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ABSTRACT (244 words) 

Context Veterans of the 1991 Gulf War may have had exposures that adversely affected their 

reproductive health. We examined the reproductive health of female Gulf War veterans in a 

nationally representative sample of 1991-era US military personnel. 

Objective To compare the reproductive health, including subfertility, in a nationally 

representative, probability-based, sample of 1991-era female US military veterans, Gulf War 

deployed and non-Gulf War deployed. 

Design Self-completed postal survey of outcomes in 1991-95, in a probability-based sample of 

1991 -era female veterans, with oversampling of the Gulf War deployed. 

Setting Female US military veterans married and aged 18-33 years in 1991. 

Study Participants A total 8251 subjects were randomly selected from the study domains. Gulf 

War deployed and nondeployed, after stratifying for branch of service and component. 

Main Outcome Measures Self-reported reproductive outcomes, and subfertility. 

Results In total, 2349 Gulf War and 2507 nondeployed veterans returned questionnaires, a 

participation rate of 71.7% after adjusting for 1477 undeliverable questionnaires. Gulf War 

veterans had a lower odds of total births (adjusted odds ratio (OR)=0.58,95% confidence 

interval (CI) 0.44,0.77), but experienced no increase in reproductive losses (adjusted 0R=1.17, 

95% CI 0.94,1.45), subfertility (adjusted OR 1.11, 95% CI 0.85, 1.45), or in low birthweight 

births (adjusted OR 0.87, 95% CI 0.71,1.07). 

Conclusions Although female Gulf War veterans reported lower odds of births postwar, this did 

not appear to be associated with increased odds of subfertility, reproductive losses, or low 

birthweight birth outcomes. 



A number of veterans of the 1991 Gulf War have complained of diverse symptoms and 

illnesses, possibly related to their military service in the Gulf.  Children with birth defects have 

been bom to Gulf War Veterans 1, and concern has been voiced that these veterans may have 

had exposures that adversely affected their reproductive health 2, 3 Suggestions have been made 

that, in addition to birth defects, these veterans may have an increased risk of infertility, 

miscarriages, and genitourinary tract problems 4. 

Several studies have investigated the issue 5-9. Our study sought to respond to the need 

identified 10,11 for additional studies more representative nationally, and including all services 

(Army, Navy, Air Force, and Marine Corps) and components (active duty, reserve, and National 

Guard). Thus, the objective of our study was to examine the reproductive health of Gulf War 

veterans in nationally representative samples of 1991-era veterans including all services and 

components of the US military. 

We report here on results among female US military veterans of the Gulf War era. In a 

companion article (Sato et al, Naval Health Research Center, unpublished manuscript), we report 

on the reproductive outcomes reported by male US military veterans studied through similar 

methods. 

METHODS 

Study population 

Administrative, deployment, and demographic data for military personnel were obtained 

from the Defense Manpower Data Center (DMDC), Seaside, California. Female military 

veterans aged 18-33 years and married on February 1,1991, who were in the Gulf War theater of 

operations between August 1,1990, and July 31,1991, were considered Gulf War veterans. 

Equivalent active duty, reserve, or National Guard military service members of the same era but 



not deployed to the Gulf War theater of operations were defined as nondeployed veterans. 

Deployment status was determined by DMDC from hostile fire pay records, and military unit 

deployment data. 

This study was conducted in accordance with Protection of Human Subjects guidelines 

from the US Department of the Navy. The study protocol and informed consent issues were 

reviewed for this purpose by our institutional review board, and approval for the study obtained. 

Sample size 

A sample size requirement of 8000 was determined based on detecting a 10 percent 

difference in rates of miscarriages between Gulf War veterans and nondeployed veterans. 

However, because we were dealing with a highly mobile and young population several years 

after the Gulf War, we selected a total of 10 000 individuals through a probability-based 

selection process, to make allowances for losses. The upper limit of acceptable p error was set at 

0.20, and a error at 0.05. The estimated population rate for miscarriages of 10 percent was based 

on published rates, which ranged between 7 and 25 percent 12-14 

Of the approximately 377 000 female active-duty, reserve, and National Guard service 

members in 1991, approximately 50 000 were deployed to the Gulf War theater of operations. 

