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Abstract
Many studies have focused on the behavior and cognitive problems in young patients with fragile X syndrome (FXS), but there are no studies about the problems in aging for those with FXS. The discovery of the fragile X-associated tremor ataxia syndrome (FXTAS), a neurodegenerative disorder related to elevated FMR1-mRNA, in elderly men and some women with the premutation, intensified the need for aging studies in FXS. Approximately 40% of males with FXS have repeat size mosaicism and as a result, some of these individuals also have elevated levels of FMR1-mRNA which theoretically puts them at risk for FXTAS. Here, we have surveyed all of the aging patients with FXS that we have followed over the years to clarify the medical complications of aging seen in those with FXS. Data was collected from 62 individuals with the FXS full mutation (44 males; 18 females) who were at least 40 years old at their most recent clinical examination. We found that the five most frequent medical problems in these patients were neurological problems (38.7%), gastrointestinal problems (30.6%), obesity (28.8%), hypertension (24.2%) and heart problems (24.2%). Movement disorders were significantly different between males and females (38.6% vs.10.2%, p = 0.029). We did not find any differences in medical problems between those with a full mutation and those with mosaicism. Identification of medical problems associated with aging in FXS is important to establish appropriate recommendations for medical screening and treatment considerations.

Keywords
AgingFragile X syndromeMedical problemsMovement disorder
Introduction
Fragile X syndrome (FXS) is the most common heritable form of intellectual disability (ID) known. Characteristic physical features include large and prominent ears, long narrow face, macroorchidism, high-arched palate, hyperextensible finger joints, double-jointed thumbs, single palmar crease, flat feet often with pronation and hand calluses. FXS causes a variety of learning, emotional and behavior problems including autism (Hagerman 2002; Chonchaiya et al. 2009). The prevalence of the full mutation was estimated to be 1 in ∼3600 males (Crawford et al. 2002), although the allele frequency was found to be 1 in 2633 in newborn screening in Spain (Fernandez-Carvajal et al. 2009).
FXS is caused by a CGG repeat expansion located in 5′ untranslated region of the fragile X mental retardation 1 (FMR1) gene. Normally the repeat size is 5–44 CGG repeats, while premutation alleles have 55–200 repeats and full mutation alleles have more than 200 CGG repeats. With expansion beyond 200 repeats, the surrounding promoter region of the FMR1 gene is hypermethylated, inhibiting FMR1 transcription and resulting in absence or reduction of the protein product, fragile X mental retardation protein (FMRP) (Oostra and Willemsen 2009). As a result of X-linkage, affected males have a more severe phenotype than affected females, in whom phenotype is modulated by the activation ratio of the normal X chromosome. The variation in the clinical phenotype is also related to variability of the mutation, such as lack of methylation and size mosaicism leading to higher levels of FMRP than are observed in individuals with only a fully methylated full mutation (Jin and Warren 2000; Loesch et al. 2004).
Many studies have focused on the behavior and cognitive problems in young patients with FXS. There are no studies about the problems in aging of those with FXS. There are a few reports of declining IQ as patients progress through childhood and into adulthood (Wright-Talamante et al. 1996; Lachiewicz et al. 1987) and one case of a neurodegenerative course in FXS thought to be due to an additional diagnosis of amyotrophic lateral sclerosis (ALS) (Desai et al. 1990). There have also been reports of rare sudden death in FXS in adulthood and these are presumed to be related to cardiac arrhythmias exacerbated by mitral valve prolapse which is common in adults with FXS (Hagerman 2002). A neuropathological study of 2 older males with FXS demonstrated loss of Purkinje cells and Bergman gliosis in the cerebellum in one of the cases (Sabaratnam 2000). Our neuropathological studies in three cases of older males with FXS have also demonstrated Purkinje cell loss in the cerebellum suggesting a more pronounced affect of aging in those with FXS compared to age matched controls without FXS (Greco et al. 2009). The discovery of the fragile X-associated tremor ataxia syndrome (FXTAS) (Hagerman et al. 2001; Berry-Kravis et al. 2007) in elderly men and some women (Coffey et al. 2008) with the premutation intensified the need for more detailed aging studies in FXS. FXTAS is a neurodegenerative disorder caused by elevated FMR1-mRNA. Persons with FXS would not be expected to be at risk for FXTAS, since generally they do not usually produce FMR1 mRNA. However, approximately 40% of males with FXS have repeat size mosaicism (Nolin et al. 1994) and some of these individuals also have elevated levels of FMR1-mRNA (Allen et al. 2004; Tassone et al. 2001). The latter would theoretically be at risk for FXTAS. Although FXTAS has never been reported in a person with FXS (Harris et al. 2008), some families are concerned about cognitive decline in their older members with FXS. These concerns have been intensified because of the recent report that FMRP regulates the translation of amyloid precursor protein (APP), such that the absence of FMRP leads to up-regulation of APP (Westmark and Malter 2007). Thus persons with FXS and absent or diminished FMRP may be at greater risk for Alzheimers Disease (AD).
The behavior problems in FXS include mood instability and aggression in approximately 75% (Hessl et al. 2008), often resulting in treatment with atypical antipsychotic medication (Hagerman et al. 2009). Prolonged use of antipsychotics in FXS puts individuals at risk for antipsychotic-induced movement disorders including tardive dyskinesia and parkinsonism (Caligiuri et al. 2009; Orti-Pareja et al. 1999; Miller et al. 2005) that can reduce the quality of life in elderly patients. In addition, the dysregulation of dopamine function in the absence of FMRP (Wang et al. 2008) also may put those with FXS at risk for Parkinson’s Disease (PD). Although patients with FXS have not previously been reported to have PD or a loss of dopamine in the substancia nigra, there is a dysregulation of dopamine in the neurons in hippocampal slice preparations that can be normalized by adding FMRP or by adding a stimulant medication (Wang et al. 2008).
In this study, we have surveyed all of the aging patients with FXS that we have followed over the years (from 1991 to 2009) to begin to clarify the medical complications of individuals with FXS over 40.

