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Summary 

Objectives: To assess the change in Oral Health-Related Quality of Life (OHRQoL) following orthodontic 

treatment using the Malocclusion Impact Questionnaire (MIQ) and to test the responsiveness of MIQ to 

treatment-associated changes.  

Methods: A longitudinal prospective cohort study, in an orthodontic post-graduate centre, Kerala, 

India. Patients under 18 years were invited to complete the MIQ before the start of treatment (T0) and 

one month after treatment completion (T1). IOTN and PAR scores were assessed at both time periods 

as well as a global transition judgement at T1.  

Results: 210 participants were recruited and 162 completed both questionnaires (45.1% males; 54.9% 

females; age=12-18 years, mean=16.8; SD=1.7). There was large reduction in MIQ scores from T0 

(mean=28.1,SD=6.1) to T1 (mean=3.7,SD=2.6). 53% reported a large improvement in oral health and 

related life quality after treatment, 32% minimal change, and 15% no change. None reported worsening 

in OHRQoL at T1. There was a significant positive correlation between change in MIQ score and change 

in PAR score (r=0.358), pre-treatment IOTN-DHC (rho=0.491) and AC (rho=0.467), and treatment time 

(rho= 0.502). Regression analysis revealed the change in PAR score and pre-treatment IOTN-DHC to be 

independent predictors of change in MIQ score. Standardized effect size (4.0) and standardized 

response mean (2.9) were large and the minimal important difference was 7.7. ROC analysis reported 

a high diagnostic accuracy of MIQ.  

Conclusions: There was significant improvement in OHRQoL following orthodontic treatment when 

assessed using a condition-specific measure for malocclusion. MIQ was found to be responsive to 

changes associated with orthodontic treatment.  

Keywords: health-related quality of life, patient reported outcome measures, psychological well-being. 

Introduction 

The aim of orthodontic treatment is primarily to improve dentofacial aesthetics and function. There is 

little evidence that orthodontic treatment can improve the dental health of the population, but there is 

increasing evidence that malocclusion has a significant social and emotional impacts on individuals, 

which can be assessed using measures of oral health-related quality of life (OHRQoL) (1). There is also 

some evidence that orthodontic treatment to correct malocclusion might improve OHRQoL (2, 3). 

Many of the measures used to assess OHRQoL are generic and can be used for a range of dental 

conditions; however, these might not capture the full range of impacts of a specific condition (4); 

therefore condition-specific measures of OHRQoL have been developed, such as the Psychosocial 

Impact of Dental Aesthetics Questionnaire (PIDAQ) for young adults (5). The Malocclusion Impact 

Questionnaire (MIQ) was developed and initially tested in the UK, as a condition-specific measure to 

evaluate the impacts of malocclusion on young people (6, 7).  

The original English version of MIQ has been tested in New Zealand (8) and Nigerian (9) populations 

and was found to exhibit good validity and reliability. Chinese (10), Moroccan Arabic (11), Spanish (12), 

Serbian (13) versions of MIQ have also been developed and tested and more recently, a cross-cultural 

adaptation in the Malayalam language has been undertaken and been validated (14). Limited 

longitudinal research has been undertaken to measure the OHRQoL of young people before and after 

orthodontic treatment using a condition-specific measure of OHRQoL.  



Thus, the objectives of the present study were: (a). to investigate if there is a change in OHRQoL 

following orthodontic treatment using a condition-specific measure of OHRQoL (MIQ). (b). to test the 

responsiveness of the measure to the treatment-associated changes, as reported by patient-assessed 

Global Transition Judgements (GTJ).  

Methods 

This prospective, longitudinal cohort study was undertaken in a single post-graduate teaching centre 

at the Department of Orthodontics & Dentofacial Orthopedics, Government Dental College, Kottayam, 

Kerala, India. The Institutional Review Board of the Government Dental College, Kottayam approved 

the protocol (IEC/M/13/2017/DCK). The study is reported in accordance with the Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) guidelines (15).  

