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Abstract

Introduction.—International TS Clinical Practice Guidelines recommend screening for 

neurodevelopmental (ND) and mental health (MH) concerns in girls with TS, however it remains 

unclear whether this is implemented in current practice. The objective of this mixed methods study 

was to assess screening practices for ND and MH in girls with TS from the perspective of pediatric 

endocrinologists.

Methods.—Pediatric Endocrine Society members who provide care for girls with TS were 

invited to complete an electronic survey on screening practices. Descriptive statistics were used to 

summarize quantitative results concurrently with thematic analysis of free-text survey responses.

Results.—A total of 124 surveys were completed (86% attending pediatric endocrinologists, 

81% at academic institutions). Overall, 25% of providers reported their patients with TS received 

both ND and MH screenings. Only 9 (9%) respondents endorsed screening for ND concerns 

themselves, while more providers (26%) reported they screen for MH concerns. Multiple barriers 

to screening for ND and MH concerns within the clinical setting were endorsed. Nearly all 
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providers (>93%) reported they would consider using a short, validated screening tool for ND and 

MH concerns if such tools were available.

Discussion.—A minority of pediatric endocrinologists currently perform ND or MH screening 

for patients with TS, however, many would be interested in implementing a brief screening tool 

into their clinical practice. Given almost all girls with a TS diagnosis receive care from pediatric 

endocrinologists at least annually, this may be an effective method to increase the proportion of 

girls with TS who receive recommended screenings.
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INTRODUCTION

Turner syndrome (TS) occurs in ~1 in 2,000 females, making it one of the most common 

pediatric rare disease conditions. The missing or abnormal second sex chromosome affects 

multiple systems with implications for growth, development, fertility, physical health, and 

mental health. Girls with TS are at a greater risk for neurodevelopmental delays and/or 

mental health diagnoses than the general population, with potential adverse effects observed 

in all health domains. Up to 75% of girls with TS have a learning disability, ~25% have 

attention-deficit hyperactivity disorder (ADHD), and over half will experience symptoms of 

anxiety and/or depression [1, 2]. Despite how prevalent these conditions are and their known 

effect on academic achievement and quality of life, symptom recognition is often delayed or 

missed altogether in girls with TS. Annual consultation with a clinical psychologist and/or 

neuropsychologist is not feasible for every girl with TS due to limited resources in many 

clinical settings. Additionally, while girls with TS are at increased risk for developmental or 

social-emotional concerns, many of these girls thrive within the educational setting and 

annual comprehensive psychological and/or neuropsychological evaluations in an outpatient 

clinical setting is unnecessary. However standardized screening is critical for early symptom 

recognition to ensure that further evaluation and appropriate intervention can occur. 

Recently published comprehensive Clinical Practice Guidelines (CPG) for girls and women 

with TS emphasize the need for “annual developmental and behavioral screenings until 

adulthood with referrals as indicated”, as well as a suggestion for routine 

neuropsychological assessments at key timepoints [3]. If and how these recommendations 

are being implemented in clinical practice has had minimal investigation.

Although the TS CPG recommend multidisciplinary care including neuropsychology and 

behavioral health clinicians, the few TS multidisciplinary clinics that exist are limited to 

large tertiary care centers and many do not include any behavioral health clinicians [3]. 

Given TS is a rare disease, many primary care providers are not familiar with TS-specific 

care recommendations. Research consistently shows that a minority of children within the 

general pediatric population receive developmental screening despite universal 

recommendations in place for many years [4]. Therefore, relying on primary care providers 

for annual neurodevelopmental and behavioral screenings unique to risks seen in girls with 

TS is likely to result in wide care disparities. Pediatric endocrinologists, however, are 

intimately familiar with the manifestations of TS and nearly all girls with TS have routine 
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follow up with a pediatric endocrinologist for treatment of endocrine disorders and short 

stature at least on an annual basis. As a result, the pediatric endocrinologist often becomes 

their default TS care director, offering non-endocrine related education, screening, and 

recommendations related to TS risks. Common examples include obtaining renal imaging, 

screening for celiac disease and liver dysfunction, monitoring for scoliosis, and ensuring 

appropriate cardiology follow up. Whether or not screening for neurodevelopmental and 

behavioral screenings are already being conducted or could possibly be completed in the 

pediatric endocrinology clinic setting has not been evaluated.

