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Background: Cognitive frailty describes cognitive impairment associated with physical decline. Few studies have explored whether short cognitive screens identify frailty. We examined the diagnostic accuracy of the Chinese versions of the Quick Mild Cognitive Impairment (Qmci-CN) screen and Montreal Cognitive Assessment (MoCA-CN) in identifying cognitive frailty.

Methods: Ninety-five participants with cognitive symptoms [47 with mild cognitive impairment (MCI), 34 with subjective cognitive disorder, and 14 with dementia] were included from two outpatient rehabilitation clinics. Energy (work intensity) and physical activity levels were recorded. Cognitive frailty was diagnosed by an interdisciplinary team using the IANA/IAGG consensus criteria, stratified on the Clinical Frailty Scale (CFS). Instruments were administered sequentially and randomly by trained assessors, blind to the diagnosis.

Results: The mean age of the sample was 62.6 ± 10.2 years; median CFS score was 4 ± 1 and 36 (38%) were cognitively frail. The Qmci-CN had similar accuracy in differentiating the non-frail from cognitively frail compared to the MoCA-CN, AUC 0.82 versus 0.74, respectively (p = 0.19). At its optimal cut-off (≤55/100), the Qmci-CN provided a sensitivity of 83% and specificity of 67% versus 91% and 51%, respectively, for the MoCA-CN (≤23/30). Neither was accurate in separating MCI from cognitive frailty but both accurately separated cognitive frailty from dementia.

Conclusion: Established short cognitive screens may be useful in identifying cognitive frailty in Chinese adults with cognitive complaints but not in separating MCI from cognitive frailty. The Qmci-CN had similar accuracy to the MoCA-CN and a shorter administration time in this small and under-powered study, necessitating the need for adequately powered studies in different healthcare settings.
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BACKGROUND

The prevalence of cognitive impairment, both mild cognitive impairment (MCI) (Ward et al., 2012) and dementia (Prince et al., 2013), are increasing worldwide and are associated with the clinical syndrome of frailty (Wallace et al., 2019), particularly its physical phenotype (Ma et al., 2019). While no consensus definition of frailty as yet exists (Rodríguez-Mañas et al., 2013), it is widely regarded as a risk state or vulnerability, predisposing to adverse healthcare outcomes (Clegg et al., 2013). Cognitive frailty is increasingly recognized as a separate clinical subtype of frailty (Sezgin et al., 2019a) closely connected to its prodrome, pre-frailty (Sezgin et al., 2019b). Cognitive impairment and frailty frequently co-exist, interacting in a complex relationship (Robertson et al., 2013; Grande et al., 2019). Frailty can predict cognitive disorders (Borges et al., 2019) and the presence of cognitive impairment improves the predictive validity and operationalization of frailty (Avila-Funes et al., 2009). Building on this, the International Academy on Nutrition and Aging (IANA) and International Association of Gerontology and Geriatrics (IAGG) recently published consensus criteria identifying cognitive frailty as the presence of physical frailty and cognitive impairment [MCI as defined by a Clinical Dementia Rating scale (CDR) score of 0.5], where dementia has been excluded (Kelaiditi et al., 2013).

The World Alzheimer Report (2015 and 2018) estimated that 58% of people with dementia live in low and middle income countries. China, as the worlds most populated country faces many challenges related to aging including high levels of dementia (Chan et al., 2013). At present the estimated prevalence of MCI is 20.8% among those aged over 65 in China (Jia et al., 2014). A recent study shows that the prevalence of cognitive frailty among Chinese community-dwellers (aged ≥ 60) is 2.3%, lower than that of frailty, pre-frailty and cognitive impairment overall (Ma et al., 2019). Many countries have suboptimal systems in place to identify the true prevalence of cognitive impairment including cognitive frailty, which confounds estimates and makes public health strategies and resource allocation to address this challenging (Prince, 2015; Patterson, 2018).

Early identification of cognitive frailty is important to facilitate personalized care for older people and the introduction of interventions that may slow onset of physical decline, impairment in activities and dementia (Morris et al., 2001; Kelaiditi et al., 2013). It may also help identify those who could benefit from complex interventions to slow onset of cognitive frailty (Apóstolo et al., 2018). Despite this, few screening instruments are available to screen for MCI and to our knowledge none that specifically identify cognitive frailty (Ruan et al., 2017). Further, it is not known if the co-existence of physical decline with cognitive symptoms may exacerbate cognitive symptoms further such that these are detectable using short cognitive screening instruments and whether this impacts on individual’s performance on testing, particularly those without functional impairment, i.e., MCI. At present, the most widely used cognitive screen for MCI is the Montreal Cognitive Assessment (MoCA). However, its specificity is poor in many studies, particularly at its recommended cut-off (Tsai et al., 2016; Breton et al., 2019). Further, it has a relatively long administration time, limiting its use in busy clinical settings in China. The Quick Mild Cognitive Impairment (Qmci) screen is a new, short cognitive screen designed to identify MCI (O’Caoimh et al., 2012), which is closely linked with pre-frailty (Amanzio et al., 2017; Sezgin et al., 2019b). It has not yet been translated and validated into Chinese.

Here, we adapted and translated the Chinese version of the Qmci screen (Qmci-CN) and compared its ability to distinguish cognitive frailty from (a) MCI, (b) non-frail older adults with and without dementia, and (c) other patients presenting with symptomatic memory loss. Finally, we examined its psychometric properties against the established Chinese version of MoCA (MoCA-CN).