Participants 

All patients awaiting comprehensive fixed orthodontic treatment were invited to participate. The 

inclusion criteria were those under 18 years, willing to participate, and either the young person or their 

parent/ care-provider giving informed consent. Those with a prior history of orthodontic treatment 

and/or unable to provide consent were excluded. Participants were enrolled after obtaining signed 

informed consent. They were treated by two orthodontic Junior Residents and a Senior Resident (JM) 

under the guidance of the Principal Investigator (PI). The recruitment period lasted for six months from 

May 2018 to October 2018.  

Condition-specific OHRQoL measure 

The original MIQ comprises 17 items and 2 global questions; however, the cross-cultural adaptation of 

the measure into Malayalam found that one item (Shy) consistently exhibited cross-loading and was 

eliminated (14). The item responses are based on a 3-point severity scale (0- ‘don’t’ or ‘doesn’t’, 1- ‘a bit’, 2- ‘very or a lot’). The total score can range from 0 to 34 obtained by summing up the individual 
item scores. The responses for global questions are based on a 5-point severity scale (0- ‘not at all’, 1- ‘a little bit’, 2- ‘a bit more’, 3- ‘a lot’, and 4- ‘very much’); the scores of which are presented separately.  

Study procedure 

The regional version of the MIQ was administered to the participants in the presence of their parents 

in a visit to the orthodontic department before the start of their orthodontic treatment (T0) (14). The 

malocclusion was assessed normatively using the Dental Health Component of the Index of Orthodontic 

Treatment Need (IOTN-DHC) and the Peer Assessment Rating (PAR) Index. The weightings devised by 

Richmond and colleagues were used for calculating the total PAR score (16). The patient-reported 

Aesthetic Component of the IOTN (IOTN-AC) was also recorded. Data collection was repeated one 

month after completion of orthodontic treatment (T1).  

The MIQ data collection as well as IOTN and PAR assessment were carried out by a single investigator 

(JM), who was trained and calibrated by the principal investigator before the start of the study. The 

occlusal data were double-checked by the PI. The pre-treatment PAR evaluation of the randomly 

selected 30 participants was repeated after 14 days for intra-observer reliability assessment. 

The perception of change in the OHRQoL of participants following orthodontic treatment was assessed 

using a single item Global Transition Judgement ‘How do you rate the change in your oral health and 
related life quality after orthodontic treatment?’ The item had the following response scale: ‘Worsened a lot’, ‘Worsened a little’, ‘Remained the same’, ‘Improved a little’, and ‘Improved a lot’. Global transition 

judgements are considered as the gold standard in assessing the sensitivity to change in OHRQoL 

measures (17).  

The responsiveness assessment also involved an estimation of the minimally important difference 

(MID) (18). MID is the smallest difference in score which participants consider beneficial in the absence 

of bothersome side-effects and excess costs (19).  

No specific guidelines exist for an appropriate sample size in responsiveness assessments (20). 

Considering the sample size in similar studies (21, 22) and assuming high attrition (20%), it was 

decided to follow up a total of 210 subjects.  



Statistical analysis  

Data were entered into SPSS software (version 16.0, Chicago, IL, USA) by one of the co-investigators 

(JM) and cross-checked by the principal investigator. The raw scores were subsequently converted to 

their corresponding interval scale scores (available in MIQ handbook) to calculate change following 

treatment (7). This would allow more accurate calculation of change at all points along the scale. The 

intra-class correlation coefficient (ICC) ensured the intra-observer reliability in PAR assessment.  

Responsiveness testing 

The change in MIQ scores was determined by subtracting the post-treatment scores (T1) from that at 

baseline (T0). A positive change in scores would indicate an improvement in OHRQoL and vice-versa. 

The responsiveness was assessed using standardized effect size (SES) and standardized response mean 

(SRM) (23). Both of these determine the magnitude of change, which can be graded as small (≤0.2), 

moderate (0.3-0.7), and large (≥0.9) based on their values (23). 

