. Future studies should examine the correlation of AO 
exposure, cytogenetics, and clinical outcomes in these veterans 
to best identify their disease course and optimize their care in 
the latter part of their life.
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Multiple myeloma (MM) accounts for 
1% to 2% of all cancers and slightly 
more than 17% of hematologic ma-

lignancies in the United States.1 MM is char-
acterized by the neoplastic proliferation of 
immunoglobulin (Ig)-producing plasma cells 
with ≥ 10% clonal plasma cells in the bone 
marrow or biopsy-proven bony or soft tissue 
plasmacytoma, plus presence of related organ 
or tissue impairment or presence of a bio-
marker associated with near-inevitable progres-
sion to end-organ damage.2 

BACKGROUND
Up to 97% of patients with MM will have a 
monoclonal (M) protein produced and secreted 
by the malignant plasma cells, which can be de-
tected by protein electrophoresis of the serum 
and an aliquot of urine from a 24-hour collec-
tion combined with immunofixation of the serum 
and urine. The M protein in MM usually consists 
of IgG 50% of the time and light chains 16% of 
the time. Patients who lack detectable M pro-
tein are considered to have nonsecretory my-
eloma. MM presents with end-organ damage, 
which includes hypercalcemia, renal dysfunc-

tion, anemia, or lytic bone lesions. Patients with 
MM frequently present with renal insufficiency 
due to cast nephropathy or light chain deposi-
tion disease.3

MM is thought to evolve from monoclonal 
gammopathy of uncertain significance (MGUS), 
an asymptomatic premalignant stage of clonal 
plasma cell proliferation with a risk of progression 
to active myeloma at 1% per year.4,5 Epidemio-
logic data suggest that people who develop MM 
have a genetic predisposition, but risk factors 
may develop or be acquired, such as age, immu-
nosuppression, and environmental exposures. To 
better assess what causes transformation from 
MGUS to MM, it is important to identify agents 
that may cause this second hit.6 

In November 1961, President John F. Ken-
nedy authorized the start of Operation Ranch 
Hand, the US Air Force’s herbicide program 
during the Vietnam War. Twenty million gal-
lons of various chemicals were sprayed in Viet-
nam, eastern Laos, and parts of Cambodia to 
defoliate rural land, depriving guerillas of their 
support base. Agent Orange (AO) was one of 
these chemicals; it is a mixed herbicide with 
traces of dioxin, a compound that has been  
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associated with major health problems among 
exposed individuals.7 Several studies have eval-
uated exposure to AO and its potential harmful 
repercussions. Studies have assessed the link 
between AO and MGUS as well as AO to var-
ious leukemias, such as chronic lymphocytic 
leukemia.8,9 Other studies have shown the rela-
tionship between AO exposure and worse out-
comes in persons with MM.10 To date, only a 

single abstract from a US Department of Veter-
ans Affairs (VA) medical center has investigated 
the relationships between AO exposure and 
MGUS, MM, and the rate of transformation. The 
VA study of patients seen from 2005 to 2015 in 
Detroit, Michigan, found that AO exposure led 
to an increase in cumulative incidence rate of 
MGUS/MM, suggesting possible changes in 
disease biology and genetics.11

TABLE 1 Characteristics of Vietnam Veterans With MGUS or MM
Characteristics Agent Orange exposed Not exposed Total 

Age, mean (SD), y 66.6 (5.0) 66.8 (6.3) 66.7 (5.9) [range, 0-14]

Charlson Comorbidity Index, omitting cancers, mean (SD) 1.9 (2.1) 1.9 (2.1)             1.9 (2.1)

Survival, mean (SD), y 5.8 (3.1) 5.5 (3.1) 5.6 (3.1) [range, 0-10.6]

Survived past end of observation (April 1 2020), No. (%) 8144 (49.7)

Agent Orange exposure, No. (%) 5683 (100) 0 (0) 5683 (34.7)

