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Background: A recent systematic review found that language deficits are not very common in individuals with multiple sclerosis (MS). However, there are significant gaps in our knowledge about language abilities in MS. For instance, morphosyntactic production has not been explored adequately thus far. This study investigated verb-related morphosyntactic production in MS focusing on Greek, a morphologically rich language.

Methods: A sentence completion task tapping into the production of subject–verb agreement, time reference/tense, and grammatical aspect was administered to 39 Greek-speaking individuals with MS [25 individuals with relapsing-remitting MS (RRMS group) and 14 individuals with secondary progressive MS (SPMS group)]. The task included only regular verbs. Generalized linear mixed-effects models were used to investigate the ability of individuals with MS to produce the above-mentioned morphosyntactic categories.

Results: Overall, the RRMS and SPMS groups performed significantly worse than their matched control groups. Moreover, all four groups performed significantly worse on grammatical aspect than on subject–verb agreement and time reference. The difference between subject–verb agreement and time reference was not significant in any of the four groups. The overall performances of the RRMS and SPMS groups did not differ significantly.

Conclusion: Individuals with MS are impaired in verb-related morphosyntactic production. Moreover, the pattern of performance of individuals with MS is identical to that exhibited by neurologically healthy individuals. Thus, the production performance of individuals with MS on verb inflection differs from that of healthy controls quantitatively but not qualitatively.
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INTRODUCTION

Multiple sclerosis (MS) is an autoimmune, inflammatory, and neurodegenerative disease of the central nervous system that predominantly affects sensorimotor and physical abilities. Cognitive deficits affecting working memory (WM), long-term memory, executive functioning, attention, processing speed, and visuospatial perception are also common in MS (e.g., Rao, 1995; Messinis et al., 2018; Ntoskou et al., 2018; Brochet and Ruet, 2019), with deficits in WM and processing speed being more frequent and severe in secondary progressive MS (SPMS) than in relapsing-remitting MS (RRMS) (Brochet and Ruet, 2019, and references therein). Underlying mechanisms of cognitive impairment in MS include tissue damage, atrophy especially of gray matter (and, more specifically, atrophy of brain loci such as the thalamus, hippocampus, and putamen), and altered connectivity and synaptopathy (Nasios et al., 2020). Regarding language abilities in MS, the evidence is still inconclusive. A recent systematic review (Renauld et al., 2016) showed that “language impairments are possible but not very common in MS patients” (p. 110). Nevertheless, El-Wahsh et al. (2020) found that 75% of a sample of persons living with MS self-reported a language impairment (with the most affected language domains being word retrieval and/or confrontational naming, expressive language, and receptive language in spoken discourse). Importantly, these persons experienced a reduced quality of life than did those without language impairment (El-Wahsh et al., 2020). Several studies reported evidence that word (verb and noun) finding problems are common in MS (e.g., Sepulcre et al., 2011; Kambanaros et al., 2017; Brandstadter et al., 2019). Brandstadter et al. (2019) found that word-finding difficulties attested in MS are linked to left parietal cortical thinning. It should be noted, however, that there are still gaps in our knowledge regarding both the neural substrate of language impairment in MS and the aspects of language affected by MS. Morphosyntactic production, for example, has not been explored adequately thus far. This study investigates verb-related morphosyntactic abilities in MS focusing on Greek, a highly inflected language. In particular, we focus on subject–verb agreement, time reference/tense, and grammatical aspect.


Background Information on Subject–Verb Agreement, Time Reference/Tense, and Grammatical Aspect1

In many languages, including Greek, the person and the number of the grammatical subject of a sentence are morphologically marked on the verb (subject–verb agreement). For example, in the English sentence This woman walks to work every day, the verb’s inflectional morpheme –s expresses the fact that the grammatical subject of the sentence (this woman) is in the singular number and third person. The Greek verb morphologically encodes the combination of three persons (first, second, and third person) and two numbers (singular and plural number) in all tenses.

Morphosyntactic/morphosemantic categories such as tense and grammatical aspect are also instantiated in verb morphology. Tense is one of the linguistic means of referring to different time frames (e.g., past, present, and future). Tense, which is encoded in the verb, locates an event in time. The most common tenses are present, past, and future. In Greek (and in many other languages), the present tense usually locates an event as simultaneous with the speaking time, past tense locates it prior to the speaking time, and future tense locates it subsequently to the speaking time. Time reference, which is closely related to tense, is a semantic category. Time reference is the “semantic counterpart” of tense because, in many languages including Greek, time reference is made through tenses. It should be noted, however, that there is no one-to-one correspondence between tense and time reference, as different tenses may refer to the same time frame. For instance, despite their semantic differences, both simple past tense and present perfect refer to the past. Moreover, a given tense may refer to more than one time frame. For example, present tense in Italian (e.g., mangio “eat”) refers to the present (e.g., Adesso mangio pasta “Now I eat-PRESENT.1st.SG pasta”), but it may also be used to refer to the future in the presence of a time adverbial referring to the future (e.g., Domani mangio pasta “Tomorrow eat-PRESENT.1st.SG pasta”).

While tense and time reference refer to when, grammatical aspect refers to how. For example, although the sentences Yesterday I was singing the song “New York, New York” when Mary gave me a ring and Yesterday I sang the song “New York, New York” refer to the past, they reflect two different ways of viewing the singing event. In the former sentence, the speaker views the singing event as progressive; in the latter sentence, the speaker views the singing event as non-progressive. This is an aspectual difference. The most important aspectual distinction is that between perfectivity and imperfectivity. A speaker uses the perfective aspect when they view an event as a whole, without focusing on the various separate phases making up that event. On the other hand, a speaker chooses to use the imperfective aspect, when they focus on the internal structure of the event. Thus, the difference in the way the singing event is seen in the sentences Yesterday I was singing the song “New York, New York” when Mary gave me a ring and Yesterday I sang the song “New York, New York” reflects the aspectual distinction between imperfectivity and perfectivity, respectively. Note that the progressive aspect is subsumed into the imperfective aspect. As one can infer from the examples above, seeing an event as in progress or as completed often depends on the speaker’s point of view. For this reason, grammatical aspect is considered to be a subjective category. The opposite appears to be the case for tense and subject–verb agreement.



Previous Studies on Agreement, Time Reference, and Aspect—Predictions for Greek Multiple Sclerosis

As shown in Background Information on Subject–Verb Agreement, Time Reference/Tense, and Grammatical Aspect, subject–verb agreement, time reference, and grammatical aspect have intrinsically different (linguistic) properties. These different properties are likely to make differential demands to the speaker’s processing system. Based on findings of studies on healthy aging and different pathologies, which will be presented later in this section, it appears that grammatical aspect, the most demanding category, taxes the speaker’s processing system, and individuals with less efficient processing systems fare worse on the production of aspect than on the production of subject–verb agreement, which seems to be an undemanding morphosyntactic relation. This pattern seems to result from the combination of the differential demands that different verb-related morphosyntactic categories pose on the speaker’s processing system and a sufficiently large variability in processing efficiency across healthy and neurologically affected participants. Variability in processing efficiency is presumably reflected in variability in WM capacity or closely related constructs such as processing speed (e.g., Salthouse, 1992; Fry and Hale, 1996, 2000).