MATERIALS AND METHODS


Translation of the Qmci Screen

The Qmci screen has six subtests: orientation (10 points), 5-word registration (5 points), clock drawing, where a blank template is provided and patients are asked to set the time (15 points), 5-word delayed recall (20 points), verbal fluency (semantic for categories of words, e.g., animals) (20 points) and logical memory (immediate verbal recall of a short story read out loud to the patient) (30 points), giving a total score of 100 points with higher scores and a cut-off of ≥62 indicating likely normal cognition (O’Caoimh et al., 2013; O’Caoimh et al., 2017). The Qmci screen can be administered in less than 5 min and the test-retest reliability and diagnostic accuracy are good to excellent in different settings, see O’Caoimh and Molloy (2017) (O’Caoimh et al., 2017). It has moderate to high correlation with the Standardized Alzheimer’s Disease Assessment Scale-cognitive section (ADAS-cog), CDR and the Lawton-Brody activities of daily living scale (O’Caoimh et al., 2014). The Qmci screen was translated into Chinese (Mandarin) using a forward-backward translation approach using an expert panel of Chinese healthcare professionals, researchers and independent professional translators.



Participants

Consecutive attendees consenting to be included were recruited from adults aged ≥50 years presenting with symptomatic cognitive symptoms attending general rehabilitation outpatient clinics in two hospitals in Guangzhou, China, between July and December 2017. Patients were then divided into three groups; subjective cognitive disorder (SCD), MCI, and dementia. In all, 47 had MCI, 34 had SCD and 14 dementia. Those with cognitive symptoms but found to have normal cognitive testing and no evidence of functional impairment were defined as having SCD consistent with a “medical help–seeking” group under the framework for SCD suggested by Jessen et al. (2014). As this was a convenience study conducted as part of routine care, normal controls were not included. MCI was diagnosed among those with objective memory loss, greater than was expected for their age but without loss of occupational functioning, according to the National Institute on Aging – Alzheimer’s Association workgroups diagnostic guidelines for Alzheimer’s disease (Albert et al., 2011). A diagnosis of dementia was made using DSM-IV (American Psychiatric Association [APA], 1994) and NINCDS-ADRDA (McKhann et al., 1984) criteria. Cognitive frailty was diagnosed by a consultant physician based on IANA/IAGG consensus criteria (Kelaiditi et al., 2013) in those with physical frailty and cognitive impairment but without dementia. Physical frailty was assessed clinically; self-reported energy levels including patients ability to perform tasks (work intensity) and usual physical activity levels were recorded. Cognitive frailty was stratified on the Clinical Frailty Scale (CFS), score from 1 (very fit) to 9 (terminally ill) (Rockwood et al., 2005). Those aged ≤50 or with clinical depression supported by a Geriatric Depression Scale score >5, or unable to communicate in Chinese were excluded. All participants completed a detailed neuropsychological assessment with the ADAS-cog and Mini-Mental State Examination at baseline. All signed informed consent before participating. This study received ethical approval from The Six Affiliated Hospital of Sun Yat-sen University.



Data Collection

A consultant geriatrician, general rehabilitation physician and a speech and language therapist classified patients into diagnostic groups based on the interview and neuropsychological assessment. The Qmci-CN and MoCA-CN were administered by one of four trained assessors (health and social care professionals who were part of the research team) on the same day in random sequence, blind to the final diagnosis, who recorded the final scores and administration times. Alternative versions of the Qmci-CN and MoCA-CN were used to reduce learning effects (Cunje et al., 2007). Test administration was alternated and patients were not prompted or informed of the correct answers to the cognitive tests to avoid learning and fatigue effects and subsequent bias. To establish test–retest reliability, the same raters scored the Qmci-CN a second time on 59 patients within 2 weeks.



Statistical Analysis

Descriptive statistics for cognitive tests were used to summarize sample data. The Kolmogorov–Smirnov test was used to test normality and found most data were normally distributed. Comparison between three groups was performed using one-way ANOVA with significant differences examined with Tukey’s HSD post hoc tests. Correlation analyses and reliability were conducted using Pearson correlation coefficients. Finally, receiver operating characteristic (ROC) curve analysis was used to measure diagnostic accuracy based on the area under the curve (AUC). ROC curves were compared using the DeLong method (DeLong et al., 1988). Excellent accuracy is defined by AUC values between 0.90 and 1.0; lower values represent reduced diagnostic accuracy with values between 0.50 and 0.60 regarded as a fail. Optimal cut-off points were identified using Youden’s Index. Sensitivity and specificity were reported for the selected cut-off points. All statistical analyses were performed using SPSS version 25, R version 3.5.0 (2018-04-23) – “Joy in Playing” and STATA version 14. A level of statistical significance of 0.05 was used for all inferential analysis. Where appropriate, 95% confidence intervals (CI) are reported.




RESULTS

Of those meeting inclusion criteria, 125 were invited to participate. Of these, 30 declined and one had incomplete data. The final sample included 95 patients. In total, 49% (n = 47) had MCI, 36% (n = 34) symptomatic cognitive symptoms but SCD and 15% (n = 14) dementia. The median CFS score of the sample included was 4 ± 1 and 36 patients (38%) were classified as having cognitive frailty. Descriptive statistics comparing those with cognitive frailty to the other patients are summarized in Table 1.


