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Decline in cognition from mid-life improves specificity of mini-mental state examination: diagnostic test 

accuracy in Caerphilly Prospective Study (CaPs) 

Abstract  

Background The merit of using baseline cognitive assessments in mid-life to help interpret cross-sectional 

cognitive tests scores in later life is uncertain. We evaluated how accuracy for diagnosing dementia is 

enhanced by comparing cross-sectional results to a midlife measure.    

Method Cohort study of 2,512 men with repeated measures of Mini Mental State Examination (MMSE) 

over approximately 10 years. Index test MMSE at threshold of 24 indicating normal, as a cross-sectional 

measure and in combination with decline in MMSE score from mid-life. Reference standard consensus 

clinical diagnosis of dementia by two clinicians according to Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (DSM-IV).    

Results 1,150 men participated at phase 4 of whom 75 had dementia. A cross-sectional MMSE alone 

produced a sensitivity of 60% (50% to 70%) and specificity 95% (94% to 97%) with a threshold of ≥ 24 

points indicating normal. For lower-scoring men in late life, with cross sectional scores of <22, combining 

cross-sectional AND a three-point or more decline over time had a sensitivity of 52% (39% to 64%) and 

specificity 99% (99% to 100%). For higher-scoring men in later life, with cross sectional scores <26 

combining cross-sectional OR decline of at least three points had a sensitivity of 98% (92% to 100%) and 

specificity 38% (32% to 44%).    

Conclusion It may be helpful in practice to formally evaluate cognition in mid-life as a baseline to compare 

with if problems develop in future, as this may enhance diagnostic accuracy and classification of people in 

later life. 

Introduction. 

A range of cognitive tests are available to help as part of the diagnostic work up for dementia [1], but 

even the best known of these carry a significant risk of false positives (FPs) [2]. FP tests may generate 

unnecessary concern while further investigations, which may themselves cause or risk morbidity, are 
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required to confirm or refute the diagnosis of dementia. Strategies to help reduce the number of FPs who 

require further workup are important because some health services have reported a rise in the number 

of people who are being evaluated for possible dementia, but a fall in the proportion who are true 

positives (TP)s [3,4]. Intuitively, comparing objective measures of cognition to a previous baseline 

objective measure should improve diagnostic accuracy. Our aim was to test the hypothesis that we could 

improve diagnostic accuracy compared to using later-life cross-sectional measures alone by also 

considering a personal mid-life measure of cognition, and that this would reduce both false-positives and 

false-negatives. We used data from the Caerphilly Prospective Study (CaPS). 

Methods 

Participants 

CaPS is a cohort study of men that was established to investigate cardiovascular disease [5]. Men aged 

45–59 years were identified from the electoral roll and general practice lists in Caerphilly and adjoining 

villages in South Wales, UK. Initial participation rate was 89% and 2,512 men were examined in phase 1 

(July 1979 to September 1983) and then followed-up at regular intervals. Social class was assessed at 

phase 2 based on current or most recent occupation according to the 2010 United Kingdom Office for 

National Statistics[6] : I professionals; II managerial and technical occupations; IIIa skilled occupations 

(non-manual); IIIb skilled occupations (manual); IV partly skilled occupations; V unskilled occupation. 

Cognition was assessed at phases 3 (November 1989 to September 1993), 4 (October 1993 to February 

1997), and 5 (September 2002 to June 2004) using tests including the Mini Mental State Examination 

(MMSE) [7]. At phase 5 all 300 men (of whom 205 attended) who met screening criteria (CAMCOG <83 or 

decline in CAMCOG of 10 points or more between any two measurement periods, or failure to complete 

CAMCOG) [8], as well as the oldest 47 of the 925 men who screened negative (of whom 45 were seen), 

were invited for a clinical evaluation in their home or research clinic by a neurologist.  

Written informed consent was obtained from all participants. Approval for the original Caerphilly 

Prospective Study was obtained from the Research Ethics Committee in South Glamorgan, Wales (01/69). 
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Approval for the phase five follow-up study was obtained from the Research Ethics Committee in Gwent, 

Wales. 

