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Abstract
BACKGROUND—The study goal was to develop and test the effectiveness of a brief online
education and support program for female infertility patients.

METHODS—A randomized-controlled trial was conducted. Using a Solomon-four group design,
190 female patients were recruited from three US fertility centers and were randomized into two
experimental and two no-treatment control groups. The psychological outcomes assessed included
infertility distress, infertility self-efficacy, decisional conflict, marital cohesion and coping style.
Program dosage and satisfaction were also assessed at four weeks follow-up.

RESULTS—Women exposed to the online program significantly improved in the area of social
concerns (P = 0.038) related to infertility distress, and felt more informed about a medical decision
with which they were contending (P = 0.037). Trends were observed for decreased global stress (P
= 0.10), sexual concerns (P = 0.059), distress related to child-free living (P = 0.063), increased
infertility self-efficacy (P = 0.067) and decision making clarity (P = 0.079). A dosage response
was observed in the experimental groups for women who spent >60 min online for decreased
global stress (P = 0.028) and increased self efficacy (P = 0.024).

CONCLUSIONS—This evidence-based eHealth program for women experiencing infertility
suggests that a web-based patient education intervention can have beneficial effects in several
psychological domains and may be a cost effective resource for fertility practices.
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Introduction
The study presented here describes an innovative approach to patient education and
preparation, using an online format, and is based on the theoretical and empirical literature
regarding: (i) the psychosocial impact of infertility, (ii) the intervention approaches that
appear to improve psychological distress and (iii) computer-tailored approaches in health
promotion, currently referred to as eHealth [we use the definition for eHealth programming
offered by Ahearn et al. (2006)], defined as ‘the use of emerging interactive technologies
(e.g. internet, CD-ROMs, personal digital assistants, interactive television and voice
response systems, computer kiosks, mobile commuting) to enable health improvement and
health care services (p. 2)]’. The formative research for this program has been previously
described (Cousineau et al., 2004).

On the whole, empirical evidence supports the benefits of patient preparation and
psychological interventions for infertile patients (Boivin, 2003; Domar, 2006). However, in
practice, the majority of information and support available to couples focuses on the medical
and technical aspects of consultation and treatment, and there has been relatively little
information available to help patients cope with the psychosocial aspects of fertility
treatment, outside of text-based information. Further, few infertile patients perceive
professional psychological services as important or intend to use such services (Boivin et al.,
1999; Schmidt et al., 2003). In a large European survey of infertility patients on their
satisfaction with treatment, results suggest that most patients: (i) assume that both the
medical and psychosocial aspects of infertility will be addressed by medical staff and (ii)
expect medical staff to espouse an emotionally supportive attitude. About half of the patients
expect to receive ‘documentation’ regarding psychosocial aspects of infertility and few see
the necessity for psychological counseling (Schmidt et al., 2003). Notably, many people go
online in pursuit of medical information or support in chat rooms although few studies have
empirically addressed the effectiveness of online information or support for infertility
(Epstein et al., 2002; Himmel et al., 2005).

Online psychoeducation for infertile patients
Considerable interest has grown in the potential for web-based multimedia to educate and
provide support to medical patients (Ritterband et al., 2003; Wantland, et al., 2004). There
has been a surge in use of the Internet for health or medical information in the USA, with 95
million Americans (80% of the online population) having done so by October 2004; and
middle-aged users (30–49 years) having significantly increased their interest in medical
treatment information since the last survey in 2002 (58 versus 49%) (Fox, 2005). Uptake of
Internet usage and positive attitudes toward its use for health information is also rapidly
rising in the European Union (EU). Approximately, 23% of people within the EU use the
Internet for health information with varied usage among countries ranging from 14 to 40%
(European Opinion Research Group, 2003). In terms of health information specific to
infertility, several surveys of Internet use by infertile individuals report that more than half
of patients go online to gather fertility-related information, regardless of socioeconomic
status (Weissman et al., 2000), and that the majority find Internet forums valuable for
sharing treatment news (Epstein et al., 2002; Himmel et al., 2005). Therefore, the use of
eHealth or computer-mediated patient education may be an effective adjunct to routine
clinical care and may extend, rather than detract from, the ability of health providers to play
an important role in educating and supporting their patients.

Building upon evidence-based psychosocial interventions
To address the need for accessible patient education and skill building, the goal of this study
was to develop and test the effectiveness on an online patient education and support program
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for infertile patients, called ‘Infertility Source: Interactive Support Tools When Trying to
Conceive’ (www.infertilitysource.com; See Fig. 1. Note that this site is not yet available for
public use). The program was informed largely by the ‘Health Promotion Model’ (Pender et
al., 2002), a multi-faceted, biopsychosocial approach, which seeks to expand the positive
potential of individuals toward health (rather than inducing fear of health consequences).
The clinical literature on infertility interventions supports the use of this model. In a review
of over 380 published and unpublished psychological interventions for infertile patients, 25
studies used evaluation criteria (Boivin, 2003). Of these studies, it was concluded that
interventions using cognitive behavioral skill building and stress management techniques
were particularly effective in reducing patient distress (Domar et al., 2000a,b). The
formative evaluation process of the pilot program indicated that such a computer-mediated
support tool was feasible for both patients and providers, and that a fully-functional program
may serve as an effective psychosocial intervention for infertility patients (Cousineau et al.,
2004).

In an effort to encourage active coping and self-efficacy, a key component of the ‘Infertility
Source program’, patients are asked to complete a ‘Confidence Check’, based on the
‘Infertility Self-Efficacy Scale’ (ISE) (Cousineau et al., 2006). This assessment serves as the
tailoring mechanism of the online program, resulting in targeted feedback based on a high,
medium or low confidence level in the areas of: ‘Taking care of yourself’; ‘Managing your
feelings’; ‘Your relationship with your partner’; ‘Managing your treatment’ and ‘Your
relationship with your healthcare provider’. This assessment also results in a prioritization of
program content so topics most relevant to areas of lower self-efficacy are presented first on
the module topic pages. ‘Infertility Source’ has been objectively evaluated by the Health on
the Net (HON) Foundation and displays the HON code insignia, a minimal standard for
reliability and credibility of information presented on the world wide web.