This statement gains empirical support from Greek Alzheimer’s disease (AD), stroke-induced aphasia, and healthy aging. Fyndanis et al. (2013) found that, in morphosyntactic production in Greek AD, grammatical aspect is more impaired than time reference/tense and subject–verb agreement, and time reference is more impaired than subject–verb agreement.3 Interestingly, Fyndanis et al. (2012, 2018b) reported the same pattern for Greek stroke-induced aphasia and healthy aging, while Nanousi et al.’s (2006) and Varlokosta et al.’s (2006) groups of Greek-speaking individuals with aphasia also fared significantly worse on the production of grammatical aspect than on the production of subject–verb agreement. That the same pattern emerged not only in AD and aphasia but also in healthy speakers (e.g., Fyndanis et al., 2018b) is consistent with the idea that pathology only exacerbates patterns or trends observed in healthy speakers (e.g., Miyake et al., 1994; Dick et al., 2001). If our participants with MS reveal a pattern of performance similar to that reported for Greek mild AD, aphasia and healthy aging, this finding would lend further empirical support to the idea that, at least in verb-related morphosyntactic production, pathology exacerbates trends or patterns exhibited by healthy speakers.

Fyndanis et al. (2012, 2013) accounted for the patterns of morphosyntactic performance that emerged in Greek aphasia and AD by employing the Interpretable Features’ Impairment Hypothesis (IFIH) (see also Varlokosta et al., 2006, and Nanousi et al., 2006). Framed within the minimalist program (e.g., Chomsky, 1995, 2000, 2001), the IFIH states that functional/morphosyntactic categories bearing interpretable features, such as aspect and tense/time reference, are more prone to impairment than categories bearing uninterpretable features (e.g., subject–verb agreement), because the former involve processing and integration of information from two distinct levels of representation (grammatical and extralinguistic/conceptual), whereas the latter require implementation of grammatical knowledge only (Fyndanis et al., 2012, 2013). In other words, as per IFIH, it is the involvement of integration processes that renders morphosyntactic categories bearing interpretable features more demanding in terms of processing resources than categories bearing uninterpretable features. The idea that integration processes tax speakers’ processing system is shared—-explicitly or implicitly—-by many scholars (e.g., Hartsuiker et al., 1999; Avrutin, 2000; Kok et al., 2007; Yarbay Duman and Bastiaanse, 2009; Bastiaanse et al., 2011). It should be noted that, in light of new data from Greek AD, Fyndanis et al. (2018c) revised the IFIH suggesting that only morphosyntactic categories involving both integration processes and inflectional alternations (e.g., walk–walked) are prone to impairment in individuals with processing limitations.

Although the construct of processing resources has been linked to cognitive constructs such as WM and processing speed, it is still unknown what is the exact nature of processing resources involved in verb-related morphosyntactic production. In other words, there is still uncertainty on the exact cognitive mechanism that is critically involved in the production of demanding morphosyntactic categories such as grammatical aspect. Fyndanis et al. (2018b) reported data from 103 Greek-speaking healthy individuals and eight persons with agrammatic aphasia (PWAs), which showed that, in both groups, verbal WM capacity affected the production of grammatical aspect more than that of time reference and did not affect the production of subject–verb agreement at all. Importantly, it was verbal WM capacity that shaped the pattern of verb-related morphosyntactic production (grammatical aspect < time reference < subject–verb agreement) exhibited by the groups of aphasic participants and healthy individuals in Fyndanis et al. (2018b). This finding was taken as further empirical evidence for IFIH (Nanousi et al., 2006; Varlokosta et al., 2006; Fyndanis et al., 2012).4 However, Fyndanis et al.’s (2018b) participants were only tested with a sentence completion task tapping into verb-related morphosyntactic production and with complex span tasks measuring verbal WM capacity. Cognitive capacities closely related to WM such as processing speed (e.g., Salthouse, 1992; Fry and Hale, 1996, 2000) were not assessed. In a study on the production of subject–verb agreement and tense in Dutch agrammatic aphasia, Kok et al. (2007) accounted for their agrammatic patients’ pattern of performance by assuming WM limitations on the basis of indirect evidence only, that is, without having measured their participants’ WM capacity or any other cognitive capacity. The authors manipulated computation load by using a simple task that only required computation and production of verb inflection and a complex task that required both computation/production of verb inflection and constituent/word ordering. More agreement and tense errors (inflection errors) occurred in the complex task. The authors explained the effects of processing load “by assuming that less working memory capacity is available for the computation of verb inflection in the Order and Inflection Test than in the Inflection Test, due to the necessity of computing the correct word order in the first, but not in the second case” (Kok et al., 2007, p. 281). However, one could also explain the effects of processing load in terms of processing speed, as processing speed is closely related to WM (Fry and Hale, 1996, 2000), and individual differences in WM capacity largely reflect individual differences in processing speed (e.g., Salthouse, 1992). In fact, Leonard (1998) suggested that the morphosyntactic impairment found in children with specific language impairment is related to their processing speed. Moreover, Chatziadamou (2018) tested 80 middle-aged and older healthy Greek-speaking individuals with the same sentence completion task used by Fyndanis et al. (2018b) and found that processing speed significantly affected the production of all three morphosyntactic categories (grammatical aspect, time reference, and subject–verb agreement).

Regardless of the exact contribution of WM capacity and processing speed to processing resources involved in verb-related morphosyntactic production, we assume that both cognitive capacities are critically involved in the production of demanding morphosyntactic features/categories. Given that MS is characterized by WM and processing speed limitations (Brochet and Ruet, 2019) —-among other deficits—- we expect individuals with MS to perform worse than healthy controls on tasks tapping into verb-related morphosyntactic production. We also expect them to exhibit a pattern of performance identical or similar to that emerged in Greek AD (Fyndanis et al., 2013), aphasia (Fyndanis et al., 2012, 2018b), and healthy aging (Fyndanis et al., 2018b) (i.e., grammatical aspect < time reference < subject–verb agreement). Moreover, since individuals with SPMS have greater cognitive limitations than individuals with RRMS (Brochet and Ruet, 2019), we expect the former to be more impaired than the latter in morphosyntactic production.



MATERIALS AND METHODS


Participants

Thirty-nine Greek-speaking individuals with MS took part in the study. There were 25 participants with RRMS and 14 participants with SPMS. Moreover, there were two groups of Greek-speaking neurologically healthy controls. The RRMS and SPMS groups were matched with control group 1 (N = 28) and control group 2 (N = 15), respectively, on age, education, and sex (see Table 1). The healthy individuals who made up the two control groups were selected from a large cohort of healthy individuals (N = 103) who had taken part in Fyndanis et al.’s (2018b) study. All these healthy individuals were administered the same linguistic task that was employed in the current study (see section “Experiment”).


TABLE 1. Participants’ demographic and cognitive profile.