In line with the previous studies (21, 22), the significance of within-subject change of those who 

reported improvement and those who did not was assessed using paired t-tests. The former should be 

significant and the latter non-significant, if the scale is responsive. The MID for the scale was assessed 

by subtracting the mean change score of participants with no change from the mean change score of 

those who reported little change in their OHRQoL post-treatment (24). This value was also used to estimate the Guyatt’s responsiveness statistic. As suggested by Guyatt et al. (18) the most appropriate 

responsiveness indicator relates the variability in scores in participants who reported no change to the 

clinically important difference. This is given by the ratio of the minimally important difference to the 

variability in stable participants. 

Longitudinal construct validity 

The association between change in MIQ-Malayalam scores (T1 - T0) and Global Transition Judgement 

was assessed using one-way ANOVA. The longitudinal construct validity is considered good if 

participants who reported improvement in the Global Transition Judgement have positive mean change 

in scores, those reported worsening have a negative change in scores, and those who expressed no 

change show little or no difference in scores (20). 

Change scores as diagnostic tests 

The participants who showed improvement can be differentiated from those who did not using change 

scores as diagnostic tests (25). Receiver Operating Characteristic curves were plotted using different 

cut-off scores, with Global Transition Judgement as the external criterion for change. This was done to 

assess the diagnostic performance of MIQ and to identify the optimum cut-off score where it shows 

maximum sensitivity and specificity. The area under the curve was calculated to determine the accuracy 

of the questionnaire in correctly identifying participants who improved and who did not, with a value 

of 0.5 indicating no accuracy and 1 perfect accuracy (26). 

Predictors of change in MIQ score 

A bivariate correlation was performed to determine the association between the change in total MIQ 

score and the independent variables such as age, gender, socio-economic status, total treatment time, 

pre-treatment IOTN-DHC & AC scores, and change in weighted PAR score. A multivariate prediction 

model was developed including the significant variables of the bivariate correlation. 

Results 

Participant and Operator characteristics 

The baseline MIQ was completed by a total of 210 participants (47.2% males; 52.8% females) with ages 

ranging from 12 to 18 years (mean=15.3; SD= 1.9). The start and end dates of the study were May 18, 

2018 and December 27, 2021 respectively. The mean length of time between T0 and T1 was 2.1 years 

(range= 1.5 to 3.5 years). 48 participants (22.8%) were lost to follow-up resulting in 162 participants 

(45.1% males; 54.9% females; mean age= 16.8, SD= 1.7) with baseline (T0) and follow-up (T1) data for 

responsiveness assessment. Figure 1 presents the flow of participants at various stages of the study. 



All the questionnaires were completed successfully by the follow-up participants with no missing data. 

Table 1 provides the socio-demographic and clinical characteristics of the participants. The majority of 

the participants were judged to be of a ‘definite treatment need’ category of IOTN-DHC (57.1%). The 

global transition judgements indicated that a large proportion of participants considered that their 

OHRQoL had improved following orthodontic treatment (85.2%) (Table 2). 

The operators were post-graduate trainees, including two junior residents in their second year of 

training and one senior resident in the fourth year. The supervisor (EP) had 20 years of orthodontic 

clinical experience. The intra-observer reliability was high (ICC- 0.991, 95% CI: 0.988-0.993). 

Responsiveness 

With respect to the Global Transition Judgement categories, a majority of participants (n= 86, 53.1%) 

reported to have improved a lot, while 24 participants (14.8%) revealed no change (Table 2). None 

reported worsening of OHRQoL. The mean change in the total MIQ scores was greater for participants 

who reported improvement (GTJ 4; 19.3, GTJ 5; 24.7) than those with no change (GTJ 3; 11.6) (Table 3). 

Likewise, the effect size was found to be large (9.9) for those who improved a lot and small for 

participants who were stable (2.2) (Table 3). The pre- (T0) and post-treatment (T1) MIQ scores were 

significantly different (P < 0.05) for those who improved (GTJ 4 and 5) as well as who did not (GTJ 3), 

when assessed using paired t-tests (Table 3). The minimally important difference was 7.7 and the Guyatt’s responsiveness statistic was estimated to be 1.75, which indicated a sample size of 

approximately 7 per group will be required to detect the minimally important difference in a clinical 

trial using a one-sided test. 

