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July 28, 2000

USAF AFRL/HEDB

2606 Doolittle Road, Building 807

Brooks AFB TX 78235-5250

David Butler, PhD

Institute of Medicine

The National Academies

2101 Constitution Avenue NW 

Washington DC 20418

Dear Dr Butler

During my presentation on June 9, 2000 to the Committee to Review the Evidence Regarding a Link Between Exposure to Agent Orange and Diabetes, I noted questions and comments from the committee.  The attachment gives further information regarding the following items from my notes:

1) Show the matched analysis cited in our published paper relating diabetes and dioxin exposure category.

2) Further adjust the diabetes versus dioxin exposure category analysis for waist circumference.

3) Assess the relation between diabetes and the dioxin elimination rates using other autocorrelation models.

4) Assess the significance of interactions with age, race, percent body fat, personality type and family history of diabetes.

5) Address the lipid-binding hypothesis with further adjustment for military occupation.

6) Assess the relation between insulin abnormalities and dioxin exposure category using the 5th and 95th percentiles of the Comparison distribution.

7) Conduct a matched case-control analysis of diabetes and dioxin in Ranch Hand veterans.

8) Conduct a matched cohort analysis of diabetes and dioxin in Ranch Hand veterans participating in the pharmacokinetic studies.

9) Assess the significance of the relation between the AUC (area under the curve) and diabetes.

Our response to committee remarks was limited by the six-week period from the middle of June to the end of July.  Items not addressed include:

1) Studies of effect modification by changes in socioeconomic status over time.

2) Display of other "check mark" patterns observed in the Air Force Health Study.

3) Application of multivariate repeated measures analyses to study the relation between diabetes and dioxin.

4) A prediction of the check mark pattern in terms of the Mahalanobis distance separating the Ranch Hand and Comparison log-dioxin distributions.

Mrs Norma Ketchum provided the matched analysis results in paragraph 1, the waist circumference-adjusted odds ratios in paragraph 2, the interaction assessment in paragraph 4, additional assessment of the lipid binding hypothesis in paragraph 5, and assessment of insulin abnormalities in paragraph 6.  Mr Billy Jackson conducted the matched analyses in paragraphs 7 and 8.  Dr Ram Tripathi helped me with algebra in the elimination rate studies in paragraph 3 and the AUC analysis in paragraph 9.

We hope that you find this material helpful.







Sincerely





Joel E. Michalek, PhD





Principal Investigator





Air Force Health Study

1.  Matched analysis of diabetes and dioxin exposure category

With reference to our 1997 paper on dioxin and diabetes in Ranch Hand veterans1, a matched analysis of diabetes and dioxin category on a one-to-many basis, on race, military occupation, age to within 1 year, and percent body fat (PBF) to within 3% was mentioned.  The results were not shown but simply described as "similar" to the unmatched results already given in Table 4 of the paper.  Those matched results are shown here in Table 1-1.

Table 1-1.  Risk of diabetes mellitus according to dioxin exposure category with relative risks and confidence intervals derived from one-to-many matching based on race, military occupation, age, and percent body fat.



Ranch Hand

Condition
Comparison

N=1,276
Background

N=422
Low

N=284
High

N=283

Number (%)
169 (13.2)
40 (9.5)
49 (17.2)
57 (20.1)

Relative Risk
1.0
0.7
1.2
1.7

95% CI

0.4, 1.2
0.8, 1.8
1.1, 2.7

The risk of diabetes mellitus was significantly increased in the High dioxin exposure category (RR=1.7, 95% CI 1.1 to 2.7).

2. Analysis of diabetes and dioxin exposure category further adjusted for waist circumference.

With reference to our report of results from the 1997/1998 physical examination2, we reanalyzed diabetes versus dioxin exposure category with adjustment for age, race, military occupation, PBF, personality type, family history of diabetes, and waist circumference (cm) using logistic regression.  The results are summarized in Table 2-1.

Table 2-1.  Risk of diabetes mellitus according to dioxin exposure category with relative risks and confidence intervals derived from logistic regression adjusted for age, race, military occupation, PBF, personality type, family history of diabetes, and waist circumference (cm). 



Ranch Hand

Condition
Comparison

N=1182
Background

N=375
Low

N=232
High

N=237

Number (%)
195 (16.5)
37 (9.9)
49 (21.1)
56 (23.6)

Odds Ratio
1.0
0.7
1.2
1.5

95% CI

0.5, 1.0
0.8, 1.8
1.0, 2.2

The risk of diabetes mellitus was significantly increased in the High dioxin exposure category (OR=1.5, 95% CI 1.0 to 2.2).  These results are identical to those obtained without adjustment for waist circumference (see Table 16-4 f of our report).

3. Diabetes versus dioxin elimination

It has been hypothesized that the association between diabetes and dioxin reflects an association between diabetes and the dioxin elimination rate.  The idea is that individuals with small elimination rates retain dioxin longer (have a long dioxin half-life) and are at an increased risk of diabetes; those with a large elimination rate (and have a short dioxin half-life) are at a decreased risk of diabetes.  PBF is a confounder because the elimination rate has been shown to be related to PBF, with heavier veterans having a decreased elimination rate and leaner veterans having an increased elimination rate.  The goal of these analyses is therefore to assess the significance of the association between the dioxin elimination rate and diabetes in Ranch Hand veterans.

Data for these analyses are derived from a pharmacokinetic study of dioxin elimination in Ranch Hand veterans3.  Three hundred forty three Ranch Hands in the pharmacokinetic study have up to 4 repeated dioxin measurements from blood collected in 1982, 1987, 1992 and 1997.  Of these, 244 had four repeated measures from blood collected in all four years, 34 had 3 repeated measures from blood collected in 1982, 1987 and 1992, 39 had 3 repeated measures from blood collected in 1982, 1987 and 1997, and 26 had two repeated measures from blood collected in 1982 and 1987.  Reasons for missing data have been published3 and include loss to follow-up, medical deferral, a broken blood bag, and death.

Dioxin levels versus year of collection are plotted in original units in Figure 3-1.  A horizontal reference line is drawn at 10 parts per trillion (ppt), which is the 98th percentile of the distribution, in the Comparison group and is considered to be a threshold for background exposure.

Figure 3-1  Dioxin levels versus collection year
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Dioxin levels in log units by year of collection are plotted in Figure 3-2.  Horizontal reference lines are drawn at 10 ppt and 5 ppt in log units, the 98th and 50th percentiles of the Comparison distribution.
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Figure 3-2  Log Dioxin versus collection year

in 343 Ranch Hand veterans
Dioxin levels in original units versus years from the end of tour of duty in Vietnam to the date of the serum collection for the dioxin measurement are plotted in Figure 3-3.  A horizontal reference line is drawn at 10 ppt.

Figure 3-3  Dioxin levels versus years from end of tour of duty in Vietnam
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Dioxin levels in log units versus years from the end of tour of duty in Vietnam are plotted in Figure 3-4.  Horizontal reference lines are drawn at 10 ppt and 5 ppt (in log units).

Figure 3-4  Dioxin levels in log units versus years from end of 

tour of duty in Vietnam in 343 Ranch Hand veterans
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The elimination rate for a subject was estimated with a linear model motivated by a first-order kinetics assumption,  
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                                                          (1)

where, for subject i, Ci(t) is the dioxin concentration t years after exposure, C0i is the initial concentration, and  is a constant but unknown elimination rate.  Under this first order model, the half-life is given by ln(2)/, where ln(2) is the natural logarithm of 2.  

Time was measured from the end of service in Vietnam to the date serum was collected for the dioxin assay.  The minimum time to the first measurement in 1982 was 9.3 years and the maximum time to the last measurement in 1997 was 34.1 years.  Motivated by a logarithmic transformation of (1), the logarithm of background corrected dioxin concentration was modeled as a linear function of time. 

