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Abstract

The Mini-Mental State Examination (MMSE) is widely used in cognitive screening, including in primary care settings. This
study evaluated the diagnostic performance of the MMSE using data from 390 community-dwelling older adults aged 65 to
98 years (M =75.76, SD=6.76). The MMSE’s accuracy was assessed against clinical diagnoses and symptom severity levels
based on the Global Deterioration Scale (GDS). Receiver operating characteristic (ROC) analysis, evaluating the ability to
distinguish individuals with dementia from those without, provided an area under the curve (AUC) of .75 (95% CI: 0.67-0.84,
p <.001). The optimal cutoff based on Youden Index was 21 and resulted in a sensitivity of .77 (95% CI [.728, .812]) and
specificity of .65 (95% CI [.603, .697]), whereas the more conventional cutoff (24) showed lower sensitivity (.50; 95% CI
[.450, .550]) but higher specificity (.82; 95% CI [.782, .858]). At the suggested cutoff, the MMSE identified all cases at the
severe stage, 88% at the moderate stage, and 31% at the mild stage of dementias, as classified by the GDS. In contrast, the
Quick Mild Cognitive Impairment screen (Qmci) identified nearly all cases across severity levels. Against previous dementia
diagnoses, when employing a cutoff score of 24 the MMSE had a positive predictive value of .52 (95% CI [.395, .645]) and
a negative predictive value of .81 (95% CI [.726, .894]), indicating modest diagnostic reliability in a primary care context.
Similar results were obtained applying a cutoff score of 21. These findings highlight how base rates and test characteristics
shape test accuracy and should guide decision-making. Overall, our findings highlight that the MMSE can produce a sub-
stantial number of false positives in contexts with a relatively low prevalence of dementia, such as primary care, challenging
the common assumption of its low false-positive rate. More broadly, our study emphasizes the importance of considering the
prevalence of the condition in a given context, as differences in prevalence can drastically affect the interpretation of results,
particularly the positive predictive value, even when sensitivity and specificity remain unaffected.
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Introduction screening, including in primary care settings. While its diag-

nostic performance has been shown to be relatively high in

The Mini-Mental State Examination (MMSE; Folstein et al.
1975) remains one of the most widely used tools for cogni-
tive assessment and is still often considered a gold standard
in clinical practice. Due to its brevity and ease of administra-
tion, it is frequently the first-choice instrument for cognitive
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specialized clinics and secondary care settings, several stud-
ies have suggested that its accuracy is significantly reduced
when applied in primary care contexts (Janssen et al. 2017,
Arevalo-Rodriguez et al. 2021; Karimi et al. 2022). Despite
substantial efforts in literature to propose more comprehen-
sive and psychometrically robust protocols tailored to the
primary care context (Janssen et al. 2017), brief global tools
such as the MMSE continue to dominate clinical practice
(Limongi et al. 2019; Fernandes et al. 2021; Karimi et al.
2022).

The main issue with using the MMSE in primary care
settings lies in the fact that, regardless of its sensitivity and
specificity, its positive and negative predictive values tend
to be lower in these contexts due to the lower base rate of
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cognitive impairment (Creavin et al. 2016; Fischer 2021).
The base rate, that is, the actual prevalence of a condition
in the population being tested, plays a critical role in shap-
ing the predictive values of a diagnostic tool. Specifically,
the positive predictive value (PPV) indicates the likelihood
that someone who tests positive truly has the condition,
while the negative predictive value (NPV) reflects the like-
lihood that someone who tests negative truly does not have
it. These values are not intrinsic to the test itself but are
heavily influenced by how common the condition is in the
population. Bayes' theorem provides a mathematical frame-
work to update the probability of a condition based on both
the test result and the pre-test probability (or base rate). In
primary care, where the base rate of cognitive impairment is
relatively low compared to specialized memory clinics (Fiest
et al. 2016), even a test with good sensitivity and specificity
like the MMSE can produce a high number of false posi-
tives and a lower PPV. In contrast, the NPV tends to remain
higher in such settings, meaning that negative results are
more trustworthy, although still not ideal. An example of
how base rate affects both PPV and NPV can be found in
Fig. 1. As shown in the example, with a lower base rate
(20%) the NPV tends to be higher; however, there would
still be a relatively high number of false negatives, which
are usually more problematic than false-positive cases as the
possibility of further evaluation may be compromised. This
statistical limitation is compounded by a clinical one: The
MMSE is generally more effective in identifying dementia
or more severe symptomatology of cognitive impairment
(Liss et al. 2021). However, general practitioners and fam-
ily doctors are often the first point of contact for individuals
experiencing subtle or early cognitive changes. In this role,
they are uniquely positioned to promote early screening and

