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ORIGINAL RESEARCH

INTRODUCTION
Depression and anxiety rates have increased 
in the general population over the past 
decade, with women and adults aged 18 
to 29 years having the highest prevalence 
of anxiety and depression (23.8% and 
24.6%, respectively).1 Among individuals 
experiencing infertility, rates of anxiety and 
depression are even higher.2 The emotional 
toll of infertility has long been linked to 
anxiety and depression, with some stud-
ies estimating the prevalence of anxiety in 
women experiencing infertility at 36% and 
the prevalence of depression at as high as 
52%.2

The increased prevalence of anxiety 
and depression in patients experiencing 
infertility is likely multifactorial3 and due 
to a combination of psychological, social, 
treatment-related, and biological factors.3 

Patients experiencing infertility may expe-
rience cycles of intense hopefulness and 
disappointment with each round of fertil-
ity treatment, leading to complex feelings 
of uncertainty regarding their reproductive 
ability, limited control over their future, 

and distress.3 Infertility also affects social well-being, with many 
patients reporting reduced social support and difficulty interacting 
with others in settings involving pregnancy, fertility, and children.3 
Additionally, commonly used fertility medications, including 
gonadotropins, leuprolide, and clomiphene, have been linked to 
symptoms of depression and anxiety.4

Depression and anxiety symptoms are commonly assessed using 
the Patient Health Questionnaire-9 (PHQ-9) and Generalized 
Anxiety Disorder-7 (GAD-7) screening tools, respectively.5 The 
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Table. Demographic Data

	 SilverCloud User	 P value
	 No (n = 322)	 Yes (n = 32)	
Median Age (years)	 34	 35	 .738
White	 72.4% (233)	 78.1% (25)	
African American	 12.4% (40)	 15.6% (5)	
Asian	 9.6% (31)	 3.1% (1)	
Hispanic	 4% (13)	 3.1% (1)	
Other	 1.6% (5)	 0.0%	
Median no. of months of TTC	 22	 18	 .267
History of prior live birth	 24.8% (80)	 28.1% (9)	 .672
History of at least 1 prior fertility 	 33.2% (107)	 12.5% (4)	 .016
   treatment cycle
Prior mental health diagnosis	 29.5% (95)	 31.3% (10)	 .840
Enrolled in mental health services	 9.6% (31)	 18.8% (6)	 .125

Abbreviation: TTC, time to conception.
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Abbreviations: GAD-7, Generalized Anxiety Disorder-7; PHQ-9, Patient Health 
Questionnaire-9. 

Figure 1. Fisher Exact t Test Demonstrating Mean PHQ-9 and GAD-7 Scores at 
Initial Appointment as Indicated by a Box and Whisker Plot (P < .05)

validity of these instruments for assessing anxiety and depression 
in the general population is well established.5-8 Additionally, these 
screening tools have been validated in patients experiencing infer-
tility.5,9 Common interventions for the management of anxiety 
and depression include psychotherapy and medication manage-
ment, which have been explored in patients experiencing infertil-
ity and shown to be effective in reducing anxiety and depressive 
symptoms.10,11 However, both treatment options often involve 
long wait times for initial evaluation, are time-intensive, and can 
be expensive.12,13

Web-based and mobile applications have been explored to 
assist patients in coping with anxiety and depression symptoms 
while undergoing infertility treatment,14 Including guided medita-
tion, sleep support, and online group therapy.14 However, these 
programs have not previously incorporated validated screening 
tools such as the PHQ-9 and GAD-7 to assess their effect on anxi-
ety and depressive symptoms.14

SilverCloud is an online program based on cognitive behavioral 
therapy15 that includes modules designed to help manage anxiety, 
depression, insomnia, stress, chronic pain, alcohol use, and diabe-
tes. It can be ordered and prescribed by any licensed clinician or 
psychologist through a platform accessible on computers, tablets, 
and smartphones.15 PHQ-9 and GAD-7 scores are collected upon 
enrollment in the program, every 2 weeks during participation, 
and upon completion of modules.15 This program has previously 
been associated with decreases in GAD-7 and PHQ-9 scores in 
pilot populations and in university-based groups,16,17 but it has 
not been studied in patients undergoing infertility evaluation and 
treatment. 

The objective of this study was to determine whether patients 
experiencing infertility demonstrate changes in anxiety and depres-
sive symptoms after engagement with SilverCloud, as determined 
by changes in PHQ-9 and GAD-7 scores. We hypothesized that 
patients would demonstrate significant decreases in anxiety and 

depressive symptoms, as evidenced by reductions in GAD-7 and 
PHQ-9 scores. 

METHODS
The Institutional Review Board deemed this quality improve-
ment study exempt. SilverCloud was first introduced within 
Froedtert  Hospital   in July 2017. In February 2022, clinicians 
at the Froedtert and Medical College of Wisconsin Reproductive 
Medicine Clinic began offering SilverCloud to all patients pre-
senting for new infertility consultations. 