The objective of this cross-sectional, mixed methods, survey-based study was to assess 

screening practices of neurodevelopmental and mental health concerns in girls with TS from 

the perspective of pediatric endocrinologists. This perspective results informs the feasibility 

of involving of the pediatric endocrinologist in screening for unmet neurodevelopmental and 

mental health needs of girls with TS.

METHODS

Survey Development.

An electronic survey targeted to those providing endocrine care to youth with TS was 

developed by an interdisciplinary, multi-center research team including pediatric 

endocrinologists, clinical psychologists, and a neuropsychologist. The primary focus was to 

assess clinical practices for neurodevelopmental and mental health screening in girls with 

TS. Definitions were provided to differentiate “screening” from “evaluation” as well as 

“neurodevelopmental” from “mental health”. For the purpose of this survey, “screening” was 

an informal or formal assessment for possible concerns through parent/caregiver interview 

or use of a screening instrument such as a patient or parent/caregiver-report standardized 

questionnaires, whereas “evaluation” was a formal direct performance-based assessment 

using validated measures to diagnose a condition. Neurodevelopmental concerns were 

described as delayed language or motor milestones, features of autism spectrum disorder, 

difficulties with learning or academic achievement, attention difficulties, executive 

functioning or visuospatial difficulties. Examples given for mental health concerns included 

anxiety, depression, or psychosis. The survey questions were organized into two sections 

with the first addressing screening practices for neurodevelopmental concerns and the 

second addressing questions for mental health concerns. Each of the sections solicited the 

pediatric endocrinology provider’s perspective on the following outcomes: 1) are patients 

with TS being screened and if so, what does this look like? 2) what are the barriers to 

screening? 3) could a short, validated screening tool be implemented in the pediatric 

endocrine clinic setting? Questions had multiple choice answers as well as the option to 

provide free-text responses when the predetermined answers may not incorporate all 

possible perspectives. The survey was piloted with pediatric endocrinologists and refined 

based on feedback, with the Pediatric Endocrine Society Survey Committee approving the 

final version.
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Recruitment.

An email invitation was sent to the listserv for members of the Pediatric Endocrine Society 

on November 15, 2019 and December 21, 2019 with a subject heading of “Survey: 

Assessing Treatment Practices for Patients with Turner Syndrome”. The body of the email 

included a description of the study, eligibility criteria, estimation of 15 minutes for 

completion, and a link to the anonymous REDCap survey. The link stayed open for three 

months after which it was disabled and data were exported for analysis. All participants 

provided informed consent and verified they met eligibility criteria including being a 

medical provider within a pediatric endocrine setting in the United States or Canada who has 

cared for a patient with TS within the last two years. No compensation was provided for 

respondents. The study was approved by the local institutional review board 

(STUDY00000025).

Quantitative methods.

Surveys were reviewed for incomplete responses and only records from respondents who 

completed at least one full section were included. Missing data were treated as a separate 

category of “not reported” for categorical variables and not included for continuous variables 

or comparative analyses. Primary outcomes included neurodevelopmental screening (i.e., 

responding “yes” to the question, “Do your patients with TS receive neurodevelopmental 

screening”), mental health screening, and both neurodevelopmental and mental health 

screening. Secondary outcomes included whether the respondent ever conducted 

neurodevelopmental or mental health screening themselves, estimated frequency and 

indications for screening, barriers to screening, and interest in implementing a screening 

tool. Descriptive statistics including number and percentages for categorical variables and 

mean ± standard deviation (or median and interquartile range (IQR)) for continuous 

variables were used to summarize the survey results. Chi-squared test was used to compare 

between categorical outcomes with a significance level set at 0.05. Univariate logistic 

regression was used to assess factors that may be associated with our primary outcomes, and 

variables that were significant at p<0.01 and determined to be noncolinear were included in 

a multivariable model. Statistical analyses were conducted in RStudio version 1.3.1093 with 

R version 4.0.3 (RStudio, PBC, Boston, MA, www.rstudio.com and figures generated in 

Graphpad Prism version 9.0.0 for Windows, GraphPad Software, La Jolla California USA, 

www.graphpad.com).

