Trends

Assessing consistent and meamngful trends is essentln.l when mterpretmg any large
study with mult:ple endpoints, clinical areas, and covariates. However, caution must be used
when assessing trends. Increased numbers of abnormalities or means with increased dioxin
levels across medically related variables within a:clinical-area might indicate a dioxin effect.
In this case, it is important to note that there is a moderate-to-strong correlation between
some endpoints. Hence, the su'ength of the. trends also must be considered when. assessmg
the suspected association. w e

Power Limltatlons SR Hh

The fixed size of the Ranch Hand cohort 11m1ts the ability of this study to detect a dioxin
association. This limitation is most obvious conceriing” $péeific types of cancer, such as soft
tissue sarcoma and non-Hodgkm s lymphoma, which-fire & ricommon- that fewer than two.
cases are expected in this study, indicating that this- Study‘lfm ‘virtually no statistical power
to detect low-to-moderate associations (relative risks- le§ ¥Han-5) with dioxin. On the other
hand, these sample sizes are sufficient to detect very st shifts in the continuously
distributed variables (see Chapter 4). For example; with #égard'to IgG this study has
approximately 90 percent power to detect a mean shift'of 1 ‘peresit. The detection of
significant mean shifts without a corresponding indication of incféiséd Ranch Hand
abnormalities or disease is considered to be of little importance 6#/it thay be an artifact of
multiple testing. This study has good power to. detect relative:risks -of 2.0 or more with
respect to diseases, such as heart disease and basal cell carcinoma, occurrmg at prevalences
of at least 5 percent in uncxposed populatlons SRECIRTRE e R .

In an attempt to overcome the lack of power to detect: gr ap di erenCes for speclﬁc types
of systemic cancer, all types of systemic cancer were combined intp:#isingle variable, It is
still possible, however, that an increased risk could exist for | a pa;‘ticularly Tare-type of cancer,
allowing that increased risk to be missed m this study h

'.:;. ,,ff* R S R "
Strength of Association ST I R R A TR

Ideally, an adverse effect, if it exists, would be ré%aleél IBy *ti sti’Ong association
between categorized current dioxin and a disease condFiuoﬁ‘ tha‘it"ﬁ"s‘s, by a statistically
significant relative risk greater than 2.0 for Ranch’ Hands in ’fﬁb"h‘fgh cirrent dioxin category
relative to the unexposed Comparisons (5). Statistically significant relative risks less than
2.0 are considered to be less important than larger risks se the relative risks less. than
2.0 can easily arise due to unperceived bias or. confoun &91@ ive risks greater than 5.0
are less subject to this concern. The numbers 2. and 5, ,‘jumb regarding analyses
of association between a dichotomous endpoint o). and’ dichotomized
exposure (exposed, unexposed). No such rules have b ; d re;
of continuously distributed endpomts (such as, cho ste B sus connnuously distributed

i

exposure (such as initial or current dioxin in.models 1 an ,2) )

Biological Credibility =~ ot Fl

- The assessment of blolog1ca1 credlbllity req "'_i," €8
In blologlcal terms, can it be understood how the:ex
effect of interest? While a lack of biclogical ‘credib
knowledge can lead to the dlsrmsSal of a s1gn1ficaﬁi resu

uﬁder srudy could produce the
jen‘a contradiction of biological
; ihe fallure to perceivea =
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- mechanism may reflect only ignorance of the state of nature. On the other hand, it is easy to

ascribe biological mechanisms that relate almost any exposure to almost any cancer. Thus,

“while pertinent, the response to this question is not always convincing.

Interpretation of Negative Results

A 1985 study (6) presents minimal sample-size criteria for proof of safety and hazard in
studies of environmental and occupational exposures. The study- was directed at rectifying
widespread misconceptions about proof of safety in the medical and scientific establishments
and in other groups involved in public health and safety. Thus, a lack of significant results
relating dioxin to a particular disease only means that this study is unable to detect a

~ relationship between dioxin and health. This does not imply that a relationship does not

exist, but tha, if it does exist, it was not detected, A lack of significant results does not
mean that dioxin is safe or that there is no relatioriship between dioxin and health, because
this study is not designed, nor was it intended, to establish safety. -This study was designed

to determine whether a hazard existed for the exposed personnel and not whether dioxin was

“safe.”

