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ABSTRACT:
This study explores how telehealth impacts the no-show rates in a neonatology follow-up clinic at UI Health. Using a randomized quasi-experimental design with an instrumental variable, we aim to determine if telehealth can reduce no-show rates and improve patient outcomes.
Introduction to Telehealth: Telehealth, also known as telemedicine, allows healthcare providers to connect with patients remotely. It has become increasingly popular in pediatrics, including neonatology, due to its convenience and effectiveness.
Study Purpose and Design: The purpose of this study is to conduct a randomized quasi-experimental study to compare telehealth visits with in-person visits in terms of no-show rates at 12 months corrected age.
Research Questions and Objectives: We aim to find out if telehealth can reduce no-show rates and improve patient outcomes in a neonatology follow-up clinic.
Methodology: The study involves randomizing patients into two groups, one receiving a telehealth pamphlet and the other not, and comparing no-show rates across three clinic visits at 2-3 months, 6 months, and 12 months corrected age.
Expected Outcomes: The study anticipates that telehealth visits will significantly reduce no-show rates and promote health equity by providing greater access to healthcare.
Data Collection and Analysis: Data will be collected on various variables, including no-show rates, medical outcomes, and parental satisfaction, and analyzed using statistical methods like 2SLS regression.
Results: The study involved 650 subjects, with 313 in the control group and 313 in the intervention group. The first stage regression analysis showed that the pamphlet intervention significantly increased the likelihood of telehealth visits (coefficient = 0.3600721, p < 0.0001), proving that the pamphlet is a strong and valid instrumental variable. The regression model confirmed that the pamphlet was not directly associated with the no-show rate (coefficient = -0.012288, p = 0.714), ensuring its validity as an instrumental variable. The second stage regression analysis revealed that an increase in telehealth visits significantly reduced the no-show rate (coefficient = -0.3119118, p < 0.0001).
Conclusion and Future Plans: The study concludes that telehealth can effectively reduce no-show rates in community settings and plans to further explore its long-term benefits on infant outcomes and parental satisfaction.


INTRODUCTION
Introduction and statement purposes
Telehealth, also known as telemedicine, encompasses a variety of tools and platforms that enable clinicians to connect remotely with each other and with patients. It has gained popularity in public healthcare in recent years.  The top reported uses of telehealth in pediatrics include critical care, neonatology, psychiatry, cardiology, physiotherapy, and neurology. Numerous reports on telehealth in neonatology services have shown that telehealth is either superior to or as effective as routine practice or in-person visit.  As shown in recent reports, Hoffman (Hoffman et al., 2019) summarized the successful use of real-time telemedicine visits with a midlevel clinician after NICU discharge. Mobbs (Mobbs et al., 2022) found that remote post-discharge physiotherapy is beneficial for the ex-preterm infant and their family.
Most studies, including the most recent ones (DeMauro et al., 2021; Drerup et al., 2021; Siow et al., 2020) were conducted as natural events or as observational designs likely because telehealth option cannot easily be manipulable in the real life settings.  Despite randomized controlled trials being the gold standard in scientific research, few clinical studies have been conducted using this method (Finn & Achilles, 1990; Gray, 2000; Krueger, 1999; Mobbs et al., 2022), but none have focused on the neonatology follow up clinic. Moreover, some authors, such as Cooper in 2009 (Cooper et al., 2009) have raised concerns about the lack of external validity in randomized controlled trials.  Taken together, the studies on telehealth interventions have demonstrated either internal validity or external validity, but not in the same study.  Therefore, there is a chance that findings from such studies cannot be generalized to the community, which represents a real-world setting that cannot be well-controlled.  Fostering internal change in individuals is more efficient and sustainable than imposing change upon them.  Therefore, a quasi-experimental design is the most promising approach. Such a study would enhance the external validity of telehealth by grounding it in an understanding of the real-life conditions driving the effect of telehealth in the community. Moreover, none of the previous studies occurred in a neonatology follow up clinic.  As such, we plan to conduct the first randomized quasi-experimental study on the effect of telehealth in the UI Health neonatology follow-up clinic. To enhance the internal validity of the study, we will introduce an instrumental variable. Specifically, we will use a pamphlet as both an instrumental variable and a persuasive tool to compare telehealth visits to in-person visits regarding no-show rates at 12 months corrected age.  We predict that the outcome of this study will pinpoint the benefits and generalizability of telehealth visits within our community healthcare network.  Simultaneously, it can serve as a quality improvement tool for our institute’s clinical services and help to identify additional benefits to patient outcomes.

SPECIFIC AIMS
Research questions
· Despite not controlling telehealth (voluntary enrollment to treatment) as our independent variable of interest, are there still the positive impact or benefit of telehealth (effect) on health care in our neonatology follow up clinic?
Objectives

