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Abstract
Background
Assessment of cognitive function is essential to identify the impact of brain aging, disease or injury on individuals. The Short Form Cognitive Function Scale is a brief instrument, easy to use in clinical and research settings with simple interpretation. However, its psychometric properties have not been confirmed in the general Mexican population. The aim of this study was to determine the psychometric properties of the Short Form Cognitive Function Scale in the general Mexican population.

Methods
An instrumental design was conducted with 600 participants. Analyses were performed to evaluate factor structure (exploratory and confirmatory factor analysis), reliability (internal consistency), measurement invariance, construct validity (convergent and divergent) and Know-Groups Validity.

Results
A unifactorial structure of 8 items was verified with an internal consistency of α = 0.945 and a McDonald Omega index of Ω = 0.946. Measurement invariance was confirmed (ΔCFI & TLI ≤ 0.01; ΔRMSEA & SRMR ≤ 0.015), with respect to gender, age groups and geographic area of residence. Finally, the Short Form Cognitive Function Scale showed adequate convergent validity with the Subjective Well-Being variable (r =.507, p <.001), divergent with the GAD 5 (r = −.517, p <.001), and discriminant between younger and older participants (t = -5.304, p <.001).

Conclusions
The Short Form Cognitive Function Scale version for the general Mexican population presented adequate psychometric properties that make it a valid and reliable instrument for use in non-clinical and research settings in Mexico.
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Background
Cognitive impairment is a major public health problem in Latin America, particularly in countries such as Mexico, where population aging represents considerable challenges [1, 2]. Recent research estimates that between 20.9% and 66.7% of Mexican adults have mild cognitive impairment, while between 2.9% and 19.9% have moderate to severe impairment [1, 3]. According to the 2021 National Survey on Health and Aging in Mexico (ENASEM), 4.7% of the adult population reported poor memory quality, 50.5% regular, 35% good, and only 9.5% excellent or very good [4].
Cognitive functions -such as attention, memory, learning, executive functions, language and perception- are essential mental skills and functions for daily life [5]. The extent to which we can execute these functions varies throughout life: improving in childhood and youth, consolidating in adulthood, and experiencing a decline during old age [6]. Assessing these functions is crucial to detect vulnerabilities due to brain aging, diseases or lesions in the cognitive and cerebral capacity of individuals [7], since their performance involves the activation of brain regions such as the premotor cortex, frontal lobe, temporal and parietal region [8, 9].
The assessment of cognitive functions has acquired relevance for the identification of the extent of brain and mental impairment associated with the progression of various diseases, such as cardiovascular [10], metabolic [11], oncological [12], psychological [13], neurodegenerative [14], and brain disorders [15].
In cardiovascular diseases, for example, prevention of cognitive decline is key to improve prognosis, decrease the risk of rehospitalizations, and optimize overall health status [16]. This is due to the decrease in cognitive function associated with cardiac dysfunction, constituting a risk factor for cardiovascular events, such as heart attacks or heart failure [17].
For metabolic diseases, such as Type 2 Diabetes Mellitus (T2DM), factors such as the toxic impact of glycemia on nerve terminals and insulin resistance have been identified, which affect neuronal survival and synaptic plasticity, contributing to cognitive impairment [18].
Regarding oncological diseases, it has been reported that treatments such as chemotherapy, hormonal and targeted therapies can affect fundamental cognitive domains, such as memory, speed of information processing, attention and executive functions, with prevalences of cognitive impairment ranging from 12 to 82% and complaints that can persist up to 20 years after treatment [12, 19].
Psychological disorders also negatively impact cognitive abilities, especially in functions such as memory, learning, concentration, and decision-making, due to chronic brain inflammation. This effect is especially noticeable in the older adult population [20].
In neurodegenerative diseases such as Alzheimer’s or Parkinson’s, attention, memory, executive functions and visuospatial skills are affected, due to the neurodegeneration process that alters neuronal networks and brain proteins [21, 22].
Although there are other diseases associated with cognitive alterations, these conditions are of special relevance in the Mexican population, due to their high prevalence [23]. The lack of awareness of the importance of assessing cognitive functions in Mexico endangers those affected by these conditions due to the lack of early detection of possible cognitive impairment.
Considering the increasing progress of aging in the global population [24] and in Latin-America [25], cognitive assessment will become more relevant. While aging is one of the main causes of cognitive decline, genetic and environmental factors also play an important role in increasing the risk of cognitive dysfunction [21]. Therefore, having cognitive measurement instruments that are easy to apply and interpret for the general population is essential.
In Mexico, validated instruments to assess cognitive function in the general population are limited. An example is the validation of the Montreal Cognitive Assessment (MoCA) by Aguilar-Navarro et al. [26], which reported a sensitivity of 80% and specificity of 75% to identify mild cognitive impairment, and a sensitivity of 98% and specificity of 93% for dementia. Another instrument used is the Wechsler Intelligence Test, common in neuropsychological assessment [27]. The Mini-Mental State Examination instrument has also been validated in the Mexican population, with a sensitivity of 82% and specificity of 84% [28].
In other studies, cognitive functions have been considered as an additional factor when assessing other constructs such as Functioning [29] or Quality of Life [30]. However, the main issue with studies addressing cognitive functions in a general way is that, although they focus on the reliability of the instruments, evidence of their validity has been neglected. Moreover, instruments that consider cognitive functions as part of the dimensions of a higher construct fail to identify the factorial structure adequately or to guarantee the reliability of the cognitive measurements.
In line with these considerations, an instrument that assesses cognitive functions is likely to undergo a complete psychometric analysis is the Patient-Reported Outcomes Measurement Information System (PROMIS) v2.0, which is an instrument derived from the Functional Assessment of Cancer Therapy - Cognitive Function (FACT-Cog) focused on the measurement of cognitive concerns due to the effects of cancer disease and its treatments on cognitive functions [31]. This instrument was developed as part of the National Institutes of Health Roadmap initiatives for the development of instruments to measure aspects of health-related quality of life, initially with 78 items (36 items measuring cognitive skills and 42 cognitive concerns). However, after Multidimensional Item Response Theory analysis, it was identified that both factors could be used and interpreted separately [32]. Since the assessment of cognitive deficits (concerns), and not cognitive skills, is the commonly used parameter for the assessment of cognitive impairment, it has been recommended to use PROMIS v2.0 as the primary measure [33].
This scale has been shown to be a valid and reliable instrument in the general cancer population [34], multiple sclerosis [35], and chronic lymphocytic leukem [36], and therefore the evidence suggests that it can be considered an acceptable instrument.
However, for its proper use in the general population, it is necessary to identify operational equivalence -verification that this new population conceptualizes the construct similarly to the original population where the scale was validated-, and measurement equivalence -verification that scale presents appropriate psychometric properties in its adaptation to the new population- [37, 38]. This psychometric adaptation approach assures that measurements of cognitive functions -as well as other constructs- are valid and reliable in different contexts [39, 40].
Thus, the aim of this study was to determine the psychometric properties of the PROMIS v2.0 Short Form Cognitive Function Scale instrument in general Mexican population since, although it was previously validated in Mexican oncology population [34], the causes of cognitive impairment vary between both groups. Cancer-related inflammation accelerates physiological aging, leading to earlier and chronic cognitive impairment in cancer patients [41]. Given that psychometric properties must be validated specifically for specific populations, this study attempts to guarantee that the instrument is appropriated for the general population, as has been done in previous studies with other oncological population derivations to the general population in Mexico [42].