[image: Table 1]The diagnosis of MS was based on the McDonald revised criteria (for a detailed description of these criteria, see Polman et al., 2011). Participants’ demographic and clinical characteristics (age, years of formal education, sex, medication, duration and severity of the disease, depression levels, and fatigue) were recorded and evaluated. Patients’ inclusion criteria included (1) MS diagnosis by an experienced neurologist; (2) clinical evaluation based on the Expanded Disability Status Scale (EDSS) and disability level ranging from 0 to 5; (3) no history of other neurological disorders; (4) score on the Mini Mental State Examination (MMSE) (Folstein et al., 1975; Greek version of MMSE: Fountoulakis et al., 2000) greater than or equal to 24; (5) no history of major psychiatric disorders or psychotic symptoms (delusions, hallucinations); (6) being native speakers of Greek; (7) no presence of relapses or any change in EDSS score over the last 6 months before participation in the study; (8) normal or corrected vision and hearing; and (9) no alcohol abuse or abuse of illegal drugs or steroids. SPMS patients did not experience any relapses or MRI activity for at least 12 months prior to inclusion in the study.

To obtain more information on the cognitive profile of the MS participants, we also administered the Greek version of the Brief International Cognitive Assessment for MS (BICAMS) (Langdon et al., 2012; Polychroniadou et al., 2016). The BICAMS is a tool that has been validated and employed in many countries. The Greek version of BICAMS consists of three tests: the Symbol Digit Modalities Test (SDMT), which primarily taps into information processing speed; the Brief Visuospatial Memory Test-Revised (BVMT-R), which taps into visuospatial short-term memory (STM) and learning; and the Greek Verbal Learning Test (GVLT), which taps into verbal/word learning. The descriptions of SDMT, BVMT-R, and GVLT are provided in Supplementary Material S1.

The work described here has been carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. The study was approved by the Ethics Committee of the University Hospital of Ioannina, Greece. All participants gave written informed consent.



Experiment

Participants were administered a sentence completion task [developed by Fyndanis et al. (2018b)] tapping into verb-related morphosyntactic production. This task consisted of 192 experimental items: 64 items tapped into subject–verb agreement, 64 into time reference, and 64 into grammatical aspect. In the agreement condition, person and number agreement were tested. None of the grammatical subjects included a conflict between grammatical and notional number (Humphreys and Bock, 2005); that is, words like audience (grammatically singular but conceptually plural) and scissors (grammatically plural but conceptually singular) were excluded. In the time reference condition, verbs referring to the past and future were elicited. The grammatical aspect condition targeted verbs encoding perfective and imperfective aspect. All three conditions were matched on sentence length.

Participants heard a source sentence (SS) and the beginning of the target sentence (TS). They were required to orally complete the TS by providing the missing verb phrase. Participants always had to produce a different form of the verb than that appeared in the SS. Examples of the subject–verb agreement, time reference, and grammatical aspect conditions are given in Table 2.


TABLE 2. Examples of source sentence-target sentence pairs testing subject–verb agreement, time reference, and grammatical aspect.

[image: Table 2]As can be seen in Table 2, the SSs differed from the TSs only in one feature value (person, number, time reference/tense, or grammatical aspect), conveyed by the subject or an adverbial, which was sufficient to elicit the target verb form associated with the morphosyntactic category tested by each item.

Sixteen bisyllabic regular transitive verbs (taking one grammatical object only) were used. All verbs were stressed on the penultimate syllable. Each of these verbs appeared six times in total, twice in each morphosyntactic condition (subject–verb agreement, time reference/tense, and grammatical aspect).

There were two lists. Each list consisted of 96 items: 32 items tested subject–verb agreement, 32 items tested time reference, and 32 items tested grammatical aspect. The same verbs appeared in both lists. Moreover, in each list, each verb appeared three times; it appeared once in each morphosyntactic condition. In each list, the three conditions were pseudorandomized such that there were never more than three consecutive items of the same condition. The item order (or presentation order) was kept constant for all participants. Each participant with MS was administered one list only, and the two lists were evenly distributed within the RRMS and SPMS groups. Healthy participants were administered both lists.

The dependent variable was accuracy. Scoring was based on the verb form produced by the participants. The grammatical object was not considered. Irrelevant morphosyntactic errors were ignored. For example, in the subject–verb agreement condition, time reference errors, or aspect errors were not considered.



Data Analysis

We employed the lme4 package in R (Bates et al., 2014) and fitted generalized linear mixed-effects models (Pinheiro and Bates, 2000) to three datasets: (1) dataset of RRMS group and its matched control group; (2) dataset of SPMS group and its matched control group; and (3) unified dataset of RRMS and SPMS groups. Since accuracy was a dichotomous variable (1 = correct answer, 0 = wrong answer), the logistic model was used to model the probability of the correct answer (Jaeger, 2008). We fitted two models to each dataset. Model 1 included group and morphosyntactic condition as fixed effects; the interaction between group and morphosyntactic condition, subjects, and items as random effects; and morphosyntactic condition as by-subject random slope. Model 2 was identical to Model 1 except that it did not include the random slope. Model selection was based on the Akaike information criterion (see Burnham and Anderson, 2004). The best-fitting models (for the datasets above) are presented in Tables 3–5. Results are reported with two reference levels: subject–verb agreement and grammatical aspect. This enables us to compare all three levels of morphosyntactic condition (i.e., agreement, time reference, and aspect) to each other, as well as to check whether there were interactions between these three morphosyntactic levels and the two groups included in each dataset. We also checked whether there was an effect of list by fitting two generalized linear mixed-effects models to the unified MS dataset. Model 1 included list (two levels: List 1, List 2) and morphosyntactic condition as fixed effects; the interaction between list and morphosyntactic condition, subjects, and items as random effects; and morphosyntactic condition as by-subject random slope. Model 2 was identical to Model 1 except that it did not include the random slope. Again, model selection was based on the Akaike information criterion; the best-fitting model is presented in Supplementary Table S1.


TABLE 3. Generalized linear mixed-effects model on accuracy fitted to the dataset of the relapsing-remitting multiple sclerosis (RRMS) group and its matched control group.

[image: Table 3]
TABLE 4. Generalized linear mixed-effects model on accuracy fitted to the dataset of the secondary progressive multiple sclerosis (SPMS) group and its matched control group.

[image: Table 4]
TABLE 5. Generalized linear mixed-effects model on accuracy fitted to the dataset of the relapsing-remitting multiple sclerosis (RRMS) and secondary progressive multiple sclerosis (SPMS) groups.

[image: Table 5]


RESULTS

As shown in Figure 1 and Tables 3, 4, the two control groups outperformed the corresponding MS groups on the sentence completion task, and all four groups fared worse on grammatical aspect than on subject–verb agreement and time reference/tense. The difference between agreement and time reference was not significant in any of the four groups. Moreover, as shown in Table 5, the RRMS group did not differ significantly from the SPMS group in overall performance. The overall performance of the unified MS group (i.e., group of all individuals with MS) on grammatical aspect, time reference and subject–verb agreement was 76.3, 94.8, and 98.4% correct, respectively, whereas the unified control group performed 94.7, 99.8, and 99.8% correct on grammatical aspect, time reference, and subject–verb agreement, respectively. List 1 and List 2 elicited similar performances (see Supplementary Table S1). As shown in Figure 1, there was a lot of variability in the aspect and time reference conditions within the RRMS group, and in the aspect condition within the SPMS group.


[image: image]

FIGURE 1. Percent performance and standard deviation of the four groups on the production of subject–verb agreement, time reference, and grammatical aspect.