Methods
This is a retrospective uncontrolled study of a convenience sample (patients were either clinically referred for an evaluation of FXS or seen as part of a research protocol). Data was collected from 62 individuals with the FXS full mutation who were at least 40 years old at their most recent clinical examination. The subjects included 62 patients (44 males and 18 females), ranging from 40–71 years of age, with mean age of 49.7 ± 8.0 year. Data was identified from clinical and research evaluations of subjects with FXS at one of three sites spanning from 1991 to 2009. Patients and their families consented to use of medical data under specifications of each institution’s research review board. Patients were seen at the University of California, Davis, Medical Investigation of Neurodevelopmental Disorders (M.I.N.D) Institute (n = 23), University of Colorado, Denver (n = 24), and Rush University Medical Center, Chicago (n = 15). A common medical history and examination data form was used at all of the centers. This form had been implemented for data collection in previous collaborations and an earliar version of this data sheet was used to collect information for past reports (Riddle et al. 1998).
Full scale IQ, comprehensive medical history, physical characteristics, and current and past medication use were collected from medical records. The number of CGG repeats, percentage of methylation, and percentage of FMRP and mRNA were measured, if samples were available. BMI (weight (kg)/height (m)2 was used to assess obesity; BMI cutoff criteria for overweight and obese were 25 - <30 and ≥30, respectively (Ogden et al. 2006).
Descriptive analyses were done to determine the characteristics of the subjects. The statistical method used was the Fisher Exact Test to compare the medical problems between male and female patients and also between full mutation and mosaic individuals.

Results
Characteristic of the subjects
The mean age in males 50.2 ± 8 y and females 48.5 ± 7.8 y were not significantly different (p = 0.451). There was no significant differences (p = 0.752) between mean age of the patients with full mutation alleles (49.6 ± 7.4 year) compared with patients with mosaic alleles (50.4 ± 10.3 year). Of 52 patients for whom measurement of Body Mass Index (BMI) was available, the mean of the BMI was 28.5 ± 5 (28.8% obese and 53.8% overweight). The molecular studies of 60 patients showed that 46 patients (76.7%) had a hypermethylated full mutation whereas 14 (23.3.%) were mosaic patients (either size or methylation mosaicism ). Two (3.2%) patients were DNA positive for fragile X (>200 repeats) but their exact CGG repeat number was unavailable. Five of 18 (27.8%) females and 9 of 44 (20.5%) males were mosaics. There was no significant difference between males and females in the percentage with a full mutation or mosaicism (p = 0.412).
The full scale IQ was assessed by the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III) , Wechsler Adult Intelligence Scale - Revised (WAIS-R), Wechsler Abbreviated Scale of Intelligence (WASI), or Stanford Binet from 44 patients who completed this testing ranged from 36 to 122 with a mean of 58 ± 19. The mean IQ was significally higher in the group of female patients (77 ± 17.4) than in the male patients (51.5 ± 14.3, p < 0.001). Of 43 patients who have IQ data and DNA category available, the IQ of those with mosaicism (69.2 ± 18.6) was significantly higher than those with the full mutation only (55.4 ± 18 ; p = 0.036).

