
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Some fundamental issues in oral health-related quality of life research

Kieffer, J.M.

Publication date
2012

Link to publication

Citation for published version (APA):
Kieffer, J. M. (2012). Some fundamental issues in oral health-related quality of life research.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/some-fundamental-issues-in-oral-healthrelated-quality-of-life-research(90ab1d3c-540a-4b6a-b78f-1243ebc022db).html


 

 63

CHAPTER 8 
Formative or Reflective: On the nature of the items in the 

Oral Health Impact Profile 
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INTRODUCTION 
In the past, many multi-item questionnaires measuring oral health-related quality of life 
(OHRQoL) have been developed (Gift et al. 1995, McGrath et al. 1999). Although it is 
presumed that the items of these questionnaires tap into distinct domains, implying a so-
called underlying reflective measurement model (also referred to as an effect indicator 
model) (Bollen et al. 1991, Atkinson et al. 2006, Kieffer et al. 2009), this assumption 
seems untenable. In a recent article it was argued that many OHRQoL questionnaires 
consist of two types of items; one type concerning psychosocial impacts, reflecting QoL, 
and one type that describes symptoms and side effects, which is formative of QoL (Kieffer 
et al. 2009). To recapitulate, only reflective items are expected to be correlated, because the 
connection between these items can only be attributed to their relationship with a common 
cause, in this case QoL (Fayers et al. 1997a, Fayers et al. 2002, Kieffer et al. 2009). This is 
indicative of the assumption of local independence in which the variables observed are 
statistically or conditionally independent given an individual score on the latent variable 
(Borsboom et al. 2003). Thus, the latent variable explains why the observed variables are 
correlated and a poorer score on reflective items represents a reduced QoL, and vice versa; 
a reduced QoL is reflected in a poorer score on all reflective items. Therefore, the latent 
variable QoL in a reflective measurement model is defined by the shared covariance 
between items that sample the latent QoL variable (MacKenzie et al. 2005). Reflective 
items should therefore have a symmetric relationship with QoL. On the other hand, 
formative items describe symptoms or side effects that are causal in nature, rendering even 
one symptom enough to reduce QoL. However, a reduced QoL is not necessarily credited 
to one symptom; for example a person reporting a poor QoL does not automatically exhibit 
symptoms or side effects such as bad breath or toothache. Accordingly, formative items 
characterize causes that are sufficient to cause changes in QoL. Nevertheless, formative 
items do not necessary change QoL per se (Fayers et al. 1997b). On the other hand, a 
reduced QoL clearly does not cause symptoms such as bad breath or toothache. As a 
consequence, an assumption about the correlation between formative items cannot be 
made, since the connection between these items cannot be attributed to their relationship 
with QoL. Hence they have an asymmetric relationship with QoL. This is indicative of a 
formative measurement model (also referred to as a causal indicator model) (Bollen et al. 
1991, Atkinson et al. 2006, Kieffer et al. 2009)  

Both reflective and formative items seem to have different properties which 
exemplify entirely different relationships with QoL (see Fig.  1). The necessity, however, 
to differentiate between them has thus far been overlooked. In our previous article (Kieffer 
et al. 2009), this necessity has become very apparent as it explains the statistical 
complications that can arise from the occurrence of both reflective and formative items in a 
questionnaire. The major issue pertains to the traditional psychometric approach for 
developing and analyzing questionnaires, which is based on items reflecting variation in 
the variable to be measured. Take for instance internal reliability estimations, such as 
Cronbach’s alpha. To estimate the variance between items caused by a common factor, 
alpha reports the extent to which a test score depends on this factor (Cronbach 1951). 
Consequently, the reliability of a questionnaire is highly dependent on positive correlations 
between questions. However, since formative items can be positively, negatively, or not 
correlated at all (Edwards et al. 2000), an estimate of Cronbach's alpha says nothing about 
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the internal reliability of a questionnaire. As with Cronbach's alpha, Exploratory Factor 
Analysis (EFA) is based on the evaluation of the covariance structure of the items in a 
questionnaire (Fayers et al. 1997a). It is a technique often used to confirm the underlying 
structure of a questionnaire, or used to analyse whether or not items contribute substantially 
to the measured construct (Bollen et al. 1991). Consequently, this method requires that 
items are correlated due to the common cause. Nevertheless, this can only be found 
between reflective items. Therefore, the use of EFA as evidence for the validity of a 
questionnaire or as a procedure for item selection could obscure results if formative items 
are present. Many statistical methods assume local independence. This means that 
correlations between items are due to the variable to be measured and that implies the use 
of reflective items. Therefore, logically, we concluded that statistical methods such as 
Cronbach’s alpha and EFA are not applicable to questionnaires containing formative items, 
which shows the relevance of discriminating between formative and reflective items 
(Kieffer et al. 2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Path diagram of reflective (A) and formative (B) measurement models (Bollen, 1984). (A) λ1 and λ2 give 
the expected effect of the latent variable ξ on the observable variables X1 and X2 and δ1 and δ2 are random errors of 
measurement. (B) X1 and X2 are the variables observed which predict the latent variable ξ, and ζ is a residual term.  

