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Abstract

Background Patterns of survey response and the characteristics associated with response over time in longitudi-
nal studies are important to discern for the development of tailored retention efforts aimed at minimizing response
bias. The Millennium Cohort Study, the largest and longest running cohort study of military personnel and veterans,
is designed to examine the long-term health effects of military service and experiences and thus relies on continued
participant survey responses over time. Here, we describe the response rates for follow-up survey data collected
over 15 years and identify characteristics associated with follow-up survey response and mode of response (paper vs.
web).

Method Patterns of follow-up survey response and response mode (web, paper, none) were examined among eligi-
ble participants (n=198,833), who were initially recruited in four panels from 2001 to 2013 in the Millennium Cohort
Study, for a follow-up period of 3-15 years (2004-2016). Military and sociodemographic factors (i.e,, enrollment
panel, sex, birth year, race and ethnicity, educational attainment, marital status, service component, service branch,
pay grade, military occupation, length of service, and time deployed), life experiences and health-related factors (i.e,,
military deployment/combat experience, life stressors, mental health, physical health, and unhealthy behaviors) were
used to examine follow-up response and survey mode over time in multivariable generalized estimating equation
models.

Results Overall, an average response rate of 60% was observed across all follow-up waves. Factors associated

with follow-up survey response over time included increased educational attainment, married status, female sex,
older age, military deployment (regardless of combat experience), and higher number of life stressors, mental health
issues, and physical health diagnoses.

Conclusion Despite the challenges associated with collecting multiple waves of follow-up survey data from mem-
bers of the U.S. military during and after service, the Millennium Cohort Study has maintained a relatively robust
response rate over time. The incorporation of tailored messages and outreach to those groups least likely to respond
over time may improve retention and thereby increase the representativeness and generalizability of collected survey
data.
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Background

Prospective cohort studies follow a group of participants
and collect data on them over a period of time to answer
important causal research questions related to emergence
of disease in relation to known and unknown exposures
[1]. In the early 2000s, cohort studies began to observe a
precipitous decline in responses to follow-up surveys [2—
6]. In addition, several characteristics were consistently
associated with attrition, or loss to follow-up, in cohort
studies, including male sex, younger age, single marital
status, and lower socioeconomic status [7-9]. Differential
response rates among participants to follow-up surveys
can negatively affect the validity and generalizability of
study findings [10, 11].

Prior to the wide availability of self-administered inter-
net surveys, researchers often relied on paper-and-pencil
surveys that were mailed back to the study operations
center or administered in person. Reliance on paper-
based surveys can be expensive and cost prohibitive in
terms of materials, postage, and software and labor for
data entry and cleaning. With the widespread increase
in internet usage in the United States (from 55 to 93%
between 2000 and 2021 [12]) survey data can now be col-
lected remotely, which is often more cost effective, less
labor intensive to process the data, and carries additional
advantages including the ability to program complex
skip logic [13—15]. However, due to issues such as dis-
parities in internet access, certain groups, such as those
from racial or ethnic minority groups or who are older,
of lower socioeconomic status, or reside in rural commu-
nities, may be underrepresented in studies that employ
online surveys as their sole mode of data collection [12].
To mitigate these concerns and boost response rates,
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some studies employ a multimodal survey design where
participants can complete either a paper or a web-based
survey [16]. However, more research is needed to under-
stand the characteristics that may be associated with
mode of survey response in longitudinal cohort studies
over time, particularly those focused on military person-
nel and other hard-to-reach populations.

The Millennium Cohort Study (hereafter the Study),
the largest and longest running cohort study of ser-
vice members and veterans, was initiated in 2001 with
the objective of studying the long-term health impacts
of military deployments. Detailed summaries of Study
methodology are available elsewhere [17-19]. Briefly, the
Study employs a multi-panel, multi-wave design in which
different cohorts (called panels) of service members are
enrolled and invited to complete follow-up surveys in
cycles called waves via a website or paper mode approxi-
mately every 3-5 years (Fig. 1) [20].

Participants from the first four panels (N=201,619)
were invited to complete at least one follow-up survey
as of 2016. Examinations of the representativeness and
response patterns of the Study have been previously
reported [18, 20-22], but they were limited to partici-
pants from the first enrollment panel. While findings
suggested that Panel 1 was representative of the general
military at baseline [18, 21], there were observed dif-
ferences in response rates at the first follow-up survey
(called Wave 2, which was conducted between 2004 and
2006 for Panel 1). However, additional longitudinal pat-
terns of response rates over multiple follow-up waves
were not examined beyond Wave 2 for Panel 1. The aims
of the current analysis are to (1) report the overall and by
mode (paper vs. web) response rates between the second

2001-03 2004-06 2007-08 2011-13 2014-16 2019-21 2023-25
Enrolled 77,019
Panel 1 Participants
‘Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 7
Enrolled 31,110
Panel 2 Participants
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
Enrolled 43,438
Panel 3 Participants
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5
Enrolled 50,052
Panel 4 Participants
Wave 1 Wave 2 Wave 3 Wave 4
Enrolled 58,609
Panel 5 Participants
Wave 1 Wave 2

Fig. 1 Depiction of the multiple panel design used in the Millennium Cohort Study
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and fifth waves spanning up to 15 years of follow-up, and
(2) identify participant characteristics associated with
response and mode of response across two to five waves
of survey collection.