Qualitative methods.

A team-based approach to qualitative thematic analysis was used for a rigorous and 

trustworthy interpretation of free-text survey responses [5]. The team created a preliminary 

coding structure based on predetermined response options in the survey. Two team members 

with qualitative research and clinical expertise (SD, pediatric endocrinologist; TT, 

psychologist) read through all open-ended survey responses together, collectively applying 

deductive codes from the codebook and inductively assigning new “open codes” that 

emerged directly from the data [6]. Next, the team examined patterns in the codes using 

networks and analytic memo writing to reduce the information into several categories and, 
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finally, to develop broad themes describing barriers and solutions to screening patients with 

TS [7].

RESULTS

Sample demographics.

A total of 166 surveys were initiated, 124 eligible providers completed the first section on 

neurodevelopmental screening, and 120 completed both the neurodevelopmental and mental 

health screening sections. Demographics of the respondents are shown in Table 1. The 

region of practice, number of years in practice, total clinical volume, and TS patient volume 

were diverse. The majority practiced at academic institutions. However, less than a third of 

these institutions had a TS multidisciplinary clinic. Of the institutions with a TS 

multidisciplinary clinic, 70% had at least one behavioral health specialist on the team, 

defined as a psychologist, psychiatrist, developmental pediatrician, or social worker. 

Approximately half of all respondents knew about the most recent TS CPG [3].

Are patients receiving screening?

More respondents reported their patients with TS receive some form of neurodevelopmental 

screening (42%) compared to mental health screening (37%, p<0.001), while only 26% 

reported their patients with TS receive both neurodevelopmental and mental health 

screenings as recommended in the TS CPG. Very few providers (9%) endorsed ever 

conducting neurodevelopmental screening themselves, compared to 26% who reported 

having conducted mental health screenings themselves (p<0.001). Other providers who 

endorsed their patients receive screening either work directly with a specialist who conducts 

screening and/or refer to specialists in other clinical or community settings.

In univariate regression analyses, factors that were independently associated with both 

neurodevelopmental and mental health screening included TS patient volume more than five 

patients per month (OR 8.2, 95%CI 2.6–28.9), knowledge of the TS CPG (OR 3.6, 95%CI 

1.4–9.9), and practicing at an institution with a TS multidisciplinary clinic with an integrated 

behavioral health specialist (OR 5.5, 95%CI 2.2–14.3). Practice type (academic vs other), 

region of practice, role (fellow, attending, midlevel), clinical load (patients per week), and 

number of years in practice were not associated with either neurodevelopmental or mental 

health screening. In a multivariable model, both TS patient volume of more than five per 

month (p=0.025) and presence of a TS multidisciplinary clinic with an integrated behavioral 

health specialist (p=0.027) remained significant with the outcome of reporting both 

neurodevelopmental and mental health screening.

Among the respondents that report their patients receive neurodevelopmental screening, 

32% estimated fewer than half of their patients receive screening and 20% stated they only 

recommend screening for patients if a concern is present during the visit. Among the 66 

providers who reported at least some of their patients receive mental health screening, 41% 

estimated less than half of their patients with TS receive this screening with 19% reporting 

they only recommend screening for patients if a concern presented during the visit.
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Barriers to screening.—The choices for barriers to neurodevelopmental and mental 

health screening for girls with TS that were selected by respondents are shown in Figure 3. 