Mini Mental State Examination 

At each of phases 3 to 5, MMSE was conducted in a standardised manner by a trained research assistant 

who was not aware of the final clinical diagnosis at phase 5. We averaged MMSE score at phases 3 and 4 

where possible, to reduce measurement error in assessing mid-life cognition, but did not exclude 

participants who only completed one mid-life measure. We calculated decline in MMSE by subtracting 

MMSE at phase 5 from the average mid-life MMSE. We summarised decline in MMSE score and identified 

men with a decline in MMSE score at least 3 to indicate a reliable change in function [9]. We identified 

men who attended at phase 3 or phase 4, but who did not participate at phase 5; almost all had died in 

the interim period.  

Index test and reference standard 

The typical MMSE threshold is 24 indicating normal[2]. We evaluated the diagnostic accuracy of each 

MMSE threshold from a range of 20 to 30 indicating normal, since we judged the impact of decline in 

cognition on diagnostic accuracy might vary across thresholds i.e., a decline of 3 points from midlife 

might be more important in someone who at phase 5 scored 26 rather than 18. The index tests indicating 

abnormal were (a) phase 5 MMSE below threshold (b) phase 5 MMSE below threshold and mid-life 

MMSE decline of at least 3 or at least 4 points (c) phase 5 MMSE below threshold or mid-life MMSE 

decline of at least 3 or 4 points (d) decline in MMSE score between 1-5 points regardless of baseline 

score.  

The reference standard was a consensus diagnosis of dementia made by two clinicians with specialist 

training in memory disorders using the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition (DSM-IV) [10], after reviewing all relevant information including medical records (including 

investigations where available), the clinical assessment where available, and MMSE score. 

Statistical methods 
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We calculated the diagnostic accuracy of phase 5 MMSE using standard measures namely sensitivity, and 

specificity. All analyses were conducted in Stata (version 13). Sensitivity analyses (a) computed the 

diagnostic accuracy for the three index tests when the four men who participated at phase 5 but had 

missing values for MMSE were instead scored as 0 for MMSE at phase 5 (b) derived accuracy stratified by 

mid-life MMSE scores (24 or more) of (i) decline of at least three points and (ii) phase 5 MMSE at a 

threshold of 24. We also calculated the sensitivity and specificity of using the age-appropriate 5th centile 

for men [11]. 

Results 

Figure 1 goes here 

MMSE was completed by 1,853 of the 2,429 men who were alive at phase 3, 1,498 of the 2,138 men who 

were alive at phase 4, and 1,221 of the 1,225 men who were alive and contactable at phase 5, of whom 

75 men had dementia. Most men (717/1,223) who participated at phase 3 or 4 but not phase 5 had died 

in the interval. A further 295 men refused contact and 211 could not be traced, for a total of 1,731 men 

who were still alive. (See figure 1 for flow chart). 387 subjects were seen at a research memory clinic 

resulting in the prospective identification of 75 dementia cases (25 dementia had already been diagnosed 

through death certificates and medical records and were not reassessed.) 

Table 1 goes here 

Table 1 shows the median age at each phase, median MMSE score, and social class of men stratified by 

participation and presence of dementia at phase 5. The 1,223 men who participated at phase 3 or phase 

4 but did not participate at phase 5 were older (median age of 63 years at phase 3), compared to the 

1,150 men who participated at phase 5 and did not have dementia (60 years) but younger than the 75 

men who participated at phase 5 and had dementia (66 years) At phase 5, the median age for men who 

had dementia was 78 years compared to 72 years for men who did not have dementia. The median 

interval between follow-up was similar in men who did or did not have dementia at phase 5.  
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Although the median MMSE for the whole group of men was 27 at each phase, this concealed a 

substantial decline in MMSE for men who had dementia at phase 5, who also had lower MMSE scores at 

baseline than men who did not have dementia at phase 5. The median MMSE at phase 3 was 27 for men 

who did not participate at phase 5, 25 for men who had dementia at phase 5, and 27 for men who did not 

have dementia at phase 5. 

Table 2 goes here 

Table 2 shows the diagnostic accuracy for each of the index tests described in Methods. At a threshold of 

24 indicating normal, the diagnostic accuracy of MMSE at phase 5 was sensitivity 60% (95% CI 50% to 

70%) specificity 95% (95% CI 94% to 97%). Lowering or raising the threshold had the inevitable effect of 

either reducing sensitivity but increasing specificity or vice versa respectively, and consistent with 

previous studies the conventional threshold of ≥ 24 was optimal.  

