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Abstract

Background: In 2002 CDC initiated the Anthrax Vaccination Program (AVP) to provide 

voluntary pre-exposure vaccination with Anthrax Vaccine Adsorbed (AVA) for persons at high 

risk of exposure to B. anthracis spores. There has been concern that AVA could be associated with 

long term impairment of mental and/or physical health.

Objectives: To ascertain whether physical and mental functional status, as measured by the 

SF-36v2 health survey (Medical Outcomes Trust, Boston, MA), of AVA recipients and controls 

changed differently over time.

Methods: We enrolled 437 exposed (received AVA) and 139 control subjects. The exposed 

group received AVA under then-current Advisory Committee on Immunization Practices (ACIP) 

recommendations of 0.5 mL doses given SQ at 0, 2, and 4 weeks, and 6, 12, and 18 months, 

followed by annual boosters. SF-36v2 surveys were completed just before injection at 0, 12, and 

30 months. The subjects’ answers to the survey questions were summarized into a physical and a 

mental score at each of the three time points. SF-36v2 physical and mental scores both range from 

0-100 with an estimated national average of 50 points. We assessed change in physical and mental 

score from baseline at 12 and 30 months, and examined whether there was a difference between 

the exposed and control subjects; positive changes in the scores indicated improving, and negative 

changes worsening, physical or mental function.

Results: At baseline, average physical scores were 55.4 among exposed and 54.5 among controls 

(p=0.07); mental scores were 55.0 among exposed and 51.4 among controls (p<0.0001). For 
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physical scores, the average change from baseline was −0.53 for exposed vs. −0.67 for controls 

at 12 months (p=0.80) and −1.09 for exposed vs. −1.97 for controls at 30 months (p=0.23). For 

mental scores, the average change from baseline was −1.50 for exposed vs. −1.64 for controls at 

12 months (p=0.86) and −2.11 for exposed vs. −0.24 for controls at 30 months (p=0.06). When 

adjusting for demographic and employment factors in multivariate linear models, the difference in 

mental score change between exposed vs. controls at 30 months was less pronounced (p=0.37 than 

it had been in univariate analyses, but other findings were similar to univariate analyses.

Conclusions: We found no evidence that change in physical scores differed between the 

exposed and control groups at 12 or 30 months. Although the unadjusted change in mental score 

in exposed vs. control approached statistical significance at 30 months, the magnitude of this 

difference was small and a significant difference was not found in the the multivariable analysis. 

These results do not favor an association between receipt of AVA and an altered health related 

quality of life over a 30-month period.
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INTRODUCTION

Anthrax is a zoonotic disease caused by the bacterium Bacillus anthracis. Historically, the 

route of transmission to humans was from soil to grazing livestock to persons working with 

livestock carcasses or live infected animals, such as tanners, wool workers, and veterinarians 
1. The potential for B. anthracis to be used as a biological terrorism agent and the attacks 

that occurred in the U.S. in 2001 have led to vaccination programs. Currently, the Advisory 

Committee on Immunization Practices (ACIP) considers persons at occupational risk of 

exposure to include laboratory and environmental remediation workers who might handle 

specimens for research or in support of investigations.

Anthrax Vaccine Adsorbed (AVA, BioThrax®, Emergent BioSolutions, Lansing, MI 2) is 

the only licensed anthrax vaccine in the U.S. When licensed in 1970, doses were to be 

given subcutaneously at 0, 2, and 4 weeks, and 6, 12, and 18 months, followed by annual 

boosters. An AVA clinical trial 3,4 conducted during 2002-2005 showed that intramuscular 

injections had non-inferior immunological priming compared to subcutaneous injections and 

had significantly fewer adverse events following injection. The interim report from this trial 

also showed non-inferiority up to month 7 between the full dosing schedule and exclusion of 

the week 2 dose.