Female sex, No. (%) 9 (0.2) 229 (2.1) 238 (1.5)

Hispanic ethnicity, No. (%) 260 (4.6) 430 (4.0) 690 (4.2)

Race, No. (%)
  American Indian/Alaska Native, Hawaiian/Pacific Islander 
  Black
  White

349 (6.1)
1528 (26.9)
3806 (67.0)

653 (6.1)
3198 (29.9)
6832 (64.0)

1002 (6.1)
4726 (28.9)

10,638 (65.0)

Marital status, No. (%)
  Married
  Divorced/separated
  Single
  Widow(ed)

3856 (67.9)
1281 (22.5)

300 (5.3)
281 (4.9)

5667 (53.1)
3223 (30.2)
1117 (10.5)

749 (7.0)

9523 (58.2)
4504 (27.5)

1417 (8.7)
1030 (6.3)

VA priority group, No. (%)
  1: 50%-100% disabled service-connected
  2: 30%-40% disabled service-connected
  3: 10%-20% disabled service-connected
  4: catastrophically disabled/homebound
  5: very low income

4506 (79.3)
30 (0.5)

572 (10.1)
46 (0.8)

529 (9.3)

3734 (35.0)
330 (3.1)

1802 (16.9)
581 (5.4)

4236 (39.7)

8240 (50.4)
360 (2.2)

2374 (14.5)
627 (3.8)

4765 (29.1)

Comorbidity, No. (%)
  Hypertension
  Diabetes mellitus
  Dyslipidemia
  Nicotine dependent
  Major depressive disorder
  Posttraumatic stress disorder
  Alcohol use disorder
  Drug use disorder
  Overweight (body mass index 25-29)
  Obese (body mass index ≥ 30)

3957 (69.6)
2217 (39.0)
3301 (58.1)
1195 (21.0)

861 (15.2)
1301 (22.9)

499 (8.8)
249 (4.4)

2019 (35.5)
2505 (44.1)

7689 (72.0)
3964 (37.1)
6060 (56.7)
2390 (22.4)
1355 (12.7)

767 (7.2)
968 (9.1)
604 (5.7)

3690 (34.6)
4271 (40.0)

11,646 (71.2)
6181 (37.8)
9361 (57.2)
3585 (21.9)
2216 (13.5)
2068 (12.6)

1467 (9.0)
853 (5.2)

5709 (34.9)
6776 (41.4)

MGUS, with or without MM, No. (%) 3797 (66.8) 7315 (68.5) 11,112 (67.9)

MM, with or without MGUS, No. (%) 2581 (45.4) 1312 (12.3) 2007 (12.3)

Transformation from MGUS to MM, No. (%) 695 (12.2) 4680 (43.8) 7261 (44.4)

Hematopoietic stem cell transplantation of  
  7261 patients with MM, No. (%) 242 (9.4) 385 (8.2) 627 (8.6)

Abbreviations: MGUS, monoclonal gammopathy of uncertain significance; MM, multiple myeloma; VA, US Department of Veterans Affairs.
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In this study, we aimed to determine the in-
cidence of transformation of MGUS to MM in 
patients with and without exposure to AO. We 
then analyzed survival as a function of AO ex-
posure, transformation, and clinical and so-
ciodemographic variables. We also explored 
the impact of psychosocial variables and he-
matopoietic stem cell transplantation (HSCT), 
a standard of treatment for MM. 

METHODS
This retrospective cohort study assembled 
electronic health record (EHR) data from the 
Veterans Health Administration Corporate Data 
Warehouse (CDW). The VA Central Texas Vet-
erans Healthcare System Institutional Review 
Board granted a waiver of consent for this re-
cord review. Eligible patients were Vietnam-era 
veterans who were in the military during the 
time that AO was used (1961-1971). Veterans 
were included if they were being cared for and 
received a diagnosis for MGUS or MM between 
October 1, 2009, and September 30, 2015 (all 
prevalent cases fiscal years 2010-2015). Cases 
were excluded if there was illogical death data or 
if age, race, ethnicity, body mass index (BMI), or 
prior-year diagnostic data were missing.