Materials and Methods
Hypotheses

The current study examined the efficacy of Infertility Source with female fertility patients.
The primary hypotheses of the study examined the extent to which female participants
exposed to Infertility Source demonstrated: (ia) reductions in infertility-related stress and
(ib) improvements in infertility self-efficacy. Secondary hypotheses examined the extent to
which exposure to Infertility Source may have influenced (iia) marital cohesion and (iib)
decisional conflict. We also were interested if potential moderating variables may have
influenced the effect of exposure to Infertility Source, which included various (iiia)
demographic variables as well as (iiib) coping styles. The study also assessed (iv) dosage of
exposure and (v) satisfaction with the program among participants in the experimental
group.

Participants—Because female partners represent the majority of information seekers in
infertile couples and undergo the majority of treatment interventions, the hypotheses were
examined with respect to the identified female patient. Recruitment took place from April
2005 through July 2006 at three US fertility centers: Fertility Centers of Illinois, Chicago,
IL; Georgia Reproductive Specialists, Atlanta, GA and the New York Hospital, Cornell
Medical Center, New York, NY. The study was approved by the Institutional Review
Boards of Inflexxion, Inc., registered with the Department of Health and Human Services
(for the former two sites), and Weill Medical College of Cornell University. Female patients
attending the clinics during the study period were considered for potential study eligibility.
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Procedure (Eligibility verification)—Designated health providers at the fertility centers
were trained as site liaisons by the research team for female patient recruitment. Flyers and
postings on the fertility clinic websites were used, which invited female patients to
participate: ‘The purpose of this study is to investigate ways to improve support services for
people who are experiencing infertility and infertility treatment’, followed by eligibility
criteria and study contact information. In order to reduce expectancy, participants were not
aware that part of condition involved a website, only that their participation would involve
use of a computer.

The site liaisons met with interested patients to verify study eligibility. Inclusion criteria
were: (i) female in a heterosexual marriage or co-habitation; (ii) at least 21 years old; (iii) a
diagnosis of infertility and/or history of unsuccessfully trying to conceive for twelve months
or more; (iv) if a participant had secondary infertility, the existence of no more than one
previous child; (v) ability to read and write English; (vi) USA resident; (vii) access to a
computer with Internet either at home, work, at a medical facility, or at a local school,
library, or computer center and (viii) competence to make an informed consent decision.
Exclusion criteria included: (i) current involvement in a professionally-led infertility support
group or workshop (or planned involvement in the next two months and (ii) females
experiencing infertility without a male partner, as the first version of Infertility Source
targeted the majority of fertility treatment seekers (i.e. heterosexual couples). Current
pregnancy status was not an exclusion criterion. We anticipated that a small percentage of
women may have received a positive pregnancy test during the one month duration of the
study, but expected that randomization procedures would balance this event across groups.

Across the three sites we know that ~10 000 patients were seen at the clinics over the study
period, suggesting that a large cohort of women could have been exposed to the flyers and
study announcement on the clinics’ websites and e-newsletters. The average age of these
fertility patients was 36 years, and the majority (90%) were married. Over 250 women
expressed interest, 212 were assessed for eligibility, and of those eligible (n = 201) over
94% (n = 190) consented to participate (Fig. 2). Eligible volunteers who agreed to
participate gave informed consent and were told that they would receive an email with a web
link to the study questionnaires, located on a secure server accessible with a unique user
identification number assigned by the research team. Recruitment aimed to include at least
10% minority patients, based on estimates of patients who seek treatment at fertility clinics
(Ventura et al., 2000). We also know from the CDC’s National Survey of Family Growth
data (Chandra et al., 2005) that of US women aged 15–44, 19.7% of non-White minorities
reported an infertility specific service in the past year (e.g. consultation, tests, ovulation
drugs, tubal surgery and ART).

Study design
As the gold standard study design, this study employed a randomized-controlled trial
comparing the online program to a no-treatment condition. Prior studies evidenced strong
reactivity on the part of the target population (Domar et al., 2000a, b), wherein female
participants assigned to the control condition (a waiting list for a mind-body group program
for infertility) not only exhibited decreased stress but also increased pregnancy rates simply
knowing that they would participate in a future program perceived to be beneficial.
Moreover, we have found evidence for an effect of baseline assessments on control groups
(Butler et al., 2000, 2003) in psychosocial intervention studies.

To address these concerns and to quantify reactivity, we opted to use the Solomon-four
group design (Solomon, 1949; Campbell and Stanley, 1963). Specifically, the Solomon-four
design calls for four group comparisons, illustrated by Campbell and Stanley (1963) (Fig. 3).
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Thus, two groups receive the experimental intervention, one with a baseline assessment and
one group without. Likewise, one control group receives a baseline assessment and one does
not. The Solomon-four design has been shown to address the concern of documented
expectancy effects in studies on medical intervention (Koocher et al., 2002). Further
justification for this approach includes: (i) there was an inherent need to control for
expectancy to maximize the purity of program effects, (ii) we were not withholding
beneficial support because we did not yet know if the program is effective and (iii) all
participants would ultimately have access to the program at the end of the brief one-month
study. Most importantly, this design permits examination of the effect of Infertility Source,
the effect of the assessment/expectation of benefit, and the possible interaction of the
assessment/expectation with the online intervention. In this study, the follow-up assessment
occurred one month after randomization into the program, permitting the two experimental
Groups (1 and 3) time to view Infertility Source.

