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Abstract 

The Cognitive Quotient (QuoCo) classification algorithm monitoring decline on age- and education-

adjusted MMSE-derived cognitive charts has proved superior to the conventionally-used cut-off for 

identifying incident dementia; but remains to be tested in different settings. Data were drawn from 

the Three-City Cohort to (i) assess the screening accuracy of the QuoCo, and (ii) compare its 

performance to that of serial MMSE tests applying different cut-offs. For the QuoCo, sensitivity was 

74.2 (95%CI: 71.4-76.8) and specificity 84.1 (83.6-84.7) and for the MMSE<24, 64.1 (61.1-67.0) and 

94.8 (94.4-95.1), respectively; whereas overall accuracy and sensitivity was highest for MMSE cut-offs 

<25 and <26. User-friendly charts for mapping cognitive trajectories over visits with an alert for 

potentially ‘abnormal’ decline can be of practical use and encourage regular monitoring in primary 

care where the <24 cut-off is still widely used despite its poor sensitivity.  
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Introduction 

It is now widely established that dementia and its early diagnosis is a major public health 

concern [1]. Yet studies suggest that over half of cases seen in primary care go unnoticed [2, 3]. A 

variety of tools are available to distinguish normal cognitive ageing from abnormal decline and an 

early degenerative process [4]. The Mini-Mental State Examination (MMSE) remains one of the most 

widely used tests [5], despite its well-known psychometric limitations (poor sensitivity to mild 

dementia, poor test-retest reliability, ceiling effects…). Furthermore, the accuracy of cut-off scores 

has been found to vary with age and education, with for instance, lower normative values and cut-off 

scores for dementia screening found for older adults and in those with lower education [6-9]. The 

most widely used conventional cut-off is a score<24 [10] but other cut-off values such as <25 have 

also shown to have high overall accuracy [5].  

Cognitive charts have been developed to monitor change in cognitive functioning over time, 

considering age and education-specific performance on screening tools [11, 12]. As with paediatric 

growth charts, clinicians can map the cognitive functioning of patients over follow-up visits and be 

alerted by a decline that could indicate a possible pathological process. The MMSE Cognitive charts 

method was developed and validated drawing data from two north American population studies 

[11], and the Cognitive Quotient (QuoCo) classification algorithm showed higher sensitivity than the 

conventional <24 MMSE cut-off for identifying patients in the early stages of dementia [11]. To date, 

little is known about the relevance of this method in other population settings. In a cohort of French 

older adults, we aimed to investigate the relevance and accuracy of this method for detecting 

incident dementia compared to the use of cut-off scores applied to serial MMSE tests. 

 

Methods 

Study population 

Data were drawn from the Three-City Study (E3C), a prospective cohort of community-

dwelling persons aged 65 and above recruited in three French cities (Bordeaux, Dijon, Montpellier) 
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[13]. A face-to-face interview and a clinical examination were performed at baseline and at the 2, 4, 

7, 10, 12 and 14-year follow-up visits. The study protocol received ethics approval and all participants 

gave written informed consent. From the original 9294 participants with at least one follow-up 

(n=8398), we excluded those with baseline dementia (n=151), missing data for baseline MMSE or 

education (n=51), and missing MMSE data at all follow-ups (n=40). The analysis was performed on 

8156 participants. Participants excluded from the analysis were more likely to be male, older, with a 

lower level of education and with more physical health problems. 

 

Definition of dementia 

A three-step procedure was used to diagnose dementia cases at baseline and follow-up visits. 

First, screening was performed by trained psychologists based on a battery of neuropsychological 

tests including the Trail Making Test (Parts A and B), the Benton Visual Retention Test, Isaac’s Set 

Test and the original French version of the MMSE. Suspected cases of dementia based on their 

extensive neuropsychological examination were seen by a neurologist, with the exception of the 

Montpellier centre where every participant had a neurological examination at each follow-up visit. 