TABLE 1. Characteristics of patients included (n = 95).
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Cognitive Test Scoring and Administration

We found statistically significant differences in total mean scores and standard deviation (SD) between all three diagnostic groups (SCD, MCI and dementia) for both cognitive test scores (p-values < 0.001). The mean scores for each diagnostic group with SD are presented in Table 2. Analyses showed that all three diagnostic groups were different from each other, with higher scores associated with higher (better) levels of cognitive ability (normal group). While no significant differences in administration times by diagnostic group were found for either the Qmci-CN (p = 0.18) or MoCA-CN p = 0.06), a weak gradient effect was seen with the MoCA-CN (r = 0.2); those with better cognition (higher scores) had non-significantly shorter administration times (see Figure 1). This was not seen for the Qmci-CN (r = 0.05). Correlation analysis, performed to examine the concurrent validity of the Qmci-CN showed that there was a positive, strong, statistically significant association between the Qmci-CN and MoCA-CN (r = 0.72, p < 0.001). Comparing test times between the two instruments, the Qmci-CN had a statistically significantly shorter administration time (mean 300 s, SD ± 39.6) than the MoCA-CN (mean 584 s, SD ± 124) for all participants (paired t(92) = 25.67, p < 0.001), for cognitive frailty (p < 0.001) and each of the three cognitive groups (all p < 0.001). For, cognitive frailty the difference was 272 s. For those classified as having normal cognition, the difference was 258 s; in the MCI group the difference was 289 s; In dementia the difference increased to 333 s. The Qmci-CN had excellent test-retest reliability (r = 0.92).


TABLE 2. Mean test scores and administration times for the Chinese versions of the Quick Mild Cognitive Impairment screen (Qmci-CN) and Montreal Cognitive Assessment (MoCA-CN) by diagnostic group, n = 95.
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FIGURE 1. Scatterplots showing the relationship between administration time and scores on the (A) Chinese versions of the Quick Mild Cognitive Impairment (Qmci-CN) screen and (B) Montreal Cognitive Assessment (MoCA-CN).




Screening for Cognitive Frailty

Examining the accuracy of these instruments in differentiating cognitive frailty from those with MCI but without physical frailty, showed that both the Qmci-CN and MoCA-CN were poor at differentiating CF from MCI, AUC’s of 0.63 versus 0.51 (p = 0.38), respectively. Both instruments were accurate in separating cognitive frailty from dementia with the MoCA-CN having borderline but not statistically greater accuracy than the Qmci-CN, AUC of 0.89 versus 0.76 (p = 0.05), respectively. Examining the diagnostic accuracy of both screening instruments in separating those with cognitive frailty from patients who were non-frail (i.e., those with MCI but without physical frailty and SCD who were clinically robust with a CFS score <4), again showed that the Qmci-CN and MoCA-CN had similar, AUC 0.81 (95% CI: 0.72–0.90) versus 0.74 (95% CI: 0.63–0.85), respectively, a non-statistically significant difference (p = 0.19). Neither instrument was useful in distinguishing cognitive frailty from all of the other patients presenting with symptomatic memory loss (i.e., those with SCD, MCI without frailty and those with dementia); the Qmci-CN had an AUC of 0.68 (95% CI: 0.57–0.78) versus 0.59 (95% CI: 0.48–0.70) for the MoCA-CN (p = 0.10). At its optimal cut-off (≤55/100), the Qmci-CN had a sensitivity of 83% and specificity of 67% for differentiating cognitive frailty from the non-frail. This compared to a sensitivity and specificity of versus 91 and 51%, respectively, for the MoCA-CN at its optimal cut-off in this sample, ≤23/30. These are presented in Figure 2 and Table 3.


TABLE 3. Area under the curve (AUC) values and cut-offs for the Chinese versions of the Quick Mild Cognitive Impairment (Qmci-CN) screen and Montreal Cognitive Assessment (MoCA-CN).
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FIGURE 2. Receiver Operating Characteristic (ROC) curve analysis comparing the Chinese versions of the Quick Mild Cognitive Impairment (Qmci-CN) screen and Montreal Cognitive Assessment (MoCA-CN) in identifying (A) cognitive frailty from non-frailty and (B) cognitive frailty from other patients presenting with symptomatic memory loss.




Screening for Cognitive Impairment (MCI and Dementia)

Receiver operating characteristic curve analyses were then performed to explore the ability of each cognitive test to differentiate between SCD, MCI, and dementia. This showed that both instruments had similar accuracy in separating cognitive impairment (MCI/Dementia) from normal cognition (p = 0.42); the Qmci-CN had an AUC 0.91 compared to an AUC 0.87 for the MoCA-CN. The Qmci-CN had a better balance in sensitivity and specificity at the optimal cut-off score of ≤55 (Sensitivity = 82%, Specificity = 83%) versus the MoCA-CN, which had a higher sensitivity (95%) but lower specificity (68%) at a cut-off of ≤24. ROC analysis showed that both instruments had similar (non-significantly different) accuracy in identifying people with dementia, AUC of 0.94 compared with AUC of 0.87 for the MoCA-CN and Qmci-CN, respectively. The MoCA-CN was more accurate in its predictive ability for dementia versus MCI (AUC 0.91) compared to the Qmci-CN (AUC of 0.79), a statistically significant difference, p = 0.045. These are presented in Figure 3 and Table 2.
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FIGURE 3. Receiver Operating Characteristic (ROC) curve analysis comparing the Chinese versions of the Quick Mild Cognitive Impairment (Qmci-CN) screen and Montreal Cognitive Assessment (MoCA-CN) in separating subjective cognitive disorder (SCD), mild cognitive impairment (MCI) and dementia. (A) Cognitive impairment (MCI/Dementia vs. SCD). (B) Dementia (vs. MCI/SCD). (C) Dementia vs. SCD. (D) Dementia vs. MCI. (E) MCI vs. SCD.





