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Abstract
Background
Despite the high burden of disease in younger children there are few tools specifically designed to estimate Health Related Quality of Life (HRQoL) in children younger than 3 years of age. A previous paper described the process of identifying a pool of items which might be suitable for measuring HRQoL of children aged 0–3 years. The current paper describes how the items were pruned and the final draft of the measure, Toddler and Infant (TANDI) Health Related Quality of Life, was tested for validity and reliability.

Methods
A sample of 187 caregivers of children 1–36 months of age were recruited which included children who were either acutely ill (AI), chronically ill (CI) or from the general school going population (GP). The TANDI, an experimental version of the EQ-5D-Y proxy, included six dimensions with three levels of report and general health measured on a Visual Analogue Scale (VAS) from 0 to 100. The content validity had been established during the development of the instrument. The TANDI, Ages and Stages Questionnaire (ASQ), Faces, Leg, Activity, Cry, Consolabilty (FLACC) or Neonatal Infant Pain Scale (NIPS) and a self-designed dietary information questionnaire were administered at baseline. The TANDI was administered 1 week later in GP children to establish test-retest reliability. The distribution of dimension scores, Cronbach’s alpha, rotated varimax factor analysis, Spearman’s Rho Correlation, the intraclass correlation coefficient, Pearson’s correlation, analysis of variance and regression analysis were used to explore the reliability, and validity of the TANDI.

Results
Concurrent validity of the different dimensions was tested between the TANDI and other instruments. The Spearman’s Rho coefficients were significant and moderate to strong for dimensions of activity and participation and significant and weak for items of body functions. Known groups were compared and children with acute illness had the lowest ranked VAS (median 60, range 0–100), indicating worse HRQoL. The six dimensions of the TANDI were tested for internal consistency and reliability and the Cronbach’s α as 0.83. Test-retest results showed no variance for dimension scores of movement and play, and high agreement for pain (83%), relationships (87%), communication (83%) and eating (74%). The scores were highly correlated for the VAS (ICC = 0.76; p < 0.001).

