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Abstract

Importance—Multiple myeloma has been classified as exhibiting “limited or suggestive 

evidence” of an association with exposure to herbicides in Vietnam Veterans. Occupational studies 

have shown that other pesticides (i.e., insecticides, herbicides, fungicides) are associated with 

excess risk of multiple myeloma (MM) and its precursor state, monoclonal gammopathy of 

undetermined significance (MGUS); however no studies have uncovered such an association in 

Vietnam Veterans.

Objective—To examine the relationship between MGUS and exposure to Agent Orange, 

including its contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), in Vietnam Veterans.

Design—Our study is a prospective cohort study, testing for MGUS in serum specimens 

collected and stored in 2002 by the Air Force Health Study (AFHS). The relevant exposure data 

collected by the AFHS was also used. We tested all specimens in 2013 without knowledge of the 

exposure status. The AFHS included former US Air Force personnel who participated in 

Operation Ranch Hand (Ranch Hand Veterans) and other US Air Force personnel who had similar 

duties in Southeast Asia during the same time period but were not involved in herbicide spray 

missions (comparison Veterans).
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Setting—Agent Orange was used by the US Air Force personnel who conducted aerial spray 

missions of herbicides (Operation Ranch Hand) in Vietnam from 1962–1971.

Participants—We included 479 Ranch Hand Veterans and 479 comparison Veterans who 

participated in the 2002 follow-up examination of AFHS.

Exposure—Agent Orange and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, a contaminant of 

Agent Orange). Serum TCDD levels were measured in 1987, 1992, 1997, and 2002.

Main Outcomes and Measures—Risk of MGUS measured by prevalence, odds ratios (OR), 

and 95% confidence intervals (CI).

Results—The prevalence of MGUS in Ranch Hand Veterans (7.1%) was higher than in 

comparison Veterans (3.1%) (adjusted OR=2.37, 95% CI, 1.27–4.44; P=0.007). The cohort status 

was significantly (P=0.0001) associated with TCDD levels: 47% of Ranch Hand Veterans had 

serum TCDD levels >10.92 ppt compared to 2.5% of comparison Veterans.

Conclusions and Relevance—Ranch Hand Veterans have a significantly increased risk of 

MGUS, supporting an association between Agent Orange exposure and multiple myeloma.

INTRODUCTION

Over 22,000 Americans are diagnosed annually with multiple myeloma.1 The estimated U.S. 

prevalence count was 51,930 in 20032 and 83,367 in 20111; this rising trend is likely to 

continue due to improved diagnostics and therapeutics.3 The median age at diagnosis is 69 

years,1 but it can occur in individuals as young as 30 years. Evidence from a large, 

prospective population-based cancer screening trial show that multiple myeloma is 

consistently preceded by a precursor state, monoclonal gammopathy of undetermined 

significance (MGUS).4

Although the cause of MGUS and multiple myeloma remain largely unclear, previous 

cohort 5–12 and case-control studies 13–26 have reported an elevated risk of multiple 

myeloma among farmers and other agricultural workers. More specifically, pesticides (i.e., 

insecticides, herbicides, fungicides) have been hypothesized as the basis for these 

associations.27–30 In the first prospective cohort study estimating MGUS risk in relation to 

pesticide exposure in a sample of 678 male pesticide applicators, a 2-fold significantly 

increased prevalence of MGUS was observed among pesticide applicators, adding support to 

the hypothesis that pesticides are linked to myelomagenesis.31

To expand our knowledge on the association between herbicides and MGUS, a precursor 

state of multiple myeloma, we assayed 958 serum samples obtained from U.S. Air Force 

(USAF) personnel who conducted aerial herbicide spray missions of Agent Orange in 

Vietnam from 1962–1971 (Operation Ranch Hand) and controls.32 Aims of our study were 

to determine the prevalence of MGUS among Ranch Hand Veterans versus controls and to 

assess the risk of MGUS in relation to the body burden of 2,3,7,8-tetrachlorodibenzo-p-

dioxin (TCDD), an Agent Orange contaminant that has been classified as a human 

carcinogen.33
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METHODS

Study Population

The study base population comprised 1,951 USAF personnel who participated in the 2002 

follow-up examination of the Air Force Health Study (AFHS): 777 who conducted aerial 

herbicide spray missions of Agent Orange in Vietnam from 1962–1971 (Ranch Hand 
Veterans) and 1174 who had similar duties in Southeast Asia during the same time period, 

but were not involved in herbicide spray missions (comparison Veterans). The original 