Randomization procedure
Eligible female participants were randomized into either one of the experimental groups 1
and 3 (Infertility Source) or one of the control groups 2 and 4 (no program) (Fig. 2). Study
eligibility was verified either in person or over the telephone. For those eligible, participant
characteristics were collected on two stratification factors: (i) family income level (below
$75K per year, at or above $75K per year) and (ii) presence of male factor infertility in the
diagnosis (yes, no). The fertility clinic liaison contacted the Study Research Coordinator
(M.S.) who determined group assignment for each participant via stratified block
randomization using tables. Randomly permutated blocks of size four were used within each
stratum for the randomization sequence. Once group assignment was determined, the clinic
liaison ensured that each participant read and signed a group-specific consent form
consistent with the Solomon-four study design. Participants were paid $100 for
participation.

Experimental groups
The participants in Groups 1 and 3 were told that they were in a study to examine how
couples cope with infertility and would receive a series of emails with web links to online
questionnaires and a web program. Group 1 received the full baseline assessment; Group 3
completed the demographic information only at baseline and, after viewing the web
program, they received a link to the full assessment (four weeks later). Participants were
asked to view the program in a semi-structured way for two 45-min sessions or over several
sittings over a four-week period in order to simulate naturalistic use of an online program. A
target goal was viewing the content up to 90 min, based on an estimate of the amount of
subject matter available. Participants were given general instructions to visit the Confidence
Check (i.e. the tailoring mechanism of the program) and four main content areas. Web-based
tracking allowed us to measure the number of visits and amount of time spent on the site, as
a means of verifying the ‘dose’ received by the experimental group.

Control groups
The participants in Groups 2 and 4 were told that they were in a study to examine how
couples cope with infertility and would receive a series of emails with web links to online
questionnaires that they would be asked to complete. Group 2 received the full baseline
assessment, whereas Group 4 only completed the demographic information at baseline and
the full assessment four weeks later. Thus, by design of the Solomon-four, participants were
not aware of the group to which they were randomized. After the one-month study all
control participants were sent a link to Infertility Source and invited to view the program. A
six-month follow up survey assessing the effects of the naturalistic use of the website,
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including possible relationship to pregnancy rates, is currently under analysis (manuscript in
preparation).

Measures
Baseline questionnaire—Basic demographic information included: age, gender,
ethnicity, marital status, education level, family income level, state of residence, cause of
infertility, primary or secondary infertility, infertility treatments received for current attempt
at pregnancy, resulting pregnancies and births, Internet usage for fertility problem, mental
health service utilization and baseline state-trait anxiety (Spielberger, 1983). The following
measures were administered at baseline and/or post-intervention following the Solomon-four
design procedures. Time frame for all measures is ‘current’ unless otherwise indicated.

Primary measures Fertility problem inventory—The fertility problem inventory
(FPI) is a 46-item validated questionnaire that assesses infertility related stress (Newton et
al., 1999). It is one of the few extant infertility-specific measures and shows good reliability
and validity (alpha = 0.93, Newton et al., 1999). Items fall into five subscales that assess
distress, beliefs and attitudes related to infertility: social concern (sensitivity to comments
about infertility by friends and family; feelings of social isolation); sexual concern
(diminished sexual enjoyment due to scheduled sex); relationship concern (worries about the
impact of infertility on the relationship); need for parenthood (close identification with role
of parent or parenting as a goal in life) and rejection of childfree lifestyle (negative view of
living without children or future happiness dependant on having a child/ren); and global
stress, the total overall infertility related distress (based on a sum of all items), where higher
scores reflect greater distress.

Infertility self-efficacy scale—The ISE was employed to measure a patient’s perception
about his or her ability to engage in a set of cognitive, emotional and behavioral skills
related to the medical treatment of infertility (Cousineau et al., 2006). The 10-item ISE short
form was specifically validated with infertility patients and has demonstrated excellent
reliability (Cronbach’s alpha = 0.94, test-retest reliability, Cousineau et al., 2006). Higher
scores indicate a greater degree of self-efficacy. Sample items include: ‘I feel confident I can
ignore or push away unpleasant thoughts that can upset me during medical procedures’;
‘Handle mood swings caused by hormonal treatments’; ‘Control negative feelings about
infertility’ and ‘Cope with pregnant friends and family members’.

Secondary measures Ways of coping scale—The ways of coping scale (WOC) is a
well-known measure designed to identify the thoughts and actions an individual has used to
cope with a specific stressful encounter (Folkman and Lazarus, 1988). It has eight subscales
with 66 items. The WOC scale has shown excellent reliability (Folkman and Lazarus, 1988)
and modified versions have been used in other studies of infertility and coping (Klonoff-
Cohen et al., 2001; Lancastle and Boivin, 2005). We were most interested in five subscales
that approximate the various coping strategies for problem solving approaches relevant to
managing a medical condition: escape-avoidance, planful problem solving, positive
reappraisal, seeking social support and distancing.

Dyadic cohesion subscale of the RDAS—The revised dyadic adjustment scale is a
frequently used instrument for measuring adjustment in relationships (Spanier, 1976; Busby
et al., 1995). It has demonstrated good reliability (Guttman split half reliability coefficient =
0. 94). Higher scores indicate a greater degree of marital cohesion. The Cohesion subscale
includes five questions using a five-point Likert scale on the frequency of the activity: ‘Do
you and your partner engage in outside interests together; have a stimulating exchange of
ideas; laugh together; calmly discuss something and work together on a project’.
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Perceived negative support scale—The perceived negative support scale (PNSS) is a
measure of spousal support and has been used with individuals with cancer and arthritis
(Manne et al., 1999). The instructions and three items were adapted for the infertility
population. It consists of 13 items rated on a 1–4 Likert scale in response to ‘How often has
your partner responded in these ways during the past month while you have been in
infertility treatment’. Higher scores indicate a greater degree of perceived negative support
from a spouse. Sample items include: ‘seemed impatient with you; seemed not to enjoy
being around you; complained about your infertility or about helping you with a task you
found difficult to do yourself’. It has demonstrated good reliability (coefficient alpha = 0.86;
Manne et al., 1999).