Combining MMSE at phase 5 at a threshold of 24 and decline in MMSE of at least 3 points resulted in 

improved specificity 99% (95% CI 98% to 99%) and a slight decline in sensitivity 58% (95% CI 45% to 70%). 

Combining MMSE at phase 5 and decline led to a slight improvement in both sensitivity and specificity 

(which was already high) at thresholds lower than 24, compared to the same threshold at phase 5 alone, 

whereas at thresholds above 24, and decline led to an improvement in specificity but a decline in 

sensitivity. There was a similar pattern for a decline of at least 4 points, being more substantial for scores 

of above 24 (see Supplemental Table 1).  

In contrast, the combined test either MMSE at phase 5 with a threshold of 24 or a decline of at least 3 

points led to a marked improvement in sensitivity 98% (95% CI 91% to 100%) compared to phase 5 alone 

at the same threshold, but a substantial decline in specificity 18% (95% CI 10% to 27%). Thresholds below 

24 combined or decline had an improvement in sensitivity but decline in specificity compared to using 

MMSE at phase 5 alone at threshold of 24, whereas at thresholds above 24 or decline had improved in 

sensitivity, but relatively preserved specificity. There was a similar pattern for either MMSE at phase 5 

with a threshold of 24 or a decline of at least 4 points (see Supplemental Table 1). 

Table 3 goes here 
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Table 3 shows that the diagnostic accuracy for decline in midlife cognition of 1 point or more for the 

whole sample produced a sensitivity of 85% (95% CI 74% to 93%) and specificity 69% (95% CI 66% to 

72%), and that specificity increased as decline in midlife cognition worsened with a reduction in 

sensitivity. In men with a phase 5 MMSE of 24 or more, the diagnostic accuracy of decline of at least one 

point was sensitivity 67% (30% to 93%) specificity 72% (68% to 75%). In contrast, in men with a phase 5 

MMSE of less than 24 the diagnostic accuracy of decline of at least four points was sensitivity 69% (95% 

CI 55% to 81%) and specificity was 79% (95% CI 63% to 90%). Therefore, in men with normal (≥24) MMSE 

scores at phase 5, a relatively small decline in MMSE score from mid-life (1 point) improved detection of 

people with dementia compared to phase 5 measures alone, whereas in men with abnormal (<24) scores 

at phase 5, the accuracy of decline in MMSE score from mid-life was less favourable than the cross-

sectional score alone. In terms of the trade-offs between sensitivity and specificity in natural frequencies, 

Table 3 shows that the best trade-off is for a 3-point decline in people who score 24 or more at phase 5, 

where compared to using a cross-sectional MMSE alone there are 10 additional TP at a cost of 36 

additional FP (3.6 additional FP per 1 additional TP), and a 3-point decline overall has an additional 2 TP 

for 0 additional FP. However, using a 3 point decline in people with a score of less than 24 at phase 5 

generates many more FP than TP, even with a 4-point decline there are an additional 17.3 FP per 1 

additional TP, compared to MMSE at phase 5 alone.  

The results of the sensitivity analysis where scores on phase 5 MMSE for four men who had missing data 

for this item were replaced with zero were identical to the main analysis. 

We also did an analysis stratified by scores on mid-life MMSE (see Supplemental Table 2). Supplemental 

Table 2 shows that in an analysis restricted to men who had a midlife MMSE of less than 24, the 

diagnostic accuracy of decline of at least three points was sensitivity 48% (95% CI 28% to 69%) specificity 

96% (95% CI 82% to 100%) and the accuracy of phase 5 MMSE at a threshold of 24 indicating normal was 

sensitivity 82% (95% CI 63% to 94%) specificity 50% (95% CI 31% to 69%). Therefore, in men with 

abnormal mid-life MMSE scores, decline from mid-life to late life had lower sensitivity but greater 

specificity compared to using cross-sectional late life cognition at phase 5 alone. In contrast, in an 

analysis restricted to men who had a midlife MMSE of more than 24, the diagnostic accuracy of decline of 
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at least three points was sensitivity 71% (95% CI 53% to 85%) specificity 95% (95% CI 93% to 96%) and the 

accuracy of phase 5 MMSE at a threshold of 24 indicating normal was sensitivity 56% (95% CI 41% to 

71%) specificity 97% (95% CI 97% to 99%). Therefore, in men with normal mid-life MMSE scores, decline 

from mid-life to late life had higher sensitivity and similar specificity compared to using cross-sectional 

late life cognition at phase 5 alone.   