Measures 
Patients were followed through April 2020. 
Presence of MGUS was defined by the Interna-
tional Classification of Diseases, Ninth Revision 
(ICD-9) diagnosis code 273.1. MM was identi-
fied by ICD-9 diagnosis codes 203.00, 203.01, 
and 203.02. The study index date was the ear-
liest date of diagnosis of MGUS or MM in fiscal 
years 2010-2015. It was suspected that some 
patients with MM may have had a history of 
MGUS prior to this period. Therefore, for pa-
tients with MM, historical diagnosis of MGUS 
was extracted going back through the earliest 
data in the CDW (October 1999). Patients diag-
nosed with both MGUS and MM were consid-
ered transformation patients. 

Other measures included age at index date, 
sex, race, ethnicity, VA priority status (a value 1 
to 8 summarizing why the veteran qualified for 
VA care, such as military service-connected dis-
ability or very low income), and AO exposure 
authenticated per VA enrollment files and dis-
ability records. Service years were separated 
into 1961 to 1968 and 1969 to 1971 to match 
a change in the formulation of AO associated 
with decreased carcinogenic effect. Comorbidity 

data from the year prior to first MGUS/MM diag-
nosis in the observation period were extracted. 
Lifestyle factors associated with development of 
MGUS/MM were determined using the follow-
ing codes: obesity per BMI calculation or diag-
nosis (ICD-9, 278.0), tobacco use per diagnosis 
(ICD-9, 305.1, V15.82), and survival from MGUS/
MM diagnosis index date to date of death from 
any cause. Comorbidity was assessed using 
ICD-9 diagnosis codes to calculate the Charlson  
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TABLE 2 Survival Among Vietnam Veterans With MM or MGUS
Predictor No. or Mean (SD) Hazard ratio (95% CI) P value

Unadjusted models
Agent Orange exposurea

  MM + MGUS (n = 16,366)
  MGUS only (n = 11,112)
  MM only (n = 7261)

5683
3797
2581

0.85 (0.81-0.89)
0.79 (0.74-0.84)
0.86 (0.81-0.91)

< .001
< .001
< .001

Adjusted models
Patients with MGUS (n = 11,112)
  Agent Orange exposurea

  Female sexa

  Age, ya

  Hispanic ethnicity
  Race
     American Indian/Alaska Native, Hawaiian/Pacific Islander
     Blacka

  Nicotine dependenta

  Alcohol use disordera

  Drug use disorder
  Overweight (BMI 25-29)a

  Obese (BMI ≥ 30)a

  Major depressive disorder
  Posttraumatic stress disordera

  Charlson Comorbidity Index (omits cancers)a

  MM (transformation)a

3,797
174

66.8 (5.9)
457

254
3430
2681
1165
663
3807
4786
1648
1563

2.2 (2.2)
2007

0.85 (0.80-0.91)
0.64 (0.48-0.86)
1.61 (1.53-1.69)
0.9 (0.78-1.04)

0.91 (0.75-1.11)
0.78 (0.73-0.83)
1.37 (1.28-1.46)
1.26 (1.15-1.40)
1.1 (0.97-1.25)
0.68 (0.63-0.74)
0.61 (0.57-0.66)
0.98 (0.90-1.07)
0.83 (0.75-0.91)
1.23 (1.22-1.25)
1.76 (1.65-1.88)

< .001
< .001
< .001

.15

.34
< .001
< .001
< .001

.14
< .001
< .001

.6
< .001
< .001
< .001

Patients with MM (n = 7261)
  Agent Orange exposurea

  Female sexa

  Age, ya

  Hispanic ethnicity
  Race
     American Indian/Alaska Native, Hawaiian/Pacific Islander
     Blacka