A retrospective cohort study was performed. Patients were 
included if they presented for new infertility consultations 
between September 1, 2022, and September 1, 2023. Patients 
were excluded if they did not meet the American Society for 
Reproductive Medicine (ASRM) diagnostic criteria for infertil-
ity or if they were seeking fertility preservation. Baseline PHQ-9 
and GAD-7 scores from the initial infertility consultation were 
recorded in the electronic medical record for all new patients. For 
patients who accepted a SilverCloud referral, PHQ-9 and GAD-7 
scores were recorded at enrollment, every 2 weeks while enrolled 
in the program, and at completion of a module. Demographic 
data collected for all new patients included age, race, gravida, par-
ity, infertility diagnosis, number of months of timed intercourse, 
history of mental health disorders, and previous and current treat-
ment for mental health disorders (Table). 

Fisher exact tests were used to compare baseline PHQ-9 and 
GAD-7 scores between new patients who enrolled in SilverCloud 
and those who did not. For patients who engaged in the 
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SilverCloud program, Wilcoxon signed-
rank tests were used to compare PHQ-9 
and GAD-7 scores immediately before 
engagement in SilverCloud and at the con-
clusion of a module. Level of engagement 
in SilverCloud was defined by the amount 
of time participants spent in the program 
(minutes). Mean time spent and standard 
deviations were calculated. 

RESULTS
A total of 354 patients were included in 
this study. Fifty-two patients enrolled in 
the SilverCloud program, and 32 patients 
completed individualized modules. 
Patients were homogenous, with most 
being White, experiencing a similar dura-
tion of infertility, and having a similar his-
tory of prior live birth (Table). There was 
no significant difference in the history of 
a prior mental health diagnosis (29.4% vs 
31.3%; P = .847) or utilization of mental 
health services (9.6% vs 18.8%; P = .847) 
between those who engaged in the program 
and those who did not (Table). However, 
patients who engaged in SilverCloud were 
less likely to have had prior fertility treat-
ment (12.5% vs 33.3% P = .016) (Table). 

Initial consultation PHQ-9 scores did 
not differ significantly between patients 
who elected to engage in SilverCloud 
and those who did not (0 vs 0; P = .21) 
(Figure 1). However, initial consultation 
GAD-7 scores were significantly higher 
among patients who elected to engage in 
SilverCloud than among those who did 
not (0.5 vs 0; P = .006) (Figure 1). 

The mean time between the new patient 
visit and initiation of a SilverCloud module 
was 11.8 days. During this time, patients 
underwent an initial infertility evaluation, began a diagnostic 
work-up, received prognostic information, and were provided 
information regarding treatments cost and financing options, con-
sistent with standard clinic practice. Initial PHQ-9 and GAD-7 
scores were assessed at enrollment in SilverCloud and again upon 
module completion. 

Following utilization of SilverCloud, patients had signifi-
cantly lower PHQ-9 scores (median initial score, 8.0, vs median 
final score, 6.5) (Z = -2.05, P = .04, |r| = -0.34) (Figures 2 and 3). 
Patients also demonstrated significant reductions in GAD-7 scores 
following utilization of SilverCloud (median initial score, 12.5, vs 

Figure 2. PHQ-9 and GAD-7 Score Changes Among Patients Using SilverCloud Between September 1, 2022, 
and September 1, 2023

PHQ-9 Change Among Depression Program Users GAD-7 Change Among Anxiety Program Users

None or Minimal	 Mild	 Moderate	 Moderately Severe	 Severe

Abbreviations: GAD-7, Generalized Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9. 
Changes in both scores were calculated as the difference between the initial score at signup and the 
final at program completion. PHQ-9: median initial score, 8.0, vs median final score, 6.5 (Z = -2.05, P = .04, 
|r| = -0.34); GAD-7: median initial score, 12.5, vs median final score, 9.50 (Z = -2.43, P = .02, |r| = -0.41).

Figure 3. Wilcoxon Signed Rank Test (A) Showing Improvement (lowering) of Patient PHQ-9 Scores and 
Wilcoxon Signed Rank Test (B) Showing Improvement (lowering) of Patient GAD-7 Scores After SilverCloud 
Completion
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median final score, 9.5) (Z = -2.43, P = .02, |r| = -0.41) (Figures 2 
and 3). 

 The mean amount of time patients spent in the SilverCloud 
was 39.4 minutes ± 93.8 minutes (range <1-576 minutes) (Figure 
4). Time spent in SilverCloud was not associated with changes in 
PHQ-9 or GAD-7 scores.

DISCUSSION
Infertility and its treatments are associated with significant anxiety 
and depression.18,19 Fortunately, SilverCloud offers multiple self-
guided modules to assist patients in managing these symptoms.13 
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Figure 4. Participant Engagement in SilverCloud as Determined by Minutes 
Spent in the Program

Mean, 39.4 minutes; minimum, <1 minute; maximum, 576 minutes

Our study showed that patients who engaged in SilverCloud dem-
onstrated significant improvement in their GAD-7 and PHQ-9 
scores, suggesting reduced depression and anxiety symptoms after 
program participation. Notably, there was no significant associa-
tion  between the amount of time spent using individual modules 
and improvement in PHQ-9 or GAD-7 scores. Thus, encouraging 
patients to engage with the program at any level may be reasonable 
for improving depression and anxiety symptoms. 