For subject i, i=1,2, ..., n, let j=1,2,3,4 index the years 1982, 1987, 1992 and 1997, let tij denote the time in years between the end of service in Vietnam and the measurement in year j, Ci(tij) be the dioxin concentration in year j and yij =ln[Ci(tij)+1].  The assumed model for yij was
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where  is the intercept, i is the effect of subject i, and ij is normally distributed with mean 0 and variance 2.  In (2), the elimination rate  is 
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The method of weighted least-squares (WLS) was used to estimate parameters.  The WLS estimates of the parameters in (2) depended on the within-subject autocorrelation  structure of the joint distribution of yi1, yi2, yi3 and yi4, which were assumed multivariate normally distributed with covariance matrix  having elements jk.  Two covariance models were considered: Autoregressive of order 1 [AR(1)] and Toeplitz.  Under the AR(1) model, jk= 2j-k and under the Toeplitz model, jk=2j-k|, where and are correlations.  For each of these assumptions, the WLS estimate of the elimination rate could be written as an average of subject-specific elimination rate estimates and the estimated rate for subject i could be written as a weighted sum of slopes in log units.   

For example, in the special case that there are 4 repeated measurements per subject, let ijk=tik-tij and 
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ijk=(yij-yik)/ijk, for (j,k)=(1,2), (1,3), (1,4), (2,3), (2,4) and (3,4).  Then under the AR(1) or Toeplitz autocorrelation models, the WLS estimate of elimination rate for subject i can be written in the form
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where, for (j,k)=(1,2), (1,3), (1,4), (2,3), (2,4) and (3,4),
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Under the AR(1) model,
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and under the Toeplitz model, 
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Corresponding expressions for the case that there are 2 measurements and the case that there are 3 measurements per subject are similar.

We had previously assumed a compound symmetric (CS) autocorrelation model, which we have now replaced with the AR(1) and Toeplitz models.  The CS model was numerically convenient in that the coefficients (12, (13, (14, (23, (24, (34 in (4) and (5) are then all equal to 1, but the CS model was not theoretically justified because the correlation between measurements that are closer together in time should be greater than the correlation between measurements that are further apart in time.  The AR(1) and Toeplitz models lead to complicated estimates of the individual elimination rates, but are more reasonable approximations to the actual autocorrelation structure than the CS model because they model decreasing pairwise correlations as the time between measurements increases4.  The AR(1) and Toeplitz models both have the advantage that the corresponding estimates of the individual elimination rates account for all pairwise slopes in the log scale, represented in Figure 3-4, through a weighted sum of slopes (3).

SAS PROC MIXED was applied to estimate autocorrelations and individual elimination rates were estimated using (3) under the AR(1) and Toeplitz models among the 343 Ranch Hand veterans with repeated dioxin measurements.  Univariate summaries are given in Table 3-1.

Table 3-1.  Univariate summaries of dioxin elimination rates for each autocorrelation  model in 343 Ranch Hand veterans with repeated dioxin measurements

Elimination Rate
Autocorrelation Model

Summary Statistic
AR(1)
Toeplitz

Mean
0.080492
0.080941

Standard Deviation
0.046734
0.046395

Median
0.077099
0.078342

Minimum
-0.08197
-0.08052

Maximum
0.320957
0.320209

The correlation between the AR(1) and Toeplitz elimination rates was 0.998.  The distribution of the elimination rate under the AR(1) model is given in Figure 3-5.

Figure 3-5  Dioxin Elimination Rate in 343 Ranch Hand Veterans 

with Repeated Dioxin Measurements Assuming Autoregressive 
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The relation between the occurrence of diabetes mellitus and the dioxin elimination rate (() was assessed with proportional hazards models, logistic regression, and analyses of covariance.  All three models were adjusted for PBF during the tour of duty in Vietnam, the age of the subject at the first dioxin measurement in 1982, the relative change in PBF from Vietnam to 1982 (RELCH), and dioxin body burden in 1982.  In the first of these analyses, the dependent variable was the time to onset of diabetes in years from the end of the first tour of duty in Vietnam (time to onset for nondiabetics was defined as the number of years from the end of the first tour of duty in Vietnam to the date of the last physical examination attended), in the second analysis, the dependent variable was binary, indicating the presence or absence of diabetes, and in the third analysis, the dependent variable was the elimination rate and the independent variables were a binary diabetes indicator and covariates.  In each series, an unadjusted model was fit, followed by a sequence of adjusted main effects models corresponding to covariates being added one by one.  Only the last (fully adjusted) main effects models are shown here.  Finally, all main effects and second order interactions with ( were added in the proportional hazards and logistic models.  In the analyses of covariance, second order interactions with diabetes were entered.  A likelihood ratio (LR) test for the global null hypothesis that all coefficients are zero is given with its degrees of freedom (df) for each proportional hazard and logistic model.  The square of the multiple correlation coefficient (R2) is given for each analysis of covariance model.  The elimination rate (() was multiplied by 100 in all models.  The entire series of analyses was repeated for each of the two autocorrelation models [AR(1), Toeplitz].  Of the 343 Ranch Hand veterans, 96 were diabetic.  One veteran was diagnosed as diabetic prior to service in Vietnam and was excluded.  Hence for these analyses, the total sample size was 342 and the total number of diabetics was 95.    

The results of analyses of time-to-onset of diabetes and the dioxin elimination rate are summarized in Table 3-2. 

The hypothesis of interest predicts a negative coefficient of the diabetes indicator in the proportional hazards and logistic models, which would indicate a decreased time to onset or increased prevalence with a decreased elimination rate (or increased dioxin half-life).  In the analyses of covariance, a negative coefficient of the diabetes indicator is predicted, with diabetics having a decreased elimination rate relative to nondiabetics.

Table 3-2.  Proportional hazards models of the time to onset of diabetes and the dioxin elimination rate (()


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












(
-0.054392
0.02575
0.03
4.6 (1)

-0.053460
0.02581
0.04
4.4 (1)












Adjusted Main Effects Model












(
-0.010267
0.02731
0.71
60.4 (5)

-0.007665
0.02748
0.78
60.3 (5)

Dioxin*
0.269799
0.13654
0.05


0.267810
0.13681
0.05


Age
0.066814
0.01582
<0.001


0.066777
0.01582
<0.001


PBF
0.178482
0.02892
<0.001


0.179214
0.02897
<0.001


RELCH
1.784691
0.54124
0.001


1.793592
0.54157
<0.001













Interaction Model












(
0.430352
0.30508
0.16
64.3 (9)

0.452446
0.30714
0.14
64.3 (9)

Dioxin*
0.235133
0.34796
0.50


0.263008
0.34886
0.45


Age
0.116891
0.03253
<0.001


0.118398
0.03286
<0.001


PBF
0.193420
0.05649
<0.001


0.190549
0.05680
<0.001


RELCH
2.831958
1.03050
0.006


2.856587
1.04374
0.006


((Dioxin*
0.470517
4.06949
0.91


0.113942
4.04123
0.98


((Age
-0.645602
0.36740
0.08


-0.656793
0.36828
0.08


((PBF
-0.091148
0.60983
0.88


-0.051303
0.60875
0.93


((RELCH
-11.61561
13.88946
0.40


-12.40935
13.91722
0.37


* Log transformed lipid adjusted dioxin.

Table 3-3.  Logistic models of diabetes prevalence and the dioxin elimination rate (() 


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












Intercept
-0.6295
0.2416

2.4 (1)

-0.6329
0.2437

2.3 (1)

(
-0.0415
0.0273
0.13


-0.0408
0.0274
0.14













Adjusted Main Effects Model












Intercept
-13.8725
2.1729

65.5 (5)

-13.9285
2.1777

65.6 (5)

(
0.0195
0.0310
0.53


0.0225
0.0313
0.47


Dioxin*
0.2634
0.1912
0.17


0.2594
0.1915
0.18


Age
0.0840
0.0197
<0.001


0.0843
0.0198
<0.001


PBF
0.2489
0.0439
<0.001


0.2500
0.0439
<0.001


RELCH
2.8449
0.7135
<0.001


2.8579
0.7141
<0.001













Interaction Model












Intercept
-16.7915
3.8288

68.8 (9)

-16.9246
3.8824

69.0 (9)

(
0.3924
0.3468
0.26


0.4088
0.3521
0.25


Dioxin*
0.1945
0.4343
0.65


0.2053
0.4379
0.64


Age
0.1386
0.0388
<0.001


0.1403
0.0391
<0.001


PBF
0.2287
0.0779
0.003


0.2263
0.0780
0.004


RELCH
3.7074
1.3205
0.005


3.7385
1.3404
0.005


((Dioxin*
1.0598
4.8525
0.83


0.8574
4.8514
0.86


((Age
-0.6708
0.3944
0.09


-0.6814
0.3959
0.08


((PBF
0.3725
0.7641
0.63


0.4084
0.7643
0.59


((RELCH
-15.7550
17.4966
0.37


-16.4938
17.4191
0.34


*Log transformed lipid adjusted dioxin.