  Nicotine dependencea

  Alcohol use disordera

  Drug use disorder
  Overweight (BMI 25-29)a

  Obese (BMI ≥ 30)a

  Major depressive disorder
  Posttraumatic stress disorder
  Charlson Comorbidity Index (omits cancers)a

  MGUS (transformation)a

  Hematopoietic stem cell transplantationa

2581
86

66.5 (5.8)
343

180
2009
1321
466
308
2603
2840
853
801

1.6 (1.9)
2,007
627

0.89 (0.84-0.95)
0.70 (0.52-0.95)
1.32 (1.25-1.39)
0.98 (0.85-1.12)

1.03 (0.86-1.23)
0.86 (0.80-0.92)
1.2 (1.11-1.29)
1.15 (1.01-1.31)
1.01 (0.87-1.18)
0.69 (0.64-0.74)
0.64 (0.60-0.69)
1.02 (0.93-1.13)
0.92 (0.83-1.02)
1.13 (1.12-1.15)
0.62 (0.58-0.67)
0.87 (0.79-0.97)

< .001
.02

< .001
.73

.78
< .001
< .001

.03

.89
< .01
< .001

.66

.10
< .001
< .001

.01

Interaction model for patients with MM (n = 7261)
  Agent Orange exposure and MGUSa

  Agent Orange exposure without MGUSa

  MGUS without Agent Orange exposurea

  Female sexa

  Age, ya

  Hispanic ethnicity
  Race
     American Indian/Alaska Native, Hawaiian/Pacific Islander
     Blacka

  Nicotine dependencea

  Alcohol use disordera

  Substance use disorder
  Overweight (BMI 25-29)a

  Obese (BMI ≥ 30)a

  Major depressive disorder
  Posttraumatic stress disorder
  Charlson Comorbidity Index (omits cancers)a

  Hematopoietic stem cell transplantationa

695
1886
1312

86
66.5 (5.8)

343

180
2009
1321
466
308
2603
2840
853
801

1.6 (1.9)
627

0.53 (0.48-0.60)
0.91 (0.85-0.98)
0.64 (0.59-0.70)
0.70 (0.52-0.95)
1.32 (1.25-1.39)
0.98 (0.85-1.12)

1.03 (0.86-1.23)
0.86 (0.80-0.92)
1.20 (1.11-1.29)
1.15 (1.01-1.31)
1.01 (0.87-1.18)
0.69 (0.64-0.74)
0.64 (0.60-0.69)
1.02 (0.93-1.13)
0.92 (0.83-1.02)
1.13 (1.12-1.15)
0.88 (0.79-0.97)

< .001
.01

< .001
.02

< .001
.72

.79
< .001
<.001

.03

.89
<.001
<.001

.67

.12
<.001

.01

Abbreviations: BMI, body mass index; MGUS, monoclonal gammopathy of uncertain significance; MM, multiple myeloma.
aSignificant at P < .05. 
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Comorbidity Index (CCI), which includes cardio-
vascular diseases, diabetes mellitus, liver and 
kidney diseases, cancers, and metastatic solid 
tumors. Cancers were omitted from our adapted 
CCI to avoid collinearity in the multivariable mod-
els. The theoretical maximum CCI score in this 
study was 25.12,13 Additional conditions known to 
be associated with variation in outcomes among 
veterans using the VA were indicated, including 
major depressive disorder, posttraumatic stress 
disorder (PTSD), alcohol use disorder (AUD), 
substance use disorder (SUD), and common 
chronic disease (hypertension, lipid disorders).14

Treatment with autologous HSCT was defined 
by Current Procedural Terminology and ICD-9 
Clinical Modification procedure codes for bone 
marrow and autologous HSCT occurring at any 
time in the CDW (eAppendix available online at 
doi:10.12788/fp.0303). Days elapsed from MM 
diagnosis to HSCT were calculated. 