From this population, a stratified random sample of 5000, with proportionate allocation of the 

services and their components, was generated for each of the Gulf War and nondeployed 

veterans groups, for a total sample of 10 000. Where both spouses were military service 

members, the deployment status of the female spouse was determinant, and their responses were 

included here, in the analysis for female veterans. 



Questionnaire 

A four-page, self-completed postal questionnaire composed of both multiple-choice and 

open-ended questions was developed and field-tested. To enhance the validity and 

generalizability of the results, previously standardized questions were used in the questionnaire 

wherever possible. Sources of the questions included the Chicago Reproductive Health Survey 

(National Institute of Environmental Health Sciences, Research Triangle Park, NC, 1991), the 

National Survey on Family Growth, Cycle IV (National Center for Health Statistics, Hyattsville, 

MD, 1988), and the National Maternal and Infant Survey (National Center for Health Statistics, 

Hyattsville, MD, 1988). The questionnaire obtained demographic data (race/ethnicity and 

educational attainment), as well as information on military component, deployment, and 

information on the main outcomes measures: reproductive outcomes (livebirths, ectopic 

pregnancies, miscarriages/spontaneous abortions, and stillbirths), and subfertility (prolonged 

time to conception). 

Pilot study 

The survey questionnaires were pilot-tested among 14 individuals from outside the study 

population. Information from the pilot study was used to finalize the survey instrument. 

Reproductive outcomes 

For each reproductive outcome, respondents were encouraged to consult with their 

spouses and specify the date of the outcome, and whether the pregnancy had resulted in ectopic 

pregnancy (fetal death after extra uterine implantation), miscarriage (fetal death before 22 weeks 

of gestation), stillbirth (fetal death at or after 22 weeks of gestation), or livebirth (child bom 

alive). 



Information on birth weight, gestational age, and the sex of the infant was sought for each 

live birth. Subjects were asked to complete separate entries for each outcome in a multiple-birth 

pregnancy. .     . 

Subfertility 

Subfertility was defined as last conception reported to have occurred after >12 menstrual 

cycles following cessation of contraceptive measures, and initiation of attempts at conception. 

Data collection 

Survey mailing process. The 10 000 initially selected subjects were mailed a preliminary study 

notification letter. These letters, mailed in February 1996, introduced the study to prospective 

participants and attempted to answer all anticipated questions about the study's purpose and 

objectives.   It also sought to address any concerns about confidentiality of information that 

would be collected. 

Study questionnaires were mailed to the 8251 subjects whose preliminary letters were not 

returned as undeliverable. Three rounds of questionnaires were mailed out over the next 18 

months. Each mailing targeted those individuals who had not responded within 6 months to the 

preceding mailing. Specific study letterheads and logos were used for all correspondence with 

study subjects during the mailings to make our mailings easily distinguishable from other mail. 

To encourage responses, reminder postcards were sent 3 weeks after each mailing. 

For subjects remaining on active duty, we routed surveys through their conomanding 

officers. For the attention of these commanders, we attached letters from each service's Surgeon 

General, stressing the importance of this study and requesting that the commanding officers 

encourage potential study subjects to participate. 



For subjects no longer on active duty, cover letters that incorporated comments 

describing other respondents' feelings about the significance and value of the study were 

included with the questionnaires, again to encourage participation. 

Tracing correct addresses. Addresses obtained from the DMDC were used for initial mailings. 

If questionnaires were returned as undeliverable, additional sources were accessed to identify the 

most likely current valid addresses: the locator services of each branch of the military, Internal 

Revenue Service address data, and a commercial locator agency. 

Collecting missing information. After completion of the third and final mailing, 633 subjects 

were re-contacted by telephone to obtain missing information on incomplete questionnaires, or to 

clarify responses. Five attempts to establish telephone contact were made to each apparently 

accurate phone number either obtained from the survey or acquired through an outside locator 

service. Attempts to contact by phone were made both during the week (2-3 times in the 

evening), as well as during weekends between 9 a.m. and 5 p.m. in the call recipients' time zone, 

before a subject survey was classified as "unreachable." 