Materials and methods
Study design
An instrumental study [43] with a non-probabilistic convenience sample was conducted to identify the psychometric properties of a measurement instrument adapted to the general Mexican population using a non-experimental, cross-sectional design.

Participants
To determine sample size required for the Mexican population, it was calculated that 385 participants were needed considering a population of 128.5 million, a confidence level of 95% and a margin of error of 5% (https://​www.​calculator.​net/​sample-size-calculator.​html?​type=​1%26;cl=​95%26;ci=​5%26;pp=​50%26;ps=​128500000%26;x=​Calculate). In addition, sample size for this study was determined following the recommendations of Ferrando et al. [44] and Lloret-Segura et al. [45] on how to ensure consistent results in Factor Analysis. Therefore, 200–400 participants are suggested to be recruited for Exploratory Factor Analysis (EFA) and, subsequently, perform Confirmatory Factor Analysis with another 200–400 participants who were not included in the first analysis. Therefore, it was considered that a minimum of 600 participants should be recruited.
Inclusion criteria used were: (1) Participants reported that they were Mexican by birth, (2) Reporting that they were residing in Mexico at the time of answering the measurement instruments, (3) Being over 18 years old, & (4) Having an electronic device that allows them to access the Google forms platform to answer the measurement instruments. The exclusion criteria were: (1) Refusal to incorporate their data into the results report, (2) Not completing the instrument & (3) Internet instability connection to be able to send the form.
The instrument battery was administered online through the Google Forms module. A total of seven participants were excluded for not adhering to these criteria.