timely interventions, when they are most likely to be effec-
tive in preserving cognitive functioning and quality of life.
Relying on a tool that performs best in detecting more severe
cases risks missing early, actionable stages. Nonetheless,
clinicians may not always be aware of how base rates influ-
ence the predictive value of test scores, potentially leading to
misinterpretations and missed opportunities for early inter-
vention (Morgan et al. 2021). Indeed, it is often perceived,
though inaccurately, as a safer tool because of its anticipated
lower false-positive rate. The underlying bias is that, while
it may miss many early cases (i.e., false negatives), a score
below the cutoff is generally interpreted as a strong indicator
of true dementia. However, in primary care contexts, where
the base rate of dementia is relatively low, the interpretation
of cognitive test results requires caution.

Despite this, and although these limitations are well
documented in literature and sometimes acknowledged by
clinicians (Naugle and Kawczak 1989; Arevalo-Rodriguez
et al. 2021; Mandyla and Kosmidis 2023), the use of the
MMSE in primary care remains widespread, and not without
reason. Primary care physicians often face significant barri-
ers to conducting in-depth cognitive assessments, including
limited time, insufficient resources, and workforce short-
ages that leave them responsible for a disproportionately
high number of patients (Costa et al. 2024). As a conse-
quence, early detection of cognitive impairment is frequently
unfeasible, leading to delayed diagnoses when therapeutic
options are more limited and less effective. This delay has
profound social implications and contributes to the emo-
tional and financial burden on families, who often provide
care for individuals with advanced cognitive impairment
in the absence of adequate support systems (Borson et al.
2023). Moreover, these challenges tend to disproportionately
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Fig. 1 Illustration of predictive values of a test with .70 sensitiv-
ity and specificity in a primary care setting based on a hypothetical
cohort of 1000 individuals aged 65+, assuming 20% (left side) and
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affect individuals from lower socioeconomic backgrounds,
thereby exacerbating existing health disparities (Villarejo
Galende et al. 2021; Wimo et al. 2023). Additionally, the
MMSE may continue to be preferred in primary care set-
tings due to physicians having greater familiarity with the
instrument and the perception that it is more straightforward
to administer and interpret. In some cases, physicians may
also be reluctant to adopt more sensitive tools due to con-
cerns about overdiagnosis or the potential stigma associated
with labeling patients at early stages of cognitive impairment
(Bacsu et al. 2020).

The present study, which represents a secondary objective
within a broader research framework, aims to evaluate the
diagnostic accuracy of the MMSE in primary care settings.
Specifically, it investigates how well the MMSE identifies
cognitive impairment compared to other cognitive screening
tools and assesses the extent to which its results can be con-
sidered trustworthy in real-world primary care conditions.

Methods
Participants

The present study included 390 community-dwelling older
adults aged between 65 and 98 years (M =75.76, SD =6.76),
of whom 162 (41.5%) were men and 228 (58.5%) were
women. Participants had between 0 and 17 years of formal
education (M =3.17, SD=2.39), with the majority (91.3%)
having completed 4 years or less.