Statistical Analysis
Sample characteristics were represented by 
frequencies and percentages for categorical 
variables and means and SDs (or medians and 
ranges where appropriate) for continuous vari-
ables. A χ2 test (or Fisher exact test when cell 
counts were low) assessed associations in bi-
variate comparisons. A 2-sample t test (or Wil-
coxon rank sum test as appropriate) assessed 
differences in continuous variables between 2 
groups. Kaplan-Meier curves depicted the un-
adjusted relationship of AO exposure to sur-
vival. Cox proportional hazards survival models 
examined an unadjusted model containing only 
the AO exposure indicator as a predictor and 
adjusted models were used for demographic 
and clinical factors for MGUS and patients with 
MM separately. 

Predictors were age in decades, sex, His-
panic ethnicity, race, nicotine dependence, 
obesity, overweight, AUD, SUD, major depres-
sive disorder, PTSD, and the adapted CCI. 
When modeling patients with MM, MGUS was 
added to the model to identify the transforma-
tion group. The interaction of AO with trans-
formation was also analyzed for patients with 
MM. Results were reported as hazard ratios 
(HR) with their 95% CI. 

RESULTS
We identified 18,215 veterans diagnosed with 
either MGUS or MM during fiscal years 2010-
2015 with 16,366 meeting inclusion criteria. 

Patients were excluded for missing data on ex-
posure (n = 334), age (n = 12), race (n = 1058), 
ethnicity (n = 164), diagnosis (n = 47), treat-
ment (n = 56), and BMI (n = 178). All were Viet-
nam War era veterans; 14 also served in other 
eras. 

The cohort was 98.5% male (Table 1). 
Twenty-nine percent were Black veterans, 
65% were White veterans, and 4% of individ-
uals reported Hispanic ethnicity. Patients had 
a mean (SD) age of 66.7 (5.9) years (range, 
52-96). Most patients were married (58%) or 
divorced/separated (27%). All were VA prior-
ity 1 to 5 (no 6, 7, or 8); 50% were priority 1 
with 50% to 100% service-connected disabil-
ity. Another 29% were eligible for VA care by 
reason of low income, 17% had 10% to 40% 
service-connected disability, and 4% were 
otherwise disabled. 

During fiscal years 2010 to 2015, 68% of our 
cohort had a diagnosis of MGUS (n = 11,112; 
9105 had MGUS only), 44% had MM (n = 7261; 
5254 had MM only), and 12% of these were 
transformation patients (n = 2007). AO exposure 
characterized 3102 MGUS-only patients (34%), 
1886 MM-only patients (36%), and 695 transfor-
mation patients (35%) (χ2 = 4.92, P = .09). Among 
5683 AO-exposed patients, 695 (12.2%) un-
derwent MGUS-to-MM transformation. Among 
10,683 nonexposed veterans, 1312 (12.3%) ex-
perienced transformation. 

Comorbidity in the year leading up to the 
index MGUS/MM date determined using CCI 
was a mean (SD) of 1.9 (2.1) (range, 0-14). 
Among disorders not included in the CCI, 
71% were diagnosed with hypertension, 57% 
with lipid disorders, 22% with nicotine depen-
dence, 14% with major depressive disorder, 
13% with PTSD, and 9% with AUD. Over-
weight (BMI 25 to < 30) and obesity (BMI ≥ 30) 
were common (35% and 41%, respectively). 
For 98% of patients, weight was measured 
within 90 days of their index MGUS/MM date. 
Most of the cohort (70%) were in Vietnam in 
1961 to 1968.

HSCT was provided to 632 patients with 
MM (8.7%), including 441 patients who were 
treated after their index date and 219 patients 
treated before their index date. From fiscal 
years 2010 to 2015, the median (IQR) number 
of days from MM index date to HSCT receipt 
was 349 (243-650) days. Historical HSCT oc-
curred a median (IQR) of 857 (353-1592) days 
before the index date, per data available back 
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to October 1999; this median suggests long 
histories of MM in this cohort. 