Measurements
Sociodemographic questionnaire
A questionnaire was used to collect information on sex, marital status, place of residence, employment status, educational level and number of children. To obtain evidence of know-groups validity, age ranges were established, expecting significant differences in cognitive functioning between older and younger groups.

PROMIS® v2.0 short form cognitive function scale
It is a short scale created from the FACT-Cog instrument, designed to measure the degree of alterations in cognitive functions in different diseases [31, 32]. It consists of eight items measuring subjective cognitive complaints during the past seven days, with responses ranging from 1 (very often) to 5 (never). The scale scores can be interpreted as the higher the score, the better the cognitive functioning. The original version has an α = 0.96 and the adaptation in the Mexican oncology population presented an α = 0.955, total variance explained of 73.27% and an adequate unifactorial structure (CMIN/DF = 1.265, CFI = 0.997, NFI = 0.986, GFI = 0.971, RMSEA = 0.036) [34].

Generalized anxiety scale (GAD-5)
Consists of five items to assess the degree to which individuals have experienced symptomatology related to generalized anxiety disorder, with responses ranging from 1 (strongly disagree) to 7 (strongly agree). The higher the score, the greater the anxious symptomatology. In Mexican population it presented adequate adjustment indexes (CFI = 0.993, TLI = 0.987, RMSEA = 0.07) [46] and in this study it presented an α = 0.897 (95% IC = 0.883, 0.909) with an explained variance of 64.33%, and adequate fit indices after correlate item 2 with item 4 (CMIN/DF = 1.383, CFI = 0.998, TLI = 0.996, GFI = 0.995, RMSEA = 0.025).
The scale was used to obtain evidence of divergent validity of the Short Form Cognitive Function Scale, expecting negative and moderate correlations between anxious symptomatology and correct cognitive functioning [47].

Subjective well-being scale
Developed and validated in Mexican population by Calleja & Mason [48], it consists of eight items on life satisfaction and positive affect, with responses from 1 to 7. In the original study, it presented an explained variance of 77.85%, α = 0.968 and evidence of validity (CMIN/DF = 2.45, CFI = 0.996, GFI = 0.993, RMSEA = 0.046). In this study, the explained variance was 82.74% with α = 0.974 (95% IC = 0.970, 0.977) and partially adequate fit indices (CMIN/DF = 10.344, CFI = 0.999, TLI = 0.998, GFI = 0.999, SRMR = 0.029). This scale was used to assess the convergent validity of the Short Form Cognitive Function Scale, expecting positive and moderate correlations between subjective well-being and adequate cognitive functioning [49].


Adaptation process
The Short Form Cognitive Function Scale was originally designed in English and later translated into Spanish by the original authors [31, 32]. In its validation in Mexican oncology population, Romero-Hernández et al. [34] performed a content validation by means of expert judgment and a pilot test.
For the aim of this study, the adaptation to the general population consisted of the revision of the items following the recommendations of the International Test Commission [50], since it was expected that this population might have a different understanding of cognitive functions compared to the oncology population.
The pilot tests included cognitive interviews [51] with five participants who met the inclusion criteria to ensure that the adaptation made by Romero-Hernández et al. [34] was appropriate for the general Mexican population, as well as the instructions and content of the items had a similar significance to that of the original population, and that the format of item presentation and response options were appropriate.
Five interviews were conducted in three formats: (1) a think-aloud interview, in which participants verbalized their thoughts while answering the scale; (2) two paraphrasing interviews, where participants explained in their own words the meaning of the instructions and items; and (3) two specification interviews, where they were asked to define the meaning of the scale items. As a result, no modifications to the scale were needed.

Procedure
The battery of instruments was administered online through Google Forms during the period from February 17 to October 18, 2024. Dissemination was done through social networks such as Facebook and Instagram. To participate, individuals were required to read and accept the informed consent to access the scales. To avoid missing data, the Google Forms option was activated, which prevented responses from being sent if any item was missing.

Ethical considerations
The study was approved by the Commissions of Research, Ethics and Biosafety at the Hospital Infantil de México Federico Gómez, National Institute of Health (HIM/2015/017/SSA.1207), and was complied with the Psychologist’s Code of Ethics [52] guaranteeing that the conclusions were objective and derived directly from the results obtained. In addition, in accordance with article 138, participants were informed of the possible academic uses of the information generated by their services.
An informed consent was prepared following the guidelines of the American Psychological Association [53], which provided participants with details about the aim of the research, the duration of the application of instruments, as well as the related procedures. They were also informed of their right not to participate and to withdraw at any time, without consequences, and were provided with the means of contact to resolve any concerns related to the process.
In accordance with the Helsinki Declaration of the World Medical Association [54] on research involving human subjects, the voluntary participation of the participants in this study was considered, discarding those who could not give their consent in a free and informed manner. All doubts of the participants regarding the aims, financing, institutional affiliation, conflicts of interest, and possible risks or benefits derived from their participation were clarified.
Finally, in compliance with the Regulations of the General Health Law on Health Research [55], article 74 Third, the dignity, rights and well-being of the participants were respected, guaranteeing the confidentiality of the results obtained. In addition, they were informed of their right to exclude the results if they so requested, always in accordance with the ethical and scientific principles of the research.