Procedure

This study is part of a larger research project conducted in
Northern Portugal, which aimed to assess risk factors and
health outcomes among community-dwelling older adults
with probable dementia (for a more in-depth explanation of
the main study methodology please see Teixeira et al. 2017).
The original sample was drawn from individuals aged 65 and
older, identified as being at risk for mental health concerns
by primary care professionals using the Risk Instrument for
Screening in the Community (RISC; O’Caoimh et al. 2015).
Specifically, the study was conducted in the area covered
by the Portuguese North Regional Health Authority (ARS
North), which included 86 municipalities organized into 24
Health Centre Associations (ACES). At least two primary
care units were recruited from each ACES based on interest
in participation, resulting in 55 units and 285 health profes-
sionals completing an initial screening for 7298 patients.
Patients with probable dementia identified in the screening
were randomly sampled, leading to a final sample of 436
patients with probable dementia. The study protocol, based
on the “Community Assessment of Risk and Treatment

Strategies (CARTS) Program” (O’Caoimh et al. 2012),
included three parts: Part A assessed the patient with prob-
able dementia, Part B involved evaluation by the health pro-
fessional (general practitioner or nurse), and Part C included
an assessment of the informal caregiver when available. The
study was approved by the Ethics Committee of the ARSN
(Opinion no. 6/2014) and was conducted in accordance with
the Declaration of Helsinki (2013). From the initial sam-
ple, only individuals who completed both the Mini-Mental
State Examination (MMSE) and the Quick Mild Cognitive
Impairment (Qmci; O’Caoimh and William Molloy 2016)
Screen without missing values were included in the present
analyses, resulting in a final subsample of 390 participants.
These instruments were part of the standardized assess-
ment protocol administered by trained interviewers either
in healthcare facilities or at the participants’ homes, depend-
ing on their mobility status. Written informed consent was
obtained from all participants or their legal representatives
prior to participation.

Instruments

Together with a sociodemographic questionnaire used to
collect basic information about the participants (e.g., age,
gender, level of education), global cognitive functioning was
assessed using the Mini-Mental State Examination (MMSE;
Folstein et al. 1975), which is a brief 30-point screening
tool widely used to evaluate cognitive impairment across
domains such as orientation, attention, memory, language,
and visuospatial abilities. Additionally, cognitive function-
ing was also assessed using the Portuguese version of the
Quick Mild Cognitive Impairment screen (Qmci; O’Caoimh
and William Molloy 2016, Portuguese version by Dos San-
tos et al. 2019), which is a brief, standardized cognitive
screening tool designed to differentiate normal cognition,
Mild Cognitive Impairment (MCI), and dementia through
six cognitive domains: orientation, registration, clock draw-
ing, delayed recall, verbal fluency, and logical memory. In
both cases, higher scores indicated better cognitive func-
tioning. Finally, symptom severity was evaluated using the
Global Deterioration Scale (GDS; Reisberg et al. 1982), a
7-stage rating scale describing the progression of cognitive
and functional decline, particularly in dementia. For analytic
purposes, GDS scores were grouped into three categories to
reflect increasing severity (very mild or mild, moderate, and
Severe or very severe).

Statistical analyses
All statistical analyses were performed using SPSS 30. Given
the primarily descriptive aim of the study and the focus on

distributional data, with a Bayesian approach to positive and
negative predictive values (Webb and Sidebotham 2020),
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no inferential parametric tests were conducted to compare
groups and no a priori hypothesis was formulated.

A receiver operating characteristic (ROC) analysis was
first conducted to evaluate the sensitivity and specificity of
the Mini-Mental State Examination (MMSE) in identifying
cases with a pre-existing clinical diagnosis of dementia, as
determined by referring physicians (yes/no). Participants
with missing or indeterminate diagnostic information were
excluded from this analysis. Sensitivity and specificity val-
ues were calculated for the conventional MMSE cutoff score
of 24, as well as for the optimal cutoff determined using the
Youden Index.

