
U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

Journal of Alzheimer’s Disease xx (2022) x–xx
DOI 10.3233/JAD-220397
IOS Press

1

Mini-Mental State Examination and
Montreal Cognitive Assessment as Tools
for Following Cognitive Changes in
Alzheimer’s Disease Neuroimaging
Initiative Participants

1

2

3

4

5

Ge Wanga, Alliyah Estrellab, Ornin Hakimb, Paul Milazzob, Sonali Patelb, Clara Pintagrob, Daniel
Lic, Rui Zhaod, David E. Vancee, Wei Lib,∗ and for the Alzheimer’s Disease Neuroimaging Initiative1

6

7

aTongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China8

bSchool of Health Professions, University of Alabama at Birmingham, Birmingham, AL, USA9

cThe College, University of California at Los Angeles, Los Angeles, CA, USA10

dSchool of Medicine, University of Alabama at Birmingham, Birmingham, AL, USA11

eSchool of Nursing, University of Alabama at Birmingham, Birmingham, AL, USA
12

Accepted 11 August 202213

Pre-press 9 September 2022

14

Abstract.15

Background: Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) are two commonly
used cognitive screening and diagnostic tools.

16
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Objective: Our goal was to assess their efficacy for monitoring cognitive changes, as well as the correlation between the two
tests.

18
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Methods: At baseline, participants in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) were divided into four groups
based on their cognitive diagnoses: healthy control (HC), early mild cognitive impairment (EMCI), late mild cognitive
impairment (LMCI), and Alzheimer’s disease (AD). MMSE or MoCA scores were compared among the four groups using an
analysis of variance (ANOVA) model with repeated measures with post-hoc Bonferroni correction. For those participants who
had both MMSE and MoCA assessments done, a Pearson correlation analysis was performed between the two assessments
for each visit.
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Results: The MMSE scores were significantly different among the four groups at baseline, which was true for each of the three
annual follow-up visits. By contrast, the MoCA scores were not significantly different between HC and EMCI groups at either
baseline or any of the follow-up visits. For participants with a diagnosis of LMCI, the cognitive performance deteriorated in
a linear manner 12 months after the baseline, which was independent of MMSE or MoCA. At last, the MMSE scores were
moderately related to MoCA scores, which got stronger along with the time of follow-up.
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Conclusion: MMSE and MoCA are comparable as cognitive assessment tools to monitor cognitive changes. In addition, the
measurements of MMSE and MoCA are moderately correlated for the follow-up visits.
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ment, healthy control, late mild cognitive impairment, mild cognitive impairment, Mini-Mental State Examination, Montreal
Cognitive Assessment33
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INTRODUCTION31