Longitudinal construct validity 

The mean change in the MIQ scores were highest (24.7) for participants who reported “improved a lot”, 
intermediate (19.3) for those who improved a little, and least (11.6) for the ones with no change (Table 

3). However, all groups had a positive mean change in scores with differences in the magnitude of 

change as mentioned above.  

Change scores as diagnostic tests 

The sensitivities and false-positive rates for different cut-off points are shown in Table 4. With a change 

score of 22.5 (raw score) as the cut-off point, 85% participants who reported improvement were 

identified correctly with a false-positive rate of only 11.1%. The points were quite far from the diagonal 

line when the Receiver Operating Characteristic curve was plotted, indicating good accuracy. The area 

under the curve (0.89) was significantly different (P < 0.001) from the null value, confirming the 

diagnostic accuracy of MIQ. Figure 2 shows the plotted Receiver Operating Characteristic curve. 

Predictors of change in MIQ score 

The bivariate analysis showed statistically significant (P˂ 0.001) positive correlation between change 

in total MIQ score and change in weighted PAR score (r= 0.358), pre-treatment IOTN-DHC and AC (rho= 

0.491 and 0.467 respectively), and overall treatment time (rho= 0.502). Variables such as age, gender, 

and socio-economic status showed no statistically significant (P˃ 0.05) association.  

The multivariate linear regression analysis revealed the change in weighted PAR score and pre-

treatment IOTN-DHC to be independently influencing (R2= 0.302) the change in total MIQ score and 

were positively related (B= 2.373 and 3.746 respectively, P˂ 0.001) (Table 5). 

Discussion 

There is an increasing emphasis on the use of patient-reported outcomes to assess health interventions 

in recent years; however, there is limited longitudinal PRO data in the orthodontic literature. This study 

has demonstrated a large reduction in the MIQ scores after orthodontic treatment, with large effect 

sizes, indicating a significant improvement in OHRQoL. 

Orthodontic treatment and Change in OHRQoL It has been established that malocclusion can have a negative influence on an individual’s QoL (1) while 

orthodontic treatment improves it (2). But none of the studies that assessed the pre- and post-treatment 



change in QoL have used OHRQoL scales specific to malocclusion (27, 28). As mentioned in the 

systematic review by Javidi et al. (2), the use of generic scales may not assess the specific impacts 

associated with malocclusion and orthodontic correction. Additionally, the scales developed for adults 

may not address the issues of the younger population, who form the majority of the orthodontic patients 

(2). 

The majority (85.2%) of the participants in the current study reported an improvement in their 

OHRQoL following treatment, highlighting the benefit of orthodontic care to an individual’s OHRQoL. 
The bivariate analysis demonstrated total treatment time and occlusal indices such PAR and IOTN-DHC 

to be significantly associated with change in OHRQoL. However, the multivariate linear regression 

model found only the occlusal indices to be significant predictors of change in OHRQoL score, indicating 

that patients with severe malocclusion demonstrated greater improvement in OHRQoL score at the end 

of orthodontic treatment. Nevertheless, the R2 was 0.302 indicating only 30% change in MIQ score could 

be explained by this model. 

Studies have shown that gender has an impact on OHRQoL, with females expressing greater concern 

about their dentofacial aesthetics (29, 30). However, the current study found no significant association 

of gender with change in OHRQoL scores, which is in line with a previous longitudinal study (31). The 

socio-economic status, which has shown to influence the pre-treatment OHRQoL in previous studies, 

(32, 33) does not seem to influence the change in OHRQoL in the present study. This might be because 

of the institutional nature of treatment where all subjects, irrespective of the socio-economic status, were 

registered and placed in the waiting list before providing orthodontic care. 