Ranch Hand and comparison Veterans were identified from historical data sources, including 

morning reports, military personnel records, and historical computer tapes at the National 

Personnel Records Center and the USAF Human Resources Laboratory at Brooks Air Force 

Base.34 The AFHS conducted six follow-ups from 1982 to 2002. At each follow-up, serum 

specimens were collected and stored at −70°C.

The Veterans eligible for this study were at least 50 years of age at the 2002 follow-up, had a 

saved serum specimen collected at the 2002 follow-up, and consented to the use of their data 

and specimen for future research studies. A total of 1349 Veterans met the eligibility criteria, 

including 560 Ranch Hand and 789 comparison Veterans. Because the prevalence of MGUS 

increases rapidly with age, we systematically selected the oldest 480 of the 560 eligible 

Ranch Hand Veterans for our study. Subsequently, we selected 480 of the 789 comparison 

Veterans based on a stratified random sampling scheme determined by the age distribution 

(categories 50–59, 60–69, 70–79, and ≥80 years in 2002) of the selected Ranch Hand 

Veterans. Following the diagnostic criteria for MGUS,35 we excluded individuals with a 

prior history of multiple myeloma (ICD9 203.0), Waldenström’s macroglobulinemia (ICD9 

273.3), solitary plasmacytoma (ICD9 238.6), or amyloidosis (ICD9 277.30, 277.39). After 

applying the MGUS criteria, we excluded one Ranch Hand and one comparison Veterans 

with multiple myeloma, resulting in a final sample size of 958 Veterans (479 Ranch Hand 

and 479 comparison Veterans).

The study protocol was approved by an Institutional Review Board (IRB) of the U.S. 

Centers for Disease Control and Prevention. Access to the AFHS data and stored serum 

specimens for this study was approved by the Institute of Medicine, which serves as a 

custodian for AFHS resources. As for the protein assays conducted at the National Institutes 

of Health (NIH), an exemption from IRB review was obtained from the NIH Office of 

Human Subjects Research.

Clinical, Laboratory, and Exposure data

Following the study protocol, we obtained the AFHS questionnaire, physical examination, 

and laboratory data for the selected Veterans. All data were obtained with coded ID numbers 

that were different from the original ID numbers of the AFHS participants. No personal 

identifying information was obtained. In brief, we obtained information regarding race, birth 

year, military occupation (enlisted ground, enlisted flyer, officer), body mass index (weight 

in kilograms divided by height in meters squared), smoking history (pack-years), drinking 

history (drink-years), lipid-adjusted TCDD levels, serum creatinine levels, history of 

radiation- or chemo-therapy for cancer treatments (yes, no), and coded diagnoses (ICD-9). 
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One pack-year of smoking was defined as 365 packs of cigarettes smoked during a single 

year. One drink-year was the equivalent of drinking 1.5 ounces of an 80 proof alcoholic 

beverage, one 12-ounce beer, or one 5-ounce glass of wine per day for 1 year.36 We also 

obtained multiple causes of death for deceased Veterans. Lipid-adjusted serum TCDD 

concentrations were measured by using high resolution gas chromatographic/high resolution 

mass spectrometric analysis, as previously described.37 TCDD concentrations were either 

measured in 1987 or reconstructed.36 The 1987 reference point was chosen because the 

majority of participants had a TCDD measurement in 1987.36 When a participant did not 

have a TCDD measurement in 1987, the measurement existing in the nearest subsequent 

follow-up was chosen (1992, 1997, 2002 follow-ups); for the Ranch Hand Veterans whose 

chosen measurement exceeded 10 ppt, their 1987 level was reconstructed by extrapolating 

the measurement using a first-order elimination model with a half-life of 7.6 years.36 Dioxin 

results below the limit of detection were estimated as the limit of detection divided by the 

square root of 2.38

Serum Specimen and Laboratory Methods

A 1 ml aliquot from the serum collected by the AFHS during the 2002 examination was 

obtained for each Veteran selected for this study. Each aliquot tube was labeled only with the 

participant’s coded ID number and the specimen collection year. All specimens were 

shipped on dry ice to the Multiple Myeloma Research Laboratory at the National Cancer 

Institute, where protein assays were performed. The samples from the two cohorts (Ranch 

Hand and Comparison) were tested concurrently in a blinded fashion by R.C., D.B. and O.L. 