To date, research suggests that AVA has an acceptable safety profile. In 2002 an Institute 

of Medicine (IOM) committee concluded that AVA is reasonably safe; while the committee 

found no convincing evidence that AVA recipients face elevated risks of developing long-

term sequelae, they also stated that the data were limited in this regard, and recommended 

monitoring for later-onset health conditions 4. However, concerns have been expressed 

regarding adverse effects of AVA, sometimes related to long-term and non-specific 

symptoms such as Gulf War and chronic fatigue syndromes 5,6, but also with potential 

high rates of local adverse events 1,7, and reproductive toxicity 8,9.
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In response to the potential of anthrax to be used as a bioterrorism agent, in 1998 the 

Department of Defense (DoD) initiated a program to administer mandatory vaccinations 

to U.S. military personnel with AVA. Although temporarily halted by a court injunction, 

this program was restarted initially under an Emergency Use Authorization as a voluntary 

program in 2004 and since early 2007 again as a mandatory program.

In 1999, the Laboratory Response Network (LRN) was established to provide laboratory 

testing support for detecting possible biological and chemical weapons attacks 10,11. The 

LRN tested more than 125,000 samples during the investigation ensuing from the 2001 

anthrax attacks in the U.S 10. Following these attacks, in 2002, the ACIP revised their 

recommendations to include pre-exposure vaccinations with AVA of certain LRN workers 

and environmental remediation personnel who repeatedly enter contaminated sites 12.

In 2002, the CDC initiated the Anthrax Vaccination Program (AVP) to provide voluntary 

pre-exposure AVA to persons included in the ACIP’s recommendations 13. At its onset, the 

AVP provided an opportunity to follow AVA exposed and unexposed individuals working in 

the same laboratories over a prolonged period of time. However, due to the above-mentioned 

court injunction primarily aimed at the military AVA vaccination program, the AVP was 

halted in May 2005 and was not permitted to restart. The currently-reported study is an 

evaluation of persons involved in the AVP. Our objective was to determine whether physical 

and mental functional status, as measured by the SF-36v2 health survey (Medical Outcomes 

Trust, Boston, MA), of AVA recipients and controls changed differently over time.

METHODS

This study was performed among LRN workers. The vaccine exposed group included those 

who were enrolled in the AVP, and the control group included LRN workers from the same 

laboratories in which the exposed subjects worked but who were ineligible for the AVP. 

Each laboratory’s manager submitted lists of all employees potentially eligible to receive 

AVA; these lists were then screened by staff at the CDC’s Bioterrorism Preparedness and 

Response Program to confirm eligibility according to the ACIP recommendations. Eligible 

participants included LRN staff handling environmental specimens (especially powders) and 

performing confirmatory testing for anthrax, and environmental clean-up teams working at 

multiple contaminated sites in succession. The unvaccinated cohort consisted of laboratory 

personnel working in similar occupational settings as the participants enrolled in the AVP. 

AVP eligibility requirements are described further elsewhere 13.

At the time of enrollment, each subject was provided with study educational materials, 

signed an informed consent form, and completed a brief demographic questionnaire. The 

AVA-exposed group was administered AVA under then-current ACIP recommendations of 

0.5 mL doses given subcutaneously at 0, 2, and 4 weeks, and 6, 12, and 18 months, followed 

by annual boosters. Since publication of the report of the interim analysis of the CDC AVA 

human clinical trial 3, the current FDA licensed schedule for AVA excludes the original 

2-week dose, and injections are administered intramuscularly 14,15.
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This was an observational, prospective study in which subjects completed the SF-36v2 

health survey (described below) at 0, 12, and 30 months after enrollment. Surveys were 

filled out by exposed and control subjects just before injections were given to AVP 

participants at the time of the first, 12-month, and first annual booster doses, which 

correspond to the 0-, 12-, and 30-month time points, respectively; a study nurse collected 

the completed surveys on site at the laboratories. Due to the AVP’s termination before our 

study’s planned 30-month follow up, the vaccination clinics were no longer available to 

coordinate administration of the surveys. We thus mailed the 30-month survey and a prepaid 

envelope to all study participants from October 2006 through March 2007.

The SF-36v2 survey is a validated instrument for measuring an individual’s self reported 

functional status from the patient’s point of view 16. This survey is comprised of 36 

questions which yield an eight-scale profile of scores 17. These scales can be combined 

into two summary measures of mental and physical health, called physical and mental 

component summary. Physical and mental component scores can range from 0 to 100, with 

larger values corresponding to more favorable status, and are estimated to have an overall 

mean of 50 and standard deviation of 10 points in the 1998 U.S. population 17.