Decisional conflict scale—Decisional conflict scale (O’Connor, 1993; O’Connor et al.,
2002) was also included; it is a 16-item scale measuring five decision making factors:
informed (how informed or uninformed one feels regarding the decision at hand); values
clarity (how clear one feels about the costs/benefits and risks about the decision);
uncertainty (how sure one feels about the choice being made); support (how supported or
pressured one feels about the decision making) and effective decisions (how satisfied one
feels about the decision once it is made). This scale has been used for many kinds of health
decisions; it has good reliability and validity (Bunn and O’Connor, 1996; Cranney et al.,
2002; O’Connor, 1995). The scale has been adapted for this medical population as
recommended by the scale’s author, to identify decision making related to the medical
condition under study, i.e. infertility. It read: ‘are you currently facing or have you faced a
medical decision around your infertility treatment?’ If yes, the participant proceeded to
answer the 16-items based on a five-point Likert agreement scale (e.g. This decision is easy
for me to make; I’m not sure what to do in this decision). Measurement of decisional
conflict is posited as proximal to self-efficacy, where low decisional conflict promotes
healthy decision making, influencing higher self-efficacy and better health outcomes
(O’Connor, 1995, 2002). We also included a question on Anticipated Regret based on
recommendations in the decision making literature (Janis and Mann, 1977) and based on
clinical knowledge in working with this medical population. This final question read: ‘If I do
not choose medical intervention (or drop out of a medical intervention) for our infertility I
know that I will regret it’.

Program evaluation—Intervention participants also answered a brief satisfaction
questionnaire, developed by the research team, after completion of the program. This 16-
item questionnaire asked participants to respond on a 7-point Likert scale (1, not helpful, 7,
extremely helpful) to a series of questions centered on overall satisfaction with content, as
well as helpfulness related to coping, communication and decision making. A text field
allowed participants to type in additional comments about the program.

Data analysis
Analyses were done on an intention-to-treat basis. Differences across the four study groups
in sociodemographics were investigated using ANOVAs and chi-square tests, or their non-
parametric equivalents. We took Braver and Braver’s (1988) suggestions for analysis of the
Solomon-four design, following their specific analytic steps and culminating in the use of
meta-analytic methods [briefly, Braver and Braver (1988) suggest a 2 (Group: Infertility
Source, Control) × 2 (Condition: Pre-assessed, Not pre-assessed) between-group analysis of
variance of the four post-intervention scores to detect the presence of the main and
interaction effects. If pre-assessment effects exist (i.e. Group × Condition is significant [Test
1]),and a simple main effect for the intervention is significant in the Pre-assessed condition
(Test 2) but not the Not pre-assessed condition (Test 2), one concludes that the observed
effect is due entirely to pre-assessment; at this point analysis discontinues for outcomes with
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pre-assessment effects. If, however, there is both a statistically significant interaction (Test
1) and a significant main effect for the intervention group in the non pre-assessed condition
(Test 3, i.e. those measured afterwards only), one concludes that the intervention interacts
with pre-assessment by enhancing the intervention (Huck and Sandler, 1973). If no
interaction is present, a main effects test for group (between-groups ANOVA) is conducted
(Test 4). Lack of significance should not be considered conclusive evidence against the
intervention. These analyses are followed by a two-group, independent t-test on mean ‘gain’
scores from pre-assessment to post-assessment (Test 5), then by an independent t-test on
post-assessment scores for the non pre-assessed conditions (Test 6). The final test (Test 7) is
a meta-analysis that combines the previous two statistical tests (i.e. meta-analyzing results
from Tests 5 and 6). In this study, Zmeta = Zp1 + Zp2/√2, where Zp1 = the Z value
corresponding to the P-value of Test 5, Zp2 = the Z value corresponding to the P-value of
Test 6, and the 2 in the denominator indicates the number of tests involved in the meta-
analysis]. This powerful analysis permits either (i) a conclusion that the intervention (in this
case, Infertility Source) has an effect regardless of pre-assessment or (ii) the intervention
shows no evidence of an effect. All tests were two-sided, conducted at the alpha = 0.05
level, though results that were marginally significant (i.e. P > 0.05 and <0.10) are also
presented, given the tendency for Solomon-four studies to be inherently under-powered.
Test statistics, test degrees of freedom, P-values and effect sizes (Cohen’s d) are reported for
all outcomes. Confidence intervals around Cohen’s d for the primary and secondary
outcomes were calculated when effect sizes exceeded 0.2, to highlight significant
educational (≥0.25) and clinical (≥0.50) changes (Wolf, 1986).

There are several possible ways to analyze Solomon-four studies, (Braver and Braver,
1990a, 1990b; Sawilowsky and Markman, 1990a, b, c, d; Sawilowsky and Kelly, 1994). In
this study, we applied the Braver and Braver approach, including classical parametric tests
(i.e. ANOVA, gain score t-tests), with a meta-analysis performed on all tests unconditional
on their statistical significance, thereby allowing the reader full review of all analytic
approaches. To conduct the meta-analysis, any statistically significant findings of the
individual parametric tests must be disregarded, a practice that increases the number of tests
performed but, for illustrative purposes, provides a complete depiction of the analytic
approaches considered. Following Sawilowsky and Kelley’s (1994) recommendations for
optimizing power in Solomon-four hypothesis testing, when the treatment effect was
moderate to large in size or when the pre-post assessment correlation was lower (i.e. rho ≤
0.7), we focused interpretation on the meta-analytic results. When the effect size was small
(and rho = 0.8) or when pre-post assessment correlation was high (i.e. rho ≥ 0.9), the
classical parametric tests were highlighted.

As an exploratory analysis, we considered the effects of several moderating variables on the
intervention’s efficacy, as measured by the two primary outcomes only. Moderating
variables were median STAI score, family income, nature of infertility (explained versus
unexplained fertility factor), median number of treatment cycles and a median split on three
WOC subscales for which there was minimal intercorrelation in this sample: escape-
avoidance, distancing and planful problem solving. The effect of dose of intervention,
measured in total minutes spent on the site, was also investigated by comparing outcomes
among those in the intervention group who spent more versus <60 min on the site. SPSS
version 12.0 was used to conduct all data analyses.