Methods

Participants

Across the five panels, 260,228 participants enrolled in
the Study between 2001 and 2021 (enrolled in 2001-2003,
2004-2006, 2007-2008, 2011-2013, and 2020-2021).
While Panel 1 was invited from a random sample of ser-
vice members from active duty and Reserve/National
Guard rosters in October 2000, subsequent panels ran-
domly sampled more recently accessed service members
(i.e., with 1-5 years of military service) and oversampled
certain subgroups (e.g., women, Marine Corps person-
nel) to enable sufficient sample size for between-group
comparisons. At the start of each follow-up wave, partici-
pants were excluded if they withdrew from the study or
were deceased. Panel 1 participants were eligible for five
follow-up waves, but each subsequent panel was eligible
for fewer follow-up waves due to the staggered multi-
panel and multi-wave study design (Fig. 1).

Methods to increase follow-up survey response

Historically, the Study employed multiple strategies
to increase follow-up survey response such as target-
ing outreach (e.g., contacts intended for specific service
branches or veterans), updating contact information from
multiple sources, and using incentives. Some techniques,
such as postcard and email reminders to complete the
survey, were consistently utilized over time, but the fre-
quency and timing of those techniques varied by survey
cycle (Table 1). Reminder emails notified participants
to start or complete the web survey and postcards were
sent to nonresponders. During the 2007-2008 and 2011-
2013 survey cycles, the Study used reminder voice mes-
sages and during the 2014-2016 survey cycle, one primer
email was sent before the survey cycle began. The Study
also sent out annual commemorative emails and post-
cards for Memorial Day and Veterans Day that served
as reminders for participants to complete the survey if
the holiday fell within a survey cycle. Endorsement let-
ters from Department of Defense leadership were sent to
participants during the 2011-2013 and 2014-2016 sur-
veys. Type of incentives and timing of distribution (either
before or after survey completion) changed over time;
an experiment conducted during the 2014-2016 cycle
found that monetary pre-incentives produced a modest
increase in follow-up survey response [23]. Finally, dur-
ing the 20142016 survey cycle a short (2-page) paper
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survey was created and mailed to nonresponders 18 and
20 months into the cycle to increase response.

Measures

Military and demographic covariates

Demographic and military service factors such as birth
year, sex, race and ethnicity, pay grade, service branch,
military occupation, length of service (LOS), and service
component were obtained from administrative records
maintained by the Defense Manpower Data Center
(DMDC). Military factors were measured concurrent
with the follow-up response since they could be obtained
from administrative records and did not rely on partici-
pant response. All other self-reported factors listed in
the measures section were measured as ever occurring
before each follow-up wave. Deployment dates were
obtained from the Contingency Tracking System (CTS)
and were used to calculate the total years deployed before
each follow-up survey. Educational attainment and mari-
tal status were self-reported on the survey and backfilled
with DMDC data if missing.

Stressful life events

Combat deployment experience was identified using a
combination of administrative CTS records with a 5-item
combat experience scale on the survey with responses
categorized into one of four categories (i.e., deployed
with combat, deployed without combat, deployed with
unknown combat, not deployed) consistent with prior
research [24]. Life stressors were assessed from five mod-
ified items (i.e., divorce, financial issues, sexual assault,
sexual harassment, and physical assault) from the Hol-
mes and Rahe Social Readjustment Rating Scale, and
participants were categorized as reporting 0, 1, or 2 +life
stressors [25].

Mental and physical health and unhealthy behaviors

The Study survey includes a variety of validated instru-
ments to screen for mental health conditions. The
17-item Posttraumatic Stress Disorder (PTSD) Check-
list — Civilian Version was used to measure the severity
of PTSD symptoms [26, 27]. The Patient Health Ques-
tionnaire was used to identify depression, panic, other
anxiety, and binge eating disorder, respectively [27-29].
Positive screens on these five validated mental health
screeners were summed and categorized as 0, 1, or
2+ mental health conditions.

Physical health indicators were identified using a com-
bination of self-reported provider diagnoses, height, and
weight. A body mass index greater than 30 kg/m? and
four specific diagnoses (hypertension, high cholesterol,
migraine, and sleep apnea) were chosen from a list of 38
diagnoses because they were the most prevalent physical
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Table 1 Millennium Cohort Study follow-up survey methods between 2004-2006 and 2014-2016
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Follow-up Survey Cycle Years

2004—2006 2007—2008
Months cycle was open 20 19
Primer email No No
Number of reminder emails®* 10 23
Number of reminder 4 4
postcards®
Number of reminder auto- 0 3
mated phone message
Commemorative Yes Yes
and reminder emails
and postcards (Memorial Day
and Veterans Day)
Endorsement letter No No
Pre-incentive letter No No
Newsletter No No
Desktop calendar No No

Web survey completion post-
incentive

Choice between hat, t-shirt,
or phone card

Choice between hat, t-shirt,
or phone card

2011—2013
24

No

22

3

Yes

Yes©

No
No
No

Choice between $5 gift
card to Starbucks, Walmart,
Amazon, or Subway, hat,
coin, or none;

2014—2016
23

Yes

Yes©

1
2
1

Choice between $5 gift card
to Starbucks, Walmart, Ama-
zon or Subway, hat, or none

Pre-incentive None Gift card sent to late paper  $5 forincomplete surveys  Randomly assigned experi-
survey responders at end atend of cycle ment: magnet; $2 bill; gift
of cycle card; lottery entry for an iPad;

or letter/no pre-incentive

Number of paper question- 4 5 5 4

naires

Month of survey cycle 2,4,6,12 1,3,6,11,15 3,5917,19 3,7,12,15

the paper questionnaires

were mailed

Number of short paper (2 0 0 0 2

page) questionnaires mailed

Month of survey cycle - - - 18,20

the short paper (2 page)
questionnaires were mailed

2Those who did not start the web survey were reminded of the importance of the study and staying involved. Those who started and did not complete the web

survey were reminded to complete the survey
b Sent to nonresponders

€2011-13 from Chairman of the Joint Chiefs of Staff; 2014-16 from Surgeon General of the Navy, Surgeon General of the Army, and Chairman of the Joint Chiefs of