In brief, serum specimens were first analyzed using conventional agarose-gel electrophoresis 

to determine the occurrence and pattern of M-protein bands, as described previously.31 

Samples observed with an M-protein band, equivocal band pattern, or abnormal free light 

chain (FLC) ratio were further analyzed by immunofixation to characterize the heavy and 

light chain isotypes of the M protein. Serum protein electrophoresis and immunofixation 

were performed using the SPIFE 3000 (Helena Laboratories, Beaumont, TX). The FLC 

levels in all serum specimens were determined using a turbitimetric assay (Freelite®; The 

Binding Site, Birmingham, UK) performed on a SPAPLUS® Automated Analyzer for 

Specialist Protein Analysis.39 The Freelite assay is comprised of two separate 

measurements: one to detect free-κ light chains (normal range, 3.3–19.4 mg/L), and the 

other to detect free-λ light chains (normal range, 5.7–26.3 mg/L).40 We assessed 

monoclonality based on the κ/λ FLC-ratios.39 In accord with the literature,40 a normal FLC-

ratio was defined as 0.26–1.65 and 0.37–3.1 for individuals with estimated glomerular 

filtration rates (eGFR) of ≥60 mL/min/1.73 m2 and <60 mL/min/1.73m2, respectively. Using 

the Modification of Diet in Renal Disease Study equation (http://nkdep.nih.gov/lab-

evaluation/gfr/estimating.shtml), we calculated eGFR from serum creatinine. Based on 

current diagnostic criteria, MGUS was defined as either the presence of an M-protein band 

detected by immunofixation or an abnormal FLC-ratio with an increased total concentration 

of the involved light chain.41 Light-chain MGUS was defined as the presence of a free light 

chain band without heavy chain expression in immunofixation or presence of an abnormal 

FLC-ratio with an increased level of the involved light chain.41
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Statistical Analyses

We examined the differences in the demographic, exposure, and clinical characteristics 

between Ranch Hand and comparison Veterans by using Fisher’s exact test for categorical 

variables and Kruskal-Wallis test for continuous variables. The relationship between MGUS 

status (present versus absent) and cohort status (Ranch Hand Veteran versus comparison 

Veteran) was assessed without adjustment by using Fisher’s exact test. Our study would 

achieve a power of 80% to detect a doubling of the MGUS prevalence in the Ranch Hand 

cohort relative to the comparison cohort, assuming an MGUS prevalence of 5% in the 

comparison cohort, with 474 Veterans per cohort employing two-sided testing with a 

significance level of 5%. Our study included 479 Veterans in each cohort. An adjusted 

contrast was carried out with a logistic regression model of MGUS status in terms of the 

cohort status and covariates. The relationship between MGUS status and TCDD body 

burden was assessed using a logistic regression model of MGUS in terms of TCDD. We 

used the lipid-adjusted TCDD concentrations of all Veterans in our study categorized into 4 

levels (cut points: 25th, 50th, 75th percentiles). We carried out logistic regression analyses for 

cohort status and TCDD body burden separately because they were highly correlated. 

Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) were calculated by 

including the following covariates in all models: age, race, body mass index at the 2002 

examination, and changes in the body mass index between 2002 and the time of blood draw 

for the TCDD measurement. These covariates were chosen because age and race are 

established risk factors for MGUS,42 while body mass index is a known determinant of 

TCDD half-life43 and also a suggested risk factor for multiple myeloma.44 We also 

examined the following variables, individually or collectively, as potential additional 

covariates judged by the Wald test P-values (<=0.3) and changes in odds ratios (>15%): 

military occupation, smoking history, drinking history, history of radiation- or chemo-

therapy for cancer treatments. We did not assess interaction effects between the covariates. 