Conclusion
The TANDI was found to be valid and reliable for use with children aged 1–36 months in South Africa. It is recommended that the TANDI be included in future research to further investigate HRQoL and the impact of interventions in this vulnerable age group. It is further recommended that future testing be done to assess the feasibility, clinical utility, and cross-cultural validity of the measure and to include international input in further development.
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Background
According to the World Health Organization (WHO) there were approximately 6.2 million deaths globally in children and adolescents and of these deaths, 5.3 million occurred in children under 5 years of age, many of which could have been prevented [1]. In addition, under-fives contributed approximately 20% to the global burden of disease (in 2017) [2]. Despite the disease burden remaining disproportionately higher in the youngest members of society, there is only one preference based measure available for assessing the Health Related Quality of Life (HRQoL) of these most vulnerable younger children, the Health Status Classification System for Pre-School Children (HSCS-PS), however to date a utility score for the measure has not been developed [3–5]. Furthermore, the HRQoL measures which are currently available for this age group do not appear to have followed the guidelines of the Food and Drug Administration (FDA) [6, 7], the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [8] and other authorities [3, 5, 9–11]. These suggest that measures for young children be developed based on a sound conceptual model and that dimensions should report on observable behaviour. Observer-Reported Outcomes Measures (ObsRO) enables the observer to report on behaviour that he or she has seen, rather than having to infer what experienced HRQoL of the child is, based on their own subjective assessment [8].
As the childhood burden is often highest in resource constrained contexts, there is a clear need for a reliable, valid measure of HRQoL in younger children which is amenable for use in cost utility analysis. The Proxy version of the EQ-5D-Y appeared to perform reasonably well for physical dimensions, with some caveats, in children from three to 5 years of age [12]. However, there were issues of content validity identified, particularly in the younger age categories with recommendations for changes in dimensions for this age group. It was however evident that the Proxy EQ-5D-Y could not be used in children younger than 3 years. The need for a new measure for children under 3 years of age was further highlighted in the results of the systematic literature review and cognitive debriefing of caregivers of young children discussed elsewhere [3]. In response to this need, the authors set out to develop a new generic HRQoL measure, specifically for children under 3 years to be completed by proxy; the Toddler and Infant (TANDI) HRQoL measure. A systematic review of the literature identified the EuroQoL Youth version, the EQ-5D-Y, as the best model upon which to base the structure of the measure [3]. It is a simple measure which has been translated and validated in many countries, including Japan [13], Germany, Sweden and South Africa and across the globe [14]. The EQ-5D-Y is amenable to valuation and a standard protocol has now been developed to produce utility weights for children [15]. The formatting, layout, response options and time frame and the use of the Visual Analogue Scale (VAS) to assess global HRQoL were subsequently used in the presentation of the TANDI dimensions. The TANDI was then developed as an experimental version of an EQ Proxy with permission from the EuroQoL Research Foundation. The item bank was based on a systematic review of existing HRQoL measures for young children, cognitive interviews with caregivers of young children and a Delphi study with experts in the field of child health and HRQoL. The process of developing the item bank and age range for the measure has been previously described [3].
The original 11 dimensions were pruned, as described under the Methodology section, and the remaining six dimensions performed well on further testing were retained for the final measure. The EQ-5D-Y instructions for proxy completion were provided on the front page with a clear explanation that the dimensions should be completed from the viewpoint of the proxy not the child. The assessment of general health was scored on a Visual Analogue Scale (VAS) between 0 (worst imaginable health) and 100 (best imaginable health) and the layout and wording from the EQ-5D-Y proxy was retained.
The aim of this study was to test the validity and reliability of the TANDI in young children and infants across a range of ages and health conditions.
Methods
A cross-sectional non-probability design was used to determine the validity of the TANDI. Longitudinal data was collected from a group of children from the general population for test retest reliability.
Participants
The participants for this study included the caregivers of AI and CI children aged 1–36 months drawn from in-patients and out-patients respectively at a children’s hospital in Cape Town, South Africa. Participants also included caregivers of GP children attending several day care centres and toddler play groups in Port Elizabeth and Cape Town, South Africa. Caregivers had to be proficient in English as the prototype instrument was in English and would not be translated into other languages before validation. As English is one of the eleven official languages in South Africa [16] and the majority of education is in English [17], it was anticipated that most caregivers would have adequate command of the language to allow for participation. Caregivers of children who were admitted to the Intensive Care Unit, terminally ill or who were born prematurely and had not yet reached their corrected age of birth were excluded from the study. The sample size was calculated to allow factor analysis and it has been suggested as a rule of thumb, that at minimum ten observations is needed per variable [18]. The TANDI has six dimensions and a sample size of 60 would thus be needed in each of the health condition groups. The study aimed to compare three groups of children (AI, CI and GP) thus a minimum sample of 180 participants was needed.
Procedure
Ethical approval from the University Human Research and Ethics Committee and permission from the children’s hospital and day-care centres was obtained. All caregivers of children attending the day-care centres and play groups were sent a detailed description of the study before data collection commenced. The research packs were sent home in the child’s school bag and caregivers who consented to participate were requested to return the envelope, sealed, with the completed research pack after 3 days. The research pack consisted of: information regarding the study and informed consent, demographic and medical information, TANDI, ASQ Parent Report Form, FLACC (for children aged 2–36 months) or NIPS pain scale (for children aged 1–2 months) and Dietary Information. The order of the questionnaires was standardised for all participants. All instruments were self-complete and caregiver training for completion of questionnaires was not required. The caregivers who participated were requested to complete a second TANDI measure and return it to school in the sealed envelope after 1 week. The time period was selected as the health of the GP children was not expected to change in this period and it ensured that caregivers did not remember what they answered on the first administration [19]. Only caregivers of children attending day care centres were asked to participate in the completion of a second copy of the TANDI as the play groups did not meet regularly.
Caregivers of AI children were recruited from the in-patient wards of a children’s hospital. The recruitment process was done systematically throughout the hospital according to ward and cubicle number. Caregivers of CI children were recruited from the waiting rooms of specialist clinics at the children’s hospital. Caregivers completed the research pack in a private room or in the case of AI children at the bedside if they preferred.
Measures
TANDI
Testing of the Alpha Draft was done with 101 caregivers of children who were acutely ill or from the general population [3]. The results were subjected to psychometric testing and there were four dimensions that were not consistent with the other dimensions and removed. The Beta draft was then developed and tested with 60 caregivers of AI children for similar psychometric testing including: item acceptability, ceiling and floor effects, reliability and internal consistency, proportion of problems reported across age groups and effect of the dimension on the general health score measured on a Visual Analogue Scale (VAS).
The Alpha draft of the TANDI consisted of 10 dimensions, scored on a three level likert scale, namely: behaviour, communication, eating, independence (helping with daily activities), play, mood (controlling emotions), movement, pain, relationships and sleep. The eleventh dimension of general health was scored on a VAS from 0 to 100 [3]. After the removal of the four dimensions and modifications in wording of the dimensions, the Beta draft thus consisted of six dimensions assessed on three level Likert scale as used in the EQ-5D-Y proxy version: no problems, some problems or a lot of problems. The layout, font, response options, VAS and recall period of the EQ-5D-Y-3 L Proxy were utilised but the dimensions included were developed from the ground up [3]. The instructions included in the EQ-5D-Y Proxy version were also included. The descriptors of the dimensions included in the Beta Draft and final version of the TANDI are included in Fig. 1. The measure has a maximum Flesch-Kincaid readability level of seven to ensure comprehensibility [20]. The Beta draft instrument was found to be multi-dimensional with two distinct factors with good internal consistency and reliability and was thus retained as the final measure for validity and reliability testing.
[image: ../images/41687_2020_251_Fig1_HTML.png]
Fig. 1Example of TANDI items and wording