 
One way of distinguishing between formative and reflective items is by way of a 

so-called thought experiment (Fayers et al. 1997b). Jarvis et al. (Jarvis et al. 2003) have set 
out four sets of criteria relating to the direction of causality, to the interchangeability of 
items, to the inter-item correlations and to the question whether items have the same 
antecedents and consequences. However, in this article we use an empirical approach 
described by Fayers and colleagues (Fayers et al. 1997b) for detecting formative items. 
This approach is based on the idea that formative items have an asymmetric relationship 
with QoL, that is, they are causal predictors of QoL and thus do not adhere to the 
assumption of local independence. Following Fayers approach (Fayers et al. 1997b), the 
aim of the present study is to detect formative items by examining the symmetry of the 
relationship between general QoL and the items of the Oral Health Impact Profile (OHIP) 
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(Van der Meulen et al. 2008), an instrument widely used to assess OHRQoL (Locker et al. 
2001, McGrath et al. 2005, Kieffer et al. 2008b).  
 
MATERIALS & METHOD 
Subjects  
Subjects took part in an epidemiological study (N=1622) evaluating the dental status of 
adults in the Netherlands, executed by TNO “The Netherlands Organization for Applied 
Scientific Research” and the Academic Centre for Dentistry Amsterdam (ACTA). People 
were chosen a-select, living in-and around 's-Hertogenbosch, the Netherlands. The sample 
was stratified, on the basis of age ranging between 25 and 75 years old (Schuller 2009).  
 
Materials 

The present study was part of a larger study, which consisted of a survey, a clinical 
examination of the mouth and a battery of questionnaires; consisting among other things of 
the Dutch Oral Health Impact Profile (OHIP) (Van der Meulen et al. 2008) and a general 
QoL question.  

The OHIP (measuring OHRQoL) consists of 49 items representing seven 
subscales: Functional limitations, Physical pain, Psychological discomfort, Physical 
disability, Psychological disability, Social disability and Handicap (Slade et al. 1994). 
Respondents were asked in each item how often in the previous four weeks they had 
experienced a certain problem attributable to their teeth, mouth or dentures. They 
responded on a five-point scale, which was coded by 5= very often, 4= fairly often, 3= 
sometimes, 2= hardly ever and 1= never. Thus, lower scores indicate a better OHRQoL. 
General QoL entailed one question; “How would you judge your quality of life during the 
last four weeks?”, which was rated on a five-point scale from ‘excellent’ to ‘very poor’. 
 
Statistical analyses 
The general QoL item was used as an estimate of the latent variable QoL which the items 
of the OHIP were compared against. The approach used to detect formative items is based 
on frequency analysis using statistics analogous to chi-square statistics; and involves a 
cross-tabulation of the general QoL score and the scores on each item of the OHIP, 
producing tables of a pattern similar to the one in Fig. 2  (Fayers et al. 1997b). 
Furthermore, this approach operates under the assumption that the instrument in question 
(the OHIP-49) does assess the presence and not the absence of symptoms.  