Alzheimer’s disease (AD), the most common32

neurodegenerative disease, is characterized by a33

progressive cognitive decline that is sometimes34

accompanied by personality changes. The spectrum35

of AD development can be divided into three sequen-36

tial stages: preclinical, mild cognitive impairment37

(MCI), and dementia [1]. MCI is an early symp-38

tomatic stage, which is usually seen in elderly patients39

between 65 and 79 years of age and characterized40

by the presentation of subtle problems with certain41

cognitive functions including language and memory.42

During the MCI stage, pathological AD biomarkers43

often become detectable. The concepts of early MCI44

(EMCI) and late MCI (LMCI) were first introduced45

roughly a decade ago by the Alzheimer’s Disease46

Neuroimaging Initiative (ADNI) [2]. Compared to47

LMCI, which is characterized by a more progres-48

sive state of decline, individuals with EMCI exhibit49

a lesser degree of cognitive impairment and patho-50

logical AD biomarker changes. Detection of EMCI51

is imperative to ensure timely clinical intervention to52

prevent further cognitive deterioration.53

To assess the severity of AD-related cogni-54

tive impairments, several cognitive screening tests55

are available including the Mini-Mental State56

Examination (MMSE) and the Montreal Cognitive57

Assessment (MoCA) [3]. The MMSE is the most58

widely used tool for measuring cognitive perfor-59

mance and highly influenced by an individual’s level60

of education [4]. By contrast, the MoCA is a newer61

assessment that was reported to have a greater sensi-62

tivity for detecting MCI [5]. Both tests have been63

used globally to measure cognitive function and64

adapted across different languages [6, 7]. Further,65

both assessments are relatively brief, and usually can66

be completed within 10 min [5]. To date, most studies67

using MMSE or MoCA as tools to measure cogni-68

tive performance had limitations due to small sample69

size [8], cross-sectional design [9], or loss of follow-70

up with a longitudinal study design [10]. The MoCA71

was also reported to be a superior tool for detecting72

dementia [5, 11] or earlier stages of cognitive decline 73

[12] than the MMSE. 74

In order to achieve a better understanding of the 75

diagnostic capabilities of these established cogni- 76

tive assessment tools, we aimed to investigate how 77

MMSE and MoCA can be used to monitor cognitive 78

changes. Due to the similarities, one of these tests is 79

usually adopted for measuring cognitive performance 80

clinically to avoid redundancy. In addition, neither 81

MMSE nor MoCA has been reported if they can be 82

used to differentiate EMCI from LMCI. Our findings 83

will be meaningful for those who want to use either 84

test or both for their clinical or research purposes. 85

We hypothesized both tests can differentiate EMCI 86

from LMCI and wanted to compare their efficacy 87

for detecting EMCI. We also aimed to ascertain the 88

correlation between MMSE and MoCA scores from 89

data collected from the same group of participants 90

at multiple visits (baseline and 3 annual follow-up 91

visits). 92

METHODS 93

Standard protocol approvals, registrations, and 94

patient consents 95

Written informed consent was obtained from all 96

participants (or guardians of participants) participat- 97

ing in the study (consent for research). The IRB 98

approval was obtained from each participating clini- 99

cal/research site. 100

ADNI 101

Data collected from participants in the Alzheimer’s 102

Disease Neuroimaging Initiative (ADNI) were used 103

with taking advantage of its longitudinal study 104

design. All data were downloaded from the ADNI 105

database (http://adni.loni.usc.edu) on October 6, 106

2019. The ADNI was launched in 2003 as a public- 107

private partnership, led by Principal Investigator 108

Michael W. Weiner, MD. The primary goal of the 109

ADNI has been to test whether serial magnetic 110

http://adni.loni.usc.edu
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G. Wang et al. / MMSE and MoCA for Following Cognitive Changes 3

Fig. 1. The Flow Chart of Study Design.

resonance imaging, positron emission tomography,111

biomarkers, and clinical and neuropsychological112

assessment can be combined to measure the pro-113

gression of MCI and early AD [2]. In the first three114

phases (1, GO, and 2), the ADNI recruited over 1,700115

adult participants from over 50 sites across the United116

States and Canada (Fig. 1). The participants were117

people aged 55 to 90 years old, and who each had118

different cognitive diagnosis at the baseline visit. Fur-119

ther information about this parent study can be found120

at http://www.adni-info.org/ and in previous reports121

[2, 13–17].122

APOE genotyping123

Apolipoprotein E (APOE) genotyping was done124

using DNA from blood samples collected from125

ADNI participants. For ADNI-1 participants, APOE126

genotyping was done through polymerase chain reac-127

tion (PCR) amplification, Hhal restriction enzyme128

digestion, and subsequent standard gel resolution129

processes [18, 19]. For ADNI-GO and ADNI-2 par-130

ticipants, genotyping was carried out by Prevention131

Genetics and LGC Genomics. Prevention Genetics132

employed array processing using allele-specific PCR133

with universal molecular beacons [20, 21]. At LGC134

Genomics, assays were performed using competi-135

tive allele-specific PCR, enabling bi-allelic scoring136

of single nucleotide polymorphisms. Genotypes were137

called and returned to the ADNI Genetics Core after138

manual quality control. As APOE �4 is the largest139

genetic risk factor known for AD, the data for APOE140

�4 carrier status were reported together with other141

demographic information: sex, age, and education for142

the participants.