In the qualitative analysis, respondents described challenges that differed between 

implementing neurodevelopmental versus mental health screening that emerged, although 

time was a key factor within both domains.

1. Neurodevelopment is not endocrinology. Some respondents described 

neurodevelopmental screenings as outside the role of an endocrinologist: “There 

are many things that fall under an endocrinologist’s purview when caring for 

these kids, and I don’t think this is one.” Another commonly reported barrier was 

the lack of time to conduct screenings unrelated to endocrine issues: “There is 

not enough time in a clinic visit for this even if it is only 3 minutes. It then takes 

time for the provider to score it, evaluate the score, and then counsel the patient, 

make appropriate referrals etc. I think it is a good idea in concept, but I don’t 

think there is enough time in a busy clinic day.”

2. Systemic problems in mental health care. Respondents described general 

problems with mental health follow up care in their communities such as long 

waitlists, insurance issues, and a lack of TS trained providers: “No mental health 

providers in the area have experience with girls with TS and most exclude 

patients based on insurance or take 6+ months to get an appointment.” Providers 

lamented their lack of options to follow up with a positive mental health 

screening: “If you have a positive screen, then what do you do? For example, the 

wait time for psych at my institution is 8 months.”

Potential solutions and theoretical implementation of a TS screening tool.—
Respondents also provided suggestions for potential solutions related to screening 

instruments and effective clinical practice.

1. TS specific instruments. Respondents described the potential utility of screeners 

and guidelines specific to the unique needs of girls with TS: “If a short (about 3 

minute), validated screening tool for neurodevelopmental concerns in Turner 

Syndrome was available I would be interested in using it in my clinic - definitely, 

IF I was given resources for who to refer them to if they screen positive.” 

Further, such screeners could be used to address barriers related to lack of 

available providers with TS experience: “TS-specific instruments/guidelines will 

be helpful for us to share with the regular neuropsychologists as well who may 

not be familiar with TS.” Nearly all providers reported they would consider using 

a short, validated screening tool for neurodevelopmental (93%) or mental health 

(93%) concerns in TS if such tools were available.

2. Multidisciplinary collaborations. Respondents noted that, although they did not 

always have the time or training to conducting such screenings, they supported 

partnering with developmental pediatricians, trainees, primary care providers, 

social workers, and medical assistants to accomplish this: “We have a social 

worker who carries out preliminary screening and helps organize referrals for 

detailed screening, so I do not perform it myself. I do believe it is in my purview 
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to see that it has been done, but I do not have the expertise or time to perform it 

personally.” Multidisciplinary clinics allowed respondents to practice within 

their scope while simultaneously meeting the complex needs of girls with TS: “I 

believe that care of children with Turner syndrome is best done in a 

multispecialty system. I take care of the growth and endocrine issues, a 

cardiologist should take care of the cardiovascular issues, a nephrologist the 

renal issues, and a developmental specialist the neurodevelopmental screening 

and issues.” Indeed, respondents who reported behavioral health specialist(s) are 

part of the multidisciplinary clinic for TS at their institution were 3.2 more likely 

to report their TS patients receive both neurodevelopmental and mental health 

screening (95% CI 1.7– 6.0).

DISCUSSION

This cross-sectional survey of US and Canadian pediatric endocrinologists revealed that less 

than a quarter report knowledge of their patients with TS receiving neurodevelopmental and 

mental health screening per the TS CPG. A minority of endocrine providers are currently 

performing neurodevelopmental or mental health screening for patients with TS, however 

many would be interested in implementing a brief screening tool into their clinical practice. 

Many respondents were uncomfortable with providing neurodevelopmental screening with 

current training and tools. There was a greater sense of comfort with conducting mental 

health screenings, but challenges with being able to find adequate follow up care for positive 

screens were expressed by the majority of respondents. These preliminary survey data 

suggest that incorporating neurodevelopmental and/or mental health screenings for girls with 

TS into pediatric endocrinology care may be feasible if several barriers are addressed.