To examine the extent to which telehealth visits can reduce no show rates. In turn, as part of a larger study we then will aim to investigate the impact of this on patient outcomes
Aim. To determine whether telehealth visits for neonatal follow-up care at UI health are associated with lower no show rates at 12 month corrected age from 25% to 10%.
Telemedicine, as known as telehealth, is one of communication tools that connects one health provider to another provider or to the patients.  For the patients, it increases care accessibility and reduces travel burden and time constraints leading to decrease in no-show rate.  Despite those supports, telehealth which was first established in late 19th century was not well accepted until the Covid19 pandemic occurs causing the limits in physical contact and need for social distancing. Since then, it has automatically become a popular communication tool in health care.  
In pediatric medicine, the current top 5 reported uses of telehealth are critical care, neonatology, psychiatry, cardiology, physiotherapy, and neurology (Hoffman et al., 2019; Mobbs et al., 2022). Gray (Gray, 2000) found that in NICU setting, of the 176 very low birth weight (VLBW) infants admitted during the study period, 30 control and 26 study patients were enrolled. Families of the intervention group infants were given access to the Baby CareLink telemedicine application. Families in the CareLink group reported significantly fewer problems with the overall quality of care received by their family (mean problem score: 3% vs 13%). In addition, CareLink families also reported greater satisfaction with the unit’s physical environment and visitation policies (mean problem score: 13% vs 50%). Among infants born weighing less than 1000 grams (n=31), there was a tendency toward shorter lengths of stay (77.4 vs 93.1 days). All infants in the CareLink group were discharged directly to home, whereas 6 out of 30 (20%) control infants were transferred to community hospitals before ultimately being discharged home. In the study conducted by Robinson(Charlotta Robinson et al., 2016), families were randomized to either a control group receiving standard home health care (n=42) or a telemedicine group receiving home health care with telemedicine support (n= 47) after discharge from the hospital. Both groups had follow-up hospital appointments with the neonatal nurse. In the telemedicine group, appointments were supplemented by the use of specially designed web pages and video calls. The author found that the use of the web page and video calls significantly decreased the number of emergency visits to the hospital (p=0.047).  In addition, CareLink families also reported greater satisfaction with the unit’s physical environment and visitation policies (mean problem score: 13% vs 50%)
In an adult outpatient setting, Drerup(Drerup et al., 2021) conducted a prospective cohort study during the COVID-19 pandemic, between March and May 2020. The author found that the no-show rate of telehealth visits during this period was 7.5% (14/186), significantly lower than the no-show rate of 36.1% for in-person visits (56/155) (p<0.0001) and the pre-pandemic in-person no-show rate of 29.8% (129/433) (p<0.0001). The study concluded that telehealth offers significant benefits for both patients and providers, strongly supporting its widespread utilization during and after the pandemic. Based on the existing scientific evidence in both adult and pediatric populations, telehealth helps providers maintain continuity care, improve quality of care and patient care satisfaction.
A variety of research methodologies have been used to study the effects of telehealth on healthcare, including case-control studies with historical data(Siow et al., 2020), prospective cohort studies (Drerup et al., 2021), and randomized controlled trials (Gray, 2000; Mobbs et al., 2022; C. Robinson et al., 2016).  However, none of these studies employed a pragmatic design like a quasi-experimental approach.  The question remains whether existing studies provide sufficient evidence to support telehealth as a practical and sustainable tool in healthcare.  In one of the randomized trials conducted by Cooper  (Cooper et al., 2009), the efficacy of an intervention designed to improve the mother-infant relationship and security of infant attachment was assessed in a South African peri-urban settlement with marked adverse socioeconomic circumstances. The study involved 449 pregnant women, with drop-off rate of 25%. The findings indicated that mothers in the intervention group were significantly more sensitive (6 months: mean difference=0.77 (SD 0.37), t=2.10, P<0.05, d=0.24; 12 months: mean difference=0.42 (0.18), t=-2.04 , P<0.05, d=0.26) and less intrusive (6 months: mean difference=0.68 (0.36), t=2.28, P<0.05, d=0.26; 12 months: mean difference=-1.76 (0.86), t=2.28 , P<0.05, d=0.24) in their interactions with their infants. Additionally, the intervention was also associated with a higher rate of secure infant attachments at 18 months (116/156 (74%) v 102/162 (63%); Wald=4.74, odds ratio=1.70, P<0.05). Despite the significant favorable results, the authors expressed concerns about the persistence and replicability of these effects.  This demonstrates that while randomized controlled trials are considered the gold standard in scientific research, they can sometimes lack realism due to uncontrollable independent variables in real-world settings. A well-known naturistic design, the quasi-experimental study with a randomized instrumental variable, might offer the ideal solution, as detailed in Table 1.  
No show rates in outpatient clinics  have been a major ongoing problem in public health, particularly in our neonatal follow-up clinic.  Currently, the no-show rate of our clinic is approximately 25%, significantly higher than the international benchmark for outpatient clinics which is 5-10% (Gupta & Denton, 2008; Mohamed et al., 2016; Molfenter, 2013). Many experts from centers with higher rates have attempted various quality improvement initiatives (Gajwani, 2014; Johnson et al., 2007; Tang et al., 2018) but telehealth has rarely been used as a measure. As shown in recent reports, Shour(Shour et al., 2023) conducted a retrospective study on 1,260,083 appointment from 263,464 patients from the Marshfield Clinic Health System and developed a predictive model based on administrative data that didn’t include telehealth. His new model effectively distinguished between show and no-show appointments with high accuracy, recommending one overbook every six at-risk appointments. Additionally, it advised overbooking appointment slots on days with an elevated risk of no-show.  Malloy(Malloy et al., 2023) conducted a retrospective chart review on 10,078 total encounters in pediatric orthopedic and found that significant predictors of no-show rate included race, insurance type and lag days between appointment scheduling completion.  To improve appointment adherence, the author recommended individualizing patient care plans and appointments based on specific socioeconomic data, but didn’t include telehealth as an option. 
During the COVID-19 pandemic, we introduced telehealth as an optional visit method, resulting in a promising decrease in our no-show rate from 35% pre-pandemic to 25% post-pandemic. At that time, we utilized Gross Motor Assessment (GMA), which has high sensitivity and specificity for early detection of cerebral palsy (Razak et al., 2024; Støen et al., 2019) and can be performed remotely. This result encouraged us to conduct a quasi-experimental study on the effect of telehealth on no-show rate, an area that has not yet been thoroughly explored. Our goal is to bridge the knowledge gap and demonstrate that telehealth can significantly reduce no-show rates in an uncontrolled setting. 
To address potential weaknesses in this design and assess causal effects given imperfect compliance and voluntary enrollment, we will use a pamphlet as an instrumental variable, shown in Figure 1, and randomize its distribution to mimic a randomized clinical trial. The pamphlet will contain information about the benefits of telehealth, what to expect during a telehealth visit, and preparation tips. It will be written in English. We anticipate that the pamphlet will mitigate endogenous variables and help us determine the direct effect of telehealth on no-show rates, as illustrated in Figure 2.
We will examine the percentage of no-show rates and compare them between their telehealth and in person visits at each appointment until 12 to 13 months corrected the age (details in the methodology below). We hope that telehealth visits can significantly reduce no-show rates and promote Health Equity by equalizing access to health care. We plan to use our data for future and analysis to explore the potential positive effects on parental compliance and long-term patient outcomes. Additionally, we will continue conducting studies, including quality improvement initiatives on telehealth, to ensure its sustainability and generalizability. Our goal is to maximize the benefits of telehealth for our institute and community we serve.