DISCUSSION

The overall performance of the RRMS and SPMS groups was significantly worse than that of the control groups, showing that individuals with MS can be impaired in verb-related morphosyntactic production. All four groups performed worse on grammatical aspect than on subject–verb agreement and time reference. The two MS groups, thus, differed from their control groups in morphosyntactic production quantitatively but not qualitatively. Contrary to our prediction, the RRMS group did not differ significantly from the SPMS group in any of the three morphosyntactic categories. This result might reflect the fact that the two MS groups did not differ significantly in cognitive abilities, as measured by BICAMS (Langdon et al., 2012; Polychroniadou et al., 2016) (see Table 1).

Results are consistent with the idea that pathology exacerbates patterns or trends observed in healthy speakers (e.g., Miyake et al., 1994; Dick et al., 2001; Fyndanis et al., 2018b). What follows from this idea is that patterns of morphosyntactic production are not pathology specific, meaning that the same or similar patterns should emerge in different neurological conditions. This prediction is largely borne out by the fact that the pattern reported here for MS is similar to the patterns reported for Greek aphasia (Fyndanis et al., 2012, 2018b) and AD (Fyndanis et al., 2013) in that, in all three neurological conditions, grammatical aspect was found to be more impaired than subject–verb agreement and time reference. The present results, however, differ from Fyndanis et al’s. (2012, 2013, 2018b) results from Greek-speaking aphasic and AD individuals in that, while these individuals performed significantly worse on tense/time reference than on subject–verb agreement, our MS participants fared comparably well on these two morphosyntactic categories. Prima facie this result is not consistent with IFIH (Nanousi et al., 2006; Varlokosta et al., 2006; Fyndanis et al., 2012), as this hypothesis states that all morphosyntactic categories bearing interpretable features (and thus involving integration processes) are more prone to impairment than categories bearing uninterpretable features (and thus not requiring integration processes). Unlike subject–verb agreement, both grammatical aspect and time reference/tense bear interpretable features and involve integration processes. As implicitly acknowledged by Fyndanis et al. (2012, 2013, 2018b), however, it appears that involvement of integration processes is not the only factor that taxes the speaker’s processing system. This is reflected in the patterns of performance that they reported: Greek-speaking PWAs and individuals with mild AD fared significantly better on tense/time reference than on grammatical aspect. The authors claimed that, at least in Greek, tense/time reference is less demanding than grammatical aspect in terms of processing resources, and they suggested that this was attributable to the fact that grammatical aspect is subjective (e.g., Comrie, 1976; Smith, 1997). Speakers of Greek, for example, always choose how to view past or future events; they view them in a perfective or in an imperfective way, and these choices are reflected in the use of perfective or imperfective grammatical aspect, respectively (for more details and examples, see Background Information on Subject–Verb Agreement, Time Reference/Tense, and Grammatical Aspect). When it comes to time reference, however, speakers’ decisions on the time frame to which they will refer are based on more objective criteria, such as location of event time in relation to speaking time (Fyndanis et al., 2018b). As noted by Fyndanis et al. (2018b, p. 1182), despite the fact that “constrained tasks employed to investigate aspect usually include adverbials that call for specific aspectual values […], it might be the case that the subjective component of aspectual representations is always ‘active’, rendering the decoding and encoding of aspect more costly than the decoding and encoding of tense […] Note that in sentence completion tasks the participant has to both decode the relevant features during the listening/comprehension part and encode them during the production part.”

Thus, it may be that the factor emphasized by IFIH (e.g., Fyndanis et al., 2012, 2018b), namely, ±involvement of integration processes, is relevant but interacts with other factors (e.g., ±subjectivity and ±involvement of inflectional alternations) in determining how taxing a given morphosyntactic category is. This interaction gives rise to a hierarchy of morphosyntactic categories reflecting the “amount” of demands they pose on the speaker’s processing system. The production pattern “grammatical aspect < time reference/tense < subject–verb agreement” (with the symbol < meaning “more prone to impairment”) reported for Greek by Fyndanis et al. (2012, 2013, 2018b) presumably reflects the hierarchy of these three morphosyntactic categories as per the processing load they are associated with. Given this, it is safe to assume that, for time reference to elicit worse performance than subject–verb agreement, the demands that the production of time reference pose on the processing system should exceed speakers’ available processing resources (for similar ideas, see Just and Carpenter, 1992). This assumption is relevant to the question why our MS participants were not impaired in tense/time reference. As mentioned above, Fyndanis et al’s. (2012, 2013, 2018b) aphasic and mild AD participants’ production performance on tense/time reference was better than that on grammatical aspect but worse than their production performance on subject–verb agreement. A possibility that cannot be ruled out is that individuals with agrammatic aphasia or mild AD have greater processing limitations than individuals with MS. Assuming that performance on the production of grammatical aspect is a sensitive index of the processing system’s efficiency, it should be noted that the group of eight Greek-speaking agrammatic participants reported by Fyndanis et al. (2018b) performed 40% correct on the production of grammatical aspect; the two Greek-speaking agrammatic participants reported in Fyndanis et al. (2012) performed 18 and 37% correct on the production of grammatical aspect; and the group of nine Greek-speaking participants with mild AD reported by Fyndanis et al. (2013) performed 37% correct on the production of grammatical aspect. While the aphasic and AD individuals reported in the studies above were severely impaired in the production of aspect, the individuals with MS who participated in the current study presented a mild-to-moderate impairment in the production of grammatical aspect, as the RRMS and SPMS groups fared 81 and 68% correctly, respectively. The above differences between Greek-speaking aphasic, AD, and MS groups in the level of performance on the production of grammatical aspect do not reflect task effects, as here we used the same sentence completion task as Fyndanis et al. (2018b), which was also similar to the completion tasks used in earlier studies on Greek agrammatic aphasia and AD by Fyndanis et al. (2012, 2013). One could argue, therefore, that the processing system of the MS individuals who participated in the present study was still efficient enough to handle time reference/tense.

Note that not only Fyndanis et al. (2012, 2018b) but also Varlokosta et al. (2006) and Nanousi et al. (2006) found grammatical aspect to be more impaired than subject–verb agreement in Greek (agrammatic) aphasia (but see Protopapas et al., 2016). Therefore, similar patterns emerge across different pathologies (aphasia, AD, and MD) and healthy speakers, with the most robust finding being that, at least in Greek, grammatical aspect is harder to produce than subject–verb agreement. On the assumption that, in both neurologically healthy and brain-damaged speakers, accuracy performance on the production of demanding verb-related morphosyntactic categories such as grammatical aspect largely depends on the available processing resources, which are presumably reflected in verbal WM capacity and/or processing speed, and given that there are individual differences in verbal WM capacity and processing speed in both healthy speakers and neurological populations, it is not surprising that the pattern “grammatical aspect < subject–verb agreement” consistently emerges in different populations.

That the same pattern of morphosyntactic impairment emerges in different pathologies characterized by lesions or atrophy in different brain regions is not surprising either, as WM (which is closely related to the cognitive construct of processing resources) is subserved by a broadly distributed neuronal network, involving both anterior and posterior portions of the brain, including Broca’s area (which is usually affected in agrammatic aphasia), the basal ganglia (often affected in MS; Chiang et al., 2019), and the medial temporal lobe (which is where the atrophy starts in AD) (e.g., Gabeza et al., 2002; McNab and Klingberg, 2008).