When we used age-sex specific thresholds the diagnostic accuracy was sensitivity 40% (95% CI 30% to 

50%) specificity 99% (95% CI 98% to 99%). 

Discussion 

Summary 

This study found that cross-sectional diagnostic test accuracy of MMSE in men was improved by taking 

account of decline in cognition using data from an earlier time-point. At higher cross-sectional test 

thresholds (e.g., 29 indicating normal), sensitivity was improved by combining or decline to identify 

people with a presumed high baseline level of function who might otherwise be missed . At lower cross-

sectional test thresholds (e.g., 23 indicating normal) specificity was improved by combining and decline to 

identify people with a presumed low baseline level of cognition who might otherwise be over-diagnosed. 

Using decline in cognition of at least three points as a single test had similar test accuracy to using MMSE 

at a threshold of 24 indicating normal. Test accuracy of various definitions of decline in cognition had 

higher sensitivity but similar specificity in men who scored more than 24 points in midlife than men who 

scored less than this. 

Strengths and limitations 

The key strength of this investigation is the repeated standardised measures of cognition between mid-

life and later life, and the blinding of the index test to the reference standard. However, CaPS was not 

designed as a diagnostic test accuracy study and our results should be interpreted with caution. Our 

results need confirmation in other settings in studies that include women and are more ethnically 

diverse. The original purpose of the CaPs cohort was to investigate risk factors for cardiovascular disease 
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rather than to identify or diagnose dementia but as the men became older cognitive function and later 

screening for dementia was added prospectively to the protocol. The population were relatively 

homogenous and had generally left school at a relatively early age, typical of birth cohorts of this period.   

The index test was conducted blind to the reference test but is subject to incorporation bias and this will 

tend to increase the diagnostic accuracy of the test. This is not uncommon in studies of diagnostic 

accuracy in dementia. The cut point for decline in MMSE score between midlife (phase 3 and 4) and later 

life (phase 5) could have been chosen arbitrarily but we selected a point based on published suggestions 

from studies that investigated reliability of MMSE in prolonged follow-up [9]. MMSE is now copyright, 

and a charge is made for using it in clinical practice. Intuitively it seems likely that our approach would 

translate to the use of other brief cognitive tests, or indeed computer-based tests, but this should be 

evaluated before large scale adoption of this approach. 

The reference test is a recognised standard for dementia in studies of test accuracy in dementia but does 

not incorporate neuroimaging and biomarker assay, both of which are of arguably of more benefit in 

identifying the aetiology of dementia than the presence of the syndrome, according to DSM-IV, and 

neither of which were in typical clinical or research practice in the UK at the time. Incorrect classification 

of participants regarding dementia would reduce the diagnostic accuracy of the index tests due to 

increasing random error in the data, but arguably the main limitation of our reference standard is the 

inability to explore heterogeneity by aetiological subtype. 

Men with dementia at phase 5 may have already been sufficiently impaired at phase 3 and 4 to have 

dementia, though not been diagnosed, and this would increase the specificity of our index tests. 

However, some of these men might have died before phase 5 since survival in people with dementia is 

around 6 years from onset [12]. We clinically evaluated some, but not all, surviving men who scored in 

the normal range on MMSE at phase 5. However, it is fairly common in population based studies to only 

examine a sample of participants who score in the normal range on cognitive screening tests [2]. Our 

analysis indicated that the procedures identified 98% of men with dementia. It is possible that the 

screening procedures may have altered the diagnostic accuracy of both cross sectional and longitudinal 
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measures on MMSE, since men with high scores who did not decline were less likely to receive the 

reference standard and there may therefore be incomplete ascertainment of dementia in people who 

scored well at phase 5 and had not declined, this would tend to lead the estimates of test accuracy that 

we report to be over-optimistic.  

