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Introduction: The FMR1 premutation is an X-linked genetic abnormality characterized by an expansion of 55-200 CGG repeats on the FMR1 gene. The cognitive-linguistic profile in women with the FMR1 premutation is characterized by deficits in executive function, working memory, and processing speed (Grigsby et al., 2014; Shelton et al., 2016; Yang et al., 2013) in addition to language deficits (Klusek et al., 2018, 2022). It is unclear if linguistic deficits in this population are secondary to deficits in other cognitive domains or if they reflect language-specific differences. This study aims to explore the role that working memory and processing speed play in sentence processing in women with the FMR1 premutation using a self-paced reading paradigm. Understanding the clinical phenotype of language processing in women with the FMR1 premutation can help us better understand the full range of cognitive processes that are impacted by the FMR1 premutation and downstream influences on brain and behavior.
Methods: Participants included 76 women with an average age of 62 years (range 45-80; SD = 10), 48 of whom had the FMR1 premutation and 28 were controls. The groups did not differ in age (p = .061), education (p = .669), or IQ (p = .064). To be included in the present study, participants needed to be a proficient English speaker, have normal or corrected to normal eyesight, and have an IQ of at least 80. 
The self-paced reading task presented 48 sentences of high or low levels of syntactic complexity, followed by a comprehension question about the sentence. The participants progressed through the sentences at their own pace, phrase-by-phrase on a computer, with the reading time of each sentence region being recorded. Reading time at the relative clause region of the sentence and comprehension question accuracy were used as measures of sentence processing efficiency (Gordon & Lowder, 2012; Waters & Caplan, 2001), with reduced speed or accuracy suggesting deficits in sentence processing. Working memory was measured using the working memory index score of the Wide Range Assessment of Memory and Learning—Third Edition (Adams & Sheslow, 2021) and processing speed was measured using the NIH Toolbox pattern comparison test (Weintraub et al., 2013).
Results: In a linear mixed model controlling for age and education, the FMR1 premutation group showed longer reading times than controls (p = .007, 95% CI [0.09,0.58]), indicating that women with the FMR1 premutation show less efficient sentence processing. Additionally, sentences with high syntactic complexity showed longer reading times (p < .001, 95% CI [ 0.20, 0.75]) with no group-by-syntactic complexity interaction (p = .387). Group differences persisted after accounting for working memory and processing speed (p = .009, 95% CI [0.07, 0.48]), suggesting that differences in working memory and processing speed did not fully account for reduced sentence processing efficiency in women with the FMR1 premutation. While working memory was a significant predictor of reading time (p < .001), processing speed was not (p = .183). Women with the FMR1 premutation did not differ from controls in comprehension question accuracy (p = .843) Syntactic complexity showed lower comprehension accuracy (p < .001), but there was no group-by-syntactic complexity interaction (p = .797).
Discussion: Results show deficits in sentence processing in women with the FMR1 premutation, which is consistent with other emerging evidence of language weaknesses in adult women who carry this genotype (Klusek et al., 2022; Sterling et al., 2013). Because working memory and cognitive processing speed did not fully explain deficits in sentence processing efficiency in this population, women with the FMR1 premutation may have language-specific processing deficits. There is a need to examine risk for language-based disorders such as developmental language disorder and dyslexia in carriers of the FMR1 premutation.
References:
Adams, W., & Sheslow, D. (2021). Wide Range Assessment of Memory and Learning (3rd ed.). Pearson.
Gordon, P. C., & Lowder, M. W. (2012). Complex Sentence Processing: A Review of Theoretical Perspectives on the Comprehension of Relative Clauses. Language and Linguistics Compass, 6(7), 403–415. https://doi.org/10.1002/lnc3.347
Grigsby, J., Cornish, K., Hocking, D., Kraan, C., Olichney, J. M., Rivera, S. M., Schneider, A., Sherman, S., Wang, J. Y., & Yang, J.-C. (2014). The cognitive neuropsychological phenotype of carriers of the FMR1 premutation. Journal of Neurodevelopmental Disorders, 6(1), 28. https://doi.org/10.1186/1866-1955-6-28
Klusek, J., Fairchild, A., Moser, C., Mailick, M. R., Thurman, A. J., & Abbeduto, L. (2022). Family history of FXTAS is associated with age-related cognitive-linguistic decline among mothers with the FMR1 premutation. Journal of Neurodevelopmental Disorders, 14(1), 7. https://doi.org/10.1186/s11689-022-09415-3
Klusek, J., Porter, A., Abbeduto, L., Adayev, T., Tassone, F., Mailick, M. R., Glicksman, A., Tonnsen, B. L., & Roberts, J. E. (2018). Curvilinear Association Between Language Disfluency and FMR1 CGG Repeat Size Across the Normal, Intermediate, and Premutation Range. Frontiers in Genetics, 9, 344. https://doi.org/10.3389/fgene.2018.00344
Shelton, A. L., Cornish, K. M., Kraan, C. M., Lozano, R., Bui, M., & Fielding, J. (2016). Executive Dysfunction in Female FMR1 Premutation Carriers. The Cerebellum, 15(5), 565–569. https://doi.org/10.1007/s12311-016-0782-0
Sterling, A. M., Mailick, M., Greenberg, J., Warren, S. F., & Brady, N. (2013). Language dysfluencies in females with the FMR1 premutation. Brain and Cognition, 82(1), 84–89. https://doi.org/10.1016/j.bandc.2013.02.009
Waters, G. S., & Caplan, D. (2001). Age, working memory, and on-line syntactic processing in sentence comprehension. Psychology and Aging, 16(1), 128–144. https://doi.org/10.1037/0882-7974.16.1.128
Weintraub, S., Dikmen, S. S., Heaton, R. K., Tulsky, D. S., Zelazo, P. D., Bauer, P. J., Carlozzi, N. E., Slotkin, J., Blitz, D., Wallner-Allen, K., Fox, N. A., Beaumont, J. L., Mungas, D., Nowinski, C. J., Richler, J., Deocampo, J. A., Anderson, J. E., Manly, J. J., Borosh, B., … Gershon, R. C. (2013). Cognition assessment using the NIH Toolbox. Neurology, 80(11_supplement_3). https://doi.org/10.1212/WNL.0b013e3182872ded
Yang, J., Simon, C., Niu, Y., Bogost, M., Schneider, A., Tassone, F., Seritan, A., Grigsby, J., Hagerman, P. J., Hagerman, R. J., & Olichney, J. M. (2013). Phenotypes of hypofrontality in older female fragile X premutation carriers. Annals of Neurology, 74(2), 275–283. https://doi.org/10.1002/ana.23933