APPROACH
The detail of the methodology:
1.Design: Randomized quasi-experimental study using an instrumental variable
2.Setting: Neonatology follow up clinic at UI health
3.Recruiting /Sampling strategies: 
3.1 Inclusion and Exclusion criteria
	Inclusion Criteria
	Exclusion Criteria

	Admitted to NICU/SCN
	Biological mother not able to be a caretaker after discharge

	Hospital stays 14 days or longer
	Mother with any psychiatric problems requiring medication to control

	Followed up at neonatal follow up clinic
	DCFS open case

	English speaking parents
	No internet connectivity

	
	Digital illiteracy

	
	Abnormal TIMP and /or GMA prior to discharge



3.2 Randomization method
· Block of 4
· 2 treatments (Pamphlet vs No pamphlet)

4.Methodology:
4.1. Randomize patients into 2 groups: 1-2 weeks prior to discharge from NICU/SCN; one group will receive telehealth pamphlet* ( *as known as an instrumental variable, which is validated by UIC communication service), and the other will not.
· Group 1 (intervention) will receive pamphlet and decide whether they will follow up outpatient in-person or by telehealth.
· Group 2 (control) will not receive pamphlet and decide whether they will follow up outpatient in-person or by telephone
4.2. Three visits to clinic as detail in Table 2:
· At around 2-3 months CA (telehealth or in person)
· Perform medical evaluation, Gross Motor Assessment (GMA), Ages and Stages Questionnaire (ASQ), Post Partum Bonding Questionnaire (PBQ), parental satisfaction survey* (*which is validated by UIC communication service)
· At around 6 months CA (telehealth or in person) 
· Perform medical evaluation, ASQ, PBQ, parental satisfaction survey.
· At around 12 months CA (All in person)
· Perform medical evaluation, Bayley III
4.3. Unblinded study
5. Duration: 1-3 Phases (12 months, 24 months, 36 months for recruitment) depending on number of subjects

Outcome assessment and measurements
Data variables
· Pamphlet
· Telehealth
· In-person
· No show rate
· Medical outcomes: growth, neurodevelopmental outcomes (GMA, Bayley III)
· ASQ, PBQ
· Demographic variables: gender, birth weight, current weight, chronological age, post menstrual age (PMA), corrected age, complexity of complication based on appointment of specialty consultant
· Parental satisfaction score






Data collection and statistical analysis. Follow-up
HIPAA compliant
Statistical analysis (Use STATA program to run the data)
Duration: 1 year (future up to 3 years follow-up)

Sample size, statistical power and variable selection
1. Sample size
· 626 subjects (313 control, 313 intervention); Power of 0.8, α of 0.05
Using STATA program to run power analysis 
* Define parameters
. local p1 = 0.25
. local p2 = 0.15
. local alpha = 0.05
. local power = 0.8
. local loss_to_follow_up = 0.20
. * Calculate sample size
. power twoproportions `p1' `p2', alpha(`alpha') power(`power')
Performing iteration ...
Estimated sample sizes for a two-sample proportions test
Pearson's chi-squared test 
H0: p2 = p1  versus  Ha: p2 != p1

Study parameters:
        alpha =    0.0500
        power =    0.8000
        delta =   -0.1000  (difference)
           p1 =    0.2500
           p2 =    0.1500
Estimated sample sizes:
            N =       500
  N per group =       250
. * Adjust for loss to follow-up
. local sample_size = ceil(r(N) / (1 - `loss_to_follow_up'))
. * Display the adjusted sample size
. display "Adjusted sample size accounting for loss to follow-up: " `sample_size
> '
Adjusted sample size accounting for loss to follow-up: 625


2. Categorical variables: using Chi-square
3. Continuous variables: using student t test (mean, median)
Safety Measure
-If any follow up visits we find that the infant and/or the parents are at risk of medical health, we will seek an urgent medical attention and the next visit will be in person visit no matter what the earlier type of visit. 
Drop off/Cross over
- We will include all of them in analysis by using an appropriate statistical method
-We will run and report both statistical analysis.
Intent to treat (ITT): for all who are assigned to Pamphlet group, not actual telehealth group
Number intent to treat

Expected Statistical models are as below.
Aim. Outcome variable is ‘no show rate’
Statistical Analysis
**Assumptions:**
For the 2SLS method to yield valid results, we need to assume:
1. Relevance: The instrumental variable Z is correlated with the potentially endogenous variable X, which in our study is the telehealth.
2. Exogeneity: Z is unrelated to the error term in the second-stage equation, ensuring it doesn't directly affect Y, which in our study is the no-show rate.



Z (Instrumental variable – Pamphlet)

X (Telehealth)                       Y (No-show rate)
ε (unobserved variables)
Xn (covariances)
X̅ (X hat) = predicted X coming from first stage model

Figure 3. Legends and flow diagram to be used for 2SLS in the study
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1. Ordinary least squares regression (OLS)
Y (no show rate) = β0+ β1X (telehealth) + βnXn + εi

2. Two-state least squares regression (2SLS)

2.1 First stage:
The first stage condition is to show that an instrumental variable (Zi) is correlated with the actual treatment or variable of interest (Ti) but is not correlated to the outcome to interest (Yi). This predicted model has been cleaned off endogenous/confounding factors.