The Ages and Stages Questionnaire (third edition) (ASQ)
The ASQ was chosen to test concurrent validity. It is a caregiver-completed questionnaire to monitor development in children aged 1 month to 5 years of age [21, 22] and is valid and reliable internationally [21, 23–25]. There are 21 age specific questionnaires each comprising of 30 developmental items which are categorized into five different domains namely: communication, gross motor, fine motor, problem solving and personal social each scored on three levels: yes, sometimes and not yet [21]. Answers of yes, sometimes, and not yet are awarded ten, five and zero points respectively. The total score of 60 for each domain has two cut-off points which categorises domain scores as: the development of the child appears on par with developmental norms (score of 0–15); the development of the child is below the cut-off for normal development and needs monitoring (score of 20–30) and that the child needs to be assessed professionally (score of 35–60) [21, 22]. The ASQ has been found to be valid and reliable internationally [21, 23–25].
FLACC (face, leg, activity, cry, consolability) pain scale
For children who are not able to subjectively rate their pain, due to lack of cognitive and verbal skills, observation of pain behaviour is a validated approach of assessing pain [26]. The FLACC Scale is an observational behaviour tool which has been validated in children from 2 months to 7 years and is used widely in the clinical setting [26–31]. The scale considers typical pain behaviour in the face, legs, arms, activity, crying and consolability and scores each item from 0 to 2 [26–31]. A total summed score of zero indicates no pain, a score 1–3 indicates mild discomfort or pain, a score of 4–6 indicates moderate discomfort or pain and a score of 7–10 indicates severe discomfort or pain [27–30]. Mild and moderate discomfort and pain were combined for comparison to some pain reported on the TANDI.
Neonatal Infant Pain Scale (NIPS)
The Neonatal Infant Pain Scale (NIPS) is an observational measure for assessment of pain in children below 2 months. The items are similar to the FLACC scale and use of the measure does not require any additional training to complete [32–34]. The child’s behaviour of facial expression, cry, breathing pattern, activity in their arms and legs, and their state of arousal is scored between 0 and 1, except for the presence of cry which was scored from 0 to 2 [32]. A summed total score of zero indicated no pain, a score of 1–3 indicates mild pain and a score of 4–7 indicated severe pain.
Self-designed dietary information questionnaire
A literature search of dietary and eating assessment tools revealed three main instruments used in children: dietary record, 24 h dietary recall and food-frequency questionnaire [35–37]. These assessment methods had high respondent burden and the 24 h dietary recall required training of an interviewer [36, 37]. The assessment tools available were complex in nature and care needed to be taken to ensure that the measure used recorded issues relating to eating rather than the family’s food security. Thus, due to the lack of an assessment tool evaluating eating in general as opposed to nutritional status the decision was to include questions about the child’s eating and drinking for the time period ‘today’ for comparison to the dimension included on the TANDI. The questions were related to the amount of nutrition they were receiving orally in terms of: whether they were bringing up any of their food or milk, if they were eating or drinking as much as usual, the same amount as other children their age and at regular time intervals. Their ability to feed orally in relation to their competence with chewing/sucking and swallowing, gagging on food and tiring during eating was also assessed. The ability to eat orally was differentiated by asking whether an alternative feeding route via gastrostomy or intravenous infusion was used. The eight items were answered as yes/no and scored 1 point each with a higher score indicating a better eating ability. A score of 7–8 indicated a good eating ability, 4–6 indicated moderate eating ability and a score of 1–3 indicated poor eating ability. The questionnaire was content validated by an independent researcher, with good understanding of paediatric nutrition and feeding.
Demographic and medical information
The survey also included background questions to record age, gender, diagnosis, and relationship of caregiver to child.
Data management and analysis
Age range of the children for inclusion was 1–36 months. To ensure that the instrument was applicable to children across this age band, three age groups were assessed during data analysis. The age groups were divided according to the child’s birthday and included: 1–12 months (1 month and 0 days to 11 months and 30 days); 12–24 months (12 months and 0 days to 23 months and 30 days) and 24–36 months (24 months and 0 days to 36 months and 0 days). The assessments of the measurement properties is described in detail in Table 1, the level of statistical significance was set at p ≤ 0.05. Statistical analysis was performed in IBM SPSS Statistics Version 26 and TIBCO Statistica version 13.
Table 1Measurement Properties Tested


	Domain
	Measurement Property
	Analysis

	Distribution Characteristics
	Floor and Ceiling effect
	The distribution of frequency of dimension scores across condition groups was used to determine the distribution characteristics in terms of ceiling and floor effects (i.e large numbers of respondents reporting no problems or severe problems respectively, in each dimensions). The individual dimensions were considered, by the authors, to have a floor or ceiling effect if reporting exceeded 70%.

	Measurement Structure
	Factor Analysis
	Rotated Factor Analysis was used to examine the structure of the questionnaire and determine the variance each of the factors contributed to the scale.

	Reliability
	Internal Consistency
	Reliability and internal consistency of the dimensions was established through Cronbach’s Alpha. A Cronbach’s Alpha value of greater than 0.7 is considered acceptable [38].

	Test-retest reliability
	Test-retest reliability was calculated, in a sub-set of GP children, for dimensions with percentage agreement and intraclass correlation coefficient (ICC) for the VAS score. An ICC of > 0.7 was considered reliable [39].

	Validity
	Known-group validity
	The known group validity was established from the significance of chi-square results of dimension scores across AI, CI and GP children and one-way ANOVA and post hoc analysis of the VAS scores between AI, CI, and GP children. The dimensions were assessed for their equivalence across the age groups through the proportion of no problems which were reported and the 95% confidence intervals (CIs). It was hypothesised that the general health VAS score would distinguish between healthy toddlers and infants from the general population and those with acute and chronic health conditions based on previous findings from the EQ-5D-Y on older children [40, 41] and testing of the PedsQL Infant Scales [42]. It was anticipated that dimension scores would be similar to that reported for the EQ-5D-Y by Scott et al. (2017) and AI children would report the most problems across dimensions of movement, play, pain and eating; CI children would report more problems on the on dimensions of relationships and communication and some problems with movement; GP children would have ceiling effects for all dimensions with similar reporting of pain in GP and CI children [40].