It was also surprising to note that a smaller proportion (14.8%) of participants reported no change in 

their OHRQoL, despite an obvious improvement in the malocclusion status when assessed using 

weighted PAR scores and IOTN-DHC grades. The reason may be that nearly one-fifth of the participants 

were judged to have low orthodontic need using IOTN-DHC before treatment. It might also be explained 

by the findings of Birkeland et al. (34) that some patients are dissatisfied with their dental aesthetics 

both before and after treatment, while others are happy at both times. It is important in identifying 

these individuals before the start of treatment so that unrealistic expectations, if any, can be identified 

and dealt with. Socio-cultural factors might also explain for the inconsistencies in the relationship 

between malocclusion and OHRQoL and a definite improvement in the normative condition may not 

always bring about a change in OHRQoL (35). 

There has been a recent rise in the use of psychometric scales to assess change in OHRQoL following 

different orthodontic treatment modalities (36, 37). Most of them have assessed the OHRQoL change a 

few weeks after appliance wear and reported a transient decline, which improved at the end of 

treatment. These transient changes in OHRQoL, however, are merely the result of appliance-induced 

discomfort rather than a true change in OHRQoL. Also, it is unclear whether the improvement in 

OHRQoL, reported in some studies, at the end of treatment is due to an actual improvement in the normative condition or possibly due to appliance removal. Locker has rightly mentioned that ‘QoL’ is 
being indiscriminately and sometimes inaccurately used by researchers in the wrong context (38). 

Oral health-related quality of life, being a multi-dimensional construct, need not necessarily be 

influenced by change in a single dimension brought about by orthodontic correction (39). More 

longitudinal studies, involving orthodontic patients before and after treatment, are required to 

investigate the extent that orthodontic treatment changes OHRQoL; however, the results of long-term 

follow-up will be complicated by the recalibration of patient perceptions known as response shift (40). 

The present study is one of the few such longitudinal ones available in orthodontics. In addition, the use 

of condition-specific scales should be encouraged, along with generic measures to assess any changes 

in OHRQoL associated with the treatment of malocclusion. 

Responsiveness of MIQ  

The responsiveness of a scale is its ability to detect change in an outcome following treatment (18) and 

is an important property, along with validity and reliability (21). 

Two major approaches exist in responsiveness assessment: Anchor-based and Distribution-based. The 

former is termed “external responsiveness” while the latter “internal responsiveness” (41). Anchor-

based methods use subjective Global Transition Judgements while the other rely on SES and SRM. As 



there is no consensus as to which method is reliable or how exactly responsiveness should be measured, 

both approaches were adopted in the current study (22). 

The fact that there was a positive correlation between the change in total MIQ score and change in 

weighted PAR score implies that the questionnaire is responsive to occlusal changes. There was a large 

decrease in the mean MIQ scores after treatment. None of the participants in the present study reported 

an increase in MIQ scores following treatment, which reaffirms the positive impact of orthodontic 

treatment on OHRQoL using this condition-specific measure. The within-subject change in scores was 

significant even for the ‘no change’ category and demonstrates the dichotomy that sometimes exists in 

normative and psychometric measurements of malocclusion. Also, the magnitude of change assessed 

using SES and SRM are very large compared to those involving other dental procedures (22, 42, 43), as 

well as surgical interventions in medicine (44), which could be attributed to the nature of orthodontic 

correction. 

With respect to longitudinal construct validity, the patients who reported improvement had a positive 

mean change in scores, as did those who reported no change. Nevertheless, the magnitude of change 

differed with an expected gradient across the different Global Transition Judgement categories. 

The loss to follow-up (LTFU) accounted for 22.8% of the initial sample size which was expected a priori, 

thus a sample size larger than required was selected. Moreover, the LTFU here may be attributed to the “missing completely at random” mechanism, in which case any bias correction is not required, as 

suggested by Kristman et al. (45) The authors reported that an unbiased estimate of effect is possible 

with as much as 60% LTFU with the “missing completely at random” mechanism (45). The treatment 

being free of cost and the prolonged treatment duration might have contributed to the large drop-out 

in the current study. The COVID-19 pandemic was also a significant factor. 