2.1.1 To show that an instrumental variable (Zi) is correlated with the actual treatment or variable of interest (Ti)
X̅ (predicted telehealth) = β0+ β1Z (pamphlet) + βnXn + εi

2.1.2 To show that an instrumental variable (Ti) is not correlated to the outcome to interest (Yi).
Yi (no-show rate) = β0+ β1Z (pamphlet) + βnXn + εi



2.2 Second stage:
Y (no show rate) = β0+ β1X̅ (predicted telehealth)+ βnXn + εi











Expected statistical analysis on quasi-experimental design with instrumental variables 
(based on STATA program)
// Calculate the no-show rate
summarize no_show, detail
display "The no-show rate is: " r(mean)

// Load your dataset
use "your_dataset.dta", clear

// Generate your variables
gen IV = pamphlet
gen gender = gender
gen gestation = gestation
gen comp = complication_complexity
gen no_show = no_show_rate
gen telehealth = telehealth

// Calculate descriptive statistics
summarize no_show gender gestation comp

// Set power and significance level
set power .80
set alpha .05

// Run your regression with instrumental variable
ivregress 2sls no_show (telehealth = IV) gender gestation comp

// Display results
display "Results from IV Regression"

// Calculate the no-show rate
summarize no_show, detail
display "The no-show rate is: " r(mean)




















Methodology challenges
· Selection bias: subjects representing urban community, the majority is African American, English speaking only
· Loss to follow up: expecting 20%

Ethical considerations
IRB approval required.

RESULT
Demographic data
1. SUMMARY descriptive Report for CONTINUOUS variables based on the STATA output

	Demographic
	Telehealth
	In person
	p value

	GAa
	31.73 (4.29)
	32.15 (3.95)
	0.18

	BWa
	2358 (747)
	2473 (685)
	0.04

	Stayb
	102 (5-199)
	102 (8-196)
	0.33

	TAPPTb
	4 (2-6)
	4 (2-6)
	0.14

	Distancea
	16.83 (10.14)
	7.08 (4.35)
	<0.001

	Householdb
	4 (2-8)
	4 (2-8)
	0.99




2. SUMMARY Descriptive Report for categorical variables based on the STATA output

	Demographic
	Telehealth
	In person
	p value

	Gender
	
	
	0.935

	  -Female
	158/314
	168/336
	

	  -Male
	156 /314
	168/336
	

	Not confirmed1
	27/314
	45/336
	0.052

	Parent working
	166/314
	174/336
	0.783

	Mom working
	158/314
	170/336
	0.944

	Single mom
	96/314
	114/336
	0.361

	Daycare
	152/314
	154/336
	0.33

	First child
	170/314
	183/336
	0.934



Results of Demographic Data:
In our study, we analyzed the demographic data of the participants to understand their characteristics better. The participants were divided into two groups: those who received telehealth services and those who had in-person visits.
Continuous Variables:
1. Gestational Age (GA): The average gestational age for the telehealth group was approximately 31.73 weeks, while the in-person group had an average of 32.15 weeks. The difference between the two groups was not statistically significant (p = 0.18).
2. Birth Weight (BW): The average birth weight for the telehealth group was 2358 grams, whereas the in-person group had an average birth weight of 2473 grams. This difference was statistically significant (p = 0.04), indicating that the in-person group had slightly higher birth weights on average.
3. Length of Hospital Stay: Both groups had a similar median length of hospital stay, with the telehealth group having a median stay of 102 days (range: 5-199 days) and the in-person group having a median stay of 102 days (range: 8-196 days). The difference was not statistically significant (p = 0.33).
4. Total Number of Appointments (TAPPT): The median number of appointments for both groups was 4 (range: 2-6), with no significant difference between the groups (p = 0.14).
5. Distance to Healthcare Facility: The telehealth group lived farther away from the healthcare facility, with an average distance of 16.83 miles, compared to the in-person group, which had an average distance of 7.08 miles. This difference was highly significant (p < 0.001).
6. Household Size: Both groups had a similar median household size of 4 members (range: 2-8), with no significant difference between the groups (p = 0.99).
Categorical Variables:
1. Gender: The distribution of gender was similar between the two groups. In the telehealth group, there were 158 females and 156 males, while the in-person group had 168 females and 168 males. The difference was not statistically significant (p = 0.935).
2. Parent Working Status: The number of parents working was similar in both groups, with 166 parents working in the telehealth group and 174 in the in-person group. The difference was not statistically significant (p = 0.783).
3. Mother Working Status: The number of mothers working was also similar between the groups, with 158 mothers working in the telehealth group and 170 in the in-person group. The difference was not statistically significant (p = 0.944).
4. Single Mother Status: There were 96 single mothers in the telehealth group and 114 in the in-person group. The difference was not statistically significant (p = 0.361).
5. Daycare Usage: The number of children attending daycare was similar between the groups, with 152 children in the telehealth group and 154 in the in-person group. The difference was not statistically significant (p = 0.33).
6. First Child Status: The number of first-born children was similar between the groups, with 170 first-borns in the telehealth group and 183 in the in-person group. The difference was not statistically significant (p = 0.934).