Table 3-4.  Analysis of covariance models of the dioxin elimination rate (() and diabetes prevalence


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
R2

Coefficient
Std Error
p-value
R2












Unadjusted Model












Intercept
8.2970
0.2971

0.007

8.3355
0.2949

0.007

Diabetes
-0.8615
0.5636
0.13


-0.8372
0.5596
0.14













Adjusted Main Effects Model












Intercept
0.1956
0.0321

0.126

0.1958
0.0318

0.131

Diabetes
0.0046
0.0058
0.43


0.0050
0.0058
0.39


Dioxin*
0.0093
0.0034
0.007


0.0097
0.0034
0.005


Age
-0.0006
0.0004
0.09


-0.0007
0.0004
0.06


PBF
-0.0040
0.0007
<0.001


-0.0040
0.0007
<0.001


RELCH
-0.0454
0.0119
<0.001


-0.0448
0.0118
<0.001













Interaction Model












Intercept
0.1865
0.0380

0.130

0.1859
0.0377

0.135

Diabetes
0.0491
0.0759
0.52


0.0523
0.0752
0.49


Dioxin*
0.0100
0.0043
0.02


0.0105
0.0042
0.01


Age
-0.0003
0.0004
0.40


-0.0004
0.0004
0.32


PBF
-0.0043
0.0009
<0.001


-0.0043
0.0009
<0.001


RELCH
-0.0436
0.0145
0.003


-0.0427
0.0144
0.003


Diabetes(dioxin
-0.0031
0.0073
0.67


-0.0033
0.0072
0.65


Diabetes(Age
-0.0009
0.0008
0.27


-0.0009
0.0008
0.26


Diabetes(PBF
0.0009
0.0015
0.57


0.0008
0.0015
0.58


Diabetes(RELCH
-0.0088
0.0256
0.73


-0.0098
0.0254
0.70


*Log transformed lipid adjusted dioxin. 

Without adjustment for covariates, the time to onset of diabetes was significantly increased with increased values of ( for both the AR(1) (p=0.03) and Toeplitz (p=0.04) models (Table 3-2).  After adjustment for covariates, time to onset of diabetes and ( were not significantly related for either model [AR(1) p=0.71, Toeplitz p=0.78].  No significant relation between diabetes prevalence and the elimination rate was found without or with adjustment for covariates (Table 3-3).  No significant difference in the mean elimination rate between diabetics and non-diabetic Ranch Hand veterans was found for either autocorrelation assumption without or with adjustment for covariates (Table 3-4).

Interactions were found with age, however.  In the analysis of diabetes time to onset (Table 3-2), the ((Age interaction was borderline significant for both the AR(1) (p=0.08) and Toeplitz assumptions (p=0.08).  A similar pattern was found with regard to logistic regression analyses of diabetes prevalence (Table 3-3).  No significant interactions with diabetes were found in analyses of covariance models of the elimination rate (Table 3-4).  To describe these interactions, age was stratified at the median to "young" (less than 40.5 years of age in 1982) and "old" (at least 40.5 years of age in 1982).   With this dichotomization, 172 Ranch Hands were classified as young (and 33 or 19.1% of these were diabetic) and 170 were classified as old (and 62 or 36.5% of these were diabetic).  For each of the two autocorrelation assumptions, separate models, adjusted for dioxin, PBF and RELCH, were fit within each stratum to assess the relation between the elimination rate and time to diabetes onset.  For the AR(1) model, the coefficient of the dioxin elimination rate (() was 0.049055 (Std Error 0.05945) among young veterans and

-0.021789 (Std Error 0.03301) among old veterans, and neither of these coefficients was significantly different from zero (p=0.41 and p=0.51, respectively).  For the Toeplitz model, the coefficient of  ( was 0.055594 (Std Error 0.05862) among young veterans and -0.020947 (Std Error 0.03334) among old veterans, and neither of these coefficients was significantly different from zero (p=0.34 and p=0.53, respectively).  With regard to diabetes prevalence, a similar pattern was found.  For the AR(1) model, the coefficient of ( was 0.0584 (Std Error 0.0580) among young veterans and 0.00306 (Std Error 0.0363) among old veterans, and neither of these coefficients was significantly different from zero (p=0.31 and p=0.93, respectively).  For the Toeplitz model, the coefficient of ( was 0.0634 (Std Error 0.0577) among young veterans and 0.00420 (Std Error 0.0369) among old veterans, and neither of these coefficients was significantly different from zero (p=0.27 and p=0.91, respectively). 

The extremes of the distribution of the elimination rate were investigated with regard to diabetes prevalence by stratifying at the 5th and 95th percentiles.  Veterans with dioxin elimination rates less than or equal to the 5th percentile were classified as having a low rate and those with elimination rates greater than or equal to the 95th percentile were classified as having a high rate.  The 5th and 95th percentiles of the elimination rate distribution were 0.014455 and 0.160245 under the AR(1) model and 0.016074 and 0.161929 under the Toeplitz model.  Counts and percentages of diabetic veterans in each stratum are given in Table 3-5.

Table 3-5.  The number and percentage of veterans with diabetes by dioxin elimination stratum.

a) AR(1) autocorrelation model

Stratum
N
Diabetic (%)
p-value

Low
18
7 (38.9)
0.28

Not Low
324
88 (27.2)







High
18
5 (27.8)
1.00

Not High
324
90 (27.8)


b) Toeplitz autocorrelation model

Stratum
N
Diabetic (%)
p-value

Low
18
7 (38.9)
0.28

Not Low
324
88 (27.2)







High
18
5 (27.8)
1.00

Not High
324
90 (27.7)


There was no significant association between diabetes prevalence and extremely high or low dioxin elimination rates for either autocorrelation model without adjustment for covariates (Table 3-5).

Logistic regression models were used to further assess the relation between diabetes prevalence and extremely low dioxin elimination rates, adjusted for age and PBF.  The adjusted odds ratios were not significantly different from 1.0 (OR=1.4, 95% CI 0.5 to 3.9, p=0.54, for both AR(1) and Toeplitz).  Corresponding models of diabetes prevalence and extremely high dioxin elimination rates, adjusted for age and PBF, were also fit.  The adjusted odds ratios were not significantly different from 1.0 (OR=1.4, 95% CI 0.5 to 4.6, p=0.53, for both AR(1) and Toeplitz).

4. Interactions with age, race, percent body fat, personality type, and family history of diabetes

With reference to our 1997 paper1, we considered the possibility that covariate interactions with dioxin levels may exist in logistic models of diabetes prevalence.  The intention of these analyses was to search for interactions that may help explain the check mark pattern.  We analyzed six ways, corresponding to an unadjusted model, a main effects model, and a model including main effects and second order interactions with dioxin (entered into the model simultaneously), in Ranch Hands and Comparisons combined and with restriction to Ranch Hands only.  A separate series of models with interactions entered one at a time were also fit.  The results are summarized in Table 4-1.