The unadjusted survival model found a very 
small inverse association of mortality with AO 
exposure in the total sample, meaning pa-
tients with documented AO exposure lived 
longer (HR, 0.85; 95% CI, 0.81-0.89; Table 2; 
Figure). Among 11,112 MGUS patients, AO 
was similarly associated with mortality (HR, 
0.79; 95% CI, 0.74-0.84). The effect was also 
seen among 7269 patients with MM (HR, 0.86; 
95% CI, 0.81-0.91). 

In the adjusted model of the total sam-
ple, the mortality hazard was greater for vet-
erans who were older, with AUD and nicotine 
dependence, greater comorbidity per the CCI,  
diagnosis of MM, and transformation from 
MGUS to MM. Protective effects were noted for 
AO exposure, female sex, Black race, obesity, 
overweight, PTSD, and HSCT. 

After adjusting for covariates, AO expo-
sure was still associated with lower mortality 
among 11,112 patients with MGUS (HR, 0.85; 
95% CI, 0.80-0.91). Risk factors were older 
age, nicotine dependence, AUD, the adapted 
CCI score (HR, 1.23 per point increase in the 
index; 95% CI, 1.22-1.25), and transforma-
tion to MM (HR, 1.76; 95% CI, 1.65-1.88). Ad-
ditional protective factors were female sex, 
Black race, obesity, overweight, and PTSD. 

After adjusting for covariates and limiting the 
analytic cohort to MM patients, the effect of AO 
exposure persisted (HR, 0.89; 95% CI, 0.84-
0.95). Mortality risk factors were older age, nic-
otine dependence, AUD, and higher CCI score. 
Also protective were female sex, Black race, 
obesity, overweight, diagnosis of MGUS (trans-
formation), and HSCT. 

In the final model on patients with MM, the 
interaction term of AO exposure with trans-
formation was significant. The combination of 
AO exposure with MGUS transformation had a 
greater protective effect than either AO exposure 
alone or MGUS without prior AO exposure. Addi-
tional protective factors were female sex, Black 
race, obesity, overweight, and HSCT. Older age, 
AUD, nicotine dependence, and greater comor-
bidity increased mortality risk. 

DISCUSSION
Elucidating the pathophysiology and risk of 
transformation from MGUS to MM is an ongoing 
endeavor, even 35 years after the end of US in-
volvement in the Vietnam War. Our study sought 

to understand a relationship between AO expo-
sure, risk of MGUS transforming to MM, and as-
sociated mortality in US Vietnam War veterans. 
The rate of transformation (MGUS progress-
ing to active MM) is well cited at 1% per year.15 
Here, we found 12% of our cohort had under-
gone this transformation over 10 years. 

Vietnam War era veterans who were ex-
posed to AO during the Operation Ranch 
Hand period had 2.4 times greater risk of de-
veloping MGUS compared with veterans not 
exposed to AO.8 Our study was not designed 
to look at this association of AO exposure and 
MGUS/MM as this was a retrospective review 
to assess the difference in outcomes based 
on AO exposure. We found that AO exposure 
is associated with a decrease in mortality in 
contrast to a prior study showing worse sur-
vival with individuals with AO exposure.10 An-
other single center study found no association 
between AO exposure and overall survival, but 
it did identify an increased risk of progression 
from MGUS to MM.11 Our study did not show 
increased risk of transformation but did show 
positive effect on survival.

Black individuals have twice the risk of de-
veloping MM compared with White individu-
als and are diagnosed at a younger age (66 vs 
70 years, respectively).16 Interestingly, Black 
race was a protective factor in our study. Given 
the length of time (35 years) elapsed since the 
Vietnam War ended, it is likely that most vul-
nerable Black veterans did not survive until our 
observation period. 