DISCUSSION

Here, we explore the ability of short cognitive screening instruments to identify cognitive frailty as defined by the IANA/IAGG consensus criteria (Kelaiditi et al., 2013), showing that while both the newly translated Qmci-CN and established MoCA-CN are able to differentiate cognitive frailty from non-frail individuals and those with dementia, neither instrument was accurate in separating MCI from cognitive frailty in an outpatient rehabilitation setting in China. This suggests that although able to separate cognitive frailty from dementia, where physical symptoms frequently accompany cognitive decline (Tolppanen et al., 2015), the presence of physical frailty in addition to cognitive symptoms in those with normal function (i.e., MCI) does not appear to register on short cognitive screens. The Qmci-CN nevertheless compared favorably with the MoCA-CN, with no statistically significant difference in their diagnostic accuracy. We also examined the diagnostic accuracy of the Qmci-CN against the MoCA-CN in separating those presenting with cognitive complaints, showing that the Qmci-CN’s ability to distinguish MCI from SCD or dementia in this sample was good to excellent but that the time taken to complete it was significantly shorter, which is particularly convenient in a rehabilitation clinic setting. The MoCA-CN was significantly better able to separate MCI from dementia. The Qmci-CN represents another external validation of the instrument, after the Irish, Dutch, Australian, Turkish, Italian, Taiwanese, Japanese, and Portuguese versions (Bunt et al., 2015; O’Caoimh et al., 2016; Clarnette et al., 2017; Yavuz et al., 2017; dos Santos et al., 2019; Iavarone et al., 2019; Lee et al., 2018; Morita et al., 2019). This study adds more evidence to support its use in patients with MCI in busy clinical setting.

Although, the results did not show that the Qmci-CN is superior at differentiating cognitive frailty, it is likely that it would have been underpowered to show this; based on previous studies comparing the Qmci screen to the MoCA a sample of 300 patients with MCI and 300 controls would be required (O’Caoimh et al., 2016). Due to time and resource constraints recruitment was discontinued after 6 months. Further, because of this additional research is needed to come to any confident conclusions regarding diagnostic accuracy. Nevertheless, its administration took significantly less time than the MoCA-CN (p < 0.001) and no marked gradient effect was evident compared to that seen for the MoCA-CN, where people with dementia took much longer to complete the test. The Qmci-CN took on average 300s (5 min) to complete, while the MoCA-CN took on average 584s (9.7 min), almost double the time. Given this, the Qmci-CN appears to be more convenient to use in clinical settings where time is limited or numbers attending high, which is especially relevant in China. Additional research is also required to examine if this time saving could improve efficiency (e.g., more patients seen per clinic) or if there are cost savings associated with the reduced administration time of the Qmci-CN versus the MoCA-CN.

This paper also provides the optimal cut-off scores for both instruments to identify cognitive frailty, which are similar to those for identifying cognitive impairment in this sample, particularly MCI suggesting that there is likely to be significant overlap between these patients (Won et al., 2018). This is reinforced by the fact that both instruments were poor at separating MCI from cognitive frailty. Their diagnostic accuracy was better at distinguishing cognitive frailty from dementia, i.e., those with cognitive impairment with physical impairment and functional impairment, respectively. For example, the optimal cut-off for the Qmci-CN in separating MCI from normal was ≤60, similar to that found in an Irish cohort (O’Caoimh et al., 2016). Cut-off scores for dementia were however, lower than those found in other countries. Possible reasons for this discrepancy include the lower level of education of participants, a mean/median of 11 versus 12 years in the studies in Ireland and Canada, and the setting as all participants were recruited from rehabilitation clinics. At the same time, the MoCA-CN’s optimal cutoff score for cognitive impairment was ≤24 (Sensitivity = 95%, Specificity = 68%), which is also lower than the recommended MoCA cutoff score (< 26) (Nasreddine et al., 2005).


Limitations

First, we cannot be certain that all patients were classified appropriately, as differentiating cognitive frailty from MCI and from dementia with frailty was based on clinical criteria, which are inherently subjective. Nevertheless, within the confines of these criteria, patients were correctly classified. Further, the neuropsychological testing used here is different to that applied in IANA/IAGG criteria for cognitive frailty (i.e., the CDR). This said there is still no gold standard to diagnose cognitive frailty and detailed neuropsychological testing (i.e., ADAS-cog), which are routine in our clinics was conducted. Further, IANA/IAGG have been criticized for being impractical in busy clinical practice (Won et al., 2018). Second, the sample size was small, especially the number of people with cognitive frailty (n = 36) such that the sample was not powered adequately to detect significant differences in the diagnostic accuracy of the instruments. This is particularly evident in the analysis examining the performance of the screening instruments in separating MCI from cognitive frailty with only 12 patients with MCI without physical frailty available. The low accuracy for this comparison raises the concern that the instruments are not diagnosing cognitive frailty specifically, but just performing as would be expected in separating people with normal and abnormal cognition regardless of physical ability. This requires a larger sample to evaluate. Third, this was a highly selected sample with those found to have clinical depression and those with atypical presentations excluded as they often present with exaggerated functional and cognitive impairments. Fourth, given the relatively homogenous sample, spectrum bias may have occurred further limiting the results (Chopard et al., 2015). Finally, cognitively healthy (asymptomatic age-matched with normal neuropsychological testing) controls were not included in this analysis. To correctly interpret the tests, particularly the psychometric evaluation of these CSIs, a control group without subjective memory problems is needed as a comparison group. This is also important as those with SCD have a higher risk for conversion to subsequent MCI and dementia, though the majority do not develop progressive cognitive decline (Jessen et al., 2020). As many studies include both groups this is needed to improve comparability with other studies.