Staff

health conditions reported on the 2014—2016 survey and
were always included on the survey. The sum of the five
physical health indicators was categorized as 0, 1, or 2 +.
Unhealthy behaviors included current cigarette smok-
ing, heavy weekly alcohol drinking, and unhealthy sleep
duration. Current cigarette smoking was indicated if
participants endorsed smoking 100 or more cigarettes
in their lifetime and not successfully quitting smoking.
Heavy weekly alcohol consumption was determined
using the daily number of alcoholic beverages consumed
in the past week with a threshold of 7 or 14 drinks per
week for females and males, respectively [30]. Unhealthy
sleep duration was assessed from a single item coded

such that 6 or fewer and 10 or more average hours in a
24-h period indicated unhealthy sleep duration based on
National Sleep Foundation recommendations [31]. The
sum of the three unhealthy behaviors was categorized as
0,1,0r2+.

Statistical analyses

For each survey wave, we calculated the frequency and
percentage of follow-up survey response (yes vs. no) and
mode of response (web vs. paper) stratified by panel.
Frequencies of military and demographic characteris-
tics, stressful life events, mental and physical health,
and unhealthy behaviors were also calculated for eligible
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participants. In addition, to examine the bivariate rela-
tionships between participant characteristics with follow-
up survey response, Wave 2 response rate and consistent
follow-up response (i.e., responded to all follow-up sur-
veys) were reported for each category of participant-level
characteristics. For survey mode, the percentages of web
and paper surveys completed were reported among Wave
2 responders and those who responded by one mode
more frequently across all follow-up surveys. Multicol-
linearity was tested among characteristics with a variance
inflation factor threshold>4. Generalized estimating
equations (GEEs) were used to estimate the associations
between variables of interest and response to follow-up
surveys over time. GEEs are a subclass of semiparametric
models, which, unlike the parametric generalized linear
mixed-effects models, impose no mathematical model
for the distributions of the multivariate response due to
repeated assessments and thereby provide valid inference
for virtually all data distributions [32]. GEEs are not only
robust, but also most efficient, or powerful, in the sense
that they have the largest power among all such semipa-
rametric models. For both outcomes, survey response
and response mode, effect estimates were generated
from fully-adjusted models that included all variables
of interest [33] (birth year, sex, race and ethnicity, pay
grade, service branch, military occupation, LOS, service
component, deployment experience, life stressors, men-
tal and physical health, and unhealthy behaviors), panel,
and wave were reported. All statistical analyses were
conducted using SAS software version 9.4 (SAS Insti-
tute, Inc., Cary, North Carolina, USA). The study was
approved by the Naval Health Research Center Institu-
tion Review Board (protocol number NHRC.2000.0007).

Results

Follow-up response rate over time

Eligibility, response rate, and mode of response to sur-
veys are reported in Table 2. Over 93% of participants
were eligible (ie., not deceased, withdrawn from the
Study, or completed the 2014-16 short paper survey)
at each follow-up wave. Among eligible participants,
approximately 60% responded at Wave 2. Furthermore,
approximately 70% of the cohort responded to at least
one follow-up survey (which may or may not have been
Wave 2) and 42% responded to every follow-up survey.
However, the follow-up response rate decreased at each
consecutive follow-up wave. Among Panels 1-4 partici-
pants who completed follow-up surveys between 2006
and 2016, 82% of surveys were completed online.

Descriptive characteristics of follow-up response
Among 198,833 eligible participants, most were male
(69%), of non-Hispanic White race and ethnicity (75%),
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married (58%), senior enlisted personnel (56%), or did
not have a college degree (57%). A plurality were born
in 1980 or after (42%), served on active duty (42%), or
served in the Army (45%) (Table 3).

Additionally, approximately 60% responded at Wave 2
and 42% responded to all follow-up surveys (Table 3). These
rates were at least 5% higher among those born before 1970
compared with those born in 1980 or later, those with a
college degree compared with those with a high school
equivalent or less, Reserve, National Guard personnel com-
pared with those separated, Officers compared with junior
enlisted, health care military occupation compared with
administrative or supply. The Wave 2 response rate was
also higher among Panel 1 compared with Panel 3 partici-
pants and active duty compared with separated personnel,
while Panel 4 participants, compared with Panel 2, were
more likely to be consistent responders. Wave 2 and con-
sistent responders also had longer length of service, while
consistent responders had also deployed for longer.

Finally, among 118,948 Wave 2 responders, 83% com-
pleted the web survey and 17% completed the paper sur-
vey (Table 4). Similar proportions were observed among
the 130,134 participants who responded more often
to one survey mode (86% web and 14% paper). Active
duty participants, compared with those separated from
the military, were more likely to complete web surveys
while those separated from the military compared with
active duty, junior enlisted compared with Officers, and
those who screened positive for more than one mental
health condition compared with those who did not screen
positive were more likely to complete paper survey (either
at Wave 2 or consistently). Those born before 1960 com-
pared with those born between 1960-1969 were more
likely to complete paper survey at Wave 2 while Offic-
ers, compared with junior enlisted, were more likely to
respond using the web survey across all follow-up surveys.