Given that reflective items reflect variation in the latent variable it is unlikely that 
people would report an excellent QoL whilst being very upset or feeling very tense (cells 
YY). Furthermore, it is also unlikely that people would report a poor QoL whilst not at all 
being upset or feeling tense (cells XX). Therefore, it was expected for reflective items to 
run along the leading diagonal (cells ***).  

Formative items on the other hand, could be recognized by having a larger 
proportion of people in cells XX, since it is possible to have a very poor QoL, yet not 
exhibit symptoms such as bad breath or toothache; showing an asymmetric relationship 
with QoL. Alternatively, it is assumed that when a person exhibits even one symptom QoL 
will be affected. Therefore, an item is considered to be formative when the proportion of 
people in the YY-cells will be limited or nonexistent. 
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General QoL 
Individual Item OHIP  
1.  
Never 

2. 
Hardly ever 

3.  
Sometimes 

4. 
Fairly often 

5. 
Very often 

Excellent 1. *   Y Y Qy 
2.  *  Y Y 
3.   *    
4. X X  *  Qx 
Very poor 5. X X   * 
 Ix  Iy  

Fig. 2. Template for cross-tabulations (Fayers et al., 1997) 
 

Accordingly, if X is the sum of the frequencies in the XX-cells and Y is the sum 
of the frequencies in the YY-cells, the ratio of X/Y can be used as a statistic to detect 
formative items. A high ratio would then be a sign of an item being formative. However, 
since the marginal distributions differ greatly, this ratio has no straightforward 
interpretation. Therefore, to correct for differences in the marginal distributions the 
expected values of X and Y, given the marginal number of subjects, were used instead. 
Subsequently, a chi-squares statistic- of X and Y was calculated (Fayers et al. 1997b).   
 The expected value of X (E(X)) may be estimated by multiplying the total number 
of subjects who scored 1 or 2 on the item (Ix), with the total number of subjects who scored 
4 or 5 on the QoL question (Qx), divided by the total number of subjects who answered 
both questions (see Eqn. 1).  
 
E(X) = (Ix Qx)/N        (1) 
 
The chi-square of X (X2

x) is then calculated by taking the square of the observed values in 
the X-cells minus the expected value of X (E(X)), divided by the expected value of X 
(E(X)) (see Eqn. 2).  
 
X2(x) = (X- E(X))2/ E(X)       (2) 
 
The same can be applied to the Y-cells. The chi-square of X (X2

 x) and the chi-square of Y 
(X2

 y) were calculated for each item that was cross tabulated with the QoL item. Because 
we expect there to be a higher frequency in the X-cells when dealing with a formative item, 
the ratio of the X2’s should be at least higher than one, in that X2

 x is larger that X2
 y. This 

interpretation is contrary to the interpretation of Fayers and colleagues (Fayers et al. 
1997b). 
 
RESULTS  
A total of 814 subjects received the battery of questionnaires. No reminders were sent out. 
Of these subjects 686 completed and returned the battery of questionnaires. For 20 subjects 
the test number was missing or incorrect, furthermore three subjects failed to fill in large 
parts of the questionnaire including the general QoL item -crucial to this study- leaving 
data from 663 subjects for analysis.  
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Subjects, of whom 55% were female, had a mean age of 50.7 yr [standard 
deviation (SD) =12.6]. De education level was divided into low (primary school, lower- 
and intermediate-vocational education) and high (higher-vocational education and 
university) and showed 51% of the subjects having a high education. Eighty-six percent 
were of Dutch nationality.  
 