Interpretation of the Coefficient of .Detggmination- A

The coefficient of determination, R2, measures the:proportionate reduction of the total

variation in a continuously. distributed health: variable y associated with the set of
independent variables-in a linear regression. A large-value of R2 does not necessarily. imply

*that the fitted model is a useful one. Large values of R2 would occur, for example, if y is

regressed on an independent variable with only two observed values. On the other hand,
very small values of R2 are generally seen in observational studies becausg little or no
control has been applied in the assignment of the values of the “treatment” (initial or current

- dioxin) or the conditions under which the “treatment” has been applied. In this study, the

dioxin measurements were taken manyyears after exposure and are themselves subject to
measurement error. Thus, in most analyses, the values of R? in this study are small. '

Clinical Interpretation of Discrete versus Continuous Data .. :

Small but significant mean differences in acontinuously measured health variable (e.g.,
systolic blood pressure). between exposed and unexposed groups when there are no
corresponding differences in the percentage of abnormal tests are difficult to.assess in any
study. In this study, significant mean differences are sometimes observed without a
corresponding-group difference.in the.proportion outside the normal range. Such contrasting
situations may be interpreted as spurious: outcomes of no clinical consequence, or as a
subclinical dioxin effect. - Significant trends in the mean with increasing levels of dioxin are
interpreted as a-dioxin-related effect if a corresponding trend is-seen in the proportion above -
or below the normal range. SRS S S

Minimal versus Maximal Results ~ =~ - " -

_The minimal and maximal assuimptions for Ranch Hands having background dioxin
levels (<10 ppt) were imposed to address the unknown exposure history of this subgroup.
There were 345 Ranch Hands in this “unknown” category. In the minimal analyses, all of
these were excluded from the data set. In'the maximal analyses, only those with less than or

~ equal to 5 ppt (n=124) were excluded. The intent of these two analyses was to “trap” the

true dioxin versus health relationship between them. The results of the maximal analyses



appear to be statistically significant more often than those of the minimal analyscs This
could be due to the larger sample size of the maximal cohort or it could be due to the’
uncertainty of true exposure in Ranch Hands between S ppt and 10 ppt. There are no
additional data available at this time with which to resolve these two interpretations.

Graphics

as a1ds to interpretation. The graphics alone are. not sufficient to assess the relationship
between dioxin and health. For example, a trend may be seen in a plot, but it could be :
statistically nonsignificant because the number of abnormalities is small. On the other hand,

a statistically significant result can be clarified by the graphics, especially if the result
depends on a few data points that appear far from the thain-cluster.  Such points are termed
“outliers” by statisticians.” Outside of the initial quality controlreview activities, no
additional effort was made to identify statistically s1gmficant outliers in thlS report.

The Checkmark Pattern

In many model 3 analyses, the “unknown” Ranch Hand group has the lowest
percentage of abnormalities; this phenomenon is termed:“the shétkmark pattern.” These
patterns are interesting but are without explanation. at. thistime:- .Some reanalyses were
accomplished with adjustment for military rank (officers, enlisted: personnel), but the
checkmark pattern remained after adJustment This effect w111 be a subJect of continued focus
in future reports. ~ S

Extrapolation to Army Ground Troops
Extrapolation of the serum dioxin results to the ge ral 6popq1g,tlbn of ground troops who
served in Vietnam is difficult because Ranch Hand .ang gro q‘f I00p. exposure situations were
quite different. Based on serum dioxin testing rcsults, d q g C (7) and others (8),
nearly all ground troops tested have current levels of dloxm sm'ular to background levels.
Even ground troops who served in herbicide-sprayed areas of Vietnam had current levels
indistinguishable from levels in'men who never left the: Umtéd’“Sfates (with means of 4.2 ppt
and 4.1 ppt, respectively). The AFHS subgroup most like'ilie:groundtrdops in terms of
current dioxin levels are Ranch Hands who currently have: fbackgxouﬁdt levels of dioxin (10 ppt
or less—designated as the “unknown” current dioxin: categq viimithe model 3 analyses).
Therefore, if the results of the AFHS are applied to the generalipopulation of Vietnam
veterans, the focus should be on the unknown Ranch Handl vershs background Comparison
contrast in the model 3 analyses. However, exmpolaﬁmg%th@résult& of these analyses to
Vietnam veterans should still be made cautiously. There may. fibe'demographic distinctions
between the unknown group of Ranch Hands and other? Vietém veterans that may be related
to health. Also, if Ranch Hands in the unknown current diexin category showed a significant
health detriment relative to Comparisons in the background category, but there was no
significant detriment for Ranch Hands in the high current dioxin.category, the biological
plausibility of such an effect would be questionable because this would not indicate a dose-
response effect. In general, the adjusted model 3 analy,s , fo und that Ranch Hands in the
unknown current dioxin category did not show a 51 mf‘ o ;_;"‘eheaIt.h detriment relative to
Comparisons in the background current dxoxm catqgory This was ;)artlcularly true for the
variables that exhibited a significant high versus backgrounﬁ"conu'ast . |
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The h1stograms, scatter plots, and graphlcal descnpuons of mtcracuons were 1ncluded .
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are those used in tabular displays for the maximal assumptlbn (.see Explanation of Tables
section in Chapter 4). The 0-5 ppt lcvcl was, of coursc, excluded under thc maximal