To summarize, based on the findings of studies on the production of subject–verb agreement, time reference/tense, and grammatical aspect in Greek-speaking healthy aging (Fyndanis et al., 2018b; Masoura et al., 2018), aphasia (Nanousi et al., 2006; Varlokosta et al., 2006; Fyndanis et al., 2012, 2018b), mild AD (Fyndanis et al., 2013), and MS (present study), we argue that, since subject–verb agreement, time reference, and grammatical aspect have intrinsically different properties (e.g., ±presence of interpretable feature, ±involvement of integration processes, and ±subjectivity), they pose differential demands on the speaker’s processing system. Thus, the most demanding category (i.e., grammatical aspect) taxes the speaker’s processing system, and speakers with a less efficient processing system perform worse on the production of this category than on the production of less demanding categories (e.g., subject–verb agreement). Therefore, this pattern of performance stems from the combination of the differential demands that subject–verb agreement, time reference, and grammatical aspect pose on the speaker’s processing system and the individual differences in processing efficiency observed in both pathological and healthy speakers. Worse accuracy performance on aspect than on agreement at the group level should be driven by participants with a less efficient processing system. Participants with a very efficient processing system would be expected to have ceiling accuracy performance on both agreement and aspect. Even in such participants, however, the differential demands that these two morphosyntactic categories make to the processing system should be reflected in dependent variables more sensitive than accuracy, such as reaction times. Hence, we argue that the emerging patterns of performance on verb-related morphosyntactic production depend on three factors that act in synergy: (1) intrinsically different properties (and differential demands) of morphosyntactic categories under investigation; (2) presence of sufficiently large variability in processing efficiency across participants; and (3) dependent variable being used (e.g., accuracy or reaction times). Importantly, (degree or level of) processing efficiency appears to play an important role in the production of verb inflection not only because it may shape the pattern of morphosyntactic performance but also because quantitative differences between brain-damaged and healthy control groups in morphosyntactic production might partly stem from between-group differences in processing efficiency (Fyndanis et al., 2018b). Processing efficiency relevant to verb-related morphosyntactic production may be reflected in verbal WM capacity (op. cit.) and/or processing speed. Nevertheless, we have to acknowledge that, although verbal WM is the cognitive system that has attracted the attention of most scholars who investigate morphosyntactic impairments, there is still uncertainty on the nature of processing efficiency that is relevant to verb-related morphosyntactic production, and on the exact cognitive mechanism that is critically involved in the production of demanding morphosyntactic categories such as grammatical aspect. Is it only verbal WM that matters, or other cognitive capacities such as processing speed, inhibition, and updating also play a role?


Alternative Accounts

Faroqi-Shah and Thompson (2007) suggested that tense and (grammatical) aspect might be affected in agrammatic aphasia because of an impairment in the cognitive process of encoding tense-related or aspect-related abstract, prephonological features (e.g., +PAST and −PERFECTIVE) and/or in retrieving the corresponding verb form or verb inflection. This is a plausible explanation for the pattern of performance exhibited by our participants with MS. The sentence completion task we used, however, tapped into aspect-related encoding and retrieval processes to a similar extent. This is so because, to perform this task, participants had to both encode an abstract, prephonological feature (+PERFECTIVE or −PERFECTIVE) other than that encoded in the verb form of the SS, and to retrieve a corresponding verb form/inflection. Hence, our design does not allow us to detect the exact nature of the deficit in grammatical aspect that emerged in Greek MS. (For suggestions on how to tease apart encoding from retrieval processes, see Fyndanis et al., 2018a).

Another plausible explanation could be inspired by the tense underspecification hypothesis (TUH) (Wenzlaff and Clahsen, 2004, 2005), proposed to account for selective patterns of morphosyntactic impairment in Broca’s/agrammatic aphasia. The TUH posits that, while the agreement and grammatical mood features are well preserved in the grammars of persons with Broca’s/agrammatic aphasia, the tense feature is underspecified (i.e., it has no value). In the same vein, one could assume that, while the agreement and tense features are intact in the grammars of Greek-speaking individuals with MS, the aspect feature is intermittently underspecified, resulting in sporadic “random retrieval” of verb forms/inflections in the sense that, since no abstract aspectual value has been specified, no such value could guide the retrieval of a particular verb form/inflection. Again, one could not rule out this possibility. However, the present design does not allow us to pinpoint the source of our MS participants’ difficulty producing grammatical aspect.

The observed pattern of morphosyntactic production cannot be accounted for by accounts employing the minimalist construct of Merge (e.g., Chomsky, 1995, 2000, 2001) or the generative construct of syntactic hierarchy/tree. For example, Hagiwara (1995) argued that the higher a node/category in the syntactic hierarchy, the costlier it is computationally, because the operation Merge has to be implemented more times compared with categories that are located lower in the syntactic hierarchy. Nevertheless, grammatical aspect is low in the syntactic hierarchy of Greek (just above the verb phrase; e.g., Alexiadou and Anagnostopoulou, 1998; Philippaki-Warburton, 1998). Therefore, it is not computationally costly to project the aspect node in Greek.

The tree pruning hypothesis (TPH) (Friedmann and Grodzinsky, 1997), proposed to capture data from aphasia, could not be extended to account for our results either. The TPH states that, in agrammatic aphasia, the syntactic tree (hierarchy) is usually pruned at a relatively high position, usually at the tense node, with all the nodes above the pruning site being inaccessible and all the nodes below being well-preserved. Our participants with MS performed well on tense/time reference. Even if we assume that their syntactic tree was pruned at the aspect node (that is, at a low position in the syntactic hierarchy of Greek), the fact that our MS participants performed very well on morphosyntactic features hosted by nodes situated above aspect (such as agreement and tense features) is not consistent with the predictions of the TPH.



Limitations of the Current Study

We acknowledge two main limitations of this study. The first one relates to the fact that the participants with MS and the healthy controls have not completed a thorough cognitive assessment. In fact, only the MS participants completed a brief cognitive assessment (BICAMS; Langdon et al., 2012; Polychroniadou et al., 2016). This limits the possibility to draw solid conclusions about the role of cognition in morphosyntactic difficulties. The second limitation relates to the relatively small samples of participants with RRMS and SPMS. Small samples of participants make it harder to detect between-group and/or within-group significant differences. For instance, the lack of significant difference between the two MS groups in morphosyntactic performance does not provide evidence for the absence of a difference (which can still be present and not detected), nor does the lack of significant difference between time reference/tense and subject–verb agreement (in either of the two MS groups) constitute evidence for the absence of a difference between these two morphosyntactic categories. If these two MS groups had been larger, a significant between-group difference in morphosyntactic performance and/or a significant difference between time reference/tense and subject–verb agreement might have been found.



Future Directions

In future research, we plan to address which cognitive systems are critically involved in verb-related morphosyntactic production (with a special focus on the production of grammatical aspect) and what is the exact role of each cognitive capacity in the production of verb inflection. To this end, we intend to measure a number of cognitive abilities of individuals with MS or other neurological conditions, such as verbal WM, visuospatial WM, verbal STM, visuospatial STM, processing speed, and components of executive functioning such as inhibition and updating. These cognitive capacities are related to each other, but it is not clear if all of them play a role in verb-related morphosyntactic production. Such a broad cognitive testing will enable us to shed more light on the relationship between cognitive capacities and verb-related morphosyntactic production, and on the underlying causes of impaired morphosyntactic production in MS and other neurological conditions.