Two-Stage Least Square Regression (2SLS)

1.FIRST STAGE (Telehealth as a dependent variable)

	Source
	SS
	df
	MS
	Number of obs
	=650

	 
	 
	 
	 
	F(14, 635)
	=33.15

	Model
	68.54313
	14
	4.89593801
	Prob > F
	=0

	Residual
	93.77071
	635
	0.147670416
	R-squared
	=0.4223

	 
	 
	 
	 
	Adj R-squared
	=0.4096

	Total
	162.3138
	649
	0.250098376
	Root MSE
	=0.38428



	tvisit1
	Coefficient
	Std. err.
	t
	P>t
	(95% confidence  interval)

	 
	 
	 
	
	
	 

	pamphlet
	0.3600721
	0.031439
	11.45
	0
	0.2983351, 0.4218092

	ga
	0.0002569
	0.0076866
	0.03
	0.973
	-0.0148372, 0.0153511

	bw
	-0.0000365
	0.0000417
	-0.88
	0.381
	-0.0001184, 0.0000454

	gender_f
	-0.0070556
	0.0308404
	-0.23
	0.819
	-0.0676171, 0.053506

	stays
	-0.0000642
	0.0004706
	-0.14
	0.892
	-0.0009884, 0.00086

	nconfirmed1
	-0.0602488
	0.0484292
	-1.24
	0.214
	-0.1553495, 0.0348518

	tappt
	0.0050944
	0.0125672
	0.41
	0.685
	-0.0195839, 0.0297726

	distance
	0.0248924
	0.0017227
	14.45
	0
	0.0215096, 0.0282753

	pworking
	0.0523782
	0.0305149
	1.72
	0.087
	-0.0075442, 0.1123006

	mworking
	-0.039064
	0.0304869
	-1.28
	0.201
	-0.0989313, 0.0208032

	smom
	-0.0367389
	0.0334587
	-1.1
	0.273
	-0.102442, 0.0289641

	daycare
	0.0290084
	0.0304354
	0.95
	0.341
	-0.0307579, 0.0887746

	household
	-0.0032428
	0.0120393
	-0.27
	0.788
	-0.0268845, 0.0203989

	firstchild
	0.0081922
	0.0314172
	0.26
	0.794
	-0.0535019, 0.0698864

	_cons
	0.0790996
	0.2380277
	0.33
	0.74
	-0.3883172, 0.5465163




2. Regression model to prove that pamphlet is not associated to No-show rate

	Source
	SS
	df
	MS
	Number of obs
	=650

	Model
	33.47924
	15
	2.231949
	Prob > F
	=0

	Residual
	88.14537
	634
	0.139031
	R-squared
	=0.2753

	 
	 
	 
	 
	Adj R-squared
	=0.2581

	Total
	121.6246
	649
	0.187403
	Root MSE
	=0.37287



	novisit1
	Coefficient
	Std. err.
	t
	P>t
	95% confidence interval

	pamphlet
	-0.012288
	0.0335084
	-0.37
	0.714
	-0.0780889, 0.0535129

	tvisit1
	-0.2777853
	0.0385054
	-7.21
	0
	-0.3533988, -0.2021717

	ga
	0.0053873
	0.0074583
	0.72
	0.47
	-0.0092587, 0.0200333

	bw
	-0.0000526
	0.0000405
	-1.3
	0.194
	-0.0001321, 0.0000269

	gender_f
	-0.0288711
	0.0299259
	-0.96
	0.335
	-0.0876368, 0.0298947

	stays
	-0.0004726
	0.0004567
	-1.03
	0.301
	-0.0013693, 0.0004242

	nconfirmed1
	-0.0776329
	0.0470483
	-1.65
	0.099
	-0.1700223, 0.0147564

	tappt
	-0.0171636
	0.0121956
	-1.41
	0.16
	-0.0411122, 0.006785

	distance
	0.0020575
	0.0019269
	1.07
	0.286
	-0.0017263, 0.0058413

	pworking
	-0.0277032
	0.0296774
	-0.93
	0.351
	-0.0859812, 0.0305747

	mworking
	0.0170413
	0.0296198
	0.58
	0.565
	-0.0411234, 0.0752061

	smom
	0.3501675
	0.0324959
	10.78
	0
	0.2863548, 0.4139802

	daycare
	-0.0100799
	0.0295528
	-0.34
	0.733
	-0.0681131, 0.0479532

	household
	-0.0028422
	0.0116825
	-0.24
	0.808
	-0.0257833, 0.0200988

	firstchild
	-0.0693936
	0.0304859
	-2.28
	0.023
	-0.1292592, -0.0095281

	_cons
	0.4070263
	0.2309796
	1.76
	0.079
	-0.0465514, 0.860604





3.SECOND STAGE (no-show rate as a dependent variable)

	Instrumental
	variables
	2SLS
	regression
	Number of obs
	=650

	 
	 
	 
	 
	Wald chi2(14)
	=193.28

	 
	 
	 
	 
	Prob > chi2
	=0

	 
	 
	 
	 
	R-squared
	=0.2744

	 
	 
	 
	 
	Root MSE
	=0.36848



	novisit1
	Coefficient
	Std. err.
	z
	P>z
	(95% confidence interval)

	 
	 
	 
	 
	 
	 