Sample size calculations for our study assumed a moderate effect size for the post-
assessment ANOVA intervention evaluation, defined by Cohen as d = 0.50 (Cohen, 1988).
Calculations revealed that a sample size of 156 participants would result in power of 80.4%.
To account for possible attrition (20%), we aimed to recruit 195 participants to yield
sufficient power to detect the effects of interest.
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Results
Randomization succeeded in balancing the four study groups on all baseline characteristics
(Table I). Study participants averaged 34 years of age and most women were White and
highly educated. A sizeable proportion of women had households with a combined income
more than $75 000. Three quarters of the participants reported primary infertility (no
previous biological children) and ~40% had female factor and 30% had male or male/female
combined factor. This sample exhibited high anxiety, with a median STAI score above the
75th percentile for normal, age-matched females (Speilberger, 1983). Nearly equal
proportions of study participants resided in states with mandated and non-mandated health
insurance coverage for infertility treatments. In other words, half the sample likely had to
self-pay for fertility services. Eight women dropped out of the study or were lost to follow
up. There were no statistically significant differences between those who stayed and those
who dropped out of the study based on group or any of the sociodemographics listed in
Table I, except for a history of seeking psychological support service for infertility-related
stress: 22% of those who remained in the study had sought such help compared with 80% (4
of the 5 for whom we had these data) of the women who did not complete the study (P =
0.01, Fisher’s exact test).

Pre-assessment effects (Tests 1–3)
The Solomon-four analytical results are presented in Table II; and means and standard
deviations are presented in Table III. First, Tests 1 and 2 suggested that there were strong
pre-assessment effects on two secondary outcomes: the PNSS (Test 1: F(1, 181) = 4.105, P
= 0.044; Test 2: F(1,94) = 5.596, P = 0.02) and the Anticipated Regret item (Test 1: F(1181)
= 3.184, P = 0.076; Test 2: F(1, 94) = 3.620, P = 0.06). Test 3 did not show intervention
effects for either outcome (Test 3 PNSS: F(1,86) 0.409, P = 0.524; Anticipated regret: F(1,
86) = 0.294, P = 0.589), thus the improvement in these two measures was entirely attributed
to pre-assessment and not to the intervention. No further testing for these outcomes was
conducted.

Intervention effects for primary outcomes (Tests 4–7): hypotheses (ia and b)
Fertility problem index—The global FPI global stress scores were lower for intervention
than control groups, a finding of marginal statistical significance (Test 7: Zmeta-analysis =
1.63, P = 0.10, d = 0.19). Three key subscales of the FPI indicated a statistically significant
improvement for the intervention group compared with the control group. A reduction on
the FPI sexual concern subscale was greater in the intervention than in the control group
(Test 5: t94 = 1.92, P = 0.059, d = 0.39; Test 7: Zmeta-analysis = 1.53, P = 0.12, d = 0.22), an
average of 2.25 points lower for those exposed to Infertility Source. The reduction in scores
related to rejection of a childfree lifestyle was also greater (average 1.68 points lower) for
intervention than control group participants (Test 5: t94 = 1.88, P = 0.063, d = 0.38; Test 7:
Zmeta-analysis = 1.71, P = 0.088, d = 0.25). Finally, there was evidence of lower social
concern for women exposed to the intervention compared with those in the control group
(Test 6: F(1, 86) = 4.449, P = 0.038, d = 0.45; Test 7: Zmeta-analysis = 1.57, P = 0.12, d =
0.23), an average of 4.79 points lower.

Infertility self-efficacy scale—The intervention group demonstrated a marginally
significant increase in self-efficacy compared with the control group (Test 4: F(1, 181) =
3.39, P = 0.067, d = 0.27; Test 7: Zmeta-analysis = 1.68, P = 0.093, d = 0.25).

Intervention effects for secondary outcomes (Tests 4–7): hypotheses (iia and b)
There were no changes over time for any of the groups on the dyadic cohesion subscale of
the dyadic adjustment scale. Global scores for decisional conflict did not change among
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either the intervention or control group. However, changes over time in response to the
intervention on two subscales are notable. Compared to the control group, those receiving
Infertility Source improved their scores on the informed sub-scale indicating they felt less
“uninformed” about an infertility-related decision they are struggling with (Test 5: t78 =
2.12, P = 0.037, d = 0.47; Test 7: Zmeta-analysis = 2.46, P = 0.014, d = 0.36) and increased the
degree of clarity they feel about the benefits and risks of an infertility-related decision on the
values clarity subscale (Test 7: Zmeta-analysis = 1.75, P = 0.079, d = 0.26). The subscales
comprise two of the three modifiable factors related to uncertainty around a decision
(O’Connor, 1993, 2002).

Moderators of the intervention (iiia and b)
The intervention had varying effects on the primary outcomes for women with certain
demographic and clinically-relevant characteristics compared with their counterparts in the
control group (Table IV).

Anxiety—Anxiety levels were split at the sample’s median STAI score (43.5) for these
analyses since the scores were highly skewed and normal female adult median cut-offs were
less meaningful for this sample. The results showed that for those participants with higher
STAI scores, Infertility Source was effective in reducing women’s scores on the FPI sexual
concern subscale (t48 = −2.46, P = 0.018, d = 0.71) compared with their counterparts in the
control group.

Income—Income was not related to living in a state with mandated infertility treatment
health care coverage, number of treatment cycles, nor cause of the infertility. However,
women with higher income (>$75K) who were exposed to the intervention had lower scores
on the FPI (t72 = −2.05, P = 0.04, d = 0.48) and higher ISE (F(1141)] = 3.79, P = 0.054, d =
0.33; t66 = −2.45, P = 0.02, d = 0.60). Additionally, bivariate analysis revealed that lower
income level was associated with higher STAI scores (chi-square = 4.415, P = 0.036). In
other words, income and anxiety are highly related.