Future research should also investigate whether grammatical aspect, the most demanding and vulnerable verb-related morphosyntactic category, could serve as a linguistic clinical marker that could distinguish between different clinical phenotypes of MS. In the present study, the SPMS group performed worse (albeit not significantly so) than the RRMS group on grammatical aspect. If increasing the sample size of RRMS and SPMS participants resulted in significant between-MS subgroup differences in grammatical aspect, this would be evidence that this morphosyntactic category could serve as a clinical marker distinguishing between these two phenotypes of MS.

Lastly, we plan to investigate the neural substrate of impaired verb-related morphosyntactic production in MS by obtaining neuroimaging data and exploring the associations between affected brain areas/neuronal networks and performance on tasks tapping into verb-related morphosyntactic production. If the neuroimaging data show atrophy in the basal ganglia of our MS participants (which would be consistent with Chiang et al’s., 2019, findings), such a study will enable us to test Ullman’s (2001, 2004) claim that rule-based morphological processes such as affixation involved in the production of regular past-tensed verbs (e.g., walk–walked) is supported by a “procedural” system (procedural memory), which is localized in the basal ganglia, regions of the frontal and parietal lobes, and the dentate nucleus of the cerebellum.



CONCLUSION

The main finding of this study is that verb-related morphosyntactic production can be impaired in MS, and this impairment can be observed in both RRMS and SPMS. In the context of Greek MS, grammatical aspect was found to be the most severely affected morphosyntactic category. Since worse performance on grammatical aspect than on subject–verb agreement has consistently been found not only in different types of pathological language such as that in MS (present study), mild AD (e.g., Fyndanis et al., 2013), and stroke-induced aphasia (e.g., Nanousi et al., 2006; Varlokosta et al., 2006; Fyndanis et al., 2012, 2018b) but also in neurologically healthy speakers (e.g., Fyndanis et al., 2018b), it seems that pathology exacerbates patterns found in healthy speakers, which is consistent with Dick et al. (2001) and Miyake et al. (1994). Furthermore, we argue that, because of their intrinsically different linguistic properties, grammatical aspect, time reference, and subject–verb agreement pose differential demands on the speaker’s processing system, and whenever the demands posed by the most taxing category (i.e., aspect) exceed the capacity of the processing system, the speaker will likely produce a verb form that does not encode the target feature (i.e., perfective or imperfective aspect). Finally, given the production of grammatical aspect falls into the broader domain of “expressive language,” and since the majority of individuals with MS have self-reported a language impairment affecting expressive language (among other linguistic domains), and also experienced a reduced quality of life compared to MS individuals without language impairment (El-Wahsh et al., 2020), our MS participants’ impairment in the production of grammatical aspect may be clinically relevant.
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ABBREVIATIONS

AD, Alzheimer’s disease; BICAMS, Brief International Cognitive Assessment for MS; BMVT-R, Brief Visuospatial Memory Test-Revised; EDSS, Expanded Disability Status Scale; GVLT, Greek Verbal Learning Test; IFIH, Interpretable Features Impairment Hypothesis; MMSE, Mini Mental State Examination; MS, multiple sclerosis; PWA, persons with aphasia; RRMS, relapsing-remitting multiple sclerosis; SDMT, Symbol Digit Modalities Test; SPMS, secondary progressive multiple sclerosis; SS, source sentence; STM, short-term memory; TPH, tree pruning hypothesis; TS, target sentence; TUH, tense underspecification hypothesis; WM, working memory.

FOOTNOTES

1 This section was based on Fyndanis (2019) and work cited therein.

3 The production of verb inflection has been found to be impaired not only in AD but also in primary progressive aphasia; for a systematic review covering both AD and primary progressive aphasia, see Auclair-Ouellet (2015).

4 Similar results have been reported by Masoura et al. (2018), who investigated the role of WM, short-term memory (STM), and inhibition in verb-related morphosyntactic production in healthy middle-aged and older Greek-speaking participants.


REFERENCES

Alexiadou, A., and Anagnostopoulou, E. (1998). Parametrizing AGR: word order, V-movement and EPP-checking. Nat. Lang. Ling. Theory 16, 491–539.

Auclair-Ouellet, N. (2015). Inflectional morphology in primary progressive aphasia and Alzheimer’s disease: a systematic review. J. Neuroling. 34, 41–64. doi: 10.1016/j.jneuroling.2014.12.002

Avrutin, S. (2000). “Comprehension of discourse-linked and non-discourse-linked questions by children and Broca’s aphasics,” in Language and the Brain: Representation and Processing, eds Y. Grodzinsky, L. P. Shapiro, and D. Swinney (San Diego: Academic Press), 295–313. doi: 10.1016/b978-012304260-6/50017-7

Bastiaanse, R., Bamyaci, E., Hsu, C., Lee, J., Yarbay Duman, T., and Thompson, C. K. (2011). Time reference in agrammatic aphasia: a cross-linguistic study. J. Neuroling. 24, 652–673. doi: 10.1016/j.jneuroling.2011.07.001

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2014). Lme4: Linear Mixed-Effects Models Using Eigen and S4. R package version 1.1–6. Available online at: http://CRAN.R-project.org/package=lme4

Brandstadter, R., Fabian, M., Leavitt, V. M., Krieger, S., Yeshokumar, A., Katz Sand, I., et al. (2019). Word-finding difficulty is a prevalent disease-related deficit in early multiple sclerosis. Multiple Scle J. [Epub ahead of print].

Brochet, B., and Ruet, A. (2019). Cognitive impairment in multiple sclerosis with regards to disease duration and clinical phenotypes. Front. Neurol. 10:261. doi: 10.3389/fneur.2019.00261

Burnham, K. P., and Anderson, D. R. (2004). Multimodel inference: understanding AIC and BIC in model selection. Soc. Meth. Res. 33, 261–304. doi: 10.1177/0049124104268644

Chatziadamou, E. (2018). Morphosyntactic Production in Healthy Greek-Speaking Adults: The Role of Working Memory, Inhibition, Processing Speed, and Educational Level. Master thesis, Aristotle University of Thessaloniki, Thessaloniki.

Chiang, F. L., Wang, Q., Yu, F. F., Romero, R. S., Huang, S. Y., Huang, S. Y., et al. (2019). Localised grey matter atrophy in multiple sclerosis is network-based: a coordinate-based meta-analysis. Clin. Radiol. 74, 816.e19–816.e28. doi: 10.1016/j.crad.2019.07.005

Chomsky, N. (1995). The Minimalist Program. Cambridge, MA: MIT Press.

Chomsky, N. (2000). “Minimalist inquiries: the framework,” in Step by Step, eds R. Martin, D. Michaels, and J. Uriagereka (Cambridge, MA: The MIT Press), 89–155.

Chomsky, N. (2001). “Derivation by phase,” in Ken Hale: A Life in Language, ed. K. Kenstowicz (Cambridge, MA: The MIT Press), 1–52.

Comrie, B. (1976). Aspect. New York, NY: Cambridge University Press.