The MIQ, thus, proved to be responsive to treatment change. Nevertheless, evidence shows that 

different versions of the same questionnaire can respond differently depending on the study population 

(46, 47). This highlights the need to assess responsiveness for the different versions of MIQ before 

clinical use. 

Strengths, Limitations, and Future Directions 

The present study is prospective and longitudinal with a high response rate. The novelty of the study is 

the use of a culturally-adapted condition-specific measure of OHRQoL, developed for young people. The 

findings from the current study that orthodontic treatment has a positive impact on the OHRQoL using 

this condition-specific measure is quite encouraging. However, it was carried out in one cohort of 

patients and the generalisability need to be confirmed by further studies involving different 

populations. 

The orthodontic treatment was carried out by more than one operator, which would introduce potential 

confounders. However, it was minimized by strict supervision by the principal investigator and by the choice 

of operators with nearly the same experience levels. The data were collected by a single operator (JM) and 

cross-checked by the PI. Moreover, having a number of operators, some of whom might get better 

results than others would increase generalisability as this is what happens in the real-world scenario. 

The present study lacked a control group. Nevertheless, the inclusion of participants without delivery of 

care would raise potential ethical issues. The study did not include a measure of psychological well-being, 

enabling further examination of the relationship between OHRQoL and psychological well-being (48). 

Future studies should include such a measure, as well as a generic measure of OHRQoL so that any 

differences between changes in OHRQoL due to orthodontic treatment can be compared with the 

treatment of other dental conditions. 

Conclusion 

The Malocclusion Impact Questionnaire was found to be responsive to changes associated with 

orthodontic treatment. The MIQ proved to be a useful yet simple condition-specific OHRQoL scale 

suitable for younger adolescents. This study has demonstrated that orthodontic treatment reduced the 

negative impacts of malocclusion on OHRQoL as assessed by a condition-specific measure; however, 

the multi-dimensional nature of the oral health-related quality of life should also be considered. 
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Table 1. Socio-demographic and clinical characteristics of the participants 

 

*Government criteria for socio-economic status in the study region 

APL, above poverty line; BPL, below poverty line; IOTN-AC, Aesthetic Component of the Index of Orthodontic Treatment Need, IOTN- DHC, Dental Health 

Component of the Index of Orthodontic Treatment Need; SD, standard deviation 

  

Demographics 

 

Followed-up 

(162) 

n (%) 

Lost-to-follow 

(48) 

n (%) 

All 

(210) 

n (%) 

Age in years 

Mean (SD) 

 

16.1 (1.5) 

 

15.7 (1.8) 

 

16 (1.9) 

Gender 

Male  

Female  

 

73 (45.1) 

89 (54.9) 

 

26 (54.2) 

22 (45.8) 

 

99 (47.1) 

111 (52.9) 

Socio-economic status 

BPL* 

APL* 

 

109 (67.3) 

53 (32.7) 

 

32 (66.7) 

16 (33.3) 

 

141 (67.1) 

69 (32.9) 

Incisor relation 

Class I 

Class II 

Class III 

 

96 (59.2) 

52 (32) 

14 (8.6) 

 

32 (66.6) 

10 (20.8) 

6 (12.5) 

 

128 (70) 

62 (29.5) 

20 (9.5) 

Molar relation 

Class I 

Class II 

Class III 

 

77 (47.6) 

79 (48.7) 

6 (3.7) 

 

27 (56.2) 

19 (39.6)  

2 (4.2) 

 

104 (49.5) 

98 (46.7) 

8 (3.8) 

Intra-arch characteristics 

Crowding (Mild) 

Crowding (Moderate) 

Crowding (Severe) 

Spacing  

 

21 (13) 

33 (20.4) 

94 (58) 

14 (8.6) 

 

5 (10.4) 

11 (23) 

27 (56.2) 

5 (10.4) 

 

26 (12.4) 

44 (21) 

121 (57.6) 

19 (9) 