Table 4-1.  Main effects and interaction logistic models of diabetes prevalence and dioxin*


Ranch Hands and Comparisons

Ranch Hands only

Source
Coefficient
Std Error
P-value

Coefficient
Std Error
P-value










Unadjusted Model










Intercept
-2.1600
0.1331


-2.8504
0.2792


Dioxin
0.1898
0.0383
<0.001

0.3024
0.0608
<0.001










Main Effects Model










Intercept
-8.1626
0.6437


-9.6054
1.1010


Dioxin
0.1456
0.0436
<0.001

0.3552
0.0837
<0.001

Officer
-0.4227
0.1578
0.007

0.0110
0.2888
0.97

Enlisted Flyer
-0.1252
0.1814
0.49

-0.1731
0.2954
0.56

Black
0.5570
0.2373
0.02

0.9781
0.3724
0.009

Age
0.0774
0.0093
<0.001

0.0841
0.0151
<0.001

PBF
0.0923
0.0103
<0.001

0.0874
0.0158
<0.001

Type A
-0.3291
0.1365
0.02

-0.3979
0.2171
0.07

No family history
-0.6254
0.1340
<0.001

-0.6727
0.2111
0.001










Table 4-1.  Continued


Ranch Hands and Comparisons

Ranch Hands only

Source
Coefficient
Std Error
P-value

Coefficient
Std Error
P-value










Interaction Model with all Interactions Entered Simultaneously










Intercept
-7.5835
1.4099


-7.7354
3.1759


Dioxin
-0.0438
0.4059
0.91

-0.0954
0.6901
0.89

Officer
-0.4285
0.1577
0.007

0.0364
0.2910
0.90

Enlisted Flyer
-0.1464
0.1830
0.42

-0.1999
0.2998
0.50

Black
0.4028
0.5534
0.47

1.5471
1.2065
0.20

Age
0.0674
0.0206
0.001

0.0572
0.0467
0.22

PBF
0.0843
0.0231
<0.001

0.0688
0.0478
0.15

Type A
-0.0657
0.3171
0.84

-0.4991
0.6718
0.46

Family history
-0.4215
0.3159
0.18

-0.4619
0.6562
0.48

Dioxin(Age
0.0033
0.0059
0.58

0.0065
0.0101
0.52

Dioxin(Race
0.0510
0.1656
0.76

-0.1441
0.2786
0.60

Dioxin(PBF
0.0026
0.0067
0.70

0.0046
0.0105
0.66

Dioxin(Personality 
-0.0843
0.0940
0.37

0.0258
0.1495
0.86

Dioxin(Family History
-0.0642
0.0917
0.48

-0.0518
0.1444
0.72










Interaction Models with Interactions Entered One at a Time










Dioxin(Age
0.0030
0.0057
0.60

0.0054
0.0099
0.59

Dioxin(Race
0.0603
0.1641
0.71

-0.1527
0.2769
0.58

Dioxin(PBF
0.0018
0.0065
0.78

0.0040
0.0102
0.69

Dioxin(Personality 
-0.0894
0.0928
0.34

0.0214
0.1479
0.89

Dioxin(Family History
-0.0567
0.0899
0.53

-0.0419
0.1427
0.77

*Log transformed lipid adjusted dioxin

Unadjusted and main effects models (Table 4-1) revealed a significant relation between dioxin and diabetes in Ranch Hands and Comparisons combined (unadjusted p<0.001, adjusted p<0.001) and with restriction to Ranch Hand veterans (unadjusted p<0.001, adjusted p<0.001).  No significant interactions with dioxin were found with regard to age, race, PBF, personality type or family history with all interactions entered simultaneously or with the interaction terms entered one at a time into the model, either in Ranch Hands and Comparisons combined or with restriction to Ranch Hand veterans only.

5. Lipid binding analyses further adjusted for military occupation

It was requested that we repeat our analysis of diabetes versus whole weight dioxin adjusted for triglycerides5 by further adjusting for military occupation.  The hypothesis addressed was that dioxin binds differentially to lipids in the blood and, perhaps, more tightly to triglycerides.  High triglycerides are associated with diabetes and therefore, according to this hypothesis, dioxin is associated with diabetes due to differential binding to triglycerides.  Although not explicitly mentioned, the analyses presented in our letter to the editor regarding the lipid-binding hypothesis actually included all Ranch Hand and Comparison veterans.  We summarize analyses in Ranch Hands and Comparisons combined and, separately, analyses restricted to Ranch Hands.  The results in Ranch Hands and Comparisons combined are shown in Table 5-1.

Table 5-1.  Main effects and interaction models of diabetes and dioxin* with additional adjustment for military occupation in Ranch Hands and Comparisons combined

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-2.4364
0.4249


Dioxin
0.1471
0.0550
0.008

Triglycerides
0.00241
0.000415
<0.001

Birth year
-0.0835
0.0090
<0.001

PBF
0.1062
0.0119
<0.001

Enlisted flyer
0.3478
0.1887
0.07

Enlisted ground
0.4967
0.1586
0.002






Interaction Model






Intercept
-2.6849
0.4823


Dioxin
0.2106
0.0797
0.008

Triglycerides
0.00403
0.00151
0.008

Birth year
-0.0835
0.00901
<0.001

PBF
0.1051
0.0120
<0.001

Enlisted flyer
0.3457
0.1887
0.07

Enlisted ground
0.4952
0.1588
0.002

Dioxin(Triglycerides
-0.00036
0.000319
0.26

*Log transformed whole weight dioxin.

The risk of diabetes (Table 5-1) was significantly associated with whole weight dioxin after adjustment for triglycerides (coefficient=0.1471, p=0.008) and the relation between diabetes and whole weight dioxin did not vary significantly with triglycerides (p=0.26).  

Analyses conducted within each of the three military occupations are summarized in Table 5-2.

Table 5-2.  Main effects and interaction models of diabetes and dioxin* by military occupation in Ranch Hands and Comparisons combined.

a) Officers

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-3.8660
0.9528


Dioxin
0.5748
0.1721
<0.001

Triglycerides
0.00306
0.000779
<0.001

Birth year
-0.0915
0.0173
<0.001

PBF
0.1064
0.0216
<0.001






Interaction Model






Intercept
-1.7513
1.1724


Dioxin
0.0145
0.2516
0.95

Triglycerides
-0.0113
0.00570
0.05

Birth year
-0.0947
0.0174
<0.001

PBF
0.1149
0.0222
<0.001

Dioxin(Triglycerides
0.00349
0.00138
0.01

b) Enlisted Flyers

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-1.2127
1.0719


Dioxin*
0.0697
0.1194
0.56

Triglycerides
0.000908
0.000756
0.23

Birth year
-0.0824
0.0259
0.001

PBF
0.0927
0.0267
<0.001






Interaction Model






Intercept
-2.0877
1.2548


Dioxin*
0.2887
0.2040
0.16

Triglycerides
0.00610
0.00373
0.10

Birth year
-0.0818
0.0259
0.002

PBF
0.0879
0.0269
0.001

Dioxin(Triglycerides
-0.00113
0.00087
0.19

Table 5-2.  Continued

c) Enlisted Ground

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-2.0502
0.6240


Dioxin*
0.0801
0.0685
0.24

Triglycerides
0.00269
0.000684
<0.001

Birth year
-0.0768
0.0118
<0.001

PBF
0.1090
0.0171
<0.001






Interaction Model






Intercept
-2.1345
0.7084


Dioxin*
0.1005
0.1062
0.34

Triglycerides
0.00324
0.00229
0.16

Birth year
-0.0768
0.0118
<0.001

PBF
0.1087
0.0172
<0.001

Dioxin(Triglycerides
-0.00012
0.000469
0.80

*Log transformed whole weight dioxin.

Whole weight dioxin was significantly associated with diabetes (Table 5-2) among officers (coefficient=0.5748, p<0.001), but not among enlisted flyers (coefficient=0.0697, p=0.56) or among enlisted ground personnel (coefficient=0.0801, p=0.24).  The dioxin by triglycerides interaction was significant among officers (p=0.01), but not among enlisted flyers (p=0.19) or enlisted ground personnel (p=0.80).

The analyses in the letter (without adjustment for military occupation) are repeated with restriction to Ranch Hand veterans in Table 5-3.

Table 5-3.  Main effects and interaction models of diabetes and dioxin* without additional adjustment for military occupation in Ranch Hands

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-2.2565
0.6093


Dioxin
0.2945
0.0940
0.002

Triglycerides
0.00229
0.000592
<0.001

Birth year
-0.0889
0.0131
<0.001

PBF
0.0888
0.0172
<0.001






Interaction Model






Intercept
-2.4006
0.7635


Dioxin
0.3233
0.1314
0.01

Triglycerides
0.00313
0.00276
0.26

Birth year
-0.0887
0.0131
<0.001

PBF
0.0885
0.0172
<0.001

Dioxin(Triglycerides
-0.00016
0.000511
0.75

*Log transformed whole weight dioxin.