Finally, all available information on suspected cases of dementia were analysed by a common 

independent committee of neurologists and psychiatrists according to DSM-IV criteria, to obtain a 

consensus and validate the diagnosis and aetiology [13]. 

 

The Cognitive Charts-MMSE 

A linear model was constructed by Bernier et al. in the original development sample to 

represent the normal cognitive decline associated with age and education:                

                      [11]. The cognitive quotient (QuoCo) corresponds to MMSE divided by age, 

      
    

   
       while standardized age corresponds to age adjusted for years of education 

        

 
           . From this equation, parallel lines were obtained to describe the various 

percentiles of normal cognitive decline associated with age and education. The distance between 
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these lines was chosen to optimize the discrimination between healthy participants and those with 

dementia. If an individual's cognitive decline from an initial measurement was greater than this width 

(crossing an interval on the chart), it was considered ‘abnormal’. As a precaution, an age and 

education-adjusted ‘at-risk’ cut-off zone was determined. Participants falling into this zone, 

regardless of their decline, were considered to have ‘abnormal’ cognition. These two criteria applied 

to the charts are hereafter referred to as the QuoCo algorithm or method. A visual representation of 

the cognitive charts and a practical guide to their use in clinical settings can be found at 

https://quoco.org/. By entering a patient’s educational level and, at different examinations, MMSE 

score and age, cognitive performance can be tracked over time, with the QuoCo indicating whether 

the decline is to be considered ‘abnormal’ or not for the patient’s age and education. 

In the original study, QuoCo values in healthy controls at baseline ran from approximately 

140 to 460 and the method had a sensitivity (SN) of 80 and a specificity (SP) of 87, a positive 

likelihood ratio (LR+) of 6.2 and  negative likelihood ratio (LR-) of 0.23 (see Appendix 4 [11]). 

 

Statistical analysis 

Using the above equations, QuoCo values were calculated per SA (i) at baseline for health 

controls only to verify the model fit and (ii) at all time-points for all participants to discriminate 

between non dementia and incident dementia based on Bernier et al.’s linear model and 

classification algorithm. The threshold values for crossing an interval or falling into the ‘at-risk’ zone 

to discriminate between ‘normal’ and ‘abnormal’ decline were provided by the authors [11]. 

Trajectories were examined by comparing QuoCo values at each follow-up with the baseline value 

using repeated logistic regression analysis. The analysis was also performed for serial MMSE scores 

dichotomised with cut-offs ranging from <23 to <27. Analyses were performed overall and per study 

centre; and stratified, for the <24 cut-off [10], by age (<75/≥75), education (0-11/>12 years) and 

baseline cognitive performance (MMSE: <28/≥28), using the same dichotomisation thresholds as in 

the original study to check for stability in sub-groups. SN, SP and positive (PPV) and negative (NPV) 

https://quoco.org/
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predictive values were given with 95% confidence intervals (CI), considering correlations between 

observations from a single participant [14]. Youden indices were calculated [15]. Area under the 

curve (AUC), LR+ and LR- for the MMSE were illustrated following Biggerstaff’s method (see Figure 1 

for detail) [16]. We used SAS EG 7.15 (SAS Institute, Inc. Cary, North Carolina). 

 

Results 

Of the sample (61.3% women), there were 1043 (12.8%) cases of incident dementia over the 

median 9.2 (IQR: 7.5) year follow-up. Incident dementia cases ranged from 10.2% for Dijon, to 10.6% 

for Montpellier and 21.3% for Bordeaux. Cases were older, less educated, with a lower baseline 

MMSE score (Table 1). Baseline QuoCo values were plotted against SA to verify how well the data 

fitted the charts. The following equation was derived:                  , indicating that in 

healthy controls, approximately 5.2 QuoCo points were lost per yearly increase in SA. [11] 

For identifying incident dementia, the AUC for MMSE was 0.93 (95%CI: 0.92-0.94). The 

QuoCo algorithm yielded a higher SN but a lower SP than the MMSE<24 cut-off, but performed 

overall less well than the <25 and <26 cut-offs, the latter corresponding to the highest Youden value 

(Table 2 and Figure 1 (A)). This was also the case in the three study centres, with cut-offs 

corresponding to the highest Youden values of <26 for Bordeaux and <25 for Montpellier and Dijon. 