	Concurrent Validity
	The concurrent validity of the TANDI dimensions and the associated domain scores on the ASQ, FLACC scale or NIPS and Dietary Information was calculated by Sperman’s Rho. Correlation values were interpreted according to Dancey and Reidy guidelines with correlations from 0.1 to 0.3 were considered weak, 0.4 to 0.6 moderate and correlations of 0.7 or above as strong [43]. The performance of the dimensions across age groups was assessed to ensure that the measure was valid across the age range and different versions would not be needed for each age group.

	Performance of the TANDI General Health Question measured on the VAS
	Regression Analysis of the VAS score was used to determine the effect that the dimension scores had on the general health. Outliers with residual scores > 2 Standard Deviations from the mean were excluded for regression analysis.




Results of validity and reliability testing
Descriptive statistics
Research packs were sent to 112 caregivers of GP children inviting them to participate in the study. Caregivers of 67 children consented and returned the research packs. A second copy of the TANDI was sent to 46 GP children attending day-care centres of which 23 returned completed measures. All the caregivers of AI and CI children who were approached and met the inclusion and exclusion criteria consented to participate and completed the study.
Age Bracket was significantly associated with health condition group (Chi-sq 51.88; p < 0.001). There were a higher number of children in the 1–12-month group for AI and in the 24–36 month group for GP. Gender was not significantly associated with condition group, although there were double the number of males to females in the CI group (Chi-sq-4.34; p = 0.114). Most caregivers across condition groups were mothers and relationship of caregiver to child was not significant across condition groups (Chi-sq = 15.54 and p = 0.114) (Table 2).
Table 2Descriptive statistics of the sample


	Age group
	AI
(n = 60)
	CI
(n = 60)
	GP
(n = 67)
	Total
(n = 187)

	N (%a)
	N (%a)
	N (%a)
	N (%b)

	Relationship of caregiver to child

	 Mother
	55 (92)
	49 (82)
	65 (97)
	169 (90)

	 Father
	3 (5)
	5 (8)
	1 (1.5)
	9 (5)

	 Other
	2 (3)
	6 (10)
	1 (1.5)
	9 (5)

	Gender of Child

	 Female
	31 (52)
	20 (33)
	31 (46)
	82 (44)

	Age Group of the Child

	 1–12 months
	38 (63)
	14 (23)
	6 (9)
	58 (31)

	 12–24 months
	12 (20)
	23 (38.5)
	20 (30)
	55 (29)

	 24–36 months
	10 (17)
	23 (38.5)
	41 (61)
	74 (40)

	Primary Diagnosis of the Child

	 None
	0
	0
	59 (88)
	59 (16)

	 Neurodevelopmental
	3 (5)
	33 (55)
	2 (3)
	38 (20)

	 Surgical
	15 (25)
	1 (2)
	0
	16 (9)

	 Pneumonia
	11 (18)
	0
	1 (1)
	12 (6)

	 Haematology/Oncology
	0
	10 (17)
	0
	10 (5)

	 Congenital Heart Disease
	8 (13)
	1 (2)
	0
	9 (5)

	 Upper Airway Obstruction with Tracheostomy
	6 (10)
	3 (5)
	0
	9 (5)

	 GIT
	3 (5)
	2 (3)
	0
	9 (5)

	 Diarrheal disease
	6 (10)
	0
	1 (1)
	7 (4)

	 Allergy/Asthma
	1 (2)
	3 (5)
	2 (3)
	6 (3)

	 Liver Disease
	4 (7)
	2 (3)
	0
	6 (3)

	 Other
	3 (5)
	5 (8)
	2 (3)
	10 (5)


N = 187 a% of condition group, b% of total sample



The participants had a wide range of conditions with most of the GP children reported as not having any medical condition and many of the AI children were hospitalised for a range of surgical procedures including general surgery and neurosurgery (Table 2). The aetiologies for the CI children were complex and children often presented with multiple associated conditions/illnesses. Only the primary diagnosis of CI children has been reported. Neurodevelopmental concerns were the most frequently reported condition which includes cerebral palsy, developmental delay, and epilepsy. The category of other included eczema, malnutrition, breath holding spells, chronic lung disease and a sore throat.
There was no missing data for either the dimensions or VAS of the TANDI. All measures were completed in full except the FLACC pain scale which was not completed by seven caregivers of GP children.
Factor structure, reliability and internal consistency of the TANDI
The overall reliability of the scale was good with α = 0.83 [38]. Dimensions of pain and eating were shown to increase reliability if removed. The item-rest correlation for pain (0.31) and eating (0.42) are also lower. This is in keeping with the factor analysis where pain and eating formed a second factor, body functions, on the scale accounting for 17% of the variance. The other dimensions all loaded on the first factor, activities and participation, and contributed to 55% of the variance.
Test-retest reliability
Test-retest reliability was only done in 23 GP children. There is was little variance in the dimension scores of the GP children participating in the test-retest of the TANDI. As the numbers were so small no statistical tests were done. The percentage of absolute agreement was movement =100%, play = 100%, pain = 83%, relationships = 87%, communication = 83% and eating =74%. The VAS re-test scores showed significant reliability (ICC = 0.76; p < 0.001).
Performance of TANDI across condition groups
The scores of AI children were similar across all dimensions with the reporting of no problems ranging between 58% -73%. Caregivers of CI children tended to report extremes (no problems or a lot of problems) for all dimensions except pain. GP children reported ≥88% of no problems and ≤ 1% for a lot of problems for all dimensions except eating (no problems = 75%; a lot of problems = 3%) (Table 3). For every dimension the GP caregivers reported the greatest percentage of children with no problems and the smallest percentage with severe problems.
Table 3Dimension Scores of the TANDI Across Condition Groups