Baseline cognitive diagnosis 143

For ADNI phase 1, participants were recruited 144

with three cognitive diagnoses at baseline: healthy 145

control (HC), MCI, and AD. The recruitment criteria 146

for HC participants included MMSE scores between 147

24–30 (inclusive), a Clinical Dementia Rating 148

(CDR) of 0, non-depressed, no diagnosis of either 149

MCI or dementia. The recruitment criteria for par- 150

ticipants with MCI included MMSE scores between 151

24–30 (inclusive), a memory complaint, having 152

an objective memory loss measured by education 153

adjusted scores on Wechsler Memory Scale Logical 154

Memory II, a CDR of 0.5, absence of significant 155

levels of impairment in other cognitive domains, 156

essentially preserved activities of daily living, and 157

an absence of dementia. The key eligibility criteria 158

for enrolling HC and MCI participants can be 159

found here: (https://adni.loni.usc.edu/wp-content/ 160

themes/freshnews-dev-v2/documents/clinical/ADNI- 161

1 Protocol.pdf). The recruitment criteria for partic- 162

ipants with AD included MMSE scores between 163

20–26 (inclusive), CDR of 0.5 or 1.0, and meeting 164

NINCDS/ADRDA criteria for probable AD. 165

For phases GO and 2, the diagnosis of MCI was 166

separated into EMCI and LMCI. The enrollment cri- 167

teria for EMCI were similar with the MCI for ADNI 168

phase 1. However, more pathological biomarker data 169

together with cognitive impairment were used to 170

define its early stage for the MCI. By contrast, the 171

LMCI diagnosis for phases GO and 2 was the same 172

as the MCI diagnosis for ADNI 1. 173

For phase 2, significant memory concern (SMC) 174

was added as one separate category of baseline 175

cognitive diagnosis. Participants with SMC had self- 176

reported memory concern, quantified by using the 177

Cognitive Change Index and the CDR of Zero. How- 178

ever, they scored normally for cognitive tests, and the 179

informant did not equate the expressed concern with 180

progressive memory impairment. 181

The detailed information on baseline cognitive 182

diagnosis and APOE genotype was provided in 183

Table 1 for those participants whose MMSE data 184

were available for our analysis. Since cognitive diag- 185

noses of SMC, EMCI, and LMCI were added after 186

the ADNI phase 1, participants with cognitive diag- 187

noses of SMC and HC were combined into one group: 188

Cognitively normal (CN) for our data analysis pur- 189

pose. As such, EMCI and LMCI were also combined 190

into the MCI group (Table 1). For these compar- 191

isons, the sample sizes varied based on the availability 192

of data.

http://www.adni-info.org/
https://adni.loni.usc.edu/wp-content/themes/freshnews-dev-v2/documents/clinical/ADNI-1_Protocol.pdf
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Table 1
Demographic and genetic information of participants with MMSE measurements

Cognitive Diagnosis at Baseline HC (n = 196) EMCI
(n = 196)

LMCI
(n = 342)

AD
(n = 16)

P

Sex (M/F) 99/97
(50.51%/49.49%)

106/90
(54.08%/45.92%)

211/131
(61.7%/38.3%)

7/9
(43.75%/56.25%)

0.082

Age (y) 75.18 ± 1.42 70.37 ± 0.49 73.16 ± 0.37 75.13 ± 1.72 0.06
Education (y) 16.0 ± 0.20 16.12 ± 0.2 16.12 ± 0.15 14.0 ± 0.7 <0.001
APOE �4 carrier status (+/-) 54/142

(27.55%/72.45%)
83/112
(42.56%/57.44%)

179/163
(52.34%/47.66)

12/4
(75%/25%)

<0.001

AD, Alzheimer’s disease; EMCI, early mild cognitive impairment; HC, healthy control; LMCI, late mild cognitive impairment. Both age
and education were shown in the format of mean ± SD.