Dick, F., Bates, E., Wulfeck, B., Utman, J. A., Dronkers, N., and Gernsbacher, M. A. (2001). Language deficits, localization, and grammar: evidence for a distributive model of language breakdown in aphasic patients and neurologically intact individuals. Psychol. Rev. 108, 759–788. doi: 10.1037/0033-295x.108.4.759

El-Wahsh, S., Ballard, K., Kumfor, F., and Bogaardt, H. (2020). Prevalence of self-reported language impairment in multiple sclerosis and the association with health-related quality of life: an international survey study. Mult. Scler. Relat. Disord. 39:101896. doi: 10.1016/j.msard.2019.101896

Faroqi-Shah, Y., and Thompson, C. K. (2007). Verb inflections in agrammatic aphasia: encoding of tense features. J. Mem. Lang. 56, 129–151. doi: 10.1016/j.jml.2006.09.005

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). “Mini-mental state”: a practical method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 12, 189–198.

Fountoulakis, K. N., Tsolaki, M., Chantzi, H., and Kazis, A. (2000). Mini Mental State Examination (MMSE): a validation study in Greece. Am. J. Alzheimers Dis. Other Demen. 15, 342–345. doi: 10.1177/153331750001500604

Friedmann, N., and Grodzinsky, Y. (1997). Tense and Agreement in agrammatic production: pruning the syntactic tree. Brain Lang. 56, 397–425. doi: 10.1006/brln.1997.1795

Fry, A. F., and Hale, S. (1996). Processing speed, working memory, and fluid intelligence: evidence for a developmental cascade. Psychol. Sci. 7, 237–241. doi: 10.1111/j.1467-9280.1996.tb00366.x

Fry, A. F., and Hale, S. (2000). Relationships among processing speed, working memory, and fluid intelligence in children. Biol. Psychol. 54, 1–34. doi: 10.1016/S0301-0511(00)00051-X

Fyndanis, V. (2019). “Verbs,” in The SAGE Encyclopedia of Human Communication Sciences and Disorders, eds J. S. Damico and M. J. Ball (Thousand Oaks: Sage Publications Inc.), 2041–2045.

Fyndanis, V., Arcara, G., Capasso, R., Christidou, P., de Pellegrin, S., Gandolfi, M., et al. (2018a). Time reference in nonfluent and fluent aphasia: a cross-linguistic test of the past discourse linking hypothesis. Clin. Ling. Phon. 32, 823–843. doi: 10.1080/02699206.2018.1445291

Fyndanis, V., Arcara, G., Christidou, P., and Caplan, D. (2018b). Morphosyntactic production and verbal working memory: evidence from Greek aphasia and healthy aging. J. Speech Lang. Hear. Res. 61, 1171–1187. doi: 10.1044/2018_JSLHR-L-17-0103

Fyndanis, V., Arfani, D., Varlokosta, S., Burgio, F., Maculan, A., Miceli, G., et al. (2018c). Morphosyntactic production in Greek- and Italian-speaking individuals with probable Alzheimer’s disease: evidence from subject-verb agreement, tense/time reference, and mood. Aphasiology 32, 61–87. doi: 10.1080/02687038.2017.1358352

Fyndanis, V., Manouilidou, C., Koufou, E., Karampekios, S., and Tsapakis, E. M. (2013). Agrammatic patterns in Alzheimer’s disease: evidence from tense, agreement, and aspect. Aphasiology 27, 178–200. doi: 10.1080/02687038.2012.705814

Fyndanis, V., Varlokosta, S., and Tsapkini, K. (2012). Agrammatic production: interpretable features and selective impairment in verb inflection. Lingua 122, 1134–1147. doi: 10.1016/j.lingua.2012.05.004

Gabeza, R., Dolcos, F., Graham, R., and Nyberg, L. (2002). Similarities and differences in theneural correlates of episodic memory retrieval and working memory. NeuroImage 16, 317–330. doi: 10.1006/nimg.2002.1063

Hagiwara, H. (1995). The breakdown of functional categories and the economy of derivation. Brain Lang. 50, 92–116. doi: 10.1006/brln.1995.1041

Hartsuiker, R. J., Kolk, H. H. J., and Huinck, P. (1999). Agrammatic production of subject-verb agreement: the effect of conceptual number. Brain Lang. 69, 119–160. doi: 10.1006/brln.1999.2059

Humphreys, K. R., and Bock, K. (2005). Notional number agreement in English. Psychon. Bull. Rev. 12, 689–695. doi: 10.3758/BF03196759

Jaeger, T. F. (2008). Categorical data analysis: away from ANOVAs (transformation or not) and towards logit mixed models. J. Mem. Lang. 59, 434–446. doi: 10.1016/j.jml.2007.11.007

Just, M. A., and Carpenter, P. A. (1992). The capacity theory of comprehension: individual differences in working memory. Psychol. Rev. 99, 122–149. doi: 10.1037/0033-295X.99.1.122

Kambanaros, M., Messinis, L., Nasios, G., Nousia, A., and Papathanasopoulos, P. (2017). Verb-noun dissociations in relapsing-remitting multiple sclerosis: verb effects of semantic complexity and phonological relatedness. Aphasiology 31, 49–66. doi: 10.1080/02687038.2016.1154498

Kok, P., van Doorn, A., and Kolk, H. (2007). Inflection and computational load in agrammatic speech. Brain Lang. 102, 273–283. doi: 10.1016/j.bandl.2007.03.001

Langdon, D. W., Amato, M. P., Boringa, J., Brochet, B., Foley, F., Fredrikson, S., et al. (2012). Recommendations for a Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS). Mult. Scler. 18, 891–898. doi: 10.1177/1352458511431076

Leonard, L. B. (1998). Children with Specific Language Impairment. Cambridge, MA: MIT Press/Bradford.

Masoura, E., Chatziadamou, E., Dosi, I., and Fyndanis, V. (2018). “The role of short-term memory, working memory, and inhibition in verb-related morphosyntactic production,” in Proceedings of the 59th Annual Meeting of the Psychonomic Society, New Orleans.

McNab, F., and Klingberg, T. (2008). Prefrontal cortex and basal ganglia control access to working memory. Nat. Neurosci. 11, 103–107. doi: 10.1038/nn2024

Messinis, L., Bakirtzis, C., Kosmidis, M. H., Economou, A., Nasios, G., Anyfantis, E., et al. (2020). Symbol digit modalities test: greek normative data for the oral and written version and discriminative validity in patients with multiple sclerosis. Arch. Clin. Neuropsychol. [Epub ahead of print]. doi: 10.1093/arclin/acaa028

Messinis, L., Papathanasopoulos, P., Kosmidis, M. H., Nasios, G., and Kambanaros, M. (2018). Neuropsychological features of Multiple Sclerosis: impact and rehabilitation. Behav. Neurol. 2018:4831647. doi: 10.1155/2018/4831647

Miyake, A., Carpenter, P. A., and Just, M. (1994). A capacity approach to syntactic comprehension disorders: making normal adults perform like aphasic patients. Cogn. Neuropsychol. 11, 671–717. doi: 10.1080/02643299408251989

Nanousi, V., Masterson, J., Druks, J., and Atkinson, M. (2006). Interpretable vs. uninterpretable features: evidence from six Greek-speaking agrammatic patients. J. Neuroling. 19, 209–238. doi: 10.1016/j.jneuroling.2005.11.003

Nasios, G., Bakirtzis, C., and Messinis, L. (2020). Cognitive impairment and brain reorganization in MS: underlying mechanisms and the role of neurorehabilitation. Front. Neurol. 11:147. doi: 10.3389/fneur.2020.00147

Ntoskou, K., Messinis, L., Nasios, G., Martzoukou, M., Makris, G., Panagiotopoulos, E., et al. (2018). Cognitive and language deficits in multiple sclerosis: comparison of relapsing remitting and secondary progressive subtypes. Open Neurol. J. 12, 19–30. doi: 10.2174/1874205X01812010019

Philippaki-Warburton, I. (1998). Functional categories and Modern Greek Syntax. Ling. Rev. 15, 159–186. doi: 10.1515/tlir.1998.15.2-3.159

Pinheiro, J. C., and Bates, D. M. (2000). Mixed-Effects Models in S and S-PLUS. New York, NY: Springer.