Survey response over time

In the adjusted GEE model, all characteristics of inter-
est were significantly associated with follow-up survey
response over time except for cumulative years deployed
(Table 5). Characteristics positively associated with
follow-up survey response over time included being a
participant in the initial panel (enrolled between 2001-
2003), Wave 3 (compared with Wave 2), increased edu-
cational attainment, married, female sex, earlier birth
years (i.e., before 1980), and non-Hispanic White race
and ethnicity. In addition, serving in the Marine Corps,
Navy or Coast Guard (compared with Army), military
occupation of combat specialist, active duty (compared
with separated participants), junior enlisted pay grade,
and deployment experience (with or without combat)
were associated with follow-up survey response. Lastly,
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Table 2 Millennium Cohort Study participant eligibility, response, and mode of response between 2001-2003 and 2014-2016 surveys,

Web: 43,781 (87%)
Paper: 6271 (13%)

(95%)
Nonresponder:
22,925
Responder:
24,711 (52%)
Web: 20,633 (83%)
Paper: 4078 (17%)

Excluded: 2416*

n=201,619
Panel 2001-2003 2004-2006 2007-2008 2011-2013 2014-2016 No. of surveys
completed, by
wave
n (%)
1 Enrolled: 77,019 Eligible: 76,829 Eligible: 76,044 Eligible: 75,419 Eligible: 71,201 1:9336 (12.1)
Web: 42,167 (55%)  (99%) (99%) (98%) (93%) 2:9154(11.9)
Paper: 34,852 (45%) Nonresponder: Nonresponder: Nonresponder: Nonresponder: 3:10,662 (13.8)
21,812 21,260 23,745 23,707 4:12,978 (16.9)
Responder: Responder: Responder: Responder: 5:34,889 (45.3)
55,017 (72%) 54784 (72%) 51,674 (69%) 47,494 (67%)
Web 45,538 (83%) Web: 46,303 (85%) Web: 42,615 (82%) Web: 39,335 (83%)
Paper:9479 (17 %)  Paper: 8481 (15%) Paper: 9059 (18%) Paper: 8159 (17%)
Excluded: 190 * Excluded: 975* Excluded: 1600 * Excluded: 5818 *
2 Enrolled: 31,110 Eligible: 31,044 Eligible: 30,842 Eligible: 29,147 1:9217 (29.6)
Web: 27,250 (88%) (99%) (99%) (94%) 2:7172(23.1)
Paper: 3860 (12%) Nonresponder: Nonresponder: Nonresponder: 3:5814(18.7)
13,892 15,693 15,926 4:8907 (28.6)
Responder: Responder: Responder:
17,152 (55%) 15,149 (49%) 13,221 (45%)
Web: 14,357 (84%)  Web: 12,106 (80%)  Web: 10,968 (83%)
Paper: 2795 (16%) Paper: 3043 (20%) Paper: 2253 (17%)
Excluded: 66* Excluded: 268* Excluded: 1963*
3 Enrolled: 43,438 Eligible: 43,324 Eligible: 41,023 1:18,061 (41.6)
Web: 40,302 (93%) (99%) (95%) 2:10,875 (25.0)
Paper: 3136 (7%) Nonresponder: Nonresponder: 3:14,502 (334)
21,256 23,211
Responder: Responder:
22,068 (51%) 17,812 (43%)
Web: 18,174 (82%)  Web: 14,943 (84%)
Paper: 3894 (18%) Paper: 2869 (16%)
Excluded: 114* Excluded: 2415*
4 Enrolled: 50,052 Eligible: 47,636 1: 25,341 (50.6)

2:24,711 (494)

" Excluded counts include participants who withdrew from the Study, were deceased at the opening of each survey cycle, or completed the short paper survey at the

2014-2016 cycle

reporting life stressors, screening positive for mental
health conditions, reporting physical health conditions,
and reporting no unhealthy behaviors were also associ-
ated with follow-up survey response.

Survey response and mode over time

In the adjusted GEE model, all characteristics were signif-
icantly associated with follow-up survey mode over time
(Table 6). Certain characteristics, such as increased edu-
cational attainment, female sex, earlier birth year, Marine
Corps service, deployment experience (with or without
combat), screening positive for mental health conditions,
and reporting physical health conditions, were associated
with higher odds of web and paper survey completion

compared with not responding to the follow-up surveys.
Other characteristics, such as Wave 3 participation, cur-
rently married status, Navy or Coast Guard service, sen-
ior enlisted pay grade, and longer time deployed, were
only associated with web survey completion. Conversely,
those with a military occupation of health care or combat
specialist (compared with other), and Reserve/National
Guard service (compared with active duty service) were
associated only with paper survey completion over time.

Discussion

Continued response to follow-up surveys is especially
critical for prospective cohort studies, especially for the
purpose of ascertaining rare outcomes or those with
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Table 3 Participant characteristics by wave 2 response rate and consistent response rate, n=198,833

N Wave 2 Responder Consistent Responder
118,948 (59.8) 83,011 (41.8)
Row % Row %
Panel
1 76,829 716 454
2 31,044 553 287
3 43,324 509 335
4 47,636 519 519
Sex
Male 137,770 59.8 42.5
Female 61,063 599 40.1
Birth year
Pre-1960 16,959 814 619
1960-1969 32,494 76.1 50.2
1970-1979 48,582 62.8 39.1
1980+ 100,798 49.5 369
Race and ethnicity
American Indian or Alaskan Native 2821 526 36.3
Asian or Pacific Islander 8740 57.7 404
Hispanic or Latino 15,708 543 36.6
Non-Hispanic Black 24,446 53.7 31.7
Non-Hispanic White 144,670 61.7 44
Multiracial 2351 618 419
Missing 97 69.1 454
Educational attainment
High school equivalent or less 42,892 473 283
Some college, no degree 85,735 55.7 36.5
Associate degree 20,027 653 46.7
Bachelor's degree 34,294 727 57.1
Postgraduate degree 15,849 81.2 67.2
Missing 36 50.0 417
Marital status
Never married 68,433 544 37.0
Married 108,166 634 451
No longer married 22,226 59.1 398
Missing 8 62.5 500
Component status
Active duty 71,204 694 46.5
Reserve/National Guard 54,599 69.1 482
Separated 73,030 435 323
Service branch
Army 89,011 60.6 415
Navy or Coast Guard 35,160 596 425
Marine Corps 17,130 498 354
Air Force 57,532 61.8 436
Pay grade
Junior enlisted 50,540 452 285
Senior enlisted 109,936 60.8 411