	Dimensions
	AI (n = 60)
	CI (n = 60)
	GP (n = 67)
	Total (n = 187)
	AI v CI
	AI v GP
	CI v GP

	N (%)
	N (%)
	N (%)
	N (%)
	Chi-Sq
	Chi-Sq
	Chi-Sq

	Movement

	 1§
	36 (60)
	31 (52)
	64 (96)
	131 (70)
	2.041
	22.938**
	30.450**

	 2§
	8 (13)
	14 (23)
	3 (4)
	25 (13)

	 3§
	16 (27)
	15 (25)
	0 (0)
	31 (17)

	Play

	 1§
	35 (58)
	36 (60)
	64 (96)
	135 (72)
	0.524
	24.324**
	22.284**

	 2§
	9 (15)
	11 (18)
	3 (4)
	23

	 3§
	16 (27)
	13 (22)
	0 (0)
	29 (16)

	Pain

	 1§
	44 (73)
	53 (88)
	60 (90)
	157 (84)
	12.743**
	6.701*
	0.474

	 2§
	16 (27)
	5 (9)
	6 (9)
	27 (14)

	 3§
	0 (0)
	2 (3)
	1 (1)
	3 (2)

	Relationships

	 1§
	42 (70)
	41 (68)
	59 (88)
	142 (76)
	0.071
	9.763*
	10.202*

	 2§
	8 (13)
	9 (15)
	8 (12)
	25 (13)

	 3§
	10 (17)
	10 (17)
	0 (0)
	20 (11)

	Communication

	 1§
	38 (63)
	33 (55)
	59 (88)
	130 (70)
	4.080
	19.326**
	22.304**

	 2§
	13 (22)
	9 (15)
	8 (12)
	30 (16)

	 3§
	9 (15)
	18 (30)
	0 (0)
	27 (14)

	Eating

	 1§
	36 (60)
	42 (70)
	50 (75)
	128 (68)
	3.947
	20.718**
	7.797*

	 2§
	5 (8)
	8 (13)
	15 (22)
	28 (15)

	 3§
	19 (32)
	10 (17)
	2 (3)
	31 (17)

	 	Median (IQR)
	Median (IQR)
	Median (IQR)
	ANOVA
	 	 	 
	General Health (VAS)
	60 (0 to 100)
	77 (15 to 100)
	90 (52 to 100)
	F (2.18) = 15.65**
	p = 0.699
	p < 0.001
	p < 0.001


Bolded scores indicate significance, VAS is scored from 0 to 100 with a higher score indicating a better general health
1§ No problem, 2§ some problems, 3§ A lot of problems. * = P < 0.05, ** = P < 0.001



Ceiling effects were noted for AI children in the dimensions of pain (73%) and relationships (70%) and CI children for pain (88%) and eating (70%). All dimensions had ceiling effects for GP children.
There was a significant difference between AI and GP children for all dimensions. Similarly, there was a significant difference between CI and GP children for all dimensions except for pain. The only dimension that was significantly different between AI and CI children was pain.
Post Hoc Tukey Analysis of the General Health VAS scores similarly revealed that GP was significantly different to AI and CI (p < 0.01) but AI and CI were not different.
Sub-Analysis showed that AI children who reported problems with pain, reported problems across all other dimensions. CI children who reported problems with pain, reported problems with movement, communication, and play. GP children who reported problems with pain also reported problems with eating.
Performance of the TANDI across age groups
Although the proportion of problems reported for dimensions of movement, play and communication are all increased for the 12–24-month age group, the 95% CIs overlap for all age-groups across all dimensions. There was no significant difference between VAS scores across age groups (F (2.18)=1847 (p = 0.161) (Table 4).
Table 4Proportion of Problems Reported for TANDI dimensions for all children per age group


	Age Groups
	TANDI Dimensions
	General Health

	Mvt
	Play
	Pain
	Rel
	Comm
	Eat
	VAS

	1–12 months (n = 58)

	 Proportion of Probs
	0.31
	0.28
	0.17
	0.21
	0.24
	0.38
	Median
	90

	 CI
	0.21
	0.18
	0.10
	0.12
	0.15
	0.27
	IQR
	65 to 95

	0.44
	0.40
	0.29
	0.33
	0.37
	0.51
	 	 
	12–24 months (n = 55)

	 Proportion of Probs
	0.38
	0.33
	0.18
	0.22
	0.38
	0.24
	Median
	80

	 CI
	0.27
	0.22
	0.10
	0.13
	0.27
	0.14
	IQR
	70 to 90

	0.51
	0.46
	0.30
	0.34
	0.51
	0.36
	 	 
	24–36 months (n = 74)

	 Proportion of Probs
	0.23
	0.24
	0.14
	0.28
	0.30
	0.32
	Median
	80

	 CI
	0.15
	0.16
	0.08
	0.19
	0.21
	0.23
	IQR
	50 to 95

	0.34
	0.35
	0.23
	0.40
	0.41
	0.44
	 	 

VAS is scored from 0 to 100 with a higher score indicating a better general health. ANOVA for General Health VAS scores by age group: F (2.18)=1847 (p = 0.161)
mvt movement, rel relationships, comm communication