CONCLUSION

In conclusion, screening for cognitive frailty was possible using short cognitive screening instruments in this sample of middle-aged and older Chinese adults. The Qmci-CN screen, which is validated here for the first time in Chinese among those presenting with cognitive symptoms, appears to be a short, and reliable instrument that can be used to differentiate SCD from MCI and dementia. Here it shows similar accuracy to the MoCA-CN with a shorter administration time and can be applied in busy rehabilitation settings. While both screens separated cognitive frailty from physically robust patients and those with dementia, neither accurately separated MCI from cognitive frailty. This suggests that in this sample, as might be expected, cognitive screening instruments are better able to detect the cognitive rather physical aspects of frailty in those with cognitive decline. Further research is required to examine this and to recruit more patients to adequately power a study to investigate if short cognitive screens can accurately identify cognitive frailty in a range of different settings, such as community, memory clinics and acute hospitals in comparison with non-frail and asymptomatic normal controls. Similarly, there is a need to examine the psychometric properties of the Qmci-CN in more detail and compare its diagnostic accuracy to the MoCA-CN in older Chinese adults presenting with cognitive symptoms.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

All signed informed consent before participating in our research. This study received ethical approval from The Six Affiliated Hospital of Sun Yat-sen University.



AUTHOR CONTRIBUTIONS

YX: design, concept, data collection, analysis, writing and revising manuscript. YW: design, concept and supervision. YL, LY, ZL, XL, YY, YG, HJ, and ZC: concept and data collection. AS: statistical analysis and supervision of statistics. YG: design. DM: design, concept. RO’C: design, concept, analysis, writing, and revising manuscript.



FUNDING

The work described in this manuscript was fully supported by a grant from the Guangzhou Municipal Technological Major Tackling Plan Modern Industrial Technology Project of China (No. 201802010039) and three grants from the National Natural Science Foundation of China (Nos. 81601981, 81472155, and 81372113).



REFERENCES

Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, D., Feldman, H. H., Fox, N. C., et al. (2011). The diagnosis of mild cognitive impairment due to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 270–279.

Amanzio, M., Palermo, S., Zucca, M., Rosato, R., Rubino, E., Leotta, D., et al. (2017). Neuropsychological correlates of pre-Frailty in neurocognitive disorders: a possible role for metacognitive dysfunction and mood changes. Front. Med. 4:199. doi: 10.3389/fmed.2017.00199

American Psychiatric Association [APA], (1994). Diagnostic and Statistical Manual of Mental Disorders, 4thed Edn. Washington, DC: American Psychiatric Association.

Apóstolo, J., Cooke, R., Bobrowicz-Campos, E., Santana, S., and Holland, C. (2018). Effectiveness of interventions to prevent pre-frailty and frailty progression in older adults: a systematic review. JBI Database System. Rev. Implement. Rep. 16, 1282–1283. doi: 10.11124/jbisrir-2017-003761

Avila-Funes, J. A., Amieva, H., Barberger-Gateau, P., Le Goff, M., Raoux, N., Ritchie, K., et al. (2009). Cognitive impairment improves the predictive validity of the phenotype of frailty for adverse health outcomes: the three-city study. J. Am. Geriatr. Soc. 57, 453–461. doi: 10.1111/j.1532-5415.2008.02136.x

Borges, M. K., Canevelli, M., Cesari, M., and Aprahamian, I. (2019). Frailty as a predictor of cognitive disorders: a systematic review and meta-analysis. Front. Med. 6:26.

Breton, A., Casey, D., and Arnaoutoglou, N. A. (2019). Cognitive tests for the detection of mild cognitive impairment (MCI), the prodromal stage of dementia: meta-analysis of diagnostic accuracy studies. Int. J. Geriatr. Psychiatry 34, 233–242. doi: 10.1002/gps.5016

Bunt, S., O’Caoimh, R., Krijnen, W. P., Molloy, D. W., Goodijk, G. P., Schans, C. P., et al. (2015). Validation of the Dutch version of the quick mild cognitive impairment screen (Q mci-D). BMC Geriatr. 15:115. doi: 10.1186/s12877-015-0113-1

Chan, K. Y., Wang, W., Wu, J. J., Liu, L., Theodoratou, E., Car, J., et al. (2013). Epidemiology of Alzheimer’s disease and other forms of dementia in China, 1990-2010: a systematic review and analysis. Lancet 381, 2016–2023. doi: 10.1016/S0140-6736(13)60221-4

Chopard, G., Puyraveau, M., Binetruy, M., Meyer, A., and Mauny, F. (2015). Spectrum effect and spectrum bias in the screening test performance for amnestic mild cognitive impairment: what are the clinical implications? J. Alzheimers Dis. 48, 385–393. doi: 10.3233/JAD-150195

Clarnette, R., O’Caoimh, R., Antony, D. N., Svendrovski, A., and Molloy, D. W. (2017). Comparison of the Quick Mild Cognitive Impairment (Qmci) screen to the Montreal Cognitive Assessment (MOCA) in an Australian geriatrics clinic. Int. J. Geriatr. Psychiatry 32, 643–649. doi: 10.1002/gps.4505

Clegg, A., Young, J., Ilife, S., Rikkert, M. O., and Rockwood, K. (2013). Frailty in elderly people. Lancet 381, 752–762. doi: 10.1016/S0140-6736(12)62167-9

Cunje, A., Molloy, D. W., Standish, T. I., and Lewis, D. L. (2007). Alternate forms of logical memory and verbal fluency tasks for repeated testing in early cognitive changes. Int. Psychogeriatr. 19, 65–75.