Cognitive measures193

The MMSE is a widely used test of cogni-194

tive function among the elderly; it includes tests195

of orientation, attention, memory, language, and196

visual-spatial skills. The MoCA is another com-197

monly used cognitive test to examine the cognitive198

function in orientation, short-term memory, focus199

and spatial awareness, language, and concentra-200

tion. Both tests have a maximal score of 30. Raw201

data was downloaded from the ADNI website:202

http://adni.loni.usc.edu/. Item scores were summed203

to obtain a total score for either MMSE or MoCA for204

each participant. If one test was performed multiple205

times during a single visit, an average of the scores206

from the multiple tests were used. Scores for MMSE207

and MoCA from participants were chosen at the fol-208

lowing visits: baseline or screening visit, 12 months209

(M12), 24 months (M24), and 36 months (M36). A210

correlation analysis between MMSE and MoCA was211

performed in a subset of participants who have done212

both tests for each visit during the follow-up of 36213

months.214

Data analysis215

SPSS (version 26.0) was used to conduct all sta-216

tistical analyses. A one-way analysis of variance217

(ANOVA) was used to compare age at baseline218

or education among the baseline diagnosis groups219

(Tables 1 and 3). Chi-square tests were used to exam-220

ine the relationship of the APOE genotype with either221

sex or race (Tables 1 and 3). For comparing MMSE222

or MoCA scores among different diagnosis groups,223

an ANOVA model with repeated measures was used224

with post-hoc Bonferroni correction. Baseline age,225

gender, and level of education were used as covari-226

ates. For MMSE, an ANOVA model with repeated227

measures was used to compare the four groups (HC,228

EMCI, LMCI, and AD). For MoCA, an ANOVA229

model with repeated measures was used to com- 230

pare the three groups (HC, EMCI, and LMCI). For 231

either MMSE or MoCA, the measures were compared 232

at each of the four time points (baseline/screening 233

time, M12, M24, and M36) among the baseline diag- 234

nosis groups. A Pearson correlation analysis was 235

performed for MMSE and MoCA data for partici- 236

pants with both data available at screening visit as 237

well as three annual follow-up visits. In addition, a 238

receiver-operating characteristic (ROC) analysis was 239

performed to compare how MMSE and MoCA work 240

as tools to differentiate the HC and LMCI group. Data 241

were shown in the form of mean ± standard deviation 242

for numerical data, and p < 0.05 was considered as 243

significant for all statistical analyses. 244

Data availability statement 245

Data and analytical methods are carefully docu- 246

mented for the performed study. Any data-sharing 247

request can only be submitted to the ADNI for 248

approval purposes. 249

RESULTS 250

For all participants who had their MMSE data 251

available for all the visits (baseline, M12, M24, and 252

M36), their demographic information (age, sex, and 253

education) as well as APOE �4 genotype were com- 254

pared among groups with different baseline cognitive 255

diagnoses (HC, EMCI, LMCI, and AD) at the base- 256

line (Table 1). 257

The results of the ANOVA for repeated measures 258

indicated baseline diagnosis had significant effects 259

on MMSE along the follow-up time points (Wilks’ 260

Lambda = 0.84, F = 14.28, p < 0.001, η2 = 0.055). 261

Follow-up comparisons indicated, at the baseline, the 262

MMSE scores were significantly different from each 263

other among different diagnosis groups of HC, EMCI, 264

LMCI, and AD, and p < 0.001 for any two comparison 265

http://adni.loni.usc.edu/


U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

G. Wang et al. / MMSE and MoCA for Following Cognitive Changes 5

Table 2
MMSE scores were compared among groups with different baseline cognitive diagnoses

Cognitive Diagnosis at Baseline HC EMCI LMCI AD
(n = 196) (n = 196) (n = 342) (n = 16)

Screening Visit 29.15 ± 0.11 28.24 ± 0.11 27.38 ± 0.08 23.74 ± 0.39
12 months Visit 29.13 ± 0.16 28.15 ± 0.16 26.78 ± 0.12 21.19 ± 0.57
24 Months Visit 28.97 ± 0.21 28.01 ± 0.21 25.8 ± 0.16 19.73 ± 0.76
36 Months Visit 28.8 ± 0.27 27.75 ± 0.27 24.77 ± 0.20 17.38 ± 1.07

AD, Alzheimer’s disease; EMCI, early mild cognitive impairment; HC, healthy control; LMCI, late mild
cognitive impairment.

Fig. 2. MMSE scores were compared among different diagnosis
groups over a 3-year long follow-up period. SC, screening or base-
line visit. The bars represent the standard deviations of MMSE
score.