Data analysis
Descriptive analyses were conducted for the measures of central tendency and dispersion of the participants’ scores. The measures of shape (skewness and kurtosis) were calculated as a complement to the Kolmogorov-Smirnov normality test due to concerns about the highly restrictive assumptions of this test [56]. Given that skewness of the data was less than|1| and the degree of departure from the univariate normal distribution was small (D < 0.300), the use of parametric statistics was considered appropriate. In addition, to verify the absence of floor and ceiling effects, the cumulative percentage in the bottom “Very often (Happens to me several times a day)” and top “Never” responses options were verified to be less than 30%. The corrected Index of Homogeneity (cIH) was calculated to verify that the items were sufficient correlated to assume that they are measuring the same construct (cIH > 0.400).
The data analysis process followed in this study to identify the factor structure of the scale was performed following the recommendations of Ferrando et al. [44] and Lloret-Segura et al. [45]. To analyze the factor structure of the Short Form Cognitive Function Scale the first 300 participants from the database of 600 were split for Exploratory Factor Analysis and internal consistency analyses. The Exploratory Factor Analysis (EFA) was performed using the “psych” package in R. The feasibility of the EFA was assessed using the Kaiser-Meyer-Olkin test (KMO > 0.800) and Bartlett’s test of sphericity (p <.05), as well as Measures of Sampling Adequacy (MSA > 0.800).
To identify the number of factors that constitute the scale, a parallel analysis was performed using the “paran” package, retaining the factors whose adjusted Eigen values were greater than the 95th percentile of the estimated variance.
Due to compliance with univariate normality, the structure of five response options and a sample of 300 participants, it was decided to specify a Pearson correlation matrix. The AFE was performed using the maximum likelihood extraction method with an orthogonal rotation method via Quartimax due to being a short scale, parallel analysis is expected to identify a single overall factor [45]. A cut-off point of 0.400 was established for the factor loadings [44].
To estimate the internal consistency of the scale, Cronbach’s alpha coefficient (α) and omega coefficient (Ω), along with their confidence intervals (95% CI), were calculated, considering values over 0.800 as adequate.
The last 300 participants were employed for Confirmatory Factor Analysis (CFA). Multivariate normality of the data was verified through Mardia’s test. Since the multivariate kurtosis was significant (Multivariate kurtosis = 100.74, p <.001), it was determined to implement the Unweighted Least Squares method in the CFA with the “Lavaan” package in R.
To assess model fit, the following parameters were calculated [57]: chi-square test (X2, p >.05), relative X2 (CMIN/DF < 3), Comparative Fit Index (CFI > 0.950), Normalized Fit Index (NFI >. 900), the Non-Normed Fit Index (TLI > 0.950), the Goodness of Fit Index (GFI > 0.900) and its adjusted version (AGFI > 0.850), Root Mean Square Residual (RMSR < 0.05) and the Approximation Error (RMSEA < 0.08). In addition, the Average Variance Extracted was calculated to obtain evidence of convergent internal validity (AVE > 0.500) [58].
Measurement invariance and construct validity were assessed using the whole dataset (n = 600). Measurement invariance were tested on gender (Women and Men), geographic area of residence (North, Central and South Mexico) and age ranges (Group 1 = 18 to 36 years, Group 2 = 37 to 52 years, and Group 3 = 53 and older). For this purpose, four models were compared: (1) the unrestricted model (configurational or baseline), (2) the metric model (weak invariance) with restrictions on factor loadings; (3) the scalar model (strong invariance) with restrictions on factor loadings and intercepts, and 4) the strict invariance model, with restrictions on factor loadings, intercepts and residuals.
Changes in X2 (p >.05), CFI and TLI (differences <|0.01|), and RMSEA and RMSR (differences < 0.015) were used to assess compliance with invariance, following the recommendations of Cheung & Rensvold [59].
Finally, construct validity of the Short Form Cognitive Function Scale was assessed by Pearson correlations to identify its convergent and divergent validity whose coefficients were interpreted as Negligible (r = 0 −.100), Weak (r =.101 −.399), Moderate (r =.400 −.699), Strong (r =.700 −.899), and Very strong (r =.900 −.999) [60]. Know-Groups Validity [61] was analyzed using Student’s t-test for independent samples, contrasting two groups by age defined by the sample median (45 years) establishing Group 1 (participants aged 18 to 45 years) and Group 2 (participants older than 45 years). For t-test for independent samples, Standardized Mean Differences (SMD) were calculated with effect sizes 0 to 0.50 Small, 0.501 to 0.800 medium, and > 0.801 large effect [62]. Parametric statistical tests were used since the scores obtained on the Subjective Well-being (D = 0.109, gl = 600, p =.001; Skewness = − 0.361, Kurtosis = -1.03) and Generalized Anxiety (D = 0.085, gl = 600, p =.001; Skewness = − 0.154, Kurtosis = -1.06) scales were observed to closely follow a univariate normal distribution.