Comparison to existing literature  

In a sample of Swedish adults aged 85 the median change in MMSE scores over 3 years was -3.0 and a 

decline of 4 points or more between the two examinations had sensitivity of 83% and specificity of 80% 

for diagnosing dementia [13]. Another study in Dutch adults aged 65 to 84 years reported that a decline 

of 5 points or more over one year had a sensitivity of 43% and specificity of 97% for diagnosing dementia 

[14].  Neither of these studies reported the accuracy of combining the cross-sectional MMSE and MMSE 

decline. Other studies have reported that lower scores on tests of cognition at baseline are associated 

with dementia diagnosis at follow up [15,16], and that accelerated cognitive decline might be more 

strongly associated with pre-clinical dementia than a low score on a cross sectional test [17]. In another 

study, memory and executive function declined most in people with pre-clinical AD [18]. However, none 

of these studies reported how the diagnostic accuracy of a cross sectional test was affected by use of 

measures of decline. 

In our study, use of age-sex specific thresholds for MMSE increased specificity compared to use of a 

standard threshold, but at a cost to sensitivity. When we used age-sex specific thresholds the diagnostic 

accuracy was sensitivity 40% (95% CI 30% to 50%) specificity 99% (95% CI 98% to 99%). In contrast 

keeping specificity constant (99%, 95% CI 98% to 100%) then using 5-point decline in MMSE points had a 

sensitivity of 54% (95% CI 41% to 67%), and at the optimal threshold (3-point decline) diagnostic accuracy 

was sensitivity 62% (95% CI 49% to 74%) specificity 95% (95% CI 93% to 96%). While age and sex specific 

thresholds may initially seem similar to our approach of using a midlife measure to derive decline, they 

may be subject to a generational effect and less able to distinguish between outliers within generations; 

that is, different generational cohorts may have higher or lower age specific thresholds due to the effect 

of education. For any one individual, the age-sex specific threshold for that generational cohort is unlikely 
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to be known, and indeed even level of education may be unknown if the person does not recall and they 

have no informant, whereas if midlife measures were recorded systematically these could easily be used 

in future for individuals. For people with premorbid cognitive function which is exceptionally high or low, 

using a decline measure from mid-life allows for a self-controlled assessment of cognition, whereas an 

age-adjusted measure cannot account so well for people who are outliers in mid-life performance. 

Implications  

A primary care clinician who applies single thresholds for tests may inappropriately reassure a patient 

who scores above the threshold for dementia, whereas when considering decline from a previous higher 

level of functioning the clinician might decide to recommend further tests. Alternatively, a primary care 

clinician might incorrectly diagnose dementia in a patient who scores below a certain threshold, whereas 

the clinician would avoid this false-positive diagnosis when taking decline into account. 

Though screening for dementia is not recommended [19,20] we believe that these results would support 

the routine assessment of cognition in mid-life to provide a baseline for future tests to be compared 

against should symptoms or concerns develop. Decision aids for patients and clinicians who were 

considering this approach would need to convey the message that the test was being conducted to act as 

a baseline for future testing, not as a test for diagnosis or prognosis in mid-life. We acknowledge that 

general health check-ups are of uncertain benefit, and may cause harm [21], but nevertheless have been 

implemented as policy in both the UK and USA. We believe the potential benefit of this approach is the 

reduction of misclassifications or incorrect diagnoses, which has benefit to the individual and to society. 

Since national guidelines do not currently recommend screening for dementia, we focus the impact on a 

person presenting with concern about cognitive symptoms.  

Measures incorporating decline might have particular benefit in identifying additional people with high 

baseline cognition who might otherwise be missed. Future research could identify the optimal and timing 

of mid-life cognitive testing, as well as identify public perceptions about this approach.  
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Table 1: Demographics of men and MMSE score at each of phases 3 – 5 

 Men who participated 

at phase 3 or phase 4 

but did not participate 

at phase 5 

 

 

n=1,223 

Men who 

participated at phase 

5,  

with dementia at 

phase 5 

 

n=75 

Men who participated 

at phase 5,  

without dementia at 

phase 5 

 

 

n=1,150 

Median age (years) at 

phase (IQR) 

   

3 63 (59 to 67) 66 (63 to 68) 60 (58 to 64) 

4 67 (63 to 71) 70 (69 to 72) 64 (61 to 68) 

5 - 78 (75 to 80) 72 (70 to 76) 

Median interval (years)     

From phase 3 to phase 5 - 11.8 (10.9 to 12.7) 11.8 (10.8 to 12.8) 