Explained versus unexplained fertility diagnosis—Women with an explained
fertility factor who received the intervention had lower FPI sexual concern scores (t65 =
−2.01, P = 0.049, d = 0.50) and higher ISE scores (Zmeta-analysis = 1.93, P = 0.05, d = 0.48)
compared with their counterparts in the control group.

Frequency of fertility treatment—For women who had ‘high treatment frequency’ (i.e.
equal or greater than the median number of four treatment cycles), exposure to Infertility
Source had the effect of decreasing their scores on the FPI sexual concern (t44 = −2.01, P =
0.05, d = 0.61) and rejection of childfree lifestyle subscales (t44 = −3.35, P = 0.002, d =
1.01).

Coping—Of the five WOC subscales measured, the most frequently endorsed coping styles
in this sample of women were escape-avoidance (33%) and positive reappraisal (26.5%).
However, no matter which coping strategy a participant endorsed most, it only accounted for
one-third (30–35%) of all possible coping styles used. That is, participants used a variety of
coping strategies. To reduce the number of tests undertaken, we chose the escape-avoidance,
planful problem solving and distancing subscales to explore as possible moderators of the
intervention effects, as these subscales were not highly inter-correlated in this sample,
thereby reducing the redundancy of the moderator analyses and minimizing Type I errors.

The effects of the intervention were evident among those with higher median scores (>= 8)
of the escape-avoidance subscale for the FPI rejection of childfree lifestyle (t45 = −2.52, P =
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0.047, d = 0.75) and social concern (t28.1 = −1.98, P = 0.049, d = 0.75). Women who planful
problem solve less often (i.e. score <8) and were exposed to Infertility Source had lower FPI
sexual concern scores (t54 = −2.86, P = 0.006, d = 0.78), lower FPI social concern scores
(t46 = −3.22, P = 0.002, d = 0.95) and had increased ISE (Zmeta-analysis = 2.14, P = 0.033, d =
0.63) than their counterparts in the control group. Finally, among women who tended to
employ distancing coping style (i.e. scores>= 5), the FPI global stress scores increased
significantly after exposure to Infertility Source (F(1181) = 8.51, P =0.004, d = 0.42), while
the trend was reversed for those who were not using distancing coping as often. A similar
pattern was repeated with the FPI sexual concern subscale (F(1181) = 8.32, P = 0.004, d =
0.39).

Dosage (iv)
The participants (n = 93) exposed to Infertility Source visited the program an average of four
times and median time spent on the site was 63 min (mean = 76.53; SD = 60.08) over a
range of 0–332 min. Of the intervention group, 36% spent the estimated appropriate ‘dose’
of 90 min or more on the site; 50% spent 60 min or more on the site’. An exploratory
analysis among the intervention participants comparing women who spent <60 min on the
site to those who spent more suggested a dose response. Compared with women who spent
less time on the site, those who used Infertility Source for 60 or more minutes manifested
lower FPI global stress scores (t44 = 2.27, P = 0.028, d = 0.68), lower FPI rejection of
childfree lifestyle scores (t44 = 2.33, P = 0.025, d = 0.70), and had greater gains in their ISE
(t44 = −2.34, P = 0.024, d = 0.71). Improvements on other outcomes (i.e. Decisional
Conflict subscales of values clarity and uncertainty, FPI social concern and sexual concern
subscales) were affected by exposure to but not amount of time spent on the site.

Program evaluation (v)
No adverse events were reported to site liaisons or to the researchers over the duration of the
study. The satisfaction survey for Infertility Source revealed how acceptable the participants
(n = 90) found the program content, using rating scales from 1 to 7. For instance, they found
the medical information to be ‘informative’ [median rating 6.0 interquartile range (IOR) 3];
‘helpful’ (median rating 5.0, IQR 2) ‘made efficient use of one’s time’ (median rating 6.0,
IQR 3) and was more helpful ‘compared with other websites’ (median rating 6.0, IQR 3).
Twelve percent of women reported that there were ways in which the program made them
feel more distressed about their situation. Looking at their written explanations, participants
typically wrote about their frustrations with their situation beyond the viewing of Infertility
Source. For instance, a woman with secondary infertility wrote: ‘The only way that it made
me feel more stressed is that I have had some distance from infertility and treatment since
the pregnancy and birth of my son. However, we are getting ready to try for a second child,
so I have had to think about what that means.’ Another woman wrote: ‘[I was] only
distressed in that the site made me realize I’ve just begun what may be a very long journey. I
don’t think I would want to do this for the length others have done this.’ And another: ‘I
think just focusing on the feelings associated with my infertility is depressing—even if I’m
doing something (or reading something) that will help me take action to feel better later. I
don’t think this can be avoided.’ Such comments are expected for a psychosocial program
targeted at a specific medical condition.

Discussion
Virtually all women in this study spent time searching for infertility information on the
Internet, suggesting that a high-quality psychosocial program could be a viable resource for
women struggling with fertility issues. With respect to the first hypothesis, we found that
women exposed to Infertility Source significantly reduced their social concerns, an aspect of
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infertility problem distress related to how women negotiate relations with family and friends
around their fertility problems. We attribute this to the program content which emphasized
strategies and skills to help patients manage relationships, particularly in dealing with
pregnant family and friends. Trends for a reduction in global fertility related distress, sexual
concerns and negative perceptions about childfree living were also observed. Similarly,
women exposed to Infertility Source exhibited a trend for improvement in self-efficacy
related to the management of infertility treatment. Effect sizes for the primary and secondary
outcomes ranged from small (d = 0.24) to moderate (d = 0.47). Even a small effect size of an
intervention that reduces a prevalent problem in a patient population (i.e. fertility-related
stress) can have a meaningful public health impact.