All analyses were carried out by using SAS Version 9.3 for Windows (SAS Institute, Cary, 

North Carolina). Statistical significance was assessed using a two-sided P value of 0.05.

RESULTS

As shown in Table 1, the 479 Ranch Hand Veterans and 479 comparison Veterans had 

similar demographic characteristics, life-style characteristics and medical histories. All 

Veterans were men. The median age in 2002 was 65 years for both Ranch Hand Veterans 

(range, 55–89 years) and comparison Veterans (range, 55–84 years); less than 5% of the 

Veterans were black in both cohorts (Table 1). The cohort status was significantly 

(P=0.0001) associated with the TCDD levels (≤3.65, 3.66–5.80, 5.81–10.92, >10.92 ppt) 

from the 1987 reference year. This is illustrated most obviously by the increased percentage 

of men with TCDD>10.92 ppt in the Ranch Hand Veterans (47.5%) relative to those in the 

comparison Veterans (2.5%) (Table 1). For the majority of the Ranch Hand Veterans (417, or 

87%) and comparison Veterans (354, or 74%), the 1987 reference year level was determined 

by taking the direct measurement made in 1987. For the remaining Veterans without a 

TCDD measurement made in 1987, the reference year value was determined as described in 

the Methods section; a total of 19 Ranch Hand Veterans had been assigned a reconstructed 

1987 value by extrapolation.
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Agent Orange and MGUS prevalence

The crude prevalence of overall MGUS was 7.1% (34/479) in Ranch Hand Veterans and 

3.1% (15/479) in comparison Veterans (Table 2). This translated into a 2.4-fold higher 

MGUS prevalence in Ranch Hand Veterans than comparison Veterans after adjusting for 

age, race, body mass index in 2002, the change in body mass index between 2002 and the 

time of blood draw for TCDD measurement (adjusted OR=2.37, 95% CI, 1.27–4.44; 

P=0.007) (Figure 1). The risk of MGUS was significantly increased in Veterans <70 years of 

age (OR=3.4, 95% CI 1.46–8.13, P=0.004), whereas no significant increase in the risk was 

seen in the ≥70 years group (OR=1.4, 95% CI 0.55–3.63, P=0.63). Although a logistic 

model of MGUS in terms of cohort (Ranch Hand, Comparison), age (<70, ≥70), and the 

cohort by age interaction term revealed a non-significant interaction term (P=0.17), small 

cell counts may have contributed to the lack of significance. When compared to the Veterans 

in the lowest TCDD level (≤3.65 ppt), the crude ORs for having MGUS were 2.09 (95% CI, 

0.77–5.66; P=0.15), 2.62 (95% CI, 1.00–6.88; P=0.05), and 2.81 (95% CI, 1.08–7.31; 

P=0.03) for Veterans with TCDD levels of 3.66–5.80 ppt, 5.81–10.92 ppt, and >10.92 ppt, 

respectively (Figure 1). After adjusting for covariates, the TCDD effect observed at the 

>10.92 ppt level did not reach the conventional significance level at P=0.05 (adjusted 

OR=2.43, 95% CI 0.92–6.44; P=0.07).

MGUS characteristics

The most common heavy chain isotypes among MGUS cases were IgG and IgM, followed 

by IgA in both Ranch Hand Veterans and comparison Veterans (Table 3). The Ranch Hand 

Veterans had a slightly higher (P=0.19) M-protein concentration (median, 0.48 g/dL; 

interquartile range [IQR], 0.32–0.76) than comparison Veterans (median, 0.35 g/dL; IQR, 

0.20–0.47). The prevalence of MGUS expressing heavy chains was higher than that of LC-

MGUS: 4.8% vs 2.3% in Ranch Hand Veterans and 2.3% vs 0.8% in comparison Veterans 

(Table 3). In a subgroup analysis, the risk for heavy chain MGUS remained significant in the 

Ranch Hand cohort compared to the comparison cohort (adjusted OR=2.2, 95% CI, 1.06–

4.55; P=0.04) (data not shown). In both Ranch Hand Veterans and comparison Veterans the 

prevalence of MGUS increased with age (Table 2).