Supplemental information was obtained for 66 percent (418/633) with missing 

information. Information could not be obtained from the remaining 215. Of these, 65 had 

refused to provide further information over the telephone, or they could not be interviewed 

despite repeated attempts at contact through an apparently correct telephone number. Correct 

telephone numbers could not be identified for 150 others, despite multiple attempts. 

Validation 

To validate the answers provided by self-reported questionnaire, electronic hospital 

discharge "records from US Department of Defense hospitals were compared with survey 

responses. Onjy subjects who remained on active duty during 1991-1995 were examined, since 
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only data on hospitalizations among service members on active duty were available. Responses 

were considered validated if the same or similar diagnosis was noted in the records within the 

same calendar year. No electronic data were available for hospitalizations outside Department of 

Defense facilities, or for ambulatory visits for the time period of interest, 1991-1995. 

Statistical analysis 

Analysis of reproductive outcomes. Frequencies of demographic data were generated for 

univariate analysis. Age was determined as of February 1,1991. A multivariate logistic 

regression model was developed to generate odds ratios (OR), adjusted by age, race/ethnicity, 

highest level of education attained, military component, and pre-1991 reproductive outcomes. 

All reproductive outcomes occurring up to December 31,1995, in the sample populations were 

included in the analysis. Post-Gulf War reproductive outcomes were defined as those occurring 

after May 31,1991; outcomes at or before that date were defined as "pre-1991 outcomes". 

Univariate analysis was carried out for outcomes such as multiple births, ectopic pregnancies, 

and stillbirths, where sample size limitations excluded the use of multivariate models. Singleton 

and multiple births were analyzed separately. 

Subfertility analysis. A separate logistic regression model was created to study subfertility as a 

potential adverse reproductive effect of Gulf War service. A multivariable model for subfertility, 

and adjusted for age, race/ethnicity, highest level of education attained, and military component 

was used to estimate adjusted OR. All previous reproductive outcomes were included as a 

covariate in the subfertility model. 



RESULTS 

The sample included 8251 selected subjects. Overall, 4856 (58.9%) of subjects returned 

a questionnaire. Of these, 421 were returned blank. Excluding the 1477 questionnaires that. 

could not be delivered despite several attempts, participation was 71.7 percent.(4856/6774). 

Subjects whose highest level of education was high school graduation, who were Army 

veterans, and black were less likely to participate in the study (Table 1). 

Total births 

A total of 5209 singleton livebirths, and 88 twin/higher-order multiple births were 

reported by Gulf War veterans and nondeployed veterans. Of these, 2713 singleton births and 36 

twin births occurred after the Gulf War. The distribution of these births was similar to that 

reported by the National Center for Health Statistics for the US in 1995 (Figure 1). Gulf War 

veterans had a fewer births in the 4 years following the conflict than nondeployed veterans 

(adjusted OR= 0.58,95 percent confidence interval (CI) 0.44, 0.77), Table 2. 

Macrosomia (birth weight ^4000 g) 

A total of 595 singleton macrosomic infants were reported, of which 323 occurred after 

the Gulf War. This represented 11.9 percent (323/2713) of all births post-Gulf War. No 

statistical association was found between Gulf War deployment and delivery of macrosomic 

babies following the Gulf War (adjusted OR= 0.86, 95 percent CI 0.66, 1.12) (Table 2). 

Normal weight singleton births 

There were 2238 normal weight singleton births post-Gulf War, representing 82.5 percent 

(2238/2713) of all singleton births following the Gulf War. A total of 4284 singleton babies 

bom with"normal birth weights (2500-3999 g) were reported by subjects. The odds of delivering 
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a normal birth weight infant did not differ significantly between Gulf War veterans and 

nondeployed veterans (adjusted 0R= 0.87, 95 percent CI 0.71,1.07) (Table 2). 