In the Montpellier centre, the QuoCo performed as well for SN as the <25 cut-off. Stratification in 

subgroups showed greater overall stability for the QuoCo compared to the MMSE<24 cut-off (Figure 

1 (B)). With similar Youden indices, the MMSE<24 cut-off showed superior SP whereas the QuoCo 

showed better SN, whatever the sub-group, except for MMSE<28. 

A sensitivity analysis was performed excluding the participants falling into the QuoCo ‘at-risk’ 

zone at baseline (N=7694). Results were similar (SE: 73.4 (70.3-76.3), SP: 85.2 (84.7-85.8)). In this 

same sub-sample, we further restricted the QuoCo algorithm to crossing the interval zone between 

two curves regardless of the ‘at-risk’ zone. Again, results remained unchanged (SE: 71.9 (68.8-74.8), 

SP: 85.8 (85.2-86.3)).  
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Discussion 

Our findings support the applicability of the MMSE cognitive charts to other samples, namely 

healthier non-institutionalised older adults with a lower incidence of dementia (13.4% versus 18% in 

Bernier et al.’s development sample). In the healthy controls, the postulated relation between the 

QuoCo and SA was verified. The lower intercept (729 versus 786 in the development study) and 

lower decline (5.2 versus 5.8) could be partly explained by our choice not to exclude subjects with 

baseline cognitive impairment but no dementia in order to be as close as possible to ‘real life’ 

situations in primary care. Overall,  the QuoCo algorithm performed less well in our study than in the 

development study, where values of 80 and 87 were reported for SN and SP, respectively. Again, our 

choice not to exclude subjects with baseline cognitive impairment but no dementia may contribute 

to this lower performance.  

Our findings from a general population cohort of elderly subjects confirm that the MMSE is a 

valid scale for identifying early dementia with a high unadjusted AUC, considerably more so than in 

other studies [17, 18]. The QuoCo algorithm shows a slightly lower level of accuracy than the 

MMSE<24 cut-off as measured by the Youden index. However, compared to the MMSE<24, the 

QuoCo increased incident dementia identification by 10% (SN), despite a 10.7% reduction in ruling 

out dementia (SP). High sensitivity in detriment of specificity is of particular relevance for cognitive 

screening instruments in primary care as false positives will be further assessed and their status 

reconsidered whereas false negatives will be missed for early care. Findings were robust to the 

sensitivity analyses. Moreover, they were consistent with the original study where the QuoCo yielded 

a 10% increase in SN for a 8.9% decrease in SP [11]. Higher MMSE cut-off scores investigated in our 

study presented higher accuracy with both higher sensitivity and specificity for the <25 and <26 cut-

offs compared to the MMSE<24 and the QuoCo algorithm. The poor performance of the <24 cut-off 

does not fit with Creavin et al.’s meta-analysis where only a slightly lower sensitivity (0.85 versus 

0.87) but higher specificity (0.90 versus 0.82) was found for the <24 versus the <25 cut-off [5].  
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Recent normative data reported for the French general population show important variations 

with education, with the 50th percentile values for the oldest age group studied (65-70 years) ranging 

from 26 for no diploma to 29 for college degree [7]. As in the original study, the QuoCo showed 

greater stability than the MMSE<24 cut-off across age, education and baseline cognitive status sub-

groups, thereby overcoming the poorer performance of the MMSE previously shown with this cut-off 

in older adults [9], with a ceiling effect in those with high cognitive functioning [19]. The higher SN of 

the QuoCo in the group under 75-years of age and in that with 12 or more years of education is in 

keeping with Bernier et al.’s original study and a similar cognitive quotient algorithm based on the 

Montreal Cognitive Assessment [11, 12]. However, in a sensitivity analysis, the <25 and <26 cut-offs 

showed to be as stable as the QuoCo across the dichotomised sub-groups. To note, as we are 

comparing QuoCo-assessed decline over time to serial dichotomised MMSE scores regardless of 

previous MMSE tests, our findings do not allow us to single out the effect of age and education 

correction on the discriminative performance of the MMSE.  