Results
Descriptive analysis
The final sample consisted of 600 participants. The age of the participants ranged from 18 to 74 years (M = 45, S.D. = 12.60), of whom 469 (78.2%) were women and 131 (21.1%) were men. In terms of marital status, the most common were single (208 participants, 34.7%), married (202 participants, 33.7%), and in a relationship (105 participants, 17.5%). Regarding educational level, most had graduate degree (258 participants, 43%), and most were currently employed (330 participants, 71.3%). Regarding family status, 300 participants (64.8%) had children (364, 60.7%), with 2 being the mean number of children reported, while 163 (35.2%) had no children. Finally, people were geographically distributed in the following mexican zones: north (178 participants, 29.7%), center (334 participants, 55.7%) and south (88 participants, 14.7%).
Regarding the measurements variables, the Kolmogorov-Smirnov test for normality was significant. However, given that the degree of departure from the normal curve was small (D < 0.300), the skewness of the items was within an acceptable range of − 0.492 to − 0.091, the kurtosis ranged from 2.07 to 2.36, and the means of all items were close to the theoretical mean (3), it can be considered that the assumptions of univariate normality are met (Table 1).
Table 1Descriptive analysis and corrected Homogeneity Index (n = 600)


	Item
	X̅ (S.D.)
	K-S (p)
	Skewness
	Kurtosis
	cHI

	1
	4.71 (1.70)
	0.187 (0.001)
	− 0.429
	− 0.858
	0.706

	2
	4.65 (1.75)
	0.184 (0.001)
	− 0.388
	− 0.949
	0.833

	3
	4.52 (1.77)
	0.179 (0.001)
	− 0.345
	-1.020
	0.830

	4
	4.31 (1.85)
	0.163 (0.001)
	− 0.212
	-1.132
	0.832

	5
	4.43 (1.99)
	0.175 (0.001)
	− 0.295
	-1.159
	0.782

	6
	4.59 (1.94)
	0.181 (0.001)
	− 0.359
	-1.044
	0.804

	7
	4.41 (1.90)
	0.175 (0.001)
	− 0.317
	-1.065
	0.816

	8
	4.37 (1.81)
	0.156 (0.001)
	− 0.215
	− 0.997
	0.629


Note: S.D: Standar Deviation, K-S: Kolmogorov-Smirnov Test, cIH: corrected Homogeneity Index
Source: Own elaboration



The responses frequency was examined to verify the absence of ceiling or floor effects, ensuring that there were no more than 30% of accumulated responses in the upper or lower responses. Reactive 5 presented the highest percentage of cumulative responses in the lower response (11.3%), while reactive 6 obtained the highest percentage in the upper response (21.5%). The results of the cIH suggest that the items measure the same construct, with values ranging from 0.629 (item 8) to 0.833 (item 2).

Exploratory factor analysis (EFA)
The feasibility analyses showed adequate results, with a KMO value = 0.930, measures of sampling adequacy (MSA) ranging from 0.910 to 0.970 and a significant Bartlett’s test of sphericity (X2 = 2063.84, df = 28, p =.001).
Parallel analysis identified that only one factor explained a variance above the 95th percentile, therefore a single-factor model was specified using the maximum likelihood method and orthogonal rotation via Quartimax. The results of the AFE, including factor loadings, communalities and total variance explained, are presented in Table 2.
Table 2Exploratory Factor Analysis Results (n = 300)


	Item
	Factor loadings
	Communalities

	2. Parece como si mi cerebro no funcionara tan bien como siempre.
[2. It seems as if my brain doesn’t work as well as usual.]
	0.899
	0.808