While neurodevelopmental deficits and psychosocial concerns are well-recognized as part of 

the TS phenotype, many girls are not identified early or appropriately supported leading to 

greater problems in adulthood. The TS CPG advocate for annual screening of these risks but 

our results support the anecdotal impression that there is large variability in care practices 

across the country. These results support that behavioral health clinicians integrated into a 

multidisciplinary care setting for girls with TS is ideal, therefore advocating for these clinic 

models whenever feasible. Indeed, multidisciplinary TS clinics have proven beneficial for 

several non-endocrine outcomes; however, many clinical practices do not have trained 

behavioral health clinicians available to be integrated into routine care[8]. Therefore, novel 

approaches are needed to ensure all girls with TS receive routine screening that will identify 

neurodevelopmental and mental health concerns early.

One proposal is to incorporate a screening process into routine endocrine care. Nearly all 

girls with TS regularly see endocrinology, so endocrinologists already assume responsibility 

for screening for other non-endocrine risks in TS, and mental health screening has been 

successfully implemented in endocrine practices for other patient populations such as type 1 

diabetes [9]. Furthermore, neurodevelopmental and mental health screening has been 

implemented in other unrelated subspecialties that care for chronic pediatric diseases, 

including pediatric hematology/oncology, pulmonology, gastroenterology, and cardiology 

[10–14]. In order to accomplish this, a TS-specific screening tool would need to be 
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developed and validated as while there are many generic screening instruments, nothing has 

been validated within the TS population and the sensitivity for identifying the unique deficits 

in girls with TS is unknown. Disease-specific screening tools have been developed and 

validated in other populations, including: congenital heart disease, craniofacial conditions, 

and disorders of sex development [15–17]. For such a screening tool to be implemented by 

pediatric endocrinologists for patients with TS, our results support the importance of such a 

tool being short (< 3 minutes) and straightforward for non-behavioral health clinicians to 

interpret. Parent-reported surveys integrated into the electronic medical record, automatic 

scoring, and system-generated recommendations could minimize time and involvement of 

the endocrinologist and ideally another member of the medical team could be trained to 

facilitate the implementation of such a tool [18, 19]. Finally, local resources for acting on a 

positive screen need to be established prior to implementation of a screening program, 

particularly for mental health concerns in areas with limited resources [20]. In one study 

evaluating mental health screening in a pediatric allergy clinic, free mental health 

consultations were only attended by 1% of families with no difference between those who 

had or had not received screening in the clinic, emphasizing the necessity of a systems 

approach to this problem [21].

Exploring clinician’s perspectives on neurodevelopmental and mental health screening 

within an endocrine practice assesses the feasibility of one proposal to address the lack of 

screening per best practice recommendations. Additional approaches such as implementing 

screening in a primary care, educational, or home setting should also be explored although 

similar barriers will likely present. Importantly, development and validation of a brief TS-

specific screening tool could be implemented in other settings as well. It is important to note 

that by utilizing endocrinology care as an infrastructure to conduct screenings, we are not 

suggesting replacement of behavioral health clinicians with endocrinologists, or that 

endocrinologists should begin conducting behavioral health assessments or interventions. By 

screening for neurodevelopmental and mental health concerns however, the endocrinologist 

conveys the importance of these factors in their overall health and can encourage further 

evaluation and intervention from local systems including early intervention and school 

district services, primary care resources, private therapies, and telehealth in addition to 

traditional mental health services [22].