IOTN-DHC grades  

Little need for treatment (grades 1-2) 

Moderate need (grade 3) 

Definite need (grades 4-5) 

 

29 (17.9) 

37 (22.8) 

96 (59.3) 

 

9 (18.7) 

13 (27.1) 

26 (54.2) 

 

38 (18.1) 

50 (23.8) 

122 (58.1) 

Patient reported IOTN-AC grades 

Little need for treatment (grades 1-4) 

Moderate need (grades 5-7) 

Definite need (grades 8-10) 

 

32 (19.8) 

55 (34) 

75 (46.2) 

 

10 (20.8) 

17 (35.4) 

21 (43.8) 

 

42 (20) 

72 (34.3) 

96 (45.7) 



Table 2. Participants categorized according to the Global Transition Judgement category 

 

Global Transition Judgement 

category 

Followed-up (162) 

n (%) 

Worsened a lot 

Worsened a little 

No change 

Improved a little 

Improved a lot 

0 

0 

24 (14.8) 

52 (32.1) 

86 (53.1) 



Table 3. Responsiveness of the scale: Standardized Effect Size and Standardized Response Mean for the different Global Transition Judgement categories 

 

 

*P value derived from paired t-test; **P value derived from one-way ANOVA; # Based on Interval score 

GTJ, Global Transition Judgement; MIQ, Malocclusion Impact Questionnaire; SD, standard deviation; SES, Standardized Effect Size; SRM, Standardized Response Mean. 

GTJ category Baseline MIQ scores 

Mean (SD) 

 

Post-treatment MIQ scores 

Mean (SD) 

P value* Change scores 

Mean (SD) 

 

SES# 

 

SRM# 

Raw score Interval score Raw score Interval score Raw score Interval score 

Overall 

n= 162 

 

28.1 (6.1) 26.6 (4.8) 3.7 (2.6) 7.3 (3.3)  

 

 

<0.001 

24.3 (7.1) 

 

19.2 (6.7) 4.0 2.9 

No change 

n= 24, 14.8% 

 

21.7 (7.0) 21.8 (5.3) 6.0 (3.3) 10.2 (2.8) 15.8 (6.6) 

 

11.6 (4.4) 2.2 2.6 

Improved a little 

n= 52, 32.1% 

 

29.3 (4.4) 27.0 (3.8) 3.9 (1.9) 7.8 (2.5) 25.5 (4.8) 

 

19.3 (4.5) 5.0 4.3 

Improved a lot 

n= 86, 53.1% 

 

31.7 (3.8) 29.5 (2.5) 2.0 (1.3) 4.7 (2.8) 29.7 (2.5) 

 

24.7 (4.1) 9.9 6.0 

P value** 

 

   <0.001   



Table 4. Sensitivities and False-Positive rates (1-specificities) for different MIQ change scores 

 

Change score  

(cut-off point) 

Sensitivity 

(%) 

False-Positive rate (1-specificity) 

(%) 

15.5 96 40 

16.5 94 35.6 

17.5 94 33.3 

18.5 93.3 31.1 

19.5 91.3 28.9 

20.5 90.7 26.7 

21.5 87.3 17.8 

22.5 84.7 11.1 

23.5 83.3 11.1 

24.5 79.3 11.1 

25.5 75.3 11.1 

 



Table 5. Bivariate and Multivariate Linear Regression for change in total MIQ score 

 

 

Variables Bivariate Multivariate 

P value B (Standard Error) P value 

Age 0.537   

Gender 0.573   

Socio-economic status 0.723   

Total treatment time <0.001* -0.039 (0.134) 0.773 

Pre-treatment IOTN-DHC <0.001* 3.746 (0.993) <0.001* 

Pre-treatment IOTN-AC <0.001* 2.102 (0.656) 0.062 

Change in weighted PAR 

score 

<0.001* 2.373 (0.654) <0.001* 

*statistical significance 



Figure 1: Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) flow 

diagram 

 

 



Figure 2: Receiver Operating Characteristic (ROC) curve 

 

 

 