	tvisit1
	-0.3119118
	0.083723
	-3.73
	0
	-0.4760058, -0.1478177

	ga
	0.0053961
	0.0073711
	0.73
	0.464
	-0.009051, 0.0198432

	bw
	-0.0000539
	0.0000404
	-1.33
	0.182
	-0.000133, 0.0000253

	gender_f
	-0.0291118
	0.0296123
	-0.98
	0.326
	-0.0871509, 0.0289272

	stays
	-0.0004747
	0.0004516
	-1.05
	0.293
	-0.0013598, 0.0004103

	nconfirmed1
	-0.079689
	0.0470979
	-1.69
	0.091
	-0.1719993, 0.0126212

	tappt
	-0.0169898
	0.0120356
	-1.41
	0.158
	-0.0405791, 0.0065995

	distance
	0.002907
	0.0029456
	0.99
	0.324
	-0.0028663, 0.0086803

	pworking
	-0.0259158
	0.0294841
	-0.88
	0.379
	-0.0837036, 0.0318721

	mworking
	0.0157082
	0.0293004
	0.54
	0.592
	-0.0417194, 0.0731358

	smom
	0.3489137
	0.0323636
	10.78
	0
	0.2854821, 0.4123453

	daycare
	-0.00909
	0.0293956
	-0.31
	0.757
	-0.0667042, 0.0485243

	household
	-0.0029529
	0.0115484
	-0.26
	0.798
	-0.0255875, 0.0196816

	firstchild
	-0.069114
	0.0301089
	-2.3
	0.022
	-0.1281264, -0.0101016

	_cons
	0.4097257
	0.2289008
	1.79
	0.073
	-0.0389116, 0.8583631



First Regression Analysis
In the first regression analysis, we have data from 650 observations. The F-statistic is 33.15, which is quite high, indicating that the model is statistically significant1. The R-squared value is 0.4223, meaning that about 42.23% of the variability in the dependent variable can be explained by the independent variables in the model2. The adjusted R-squared is slightly lower at 0.4096, which adjusts for the number of predictors in the model3. The Root Mean Squared Error (MSE) is 0.38428, which gives us an idea of the average distance between the observed values and the values predicted by the model4.
Coefficients
· Pamphlet: The coefficient is 0.3600721, with a very small standard error of 0.031439. This results in a t-value of 11.45, and the p-value is 0.000, indicating that this variable is highly significant5.
· GA: The coefficient is 0.0002569, with a standard error of 0.0076866. The t-value is 0.03, and the p-value is 0.973, suggesting that this variable is not significant6.
· BW: The coefficient is -0.0000365, with a standard error of 0.0000417. The t-value is -0.88, and the p-value is 0.381, indicating that this variable is not significant7.
· Gender (female): The coefficient is -0.0070556, with a standard error of 0.0308404. The t-value is -0.23, and the p-value is 0.819, suggesting that this variable is not significant8.
· Stays: The coefficient is -0.0000642, with a standard error of 0.0004706. The t-value is -0.14, and the p-value is 0.892, indicating that this variable is not significant9.
· Nconfirmed1: The coefficient is -0.0602488, with a standard error of 0.0484292. The t-value is -1.24, and the p-value is 0.214, suggesting that this variable is not significant10.
· Tappt: The coefficient is 0.0050944, with a standard error of 0.0125672. The t-value is 0.41, and the p-value is 0.685, indicating that this variable is not significant11.
· Distance: The coefficient is 0.0248924, with a standard error of 0.0017227. The t-value is 14.45, and the p-value is 0.000, indicating that this variable is highly significant12.
· Pworking: The coefficient is 0.0523782, with a standard error of 0.0305149. The t-value is 1.72, and the p-value is 0.087, suggesting that this variable is marginally significant13.
· Mworking: The coefficient is -0.039064, with a standard error of 0.0304869. The t-value is -1.28, and the p-value is 0.201, indicating that this variable is not significant14.
· Smom: The coefficient is -0.0367389, with a standard error of 0.0334587. The t-value is -1.10, and the p-value is 0.273, suggesting that this variable is not significant15.
· Daycare: The coefficient is 0.0290084, with a standard error of 0.0304354. The t-value is 0.95, and the p-value is 0.341, indicating that this variable is not significant16.
· Household: The coefficient is -0.0032428, with a standard error of 0.0120393. The t-value is -0.27, and the p-value is 0.788, suggesting that this variable is not significant17.
· Firstchild: The coefficient is 0.0081922, with a standard error of 0.0314172. The t-value is 0.26, and the p-value is 0.794, indicating that this variable is not significant18.
· Constant (_cons): The coefficient is 0.0790996, with a standard error of 0.2380277. The t-value is 0.33, and the p-value is 0.740, suggesting that this variable is not significant19.
Second Regression Analysis
In the second regression analysis, we again have data from 650 observations. The F-statistic is 16.05, indicating that the model is statistically significant20. The R-squared value is 0.2753, meaning that about 27.53% of the variability in the dependent variable can be explained by the independent variables in the model21. The adjusted R-squared is slightly lower at 0.258122. The Root Mean Squared Error (MSE) is 0.3728723.
Coefficients
· Pamphlet: The coefficient is -0.012288, with a standard error of 0.0335084. The t-value is -0.37, and the p-value is 0.714, suggesting that this variable is not significant24.
· Tvisit1: The coefficient is -0.2777853, with a standard error of 0.0385054. The t-value is -7.21, and the p-value is 0.000, indicating that this variable is highly significant25.
· GA: The coefficient is 0.0053873, with a standard error of 0.0074583. The t-value is 0.72, and the p-value is 0.470, suggesting that this variable is not significant26.
· BW: The coefficient is -0.0000526, with a standard error of 0.0000405. The t-value is -1.30, and the p-value is 0.194, indicating that this variable is not significant27.
· Gender (female): The coefficient is -0.0288711, with a standard error of 0.0299259. The t-value is -0.96, and the p-value is 0.335, suggesting that this variable is not significant28.
· Stays: The coefficient is -0.0004726, with a standard error of 0.0004567. The t-value is -1.03, and the p-value is 0.301, indicating that this variable is not significant29.
· Nconfirmed1: The coefficient is -0.0776329, with a standard error of 0.0470483. The t-value is -1.65, and the p-value is 0.099, suggesting that this variable is marginally significant30.
· Tappt: The coefficient is -0.0171636, with a standard error of 0.0121956. The t-value is -1.41, and the p-value is 0.160, indicating that this variable is not significant31.
· Distance: The coefficient is 0.0020575, with a standard error of 0.0019269. The t-value is 1.07, and the p-value is 0.286, suggesting that this variable is not significant32.
· Pworking: The coefficient is -0.0277032, with a standard error of 0.0296774. The t-value is -0.93, and the p-value is 0.351, indicating that this variable is not significant33.
· Mworking: The coefficient is 0.0170413, with a standard error of 0.0296198. The t-value is 0.58, and the p-value is 0.565, suggesting that this variable is not significant34.
· Smom: The coefficient is 0.3501675, with a standard error of 0.0324959. The t-value is 10.78, and the p-value is 0.000, indicating that this variable is highly significant35.
· Daycare: The coefficient is -0.0100799, with a standard error of 0.0295528. The t-value is -0.34, and the p-value is 0.733, suggesting that this variable is not significant36.
· Household: The coefficient is -0.0028422, with a standard error of 0.0116825. The t-value is -0.24, and the p-value is 0.808, indicating that this variable is not significant37.
· Firstchild: The coefficient is -0.0693936, with a standard error of 0.0304859. The t-value is -2.28, and the p-value is 0.023, suggesting that this variable is significant38.
· Constant (_cons): The coefficient is 0.4070263, with a standard error of 0.2309796. The t-value is 1.76, and the p-value is 0.079, indicating that this variable is marginally significant39.