assumptlon gt ';f_:»_'_;;'f

Table 3-4 presents a breakdown within each of the thre¢ occupational strata.

Tables 3-5 and 3-6 show the relationship between initial dioxiri ‘body ‘burden levels and
the categorized exposure index. Ranch Hands with current dioxin less than or equal to 5 ppt

were assigned a “missing” initial dioxin level. The cutpoints for the low, medium, and high -
initial dioxin levels are those used in tabular displays for the maximal assumption (see
Explanation of Tables section in Chapter 4). -

The logarithm of the current dioxin concentration is approx1mately lagnormally
distributed. Figure 3-8 shows the distribution of the logarithm of one plus the current dioxin
concentration among the 804 Comparisons.fully compliant to the 1987 examination and having

TABLE 3-4

Categorized Exposure Index versus Current Dlorgln Levels in
- Ranch Hands by Occupation e

Current - _ Exmlndpx
Dioxin
Occupation Level Zero : L‘ow Medlum High Total
-~ Officer 0-5 ppt 7 25 19 2 73
Low 6 38 41+ 33 118
Medium 6 26 4l 50 126
High 0 1 0~ - 1 2
Total - 19 90 104 106 319
Enlisted 0-5 ppt 0 9 . 3 4 16
Flyer Low 0 11 - 4 6 21
) Medium 0 21 35 20 76
High . 0 2 15~ 18 35
Total 0. b IS . 1 2 - 48 148
Enlisted 0-5 ppt 0 18 - Lt 67 11 35 -
Groundcrew Low 0. 27 w7 12 46
. Medium 0 - 62 = 55 - 51 168
High 0 20 71 59 150
N 9 ;Qrﬁg gt.éi_.'{%-‘ Fa
Total 0 127 139-= 133 399
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TABLE 3-5.

Categorized Exposure Index versus Initial Dioxin
Level in Ranch Hands

Initial =~

Exposure Index __
Dioxin o R o
Level Zero __ Low Medium -~ High Total
Missing 7 52 28 0% 124
Low 5 87 - 53 40 185
Medium 7 99 - 138 127 371
High 0 2 8L 83 186
Total 19 260 . - 300 287 866
TABLE 3.6. | |
; Categorized Exposure Index versus Initial Dioxin Level in
; Ranch Hands by Occupation
: Initial | ___Exposure Index_
- Dioxin R |
. Occupation Level Zero Low  ~ Medium _High Total
T — T =
- Officer Missing 7 250 19 22 73
- Low 5 44 39 30 118
a, Medium 7 20 1 46 53. 126
; High 0 10 .0 1 2
: Total 19 9% . . 104 106 319
Enlisted Missing 0 9 -3 4 16
I Flyer Low 0 1nmi - 6 3 20
| Medium 0 21 34 21 76
‘_ High 0 2 - 14 20 36
| Total 0 43 51T 48 148
' Enlisted Missing 0 18 6 1 35 .
' Groundcrew Low 0 32 8- 7 47
- Medium 0 58 58 53 169
- High 0 19 ' 67 62 148
~ Total 0. 127 . 139, 133 399
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“'a dioxin assay result. A normal distribution was fit to these data and a multiple of the

~probability density function is plotted on the same graph. The fit is improved when the

~histogram is restricted to those Comparisons (n=762) having positive concentrations, as

. shown in Figure 3-9. The histogram of the logarithin of one plus current dioxin body burden in
-Ranch Hands is shown in Figure 3-10 with a multiple of the probability density function of the
fitted normal distribution shown on the same plot.