Concurrent validity of the TANDI dimensions
There was strong agreement between TANDI dimensions of movement, play and eating with the comparable dimensions of the ASQ Gross motor, problem solving and dietary information. Pain showed moderate agreement with the FLACC and NIPS pain scale, there was significant, although weak, agreement with pain and dietary info supported by the fact that these two dimensions load on the same factor of body functions. There was moderate agreement between the dimensions loaded on the other factor representing activities and participation which include functions of activity and participation namely: movement, play, relationships, and communication (Table 5). There was however a divergent relationship between pain and dimensions representing activities and participation. A weaker relationship between eating and dimensions of activities and participation were noted.
Table 5Spearman’s Rho Correlations of TANDI Dimensions


	TANDI Dimensions
	ASQ
Gross Motor
(N = 187)
	ASQ
Fine motor
(N = 187)
	ASQ
Prob Solving (N = 187)
	FLACC & NIPS (N = 180)
	ASQ Personal & Social
(N = 187)
	ASQ Comm
(N = 187)
	Dietary Info
(N = 187)

	Movement
	0.78**
	0.67**
	0.67**
	−0.06
	0.66**
	0.64**
	0.34**

	Play
	0.69**
	0.69**
	0.69**
	−0.05
	0.71**
	0.63**
	0.34**

	Pain
	0.12
	0.13
	0.09
	0.47**
	0.14
	0.10
	0.25**

	Relationships
	0.45**
	0.51**
	0.54**
	0.04
	0.55**
	0.51**
	0.31**

	Communication
	0.55**
	0.64**
	0.65**
	0.03
	0.70**
	0.74**
	0.26**

	Eating
	0.32**
	0.27**
	0.21**
	0.11
	0.36**
	0.25**
	0.76**


Seven caregivers did not complete the FLACC/NIPS pain scales
* = P < 0.05, ** = P < 0.001. Bold indicates strong agreement



Performance of the TANDI general health question measured on the VAS
Multiple regression analysis with the VAS as dependent variable and dummy variables representing the different levels of the dimensions accounted for 35% of the variance. The model improved and accounted for 45% of the variance once nine outliers, with residual scores > 2 Standard Deviations from the mean, were excluded.
Coefficients of Movement 2§, Pain 2§, Relationships 3§, Eating 2§ and 3§ all significantly detracted from the VAS score. All the other dimensions detracted from the VAS score and a lot of problems detracted more than some problems for all dimensions (Table 6).
Table 6Regression Analysis of the TANDI VAS Score and Dimension Scores


	 	b*
	Std. Err. Of b*
	b
	Std. Err. Of b
	t(164)
	p-value

	Intercept
	 	 	88.74
	1.46
	60.69
	0.000

	Movement 2§
	−0.17
	0.07
	−9.36
	3.73
	−2.51
	0.013

	Movement 3§
	−0.18
	0.09
	−10.30
	5.22
	−1.97
	0.050

	Play 2§
	−0.03
	0.07
	−1.64
	4.02
	−0.41
	0.685

	Play 3§
	−0.07
	0.11
	−4.26
	5.99
	−0.71
	0.477

	Pain 2§
	−0.13
	0.06
	−6.92
	3.39
	−2.04
	0.043

	Pain 3§
	−0.07
	0.06
	−10.90
	8.75
	−1.25
	0.215

	Relationships 2§
	−0.03
	0.07
	−1.92
	3.79
	−0.51
	0.614

	Relationships 3§
	−0.16
	0.08
	−11.64
	5.74
	−2.03
	0.044

	Communication 2§
	−0.04
	0.07
	−2.21
	3.67
	−0.60
	0.548

	Communication 3§
	−0.07
	0.09
	−4.42
	5.11
	−0.87
	0.388

	Eating 2§
	−0.12
	0.06
	−6.38
	3.12
	−2.05
	0.042

	Eating 3§
	−0.29
	0.07
	−15.11
	3.51
	−4.30
	< 0.001


N = 178 1§ No problem, 2§ Some problems, 3§ A lot of Problems
Adjusted R2 = 0.45(n = 178). Bolded Scores indicate significance
b* denotes standardized Beta regression coefficients; b denotes non-standardized Beta regression coefficients