Medical problems
We found that the five most frequent medical problems in patients with FXS ≥ 40 years of age were neurological problems (38.7%), gastrointestinal problems (30.6%), obesity (28.8%), hypertension (24.2%) and heart problems including mitral valve prolapse (MVP), cardiac conduction abnormalities, heart attack, and heart rhythm disorder (24.2%) (see Table 1). Males had a significantly higher percentage of neurological problems compared with females (47.7% vs 16.7%, p = 0.021). However, only movement disorders were significantly different between males (38.6%) and females (10.2%, p = 0.029). The symptoms/diagnoses that were included in movement disorders are tremor (9 patients, 14.5%), Parkinson’s Disease (PD) (4 patients, 6.5%), bradykinesia without PD (5 patients, 8.1%), tardive dyskinesia (4 patients, 6.5%), and tics (3 patients, 4.8%). There were 12 patients with a history of seizures and the onset of seizures was in adulthood for 5 (8.1%) patients (3 patients had seizures at over 40 years of age).Table 1The number and percentage of medical problems in patients with FXS ≥ 40 years


	Problems
	Sexa
	DNA Statusb
	Total subjects (n = 62)

	
                              n
                            
	Male (n = 44)
	Female (n = 18)
	
                              p
                            
	
                              n
                            
	Full mutation ( n = 46)
	Mosaic (n = 14)
	
                              p
                            

	All neurological problems
	62
	21 (47.7%)
	3(16.7%)
	0.021*
	60
	19(41.3%)
	3(21.4%)
	0.150
	24(38.7%)

	Movement disorder
	62
	17(38.6%)
	2(10.2%)
	0.029*
	60
	14(30.4%)
	3(21.4%)
	0.386
	19(30.6%)

	 • Tremor
	62
	8(18.2%)
	1(5.6%)
	0.192
	60
	7(15.2%)
	2(14.3%)
	0.651
	9(14.5%)

	 • Ataxia
	62
	6(13.6%)
	1(5.6%)
	0.336
	60
	4(8.7%)
	3(21.4%)
	0.199
	7(11.3%)

	 • Parkinsonism
	62
	4(9.1%)
	0
	0.243
	60
	2(4.3%)
	2(14.3%)
	0.230
	4(6.5%)

	 • Tardive dyskinesia
	62
	4(9.1%)
	0
	0.243
	60
	1(2.2%)
	1(7.1%)
	0.415
	4(6.5%)

	 • Bradykinesia without PD
	62
	5(11.4%)
	0
	0.168
	60
	5(10.9%)
	0
	0.251
	5(8.1%)

	 • Tics
	62
	2(4.5%)
	1(5.6%)
	0.650
	60
	3(6.5%)
	0
	0.444
	3(4.8%)

	Seizure
	62
	10(22.7%)
	2 (11.1%)
	0.249
	60
	10(21.7%)
	1(7.1%)
	0.205
	12(19.4%)

	Multiple Sclerosis
	62
	1(2.3%)
	0
	0.710
	60
	0
	0
	 	1(1.6%)

	Gastrointestinal Problem
	62
	14(31.8%)
	5(27.8%)
	0.503
	60
	13(28.3%)
	4(28.6%)
	0.614
	19(30.6%)

	Obesity
	52#
	5(13.9%)
	10(62.5%)
	0.001*
	51$
	12(30.0%)
	3(27.3%)
	0.589
	15(28.8%)

	Hypertension
	62
	9(20.5%)
	6(33.3%)
	0.224
	60
	12 (26.1%)
	2(14.3%)
	0.300
	15(24.2%)

	Heart problem
	62
	13(29.5%)
	2(11.1%)
	0.110
	60
	12 (26.1%)
	2(14.3%)
	0.300
	15(24.2%)

	History of Decline
	62
	10(22.7%)
	4(22.2%)
	0.437
	60
	9(19.6%)
	3(21.4%)
	0.574
	14(22.6%)

	Autonomic problem
	62
	9(20.5%)
	2(11.1%)
	0.316
	60
	7(15.2%)
	3(21.4%)
	0.426
	11(17.7%)

	Memory problem
	62
	9(20.5%)
	2(11.1%)
	0.316
	60
	8(17.4%)
	3(21.4%)
	0.502
	11(17.7)

	Dementia/cognitive decline
	62
	4(9.1%)
	2(11.1%)
	0.567
	60
	4(8.7%)
	1(7.1%)
	0.669
	6 (9.7%)