! SUMMARY

The indirectly calculated exposure index derived solely from personnel records and
 historical information has wide precedent in epidemiology. These data suggest that the work
“ history-based exposure index methodology should: be reconsidered in studies with exposures
-of short duration and low relative risks. The correlation between the AFHS exposure index
~and the dioxin body burden (current or initial levels) is weak although statistically significant,
- Cross tabulations of dioxin body burden levels versus the categorized exposure index, shown
in Tables 3-2 through 3-6, indicate considerable misclassification if the dioxin measure
“(initial or current dioxin) is taken as the standard, -

The dioxin measure is the preferred index; of .exposure because (a) it is a direct, rather
' than indirect measure of exposure, (b) the Ranch Hand levels appear logically placed relative
-to other cohorts, and (c) the within-occupation'stratuim Jevels appear to agree with exposure
patterns described in Ranch Hand crew chief interviews ‘conducted before the assay became

- available to participants in the AFHS. R

Estimates of initial dioxin exposure will be improved with increased knowledge

- regarding its elimination in humans. New data in the Ranch Hand cohort and in people
- exposed to dioxin in Seveso, Italy, will be collected. The Seveso data will be used to
evaluate the first-order elimination assumption. - Variation in half-life with disease and
.changes in weight and body fat will be assessed with Ranch Hand data if the first-order
elimination assumption (see Chapter 4) is supported by the Seveso data.
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assessment of the first-order assumption with’serigl dioxin results taken over many years on
a number of exposed individuals has not been, as yet eamed out.

The term “body burden” refers to the serum 11p1d4We _g‘ht concentratlon of TCDD,
expressed in parts per trillion (4, 5). The lipid-weigh dli s ‘ ment, also called -
current dioxin body burden in this report, is a derived qli & '
ppt = ppq-102 6/W, where ppt is the lipid-weight. Cong: 0D :
dioxin in the sample in femtograms, 102.6 corrects fo;r gg 26 %rty gf serum, and W is
the total lipid weight of the sample (4). S :

weight concentrations in adipose tissue is a subject of cdn. be1hy
between the serum lipid-weight concentration and adipose-tiss)
of dioxin has been observed by Patterson et al. to be 0.98:in
Using the same data, Patterson et al. calculated the pm‘mﬁm‘lﬁ ..

1welght concentration
is ftom Missouri (6).

basis of these data, a one-to-one partitioning ratio of' dlo- e %ﬂi’ﬁids in adlpose tissue
and the lipids in serum cannot be excluded. Measurementﬁsgbffgﬂfdﬁiﬁﬁlﬁ"faﬂipé»se tissue
generally have been accepted as representing the body burden .concentration of dioxin. The
high correlation between serum dioxin levels and adlpose tlSSl]e dioxin levels in the

alj 'FW?’M@,@QM of dioxin body :

~ elimination assumption, no serlally repeated fdloxam' 3
~ years are available yet with which to evaluate: duzed
order elimination model in humans. :

2) At this time, it has not been determined whethér Rar H“’H S with dioxm burdens
at or below 10 ppt were exposed and their:body't Bﬁ? enkHad decayed to background
levels since their duty in Vietnam or whether they were not exposed at all dunng

' thelr tour in Vletnam R _.,jw pnde P SE

Health versus Dloxm in Ranch Hands -

Because first-order ¢limination is suggs‘:stedswbut nably lidﬁtﬁd;du'ectly in: humans, the
dioxin versus health relationship was assessed within Ranck Hands using two models. - The .
first model directly depends upon the first-order ehmmatton assumptlon the second does not.
In combination, these two models circumvent the first fun tal. limitation by assessing
the dioxin versus health relationship. with and w1theu g € .rmnanon. Table 4-1
shows these two models, their assumpttoﬁs, advan ! g
tinuously d1st11buted health vanablc y.







TABLE 4,

Models 1and 2 for Assessmg Heguh.‘wv us Q_ioxin in Ranch Hands Only:
Assumptlons, Adv DA advantages '

Model 1: y =By + B1loga(I) +¢

where
y = health va.nable
I = extrapolated initial dose,. assurmng ﬁrstmlt el
T = time between, the end of the Vletnam Raneh:
examination
- C = current dioxin body burden, detenmned in 19;831‘ Y
'H = dioxin half-life in Ranch Hands assuming: ﬁmu@m
€ = zero mean normal error

Assumption's} Ranch Hands I'CCCIVC‘

. The error va.nance ddés *ﬂ&%f&m@@f{wﬁﬁ* he. *lth

status (y) or mmal
ft '1 ?} ﬂﬂ"_t i ’