HSCT, as expected, was a protective factor 
for veterans undergoing this treatment modality, 
but it is unclear why such a small number (8%) 
underwent HSCT as this is a standard of care in 
the management of MM. Obesity was also found 
to be a protective factor in a prior study, which 
was also seen in our study cohort.8 

Limitations
This study was limited by its retrospective re-
view of survivors among the Vietnam-era co-
hort several decades after the exposure of 
concern. Clinician notes and full historical data, 
such as date of onset for any disorder, were 
unavailable. These data also relied on the prac-
titioners caring for the veterans to make the 
correct diagnosis with the associated code 
so that the data could be captured. Neither 
AO exposure nor diagnoses codes were veri-
fied against other sources of data; however,  
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validation studies over the years have sup-
ported the accuracy of the diagnosis codes re-
corded in the VA EHR.

CONCLUSIONS
Because AO exposure is a nonmodifiable risk 
factor, focus should be placed on modifiable risk 
factors (eg, nicotine dependence, alcohol and 
substance use disorders, underlying comorbid 
conditions) as these were associated with worse 
outcomes. Future studies will look at the corre-
lation of AO exposure, cytogenetics, and clinical 
outcomes in these veterans to learn how best to 
identify their disease course and optimize their 
care in the latter part of their life.
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eAPPENDIX Variable Definitions 

Cohort definition ICD-9 diagnosis codes/beginnings

MGUS 273.1

Multiple myeloma 203.00, 203.01, 203.02

Mental and behavioral disorders
  Alcohol use disorder
  Substance use disorder
  Nicotine dependence
  Major depressive disorder
  Posttraumatic stress disorder
  Schizophrenia or bipolar disorder
  Anxiety
  Overweight or obesity

303, 305.0
304, 305.2-305.9
305.1, V15.82
311, 296.2, 296.3
309.81
295, 296.0, 296.1, 296.4-296.8
300.00-300.02
278.00, 278.01, 278.02

Other common conditions
  Dyslipidemia
  Hypertension

272
401-405

Charlson Comorbidity Index conditions
  Myocardial infarction  
  Heart failure 

  Peripheral vascular disease   
  Cerebral vascular  
  Dementia  
  COPD  
  Rheumatic disease  
  Peptic ulcer disease
  Cirrhosis of the liver 

  Diabetes mellitus without complications 
  Diabetes mellitus with complications 
  Hemiplegia, paraplegia 
  Renal disease 

  Other cancers
  Liver failure 
  Metastatic solid tumors (omitted from index)
  HIV/AIDS

410, 412
398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 
425.4-425.5, 425.7-425.9, 428
093.0, 437.3, 440, 441, 443.1, 443.2, 443.8, 443.9, 447.1, 557.1, 557.9, V43.4 
362.34, 430-438
290, 294.1, 331.2
416.8, 416.9, 490-496, 500-505, 506.4, 508.1, 508.8
446.5, 710.0, 710.1-710.4, 714.0-714.2, 714.8, 725
531-534
070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 570, 571, 573.3, 
573.4, 573.8, 573.9, V42.7
250.0-250.3, 250.8-250.9
250.4-250.7
334.1, 342, 343, 344.0-344.6, 344.9
403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 582, 
583.0, 583.1, 583.2, 583.4, 583.6, 583.7, 585, 586, 588.0, V42.0, V45.1, V56
140-172, 174-195, 200-208, 238.6
456.0-456.2, 572.2-572.4, 572.8
196-199
042, 043, 044

Procedures (treatment)
  HCT: ICD-9 procedure codes
  HCT: ICD-10 procedure codes
  HCT: CPT code

41.0, 41.00, 41.04, 41.07, 41.09
30230Y0, 30233Y0, 30240Y0, 30243Y0, 30230C0, 30233C0, 30240C0, 30243C0
38241

Abbreviations: HCT, hematopoietic cell transplantation; ICD, International Classification of Diseases; MGUS, monoclonal gammopathy of 
undetermined significance.