Data on demographic and employment variables were obtained at baseline via a 

questionnaire, while height and weight were measured by a nurse. For analysis, each 

participant’s age at baseline was categorized as <30, 30-39, 40-49, and ≥50 years of 

age, although some ages were unknown. Race was categorized as black, other, white, 

and unknown. Body Mass Index (BMI) was computed using body weight and height at 

enrollment and categorized using CDC cutoffs: underweight (<18.5), normal (18.5-24.9), 

overweight (25-29.9), and obese (≥30). Also available were sex, educational attainment 

(college degree, post-graduate college degree), and smoking status (self-reported at 

enrollment as smoker or non-smoker). Given that there could be differences among the 

participants completing the mailed 30-month survey and those who did not, we also included 

the number of subsequent surveys completed (1 or 2) as an analysis factor.

We first summarized baseline demographic, employment, and SF-36v2 score data on 

exposed vs. control subjects. We performed a Chi-square test to assess whether the 

distribution of the study participants was different between the exposed and control 

groups across each factor’s levels using OpenEpi, Version 2, open source calculator 

(http://www.openepi.com/OE2.3/RbyC/RbyC.htm); “Unknown” responses were excluded. 

The difference in physical and mental scores at baseline between the exposed vs. control 

groups was assessed with t-tests. For statistical testing of the vaccine effect on physical 

and mental scores, we subtracted each subject’s baseline score from subsequent scores 

to produce the physical score difference and mental score difference. We evaluated each 

analysis factor using univariable linear models wherein the response variable was difference 

in physical or mental score at 12 or 30 months from baseline score, and one factor was 

included as the independent variable. We also used multivariable linear regression having 

the same response variable but with all factors included as main effects. We performed this 

analysis both by leaving in and omitting “Unknown” levels of factors from the univariable 

and multivariable models; similar results were found, and only the latter are reported.
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Significance was assessed using a Type-I error rate of 0.05; no adjustments were made for 

multiple comparisons. SAS® version 9.2 (SAS Institute, Inc., Cary, NC) was used for the 

regression analyses. We used the R statistical computing software 18 to produce figures, 

including the beanplot package for the empirical distribution of scores.

RESULTS

We analyzed SF-36v2 survey results of 576 individuals from 59 LRN laboratories in 35 

states, including 437 vaccine exposed and 139 control subjects. All participants completed 

the survey at baseline, but due largely to the unplanned halt in the AVP, only 547 completed 

the survey at 12 months (411 exposed, 136 controls) and 344 participants at 30 months (250 

exposed, 94 controls).

At baseline, differences in demographic characteristics between the exposed and control 

groups included a higher percentage of white subjects in the exposed (82%) than control 

group (71%) (p=0.01 for heterogeneity of race), a lower percentage of females in the 

exposed (55%) than control (71%) group (p<0.001), and a lower percentage of subjects in 

the normal BMI class in the exposed (39%) than the control group (55%) (p=0.0015 for 

heterogeneity among BMI groups) (Table 1). The two groups also differed significantly in 

occupational and educational groups.

At baseline, the mean physical component score was 54.5 for the control group and 55.4 for 

the exposed group (p=0.07); mean scores changed little at 12 and 30 months (Figure 1a). 

The mean baseline mental scores were 51.4 among the controls and 55.0 among exposed 

(p<0.0001) and again changed little at 12 and 30 months. These scores were negatively 

skewed (i.e., had an asymmetric distribution with long tail towards smaller scores) with 

modes above the reported national average of 50 (Figure 2).

Next, to analyze change from baseline, we subtracted each baseline score from subsequent 

scores to produce the physical and mental score differences from baseline. Positive scores 

for physical and mental score differences indicate that physical or mental function improved 

over time, whereas negative values indicate that function is worsened. Subtraction of the 

baseline scores acted as a normalizing factor: the distribution of the physical and mental 

score differences from baseline are more bell-shaped than the crude physical and mental 

scores (Figure 2). At 12 months, the physical score difference from baseline was −0.53 for 

exposed vs. −0.67 for controls (p=0.8), and at 30 months the physical score difference from 

baseline was −1.09 for exposed vs. −1.97 for controls (p=0.2) (Figure 1b). At 12 months, the 

mental score difference from baseline was −1.50 for exposed vs. −1.64 for controls (p=0.9), 

and at 30 months the mental score difference from baseline was −2.11 for exposed vs. −0.24 

for controls (p=0.06).

