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eMethods. Zero-inflated negative binomial regression 

CAPS scores solely comprise non-negative integers, and their distribution in our study was positively skewed but 
with a large excess of zeros.  Therefore, we assessed whether models using a regression procedure specifically 
designed to account for positively skewed integer-valued distributions with a high incidence of zeros – zero-inflated 
negative binomial regression (ZINBR) and zero-inflated Poisson regression (ZIPR) 1 – provided a superior fit in 
comparison to models using negative binomial regression (NBR), Poisson regression (PR), or ordinary linear 
regression (OLR).  These zero-inflated models involve mixture distributions with probability p of being a degenerate 
distribution at 0 (i.e., the value is always 0) and probability 1–p of being a negative binomial or Poisson distribution 
(ZINBR and ZIPR, respectively).  In regression using these distributions, the probability p of being in the degenerate 
distribution is assessed using logistic regression (the “zero model”), and the negative binomial or Poisson portion is 
assessed using a generalized linear model for count data (the “count model”).   

We found ZINBR to be greatly superior to the other models.  For instance, when comparing models with the same 
outcome (visit 2 CAPS score) and predictor variables (baseline CAPS, cohort, CES score, PBE score, log plasma 
CRP concentration) as in our final regression model (Table 2), we found that ZINBR provided a vastly superior fit 
in comparison to each of NBR (p value by the Vuong test 2 = 3.78 x 10-43); ZIPR (p = 7.46 x 10-69); PR (p = 9.15 x 
10-122); OLR with log-transformation of CAPS scores (p = 2.42 x 10-65); and OLR without log-transformation (p = 
5.95 x 10-90) (in the two latter cases, the Vuong test was modified to allow for comparisons involving linear 
regression).  This superiority of ZINBR was retained at similar significance levels even after compensating for the 
additional parameters in zero-inflated models by considering the Akaike or Bayesian information criteria (AIC or 
BIC).  Accordingly, we determined the association of our predictors of interest with CAPS using ZINBR.   

Zeros in the zero-inflated negative binomial mixture distribution can arise in two ways: from being in the degenerate 
part, with probability p, or from being in the negative binomial part and happening to be 0, with probability (1–
p)×p’, where p’ is the probability of a zero in the negative binomial distribution.  However, in our analyses p’ but 
not p was generally negligible, so that p was much greater than (1–p)×p’ (i.e., the great majority of zero outcomes 
were accounted for by the zero model) and 1-p’ was much greater than p’ (i.e., the great majority of outcomes in the 
count model were non-zero).  Specifically, in the case of our final regression model (Table 2), ~92.01% of zero 
outcomes in our study population would be expected to arise in the zero model (the median probability of a zero 
outcome being from the zero model would be 95.14%), and ~99.05% of outcomes in the count model would be 
expected to be non-zero (the median probability of a non-zero outcome in the count model would be 99.13%).  
Given these characteristics of the data, for ease of wording the zero model is referred to in this paper as 
approximately denoting the odds of a zero vs. non-zero outcome, and the count model as approximately denoting the 
extent of the outcome when it is non-zero. 

Measures for variables not included in the final regression model:  Comorbid depression and anxiety were 
assessed by the Beck Depression Inventory (BDI3) and the Beck Anxiety Inventory (BAI4), respectively (these 
instruments do not directly yield diagnoses of depression or anxiety but provide numerical scores of the severity of 
the symptoms of these disorders).  Alcohol use was quantified as the sum of the numerical responses to the items 
related to consumption in the Alcohol Use Disorders Identification Test questionnaire5-6, and tobacco use by self-
report on a four-point Likert scale (0 = none; 1 = non-daily light use; 2 = non-daily heavy use; 3 = daily light use; 4 
= daily heavy use).  Height, weight, waist circumference, and resting blood pressure were measured at baseline, and 
body mass index (BMI) was calculated as weight (kg)/height (m)2.  Race and ethnicity were obtained by self-report 
using options defined by the investigators (see Table 1).  None of these variables met criteria for inclusion in our 
regression models as confounders, namely association with both the outcome, post-deployment (visit 2) CAPS, and 
the predictor of interest, baseline plasma CRP concentration (please see the Methods in the main body of the paper 
for details).  Analysis with all available subjects, with only those having visit 2 data, or with only those having data 
for each of the final model variables yielded identical potential confounders.    
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eResults. Ordinal logistic regression:   

CRP was a significant predictor in ordinal logistic regression of the categorical outcome of PTSD, partial PTSD 7-9, 
or neither: each 10-fold increment in CRP concentration was associated with an OR of worse PTSD diagnostic 
category of 1.299 (1.027 – 1.643; p = 0.029) (Table 4).   Comparing the predictors, one standard deviation increases 
in log10 CRP, CAPS0, CES, and PBE were associated with ORs of worse PTSD diagnostic category of 1.156, 
2.211, 1.496, and 1.621, respectively (eTable and eFigure A).  Adjusted baseline CRP values for subjects with visit 
2 PTSD, partial PTSD, or neither were 1.015, 0.836, and 0.740 mg/l, respectively (eFigure B). 
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eFigure 

Ordinal logistic regression of PTSD, partial PTSD, or neither at visit 2.  A, Adjusted odds ratios of worse PTSD 
diagnostic category associated with one standard deviation increases in the indicated variables.  Data are from the 
ordinal logistic regression model summarized in eTable.  B, Baseline plasma C-reactive protein concentration of 
subjects with PTSD, partial PTSD, or neither at visit 2, adjusted for the same covariates as the regression model in 
eTable.  CAPS0, Clinician Administered PTSD Scale score at visit 0 (baseline); CES, Combat Exposure Scale score; 
PBE, post-battle experience score; CRP, baseline plasma C-reactive protein concentration.  Error bars delineate 95% 
CIs; ***, p<0.001; *, p<0.05 (all values two-tailed).  Please refer to the text for details.     
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eTable 

Ordinal logistic regression of PTSD, partial PTSD, or neither at visit 2.  The 
number of subjects in this model was 1719.  OR, odds ratio; CI, confidence interval; CAPS0, visit 0 
(baseline) Clinician Administered PTSD Scale score; CES, Combat Exposure Scale score; PBE, post-
battle experience score; CRP, baseline plasma C-reactive protein concentration. 

 

Variable ORa,b 95% CI P value

Threshold: No vs. Partial PTSDb 22.694 14.782 - 34.840 <0.001 

Threshold: Partial PTSD vs. PTSDb 115.758 71.531 - 187.331 <0.001 

Cohort 1 1.108 0.665 - 1.846 0.145 

Cohort 2 0.935 0.602 - 1.45 0.613 

Cohort 3 0.564 0.395 - 0.805 <0.001 

Cohort 4 0c   

CAPS0 1.053 1.045 - 1.061 <0.001 

CES 1.036 1.020 - 1.052 <0.001 

PBE 1.106 1.061 - 1.154 <0.001 

log CRP 1.299 1.027 - 1.643 0.029 
 

aOdds ratio of worse PTSD diagnostic category (computed by exponentiating the corresponding 
coefficient in the regression model and adjusted for the variables listed in the table). 
bThreshold values indicate the odds of the indicated outcomes at baseline (cohort equals 4 and all other 
parameters have zero values). 
cThis parameter is set to zero because it is redundant. 

 