Whole weight dioxin was significantly related to diabetes in Ranch Hand veterans after adjustment for triglycerides (Table 5-3), birth year and PBF (coefficient=0.2945, p=0.002) and the relation between diabetes and whole weight dioxin did not vary significantly with triglycerides (p=0.75).

The analyses adjusted for military occupation (Tables 5-1 and 5-2) were repeated with restriction to Ranch Hands.  The results are shown in Tables 5-4 and 5-5.

Table 5-4.  Main effects and interaction models of diabetes and dioxin* with additional adjustment for military occupation in Ranch Hands

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-2.0311
0.6340


Dioxin
0.2503
0.1056
0.02

Triglycerides
0.00237
0.000599
<0.001

Birth year
-0.0935
0.0137
<0.001

PBF
0.0896
0.0172
<0.001

Enlisted flyer
-0.0379
0.2940
0.90

Enlisted ground
0.2740
0.2597
0.29






Interaction Model






Intercept
-2.1695
0.7814


Dioxin
0.2779
0.1392
0.05

Triglycerides
0.00319
0.00276
0.25

Birth year
-0.0934
0.0137
<0.001

PBF
0.0894
0.0172
<0.001

Enlisted flyer
-0.0355
0.2940
0.90

Enlisted ground
0.2747
0.2600
0.29

Dioxin(Triglycerides
-0.00016
0.000511
0.76

*Log transformed whole weight dioxin.

The risk of diabetes was significantly associated with whole weight dioxin (Table 5-4) after adjustment for triglycerides, birth year, PBF and military occupation (coefficient

=0.2503, p=0.02) and the relation between diabetes and whole weight dioxin did not vary significantly with triglycerides (p=0.76).  

Analyses conducted within each of the three military occupations are shown in Table 5-5.

Table 5-5.  Main effects and interaction models of diabetes and dioxin* by military occupation in Ranch Hands

d) Officers

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-3.8476
1.4340


Dioxin
0.6658
0.2851
0.02

Triglycerides
0.00362
0.00122
0.003

Birth year
-0.1000
0.0259
<0.001

PBF
0.0951
0.0329
0.004






Interaction Model






Intercept
2.3825
1.9734


Dioxin
-0.7576
0.4211
0.07

Triglycerides
-0.0318
0.00999
0.002

Birth year
-0.1260
0.0284
<0.001

PBF
0.1132
0.0351
0.001

Dioxin(Triglycerides
0.00830
0.00242
<0.001

e) Enlisted Flyers

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-2.1506
1.8371


Dioxin
0.3196
0.2504
0.20

Triglycerides
-0.00006
0.00129
0.96

Birth year
-0.0769
0.0400
0.05

PBF
0.0739
0.0350
0.03






Interaction Model






Intercept
-2.5307
2.0916


Dioxin
0.3887
0.3106
0.21

Triglycerides
0.00251
0.00626
0.69

Birth year
-0.0769
0.0401
0.06

PBF
0.0736
0.0351
0.04

Dioxin(Triglycerides
-0.00044
0.00108
0.68

Table 5-5.  Continued

f) Enlisted Ground

Source
Coefficient
Std Error
p-value






Main Effects Model






Intercept
-1.4506
0.9616


Dioxin
0.1312
0.1337
0.33

Triglycerides
0.00297
0.00106
0.005

Birth year
-0.0869
0.0182
<0.001

PBF
0.0873
0.0256
<0.001






Interaction Model






Intercept
-1.4254
1.3472


Dioxin
0.1264
0.2248
0.57

Triglycerides
0.00279
0.00679
0.68

Birth year
-0.0869
0.0182
<0.001

PBF
0.0874
0.0258
<0.001

Dioxin(Triglycerides
0.000031
0.00115
0.98

*Log transformed whole weight dioxin.

Whole weight dioxin was significantly associated with diabetes (Table 5-5) among officers (coefficient=0.6658, p=0.02), but not among enlisted flyers (coefficient=0.3196, p=0.20 or among enlisted ground personnel (coefficient=0.1312, p=0.33).  The dioxin by triglycerides interaction was significant among officers (p<0.001), but not among enlisted flyers (p=0.68) or enlisted ground personnel (p=0.98).

The dioxin by triglycerides interactions among officers in the combined cohort (Table 5-2) and in Ranch Hands (Table 5-5) were inconsistent with the lack of interactions among enlisted personnel.  Among Ranch Hands, officers have the lowest dioxin levels, enlisted flyers have intermediate levels, and enlisted ground personnel have the highest levels.  Since most officers have background levels and most enlisted ground personnel have high levels, the interaction with triglycerides among officers appears unrelated to the increase in diabetes risk with increased dioxin.  We conclude that the lipid-binding hypothesis is not supported by these results. 

6. Reanalysis of insulin abnormalities in nondiabetic veterans using the 97.5 and 95.0 percentiles of the Comparison distribution

Analyses of abnormal insulin levels in nondiabetic veterans presented in the latest Air Force Health Study report2, summarizing results of the 1997/1998 physical examination, used the Scripps normal range (18-56 (U/ml).  The analysis revealed no significant association between dioxin exposure category and either abnormally high or abnormally low insulin.
Here we present analyses based on percentiles of the Comparison group instead of the Scripps normal range.  With the lower and upper limits of normal defined as the 2.5 and 97.5 percentiles of the Comparison distribution, the normal range was 6-256 (U/ml.  With this definition, the number of nondiabetic veterans with abnormally high insulin is summarized in Table 6-1 by dioxin exposure category.  The number with abnormally low insulin is summarized in Table 6-2 by dioxin exposure category.

Table 6-1.  Abnormally high insulin and dioxin exposure category in nondiabetic veterans using the 97.5 percentile of the Comparison group*



Ranch Hand

Condition
Comparison

N=994
Background

N=338
Low

N=186
High

N=183

Number (%)
21 (2.1)
7 (2.1)
11 (6.0)
8 (4.4)

Odds Ratio
1.0
1.0
2.6
2.6

95% CI

0.4, 2.4
1.2, 5.7
1.0, 6.3

*Normal range: 6-256 (U/ml

Table 6-2.  Abnormally low insulin and dioxin exposure category in nondiabetic veterans using the 2.5 percentile of the Comparison group*.



Ranch Hand

Condition
Comparison

N=975
Background

N=335
Low

N=175
High

N=175

Number (%)
2 (0.21)
4 (1.2)
0 (0.0)
0 (0.0)

Odds Ratio†
1.0
5.1



95% CI

0.9, 28.8



*Normal range: 6-256 (U/ml

†Not adjusted for race or military occupation due to small cell counts.

With the normal range defined as the 2.5 to 97.5 percentiles of the Comparison insulin distribution (Table 6-1), the risk of an abnormally high insulin level was significantly increased in the High category (OR=2.6, 95% CI 1.0 to 6.3).  No cases of abnormally low insulin were observed in the High or Low exposure categories with this definition (Table 6-2).

With the lower and upper limits of normal defined as the 5.0 and 95.0 percentiles of the Comparison distribution, the normal range was 8-206 (U/ml.  With this definition, the number of nondiabetic veterans with abnormally high insulin is summarized in Table 6-3 by dioxin exposure category.  The number with abnormally low insulin is summarized in Table 6-4 by dioxin exposure category.

Table 6-3.  Abnormally high insulin and dioxin exposure category in nondiabetic veterans; using the 95.0 percentile of the Comparison group*.



Ranch Hand

Condition
Comparison

N=986
Background

N=332
Low

N=183
High

N=182

Number (%)
44 (4.5)
12 (3.6)
13 (7.1)
11 (6.0)

Odds Ratio
1.0
0.9
1.6
1.2

95% CI

0.5, 1.8
0.9, 3.1
0.6, 2.5

*Normal range: 8-206 (U/ml

Table 6-4.  Abnormally low insulin and dioxin exposure category in nondiabetic veterans; using the 5.0 percentile of the Comparison group*.