Subsequently, participants were categorized according to
their level of symptom severity based on scores from the
Global Deterioration Scale (GDS). Within each GDS sever-
ity group, the proportion of participants scoring below the
MMSE threshold was calculated, both using the standard
cutoff and the one derived from the Youden Index. This was
presented as a series of cross-tabulations. The same proce-
dure was applied to the Quick Mild Cognitive Impairment
screen (Qmci), using the recommended cutoff score from
the test manual.

Finally, contingency tables were generated to examine
the concordance between MMSE classification (based on
both the conventional and Youden-derived cutoffs) and the
presence or absence of a previous diagnosis of dementia.
Participants without explicit diagnostic information were
excluded from this analysis. These data allowed for the cal-
culation of positive predictive value (PPV) and negative pre-
dictive value (NPV) of the MMSE in our sample, interpreted
within a Bayesian framework and based on observed test
performance in this specific population. Confidence intervals
(95% CI) for sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were computed
using the Wald method, i.e., p = 1.96 % \/(1 — p)/n, where

[T}

‘p” represents the estimated proportion and “n” the corre-
sponding denominator.

Results

ROC analysis revealed that the MMSE had an AUC of 0.75
(95% CI: 0.67-0.84, p<0.001). The optimal cutoff, based
on the Youden Index, was 21, which was associated with a
sensitivity of 0.77 (95% C1[0.728, 0.812]) and a specificity
of 0.65 (95% CI [0.603, 0.697]). In comparison, the con-
ventional cutoff of 24 resulted in lower sensitivity (0.50;
95% CI [0.450, 0.550]) but higher specificity (0.82; 95% CI
[0.782, 0.858]).

Results of the comparison between different severity
stages based on the GDS and diagnostic tools (MMSE and
Qmci) can be found in Table 1. Employing the suggested
cutoff (24), MMSE identified all cases at the severe stage

@ Springer

Table 1 Distribution of cognitive impairment according to the Qmci
and MMSE, based on GDS-defined symptom severity (mild, moder-
ate, severe)

Symptom severity

Mild Moderate Severe Tot

Qmci No 21 0 0 21
Yes 280 75 14 369
Tot 301 75 14 390
MMSE (cutoff 24) No 205 9 0 215
Yes 96 66 14 176
Tot 301 75 14 390
MMSE (cutoff 21) No 259 20 0 279
Yes 42 55 14 111
Tot 301 75 14 390

Table2 Comparison between MMSE categorization and previous
diagnosis of dementia

Previous diagnosis

Yes No Tot
MMSE (cutoff 24) No 16 67 83
Yes 37 34 71

Tot 53 101 154

MMSE (cutoff 21) No 23 83 106
Yes 30 18 48

Tot 53 101 154

(N=14), 88% at the moderate stage (N=66), and 31% at
the mild stage (N=96). On the other hand, Qmci identi-
fied all cases at the severe and moderate stages (N=14 and
N=175 respectively) and 93% at the mild stage (N=281).
Additionally, the diagnostic accuracy of the MMSE against
the previous diagnosis of dementia was evaluated (Table 2).
In our sample, the base rate of previously diagnosed demen-
tia was approximately 34%. Using a cutoff score of 24, the
MMSE correctly identified approximately 70% and failed to
detect cognitive impairment in about 30% of cases. Specifi-
cally, the test correctly identified 37 true positives (out of 53)
and 67 true negatives (out of 101), with 34 false positives
and 16 false negatives. Based on these values, the positive
predictive value (PPV) was 0.52 (95% CI [0.395, 0.645]),
indicating that 52% of participants with a positive MMSE
result actually had dementia according to previous diagno-
sis. The negative predictive value (NPV) was 0.81 (95% CI
[0.726, 0.894]), suggesting that 81% of those with a nega-
tive MMSE result were correctly identified as not having
dementia based on previous diagnosis. When applying a
more conservative cutoff score of 21, the MMSE correctly
identified cognitive impairment in approximately 57% of the
cases. Particularly, the test identified 30 true positives (out
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of 53) and 83 true negatives (out of 101), with 18 false posi-
tives and 23 false negatives. Thus, in this case, the PPV was
0.62 (95% C1[0.483, 0.757]) and the NPV was 0.78 (95%
CI [0.701, 0.859]). Notably, a logistic regression analysis
was conducted to examine whether MMSE score, age, and
education predicted diagnostic status. The overall model was
significant (#*(3)=32.46; p<0.001), and explained 28% of
the variance (Nagelkerke R?>=0.28). The model correctly
classified 75.2% of participants. When entered simultane-
ously, only the MMSE score was a significant predictor
(B=0.15; S.E.=0.05; Wald=8.78; p=0.003; OR=1.159;
95% CI [1.051, 1.278]). Age (p=0.934; OR=0.998; 95% CI
[0.942, 1.057]) and education (p=0.066; OR=1.262; 95%
CI[0.985, 1.617]) were not significant predictors. This sug-
gests that in our sample, age and education did not provide
additional predictive value beyond MMSE performance.