From phase 4 to phase 5 - 8.0 (7.4 to 8.9) 8.2 (7.4 to 8.9) 

From phase 3 to phase 4 3.8 (3.5 to 3.9) 3.8 (3.5 to 3.9) 3.7 (3.4 to 3.9) 

Social Class % (n)    

I or II 18 (181) 14 (10) 29 (263) 

IIIa or IIb 58 (575) 74 (52) 59 (538) 

IV or V 24 (241) 11 (8) 13 (118) 

Median (IQR) MMSE     

phase 3 27 (25 to 28) 25 (22 to 27) 27 (26 to 29) 

phase 4 27 (25 to 28) 25 (22 to 27) 28 (26 to 29) 

phase 5 - 19 (14 to 23) 28 (26 to 29) 

Decline  - 5.5 (2 to 9.5) 0 (-1 to 1) 
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*four men at phase 5 did not have an MMSE 
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Table 2: diagnostic accuracy of phase 5 MMSE alone compared to phase 5 MMSE combined with decline of at least 3 points between mid-life and phase 5 

MMSE  

Threshold * 

Phase 5 MMSE at threshold Phase 5 MMSE at threshold AND 

decline † 

Phase 5 MMSE at threshold, OR 

decline † 

 Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Sensitivity  

(95% CI) 

Specificity  

(95% CI) 

Sensitivity  

(95% CI) 

Specificity  

(95% CI) 

20 38 (28 to 48) 99 (99 to 100) 45 (33 to 57) 100 (100 to 100) 94 (83 to 99) 2 (0 to 11) 

21 44 (34 to 54) 99 (98 to 99) 48 (36 to 61) 100 (99 to 100) 96 (87 to 100) 6 (1 to 16) 

22 48 (38 to 58) 98 (97 to 99) 52 (39 to 64) 99 (99 to 100) 96 (87 to 100) 2 (0 to 10) 

23 52 (42 to 62) 98 (97 to 99) 54 (41 to 66) 99 (98 to 100) 92 (82 to 97) 22 (13 to 34) 

24 60 (50 to 70) 95 (94 to 97) 58 (45 to 70) 99 (98 to 99) 98 (91 to 100) 18 (10 to 27) 

25 64 (54 to 73) 92 (90 to 94) 61 (48 to 73) 98 (97 to 99) 98 (92 to 100) 39 (32 to 47) 

26 65 (55 to 74) 84 (81 to 86) 61 (48 to 73) 96 (95 to 98) 98 (92 to 100) 38 (32 to 44) 

27 66 (56 to 75) 70 (67 to 73) 61 (48 to 73) 95 (94 to 97) 97 (90 to 100) 35 (31 to 40) 

28 69 (59 to 78) 52 (49 to 56) 62 (49 to 74) 95 (94 to 96) 96 (88 to 99) 30 (26 to 34) 

29 72 (62 to 81) 30 (28 to 33) 62 (49 to 74) 95 (93 to 96) 100 (95 to 100) 21 (19 to 24) 

30 72 (62 to 81) 11 (9 to 13) 62 (49 to 74) 95 (93 to 96) 100 (95 to 100) 10 (8 to 12) 
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* i.e. for row 24, 24 is the lowest normal value, which is the typical threshold  

† Decline = decline of 3 points or more from mid-life (average phase 3/4) to later life (phase 5) MMSE 

CI, Confidence Interval 



 20 

Table 3: diagnostic accuracy of decline in MMSE between mid-life and phase 5 

Decline in 

MMSE * 

Sensitivity Specificity Additional 

TP † 

Additional 

FP † 

1 85 (74 to 93) 69 (66 to 72) 23 236 

2 77 (65 to 89) 86 (84 to 89) 16 82 

3 62 (49 to 74) 95 (93 to 96) 2 0 

4 59 (46 to 71) 98 (97 to 99) -1 -27 

5  54 (41 to 67) 99 (98 to 100) -6 -36 

Analysis in people who score 24 or more at phase 5 (n=951)   

1 67 (30 to 93) 72 (68 to 75) 62 254 

2 22 (3 to 60) 89 (86 to 91) 20 100 

3 11 (0.3 to 48) 96 (95 to 98) 10 36 

4 0 (0 to 34) 99 (98 to 100) 0 9 

5  0 (0 to 34) 99 (99 to 100) 0 9 

Analysis in people who score less than 24 at phase 5 (n=105)   