Officer 38,357 764 61.1
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Table 3 (continued)
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N Wave 2 Responder Consistent Responder
118,948 (59.8) 83,011 (41.8)
Row % Row %

Military occupation

Admin/supply 61,976 58.8 394

Health care 22,383 654 482

Other 81,519 57.7 40.2

Combat specialist 32,955 63.2 455
Length of service, years (mean, SD)  10.69 (18.31) 11.62(1747) 11.64 (15.39)
Time deployed, years (mean, SD) 0.54 (0.70) 0.53(0.72) 0.55(0.72)
Deployment experience

Not deployed 128,303 63.5 422

Deployed without combat 27,840 528 398

Deployed with combat 40,196 543 422

Deployed with unknown combat 2494 372 316
Life stressors

None 114,112 59.2 420

One 50,005 619 423

More than one 30,178 61.7 41.5

Missing 4538 404 315
Mental health?

None 174,765 61.0 426

One 12,944 54.3 375

More than one 9969 489 343

Missing 1155 384 274
Physical health?

None 136,953 59.1 41.0

One 45418 615 434

More than one 15,522 624 444

Missing 940 40.1 289
Unhealthy behaviors®

None 74,226 63.9 46.3

One 89,619 59.7 416

More than one 33,456 52.2 329

Missing 1532 37.8 269

All characteristics were significantly associated with Wave 2 follow-up survey response and consistent follow-up survey response (p <.05)

@ Mental health indicators included screens for PTSD, depression, panic, other anxiety, and binge eating disorder. Physical health indicators included obese body mass
index and diagnoses of hypertension, high cholesterol, migraines, and sleep apnea. Unhealthy behavior indicators included current cigarette smoking, heavy weekly

alcohol drinking, and unhealthy sleep duration

long latency periods (e.g., cancers, neurodegenerative
conditions). It is thus critical to adequately characterize
response rates and potential sources of nonresponse bias.
Over a follow-up period of 3-15 years, approximately
60% of enrolled participants responded to the first fol-
low-up survey, approximately 70% responded to at least
one follow-up survey, and 42% responded at every fol-
low-up survey. Additionally, one notable finding was that
Veterans were less likely to respond to follow-up surveys
and more likely to complete the paper survey.

To our knowledge, no other longitudinal study of
service members and veterans has reported factors

associated with follow-up survey response, particularly
over multiple waves. We were able to identify military
factors associated with follow-up survey response in a
longitudinal cohort, such as service in the Navy, Coast
Guard or Marine Corps (compared with the Army) and
active duty service (compared with Reserve, National
Guard, separated from the military). These findings
mirror results reported for Panel 1 at Wave 2 [20, 22].
The relatively low response observed among certain
groups may be attributable to reasons identified in a
previous cross-sectional survey of Air Force personnel:
lack of time or interest, attitudes toward sponsoring
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Table 4 Participant characteristics by wave 2 mode and preferred follow-up survey mode

Wave 2,n=118,948 Consistent, n=130,134
Web Responder Paper Responder Web Responder Paper Responder
98,702 (83.0) 20,246 (17.0) 111,545 (85.7) 18,589 (14.3)
Row % Row % Row % Row %
Panel
1 82.8 17.2 87.1 129
2 83.7 16.3 84.5 155
3 824 176 85.6 144
4 83.5 16.5 835 16.5
Sex
Male 84.0 16.0 86.7 133
Female 80.7 193 833 16.7
Birth year
Pre-1960 776 224 828 17.2
1960-1969 84.7 153 88.6 114
1970-1979 84.6 154 87.6 124
1980+ 826 174 83.8 16.2
Race and ethnicity
American Indian or Alaskan 814 18.6 83.1 169
Native
Asian or Pacific Islander 85.7 143 88.1 11.9
Hispanic or Latino 82.8 17.2 853 14.7
Non-Hispanic Black 817 183 838 16.2
Non-Hispanic White 830 17.0 859 14.1
Multiracial 87.0 13.0 90.4 9.6
Missing 76.1 239 779 221
Educational attainment
High school equivalent 782 21.8 79.6 204
or less
Some college, no degree 83.0 17.0 85.2 14.8
Associate degree 832 16.8 86.6 134
Bachelor’s degree 85.5 14.5 89.4 10.6
Postgraduate degree 85.5 14.5 90.6 94
Missing 50.0 50.0 82.6 174
Marital status
Never married 81.9 18.1 84.1 159
Married 84.0 16.0 87.1 129
No longer married 80.7 19.3 83.0 17.0
Missing 80.0 20.0 100.0 0.0
Component status
Active duty 91.2 8.8 93.1 6.9
Reserve/National Guard 83.0 17.0 86.9 13.1
Separated 70.2 29.8 74.2 258
Service branch
Army 81.7 183 83.7 163
Navy or Coast Guard 82.5 17.5 85.8 14.2
Marine Corps 783 21.7 814 186
Air Force 86.3 13.7 89.8 10.2
Pay grade
Junior enlisted 74.0 26.0 759 241
Senior enlisted 844 15.6 87.1 129

Officer 86.7 133 90.9 9.1
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Table 4 (continued)
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Wave 2, n=118,948