Low birth weight (LBW) singleton births 

Respondents reported 133 births with birth weights between 1500 and 2500 g, or 4.90 

percent (133/2713) of all singleton births post-Gulf War. An addition, 19 (0.70 percent of births) 

were infants bom with birth weights of <1500 g. Because of the small number of very low birth 

weight (<1500 g) births reported, all LBW births (<2500 g) were analyzed together. A total of 

330 singleton LBW births were reported by subjects. No statistically significant association 

between Gulf War deployment and delivery of LBW infants post-Gulf War was identified 

(adjusted 0R= 0.93, 95 percent CI 0.63,1.38) (Table 2). 

Twin and other multiple births 

Respondents reported a total of 88 twin births, of which 36 were post-Gulf War, and no 

triplet or higher order births. The multiple birth ratio was 13.3/1000 livebirths. No statistical 

association between Gulf War deployment and twin/multiple births was detected, after 

adjustment for age differences (adjusted 0R= 0.89,95 percent CI 0.54,1.48) (data not shown). 

Total reproductive losses 

A total of 1082 reproductive losses were reported, of which 484 occurred after the Gulf 

War. Gulf War deployment was not associated with an increased odds of reproductive losses 

overall (adjusted 0R= 1.17,95 percent CI 0.94,1.45). Women with previous ectopic 

pregnancies or stillbirths had a higher odds of reproductive losses in 1991-1995 (Table 3). 

Stillbirths 

Fifty-five stillbirths were reported by survey participants overall, of which 23 occurred 

post-Gulf War,, There was no statistically significant difference in the odds of stillbirths among 
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Gulf War veterans when compared to nondeployed veterans, (adjusted 0R= 1.30, 95 percent CI 

0.54, 3.13) (Table 3). 

Ectopic pregnancies 

One hundred twenty-nine ectopic pregnancies were reported, 74 of which occurred post- 

Gulf War. None resulted in a livebirth. No statistical association between ectopic pregnancy 

and Gulf War deployment was noted (adjusted 0R= 1.51, 95 percent CI 0.90, 2.54) (Table 3). 

Not unexpectedly, previous ectopic pregnancies and stillbirths were strongly associated with 

ectopic pregnancies post-Gulf War (adjusted 0R= 7.40, 95 percent CI 2.35,23.27). 

Miscarriages/spontaneous abortions 

A total Of 898 miscarriages were reported, of which 387 were post-Gulf War. The odds 

of miscarriages post-Gulf War was not significantly increased, after adjustment for the 

contributing effects of age, race/ethnicity, educational level, military component, and previous 

reproductive outcomes (adjusted OR= 1.25,95 percent CI 0.99,1.58) (Table 3). 

Subfertility 

A total of 1964 subjects provided information on the number of menstrual cycles before 

the last conception. The odds of Gulf War veterans reporting subfertility were no different than 

that for nondeployed veterans (adjusted OR= 1.11, 95 percent CI 0.85, 1.45). Subjects who 

reported previous ectopic pregnancies or stillbirths had a lower odds of reporting subfertility 

(adjusted OR= 0.42,95 percent CI 0.22,0.82) (Table 4). 

Validation of self-reported outcomes 

Table 5 presents the percentage of reported reproductive outcomes in which medical 

records was available to validate questionnaire responses. Generally, higher validation was 

observed with the more severe reproductive losses. Validation of reported miscarriages was low. 
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COMMENT AND CONCLUSIONS 

Several previous studies have assessed the possibility of adverse reproductive outcomes 

in veterans of the 1991 Gulf War. Penman et al. "7 found no association of Gulf War deployment 

with ill health or birth defects in 2 units of the Mississippi National Guard. Internal Air Force 15 

and Army 5,6 investigations of pregnancy outcomes and miscarriages in Gulf War veterans also 

found no consistent pattern. 

Other studies identified potential sources of concern. A postal survey of present and 

former Pennsylvania and Hawaii active-duty, Reserve, and National Guard service members ^^, 

found that deployed reservists had a greater likelihood of reporting "menstrual difficulties" than 

nondeployed reservists. A study among Iowa military veterans found a higher prevalence of 

complaints of sexual discomfort among Gulf War veterans and their female partners 17. 