1 89 (77 to 96) 16 (6 to 31) 27 717 

2 87 (74 to 94) 42 (26 to 59) 25 481 

3 71 (57 to 83) 63 (46 to 78) 10 290 

4 69 (55 to 81) 79 (63 to 90) 8 145 

5  64 (49 to 76) 87 (72 to 96) 4 73 

* Between midlife (phase 3 and 4 average) and later life (phase 5) 

† compared to 24 indicating normal cross sectional in 1000 people with prevalence of dementia at 

prevalence of 9.3% (based on this sample) 
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Table 4: accuracy of 3 point decline and phase 5 MMSE, stratified by mid-life MMSE scores of ≥24 and < 24 

Diagnostic Accuracy stratified by mid-life MMSE score 

 Mid life MMSE score < 24 Mid life MMSE score ≥ 24 

Index test Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI) 

≥ 3 point decline 48 (28 to 69) 96 (82 to 100) 71 (53 to 85) 95 (93 to 96) 

Phase 5 MMSE of <24 82 (63 to 94) 50 (31 to 69) 56 (41 to 71) 97 (97 to 99) 

CI Confidence interval MMSE Mini Mental State Examination  
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Figure 1: flow chart of inclusion of men in the study after [22] with permission from journal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Phase 3 

2,429 men 

Of whom 

1,853 had MMSE 

Phase 4 

2,138 men 

Of whom 

1,498 had MMSE 

Phase 5 

1,225 men 

Of whom 

1,221 had MMSE 

Of 1,221 men with MMSE at 

phase 5, a subset of 1,092 

also had a MMSE at either 

phase 3 or phase 4 

75 men screened at phase 5 

with dementia 
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Supplementary Table 1: diagnostic accuracy of phase 5 MMSE alone compared to phase 5 MMSE 

combined with decline of 4 points or more between mid-life and phase 5 

 

MMSE 5 

Threshold 

(value 

indicating 

normal)* 

Phase 5 MMSE at threshold Phase 5 MMSE at threshold 

AND decline of 4 points or 

more from mid-life (average 

phase 3/4) to later life (phase 

5) MMSE 

Phase 5 MMSE at threshold, 

OR a decline of four points 

or more from mid-life 

(average phase 3/4) to later 

life (phase 5) MMSE   

 Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

20 38 (28 to 48) 99 (99 to 

100) 

45 (33 to 

57) 

100 (100 to 100) 94 (82 to 99) 8 (1 to 27) 

21 44 (34 to 54) 99 (98 to 99) 48 (36 to 

61) 

100 (99 to 100) 96 (86 to 100) 11 (2 to 29) 

22 48 (38 to 58) 98 (97 to 99) 52 (39 to 

64) 

99 (99 to 100) 96 (87 to 100) 4 (0 to 18) 

23 52 (42 to 62) 98 (97 to 99) 54 (41 to 

66) 

99 (98 to 100) 90 (79 to 96) 41 (28 to 

56) 

24 60 (50 to 70) 95 (94 to 

97) 

56 (43 to 

69) 

99 (98 to 100) 97 (89 to 

100) 

27 (17 to 

39) 

25 64 (54 to 73) 92 (90 to 94) 58 (45 to 

70) 

99 (98 to 99) 98 (92 to 100) 47 (39 to 

55) 

26 65 (55 to 74) 84 (81 to 86) 58 (45 to 

70) 

98 (97 to 99) 98 (92 to 100) 41 (35 to 

47) 

27 66 (56 to 75) 70 (67 to 73) 58 (45 to 

70) 

98 (97 to 99) 97 (90 to 100) 35 (31 to 

40) 
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28 69 (59 to 78) 52 (49 to 56) 59 (46 to 

71) 

98 (97 to 99) 96 (88 to 99) 30 (26 to 

34) 

29 72 (62 to 81) 30 (28 to 33) 59 (46 to 

71) 

98 (97 to 99) 100 (95 to 

100) 

21 (19 to 

24) 

30 72 (62 to 81) 11 (9 to 13) 45 (33 to 

57) 

100 (100 to 100) 100 (95 to 

100) 

10 (8 to 12) 

*  i.e. 24 is the lowest normal value, which is the typical threshold  