Consistent, n=130,134

Web Responder Paper Responder Web Responder Paper Responder
98,702 (83.0) 20,246 (17.0) 111,545 (85.7) 18,589 (14.3)
Row % Row % Row % Row %
Military occupation
Admin/supply 823 17.7 85.0 15.0
Health care 827 17.3 85.8 14.2
Other 83.8 16.2 86.4 136
Combat specialist 824 176 854 14.6
Length of service, years 11.56 (16.24) 11.92 (22.53) 11.67 (17.35) 11.51 (25.48)
(mean, SD)
Time deployed, years (mean,  0.55 (0.73) 045 (0.64) 0.53(0.71) 046 (0.64)
SD)
Deployment experience
Not deployed 828 17.2 86.1 139
Deployed without combat ~ 85.5 14.5 86.7 133
Deployed with combat 819 18.1 83.5 16.5
Deployed with unknown 86.7 133 874 126
combat
Life stressors
None 84.0 16.0 86.8 132
One 82.1 179 85.0 150
More than one 80.5 19.5 83.0 17.0
Missing 86.3 13.7 86.7 133
Mental health?
None 83.6 164 86.4 13.6
One 80.0 20.0 819 18.1
More than one 74.2 258 77.2 22.8
Missing 86.0 14.0 86.3 137
Physical health?
None 83.7 163 86.3 137
One 81.8 18.2 84.9 15.1
More than one 80.2 19.8 83.0 17.0
Missing 87.0 13.0 88.4 116
Unhealthy behaviors®
None 83.5 16.5 86.8 132
One 832 16.8 859 14.1
More than one 80.6 194 824 17.6
Missing 86.7 133 86.3 137

All characteristics were significantly associated with Wave 2 follow-up survey response and consistent follow-up survey response (p <.05)

@ Mental health indicators included screens for PTSD, depression, panic, other anxiety, and binge eating disorder. Physical health indicators included obese body mass
index and diagnoses of hypertension, high cholesterol, migraines, and sleep apnea. Unhealthy behavior indicators included current cigarette smoking, heavy weekly

alcohol drinking, and unhealthy sleep duration

organization, survey length discouraging initiation or
completion of survey, and internet access barriers [34].
Veterans may also feel a diminished connection with a
military study.

The observed response rate of 60% in this study was
lower than the average response rate of 74% in a recent
systematic review and meta-analysis of 141 longitudinal
cohort studies [35]. Other longitudinal cohort studies

such as the Framingham Study [36], Multi-Ethnic Study
of Atherosclerosis [37], Women’s Health Initiative Obser-
vational Study [38], and the Nurses’ Health Study [39]
have reported higher follow-up response rates (80% or
greater). Compared with the populations of interest in
other cohort studies, service members are relatively
young, highly mobile, extensively surveyed, and have rig-
orous work schedules and requirements [40] that create
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Table 5 Adjusted GEE effect estimates for follow-up survey response over time

Responded
AOR (95% Cl)
Panel (ref: 1)
2 0.70 (0.68,0.71)
3 0.61 (0.60, 0.63)
4 0.66 (0.64, 0.69)
Wave (ref: 2)
3 1.04 (1.02, 1.05)
4 91 (0.90,0.93)
5 0.85 (0.84,0.87)
Female sex (ref: male) 1.08 (1.06, 1.10)
Birth year (ref: 1980 +)
Pre-1960 3.63(3.47,3.79)
1960-1969 2.03(1.97,2.10)
1970-1979 1.18(1.15,1.21)
Race and ethnicity (ref: non-Hispanic White)
American Indian or Alaskan Native 0.84 (0.78,0.89)
Asian or Pacific Islander 0.83 (0.80, 0.86)
Hispanic or Latino 0.62 (0.61,0.64)
Non-Hispanic Black 81(0.78,0.83)
Multiracial 0.87(0.80,0.93)
Missing 0.79 (0.56, 1.10)
Educational attainment (ref: high school equivalent or less)
Some college, no degree 1.37 (1.34,1.40)
Associate degree 1.87(1.81,1.92)
Bachelor's degree 2.62(2.54,2.70)
Postgraduate degree 3.56 (341,3.72)
Missing 0.80(0.39, 1.65)
Marital status (ref: never married)
Married 1.03 (1.01, 1.05)
No longer married 0.93 (0.90, 0.96)
Missing 0.83(0.34, 2.05)
Component status (ref: active duty)
Reserve/National Guard 0.78(0.76,0.80)
Separated 0.32(0.31,0.33)
Service branch (ref: Army)
Navy or Coast Guard 1.04 (1.01, 1.06)
Marine Corps 1.18(1.14,1.22)
Air Force 0.93(0.91,0.95)
Pay grade (ref: junior enlisted)
Senior enlisted 1.00 (0.98,1.02)
Officer 0.87 (0.84, 0.90)
Military occupation (ref: other)
Admin/supply 0.90 (0.88,0.91)
Health care 1.00 (0.98, 1.03)
Combat specialist 1.06 (1.04, 1.09)
Length of service, 5-year interval 0.99 (0.99, 0.99)
Time deployed, 1-year interval 01(0.99, 1.02)
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Table 5 (continued)
Responded
AOR (95% Cl)
Deployment experience (ref: not deployed)
Deployed without combat 1.12(1.09,1.15)
Deployed with combat 1.21(1.18,1.24)

Deployed with unknown combat
Life stressors (ref: none)
One
More than one
Missing
Mental health? (ref: none)
One
More than one
Missing
Physical health? (ref: none)
One
More than one
Missing
Unhealthy behaviors® (ref: none)
One
More than one
Missing

0.29(0.28,0.30)

1.08 (1.06, 1.11)
1.12(1.09,1.15)
1.08 (0.99, 1.19)

1.15(1.12,1.19)
1.14(1.10,1.18)
0.85(0.67,1.08)

1.23(1.21,1.25)
1.58 (1.54,1.63)
1.19(0.99, 1.44)