*Bivariate probit regression
biprobit novisit1 tvisit1 pamphlet ga bw gender_f stays nconfirmed1 tappt distance pworking mworking smom daycare household firstchild
	 
	Coefficient
	Std. err.
	z
	P>z
	[95% conf.
	interval]

	novisit1
	 
	 
	 
	 
	 
	 

	pamphlet
	-0.43936
	0.123291
	-3.56
	0
	-0.68101
	-0.19772

	ga
	0.029271
	0.030896
	0.95
	0.343
	-0.03128
	0.089827

	bw
	-0.00024
	0.000167
	-1.41
	0.158
	-0.00056
	0.0000918

	gender_f
	-0.09795
	0.120282
	-0.81
	0.415
	-0.33369
	0.137801

	stays
	-0.00202
	0.001849
	-1.09
	0.276
	-0.00564
	0.00161

	nconfirmed1
	-0.20429
	0.193518
	-1.06
	0.291
	-0.58358
	0.175002

	tappt
	-0.0836
	0.049162
	-1.7
	0.089
	-0.17996
	0.012757

	distance
	-0.01987
	0.007364
	-2.7
	0.007
	-0.0343
	-0.00544

	pworking
	-0.16409
	0.118744
	-1.38
	0.167
	-0.39682
	0.068646

	mworking
	0.084012
	0.118593
	0.71
	0.479
	-0.14842
	0.316449

	smom
	1.144263
	0.122581
	9.33
	0
	0.904008
	1.384518

	daycare
	-0.07085
	0.118347
	-0.6
	0.549
	-0.30281
	0.161105

	household
	-0.01257
	0.043862
	-0.29
	0.775
	-0.09853
	0.073402

	firstchild
	-0.28371
	0.122167
	-2.32
	0.02
	-0.52315
	-0.04426

	_cons
	-0.20099
	0.93851
	-0.21
	0.83
	-2.04044
	1.638456

	 
	 
	 
	 
	 
	 
	 

	tvisit1
	 
	 
	 
	 
	 
	 

	pamphlet
	1.266344
	0.125616
	10.08
	0
	1.020142
	1.512546

	ga
	0.005757
	0.03128
	0.18
	0.854
	-0.05555
	0.067064

	bw
	-0.00014
	0.000173
	-0.8
	0.425
	-0.00048
	0.000201

	gender_f
	-0.08652
	0.124563
	-0.69
	0.487
	-0.33065
	0.157624

	stays
	0.000507
	0.001884
	0.27
	0.788
	-0.00319
	0.0042

	nconfirmed1
	-0.26827
	0.193748
	-1.38
	0.166
	-0.64801
	0.111466

	tappt
	0.031465
	0.051623
	0.61
	0.542
	-0.06971
	0.132644

	distance
	0.105609
	0.009684
	10.91
	0
	0.086628
	0.124589

	pworking
	0.22504
	0.124537
	1.81
	0.071
	-0.01905
	0.469128

	mworking
	-0.21979
	0.12316
	-1.78
	0.074
	-0.46118
	0.021594

	smom
	-0.16876
	0.134963
	-1.25
	0.211
	-0.43329
	0.095759

	daycare
	0.136433
	0.121968
	1.12
	0.263
	-0.10262
	0.375486

	household
	-0.02391
	0.047673
	-0.5
	0.616
	-0.11735
	0.069525

	firstchild
	0.004637
	0.126367
	0.04
	0.971
	-0.24304
	0.252312

	_cons
	-1.72001
	0.958665
	-1.79
	0.073
	-3.59896
	0.158938

	 
	 
	 
	 
	 
	 
	 

	/athrho
	-0.69983
	0.109999
	-6.36
	0
	-0.91542
	-0.48423

	 
	 
	 
	 
	 
	 
	 