DeLong, E. R., DeLong, D. M., and Clarke-Pearson, D. L. (1988). Comparing the areas under two or more correlated receiver operating characteristic curves: a nonparametric approach. Biometrics 44, 837–845.

dos Santos, P. M., O’Caoimh, R., Svendrovski, A., Casanovas, C., Orfila Pernas, F., Illario, M., et al. (2019). The RAPid community Cognitive screening Programme (RAPCOG): developing the Portuguese version of the Quick Mild Cognitive Impairment (Qmci-P) screen as part of the EIP on AHA Twinning Scheme. Trans. Med. UniSa 19, 82–89.

Grande, G., Haaksma, M. L., Rizzuto, D., Melis, R. J. F., Marenqoni, A., Onder, G., et al. (2019). Co-occurrence of cognitive impairment and physical frailty, and incidence of dementia: systematic review and meta-analysis. Neurosci. Biobehav. Rev. 107, 96–103. doi: 10.1016/j.neubiorev.2019.09.001

Iavarone, A., Carpinelli Mazzi, M., Russo, G., D’Anna, F., Peluso, S., Mazzeo, P., et al. (2019). The Italian version of the quick mild cognitive impairment (Qmci-I) screen: normative study on 307 healthy subjects. Aging. Clin. Exp. Res. 31, 353–360. doi: 10.1007/s40520-018-0981-2

Jessen, F., Amariglio, R. E., Boxtel, M. V., Breteler, M., Ceccaldi, M., Gaël, C., et al. (2014). A conceptual framework for research on subjective cognitive decline in preclinical alzheimer’s disease. Alzheimers Dement. 10, 844–852.

Jessen, F., Amariglio, R. E., Buckley, R. F., van der Flier, W. M., Han, Y., Molinuevo, J. L., et al. (2020). The characterisation of subjective cognitive decline. Lancet Neurol. 19, 271–278. doi: 10.1016/S1474-4422(19)30368-0

Jia, J., Zhou, A., Wei, C., Jia, X., Wang, F., Li, F., et al. (2014). The prevalence of mild cognitive impairment and its etiological subtypes in elderly Chinese. Alzheimers Dement. 10, 439–447. doi: 10.1016/j.jalz.2013.09.008

Kelaiditi, E., Cesari, M., Canevelli, M., Kan, G. A. V., and Vellas, B. (2013). Cognitive frailty: rational and definition from an (iana/iagg) international consensus group. J. Nutr. Health Aging 17, 726–734. doi: 10.1007/s12603-013-0367-2

Lee, M., Chang, W., and Jang, Y. (2018). Psychometric and diagnostic properties of the Taiwan version of the Quick Mild Cognitive Impairment screen.”. PLoS One 13:e0207851. doi: 10.1371/journal.pone.0207851

Ma, L., Zhang, L., Sun, F., Li, Y., and Tang, Z. (2019). Cognitive function in Prefrail and frail communitydwelling older adults in China. BMC Geriatr. 19:53. doi: 10.1186/s12877-019-1056-8

McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., and Stadlan, E. M. (1984). Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on Alzheimer’s Disease. Neurology 34, 939–944.

Morita, A., O’Caoimh, R., Murayama, H., Molloy, D. W., Inoue, S., Shobuqawa, Y., et al. (2019). Validity of the japanese version of the quick mild cognitive impairment screen. Int. J. Environ. Res. Public Health 16:917. doi: 10.3390/ijerph16060917

Morris, J. C., Storandt, M., Miller, J. P., McKeel, D. W., Price, J. L., Rubin, E. H., et al. (2001). Mild cognitive impairment represents early-stage Alzheimer disease. Arch. Neurol. 58, 397–405.

Nasreddine, Z. S., Phillips, N. A., Valérie, B., Charbonneau, S., and Chertkow, H. (2005). The montreal cognitive assessment, moca: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699. doi: 10.1111/j.1532-5415.2005.53221.x

O’Caoimh, R., Gao, Y., Gallagher, P., Eustace, J., and Molloy, D. W. (2017). Comparing approaches to optimize cut-off scores for short cognitive screening instruments in mild cognitive impairment and dementia. J. Alzheimers Dis. 57, 123–133. doi: 10.3233/JAD-161204

O’Caoimh, R., Gao, Y., McGlade, C., Healy, L., Gallagher, P., Timmons, S., et al. (2012). Comparison of the quick mild cognitive impairment (Qmci) screen and the SMMSE in screening for mild cognitive impairment. Age Ageing 41, 624–629. doi: 10.1093/ageing/afs059

O’Caoimh, R., and Molloy, D. W. (2017). “The quick mild cognitive impairment screen (Qmci),” in Cognitive Screening Instruments, ed. A. Larner (Cham: Springer), 255–272. doi: 10.1007/978-3-319-44775-9_12

O’Caoimh, R., Svendrovski, A., Johnston, B. C., Gao, Y., McGlade, C., Eustace, J., et al. (2014). The quick mild cognitive impairment screen correlated with the standardized alzheimer’s disease assessment scale-cognitive section in clinical trials. J. Clin. Epidemiol. 67, 87–92. doi: 10.1016/j.jclinepi.2013.07.009

O’Caoimh, R., Timmons, S., and Molloy, D. W. (2016). Screening for mild cognitive impairment: comparison of “MCI specific” screening instruments. J. Alzheimers Dis. 51, 619–629. doi: 10.3233/jad-150881

O’Caoimh, R., Yang, G., Gallagher, P., Eustace, J., McGlade, C., and Molloy, D. W. (2013). Which part of the quick mild cognitive impairment screen (qmci) discriminates between normal cognition, mild cognitive impairment and dementia? Age Ageing 42, 324–330. doi: 10.1093/ageing/aft044

Patterson, C. (2018). World Alzheimer Report 2018: The State of the Art of Dementia Research: New Frontiers. London: ADI.