Importantly, Infertility Source facilitated aspects of decision-making, our second
hypotheses. The findings suggest that participants exposed to Infertility Source perceived
they were more informed and clear about the costs and benefits surrounding the decision
they were grappling with compared with control participants. Given that patients are not
likely to seek mental health services in spite of high levels of anxiety and infertility-related
distress, this finding is highly relevant. A fairly non-threatening online program may be
beneficial for patients contending with treatment-related distress and may help them persist
in treatment or decide to end treatment sooner. Such a question would be of interest for
future research. The program did not appear to have an effect on the dyadic marital measure.
It may be that couples view their marriages as cohesive despite the current medical
challenge.

It also appears that participant characteristics had moderating effects on the intervention.
There were subgroups of women for whom Infertility Source was more advantageous. These
were women who were more anxious, further along in their treatment experience, had higher
incomes, and had an explained infertility diagnosis. It may be that the program was
beneficial in helping the more anxious participants put in perspective the role of treatment
and the burden on sexual relations (e.g. viewing treatment as a temporary disruption, having
a sense of humor and empathy for spouse). The relationship between socioeconomic status
and anxiety in this medical population warrants further inquiry, including how interventions
may support these couples around their fertility treatment and financial burden. That the
program was more effective for women with explained fertility problems suggests that a
next version of the program more pointedly address the distress common to people with
idiopathic infertility whose course of treatment is less clear (Covington and Burns, 2006).
Infertility Source also had positive effects for participants who had completed four or more
fertility treatment cycles and were thus farther along in their fertility treatment experience.
In particular, the program reduced sexual concerns and negative perceptions related to living
a childfree lifestyle.

Coping style also moderated the intervention effects. We know from prior infertility studies
that women tend to use more coping styles relative to men (Klonoff-Cohen et al., 2001;
Peterson et al., 2006) and that some coping styles are more health promoting than others
depending on the circumstances. The program was beneficial for those women who tended
to use escape-avoidance coping often or who did not frequently employ planful problem
solving. For women who often employed distancing, the program heightened their
infertility-related distress levels. We suggest that for those engaged in strategies to put the
infertility experience out of their minds, the program essentially forced them to face various
issues, raising their infertility distress. Further refinement of computer-tailored approaches
can target these subgroups of women with individualized messaging and direct them to
various skills building and ameliorating activities. Use of Infertility Source in conjunction
with counseling and stress management may enhance positive effects in these domains and
suggests a future avenue of study.
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This study has several methodologically relevant findings. Sawilowsky and Kelley (1994)
recommended a more nuanced application of Braver and Braver’s approach in analyzing
Solomon-four designs. This study provides illustration of their recommendations, as
different outcomes required interpretation of different statistical tests to maximize power.
The pre-post assessment decisional conflict scale scores did not correlate >0.7, hence, the
meta-analytic findings are more powerful. However, the FPI and ISE scale had higher pre-
post assessment correlations, larger effect sizes (i.e. large Cohen’s d) or both, supporting the
interpretation of the more statistically powerful classic parametric findings.

We also explored if the study was underpowered. Post hoc power calculations on the
outcomes of marginal significance revealed that, under the tests that used half of the sample
(Tests 5 and 6), power ranged from 0.053 to 0.57. Sample sizes would need to have at least
doubled for outcomes of marginal significance and small effect size to be detected at the P
< .05 level. Informed by these findings, analyses of intervention effects in two hypothetical
scenarios were conducted: (i) doubling the Solomon four’s sample size and 2) a pre-post test
design (simulations available upon request). As expected, a larger sample size reduced the
standard errors of the means, making it easier to detect a true difference if one existed, and a
hypothetical full pre-post test design returned significant results for those scales with high
pre-post correlations. In both cases, the findings reported in this study would have exhibited
greater statistical significance, indicating that the design was underpowered. Finally,
because confidence intervals are a function of the standard error and influenced by sample
size employed in the specific test, a larger sample size or a full pre-post design would have
rendered tighter confidence intervals around the parametric test’s effect sizes and smaller P-
values in general. Given that Infertility Source is a web-based intervention and could
potentially reach a large constituency of patients or persons struggling with infertility in a
relatively short time, we are hopeful that this intervention will prove beneficial in the
practical and naturalistic environment of online help-seeking.

There are both strengths and limitations to this study. This study is limited to infertility
patients actively seeking medical care, and does not attend to a large cohort of subfertile
women who do not seek treatment (White et al., 2006), thereby limiting the generalizability
of our findings. However, this program was specifically designed for treatment seekers as an
adjunct psychoeducational support program in medical settings. In fact, this cohort likely
reflects those who will eventually be users of an online program like Infertility Source. The
participants also reported a range of fertility issues over time, and we do not know if the
program may have different outcomes for individuals with specific diagnoses, e.g. first-time
IVF patients and patients with complicating medical conditions. Various program elements
may be more relevant at different points in fertility treatment. Although we used no-
treatment comparison groups to control for the effect of the online intervention, it does not
rule out demand characteristics (e.g. help-seeking).

Additional limitations include the study incentive, the self-report nature of the data and the
relatively short follow-up duration period that limited the use of biological outcomes such as
pregnancy attainment. The study was likely underpowered to test several of the outcomes,
though simulations support interpretation of the findings. The study was likely also under-
powered to test moderators other than those variables used in the stratified randomization
(i.e. explained/unexplained fertility and income). Nevertheless, such analyses were
undertaken and presented to explore intervention effects among subgroups of clinical
relevance: women employing different coping styles, with high anxiety, and of varied
treatment experience. Replication of these exploratory subgroup findings in a study
adequately powered to test them is preferable. Since participants could use the program at
home or work to approximate natural day-to-day settings in which one may use the Internet,
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(versus a controlled environment), we cannot be certain the intervention dosage was in fact
accurate (e.g. participant may have left their computers to do other things).