There is controversy over a potential loss of performance of cognitive screening tests when 

correcting for age and education, depending on whether they are considered as causal risk factors 

for dementia or only ‘noise’ influencing the raw scores. In some cases, correction has been shown 

remove meaningful information and lower sensitivity but in others, in the absence of a strong causal 

relationship, it can be beneficial [20]. In fact, age but not education has been found to reduce the 

validity of test scores predicting progression from mild cognitive impairment to dementia [21], but 

this has not been confirmed elsewhere [22]. Creavin et al. pooled accuracy estimates adjusted for 

level of education from 7 cross-sectional general population and primary care studies and found 0.97 

for sensitivity and 0.70 for specificity [5]. In our longitudinal study, despite important differences in 

baseline characteristics such as age, education, general health, and dementia incidence between the 

centres [13], SN and SP for the QuoCo did not differ between them. However, optimal MMSE cut-offs 

did, indicating that raw cut-offs on the MMSE will perform differently according to the setting as 

previously reported [5]. Moreover, in all centres higher MMSE cut-offs than the conventional <24 
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yielded higher SNs and SPs. We believe that from a clinical perspective, the QuoCo method with its 

user-friendly visual online charts and classification algorithm requiring age, education and MMSE 

score, exempts the clinician from having to search and choose a cut-off or from using the 

conventional widely used but poorly performing <24 threshold as must be done in busy primary care 

settings. 

Limitations inherent to most population cohorts include attrition, with participants who will 

go on to develop dementia being more likely to be censored than others. This limitation is partly 

balanced by a high accuracy of diagnosis through active screening and validation procedures. As in 

many studies [11, 18], the raw MMSE score was used in this diagnostic process. However, it was one 

among many screening instruments (MMSE, Isaacs Set Test, Benton Visual Retention Test, Trail 

Making Test) including also measures of dependency, in a stepped approach involving examination 

by a neurologist and a review of potential cases by an independent expert committee [13]. Another 

limitation was the lack of precision regarding education, documented by level rather than number of 

years. 

 

Conclusion 

In terms of accuracy, the QuoCo method showed poorer performance than the MMSE with 

cut-offs <24 and above. However, it showed higher sensitivity than the conventionally used 

MMSE<24 cut-off for identifying incident dementia. This is, to the best of our knowledge, the first 

application of the QuoCo method in a non-North American population, in a large cohort of healthier 

community-dwelling older adults with more frequent examinations over a longer follow-up. Its 

stability across the 3 study centres and subgroups adds to the validity and applicability of the method 

across different settings, periods and follow-up procedures. Cost-effective, easy-to-use screening 

tools are essential for monitoring change and implementing effective dementia strategies in primary 

care [23]. This method has the advantage of combining one of the most widely used screening tools 

with a visual interactive representation of trajectories modelled on paediatric growth charts familiar 
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to most clinicians; from age, level of education and MMSE score it will indicate whether the patient’s 

cognitive decline requires or not further investigation. This can have a considerable public health 

impact by enabling early referral for further investigations and planning ahead for care. 
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Table 1. Characteristics of the study population (N=8156) 

 
 

Healthy controls 
(N=7113) 

Incident dementia 
(N=1043) 

Sample description Median (IQR) Median (IQR) 

Age at start of study (years) 72.8 (7.8) 76.4 (7.4) 
Follow-up duration (years) 9.3 (7.5) 8.8 (5.3) 
Education: ≥12 years (%)1 30.4 25.3 
Centre (%)   