0.86 (0.84,0.87)
0.81(0.79,0.83)
0.87(0.71,1.07)

All characteristics were significantly associated with follow-up survey response over time (p <.05) except for cumulative years deployed in the adjusted model (p=.34)

AOR adjusted odds ratio, C/ confidence interval, GEE generalized estimating equation

@ Mental health indicators included screens for PTSD, depression, panic, other anxiety, and binge eating disorder. Physical health indicators included obese body mass
index and diagnoses of hypertension, high cholesterol, migraines, and sleep apnea. Unhealthy behavior indicators included current cigarette smoking, heavy weekly

alcohol drinking, and unhealthy sleep duration

challenges for repeated surveying over time. This, com-
bined with differences in timing of follow-up and survey
methods and operations, resulted in the lower follow-up
survey response rate reported in this analysis. Histori-
cally, the Study did not track whether participants were
not contacted during survey cycles (e.g., due to undeliv-
erable email addresses or postal addresses that returned
mail to sender), so we were unable to distinguish between
those not contacted from other nonresponders. Panel 1
Study participants responded at a higher rate (Table 2;
average of 70%), which is similar to higher response
rates reported in other cohort studies. We conducted
a sensitivity analysis with models examining response
over time stratified by panel to examine whether there
were differences in the associations of the characteris-
tics with response (Supplemental Table), which revealed
similar associations across panels. Considering the chal-
lenges of retaining enrolled service members and veter-
ans in a longitudinal study, the observed 60% response
rate (range 43-71%) is remarkable given the large num-
ber of participants that the Study was unable to reach.
Even with observed attrition, survey data collected from

participants have been extensively analyzed and findings
reported in over 150 peer-reviewed publications to date
on a wide breadth of topics on the long-term health of
service members and veterans [19].

Similar to other cohort studies that have observed
declining response rates over time, the Study reported a
decline in response rates with each follow-up survey. For
example, the Swedish Longitudinal Occupational Sur-
vey of Health reported a follow-up response rate of 65%
in 2006 that declined to 51% in 2016 [41]. The Califor-
nia Teachers Study reported a response rate of 43% at
the sixth survey cycle and found that older participants
were more likely to participate than younger participants,
which is similar to the results for Panel 1 of the current
Study [42]. Demographic characteristics related to survey
response among Study participants, such as increased
educational attainment, female sex, older age, non-His-
panic White race and ethnicity, have also been reported
in other cohort studies [7-9, 43]. The Study has modified
its retention methods over time, such as adding endorse-
ment letters, varying the incentives available, and modify-
ing the type and timing of reminders (Table 1). Although
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Table 6 Adjusted GEE effect estimates for follow-up survey response and mode over time
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Responded:
Web Paper
AOR (95% Cl) AOR (95% Cl)

Panel (ref: 1)
2
3
4
Wave (ref: 2)
3
4
5
Female sex (ref: male)
Birth year (ref: 1980 +)
Pre-1960
1960-1969
1970-1979
Race and ethnicity (ref: non-Hispanic White)
American or Alaskan Indian
Asian or Pacific Islander
Hispanic or Latino
Non-Hispanic Black
Multiracial
Missing
Educational attainment (ref: high school diploma or equivalent or less)
Some college, no degree
Associate degree
Bachelor's degree
Postgraduate degree
Missing
Marital status (ref: never married)
Married
No longer married
Missing
Component status (ref: active duty)
Reserve/National Guard
Separated
Service branch (ref: Army)
Navy or Coast Guard
Marine Corps
Air Force
Pay grade (ref: junior enlisted)
Senior enlisted
Officer
Military occupation (ref: other)
Admin/supply
Health care
Combat specialist
Length of service, 1-year interval
Time deployed, 1-year interval

0.69 (0.67,0.71)
0.61(0.59,0.63)
0.66 (0.63, 0.68)

08 (1.06, 1.10,
0.96 (0.94,0.97
0.91(0.89,0.93

04 (1.02,1.06

3.38(3.21,3.55)
2.00(1.93,2.08)
1.17(1.14,1.20)

0.83(0.77,0.89
0.84 (0.80,0.87
0.80(0.78,0.83
0.60 (0.59,0.62
0.89(0.82,0.96
0.74(0.52,1.06

48 (1.45,1.51)
2.05(1.99,2.11)
2.96 (2.87,3.06)

3(3.95,4.32)
0.64(0.30,1.37)

1.05 (1.03,1.07)
0.93 (0.90, 0.96)
0.84 (0.34, 2.06)

0.73(0.71,0.75)
0.26 (0.26,0.27)

1.05(1.03,1.08)
1.17(1.14,1.22)
0.97 (0.95,0.99)

1.05 (1.02, 1.08)
0.92 (0.88,0.95)

0.88 (0.86,0.90)
0.98 (0.95,1.01)
02 (0.99, 1.04)
0.99 (0.99, 0.99)
02 (1.00, 1.03)

0.73(0.70,0.76)
0.65 (0.62, 0.68)
0.68 (0.65,0.72)

0.87 (0.85,0.89
0.76(0.73,0.78
0.67 (0.64,0.69
1.29(1.25,1.33

4.93 (4.65,5.24)
2.22(211,2.33)
1.20(1.16,1.25)

0.88(0.79,0.97
0.78(0.74,0.83
0.84(0.80,0.87
0.72(0.70,0.75
0.76 (0.68,0.85
0.97 (0.64,1.48

1.06
1.34

(1.03,1.09
(
1.66 (
(
(

1 )
1.28, 1.40)
1.59,1.74)
1.86,2.10)
0.61,3.89)

1.98
1.54

0.94 (0.91,0.96)
0.92(0.88,0.96)
0.89(0.10, 7.59)