Ranch Hand

Condition
Comparison

N=952
Background

N=330
Low

N=173
High

N=172

Number (%)
9 (1.0)
9 (2.8)
2 (1.2)
1 (0.6)

Odds Ratio†
1.0
2.6
1.3
0.6

95% CI

1.0, 6.7
0.3, 6.3
0.1, 4.9

*Normal range: 8-206 (U/ml

†Not adjusted for race or military occupation due to small cell counts.

With the normal range defined as the 5.0 to 95.0 percentiles of the Comparison insulin distribution (Table 6-3), the risk of an abnormally high insulin level was not significantly increased in the High category (OR=1.2, 95% CI 0.6 to 2.5).  The risk of abnormally low insulin levels (Table 6-4) was not significantly increased in the High exposure category with this definition (OR=0.6, 95% CI 0.1 to 4.9).

7. Matched case-control analysis of diabetes and dioxin in all Ranch Hand veterans

Diabetic and nondiabetic Ranch Hands were compared with regard to dioxin levels using a matched pair design.  Diabetic Ranch Hand veterans were matched one-to-one to nondiabetic Ranch Hand veterans with regard to age, PBF, family history of diabetes, and race.  The PBF was determined primarily at the 1987 physical examination although the entire body fat history was considered, including the PBF during the tour of duty in Vietnam.  All 1,014 Ranch Hand veterans with at least one dioxin measurement were considered.  Of these, 208 were currently known to be diabetic.  One hundred sixty three of these 208 were matchable to a nondiabetic Ranch Hand with regard to the four matching variables.  The remaining 45 diabetic Ranch Hands could not be matched, owing primarily to certain PBF and age combinations and extreme obesity.  Among the 163 matched pairs, diabetics were matched to nondiabetics on age to within 6 years (99% were matched to within 4.6 years) and on PBF to within 3.8% (99% were matched to within 3.3%).  All pairs were matched perfectly on race and family history of diabetes.  The dioxin measurement made in 1987 was used; if the 1987 dioxin level was not available then the 1992 or 1997 value was used.2  The dioxin levels in the matched pairs are summarized in Table 7-1.

Table 7-1.  Dioxin levels in matched diabetic and nondiabetic Ranch Hand veterans


Dioxin Level

Diabetic

Original Units

Log Units*

Status
N
Mean
Std Dev

Mean
Std Dev

Diabetic
163
42.940
77.786

3.057
1.136

Nondiabetic
163
22.212
32.784

2.641
0.926

               *Log(dioxin+1)

The mean dioxin level among diabetic Ranch Hands (42.940 ppt) was significantly different from the mean among nondiabetic Ranch Hands (22.212) based on a paired t-test of the log-transformed dioxin levels (p<0.001).

8. Matched cohort analysis of diabetes and dioxin in the 342 Ranch Hand veterans in the pharmacokinetic studies.

Excluding the Ranch Hand veteran with diabetes prior to his tour of duty in Vietnam, 95 of 342 of the Ranch Hand veterans in the pharmacokinetic studies (27.8%) are diabetic.  These 342 Ranch Hand veterans were matched one-to-one to Comparisons with regard to age (to within 5.5 years, 99% to within 3.9 years), the most recent PBF (to within 4.8%, 99% to within 3.8%), and family history of diabetes.  The matched pairs were then used as a basis for assessing cohort differences with regard to diabetes and, among nondiabetics, serum insulin measured at the 1997 physical examination.  A summary of the diabetic status of the 342 matched pairs is given in Table 8-1.

Table 8-1.  Diabetic status of 342 matched pairs


Comparison


Ranch Hand
Diabetic
Not Diabetic
Total

Diabetic
22
  73
  95

Not Diabetic
39
208
247

Total
61
281
342

Sixty-one of the 342 matched Comparison veterans (17.8%) were diabetic.  Diabetes prevalence among Ranch Hands participating in the pharmacokinetic studies was significantly increased (RR=1.6, 95% CI 1.2 to 2.0, p<0.001).

Of 208 matched pairs for which both the Ranch Hand and the Comparison veteran were nondiabetic, 183 pairs attended the 1997 physical examination and insulin was measured.  Summary statistics for the paired 183 insulin results in these nondiabetic veterans are summarized in Table 8-2.

Table 8-2.  Serum insulin ((U/ml) in 183 matched pairs of nondiabetic veterans who attended the 1997 physical examination


Insulin ((U/ml)

Group
Mean
Std Dev
Median
Range

Ranch Hand
78.1
93.6
48
6 to 917

Comparison
62.0
58.3
43
4 to 386

Mean insulin was increased among nondiabetic Ranch Hands (mean=78.1 ((U/ml) relative to matched nondiabetic Comparisons (mean=62.0 ((U/ml) and, based on matched pair testing on paired differences of log-transformed insulin results, the mean difference was significantly different from zero (p=0.03).

9. Diabetes versus area under the dioxin elimination curve

The area under the dioxin decay curve was computed for each of the 2,121 (Ranch Hand 870, Comparison 1,251) veterans who attended the 1997 physical examination to serve as a metric of exposure to dioxin and/or dioxin-contaminated herbicides.  First order whole body elimination was assumed.  Under this model, the dioxin body burden at time x is C(x)=C0e-(x, where C0 is the unknown initial dose and ( is the elimination rate.  Thus, the area under the curve (AUC) from time 0 to time t is Ct(e(t-1)/(.  Time was measured in years and was scaled so that time=0 corresponds to the end of the tour of duty in Vietnam or Southeast Asia and time=t corresponds to number of years from the end of the tour of duty in Vietnam or Southeast Asia to the 1997 physical examination.  Observed dioxin body burdens (measured in ppt) were used to estimate Ct and the elimination rate was estimated differently depending on cohort membership and dioxin level.  Therefore, the unit of the AUC was ppt-years.  The elimination rate was estimated under each of the two autocorrelation models [AR(1) and Toeplitz].  Ranch Hand veterans not included in the pharmacokinetic studies with dioxin levels less than or equal to 10 ppt (N=381) and all Comparison veterans (N=1,251) were assumed to be at steady state6, and so their area under the curve was computed at tCt (the product of time and the current dioxin level).  Ranch Hand veterans in the pharmacokinetic studies who attended the 1997 physical examination (N=291) were assigned subject-specific elimination rates as described in paragraph 3.  Ranch Hand veterans who attended the 1997 physical examination but who were not included in the pharmacokinetic studies and whose current dioxin level was greater than 10 ppt (N=191) were assigned the average elimination rate (Table 3-1).  For Ranch Hand veterans, the current dioxin level was the value observed in 1997, if available.  Otherwise the value observed in 1992 or 1987 was used.  If dioxin levels measured in 1987 or 1992 were used then Ct was defined as the extrapolated level at the time of the 1997 physical examination.  For Comparisons, Ct was defined as 4.23 ppt, the average dioxin level in Comparison veterans7.  

Veterans with diabetes prior to their service in Vietnam or Southeast Asia (Ranch Hand 2, Comparison 1) were excluded.  Five Ranch Hand and 14 Comparison veterans were missing a value for the AUC due to missing dioxin levels.  Of those with a nonmissing AUC, 7 Ranch Hands and 18 Comparisons were missing a diabetes determination because they were either not given the oral glucose tolerance test (based on prior medical information) or they refused to comply with the test at the 1997 physical examination.  With these exclusions and missing values, 854 Ranch Hands and 1,218 Comparisons were available for analysis.  Of these, 143 Ranch Hands and 206 Comparisons were diabetic.  Univariate statistics summarizing the AUC distribution by group and diabetic status are given in Table 9-1.