groups (Table 2). Similarly, participants from all266

four groups had significantly different MMSE aver-267

age scores at each of three annual follow-up visits268

(Table 2 and Fig. 2). During the follow-up of three269

years, MMSE scores were stable for either the HC270

or the EMCI groups (the average change in MMSE271

was less than 0.5 point for the follow-up period of272

36 months). By contrast, the cognitive performance273

for LMCI group deteriorated along the follow-up274

(y=–0.881x+28.385). As expected, the AD group275

had a faster rate of cognitive deterioration than the276

LMCI group during the same period of follow-up277

(y=–2.05x+25.65) (Fig. 2).278

As for the data on MMSE, demographic and279

genetic information were shown in Table 3 for par-280

ticipants who had MoCA assessments done at the281

baseline and three annual follow-up visits.282

Similar to the MMSE data, the results for the 283

ANOVA for repeated measures indicated baseline 284

diagnosis had significant effects on MoCA along 285

the follow-up time points (Wilks’ Lambda = 0.88, 286

F = 4.57, p < 0.001, η2 = 0.04). Table 4 and Fig. 2 287

showed the differences in MoCA scores across the 288

HC, EMCI, and LMCI groups over the follow-up of 289

3 years. At the baseline, the HC group had an average 290

MoCA score of 25.03 ± 0.54 (n = 26) and the EMCI 291

group of 24.04 ± 0.2 (n = 198), which were signifi- 292

cantly higher than the same measure for the LMCI 293

group of 22.33 ± 0.29 (n = 95) (p < 0.001) (Table 4). 294

As a cognitive measurement tool, MoCA was sen- 295

sitive enough for differentiating LMCI from EMCI 296

or HC at each of the follow-up time points (M12, 297

M24, and M36). It is also worthy to note that, during 298

the follow-up period of 3 years, the MoCA scores 299

stayed relatively stable for both the HC and EMCI 300

groups. By contrast, for the LMCI group, the cogni- 301

tive deterioration was obviously seen after 12 months 302

(y=–0.9x+23.72). The rate of deterioration became 303

linear between M12 and M36 (Fig. 3). Surprisingly, 304

the LMCI group had a higher average MoCA score 305

than either the HC or the EMCI group for the screen- 306

ing visit with all of them falling into the normal 307

cognitive range (Table 4). 308

By measuring the cognitive performance multi- 309

ple times with a longitudinal design, the cognitive 310

deterioration rate (slope) along with a follow-up time 311

course may be an effective way to differentiate LMCI 312

from EMCI or HC using either MMSE or MoCA as 313

the tool (Figs. 2 and 3). 314

Table 3
Demographic and genetic information of participants with MoCA assessments

Cognitive Diagnosis at Baseline HC (n = 26) EMCI (n = 199) LMCI (n = 95) p

Sex (M/F) 15/11 (57.69%/42.31%) 107/92 (53.77%/46.23%) 49/46 (51.58%/48.42%) 0.848
Age (y) 72.62 ± 1.42 70.19 ± 0.51 70.39 ± 0.74 0.157
Education (y) 16.54 ± 0.50 16.15 ± 0.18 16.75 ± 0.26 0.274
APOE �4 carrier status (+/-) 7/19 (26.92%/73.08%) 85/113 (42.71%/57.29%) 51/44 (53.68%/46.32%) 0.121

EMCI, early mild cognitive impairment; HC, healthy control; LMCI, late mild cognitive impairment. Both age and education are shown in
the format of mean ± SD.
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Table 4
MoCA scores were compared for participants with different baseline cognitive diagnoses

Cognitive Diagnosis at Baseline HC EMCI LMCI
(n = 26) (n = 198) (n = 95)

Screening Visit 25.03 ± 0.54 24.04 ± 0.2 27.33 ± 0.29
12 months Visit 25.52 ± 0.56 24.31 ± 0.2 22.56 ± 0.29
24 Months Visit 25.17 ± 0.72 24.44 ± 0.26 21.26 ± 0.38
36 Months Visit 24.62 ± 0.9 23.81 ± 0.33 19.78 ± 0.47

EMCI, early mild cognitive impairment; HC, healthy control; LMCI, late mild cognitive impairment;
M, month; SC, screening. MoCA scores were shown in the format of mean ± SD.

Fig. 3. MoCA scores were compared among different diagnosis
groups over a 3-year long follow-up period. The bars represent the
standard deviations of MoCA score.