Our study also demonstrated that PHQ-9 and GAD-7 scores 
obtained at the initial infertility consultation were lower than those 
recorded at enrollment in the SilverCloud program. During the 
mean 11.8 days between the initial consultation and SilverCloud 
enrollment, patients were likely presented with new information 
regarding their diagnosis, prognosis, management options, and 
the cost of treatment. The significant stressors associated with 
receiving this information, together with the smaller cohort of 
individuals who engaged in SilverCloud, likely contributed to the 
differences observed in PHQ-9 and GAD-7 scores. Patients who 
perceived infertility evaluation and treatment as more psychologi-
cally stressful may have self-selected to into the SilverCloud pro-
gram compared with those who did not participate. 

Our study demonstrated decreases in PHQ-9 and GAD-7 
scores after completion of at least 1 SilverCloud module, with a 
median reduction in PHQ-9 scores of 1.5 points (P = .04) and a 
median reduction in GAD-7 scores of 3 points (P = .02). We rec-
ognize that, although PHQ-9 and GAD-7 scores changed signifi-
cantly after engagement with SilverCloud, these changes may not 
necessarily correlate with clinical benefit. Because the PHQ-9 and 
GAD-7 scores are screening tools and rely on patient self-report, it 
may be difficult to fully characterize clinical benefit. However, pre-
vious studies have demonstrated that PHQ-9 and GAD-7 scores 
can assist in identifying clinically important changes in depression 
and anxiety symptoms,18 and decreases in these scores have been 
associated with clinical improvement in anxiety and depressive 
symptoms, even when reductions are relatively small.19

These results are similar to findings from studies of other 
mobile app-based programs, which have demonstrated improve-
ments in depressive and anxiety symptoms as reported by patients 
experiencing infertility.14,20-24 Many internet-based programs offer 
nly brief interventions and do not use validated screening tools 
to assess changes in anxiety and depression symptoms associated 
with use.14,20-24 In addition to currently available free, web-based 
interventions, SilverCloud offers a more longitudinal and analyti-
cal method for tracking changes in anxiety and depressive symp-
tom in patients experiencing infertility. Although SilverCloud may 
not serve as an effective replacement for psychotherapy or psycho-
pharmacotherapy, it may serve as an adjunct to traditional mental 
health treatment. 

Strengths
Strengths of this study include the use of validated screening tools 

to assess patient response to intervention, an approach not pre-
viously reported in similar studies. Additionally, all new patients 
were asked to complete PHQ-9 and GAD-7 to assess baseline 
anxiety and depression at the initial infertility consultation. The 
screening results were reviewed for each patient, and all patients 
were offered mental health services, highlighting the importance 
of access to mental health resources for patients experiencing 
infertility. Our data also demonstrated that individuals without 
prior infertility treatment were more likely to accept referral to 
and engage in SilverCloud. This finding may reflect the novelty 
of the infertility journey, with some individuals more readily 
acknowledging the mental toll of infertility, and therefore being 
more willing to utilize accessible resources.

Limitations
Limitations of this study include a racially homogenous patient 
population composed primarily of married individuals, which 
limits the generalizability of our findings to patients with more 
diverse demographic backgrounds. Therefore, we were unable to 
assess what impact of social and demographic factors on engage-
ment with SilverCloud or responses to anxiety and depression 
screening measures. Additionally, we recognize that the number 
of patients who engaged in SilverCloud was limited. Patients were 
required to have access to a working email address and either a 
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smartphone or computer to access the modules, creating a poten-
tial barrier to participation and offering one explanation for the 
limited engagement observed in our study. Of the 52 individuals 
who accepted a SilverCloud referral, only 32 completed at least 
1 module. Beyond access barriers, other explanations for limited 
uptake may include inadequate patient-centered descriptions of 
SilverCloud by clinicians or the well-documented stigma associ-
ated with mental health conditions and treatments.25 Lastly, this 
study was performed at a single academic clinic; therefore, addi-
tional multi-institutional studies are needed to determine whether 
this program demonstrates efficacy on a larger scale in patients 
experiencing infertility.

Future studies should explore whether SilverCloud improves 
anxiety and depressive symptoms over the long term after program 
completion. Studies should also assess barriers to accessing and 
engaging with the program despite its self-paced format and lack 
of cost to users. Finally, additional research could assess whether 
engagement in mental health services such as SilverCloud affects 
progression to treatment. 

CONCLUSIONS
SilverCloud is an online, self-guided mental health tool that may 
serve as a useful adjunct to standard mental health care for patients 
experiencing infertility who report anxiety and depressive symp-
toms.
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