The multivariable model controlling for the available factors confirmed that vaccination 

had no significant effect on the physical score difference from baseline at 12 months 

(p=0.97) or at 30 months (p=0.26) (Table 2). Among the factors analyzed, only BMI class 

significantly influenced physical score difference: underweight individuals demonstrated 

a significant decline in physical score compared to obese individuals (p=0.03), but this 
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comparison was based on a small number of underweight participants; since weight was not 

collected over time, but rather only at baseline, any impact in changes in BMI over time on 

physical or mental scores could not be assessed. Similarly, the multivariable model of mental 

score difference from baseline showed no significant effect of vaccination at 12 months 

(p=0.47), and less evidence of statistical significance at 30 months than the univariable 

model (p=0.37) (Table 3). Among factors analyzed, mental score difference at 30 months 

in younger individuals decreased significantly more than the mental score in persons ≥50 

years of age. A significant difference was again identified between obese and underweight 

individuals based on a small number of underweight participants.

DISCUSSION

After 30 months of follow up, we found that AVA vaccine had no sustained impact on 

physical or mental functional status. Although results from the unadjusted linear regression 

model comparing mental score difference from baseline between the exposed vs. the control 

groups approached statistical significance (p=0.06), the magnitude of the difference between 

the groups was small, and this comparison was clearly non-significant (p=0.37) when 

adjusting for available factors in the multivariable model.

To our knowledge, this is the first published report of a completed study that incorporated 

repeated measurements with the SF-36v2 instrument to evaluate the long-term impact 

of anthrax vaccine exposure on functional impairment. The SF-36v2 survey is a widely 

employed clinical research tool for evaluating the possible impacts of a variety of 

different diseases or medical treatments on individuals’ self reported functional status 19–21. 

Researchers are collecting repeated measurements using the Veterans SF-36 self-reports 

as one of the measures incorporated in the ongoing Millennium Cohort Study, which 

is a large prospective cohort study exploring associations between military exposures 

(including AVA exposure) and important health outcomes including short-term and long 

term functional capacity and quality of life 22,23. Using the SF-36v2 survey provides a more 

global evaluation compared to traditional vaccine safety studies (e.g., human clinical trials 

employing subject diary cards) of the potential impact of a vaccine on a recipient’s health.

Our data showed that our study subjects had higher physical and mental component scores at 

baseline than the national averages, which are 50 for both scores. Also, mean baseline scores 

differed between the exposed and control subjects; in order to control for this difference, we 

analyzed change from baseline score for each participant. We hypothesized that a period of 

follow up <12 months might be insufficient to detect a significant impact on the physical 

and mental component scores from baseline. Therefore, we used measurements obtained one 

year and 30 months after baseline in our analysis, which in the licensed schedule for AVA 

at the time of this study corresponded to an individual receiving vaccine doses 5 and 7, 

respectively.

There are several limitations which may influence the interpretation of our results. It is 

unknown whether our study subjects were representative of all U.S. workers who are eligible 

for AVA. Although our unvaccinated controls worked in the same laboratories as the exposed 

subjects, they were also clearly different from the AVA vaccinated subjects since they were 
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considered not to be at high risk for occupational exposure to B. anthracis and the effect 

of this difference on our analysis is unknown. BMI and smoking status on our subjects 

were obtained once at the time of enrollment and possible fluctuations in these covariates 

during follow up were not measured. Also, the effect of the termination of the AVP and 

to what extent the survey responses might differ when administered on-site versus through 

mail were factors not specifically measured, although our results do not show a significant 

difference between those completing all surveys or just the first two before the program was 

halted; while this cannot indicate whether or not participants responded differently when 

the survey was administered on-site versus through the mail, it does support the idea that 

the subjects choosing to participate after the unplanned halt are representative of the larger 

study population. As with any survey, there is a certain level of subjectivity embedded in the 

subjects’ responses. There were large changes in some individuals’ scores, as evidenced by 

the long tails in the distributions in the bottom of Figure 1. Unfortunately we did not have 

medical records available which might explain whether a medical illness or injury coincided 

with a large decrease in survey score in some participants.