Discussion

The aim of this study was to assess the diagnostic perfor-
mance of the Mini-Mental State Examination (MMSE) in
detecting cognitive impairment in individuals recruited in
primary care settings, with particular attention to its positive
predictive value (PPV) and negative predictive value (NPV).
Given the MMSE’s widespread use and the ongoing reliance
on it by general practitioners (Mitchell 2012; Limongi et al.
2019; Tran et al. 2022), especially when time and resources
are limited, this study sought to clarify how well the MMSE
functions in clinical contexts, and how its utility may be
affected by factors such as symptom severity and base rates
of cognitive impairment. Our results indicate that the MMSE
performs reasonably well in identifying severe symptoms
of cognitive impairment, detecting all cases classified as
severe based on the Global Deterioration Scale (GDS). Its
performance declines for moderate symptoms (88% detec-
tion rate) and drops significantly for mild symptoms, where
only 31% of cases were identified. In contrast, the Qmci
demonstrated markedly higher sensitivity across all levels
of symptom severity, including mild cases (93% detection).
When evaluated against a prior dementia diagnosis, the
MMSE showed a sensitivity of 70% and specificity of 66%,
resulting in a positive predictive value (PPV) of 0.52 and a
negative predictive value (NPV) of 0.81. Receiver operat-
ing characteristic (ROC) curve analysis further confirmed
that the MMSE has moderate diagnostic utility, with an area
under the curve (AUC) of 0.76. Notably, Youden’s index
suggested that an alternative cutoff of 21 (as opposed to the
standard 24) improved sensitivity (0.78) but lowered speci-
ficity (0.65), reflecting the complex trade-off between false
positives and false negatives in clinical decision-making.
Notably, although previous diagnosis of dementia was
self-reported by physicians without much control over how

it was achieved and with little knowledge about missing
values, the sensitivity and specificity of the MMSE in our
study are similar to and coherent with results from previous
studies on the accuracy of the MMSE in primary care in
detecting cognitive impairment (Karimi et al. 2022). This
contextual consistency supports the relevance of our findings
and allows us to explore an important statistical implication:
In context in which the base rate of cognitive impairment is
relatively low (e.g., 30%), even a test with balanced sensitiv-
ity and specificity of 0.70 will result in a higher number of
false positives than true positives. This is a counterintuitive
but crucial statistical reality: Even if the test is “good,” its
practical value is heavily dependent on the context in which
it is applied. Thus, the results may undermine a common
assumption surrounding the MMSE: Namely, that despite
its limitations in detecting mild cases, a positive result is
highly reliable (Mandyla and Kosmidis 2023). Our results
challenge this notion: In our study, where the proportion
of participants with dementia was around 35%, we already
observed a relatively high rate of false positives. In real-
world primary care populations, where the prevalence of
dementia is expected to be even lower than in our sample, a
positive MMSE result would likely produce an even higher
rate of false positives, further reducing its diagnostic accu-
racy. Conversely, although false negatives are fewer in num-
ber, their clinical implications are arguably more severe, as
missed diagnoses can delay treatment and intervention until
it is potentially too late for effective management (Petticrew
et al. 2001; Edmonds et al. 2016).