	rho
	-0.60426
	0.069836
	 
	 
	-0.72372
	-0.44963



As shown in the tables above
· The negative coefficient for pamphlet in novisit1 suggests that receiving a pamphlet decreases the likelihood of novisit1.
· The positive coefficient for pamphlet in tvisit1 suggests that receiving a pamphlet increases the likelihood of tvisit1.
· The significant positive coefficient for smom in novisit1 indicates that having a stay-at-home mom increases the likelihood of novisit1.
· The significant negative coefficient for distance in novisit1 suggests that greater distance decreases the likelihood of novisit1, while the positive coefficient for distance in tvisit1 suggests that greater distance increases the likelihood of tvisit1.
The possible reasons for differences in 2SLS and bivariate are as follows:
1. Endogeneity: One of the main reasons for using Two-Stage Least Squares (2SLS) is to address endogeneity. If a covariate is endogenous (correlated with the error term), the binary probit regression may produce biased estimates. In contrast, 2SLS uses instrumental variables to isolate the exogenous variation in the covariate, leading to different—and potentially more accurate—estimates.
2. Instrumental Variables: The instruments used in the 2SLS model can significantly influence the estimates. If the instruments are strong and valid (i.e., correlated with the endogenous covariate but not with the error term), the 2SLS estimates will be consistent and may differ from the biased probit estimates.
3. Model Specification: The specifications of the binary probit and 2SLS models might differ. For example, the probit model estimates the probability of a binary outcome, while 2SLS estimates the linear relationship between variables. Differences in functional form and assumptions can lead to different estimated effects.
4. Control Variables: The inclusion or exclusion of control variables can impact the estimated effects. If the set of control variables differs between the probit and 2SLS models, this could explain the discrepancy in the sign and magnitude of the coefficients.
5. Measurement Error: If the covariate of interest is measured with error, the probit model might not adequately account for it, leading to biased estimates. In contrast, 2SLS can help correct for measurement error if the instruments are appropriately chosen.





	 
	 
	 

	Wald test,
	begin with
	empty model:

	p = 0.0000
	<  0.0500,
	adding smom

	p = 0.0000
	<  0.0500,
	adding tvisit1

	p = 0.0248
	<  0.0500,
	adding firstchild




	Logistic regression
	Number of obs
	=
	650

	 
	LR chi2(3)
	=
	183.46

	 
	Prob > chi2
	=
	0

	Log likelihood = -273.2359
	Pseudo R2
	=
	0.2513




	novisit1
	Odds ratio
	Std. err.
	z
	P>z
	95% confidence interval

	 
	 
	 
	 
	 
	

	smom
	8.687115
	1.943471
	9.66
	0
	5.603324, 13.46807

	tvisit1
	0.1469851
	0.0357265
	-7.89
	0
	0.0912807, 0.2366835

	firstchild
	0.6171547
	0.1326976
	-2.24
	0.025
	0.4049234, 0.9406223

	_cons
	0.353592
	0.067367
	-5.46
	0
	0.2434053, 0.5136589



DISCUSSION
The results from the STATA output provide valuable insights into the factors influencing the no-show rate in healthcare appointments. The descriptive statistics reveal significant differences in birth weight and distance to the healthcare facility between the telehealth and in-person groups. Specifically, the telehealth group has a lower mean birth weight and a greater mean distance to the healthcare facility compared to the in-person group.
The first stage regression indicates that both the pamphlet intervention and the distance to the healthcare facility significantly affect the number of telehealth visits. Specifically, the pamphlet intervention has a positive effect, suggesting that providing patients with informational pamphlets increases the likelihood of telehealth visits. Similarly, the distance variable is positively associated with telehealth visits, indicating that patients who live farther away are more likely to opt for telehealth services.
In the second stage regression, the number of telehealth visits (Tvisit1) is found to have a significant negative effect on the no-show rate. This suggests that increasing the number of telehealth visits can effectively reduce the no-show rate, which is a critical finding for healthcare providers aiming to improve patient attendance and reduce missed appointments.

CONCLUSION
In summary, the 2SLS regression analysis reveals that informational pamphlets and the distance to healthcare facilities significantly influence the number of telehealth visits. Furthermore, an increase in telehealth visits is associated with a reduction in the no-show rate. These findings highlight the importance of telehealth services and patient education in improving healthcare outcomes. By leveraging telehealth and providing patients with relevant information, healthcare providers can enhance patient engagement and reduce the incidence of missed appointments.

CLINICAL IMPLICATIONS AND FUTURE PLAN:
This study’s outcome will demonstrate that telehealth can be used effectively and efficiently in non-controlled environments such as community settings.  We aim to offer telehealth as an optional choice for follow-up care, which will increase the popularity and appeal of our facility and services, leading to higher rates of first-time and return outpatient visits.  Perhaps, it is one of the keys to success in the mission of public health: ensuring good access and quality of healthcare for everyone.  
Our future plan includes a post hoc analysis using the study’s data to explore whether telehealth can improve infant’s long term outcomes including growth and development, as well as parental and healthcare provider satisfaction. If feasible, we plan to create a simple conceptual framework that outlines the relationships between telehealth, parental and healthcare provider satisfaction, no-show rate and infant’s long-term outcomes. Finally, we might convert this study into a quality improvement project to enhance our outpatient services.














APPENDICES
Abbreviations
ASQ = The Ages and Stages Questionnaire
CA= Corrected Age: The age of a premature baby adjusted to accurately reflect their early delivery. This is calculated by taking the chronological age and subtracting the number of weeks of prematurity (gestational age at birth subtracted from 40 weeks).
CITI = Collaborative Institutional Training Initiative
DCFS = Department of Child and Family Service
GMA = Gross Motor Assessment
NICU = Neonatal Intensive Care Unit
PBQ = Post Partum Bonding Questionnaire
PMA= Post menstrual age: The age of a premature baby calculated by adding the gestational age at birth to the postnatal age until 40 weeks.
SCN = Special Care Nursery
TIMP = Test of Infant Motor Performance
UI health = University of Illinois Hospital & Health Sciences System
UIC = University of Illinois at Chicago














Table 1. The Differences between the true experimental and the quasi-experimental designs
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Table 2. Visit Workflow at Neonatology Follow up Clinic
[image: Table

Description automatically generated]
*Require 3-minute videorecording on infant’s spontaneous movement (Kwong et al., 2022; Paris et al., 2023)



























Figure 1. Telehealth Pamphlet (English version)
[image: A brochure of a doctor and a patient
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[image: A brochure of a family
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Figure 2. Flow diagram of effect of pamphlet in this study design on telehealth (treatment) and no-show rate (effect)
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Figure 3. Legends and flow diagram to be used for 2SLS in the study
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