The primary limitation to this survey-based study is the low response rate (~11%) when 

compared to the total number of emails dispersed, which is lower than several other 

published Pediatric Endocrine Society surveys (18–21%) [23, 24]. However, given the 

specific inclusion criteria of active clinicians who treat girls with TS, it is likely that many of 

the Pediatric Endocrine Society members would not have been eligible. As it is reasonable to 

assume that respondents had an interest in the topic, our estimation of the proportion of 

endocrinologists currently screening or willing to implement a new screening tool may be 

inflated. Furthermore, these results do not necessarily reflect the proportion of girls with TS 

receiving screening, just the knowledge of the pediatric endocrinologist of whether 

screening is being conducted. Despite these limitations, this study employed mixed methods 

to assess the viewpoints of pediatric endocrinologists and provides valuable information for 

developing and integrating neurodevelopmental and/or mental health screening for youth 

with TS.
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In conclusion, ~10% of endocrine care providers currently screen their patients with TS for 

neurodevelopmental concerns and ~25% screen for mental health concerns. Notably, many 

acknowledge they have no knowledge of their patients receiving routine screening for these 

well-known risks. Although there are several barriers to screening for neurodevelopmental 

and mental health concerns within the pediatric endocrinology clinic setting, most providers 

would be interested in utilizing a short, validated TS-specific screening tool. Additional 

research is needed to develop such a tool with the considerations described in this report, as 

well as addressing the issue of access to quality behavioral health services more globally.
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Fig. 1. 
a. Slightly over half of all respondents reported their patients with Turner syndrome (TS) 

receive screening for neurodevelopmental (ND) concerns, mental health (MH) concerns, or 

both neurodevelopmental and mental health concerns (ND & MH). Respondents who 

practiced at an institution with a TS multidisciplinary clinic (MDC) with an integrated 

behavioral health specialist (b) and those who see at least five patients with TS per month (c) 

were more likely to report their patients with TS receive ND and MH screenings.
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Fig. 2. 
Responses endorsed by pediatric endocrine respondents for barriers to neurodevelopmental 

(a) and mental health (b) screening, and whether they would be interested in implementing a 

screening tool in the pediatric endocrinology clinic setting.
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Table 1

Demographics of Respondents N (%)

Gender

 Female 85 (68.5%)

 Male 30 (24.2%)

 Not reported 9 (7.3%)

Race

 White 95 (76.6%)

 Asian 13 (10.5%)

 More than one race 2 (1.6%)

 Not reported 14 (11.3%)

Ethnicity

 Hispanic/Latino 8 (6.5%)

 Not Hispanic/Latino 103 (83.1%)

 Not reported 13 (10.5%)

Clinical Role

 Pediatric Endocrinologist 101 (81.5%)

 Adult Endocrinologist 1 (0.8%)

 Fellow 12 (9.7%)

 Advanced Practice Provider 2 (1.6%)

 Not reported 8 (6.5%)

Years in Practice

 0–5 15 (12.1%)

 6–10 29 (23.4%)

 11–15 25 (20.2%)

 16–20 8 (6.5%)

 >20 39 (31.5%)

 Not reported 8 (6.5%)

Practice Setting

 Academic Medical Center 95 (80.5%)

 Community Hospital 9 (7.6%)

 Private Practice 7 (5.9%)

 Not reported 7 (5.9%)

Region

 U.S. Pacific 13 (11%)

 U.S. Mountain 15 (12%)

 U.S. West South Central 10 (8%)

 U.S. East South Central 3 (2%)

 U.S. South Atlantic 22 (18%)

 U.S. West North Central 9 (7%)

 U.S. East North Central 18 (15%)
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Demographics of Respondents N (%)

 U.S. Mid-Atlantic 1 (1%)

 U.S. New England 12 (10%)

 Canada Prairies 1 (1%)

 Canada Ontario 1 (1%)

 Canada Quebec 1 (1%)

 Not reported 7 (6%)

# of Patients/Month With TS

 0–1 50 (40.3%)

 2–5 52 (41.9%)

 >5 15 (12.1%)

 Not reported 7 (5.6%)

# of Clinical Patients/Week

 <10 15 (12.1%)

 11–25 35 (28.2%)

 26–50 53 (42.7%)

 >50 14 (11.3%)

 Not reported 7 (5.6%)

Multidisciplinary Team

 TS MDC at Institution 36 (29.0%)

 No TS MDC at Institution 82 (66.1%)

 Not reported 6 (4.8%)
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