	3. He tenido que esforzarme más de lo normal para seguir el hilo de lo que estoy haciendo.
[3. I have had to work harder than usual to keep track of what I am doing.]
	0.891
	0.794

	4. He tenido problemas para alternar entre distintas actividades que requieren pensar.
[4. I have had trouble alternating between different activities that require me to think.]
	0.870
	0.756

	5. He tenido problemas para concentrarme.
[5. I have had trouble concentrating]
	0.832
	0.693

	7. He tenido problemas para formar mis pensamientos.
[7. I have had trouble forming my thoughts]
	0.822
	0.676

	6. Me he tenido que esforzar mucho para poner atención, de lo contrario cometo errores.
[6. I have had to try very hard to pay attention, otherwise I make mistakes.]
	0.818
	0.669

	1. He pensado con lentitud.
[1. I have been thinking slowly]
	0.785
	0.616

	8. He tenido problemas para hacer sumas y/o restas mentalmente.
[8. I have had trouble doing addition and/or subtraction mentally.]
	0.698
	0.487

	Total Explained Variance: 68.73%


Source: Own elaboration




Internal consistency
Internal consistency was adequate, with values of α = 0.945 (95% CI = 0.935, 0.953) and Ω = 0.946 (95% CI = 0.936, 0.955).

Confirmatory factor analysis (CFA)
The single-factor model was evaluated by CFA using the Unweighted Least Squares method due to multivariate non-normality (Multivariate kurtosis = 100.74, p <.001). Model fits were adequate since it was observed a X2 = 46.594, df = 20, p =.001, CMIN = 2.329, CFI = 0.998, TLI = 0.998, NFI = 0.997, GFI = 0.998, aGFI = 0.997, RMSEA = 0.047 (90% IC = 0.030, 0.065), SRMR = 0.031. As for the Average Variance Extracted, an appropriate value of AVE = 0.657 was obtained. The final factorial structural model is presented in Fig. 1.
[image: ]
Fig. 1Structural model



Measurement invariance
In the analysis of measurement invariance, it was possible to identify a strict invariance when comparing the factor structure between gender (Women and Men) and geographical residence area (North, Central and South of Mexico) of the participants (p >.05).
For age range, only up to scalar invariance (strong invariance) was achieved. When reviewing the standardized residuals of the scalar model, it was possible to identify that participants in group 2 (ages 37 to 52 years) presented different parameters, especially lower standardized means compared to the other two groups of participants. The results of these analyses are presented in Table 3.
Table 3Analysis of measurement invariance by gender, age ranges and geographic residence areas (n = 600)


	Gender
	X2(gl)
	X2/gl
	CFI
	TLI
	RMSEA
(CI 90%)
	SRMR
	 	ΔX2
	ΔCFI
	ΔTLI
	ΔRMSEA
	ΔSRMR

	M1. Configurational model
	51.024(40)
	1.27
	0.999
	0.999
	0.030
(0.000, 0.053)
	0.030
	 	 	 	 	 	 
	M2. Measurement model
	63.735(47)
	1.35
	0.999
	0.999
	0.035
(0.000, 0.054)
	0.033
	M2 vs. M1
	12.711(7), p =.079
	0
	0
	0.004
	0.003

	M3. Scalar invariance
	67.354(54)
	1.24
	0.999
	0.999
	0.029
(0.008, 0.049)
	0.034
	M3 vs. M2
	3.618(7), p =.822
	0
	0
	− 0.006
	0.001

	M4. Strict invariance
	81.880(62)
	1.32
	0.999
	0.999
	0.033
(0.005, 0.051)
	0.037
	M4 vs. M3
	14.526(8), p =.069
	0
	0
	0.004
	0.003

	Age ranges
	X2(gl)
	X2/gl
	CFI
	TLI
	RMSEA
(CI 90%)
	SRMR
	 	ΔX2
	ΔCFI
	ΔTLI
	ΔRMSEA
	ΔSRMR

	M1. Configurational model
	51.024(40)
	1.27
	0.999
	0.999
	0.030
(0.000, 0.053)
	0.030
	 	 	 	 	 	 
	M2. Measurement model
	115.026(74)
	1.55
	0.997
	0.997
	0.053
(0.033, 0.071)
	0.045
	M2 vs. M1
	51.451(14), p =.001
	− 0.002
	− 0.003
	0.035
	0.012

	M3. Scalar invariance
	127.902(88)
	1.45
	0.997
	0.997
	0.048
(0.028, 0.065)
	0.048
	M3 vs. M2
	12.877(14), p =.536
	0
	0.001
	− 0.005
	0.003