With regard to birth defects, to date no increased general or specific risk related to Gulf 

War deployment has been definitively identified to date 8, 9_ 

We have found in a nationwide probabiUty sample of 1991-era female veterans no results 

supporting the hypothesis of increased subfertility, reproductive losses, or LBW births among 

veterans of the Gulf War. In the absence of such resuhs, the finding of a lower odds of births 

overall among Gulf War veterans may have been more a reflection of life choices made by 

service members and their spouses. Again, the absence of an association between Gulf War 

service and subfertility would indicate that there was no decrease in fertility associated with Gulf 

War service. Therefore, our data do not suggest that the lower odds of births overall in Gulf War 

veterans was despite attempts to conceive. In a companion article (Sato et al. Naval Health 

Research Center, unpublished manuscript) we noted that male Gulf War veterans and their wives 

reported an increased odds of miscarriages in the two years immediately following the Gulf War. 
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As discussed in that article, we believe that these results should be interpreted in the light of our 

concerns that differential response rates between Gulf War deployed^and nondeployed veterans, 

where the nondeployed were underrepresented among the study respondents, may have 

influenced this finding. Study participation rates were also lower among male veterans, at 62 

percent (Sato et al, Naval Health Research Center, unpublished manuscript) compared to 

approximately 72 percent for this study. 

Another accompanying article (Araneta et al. Naval Health Research Center, unpublished 

manuscript), reports on a related study looking at pregnancy outcomes among female Gulf War 

veterans on active duty, who had pregnancy-related military hospitalizations on dates suggestive 

of a Gulf War exposed conception. In contrast to our study, Araneta et al found that postwar 

conceptions reported by subjects were at increased odds of resulting in miscarriage or ectopic 

pregnancy. Important methodological differences are likely to largely account for the 

differences in results. Araneta and her co-workers included any female veteran of any age group 

identified as having had a potentially Gulf War exposed conception based on military 

hospitalization data, married or unmarried. Also, there were differences in study participation 

rates, as well as sample selection effects resulting from looking at births in military hospitals 

alone, given that probably 40 percent or more of births in families of active duty personnel take 

place in non-military hospitals. (William Honner, Naval Health Research Center, personal 

communication, 1999). 

Several limitations are inherent in the design of our own study. Our objective was to 

assess the post-Gulf War reproductive health of female Gulf War veterans when compared with 

nondeployed veterans. To this end, we adopted a postal self-reported survey format, enabling a 

sample population that was drawn from residents of all states and territories, as well as from all 
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of the services and components. Because of this choice of format, we did not collect data on 

potential Gulf War exposures and other reproductive risk factors. The addition of questions on 

exposure and risk factors would have considerably increased the length of the questionnaire, _ 

given the large number of putative exposures that have been suggested. Further, the viability of 

collecting valid risk factor and exposure data using a mailed, self-completed method has been 

questioned 1^. 

Although participation was high compared with other comparable mail surveys among 

military veterans 1^' ^^, it remains possible that nonresponse bias could have influenced the 

observed differences. Relatively small differences were observed in the demographic profiles 

between survey respondents and nonrespondents and adjusted accordingly in multivariate 

modeling. 

We attempted to validate survey responses, using Department of Defense electronic data 

on hospitalizations in military medical treatment facilities. These data are available in a central 

database from fiscal year 1989 to date. We were unable to access data on hospitalizations by 

military personnel and their dependents in nonmilitary, civilian medical treatment facilities, nor 

to ambulatory care data in military medical treatment facilities for 1991-1995. Therefore, not 

unexpectedly, validation rates of self-reported outcomes were low. This low rate of validation 

leaves open the potential for recall and response bias influencing study results. We note though, 

that balanced survey response rates were obtained from nondeployed veterans and Gulf War 

veterans. Disproportionate response rates of either nondeployed veterans or and Gulf Wax 

veterans would have made the results more likely to be subject to a response or recall bias. 

Finally, deployment to the Gulf War theater of operations was the measure of exposure. 