Adtiant_ag-és:' 'Eastly mterprcta}ble-. R

Most efficient if flrst-orﬂéi‘ :
valid assumpuons and_ yﬂ

Disadvantages:

Docs not address timé-"r@i'aw’aq:mgtsi*
, el T ﬁfr ‘




TABLE 4-1. (Continued)

Models 1 and 2 for Assessing Health versus Dioxin in-Ranch Hands Only:

Assumptions, Advantages, and Disadvantages

Model 2: y = By + B1loga(C) + B,T + B3Tloga(C) + e

‘time between the end of the Vletnam Ranch Hand tour of duty and the. 1987 phys1ca1

current dioxin body burden, determined in 1987

where
'y = health variable
T =
examination
C =
€ = zero mean normal error

Assumptions:

* Advantages:

Disadvantages:

iRanch- Hands received a smgle ‘dioxin- dose in Vletnam and

- background expesure thereafter

«.Ranch Hand dioi{in body burdens changed with time (T) in the same
way for-all mdmdualsn

The dioxin versus health relauonshlp may change with time (T).

The error variance does not change with values of the health
variable (y), the current dioxin body burden (C), time (T), or the

_product of time and the loga.nthm of the current dioxin body burden

(T logz[C])

Does not depend on any partlcular e11m1nat10n law or half—hfe
assumptions. ‘

Assesses tlme-related effects

'Less easﬂy 1nte‘rpreted tha.n model l

oo Less effic1ent than- model 1 if first- order ehminatlon and constant

half-life are valid assumpnons and y is lineatly related to logz(I)

Biased if any -of..the,assumptlons are violated.
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In summary, to address the second fundamentahlﬁ‘miﬁhtiom two assumptions about
Ranch Hands with current dioxin body burdens less tl; 10 A0 _;p';ade These minimal
and maximal assumptlons are : ! :

s Minimal assumption. Ranch Hands with less tflan«q(’»e' _ual to 10 ppt were not
exposed to dioxin in Vietnam. N =

* Maximal asswnpnon Ranch Hands with: less Hmh‘ gﬂ' faqﬁ}}lcmﬁeppt were not.
exposed to dioxin in Vietnam.

The terms minimal and maximal were g:ven becausg
under the minimal than under the maximal assumptlgp NG,
the approximate median and 98th percentile of the éom gkl
Based on this Comparison dioxin distribution, current glp sl
background levels. :

.Hands were exposed
d 10 correspond to
.dlgxm distribution.

_ Ws than 10 ppt are called
?‘ﬂ?ﬁ‘ }W e

To assess the dioxin versus health relationship. w}um s
fundamental limitation, all analyses based on models s
minimal and again under the maximal assumptions. qu )&
Hands with less than or equal to 10 ppt were excluded; fiomjs
assumption, Ranch Hands with less than or equal to §; pp‘ R

*s'.:‘fff

4 ried out under the

{HiRia] assumption, Ranch

atililyses. Under the maximal
WIHQ}ed from the analyses.

Table 4-2 shows counts of exposed Ranch Hanﬂ ‘uﬂa
assumptions with initial and current dioxin trichotomized:fo
Hands under the maxlmal assumpnon are termed the “Pha

y duj1e : een the end of tour and
PORTES sponding approximately to
*The cutpoints for stratifying

the year 1969) the approximate median of the maXimal SOIIFS
shtiles.and were specific to a
T TP o :

dioxin levels (I and C) were the approxlmate 25th and 75
particular cohort. ok

Health versus Dioxin in Ranch Hands and Comparégqpse&*ag‘gg e

Finally, an assessment of the health consequences of current dioxin body burdens above
background was carried out with a third model.(mede,3 guired no assumptions about
when or how increased dioxin body burdens were attattii "Wis applied to both Ranch
Hand and Comparison data. 'This model assessed, health;vsnsugsategorized current dioxin
body burden (D) with four levels, found in Table 4-3. s ,m gﬁ;{mm

The cutpoint between the low and hlgh categeﬁiesy EM% bp‘te‘uifs? the approximate median
dioxin level of Ranch Hands having more than 15 ppt, . Ramh_ﬁgnds having between 10 ppt
and 15 ppt were excluded from these categorized dloxm analyses in an attempt to avoid
misclassification of Ranch Hands to the unknown and low categories due to various sources
of variation in the dioxin measurement.

Table 4-4 shows counts of participants within each level of categorized current dioxin.
The relationship between current health and categorized dioxin body burden was based on -
the model shown in Table 4-5.
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