DISCUSSION

Agent Orange was used by the USAF personnel who conducted aerial spray missions of 

herbicides (Operation Ranch Hand) in Vietnam from 1962–1971.32 The main ingredients of 

Agent Orange were 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T), but the human carcinogen TCDD33 was also present 

in variable amounts as a contaminant.45 The measurement of serum TCDD levels in the 

Ranch Hand personnel confirmed TCDD exposure, raising concerns regarding long-term 

health effects from Agent Orange and TCDD.32 The AFHS that began in 1982 included 

multiple myeloma and other relatively rare cancers as end points, but it lacked statistical 

power to assess the excess risk associated with Agent Orange/TCDD exposure in the Ranch 

Hand cohort. A series of reports from the Institute of Medicine (IOM) from 1994 to 2013 

addressed these concerns by reviewing available literature and drawing conclusions from the 

overall evidence.45 The IOM reports identified seven specific types of cancer for which the 
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evidence of a positive association with Agent Orange/TCDD exposure was considered 

sufficient or at least limited/suggestive. Four of these were B-cell lymphoid malignancies; 

the evidence was sufficient for chronic lymphocytic leukemia, Hodgkin lymphoma, and non-

Hodgkin lymphoma, while the evidence was only limited/suggestive for MM.45 All seven 

types of cancer were recognized by the US Department of Veterans Affairs and federal law 

as presumptive conditions for the purposes of health care and disability compensation. Our 

findings provide the first direct scientific evidence for an association between MM and 

Agent Orange/TCDD exposure among the Ranch Hand Veterans.

Using 958 stored serum samples obtained from Ranch Hand Veterans and comparison 

Veterans, we found the prevalence of MGUS in Ranch Hand Veterans to be twice that of 

comparison Veterans. Our observations are important in that they add support to a previous 

finding that certain pesticides play a role in the development of MGUS.31 In our study, the 

odds of having MGUS increased with increasing body burden of TCDD, although the trend 

was not statistically significant.

In a prior investigation based on 77,469 healthy adults enrolled in a U.S. nationwide 

population-based prospective cancer screening trial, 71 persons developed multiple myeloma 

during the course of the study.4 In that study, with the use of serially collected pre-diagnostic 

serum samples obtained up to almost 10 years before multiple myeloma diagnosis, all 

multiple myeloma cases were found to be preceded by the premalignant plasma cell disorder 

MGUS.4 These findings establish a key role for MGUS in the pathway to multiple myeloma. 

The current findings are also in accord with a prospective cohort study showing a 2-fold 

higher prevalence of MGUS among 678 private and commercial applicators licensed to 

apply restricted-use pesticides in Iowa or North Carolina.31 A large (n=12,482) population-

based MGUS screening study representative of the US population recently found striking 

geographical variations; the prevalence of MGUS was 3.1% and 2.1% (P=0.052) for the 

North/Midwest versus South/West regions of the country, respectively.42 Future studies are 

needed to determine whether these geographic differences are attributable to environmental 

exposures associated with pesticide use.

In our study, the prevalence of LC-MGUS was 2.3% among Ranch Hand Veterans and 0.8% 

among comparison Veterans. The prevalence in comparison Veterans is similar to the age-

standardized prevalence for men reported in a population screening study in the United 

States (prevalence=1.0%, 95% CI, 0.8%–1.2%).46 The underlying mechanisms for the 

higher prevalence of LC-MGUS in the Ranch Hand Veterans remain to be better understood. 

Prospective data show that approximately 20% of all myeloma patients have LC-myeloma 

and that LC-myeloma is preceded by LC-MGUS.47 Although the association is less well 

defined, it should be mentioned that both heavy chain MGUS and LC-MGUS can precede 

the development of chronic lymphocytic leukemia, non-Hodgkin’s lymphoma, and other B-

cell malignancies.48–49 We also observed an apparent excess of IgM MGUS in our study 

population. Based on prior studies, there is an excess risk of Waldenström’s 

macroglobulinemia and other B cell lymphomas among individuals with IgM MGUS.49 In 

our study population, no Veterans were diagnosed with these conditions by 2002.
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Our study, using the serum specimens and data collected by the AFHS, has several important 

strengths. It includes both Ranch Hand Veterans and other AFHS participants who had 