	Kidney Problem
	62
	5(11.4%)
	2(11.1%)
	0.674
	60
	6(13.0%)
	1(7.1%)
	0.478
	7(11.3%)

	Respiratory Problem
	62
	4(9.1%)
	2(11.1%)
	0.567
	60
	4(8.7%)
	1(7.1%)
	0.669
	6(9.7%)

	Swallowing Problem
	62
	4(9.1%)
	0
	0.243
	60
	2 (4.3%)
	1(7.1%)
	0.556
	4(6.5%)

	Diabetes
	62
	3(6.8%)
	1(5.6%)
	0.671
	60
	3(6.5%)
	1(7.1%)
	0.665
	4(6.5%)

	Thyroid problems
	62
	3(6.8%)
	1(5.6%)
	0.671
	60
	3(6.5%)
	1(7.1)0
	0.665
	4(6.5%)

	Cancer
	62
	2 (4.5%)
	0
	0.500
	60
	0
	1(7.15)
	0.233
	2(3.2%)


• Percentage within sexa and DNA statusb
• # n = 52, male = 36, female = 16 ; $ n = 51, full = 40, mosaic = 11



Overall, of 52 patients who had BMI measurements, 43(82.6%) were in the obese (28.8%) or overweight (53.8%) category. The mean BMI in females (32 ± 5.4) was significantly higher (p < 0.001) than that of males (26.9 ± 3.9). Accordingly, significantly less males (13.9%) than females (62.5%; p = 0.001) were obese. However, more males (63.9%) met criteria for being overweight than females (31.2%). There were no significant differences in medical problems between those with a full mutation as compared to those with mosaicism.

Medication
Table 2 shows the current medications of the subjects. Almost half of the patients were taking psychopharmacologic medication including selective serotonin reuptake inhibitors (SSRIs), serotonin and norepinephrine reuptake inhibitors (SNRIs), atypical neuroleptics, first generation neuroleptics (thioridazine) and other medication (benzodiazepines, bupropion, buspirone).Table 2Current medication documented in study patients (n = 62)


	Medical Class
	Number and percentage

	All medication
	47 (75.8%)

	Psychopharmacologic medication
	29 (46.8%)

	 • SSRI/ SNRI
	20 (68.9%)$

	 • Atypical neuroleptic
	13 (44.8%)$

	 • Stimulant
	0

	 • Other including benzodiazepines,bupropion, buspirone, thioridazine
	12(41.4%)$

	Anticonvulsants/mood stabilizer
	8 (12.9%)

	HBP and other CV medications
	18 (29%)

	Gastrointestinal medications
	9 (14.5%)


$Percentage represents the % of those who took psychopharmacological medications;HBP high blood pressure; CV cardiovascular