We also want to know how MMSE and MoCA315

are correlated with a longitudinal study design for316

measuring both of them at four different time points.317

In total, there were 312 (291 MCI and 21 HC) par-318

ticipants who completed both MMSE and MoCA319

for all visits (screening, M12, M24, and M36).320

MMSE and MoCA scores were positively and sig-321

nificantly correlated, which was observed for each322

visit: the screening visit (r = 0.40, p < 0.001), the M12323

visit (r = 0.35, p < 0.001), the M24 visit (r = 0.49,324

p < 0.001) and the M36 (r = 0.79, p < 0.001). For the325

ROC analyses over the MMSE data, the area under326

the curve (AUC) is 0.799, 0.795, 0.803, and 0.82 for327

the following visits: screening, M12, M24, and M36328

respectively. By contrast, for the MoCA data, the329

AUC is 0.765, 0.755, 0.715, and 0.793 for the follow-330

ing visits: baseline, M12, M24, and M36 respectively.331

DISCUSSION332

Our goal for this study was to compare MoCA333

or MMSE for their accuracy to detect early cogni-334

tive impairment, thus allowing for early interventions335

to be implemented for patients. The data collected336

from the M12, M24, and M36 follow-up visits for337

both MMSE and MoCA were used to quantify the338

cognitive changes of studied populations.339

In this report, only participants who had com- 340

pleted all four assessments (baseline and three annual 341

follow-up visits) of the MMSE or MoCA were 342

included in the data analysis. Due to the large study 343

samples, the MMSE was more sensitive for differen- 344

tiating the HC from the EMCI group for the follow-up 345

visits. By contrast, the MoCA was not able to differ- 346

entiate between the HC group and EMCI group. One 347

reasonable explanation is that more participants had 348

their MMSE data available than those with MoCA 349

data, which gave more power for comparing the 350

assessment scores between the HC group and the 351

EMCI group. Interestingly, the MMSE and MoCA 352

had comparable capability for detecting the cognitive 353

changes (deteriorations) in the LMCI group (Figs. 2 354

and 3). 355

The average MMSE or MoCA scores for partic- 356

ipants from the HC or EMCI groups had minimal 357

changes over the follow-up duration. In other words, 358

cognitive function was stable for at least three years 359

for participants with baseline diagnosis of HC or 360

EMCI, which is independent of the cognitive assess- 361

ment tool (Tables 2 and 4; Figs. 1 and 2). By contrast, 362

the LMCI group exhibited a faster cognitive deterio- 363

ration rate than the HC or EMCI group (Tables 2 and 364

4; Figs. 2 and 3). As expected, the AD group exhib- 365

ited the fastest cognitive deterioration rate out of all 366

groups (Table 2 and Fig. 1). Thus, the EMCI group 367

behaved more like the HC group, making them dis- 368

tinctive from the LMCI group. The EMCI group was 369

available as a diagnostic group starting from ADNI 370

GO (the second cohort recruited to the ADNI fol- 371

lowed by ADNI 2 and ADNI 3). By contrast, for 372

participants from the ADNI 1 cohort, the baseline 373

MCI diagnosis was the same diagnosis of LMCI 374

used in ADNI GO, 2, and 3. Therefore, EMCI, as a 375

diagnosis, has an emphasis on the perspective of the 376

detectable changes in the pathological AD biomark- 377

ers rather than cognitive function changes. 378

The cognitive measures from MMSE and MoCA 379

are significantly correlated along the follow-up dura- 380



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

G. Wang et al. / MMSE and MoCA for Following Cognitive Changes 7

tion. The correlation coefficient varied between 0.35381

to 0.79, which is at a moderate level and increasing382

along with the follow-up measures (baseline, M12,383

M24, and M36). As two different cognitive tests,384

more studies need to be carried out to validate our385

findings here.386

The strengths of our study are as follows. Firstly,387

the ADNI has collected high-quality data including388

the cognitive assessments, which have been carried389

out by certified study coordinators. In addition, base-390

line cognitive diagnoses were made by credentialed391

study physician/site clinicians. Second, the ADNI392

has a longitudinal, prospective study design. The393

cognitive data collected from different time points394

have allowed us to study the same group of par-395

ticipants for their cognitive changes longitudinally.396

Third, the sample size is large enough to pick out397

trivial cognitive changes, which is especially true for398

the assessments with MMSE. Fourth, for participants399

with MCI or normal cognition, data from both MMSE400

and MoCA assessments were available for making a401

correlation analysis.402

As with any other body of scientific research, our403

study also had some limitations. First, the AD group404

was relatively small (n = 16) and only had MMSE data405

available. Therefore, the correlation analysis between406

MMSE and MoCA only included data collected from407

participants under the MCI category, as well as from408

the HC group. Second, we did not run a parallel study409

on the pathological AD biomarkers, which can vali-410

date the findings from a different perspective.411

There are some studies trying to equate MMSE to412

MoCA scores or vice versa [8, 10, 12, 22]. Based on413

our findings, it would not be recommended to con-414

vert one to another unless necessary since the MMSE415

is only moderately associated with the MoCA for416

assessing cognitive functions.417

Conclusion418

The MMSE and MoCA tests each displayed a sim-419

ilar aptitude for the purposes of assessing cognitive420

impairments as well as monitoring cognitive per-421

formance over time. As cognitive assessment tools,422

MMSE and MoCA both work well for differen-423

tiating healthy subjects from those with LMCI as424

shown by the ROC analyses. However, for differ-425

entiating EMCI subjects from healthy subjects, it426

may be optimal to use more advanced tests or tak-427

ing advantage of adding pathological AD biomarker428

tests.429
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