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., and Ferri, C. P. (2013). The global prevalence of dementia: a systematic review and metaanalysis. Alzheimers Dement. 9, 63–75.e2. doi: 10.1016/j.jalz.2012.11.007

Prince, M. J. (2015). World Alzheimer Report 2015: the Global Impact of Dementia: An Analysis of Prevalence, Incidence, Cost and Trends. London: ADI.

Robertson, D. A., Savva, G. M., and Kenny, R. A. (2013). Frailty and cognitive impairment—a review of the evidence and causal mechanisms. Age Res. Rev. 12, 840–851. doi: 10.1016/j.arr.2013.06.004

Rockwood, K., Song, X., MacKnight, C., Bergman, H., Hogan, D. B., McDowell, I., et al. (2005). A global clinical measure of fitness and frailty in elderly people. CMAJ 173, 489–495. doi: 10.1503/cmaj.050051

Rodríguez-Mañas, L., Féart, C., Mann, G., Vina, J., Chatterji, S., Chodzko-Zajko, W., et al. (2013). Searching for an operational definition of frailty: a Delphi method based consensus statement. The frailty operative definition-consensus conference project. J. Ger. Ser. A. Biomed. Sci. Med. Sci. 68, 62–67. doi: 10.1093/gerona/gls119

Ruan, Q., D’Onofrio, G., Sancarlo, D., Greco, A., Lozupone, M., Seripa, D., et al. (2017). Emerging biomarkers and screening for cognitive frailty. Age Clin. Exp. Res. 29, 1075–1086. doi: 10.1007/s40520-017-0741-8

Sezgin, D., Liew, A., O’Donovan, M., and O’Caoimh, R. (2019a). Defining frailty for healthcare practice and research: a qualitative systematic review with thematic analysis. Int. J. Nurs. Stud. 92, 16–26. doi: 10.1016/j.ijnurstu.2018.12.014

Sezgin, D., Liew, A., O’Donovan, M., and O’Caoimh, R. (2019b). Pre-frailty as a multi-dimensional construct: a systematic review of definitions in the medical literature. Geriatr. Nurs. [Epub ahead of print] doi: 10.1016/j.gerinurse.2019.08.004

Tolppanen, A. M., Solomon, A., Kulmala, J., Kareholt, I., Nqandu, T., Rusanen, M., et al. (2015). Leisure-time physical activity from mid- to late life, body mass index, and risk of dementia. Alzheimers Dement. 11, 434–443. doi: 10.1016/j.jalz.2014.01.008

Tsai, J. C., Chen, C. W., Chu, H., Yang, H. L., Chung, M. H., Liao, Y. M., et al. (2016). Comparing the sensitivity, specificity, and predictive values of the Montreal Cognitive Assessment and MiniMental State Examination when screening people for mild cognitive impairment and dementia in Chinese population. Arch. Psychiatr. Nurs. 30, 486–491. doi: 10.1016/j.apnu.2016.01.015

Wallace, L. M., Theou, O., Godin, J., Andrew, M. K., Bennett, D. A., and Rockwood, K. (2019). Investigation of frailty as a moderator of the relationship between neuropathology and dementia in Alzheimer’s disease: a cross-sectional analysis of data from the Rush Memory and Aging Project. Lancet Neurol. 18, 177–184. doi: 10.1016/S1474-4422(18)30371-5

Ward, A., Arrighi, H. M., Michels, S., and Cedarbaum, J. M. (2012). Mild cognitive impairment: disparity of incidence and prevalence estimates. Alzheimers Dement. 8, 14–21. doi: 10.1016/j.jalz.2011.01.002

Won, C. W., Lee, Y., Kim, S., Yoo, J., Nq, T. P., Kim, H., et al. (2018). Modified criteria for diagnosing “cognitive frailty”. Psychiatry Investig. 15, 839–842. doi: 10.30773/pi.2018.05.22

Yavuz, B. B., Varan, H. D., O’Caoimh, R., Kizilarslanoglu, M. C., Kilic, M. K., Molloy, D. W., et al. (2017). Validation of the Turkish version of the quick mild cognitive impairment screen. Am. J. Alzheimers Dis. Other Dement. 32, 145–156. doi: 10.1177/1533317517691122


Conflict of Interest: DM and RO’C are copyright holders of the Qmci screen. AS is the owner of the UZIK Consulting Inc., Toronto, ON, Canada.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Xu, Lin, Yi, Li, Li, Yu, Guo, Wang, Jiang, Chen, Svendrovski, Gao, Molloy and O’Caoimh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fpsyg-11-00558-g003.jpg
£
=
"
c
L3
»
.." Cognitive Test
." e 0mci-CN
02 o —MoCA-CN
‘o‘ === Refarence Line
O”
'O
'0
°%
0 02 04 06 08 1.0
1 - Specificity

Sensitivity

Cognitive impairment (MCI/Dementia vs SCD)
D 10

C 10 —_ 0
76———"— -
"’
'..
e
08 o'.
L,
O"
"‘
"
06 -
- -
@ P
c ,*
3 5
04 I
'O
-
I‘.
. P i Cognitive Test
04 i —OmeiCN
- w—MoCA-CN
'o' === Rafarence Line
l"
0
% 0 02 04 06 08 1.0
1 - Specificity
Dementia vs SCD
E 10
08
06
£
=
%3
[
EY
® 04
02 '." Cognitive Test
¥ 4 ——CQmei-CN
o w—MoCA-CN
> === Reference Line
‘.
00
00 02 04 06 08 1.0
1 - Specificity