Table 9-1.  Area under the curve (AUC) by group and diabetic status 

a) Ranch Hand



AR(1)

Toeplitz

Stratum
N
Mean
Std Dev
Median
Range

Mean
Std Dev
Median
Range

Diabetic
143
1724.11
2666.8
821.69
0-16056.72

1781.25
2827.81
833.38
0-17550.05

Nondiabetic
711
1093.63
1958.38
450.69
0-20132.82

1110.64
2010.46
454.08
0-20889.55

Total
854
1199.21
2105.16
525.97
0-20132.88

1222.93
2181.36
528.93
0-20889.55

b) Comparison



AR(1)

Toeplitz

Stratum
N
Mean
Std Dev
Median
Range

Mean
Std Dev
Median
Range

Diabetic
206
119.87
7.97
119.72
99.35-146.40

119.87
7.97
119.72
99.35-146.40

Nondiabetic
1012
120.03
7.87
120.26
90.30-149.18

120.03
7.87
120.26
90.30-149.18

Total
1218
120.00
7.88
120.18
90.30-149.18

120.00
7.88
120.18
90.30-149.18

The relation between the occurrence of diabetes mellitus and the AUC was assessed with proportional hazards models and logistic regression.  Both models were adjusted for military occupation (officer, enlisted flyer, enlisted ground), race (Black, nonblack), age (at the 1997 physical examination), PBF (at the 1997 physical examination), personality type (A or B) and family history of diabetes (yes, no).  In the proportional hazards analyses, the dependent variable was the time to onset of diabetes in years from the end of the first tour of duty in Vietnam (time to onset for nondiabetics was defined as the number of years from the end of the first tour of duty in Vietnam to the date of the 1997 physical examination), in the logistic regression analyses, the dependent variable was binary, indicating the presence or absence of diabetes.  In each series, an unadjusted model was fit, followed by a sequence of adjusted main effects models corresponding to covariates being added one by one.  Only the last (fully adjusted) main effects models are shown here.  Finally, all main effects and second order interactions with AUC were added in the proportional hazards and logistic models.  A likelihood ratio (LR) test for the global null hypothesis that all coefficients are zero is given with its degrees of freedom (df) for each proportional hazard and logistic model.  The AUC was logarithmically transformed as log(AUC/100+1)in all models.  Both series of analyses were repeated in Ranch Hands and in Ranch Hands and Comparisons combined, and for each of these the analyses were repeated for the AR(1) and Toeplitz models.   The results are summarized in Table 9-2 through 9-5.
Table 9-2.  Proportional hazards models of the time to onset of diabetes and the area under the curve (AUC) in Ranch Hand veterans


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












AUC
0.290846
0.07123
<0.001
15.9 (1)

0.290561
0.07067
<0.001
16.1 (1)












Adjusted Main Effects Model












AUC
0.250059
0.08761
0.004
78.4 (8)

0.254974
0.08712
0.003
78.8 (8)

Officer
-0.037459
0.23911
0.88


-0.029977
0.23937
0.90


Enlisted flyer
-0.165102
0.24211
0.50


-0.164348
0.24225
0.50


Black
0.720123
0.28012
0.01


0.723807
0.28013
0.01


Age
0.051260
0.01306
<0.001


0.051449
0.01307
<0.001


PBF
0.067350
0.01199
<0.001


0.067246
0.01198
<0.001


Type A
-0.186223
0.19081
0.33


-0.186589
0.19081
0.33


Family history
0.484966
0.17412
0.005


0.486514
0.17414
0.005


Table 9-2.  Continued


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Interaction Model












AUC
0.329056
0.17388
0.06
86.8 (15)

0.315772
0.17171
0.07
87.1 (15)

Officer
-0.368337
0.33890
0.28


-0.372440
0.33894
0.27


Enlisted flyer
-0.037941
0.32284
0.91


-0.037814
0.32215
0.91


Black
1.013061
0.38433
0.008


1.014061
0.38314
0.008


Age
0.049931
0.01399
<0.001


0.049518
0.01399
<0.001


PBF
0.071385
0.01429
<0.001


0.071531
0.01427
<0.001


Type A
-0.134737
0.22593
0.55


-0.134634
0.22467
0.55


Family history
0.453837
0.21616
0.04


0.457165
0.21521
0.03


AUC(Officer
0.000679
0.00039
0.08


0.000699
0.000388
0.07


AUC(Enl Flyer
-0.000117
0.00014
0.40


-0.000114
0.000137
0.41


AUC(Black
-0.000205
0.00018
0.25


-0.000205
0.000178
0.25


AUC(Age
1.72 10-7
1.81 10-6
0.92


3.50 10-7
1.73 10-6
0.84


AUC(PBF
-1.38 10-6
3.70 10-6
0.71


-1.44 10-6
3.61 10-6
0.69


AUC(Type A
-0.000049
0.000079
0.54


-0.000049
0.000075
0.51


AUC(History
0.000013
0.000077
0.86


0.000012
0.000075
0.87


Table 9-3  Logistic models of diabetes prevalence and the area under the curve (AUC) in Ranch Hand veterans


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












Intercept
-2.3093
0.2012

17.5 (1)

-2.3086
0.2005

17.6 (1)

AUC
0.3472
0.0826
<0.001


0.3457
0.0819
<0.001













Adjusted Main Effects Model












Intercept
-9.2363
1.0259

106.3 (8)

-9.2673
1.0277

106.7 (8)

AUC
0.3329
0.1071
0.002


0.3378
0.1065
0.002


Officer
-0.1735
0.2798
0.54


-0.1652
0.2800
0.56


Enlisted flyer
-0.2147
0.2920
0.46


-0.2126
0.2921
0.47


Black
0.8553
0.3663
0.02


0.8598
0.3666
0.02


Age
0.0800
0.0149
<0.001


0.0802
0.0149
<0.001


PBF
0.0911
0.0157
<0.001


0.0911
0.0157
<0.001


Type A
-0.3868
0.2157
0.07


-0.3873
0.2158
0.07


Family history
0.6660
0.2098
0.002


0.6680
0.2098
0.002


Table 9-3.  Continued


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Interaction Model












Intercept
-8.8447
1.1323

110.1 (15)

-8.8213
1.1319

110.6 (15)

AUC
0.2257
0.1988
0.26


0.2090
0.1971
0.29


Officer
-0.6198
0.3934
0.12


-0.6199
0.3935
0.12


Enlisted flyer
-0.2094
0.3712
0.57


-0.2070
0.3712
0.58


Black
0.7895
0.4917
0.11


0.7995
0.4904
0.10


Age
0.0782
0.0159
<0.001


0.0780
0.0159
<0.001


PBF
0.0904
0.0182
<0.001


0.0904
0.0181
<0.001


Type A
-0.3550
0.2554
0.16


-0.3509
0.2541
0.17


Family history
0.5538
0.2556
0.03


0.5558
0.2547
0.03


AUC(Officer
0.00082
0.00049
0.09


0.00083
0.000492
0.09


AUC(Enl Flyer
-0.00002
0.00016
0.91


-0.00002
0.000162
0.92


AUC(Age
0.00002
0.00025
0.94


0.000017
0.000252
0.95


AUC(Race
4.49 10-8
2.47 10-6
0.99


2.61 10-7
2.39 10-6
0.91


AUC(PBF
-6.28 10-9
5.32 10-6
1.00


-3.10 10-8
5.23 10-6
1.00


AUC(Type A
-0.00004
0.000094
0.71


-0.00004
0.00009
0.67


AUC(History
0.000077
0.000095
0.42


0.000077
0.000093
0.41


Table 9-4.  Proportional hazards models of the time to onset of diabetes and the area under the curve (AUC) in Ranch Hand and Comparison veterans combined


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












AUC
0.126684
0.05387
0.02
5.2 (1)

0.127201
0.05351
0.02
5.3 (1)












Adjusted Main Effects Model












AUC
0.185991
0.07792
0.02
161.9 (9)

0.189717
0.07742
0.01
162.2 (9)

Ranch Hand
-0.317291
0.15531
0.04


-0.323177
0.15526
0.04


Officer
-0.189459
0.13754
0.17


-0.187186
0.13757
0.17


Enlisted flyer
0.038779
0.15321
0.80


0.039106
0.15323
0.80


Black
0.502002
0.18980
0.008


0.503078
0.18980
0.008


Age
0.048635
0.00778
<0.001


0.048680
0.00778
<0.001


PBF
0.067516
0.00763
<0.001


0.067484
0.00763
<0.001


Type A
-0.185222
0.12052
0.12


-0.185047
0.12052
0.12


Family history
0.459603
0.11311
<0.001


0.460109
0.11312
<0.001


Table 9-4.  Continued


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Interaction Model












AUC
0.167937
0.15163
0.27
172.2 (17)