	M4. Strict invariance
	178.961(104)
	1.72
	0.995
	0.996
	0.060
(0.045, 0.075)
	0.055
	M4 vs. M3
	51.059(16), p =.001
	− 0.002
	− 0.001
	− 0.012
	0.007

	Geographic residence area
	X2(gl)
	X2/gl
	CFI
	TLI
	RMSEA
(CI 90%)
	SRMR
	 	ΔX2
	ΔCFI
	ΔTLI
	ΔRMSEA
	ΔSRMR

	M1. Configurational model
	61.712(60)
	1.02
	0.999
	0.999
	0.012
(0.000, 0.045)
	0.032
	 	 	 	 	 	 
	M2. Measurement model
	85.157(74)
	1.15
	0.999
	0.999
	0.028
(0.000, 0.051)
	0.038
	M2 vs. M1
	23.472(14), p =.053
	0
	0
	0.016
	0.005

	M3. Scalar invariance
	89.919(88)
	1.02
	0.999
	0.999
	0.010
(0.000, 0.040)
	0.039
	M3 vs. M2
	4.735(14), p =.989
	0
	0
	− 0.017
	0.002

	M4. Strict invariance
	114.419(104)
	1.10
	0.999
	0.999
	0.022
(0.000, 0.044)
	0.044
	M4 vs. M3
	24.5(16), p =.079
	0
	0
	0.012
	0.005

	Cut-off points
	 	< 3
	> 0.950
	> 0.950
	< 0.08
	< 0.05
	 	p >.05
	≤ 0.01
	≤ 0.01
	≤ 0.015
	≤ 0.015





Construct validity
Evidence of construct validity was found as a positive moderate correlation was observed between cognitive functions and subjective well-being (r =.507, 95% CI = 0.445, 0.564, p =.001), and a negative moderate correlation with anxiety (r = −.517, 95% CI = − 0.573, − 0.455, p =.001).
The scale also showed evidence of know-groups validity by significantly differentiating younger and older people according to the score obtained on the measurement instrument (t = -5.304, df = 598, p =.001). However, contrary to expectations, participants aged 18 to 45 years obtained the lowest scores (M = 3.07, S.D. = 1.01), while participants aged 46 years and older had the highest scores (M = 3.51, S.D. = 0.980) with a small effect size of SMD = − 0.441.