similar duties in Southeast Asia during the same period but were not involved in herbicide 

spray missions. We used the objective measurements of serum TCDD levels as a marker of 

exposure for both cohorts. Other strengths include 25 years of follow-up time over which the 

cohort has been monitored for a wide range of health effects and availability of multiple 

causes of death information. Furthermore, we used established and standardized protein 

assays that allowed comparison with other population-based studies.42,50

Our study also has limitations. We had no objective measurements of exposure to phenoxy 

herbicides (2,4-D and 2,4,5-T), so cohort status was used as a surrogate for phenoxy 

herbicide exposure. The first TCDD measurements were made in 1987, up to 25 years after 

their Agent Orange exposure in Vietnam, and we could not account for individual variations 

in whole body elimination of TCDD. Furthermore, a higher proportion of Ranch Hand 

Veterans (86.6%) had a TCDD level measured in 1987 than did comparison Veterans 

(74.1%), which could have introduced a bias in our results. Other limitations include a 

limited demographic spectrum that excludes women and the potential confounding by 

unknown and uncontrolled confounders (e.g., family medical history and civilian 

occupation). Despite the fact that we had access to a large cohort with stored serum samples 

and risk factor data, we were unable to assess the independent effects of TCDD and cohort 

status in relation to MGUS risk due to multicollinearity (i.e. TCDD levels and cohort status 

were correlated). Because of these weaknesses, we cannot discriminate between the phenoxy 

herbicides, the TCDD contaminant, or other cohort factors as the underlying causes of the 

increased prevalence of MGUS in Ranch Hand Veterans.

In conclusion, using stored serum samples obtained from USAF personnel who conducted 

aerial herbicide spray missions of Agent Orange in Vietnam from 1962–1971 (Operation 

Ranch Hand) and matched controls, we screened 958 Veterans for MGUS and found the 

prevalence to be 2-fold higher among Ranch Hand Veterans. The cohort status was 

significantly (P=0.0001) associated with TCDD levels (≤3.65, 3.66–5.80, 5.81–10.92, 

>10.92), illustrated most obviously by the increased percentage of men with TCDD>10.92 

ppt in the Ranch Hand Veterans (47.5%) relative to those in the comparison Veterans (2.5%). 

The MGUS prevalence was 2.43-fold higher (95%CI, 0.92–6.44; P=0.07) among Veterans 

with TCDD levels>10.92 ppt, compared to Veterans with TCDD levels ≤3.65 ppt. Our 

finding that exposure to Agent Orange is associated with an increased risk of MGUS 

supports the association with multiple myeloma.
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Figure 1. 
Adjusted Odds Ratios of MGUS among US Veterans Associated with TCDD Exposure and 

Operation Ranch Hand

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; MGUS, monoclonal 

gammopathy of undetermined significance; TCDD, 2,3,7,8- tetrachlorodibenzo-p-dioxin.

Adjusted ORs were estimated for cohort status and for 2,3,7,8-TCDD in separate logistic 

regression models. Both models included the following covariates: age in 2002 in 5 year 

increments, race, body mass index in 2002 in increments of 2 units, and change in body 

mass index between 2002 and at the time of blood draw for the TCDD measurement. Lipid-

adjusted TCDD concentrations were either measured in 1987 or, if not measured, 

reconstructed for the 1987 level using TCDD concentrations measured between 1992 and 

2002.36 Dioxin results below the limit of detection were calculated as the limit of detection 

divided by the square root of 2.38 Two Ranch Hand Veterans who had missing BMI or lipid-

adjusted TCDD were excluded, leaving 956 Veterans in the analysis.
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Table 1

Characteristics of Ranch Hand and Comparison Veterans Selected for the Study

No. (%)
P Valueb

Ranch Hand (n=479)a Comparison (n=479)a

Age in 2002, y

 Median (IQR) 65.0 (58.0–70.0) 65.0 (59.0–70.0) .76

 55–59 143 (29.9) 144 (30.1)

 60–64 91 (19.0) 90 (18.8)

 65–69 120 (25.1) 120 (25.1)

 70–74 97 (20.3) 98 (20.5)

 75–89 28 (5.8) 27 (5.6)