Polman, C. H., Reingold, S. C., Banwell, B., Clanet, M., Cohen, J. A., Filippi, M., et al. (2011). Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann. Neurol. 69, 292–302.

Polychroniadou, E., Bakirtzis, C., Langdon, D., Lagoudaki, R., Kesidou, E., Theotokis, P., et al. (2016). Validation of the brief international cognitive assessment for multiple sclerosis (BICAMS) in Greek population with multiple sclerosis. Mult. Scler. Relat. Disord. 9, 68–72. doi: 10.1016/j.msard.2016.06.011

Protopapas, A., Cheimariou, S., Economou, A., Kakavoulia, M., and Varlokosta, S. (2016). Functional categories related to verb inflection are not differentially impaired in Greek aphasia. Lang. Cogn. 8, 124–141. doi: 10.1017/langcog.2014.46

Rao, S. M. (1995). Neuropsychology of multiple sclerosis. Curr. Opin. Neurol. 8, 216–220.

Renauld, S., Mohamed-Saïd, L., and Macoir, J. (2016). Language disorders in multiple sclerosis: a systematic review. Mult. Scler. Relat. Disord. 10, 103–111.

Salthouse, T. A. (1992). Influence of processing speed on adult age differences in working memory. Acta Psychol. 79, 155–170. doi: 10.1016/0001-6918(92)90030-H

Sepulcre, J., Peraita, H., Goñi, J., Arrondo, G., Martincorena, I., Duque, B., et al. (2011). Lexical access changes in patients with multiple sclerosis: a two-year follow-up study. J. Clin. Exp. Neuropsyol. 33, 169–175. doi: 10.1080/13803395.2010.499354

Smith, C. S. (1997). The Parameter of Aspect, 2nd Edn. Dordrecht: Kluwer Academic.

Ullman, M. T. (2001). A neurocognitive perspective of language: the declarative/procedural model. Nat. Rev. Neurosci. 2, 717–726. doi: 10.1038/35094573

Ullman, M. T. (2004). Contributions of memory circuits to language: the declarative/procedural model. Cognition 92, 231–270. doi: 10.1016/j.cognition.2003.10.008

Varlokosta, S., Valeonti, N., Kakavoulia, M., Lazaridou, M., Economou, A., and Protopapas, A. (2006). The breakdown of functional categories in Greek aphasia: evidence from agreement, tense, and aspect. Aphasiology 20, 723–743. doi: 10.1080/02687030500513703

Vlahou, C. H., Kosmidis, M. H., Dardagani, A., Tsotsi, S., Giannakou, M., Giazkoulidou, A., et al. (2013). Development of the Greek verbal learning test: reliability, construct validity, and normative standards. Arch. Clin. Neuropsychol. 28, 52–64. doi: 10.1093/arclin/acs099

Wenzlaff, M., and Clahsen, H. (2004). Tense and agreement in German agrammatism. Brain Lang. 89, 57–68. doi: 10.1016/S0093-934X(03)00298-0

Wenzlaff, M., and Clahsen, H. (2005). Finiteness and verb-second in German agrammatism. Brain Lang. 92, 33–44. doi: 10.1016/j.bandl.2004.05.006

Yarbay Duman, T., and Bastiaanse, R. (2009). Time reference through verb inflection in Turkish agrammatic aphasia. Brain Lang. 108, 30–39. doi: 10.1016/j.bandl.2008.09.009


Conflict of Interest: The 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 Fyndanis, Messinis, Nasios, Dardiotis, Martzoukou, Pitopoulou, Ntoskou and Malefaki. 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-11-02051-t001.jpg
RRMS SPMS Control Group 1 Control Group2 RRMSvs. Control  SPMSvs. Control  RRMS vs. SPMS

(RRMS) (sPMS) Group 1 Group 2
Age 430(£84)  49.8(£100) 430 (52) 509 (£6.8) Mann-Whitney Utest, ~ Two-sample T-test,  Two-sample T-test,
U=3475,p=0972  27)=0364,p=0719 1(37)=-2.269,
p=0029"
Education 138(+39) 123(437)  146(x28 137 (£4.0) Mann-Whitney Utest,  Two-sample T-test,  Wilcoxon rank-sum
U=388500,p=0.478 1(27)=0986,p =0.333 Test, T =218,
0204
Sex 13 female, 12 10female, 4 19 female, 9 male 10 female, 5 male Chi-squaretest, 2 (1,  Chi-square test, x2 (1,  Chi-square test, x? (1,

male male N=53=080, N=29)=0.00, 39) = 1.40,
p>0995 p=0317

Processngspeed 352 (£12.6) 27.6(+89)  NA. NA. A NA Two-sample T-test,
(sovm 1(37) = 1.965, p = 0.057
Visuospatial STM  115(&8.7)  136(+6.9)  NA. NA. NA NA Two-sample T-test,
(BWMT-R) 137)=0.384, p = 0.703
Verballearning 510 (£14.2) 509 (£139) NA. NA. A NA Two-sample T-test,
() 137)=0.024, p = 0.981

According to the nomative data (stratified by age and educational leve) reported in Messinis et al. (2020), Greek-speaking healthy individuals matched with the RAMS
group on age and fevel of education scored 48.8 (+7.9) on SDMT; and Greek-speaking healthy indiividuals matched with the SPMS group on age and level of edlucation
scored 47.8 (9.1) on SDMT. Furthermore, 79 Greek-speaking healthy indivicuals [48 females and 31 males; mean age = 37.2 (+10.6); mean education = 15.6 (£5.5)]
reported in Polychroniadou et al. (2016) yielded the following scores on the three tests making up BICAMS: SDMT = 61.4 (13.1); BYMT-R = 22.1 (£6.5); GVLT = 60.5
(£10.7). N.A., not avaiable; N/A, not applicable; SOMT, Symbol Digit Modéalties Test; STM, short-term memory; BVMT-R, Brief Visuospatial Memory Test-Revised; GVLT,
Greek Verbal Leamning Test; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.
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Ref.: Group = RRMS

The model included the addltive effect of morphosyntactic condition and group,
the interaction between the two, subjects and items as random efects, and
morphosyntactic condition as by-subject random slope. The symbol * indicates
significant effects.
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The model included the addltive effect of morphosyntactic condition and group,
the interaction between the two, subjects and items as random efects, and
morphosyntactic condition as by-subject random slope. The symbol * indicates
significant effects.
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symbol * indiicates significant effects.
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