Discussion
The aim of this study was to determine the psychometric properties of the Short Form Cognitive Function Scale in the general Mexican population, since it had previously only been validated in the Mexican oncology population. In addition, other validity evidence were presented in this study, such as convergent internal validity (AVE), convergent, divergent, and Know-groups validity validity, as well as evidence of measurement invariance in relevant sociodemographic variables.
Although different instruments have been used in the Mexican population to assess cognitive function, such as the Mini-Mental State Examination, the Mini-Cognitive Examination, the Clock Test and the MoCa [26, 63], due to the design of these instruments, it had not been possible to conduct a complete psychometric analysis such as the present study, or that of Romero-Hernández et al. [34], to examine the factor structure, measurement invariance, or construct validity of a measurement focused on cognitive assessment. This lack of psychometric analysis was one of the limitations pointed out by Torres-Castro et al. [63] in their critical review of these instruments.
The results corroborated excellent fit indices and a unifactorial structure observed in previous studies [34] and in the original version [32].
Excellent internal consistency indices were identified, although slightly lower than those reported in the original translation by Romero-Hernández et al. [34]. Nevertheless, the indices remained above 0.900, both in Cronbach’s Alpha and Omega coefficients, as well as a total variance explained above 60%, indicating excellent internal consistency (≥ 0.90) [64, 65].
The Short Form Cognitive Function Scale proved to be a valid and reliable instrument to assess the frequency of subjective complaints related to the cognitive status of the Mexican population, independently of gender (Men and Women), geographical area of residence (North, Central and South Mexico) or age range (18 to 36 years, 37 to 52 years and 53 years and older). Having a valid instrument that does not depend on these characteristics is fundamental for professional practice since gender differences have been identified that influence cognitive decline, such as the so-called cognitive reserve [66], which refers to the physiological resources that allow the brain to maintain its optimal functioning despite damage or alterations resulting from neurodegeneration [67].
Therefore, the implementation of screening for the frequency of subjective cognitive complaints could be useful to identify times when the threshold of cognitive reserve is about to be exceeded due to aging-related brain deterioration or brain health risk behaviors [68].
Regarding differences by age, although the factor structure of the Short Form Cognitive Function Scale was found to be equally valid for participants of the different age ranges analyzed in this study, an unexpected result was related to know-groups validity. The results showed that younger participants (18 to 45 years) reported significantly lower scores than participants older than 46 years, suggesting that, the older the age, the lower the perceived impairments in cognitive functions.
This finding seems to contradict the extensive literature indicating that age is a key factor in cognitive decline. To explain this phenomenon, two models of the effect of aging on brain functions have been proposed [69]: (1) the dedifferentiation theory, which suggests that the loss of specific brain functions in cognitive tasks is due to deficits in the dopaminergic regulatory system that promotes the loss of specific cortical characterizations; and (2) the compensation theory, which posits that older adults activate more brain areas to compensate for the loss of functions in regions such as frontal-medial cortex, prefrontal, parietal, precuneus, and cingulate-posterior cortex compared to younger adults.
Given that the participants in this study were from a nonclinical population, compensation theory could partially explain why older participants scored higher cognitive performance than younger participants. This finding is consistent with reports by Deary et al. [70] who suggest that compensatory brain functions may explain why age-associated brain deterioration does not necessarily translate into cognitive decline.
Also, at work, especially in individuals at highly productive ages who are starting their professional careers or facing academic pressures, can generate elevated levels of stress and cognitive overload. This stress can have a negative impact on cognitive functioning, which could lead younger people to perceive greater cognitive impairment [71].
Convergent validity, on the other hand, provides evidence on the importance of psychosocial variables, by considering their relationship with adequate cognitive functioning. In this sense, it has been observed that well-being in older adults may act as a protective factor against cognitive impairment, although the mechanisms and brain processes involved are not yet fully established [72].
Although the evidence on the consideration between anxious symptomatology and cognitive alterations is not conclusive [47, 73], the results of divergent validity in this study suggest that such a relationships could exist, at least in the general Mexican population. However, further studies such as those conducted in England through cohort studies [74] or in the United States through longitudinal studies [75] are required to establish this relationship with greater certainty.
These findings have several implications for professional practice. First, having a brief, valid and reliable instrument for the general population allows professionals to perform assessments more accurately in a variety of contexts, not just in clinical settings, where cognitive functions may be affected by different situations of daily life, such as working conditions [76], indoor environmental qualities [77] or sleep habits [78].
This kind of instrument would facilitate the early detection of cognitive problems in apparently healthy individuals, making possible preventive interventions before the cognitive impairment aggravates [79, 80]. In addition, its use favors the comparison of data in different populations and contexts, both nationally and internationally.
Moreover, the reporting of the psychometric properties of the instrument ensures that the cognitive function of the general population is accurately measured, which enables the early identification of cognitive alterations and the taking of preventive actions to improve the quality of life and well-being of the poblation before their problems become significant [80–82].
Limitations
Finally, some limitations should be noted. The validity and reliability of the scale could vary in populations with chronic diseases or conditions associated with cognitive decline that have not been evaluated in this study, such as people with cardiovascular disease, diabetes mellitus, chronic pain, multiple sclerosis, or neurodegenerative diseases. Another limitation is the need to test for measurement invariance in people with different educational levels, which was not possible in this study due to fewer than 50 participants with studies up to elementary school (n = 2), middle school (n = 12), and high school (n = 46).
Another limitation is that the reliability of the instrument is based only on internal consistency coefficients. In this respect, a test-retest could have strengthened the results reported. However, due to the remote application of the measurement instruments, and the anonymity of the participation of the individuals in this study, it was not possible to establish a follow-up contact or identify the responses of the participants in order to match their responses from the first application (test) with a possible second application (retest), so it is suggested that additional research should explore alternative ways to support the reliability of the instrument through these alternatives to strengthen the reliability results of the Short Form Cognitive Function Scale (PROMIS v2.0) presented so far.
A final limitation is the possible unrepresentativeness of the sample. Although an appropriate sample size was obtained for the size of the Mexican population, it could not be considered a representative sample, since a stratified randomized sampling method by geographical areas of the country would have to be chosen.


Conclusions
The Mexican version of the Short Form Cognitive Function Scale for the general population presents adequate psychometric properties and fit indicators, making it a brief, valid and reliable instrument for use in non-clinical and research settings in Mexico. This study highlights the importance of psychometrically validated measurement instruments to assess the state of cognitive functions in the general Mexican population. The availability of valid and reliable assessment tools would allow adequate diagnostic evaluations, which will facilitate the design of effective strategies for the prevention of cognitive decline, as well as for interventions or rehabilitation in response to diseases that may lead to cognitive decline, such as chronic illnesses.
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