Table 1. Correlations of OHIP items with general quality of life (QoL), percentage the response ‘never’ to  OHIP  
items and ratio of  X2x and X2y 

OHIP items 
% of the 
response 
‘never’ 

Correlation 
with QoL 

Ratio 
X2

 x/ X2
 y

 

 

 Functional limitation    

1.  Difficulty chewing 77.3 0.24** 0.16 

2.  Trouble pronouncing words 93.6 0.19** 0.23 

3.  Tooth doesn’t look right 67.7 0.22** 1.16 

4.  Appearance affected 80.2 0.22** 0.65 

5.  Stale breath 77.9 0.23** 0.31 

6.  Sense of taste worsened 91.7 0.22** 0.13 

7.  Food catching in teeth 23.9 0.21** 2.68 

8.  Digestion worsened 92.0 0.22** 0.28 

9.  Dentures not fitting 88.4 0.22** 0.27 

 Physical pain    

10.  Painful aching 76.6 0.20** 0.47 

11.  Sore jaw 88.6 0.15** 0.08 

12.  Headaches 94.1 0.12** 0.19 

13.  Sensitive teeth 52.4 0.16** 2.80 

14.  Toothache 84.6 0.10* 0.64 

15.  Painful gums 65.6 0.20** 0.18 

16.  Uncomfortable eating any foods 78.9 0.26** 0.42 

17.  Sore spots 72.7 0.20** 0.83 

18.  Uncomfortable dentures 91.7 0.20** 0.08 

 Psychological discomfort    

19.  Worried  70.9 0.24** 0.32 

20.  Self conscious 78.3 0.28** 0.28 

21.  Miserable 85.5 0.23** 0.26 

22.  Uncomfortable 77.4 0.28** 0.57 

23.  Tense 84.5 0.28** 0.42 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
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Table 1. -(continued)- Correlations of OHIP items with general quality of life (QoL), percentage the response 
‘never’ to  OHIP  items and ratio of  X2x and X2y 

OHIP items 
%of the 
response 
‘never’ 

Correlation 
with QoL 

Ratio 
X2

 x/ X2
 y

 

 
 Physical disability    

24.  Unclear speech 92.4 0.19** 0.28 

25.  Being misunderstood 96.1 0.19** 0.29 

26.  Less flavour in food 92.0 0.20** 0.17 

27.  Unable to brush 88.4 0.12** 1.56 

28.  Avoid eating foods 84.9 0.23** 0.30 

29.  Unsatisfactory diet 94.1 0.20** 0.42 

30.  Unable to eat 93.6 0.20** 0.19 

31.  Avoid smiling 88.3 0.26** 0.45 

32.  Interrupt meals 93.5 0.21** 0.26 

 Psychological disability    

33.  Interrupted sleep 94.8 0.20** 0.17 

34.  Upset 92.6 0.22** 0.40 

35.  Difficult to relax 92.3 0.24** 0.20 

36.  Depressed 92.6 0.28** 0.40 

37.  Concentration affected 95.0 0.19** 0.49 

38.  Embarrassed 84.1 0.27** 1.36 

 Social disability    

39.  Avoid going out 97.9 0.18** 0.21 

40.  Less tolerant of spouse and family 95.4 0.16** 0.17 

41.  Trouble getting on with people 94.3 0.22** 0.11 

42.  Irritable with other people 94.6 0.17** 0.10 

43.  Difficulty doing usual jobs 96.2 0.17** 0.16 

 Handicap    

44.  General health worsened 94.7 0.25** 0.33 

45.  Financial loss 88.9 0.21** 0.40 

46.  Unable to enjoy company 93.8 0.22** 0.16 

47.  Life less satisfying 92.3 0.24** 0.60 

48.  Unable to function 97.6 0.12** 0.00 

49.  Unable to work 97.1 0.11** 0.05 

**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
 
 Ratings on general QoL showed 90% of the subjects having a good to excellent 
QoL. Table 1 shows for each OHIP item the percentages of subjects who responded with 
‘never’.  These percentages ranged from 24-98 percent, indicating little impact of oral 
health.  Table 1 also presents the correlations of the OHIP items with general QoL and ratio 
of X2

x and X2y. All correlations were low, but significant, ranging from 0.10-0.28. The 
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ratios X2
 x/X2

 y ranged from 0.0- 2.8. While more items of the OHIP were expected to be 
formative, only five ratios were higher than one, indicating that these items are possibly 
formative; i.e. “Tooth doesn’t look right”, “Food catching in teeth”, “Sensitive teeth”, 
“Unable to brush” and “Embarrassed because of your teeth, mouth or dentures”.  
 