Thus, even under relatively favorable conditions, the
MMSE may not provide sufficient diagnostic certainty for
primary care clinicians to rely on it exclusively (Mitchell
2012; Arevalo-Rodriguez et al. 2021). Taken together, these
findings call for a critical reassessment of the role of the
MMSE in primary care cognitive screening. While the test
remains a valuable tool, its limitations are often underesti-
mated, particularly in relation to context-dependent variables
such as prevalence and population characteristics. Although
more comprehensive and nuanced assessments for use in
general practice have been proposed (Janssen et al. 2017;
Chen et al. 2021), these are not always feasible given the
constraints on primary care providers. As a result, clinicians
may continue to over-rely on the MMSE despite mounting
evidence against its stand-alone utility. To address this gap,
future research should focus on developing and validating
brief, sensitive, and contextually adaptable tools that GPs
can realistically incorporate into everyday clinical work-
flows. Indeed, improving the early detection of cognitive
impairment without increasing the burden on clinicians is
not only a methodological challenge but a public health pri-
ority (Kasper et al. 2020). Finally, it is important to recog-
nize that, even when more accurate, practical, and brief tools
like the Qmci are available, primary care physicians may not
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use them due to limited awareness or familiarity. Therefore,
offering innovative and applicable solutions is not enough,
as there must also be adequate training and clear guidelines
to support their adoption.

Limitations and future directions

This study has several limitations that should be acknowl-
edged. First, the diagnosis of dementia was self-reported by
clinicians, which limited our control over how diagnoses
were established and the specific criteria applied. Second,
the study focused broadly on dementia and cognitive impair-
ment without distinguishing between underlying etiologies.
While the MMSE is designed to detect cognitive impair-
ment across different conditions, its predictive values may
vary depending on the specific type of dementia. Neverthe-
less, it is important to note that primary care represents the
optimal setting for early detection, ideally before progres-
sion to severe cognitive impairment or full-blown dementia
and, thus, the MMSE may be less suitable than instruments
specifically designed to capture milder symptomatology or
that, like the Qmci, provide validated and reliable cutoffs for
both dementia and MCI. In addition, the present work com-
pared the MMSE to the Qmci within a primary care context,
rather than to a wider range of cognitive screening instru-
ments. Future research should, therefore, consider including
additional screening tools to enable a more comprehensive
evaluation of their relative strengths and to better determine
which measures are most effective and feasible for use in
primary care settings. Another potential limitation of the
present study is that the MMSE and Qmci were administered
in a fixed order, as specified in the standardized protocol.
Although practice effects are unlikely given the absence of
feedback and the minimal overlap between the two instru-
ments (limited to orientation items accounting for a small
proportion of the Qmci score), future studies could consider
counterbalancing the order of administration to fully exclude
possible sequencing effects.

Conclusions

In conclusion, our findings suggest that even a high-quality
test can provide misleading results if used in an inappropri-
ate context. The predictive values of any test are heavily
influenced by the a priori prevalence of the condition in the
target population, which, in turn, is shaped by the clinical
setting. In primary care, this prevalence is typically lower
than in specialized clinics, where patients are more likely to
experience significant symptoms or be at higher risk.

The goal is not to discourage the use of the MMSE in pri-
mary care, but to highlight the importance of understanding

@ Springer

its psychometric limitations and avoiding its use as a stand-
alone tool. Importantly, the implications of this study extend
beyond the MMSE to any cognitive screening instrument.
When employing any test, clinicians must be familiar with
its psychometric properties and select cutoff scores not
only based on general knowledge but also considering the
clinical context, individual characteristics (e.g., presence of
subjective complaints, family history of neurodegenerative
disorders such as Alzheimer’s disease), and the purpose of
the assessment (e.g., routine screening vs. symptom-based
evaluation).
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