1.26(1.21,1.31)
0.88 (0.85,0.91)

0.99 (0.95,1.02)
1.20 (1.14,1.25)
0.77(0.75,0.80)

0.88(0.85,0.91)
0.72(0.68,0.76)

0.96 (0.93,0.99)
1.12(1.08,1.17)
1.24(1.20,1.29)
0.99 (0.99, 0.99)
0.96 (0.94, 0.98)
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Table 6 (continued)
Responded:
Web Paper
AOR (95% Cl) AOR (95% Cl)
Deployment experience (ref: not deployed)
Deployed without combat 1.11(1.08,1.14) 1.13(1.09,1.18)
Deployed with combat 1.18(1.15,1.21) 1.29(1.25,1.34)

Deployed with unknown combat
Life stressors (ref: none)
One
More than one
Missing
Mental health? (ref: none)
One
More than one
Missing
Physical health? (ref: none)
One
More than one
Missing
Unhealthy behaviors? (ref: none)
One
More than one
Missing

0.25(0.25,0.26)

1.09 (1.07,1.11)
1.12(1.10,1.15)
1.16 (1.05,1.27)

1.15(1.11,1.18)
1.12(1.08,1.16)
0.82 (0.64, 1.06)

1.25(1.23,1.28)
1.64 (1.60, 1.69)
1.28 (1.05, 1.56)

0.86 (0.85,0.88)
0.81(0.79,0.83)
0.89(0.72,1.11)

047 (0.44,049)

1.07 (1.04,1.10)
1.09 (1.05,1.13)
0.83(0.72,0.96)

1.18(1.14,1.23)
1.20 (1.15,1.26)
1.00 (0.68, 1.46)

1.14(1.11,1.17)
1.39(1.34,1.44)
0.91(0.68,1.21)

0.84 (0.82,0.86)
0.81(0.78,0.84)
0.80(0.56, 1.14)

All characteristics are significantly associated with follow-up web and paper survey response over time (p <.05)

AOR adjusted odds ratio, C/ confidence interval, GEE generalized estimating equation

@ Mental health indicators included screens for PTSD, depression, panic, other anxiety, and binge eating disorder. Physical health indicators included obese body mass
index and diagnoses of hypertension, high cholesterol, migraines, and sleep apnea. Unhealthy behavior indicators included current cigarette smoking, heavy weekly

alcohol drinking, and unhealthy sleep duration

beyond the scope of the analyses presented here, it is
important for longitudinal cohort studies to adapt their
retention strategies and examine the effectiveness of
strategies to reduce loss to follow-up. Finally, although
survey attributes (e.g., number, order, sensitivity of sur-
vey questions) can impact response rates, it is beyond the
aims of this paper to summarize the surveys instruments
used during the study time-period. A detailed descrip-
tion of the measures and constructs included on the
Study’s surveys over time can be found elsewhere [44].
Briefly, a core set of questions and constructs remained
consistent over time were utilized in these analyses, but
the Study was also able to add measures in response to
research priorities, military policy, stakeholder input and
scientific advances.

Our findings on the associations between life stress-
ors, health status, and unhealthy behaviors on follow-up
survey response align with findings from other cohorts.
For example, we reported that self-reported physical
health conditions were associated with survey response,
which is similar to other studies. Baseline responders in

Panel 1 were more likely to have certain outpatient diag-
noses compared with nonresponders [45]. Studies of
other populations also observed higher rates of health
care utilization among survey responders [46, 47], which
may indicate that survey responders have higher disease
burden. In addition, we observed that reporting stress-
ful life experiences was associated with later follow-up
response, which was consistent with an analysis that
observed higher levels of stress among a population-
based post-disaster follow-up questionnaire [48]. Con-
versely, unhealthy behaviors were associated with lower
follow-up survey response, which has been observed in
other health surveys [49, 50].

A notable limitation of this analysis is the fact that
the Study historically did not track failed contacts (e.g.,
return to sender, unknown address, or email bounce
backs) and we were thus unable to identify and exclude
participants who did not receive survey notifications dur-
ing the survey cycles. Thus, the response rates reported
in this analysis may underestimate the true response
rates, as the total eligible population would decrease if
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we were able to exclude those not contacted during fol-
low-up waves. Moving forward, the Study will improve
tracking of changes to participant contact information.
Additionally, while these analyses allowed for intermit-
tent responses (e.g., it was permissible to respond to
Wave 3 even if they failed to respond to Wave 2), analy-
ses did not examine differences in such patterns, which
would be a useful avenue for future research. These
analyses were not able to examine the impact of par-
ticipant engagement methods utilized by the Study to
increase response, such as incentives, type and frequency
of reminders sent over the follow-up period and cannot
speak to the influence these have on follow-up survey
response. Future work should examine these methodo-
logical factors on survey response. Finally, it was beyond
the scope of this paper to examine potential nonresponse
bias among this cohort. Earlier work among Panel 1 par-
ticipants observed that nonresponse had minimal impact
on study findings [22] and ongoing analyses are updat-
ing these results among a contemporary cohort at more
recent time points. Despite these limitations, the Study
has many strengths, including enrolling a diverse cohort
of service members from all service branches, compo-
nents, pay grades, and occupations; being the longest
running military cohort study with follow-up planned
through 2068; and having the ability to merge with other
data sources to supplement survey data.

Conclusions

Findings from this analysis indicate that the Study has
maintained an adequate response rate over time despite
the many challenges associated with surveying military
and veteran populations. Additionally, documentation of
the different characteristics associated with nonresponse
and mode of response is informative for ensuring that
appropriate conclusions are drawn over time. These find-
ings can also be instructive for Study strategies for con-
tinued participant engagement and may be applicable to
other longitudinal cohort studies.
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