(¢) MCI vs SCD

Sensitivity

08

08

Cognitive Test

w—Qmci-CN
s MoCA-CN
=== Reference Line

04 06 08
1 - Specificity

Dementia (vs MCI/SCD)

L, Cognitive Test

e ," w—Qmc-CN

o —MoCA-CN
'o' === Reference Line

l‘.
0o
0 02 04 06 08 10
1 - Specificity
Dementia vs MCI





OPS/images/fpsyg-11-00558-g001.jpg
o |
o)
o)
” |
o)
% |
[ _ _ _ _ _ B
o o o o o o
o o o (@] o o
» [e0] N~ © 0 <
o (spuooss) awi |
O
0]
5 o
O (0]
) (e}
® O d (e}
0 o5 9000 @w
(&) (@) 0 (9) Q)
D
Om% 0]
500 -
0] 0] OO
000
8 5 0 8% o
0]
o O © Onm (@) Qmw ©
O O
O ©
o (@]
0] (@] o) ¢
(s
O
[ _ [ [ [
(@] o o o (@
0 (@] O o n
(4] (0] (qV} (o] -
< (Spuo9oas) awi |

30

25

20

15

10

60

40

20

MoCA-CN score

Omci-CN score





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Screening for Cognitive Frailty Using Short Cognitive Screening Instruments: Comparison of the Chinese Versions of the MoCA and Qmci Screen



		BACKGROUND



		MATERIALS AND METHODS



		Translation of the Qmci Screen



		Participants



		Data Collection



		Statistical Analysis







		RESULTS



		Cognitive Test Scoring and Administration



		Screening for Cognitive Frailty



		Screening for Cognitive Impairment (MCI and Dementia)







		DISCUSSION



		Limitations







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/fpsyg-11-00558-g002.jpg
Sensitivity

0.8

o
o

o
n

0.2

0.0

— MoCA.CN
-- Qmci.CN

1.0

|
0.8

|
0.6

|
0.4

Specificity

I
0.2

I
0.0

Sensitivity

o
n

1.0

0.8

ot
o

0.2

0.0

A — MoCA.CN
-- Qmci.CN
| | [ [ | |
1.0 0.8 0.6 0.4 0.2 0.0
Specificity






OPS/images/fpsyg-11-00558-t001.jpg
Patient characteristics

Gender

Female

Male

Clinical Frailty Scale score
Age (years)

Education (years)
Salary (Yuan)

Living arrangements
Living with family
Living with a formal carer
Living alone

Work intensity

Low

Medium

High

Other (not provided)
Hypertension
Hyperglycemia
Hyperlipemia
Dyssomnia

Qmci-CN score

MoCA score

Total
(n=95)
N (%) or
Mean =+ SD [Range]

66 (70%)
29 (30%)
3.7+ 1.0 [1-7]
62.6 + 10.2 [50-89)]
11.4 + 5.5 [0-25]
4664 + 2953 [0-16000]

84 (89%)
6 (6%)
5 (5%)

4(15%

31 (33%
51 + 13 [6-76]
22 +£4.8[1-29]

)
)
13%)
)
)

Cognitive frailty
(n =36)
N (%) or
Mean + SD [Range]

23 (64%)
13 (36%)
4.0+ 0[4-4]
64.6 + 10.1 [50-89)]
9.8 + 4.5[0-17]
4514 + 2091 [1983-8000]

32 (89%)
3 (8%)
1(3%)

8 (50%)
2 (33%)
1(3%)
5 (14%)
10 (28%)
3 (8%)
4 (11%)
16 (44%)
47 + 10 [23-48]
21.5 + 3 [4-27]

Others

(n =59)

N (%) or
Mean =+ SD [Range]

43 (73%)
16 (27%)
3.4 +1.3[1-7]
61.4 +10.2 [50-85]
12.4 + 5.9 [0-25]
5016 + 3240 [300-16000]

52 (88%)
3 (5%)
4 (7%)

20 (34%)
24 (41%)
3%)
12%)
15%)
5%)
10 (17%)
15 (25%)
53 + 14 [6-65]
22 £ 5.5[1-29]

8
7
9(
9





OPS/images/fpsyg-11-00558-t002.jpg
Cognitive test All (n = 95) SCD (n =34) MCI (n = 47) Dementia (n = 14) One-way ANOVA and
post hoc tests of
significance*

Qmci-CN score 51 +£13 61.4+75 48.0+9.3 35.4 £13.9 F(2,91)=41.5,p < 0.001

(mean + SD) [6-76] [41-76] [23-60] [0-48] All Tukey HSD post hoc tests
p < 0.001

MoCA-CN score 22 +4.8 25.4+25 21.6 +£3.0 1464+ 538 F(2,91)=54.2, p < 0.001

(mean + SD) [1-29] [20-29] [14-27] [1-21] All Tukey HSD post hoc tests
p < 0.001

Qmci-CN screen time (seconds, mean + SD) 300 + 39.6 290 + 36 306 + 37 303 £ 53 F(2,91)=1.8,p=0.18

[141-384] [206-353] [221-384] [141-363]
MoCA test time (seconds, mean =+ SD) 584 + 124 548 + 106 595 + 119 636 + 159 F(2,90)=2.9, p = 0.06
[350-956] [361-833] [355-956] [350-941]

Reported values are Mean + Standard Deviation (SD) [Range], MCI = Mild Cognitive Impairment; SCD = Subjective Cognitive Disorder. *Comparison between scores for

SCD, MCI and dementia.
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