The results of our analysis do not favor an association between physical or mental 

component scores and receipt of AVA over a 30-month timeframe and revealed no clear 

trends between the two exposure groups. The negative findings presented here are important 

to the understanding of the safety profile of AVA, and support its safe use for the period 

we studied. Our analysis identified only minor differences in physical or mental component 

scores between the levels of the available demographic factors. Most notably, younger 

participants had a greater decrease in mental score (i.e., worsening mental status) than older 

participants at 30 months. Since this difference was found in only mental score and only 

at one time point, it may have been due to chance. Unfortunately, the observational nature 

of this study is not well suited to rigorously examine these types of associations. While 

these results provide some level of reassurance related to long-term effects of AVA, studies 

involving experimental controls, randomization, and a longer timeframe would be useful 

additions to our findings.
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Figure 1. 
Arithmetic averages and 95% confidence intervals from one-sample t-test of difference in 

subsequent physical or mental scores from baseline by time-point and exposure group, 

Anthrax Vaccination Program, CDC, 2002 – 2005.
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Figure 2. 
Distribution of physical and mental component scores (top), and of subsequent score minus 

baseline (bottom; these are smoothed histograms rotated to a vertical orientation – numbers 

on vertical axes correspond to survey scores and survey score difference from baseline. 

Solid horizontal lines: arithmetic average of the values in the respective histograms. Anthrax 

Vaccination Program, CDC, 2002 – 2005.
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Table 1.

Number (%) of Subjects by Characteristic at Baseline, Anthrax Vaccination Program, CDC, 2002 – 2005.

Vaccinated Controls

Characteristic Level n = 437 n = 139 p-value*

Age group (years)

<30 66 (15) 27 (19)

0.21

30-39 99 (23) 24 (17)

40-49 153 (35) 39 (28)

≥50 105 (24) 38 (27)

Unknown 14 (3) 11 (8)

Race

Black 31 (7) 16 (12)

0.01
Other 44 (10) 25 (18)

White 357 (82) 98 (71)

Unknown 5 (1) 0 (0)

Sex
Female 242 (55) 99 (71)

<0.005
Male 195 (45) 40 (29)

Occupation group

Laboratory management 133 (30) 24 (17)

<0.005Laboratory technician 210 (48) 70 (50)

Other 94 (22) 45 (32)

Education group

College degree 247 (57) 97 (70)

0.01Post-graduate degree 180 (41) 42 (30)

Unknown 10 (2) 0 (0)

Smoking status

Non smoker 286 (65) 93 (67)

0.27Smoker 138 (32) 35 (25)

Unknown 13 (3) 11 (8)

BMI group

Underweight 5 (1) 4 (3)

<0.005

Normal 172 (39) 77 (55)

Overweight 176 (40) 35 (25)

Obese 83 (19) 22 (16)

Unknown 1 (0) 1 (1)

Number of subsequent survey forms completed
1 213 (49) 48 (35)

<0.005
2 224 (51) 91 (65)

≥1 characteristic was “Unknown”?
Yes 27 (6) 23 (17)

<0.005
No 410 (94) 116 (83)

*
Chi-square test that the distribution of the study participants was different between the exposed and control groups, excluding “Unknown” 

categories.
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Table 2.

Linear models of Differences from Baseline of Physical Summary Scores, Anthrax Vaccination Program, 

CDC, 2002 -- 2005.†

Univariable Multivariable

Factor (reference) 12 Months 30 Months 12 Months 30 Months

Exposure (Control)

  Vaccinated 0.1 (0.80) 0.9 (0.23) 0.0 (0.97) 1.0 (0.26)

Age group (≥50)

  <30 −1.0 (0.16) −0.4 (0.70) −1.5 (0.07) −0.6 (0.61)

  30-39 −0.7 (0.30) −0.4 (0.71) −0.7 (0.35) −0.4 (0.71)