0.153988
0.15004
0.30
173.0 (17)

Ranch Hand
-0.432369
0.17328
0.01


-0.431573
0.17271
0.01


Officer
-0.401646
0.16716
0.02


-0.406440
0.16715
0.02


Enlisted flyer
0.132182
0.17529
0.45


0.130656
0.17504
0.46


Black
0.508567
0.21600
0.02


0.510287
0.21557
0.02


Age
0.051616
0.00849
<0.001


0.051757
0.00846
<0.001


PBF
0.070550
0.00829
<0.001


0.070634
0.00827
<0.001


Type A
-0.184180
0.13058
0.16


-0.184811
0.13032
0.16


Family history
0.446298
0.12394
<0.001


0.447933
0.12366
<0.001


AUC(R Hand
0.000467
0.00034
0.17


0.000483
0.000317
0.13


AUC(Officer
0.000843
0.00031
0.007


0.000867
0.000310
0.005


AUC(Enl Flyer
-0.000075
0.00013
0.55


-0.000067
0.000123
0.58


AUC(Black
-0.000010
0.00014
0.94


-9.42 10-6
0.000140
0.95


AUC(Age
-5.66 10-6
5.03 10-6
0.26


-5.80 10-6
4.75 10-6
0.22


AUC(PBF
-4.33 10-6
3.71 10-6
0.24


-4.39 10-6
3.54 10-6
0.22


AUC(Type A
-0.000050
0.000072
0.49


-0.000049
0.000069
0.48


AUC(History
3.06 10-6
0.000064
0.96


1.32 10-6
0.000062
0.98


Table 9-5.   Logistic models of diabetes prevalence and the area under the curve (AUC) in Ranch Hand and Comparison veterans combined


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Unadjusted Model












Intercept
-1.8519
0.1010

9.9 (1)

-1.8520
0.1007

10.0 (1)

AUC
0.1967
0.0609
0.001


0.1964
0.0604
0.001













Adjusted Main Effects Model












Intercept
-8.6335
0.6386

220.9 (9)

-8.6418
0.6390

221.3 (9)

AUC
0.2749
0.0957
0.004


0.2784
0.0951
0.003


Ranch Hand
-0.3205
0.1816
0.08


-0.3267
0.1815
0.07


Officer
-0.3868
0.1611
0.02


-0.3843
0.1612
0.02


Enlisted flyer
-0.0948
0.1816
0.60


-0.0941
0.1816
0.60


Black
0.5485
0.2371
0.02


0.5499
0.2371
0.02


Age
0.0776
0.00925
<0.001


0.0777
0.00925
<0.001


PBF
0.0932
0.0103
<0.001


0.0932
0.0103
<0.001


Type A
-0.3156
0.1363
0.02


-0.3156
0.1363
0.02


Family history
0.6293
0.1338
<0.001


0.6301
0.1338
<0.001


Table 9-5.  Continued


AR(1)

Toeplitz

Source
Coefficient
Std Error
p-value
LR (df)

Coefficient
Std Error
p-value
LR (df)












Interaction Model












Intercept
-8.5817
0.6888

227.6 (17)

-8.5825
0.6878

228.3 (17)

AUC
0.1610
0.1761
0.36


0.1427
0.1738
0.41


Ranch Hand
-0.3814
0.1995
0.06


-0.3781
0.1989
0.06


Officer
-0.6274
0.1960
0.001


-0.6311
0.1959
0.001


Enlisted flyer
-0.0751
0.2032
0.71


-0.0766
0.2030
0.71


Black
0.4618
0.2715
0.09


0.4654
0.2712
0.09


Age
0.0795
0.0101
<0.001


0.0798
0.0100
<0.001


PBF
0.0943
0.0112
<0.001


0.0944
0.0111
<0.001


Type A
-0.3064
0.1482
0.04


-0.3060
0.1479
0.04


Family history
0.5838
0.1466
<0.001


0.5846
0.1464
<0.001


AUC(R Hand
0.000369
0.000396
0.35


0.000387
0.000368
0.29


AUC(Officer
0.000891
0.000398
0.03


0.000908
0.000399
0.02


AUC(Enl Flyer
-6.57 10-6
0.000148
0.96


-1.88 10-7
0.000146
1.00


AUC(Race
0.000144
0.000213
0.50


0.000144
0.000213
0.50


AUC(Age
-4.61 10-6
5.83 10-6
0.43


-4.73 10-6
5.53 10-6
0.39


AUC(PBF
-2.68 10-6
5.37 10-6
0.62


-2.78 10-6
5.17 10-6
0.59


AUC(Type A
-0.00005
0.000087
0.55


-0.00005
0.000084
0.54


AUC(History
0.000058
0.000086
0.50


0.000057
0.000083
0.49


Under either autocorrelation model, the mean AUC in diabetic Ranch Hands was greater than the mean AUC in nondiabetic Ranch Hands without adjustment for covariates (Table 9-1).  For example, under the AR(1) model, among Ranch Hands the mean AUC in diabetic veterans was 1724.11 ppt-years and the mean among nondiabetic veterans was 1093.63 ppt-years.  No corresponding pattern  was apparent among Comparisons (diabetic mean AUC=119.87 ppt-years, nondiabetic mean AUC=120.03 ppt-years).

An unadjusted analysis (Table 9-2) found that time-to-diabetes onset significantly decreased with increasing AUC in Ranch Hands (p<0.001 for both models), as indicated by positive AUC coefficients (AR(1) coefficient=0.290846, Toeplitz coefficient=

0.290561).  After adjustment for covariates the time-to-onset remained significantly decreased (AR(1) p=0.004, Toeplitz p=0.003).  Corresponding unadjusted and adjusted analyses of diabetes prevalence in Ranch Hands (Table 9-3) found significant increases in prevalence with increased AUC without (AR(1) p<0.001, Toeplitz p<0.001) or with (AR(1) p=0.002, Toeplitz p=0.002) adjustment for covariates.  The same patterns were obtained in analyses in Ranch Hands and Comparisons combined (Tables 9-4 and 9-5).  In the combined analyses, the Ranch Hand coefficient was negative because the overall prevalence of diabetes is nearly equal (17% in both groups), whereas time-to-onset is significantly reduced with AUC and diabetes prevalence is significantly increased with AUC in the combined cohort.

Interaction models (Tables 9-2 through 9-5) revealed a significant change in the AUC effect with officer status.  This interaction appears to have been caused by a greater difference in mean AUC between diabetics and nondiabetics among officers than among enlisted veterans.  For example, with restriction to the Ranch Hand cohort and the AR(1) model, the least square (adjusted for race, age, PBF, personality type and family history of diabetes) mean AUC among diabetic officers was 1.542 and was 1.255 among nondiabetic officers (in log units), giving a mean difference of 0.287.  Whereas among enlisted veterans, the least square AUC mean was 2.505 among diabetics and 2.246 among nondiabetics, giving a difference of 0.260.

10. Concluding remarks

Overall, these analyses support the idea that diabetes prevalence increases and time-to-onset of diabetes decreases with dioxin exposure (and with exposure to dioxin-contaminated herbicides) in Ranch Hand veterans.  These results provide no support for the lipid binding hypothesis or for the hypothesis that diabetes prevalence or time-to-onset are related to the dioxin elimination rate.  No significant interactions were found between diabetes, dioxin, and covariates.  Analyses of the relation between the diabetes and the dioxin elimination rate and between diabetes and the area under the curve (AUC) gave  similar results regardless of the autocorrelation model [AR(1) or Toeplitz)].  Interactions with officer status in the analyses of diabetes and the AUC appear weak and isolated and therefore the final interpretation was based on the main effects models.  This work will be summarized in an article and submitted to a peer-reviewed scientific journal.
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