Bordeaux 20.2 37.4 
Dijon 55.3 42.9 
Montpellier 24.5 19.7 

MMSE   
Score<24 at baseline (%) 4.0 10.4 
Score at baseline 28 (2) 27 (3) 
   

QuoCo   
Score at baseline2 
In ‘at risk’ zone at baseline (%) 

377.9 (51.7) 
7.8 

348 (52) 
16.0 

 
1 

Education was classified into the following 7 levels, each corresponding to an average number of years in 
school: no schooling (0), primary level (5), secondary level (9), apprenticeship (10), high school attendance (12), 
high school qualification (13), university level (14). The percentage represents the participants with 12 years of 
education or more. 
2
MMSE/age*100 
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Table 2. Psychometric properties of the QuoCo and MMSE for identifying incident dementia cases, from repeated 

measures logistic regression analysis. 

 
Sensitivity  
(95% CI) 

Specificity 
 (95% CI) 

Youden 
index 

PPV NPV LR+ LR- 

QuoCo 74.1 (71.3-76.7) 84.0 (83.5-84.6) 0.58 14.2 (13.3-15.2) 98.9 (98.8-99.0) 4.63 0.31 

MMSE score 
<23 

51.7 (48.6-54.8) 97.3 (97.0-97.5) 
0.49 40.5 (37.7-43.3) 98.2 (98.1-98.4) 19.15 0.50 

MMSE score 
<24 

64.1 (61.1-67.0) 94.7 (94.3-95.0) 
0.59 30.2 (28.2-32.3) 98.7 (98.5-98.8) 12.09 0.38 

MMSE score 
<25 

75.9 (73.2-78.5) 90.6 (90.1-91.1) 
0.67 22.5 (21.1-2.09) 99.1 (98.9-99.2) 8.07 0.27 

MMSE score 
<26 

85.3 (83.0-87.4) 84.4 (83.7-85.0) 
0.70 16.3 (15.4-17.3) 99.4 (99.3-99.5) 5.46 0.17 

MMSE score 
<27 

93.5 (91.8-94.8) 74.1 (73.3-74.8) 
0.68 11.4 (10.8-12.1) 99.7 (99.6-99.8) 3.61 0.09 

        

Note: CI = Confidence interval, calculated taking into account correlations between observations using generalised estimation equations 
[14] 
 

 



16 
 

0 

20 

40 

60 

80 

100 
MMSE <28: SP 

MMSE ≥28: SP 

Educ 0-11: SP 

Educ ≥12: SP 

Age <75: SP 

Age ≥75: SP 

Age <75: SN 

Age ≥75: SN 

Educ 0-11: SN 

Educ ≥12: SN 

MMSN <28: SN 

MMSN ≥28: SN 

QUOCO MMSE<24 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A)                  (B) 

Figure 1. (A) The Receiver Operating Characteristic curve for the MMSE and diagnostic accuracy of the QuoCo and MMSE<24 cut-off for predicting dementia. 
Point A represents the diagnostic performance (Sensitivity; 1-Specificity) of the QuoCo; Point B represents the diagnostic performance of the MMSE<24 cut-
off. Lines C and D represent the positive and negative likelihood ratios, respectively. Following Biggerstaff’s method [16], the positive likelihood line runs 
through point (0,0) and point B, whereas the negative likelihood line runs through point (1,1) and point B. Any point inside the area defined by point B, line C 
and line D, which is where the QuoCo (point A) lies, would be superior for confirming the absence of disease (NPV) but inferior for confirming the presence 
of disease (PPV). 
(B) Variations in sensitivity (SN) and specificity (SP) in sub-groups, from repeated measures logistic regression analysis. This illustrates the stability of the 
QUoCo in terms of SN/SP balance, with superior SPE in most sub-groups for the MMSE<24 cut-off. 
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