  40-49 −0.5 (0.43) −0.3 (0.74) −0.5 (0.47) −0.5 (0.59)

Race (White)

  Black −0.8 (0.35) 1.1 (0.37) −0.8 (0.35) 1.0 (0.42)

  Other 0.7 (0.36) 0.5 (0.63) 0.6 (0.48) 0.2 (0.86)

Sex (Male)

  Female −0.4 (0.37) −0.8 (0.26) −0.5 (0.37) −0.5 (0.54)

Occupation group (Other)

  Laboratory management 0.6 (0.37) 0.2 (0.87) −0.1 (0.89) −0.5 (0.60)

  Laboratory technician 0.7 (0.25) 0.8 (0.34) 0.4 (0.56) 0.8 (0.38)

Education (College degree)

  Post-graduate degree −0.2 (0.73) −0.3 (0.62) −0.2 (0.74) 0.0 (0.97)

Smoking status (Smoker)

  Non smoker 0.2 (0.72) −0.1 (0.93) 0.3 (0.64) −0.3 (0.70)

BMI group (Obese)

  Underweight* −0.9 (0.62) −6.7 (<0.005) 1.3 (0.54) −6.5 (0.03)

  Normal 0.4 (0.52) 1.6 (0.07) 0.8 (0.25) 1.5 (0.13)

  Overweight −0.1 (0.83) 0.8 (0.40) 0.0 (0.97) 0.5 (0.63)

Surveys after baseline (2)

  1 0.5 (0.33) −0.3 (0.77) 0.6 (0.26) −0.6 (0.61)

*
There were 9 Underweight participants at baseline and 12 months, and 7 at 30 months.

†
Values represent coefficients (p-values) from the linear models; estimates can be interpreted as mean changes from baseline in the physical 

component score.
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Table 3.

Linear models of Differences from Baseline of Mental Summary Scores, Anthrax Vaccination Program, CDC, 

2002 -- 2005.†

Univariable Multivariable

Factor (reference) 12 Months 30 Months 12 Months 30 Months

Exposure (Control)

  Vaccinated 0.1 (0.86) −1.9 (0.06) 0.7 (0.47) −1.0 (0.37)

Age group (≥50)

  <30 0.5 (0.66) −2.7 (0.08) 0.4 (0.77) −4.1 (0.02)

  30-39 0.2 (0.81) −2.2 (0.10) 0.0 (1.00) −3.3 (0.02)

  40-49 −0.6 (0.52) −0.5 (0.66) −0.9 (0.38) −0.8 (0.53)

Race (White)

  Black 2.1 (0.09) 1.6 (0.33) 2.5 (0.07) 1.5 (0.42)

  Other −1.3 (0.25) −0.6 (0.65) −1.6 (0.19) −0.1 (0.94)

Sex (Male)

  Female 0.0 (0.98) 0.7 (0.44) 0.0 (0.97) −0.1 (0.95)

Occupation group (Other)

  Laboratory management −0.1 (0.90) −1.1 (0.37) −0.3 (0.81) −2.0 (0.16)

  Laboratory technician −0.1 (0.90) −0.6 (0.56) 0.0 (0.99) −0.8 (0.54)

Education (College degree)

  Post-graduate degree 0.3 (0.66) −0.2 (0.84) 0.5 (0.52) 0.4 (0.73)

Smoking status (Smoker)

  Non smoker 0.3 (0.74) 0.4 (0.73) 0.2 (0.85) 0.9 (0.41)

BMI group (Obese)

  Underweight* 3.2 (0.25) 8.1 (0.01) 3.7 (0.26) 11.1 (0.01)

  Normal 0.4 (0.70) −1.3 (0.28) 0.1 (0.91) −1.2 (0.40)

  Overweight 0.6 (0.57) −1.7 (0.17) 0.3 (0.77) −1.5 (0.26)

Surveys after baseline (2)

  1 0.0 (0.99) 0.4 (0.80) −0.2 (0.76) 1.6 (0.34)

*
There were 9 Underweight participants at baseline and 12 months, and 7 at 30 months.

†
Values represent coefficients (p-values) from the linear models; estimates can be interpreted as mean changes from baseline in the mental 

component score.
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