Discussion
The results of this research suggest that the newly developed TANDI is feasible, demonstrates internal consistency reliability, test-retest reliability and validity. It also appears that the TANDI is a multi-dimensional instrument that allows for generic HRQoL to be assessed between 1 and 36 months using the same six dimensions namely, movement, play, pain, relationships, communication and eating. Performance of the general health VAS score performed as hypothesised and similarly to the PedsQL Infant Scale Total Score [42] in that it distinguished between toddlers and infants from the general population and those with acute and chronic health conditions. There were further no age-related differences in the scoring of general health. Thus, as an experimental version of the EQ-5D-Y proxy version, the TANDI could articulate well with the existing EQ-5D-Y versions, possibly allowing changes in HRQoL to be tracked across the lifespan on similar dimensions. Furthermore, by retaining the structure of the EQ-5D-Y, specifically the recall period of Today, three levels of report and limited number of dimensions the authors have ensured that the measure would be amenable to elicitation of preference weights in the future.
As the ICF was chosen as the guiding conceptual framework, it was necessary to ensure that the identified dimensions were representative of both body functions and the activities and participation categories [44]. This multi-dimensionality was confirmed through the results of the rotated factor analysis with the dimensions of movement, play, pain and relationships representing activities and participation and eating and pain representing body functions. In line with current recommendations for instrument development [6–8, 45] face and content validity were ensured as caregivers and experts in the field were included in the developmental process as described previously [3]. The FDA and ISPOR both recommend that measures are based on observable behaviour [6–8] and to ensure observability descriptions of the dimensions were tested in the Alpha and Beta Drafts of the measure. The descriptions included in the Alpha draft were criterion referenced with examples of developmentally appropriate tasks for each age group except for pain where painful behaviours were described. Testing of the Alpha draft however concluded that the criterion-based dimensions descriptors were not useful to caregivers. Apart from the pain dimension, caregivers used norm referencing and compared the behaviour of other children of a similar age in selecting responses. As such the Beta Draft retained the descriptors for pain whereas the other descriptions were norm referenced as indicated in Fig. 1 (“moves about at an age appropriate level”). This was well accepted on testing of the Beta Draft and was thus retained for the final measure. Norm referencing of each dimension helped to ensure that the proxy respondent compared the observable behaviour of the child to that of observable characteristics of other children of the same age. We acknowledged that pain behaviour is not easily observable and typical behaviour associated with pain was included based on literature (painful behaviour includes: grimace, restless movement, inconsolable cry) [27, 28, 33, 46, 47].
The internal consistency reliability of the six dimensions included on the TANDI was good and surpassed the recommended minimum alpha co-efficient of 0.70 [38]. There were no missing responses on the TANDI suggesting that caregivers could easily provide data regarding their child’s HRQoL. The TANDI dimensions performed well with no floor effects for children with acute and chronic conditions. As the instrument only has three levels of report, floor effects in children with a health condition would be problematic and would have indicated that the levels were not adequately responsive to health condition.
Known group validity was determined by comparing dimension scores between AI, CI and GP children and the results indicate that dimension scores and the general health VAS score may be used to examine HRQoL in infants and toddlers related to health condition. Dimension scores performed as hypothesised with greater frequencies of problems with play, pain and eating reported in AI children and marginally more problems reported for dimensions of relationship and communication for CI children. There were however no significant differences between these dimension scores for the AI and CI groups although there were more problems with movement in the CI group than the AI group. This could be attributed to the large group of children with neurodevelopmental concerns in the CI group which results in delays across all dimensions except for pain, which remained significantly higher in the AI group. The dimensions behaved as expected in the GP group with significantly less reporting of problems across all dimensions compared to the AI and CI group. The exception was the dimension of pain in which the frequency of reporting some or a lot of pain was similar in the CI and GP children. This may speak to the nature of chronic conditions where conditions of neurodevelopmental nature would not be associated with pain in this age group. As anticipated the GP group had ceiling effects for all dimensions and the frequency of reported problems in the other dimension scores are consistent with published results of the EQ-5D-Y in healthy groups of children [14, 41, 48–52]. The ceiling effects for pain and relationships in AI children and pain and eating in CI children may be due to the heterogeneity of condition groups in the respective samples.
Pain may have been under-reported as this dimension is inferred from behaviour rather than observed directly and the frequency of children reported to have no problems in this dimension was relatively high. However, the results were intuitively correct as the frequency of “no problems” did decrease in this dimension across the groups as might be expected, with GP, CI and AI reporting 90%, 88% and 73% respectively. This result is consistent with that of Scott et al. (2017) who found that older children attending main stream schools reported similar proportions of pain to those with chronic health conditions attending special schools, which included children with conditions of motor disability [40]. Sub-analysis showed that AI children who were reported as having pain also reported problems on other items. This may be attributed to painful procedures and the limitations of participation and activities associated with acute illness and surgery. Most of the AI children who were reported to have some problems with pain also reported problems with eating. The relationship between pain and eating is further seen in that they load on the same factor and that they show weak but significant agreement for concurrent validity. Problems with feeding or eating are common in children with 20–50% of typically developing children, and 70–89% of children with developmental disabilities reported as having feeding problems [53]. Gastroesophageal reflux is a common eating problem which causes pain or discomfort [53, 54] and could be contributing to the report of pain and eating problems most noted in the GP group. Reflux is present in more than 25% of children under 18 months [54] this could be reflected in the larger confidence interval seen in the proportion of problems reported in the youngest age group. More severe problems with feeding was associated with illness as AI had the highest report of a lot of problems with eating. The more severe problems with eating in the AI group could be associated with pathological causes of difficulty with eating associated with difficulties with swallowing, severe gastroesophageal reflux disease, vomiting, diarrhoea and failure to thrive [54].