Men 479 (100) 479 (100)

Race

 Black 23 (4.8) 20 (4.2) .75

 Non-black 456 (95.2) 459 (95.8)

Body mass indexc

 Median (IQR) 28.2 (25.7–31.2) 28.4 (26.1–31.0)

 Under weight 1 (0.2) 0 (0)

 Normal 90 (18.8) 77 (16.1) .36

 Over weight 225 (47.1) 246 (51.4)

 Obese 162 (33.9) 156 (32.6)

Received treatment for cancer within 5 yearsc 9 (1.9) 7 (1.5) .80

Tested positive for HIV infectionc 1 (0.2) 0 (0)

Occupation group

 Officer 236 (49.3) 228 (47.6)

 Enlisted flyer 94 (19.6) 78 (16.3) .18

 Enlisted ground 149 (31.1) 173 (36.1)

Lifetime cigarette smoking, pack-yrsc

 Median (IQR) 8.0 (0–29.3) 7.5 (0–24.0) .28

Lifetime drinking, drink-yrsc

 Median (IQR) 21.6 (7.4–48.9) 23.0 (9.1–53.5) .30

Lipid-adjusted TCDD, pptd

 Median (IQR) 10.5 (6.2–21.4) 4.1 (2.9–5.8)

 ≤3.65 45 (9.4) 196 (40.9)

 3.66–5.80 68 (14.2) 169 (35.3) <.0001

 5.81–10.92 138 (28.9) 102 (21.3)

 >10.92 227 (47.5) 12 (2.5)

Abbreviations: IQR, interquartile range; HIV, human immunodeficiency virus; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin.

a
Numbers for some variables do not sum to group totals (n=479) because of missing data.

b
Kruskal-Wallis test for continuous variables: Fisher’s exact test for categorical variables.
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c
Data was obtained during the AFHS 2002 physical examination. One pack-yr smoking was defined as 365 packs of cigarettes smoked during a 

single year; One drink-yr was the equivalent of drinking 1.5 ounces of an 80 proof alcoholic beverage, one 12-ounce beer, or one 5-ounce glass of 

wine per day for 1 year36.

d
Lipid-adjusted TCDD concentrations were either measured in 1987 or, if not measured, reconstructed for the 1987 level using TCDD 

concentrations measured between 1992 and 2002.36 Dioxin results below the limit of detection were calculated as the limit of detection divided by 

the square root of 2.38
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Table 3

MGUS and FLC-MGUS among Ranch Hand Veterans and Comparison Veterans

Ranch Hand (n=479) Comparison (n=479)

MGUS, Overalla, n (prevalence %) 34 (7.1) 15 (3.1)

 MGUS with heavy chain 23 (4.8) 11 (2.3)

  IgG 12 (2.5) 8 (1.7)

  IgA 3 (0.6) 1 (0.2)

  IgM 6 (1.3) 2 (0.4)

  Biclonalb 2 (0.4) 0 (0.0)

 LC-MGUS 11 (2.3) 4 (0.8)

M-protein concentrationc, Median (IQR), g/dL 0.48 (0.32–0.76) 0.35 (0.20–0.47)

Free-κ light chain concentrationd, Median (IQR), mg/L 24.3 (11.5–50.6) 17.1 (13.9–20.6)

Free-λ light chain concentrationd, Median (IQR), mg/L 27.0 (14.6–208.0) 18.4 (13.3–37.9)

dFLC concentrationd, Median (IQR), mg/L 37.5 (11.3–191.7) 4.3 (0.31–24.4)

FLC Ratiod, Median (IQR) 1.28 (0.14–2.02) 0.98 (0.60–1.35)

Abbreviations: dFLC, difference between involved and uninvolved FLCs; LC-MGUS, light chain monoclonal gammopathy of undetermined 
significance.

a
Includes heavy chain MGUS, biclonal MGUS, and FLC MGUS.

b
One Veteran had two separate bands of IgG, and the other had one IgG band and one IgA band.

c
Based on the 21 Ranch Hand and 10 comparison Veterans whose M-protein concentration was quantifiable.

d
Based on the 11 Ranch Hand and 4 comparison Veterans who had LC-MGUS as described in the Methods section.
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