This is a relatively insensitive index of exposure, given that the theater of operations 
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encompassed a very large geographic area 20. We were unable to exclude exposure to some 

agent or agents within this broad definition that may have adversely affected specific groups of 

Gulf War veterans. However, no such groups have consistently been identified, either-by 

investigations initiated among certain units where apparent clusters of complaints have occurred 

16,17,20,21^ or observed in the large registries of cases maintained by the Department of 

Defense and the Department of Veterans Affairs 3» 22  Nonetheless, while a widespread 

pathologic process leading to increases in subfertility, reproductive losses, or LBW births among 

female Gulf War veterans was not found, additional studies will be required to confirm the 

absence of a pathologic basis to the reduction in the odds of births overall, and to exclude the 

possibility of multiple pathologic processes affecting the reproductive health of different clusters 

of Gulf War veterans. 
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FIGURE 1. Birth outcomes reported by female service members, 1991-1995, by birth weight. 

Footnote: * National vital statistics on births for 1995 from the National Center for Health 

Statistics (NCHS), presented for comparison purpose 



TABLE 1. Demographic data 
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Sample 

Population Responders p value 

N = 8251 N = 4435 

% % 

Deployment status NS 

Nondeployed 50.20 50.60 

Gulf War deployed 49.80 49.40 

Age group, in years <0.001 

^19 6.42 5.85 

20-24 38.09 34.65 

25-29 34.77 36.35 

>30 20.72 23.15 

Race/ethnicity <0.001 

White 60.13 67.00 

Black 31.24 25.10 

Hispanic 4.39 4.10 

Other 4.24 3.90 

Highest educational level <0.001 

High school or less 73.22 68.61 

College 10.18 13.26 

Postgraduate 1.72 2.12 

No information 14.88 16.01 

Service <0.001 



22 

Army 49.86 45.40 

Navy 18.81 20.00 

Air Force 26.88 29.80 

Marine Corps 4.45 4.80 

Service component 

Active duty 85.35 86.70 

Reserve 10.80 9.40 

National Guard 3.85 3.90 

NS = Not significant. 

TABLE 1. Demographic data (cont) 

<0.001 
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TABLE 4. Reported subfertility, by Gulf War status and military/demographic 

covariates 

Subfertility 

N=1964 

AOR* 95% CIt 

Deployment status 

Nondeployed $ 

Gulf War deployed 1.11 0.85, 1.45 

Age group, in years 

<25t 

25-29 1.06 0.85,1.45 

>30 0.73 0.52,1.02 

Race/ethnicity 

White t 

Black 1.40 1.01,1.95 

Hispanic, other 1.86 0.98, 3.56 

Highest educational level 

High school or less $ 

College 0.87 0.59,1.29 

Postgraduate 1.06 0.57,1.96 

Service component 

Active duty $ 

Reserve 1.05 0.60,1.83 

National Guard 0.93 0.34,2.49 
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Previous outcomes 

None 1.02 0.57, 1.81 

LBWS[ births 0.86 0.52,1.42 

Macrosomic births 1.42 0.94,2.16 

Normal weight births 1.45 1.03, 2.04 

Miscarriages 0.89 0.65, 1.22 

Ectopics and stillbirths 0.42 0.22, 0.82 

* AOR: Adjusted odds ratio; t CI: Confidence interval; $ Reference category; 

f LBW: Low birth weight. 

TABLE 4. Reported subfertility, by Gulf War status and military/demographic 

covariates (cont) 
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TABLE 5. Validation against hospitalization data of reproductive losses reported by female 

service members, by Gulf War deployment status 

Gulf War veterans Nondeployed veterans 

Reported *      Validated t % Validated Reported Validated % Validated 

Miscarriages 263 62 23.6 301 95 31.6      - 

Stillbirths 14 5 35.7 14 7 50.0 

Ectopic 42 16 38.1 46 26 56.5 

pregnancies 

* Reproductive losses self-reported in survey by subjects. 

t Discharge diagnosis ICD-9 code consistent with reported reproductive loss recorded in database for 

military medical treatment facility hospitalizations for year of self-reported outcome. 
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