The results establish concurrent validity of the TANDI as dimension scores showed strong relationships with standardized measures in comparable domains. The result was similar to the validity testing of the HSCS-PS where concurrent validity was higher for motor-related areas of function and lower for less tangible functions such as vision and pain/discomfort [55]. There was strong agreement between dimensions with the same construct on the ASQ and moderate agreement on movement, play, relationships and communication with the other ASQ developmental domains highlighting the interdependence of motor, cognitive, emotional and social development in this young age group [56, 57]. These dimensions loaded on the same factor and contributed to the internal consistency of the measure further strengthening that they are interrelated. This supports the conceptual framework of the ICF where children develop activities such as movement and communication to become independent and develop relationships and participate in activities such as play [56]. The dimensions of eating and pain, classified as a body function on the ICF, did not show good agreement with dimensions of activities and participation. They are not dependent on each other for development and thus showed poor agreement with each other. The dimension of pain on the TANDI had a weak, significant agreement with dimensions on the FLACC or NIPS pain scale. Although observable descriptors were included on the TANDI for the dimension of pain it highlights the complex nature of pain and the difficulty in assessment, especially in the non-verbal child [58]. In the absence of a concise, parent report feeding questionnaire a self-design questionnaire was developed. The results of the questionnaire demonstrated significant, high agreement with the dimension of eating on the TANDI and had poor agreement other dimensions unrelated to eating. These results indicate that the questionnaire was sensitive and specific in reporting of eating problems in these children.
With regard to content validity, the dimensions included on the TANDI appear to account for a large proportion (45%) of the variance in the perceived general health score, the VAS. The results were logically consistent, and problems reported on each of the dimensions detracted from the general health scores and a lot of problems detracted more than some problems. A lot of problems with eating had the biggest impact on general health of the child, followed by a lot of problems with relationships, pain and movement. Eating/feeding is a frequent, important occurrence in the life of an infant and toddler and a large focus of attention for parents [59] with concerns over feeding being one of the most frequent concerns on parental online message boards [60]. The eating experience is critical for providing sustenance needed for good health and provides an opportunity for social interaction and development of relationships [59], which the results of this study indicate is the second greatest detractor from general health. Parental concerns over eating/feeding in infants and toddlers include adequate nutrition, weaning from the breast, independent eating [60], picky eating behaviours and refusal to try new foods [61].
Although the test-retest result of the TANDI showed good agreement the inclusion of only GP children limited the variance of response and the subsequent results obtained. It is recommended that future studies are needed to further establish the test-retest reliability include CI children.
Due to the rapid development that takes place in the infant and toddler phase, measures functioning such as the Bayley Scales of Infant Development [62] and Ages and Stages Questionnaire [63] have a number of different items or questionnaires depending on the age of the child. Thus, it was important to establish whether the dimensions included on the TANDI could measure HRQoL across the ages from 1 to 36 months. Age group analysis for each dimension was performed to ensure that there were no age-related differences in the proportion of reporting of problems between age groups. We suggest that the TANDI can be considered a ‘one-size-fits-all’ instrument as the dimensions and VAS performed well across all ages. It is noted that although the confidence intervals overlapped across age groups, there was a higher proportion of problems for dimensions of movement, play and communication in the 12–24-month age group. This spike may reflect the health condition of the sample, rather than a symptom of differential age responses as conditions of cerebral palsy, developmental delay and epilepsy were most frequently reported in this age group. Notable developmental milestones of walking and talking develop between 12 and 24 months and delays in these milestones are noted with neurodevelopmental disability. In fact walking, floor mobility, stiffness and communication are the most frequently reported parental concerns in children with cerebral palsy under 2 years [64].
Limitations of the study
The sample of convenience and not having information on non-participants from the GP group may limit the generalizability of the findings to other infants and toddlers. The heterogenous group of AI and CI children could limit the generalizability of known groups validity. It is recommended that future studies include known disease groups and or disease severity analysis to further establish construct validity.
The inclusion of GP children for reliability analysis on the test-retest of the instrument limited the analysis of the data and the subsequent results obtained. It is recommended that future studies wanting to evaluate the test-retest reliability include CI children with a shorter period between reports. This will increase the variance in the results obtained making analysis easier. External variables such as global impression measures could also be included in test-retest analysis to identify the subsample with minimal change in health across the test-retest period.
Cognitive debriefing after completion the final TANDI measures could have been useful to further establish the comprehensibility and acceptability of the measure. The study results are limited to English speaking caregivers of children who were AI, CI or GP and the results are thus not generalizable. It is recommended that future studies include caregivers from different cultural groups.
Conclusion
This research indicates that the TANDI is a promising new addition to the instruments used to measure HRQoL in very young children. The final version of the TANDI was found to be valid and reliable for use with children aged 1–36 months in South Africa and we suggest that it be included in the assessment of children with health conditions within this context. However, further research is needed to establish the feasibility, clinical utility and cross-cultural validity of the measure in other languages and cultural contexts.
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Describing the child's health today
Under each heading, mark the ONE box that best describes
how you would describe the health state of the child TODAY.

Movement (Moves about at an age appropriate level)
He/she has no problems with movement
He/she has some problems with movement
He/she has a lot of problems with movement

P |dy (Enjoys playing with objects or toys at an age appropriate level)
He/she has no problems playing

He/she has some problems playing

He/she has a lot of problems playing

Pain (Painful behaviour includes: grimace, restless movement, inconsolable cry)
He/she has no pain

He/she has some pain

He/she has a lot of pain

Relationships (Interacts with family members in an age-appropriate manner)
He/she has no problems with relationships

He/she has some problems with relationships

He/she has a lot of problems with relationships

Communication (Communicates at an age appropriate level)
He/she has no problems with communication
He/she has some problems with communication
He/she has a lot of problems with communication

Eaﬁng (Adequate oral intake to sustain growth at an age appropriate level)

He/she has no problems with eating
He/she has some problems with eating
He/she has a lot of problems with eating
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