There was a high participation rate in this study. This may be in part due to the short
duration of the study and/or the incentive. However, the program evaluation findings
suggest women were highly motivated and enjoyed the site in spite of any distress that such
focused attention on the program may have engendered. An additional strength was that
participants came from demographically and geographically diverse groups. That the entire
sample had an equal proportion of participants residing in states with and without health
insurance mandates for fertility treatment is also a strength, diminishing the likelihood that
treatment effects were influenced by this variable. Notably, the 15% minority sample is one
of the largest in infertility-related intervention studies to date and may be more
representative of the diversity of women who seek infertility services and treatments
(Chandra et al., 2005). Thus, the study results are likely externally valid.

The positive effects on women who used Infertility Source are promising. This study
appears to be the first randomized, controlled online eHealth study for women experiencing
infertility. Previous work in the area of infertility support interventions has focused
primarily on group and couple interventions. Comparatively, as a self-guided program,
Infertility Source is less resource intensive and potentially more cost-effective than face-to-
face interventions. Given the literature that infertility patients are not apt to seek supportive
services until prolonged and failed treatment cycles ensue, Infertility Source may be of
interest to patients not yet ready to seek counseling or to those uncomfortable with group or
couple formats. Psychological interventions can produce beneficial outcomes including
reduction of distress (Boivin, 2003), and it appears that Infertility Source represents one
such viable intervention. Future analyses will address the effects of the program on male
partners, couple interactions, and personal belief systems, and will contribute to further
refinement of Infertility Source.
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Figure 1.
Infertility source web images
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Figure 2.
CONSORT diagram (Moher et al., 2001)
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Figure 3.
Solomon-four group design
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Table I

Sociodemographics of female study participants.

Characteristic Group 1, n = 49 Group 2, n = 49 Group 3, n = 47 Group 4, n = 43

Age (mean, SD) 34.53 (4.35) 34.14 (4.29) 34.26 (4.58) 33.93 (4.30)

Ethnicity—White (%) 39 (79.6) 42 (85.7) 40 (85.1) 39 (90.7)

Education level

 Some/4 years college (%) 24 (50.0) 26 (53.1) 31 (66.0) 25 (58.1)

 Graduate level (%) 21 (42.9) 21 (42.9) 16 (34.0) 18 (41.9)

Combined income >$75 000 (%) 34 (69.4) 41 (83.7) 37 (78.7) 34 (79.1)

Primary infertility factor (%) 39 (79.6) 36 (73.5) 33 (70.2) 35 (81.4)

Female factor (%) 19 (38.8) 21 (42.9) 20 (42.6) 14 (32.6)

Male factor (%) 5 (10.2) 6 (12.2) 7 (14.9) 7 (16.3)

Combined factor (%) 9 (18.4) 9 (18.4) 5 (10.6) 8 (18.6)

Unexplained factor (%) 16 (32.7) 13 (26.5) 15 (31.9) 14 (32.6)

Treatments

 IUI (%) 32 (65.3) 35 (71.4) 21 (44.7) 24 (55.8)

 ART (%) 25 (51.0) 26 (53.1) 20 (42.6) 22 (51.2)

Mandated state health insurance coverage for infertility
treatments (%)

29 (59.2) 32 (65.3) 25 (53.2) 22 (51.2)

Number of infertility treatment cycles pursued (mean, SD) 3.41 (1.73) 3.35 (1.75) 2.62 (2.01) 3.16 (1.80)

Baseline STAI score (mean, SD) 45.55 (11.64) 45.0 (10.09) 42.60 (10.47) 44.84 (11.55)

Hours per week using computer for personal use (mean, SD) 4.65 (3.33) 5.14 (5.38) 3.55 (2.83) 5.09 (5.03)

Ever sought a psychological support service related to infertility
(%)

15 (30.6) 11 (22.4) 9 (19.1) 9 (20.9)

Ever searched for information on fertility on the internet (%) 47 (95.9) 48 (98) 47 (100) 43 (100)
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Table IV

Participant characteristics as moderators of the intervention.

Moderator Intervention result Test statistic, degrees of freedom, P-value and effect size

Anxiety/higha Lower sexual concern t48 = −2.46, P = 0.018, d = 0.71

Treatment cycles ≥4 Lower sexual concern t44 = −2.01, P = 0.05, d = 0.61

Lower rejection of childfree lifestyle t44 = −3.35, P = 0.002, d = 1.01

Explained infertilityb Lower sexual concern t65 = −2.01, P = 0.049, d = 0.50

Higher self-efficacy Z meta-analysis = 1.93, P = 0.05, d = 0.48

Higher income (>$75 000) Higher self-efficacy t66 = −2.45, P = 0.02, d = 0.60

Lower sexual concern t72 = −2.38, P = 0.02, d = 0.56

lower rejection of child free living t53.49 = −2.60, P = 0.01, d = 0.71

Lower social concern t66 = −1.97, P = 0.05, d = 0.48

Lower global FPI stress t72 = −2.05, P = 0.04, d = 0.48

WOC/high escape-avoidance Lower rejection of childfree lifestyle t45 = −2.52, P = 0.047, d = 0.75

Lower social concern t28.1 = −1.98, P = 0.049, d = 0.75

WOC/low planful problem solving Lower sexual concern t54 = −2.86, P = 0.006, d = 0.78

Lower social concern t46 = −3.22, P = 0.002, d = 0.95

Higher self-efficacy Zmeta-analysis = 2.14, P = 0.033, d = 0.63

WOC/high distancing Higher global FPI stress F(1, 181) = 8.51, P = 0.004, d = −0.42

Higher sexual concern F(1, 181) = 8.32, P = 0.004, d = −.39

WOC/low distancing Lower global FPI stress F(1, 181) = 8.51, P = 0.004 d = 0.48

Lower sexual concern F(1, 181) = 8.32, P = 0.004, d = 0.50

a
High anxiety, STAI score of 43.5 or greater;

b
Explained infertility, male, female, or male and female factor infertility known to study participant. WOC, Ways of coping subscales.
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