DISCUSSION  
Misspecification of the measurement model underlying a questionnaire can lead to serious 
biases in the structural parameters of the alleged theoretical model. Misspecification can 
also lead to erroneous explanation of effect sizes or of significance regarding the 
association between constructs (Jarvis et al. 2003). Moreover, MacKenzie et al. 
(MacKenzie et al. 2005) have empirically tested the effects of model misspecification using 
Monte Carlo simulations and found that model misspecification can lead to type I or II 
errors of inference in hypothesis testing.  Furthermore, they and others found that also 
goodness-of-fit indices are influenced by model misspecification (Hu et al. 1998, Fan et al. 
2005, MacKenzie et al. 2005). Therefore, it is crucial for researchers to know what types of 
items a questionnaire consists of.  

The aim of this study was to detect formative items in the OHIP by means of an 
approach introduced by Fayers and colleagues (Fayers et al. 1997b). Results demonstrated 
that only five items were detected as potentially formative. These results seem to concur 
with four items out of the five items; “Tooth doesn’t look right”, “Food catching in teeth”, 
“Sensitive teeth” and “Unable to brush”, because they represent symptoms and side effects. 
The item “Being embarrassed because of your mouth, teeth or dentures” on the other hand, 
seems a psychosocial impact and was actually presumed to be reflective. Furthermore, the 
overall conclusion leans toward the remainder of the items being reflective of QoL. The 
question is: is that all there is? Does Fayers’ approach represent a valid and complete 
method to identify formative items? We are inclined to answer this question negatively. 
Firstly, as these authors themselves have pointed out, when an item is not indicated as 
formative by this approach, one cannot claim with certainty that the item is in fact 
reflective. Secondly, this would also intuitively be incorrect. If one does a simple thought 
experiment relating to the direction of causality (Fayers et al. 1997b, Jarvis et al. 2003), 
one would find that for example the item “Toothache” although not indicated as such, 
surely is formative; for a toothache can cause QoL to decline, but a decline in QoL cannot 
cause a toothache. On the basis of this thought experiment many other items can (then) be 
considered as being formative, but have not been detected as such by Fayers approach. In 
addition, one item-“Being embarrassed”- was indicated as a formative item, but is rather a 
reflective one. However, attributing each event described by the items to teeth, mouth or 
dentures could very well suggest that all items of the OHIP are in fact formative. This 
would suggest that the OHIP essentially does not contain any item that reflects QoL. This 
is corroborated by the fact that correlations between the OHIP items and QoL were 
significant but extremely small, indicating little variance in common. For an ideal reflective 
item, the correlation with QoL would be 1.0, and it could then act on its own as an 
indicator of QoL. However, if a formative item would reach a correlation of 1.0 with QoL, 
it would be the only thing affecting QoL, which is practically impossible since so many 
factors influence QoL (Fayers et al. 1997b). These examples do cast doubt on the approach 
used.  
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However, whereas in the past this approach was used for data from a sample with 
severe health problems (Fayers et al. 1997b), the data used in this study showed a large 
percentage of the sample having a relatively good oral health (indicated by the ratings on 
the OHIP) and QoL, thus perhaps the variance was too small to detect formative items. On 
the other hand, the approach assumes that when a symptom is present it actually affects 
one’s QoL. If this assumption does not hold water, one cannot effectively distinguish the 
formative from the reflective items.  

As indicated before, identifying the measurement model is critical, since the 
traditional methods for developing and analyzing questionnaires stem from the assumption 
of local independence in that items in a questionnaire reflect the latent variables 
(Diamantopoulos 2008).  Furthermore, if in fact all items in the OHIP are formative of 
QoL, it  shows that our understanding of the conceptual or theoretical basis of QoL needs 
to be re-evaluated, and since the OHIP has been extensively used as a measure of 
OHRQoL, but in actuality was meant to measure impacts of oral health (Slade et al. 1994), 
we suggest  re-evaluation of theory and concepts of QoL and the role that oral health plays,  
because only then one can identify the underlying measurement model.  
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