Discussion
This is the only study to date to describe the medical problems in patients with FXS 40 years and older. The neurodegeneration seen in aging premutation carriers with FXTAS is thought to be secondary to the elevated level of FMR1 mRNA which usually does not occur in those with FXS. However, rarely elevated FMR1 mRNA can be seen in those with the full mutation and a high level of mosaicism, although this has not been associated with neurodegeneration or autism (Harris et al. 2008; Tassone et al. 2001, 2000). In this review of 62 patients, we did not identify any patients with FXS who have FXTAS. However, we did find significant neurological problems with aging, more so in males than females, including PD and movement disorders. While overall the presence of neurological problems was not related to the molecular status (mosaicism) of the patient, we found PD in four of 44 males (9.1%), and the one with earliest onset at age 42, had mosaicism with the highest mRNA level (10.29 ± 0.78). There were 3 of 12 males (20%) over age 55 with PD compared to the expected rate of 1.2% of males with PD seen in the general population 55 years old and older (de Rijk et al. 1995). A larger study of aging patients with FXS is needed to understand whether the rate of PD is higher in FXS compared to the general population as found in this study. All of the patients with PD and FXS had been treated for many years with antipsychotics, although usually atypical antipsychotics have been used since they became available in the 1990s. The atypical antipsychotics have a lower incidence of movement disorder sequelae, particularly tartive dyskinesias, than first generation antipsychotics, although even these newer drugs can be associated with symptoms of PD (Cortese et al. 2008). It is possible that the high occurence of PD in the FXS cases reported here relates to this treatment. These patients were taken off neuroleptics when PD symptoms started but their PD progressed. In one patient lowering the dose of the atypical antipsychotic seemed to decrease the symptoms of PD and in others the symptoms of motor dysfunction improved with lowering the dose of atypicals also. However, it is also possible that the PD-like symptoms such as tremor or balance problems seen in FXS are exacerbated by the loss of Purkinje cells and resultant cerebellar compromise. There is also cellular evidence for significant dysfunction of the dopamine system in FXS related to the lack of FMRP (Wang et al. 2008), although the substantia nigra has not been directly studied in FXS. In those patients with PD and FXS there was cognitive decline and this can occur in PD in general (Muslimovic et al. 2009).
The prevalence of obesity has increased in the US population over the last decade so it is not unexpected to see significant rates of obesity in those with FXS in the current study. The obesity epidemic in the US is related to the lack of physical activity (Brock DW, 2009) and our diet composition (Murtaugh MA, 2007). Additionally, in those with FXS the tendency for more reclusive behavior with age (Hatton et al. 2006), the use of atypicals that increase the appetite and the presence of the Prader-Willi phenotype (seen in less than 10% of patients with FXS) leading to hyperphagia (Nowicki et al. 2007) may exacerbate the obesity problem. In this study, 82.6% of patients with FXS have either obesity (28.8%) or they are overweight (53.8%). The percentage of obesity in these patients is slightly lower than in the general population (34%) but the overweight percentage is much higher than estimated in the general population (33%) (Khan et al. 2009).
Hypertension is common in men with FXS, but the prevalence has never been studied in detail (Hagerman 2002). Recently, the prevalence rate of hypertension in the US general population was reported as 28.9% overall (Cutler et al. 2008). Hypertension may be underrecognized by the physician because anxiety and tactile defensiveness in the clinical setting often leads to increased BP in patients with FXS. Thus, a high value is often interpreted with consideration of the stress and anxiety associated with the medical visit. In this study 24% were diagnosed with hypertension, and although this is not significantly different from the general population it may be an underestimate of the true incidence of this problem in FXS. Hypertension may be more likely in individuals with FXS because of the sympathetic hyperarousal documented in this syndrome (Miller et al. 1999) and possibly because of elastin abnormalities in the vessel walls as was documented in one patient with FXS (Waldstein and Hagerman 1988). A recent neuropathology study of three older men with FXS who died (they are included in this study) showed significant evidence of hyaloid changes in the blood vessels presumed to be secondary to hypertensive disease. (Greco et al. 2009). These results emphasize the need to diagnose hypertension in those with FXS and treat it appropriately.
Kidney problems have been previously considered rare in patients with FXS. We found 7 (11.3%) patients have kidney problems including acute renal failure (2 patients), urinary tract infection (2 patients), kidney stones (1 patient), small cysts (1 patient), and 1 patient with a kidney problem but unclear diagnosis. Connective tissue dysplasia, documented to be related to elastin abnormalities (Waldstein et al. 1986) in FXS may lead to reflux and ureteral dilation leading to renal failure and nephrectomy in one previous case (Hagerman 2002). In this study, one patient had severe prostate enlargement which lead to obstruction and renal failure and this was relieved by surgery.
Two male patients were diagnosed with cancer including one with an adenocarcinoma of the testicle and the other with a malignant liver cancer that did not have a pathological diagnosis. Some studies suggest a decreased risk of cancer in individuals with FXS (Schultz-Pedersen et al. 2001; Sund et al. 2009) perhaps related to PTEN down regulation. However, there is also upregulation of the mTOR pathway in FXS (Hoeffer et al. 2009) which can lead to an increased risk of cancer (Matsumoto et al. 2009).
Typically seizures in FXS occur in childhood in about 15–20% and they are usually well controlled with anticonvulsants (Berry-Kravis 2002). However, our study found that 8.1% of the patients had seizures that began in adulthood with 3 patients developing seizures after age 40. Further studies of seizures in aging are needed to assess whether seizures in FXS tend to be a complication of aging and whether a second peak of seizure onset (in addition to that described in childhood) occurs late in life in FXS (Hagerman and Stafstorm 2009). Clinicians should be alert to the possibility of seizures in adult and aging patients with FXS.
An additional notable finding in our study is the lack of significant atherosclerotic heart disease or late onset complications of mitral valve prolapse which is thought to be present in over 50% of adult males with FXS (Hagerman 2002).
The limitations of this study include lack of typical or intellectually impaired controls, intellectually impaired subjects, cohort effects due to the small sample size, retrospective chart review and referral bias to well-known FXS clinics. However, this study is a first step toward understanding the medical problems associated with aging in those with FXS.
In summary, we have found a number of medical problems associated with aging in individuals with FXS that may be related to the neurobiological changes in this disorder. Of most concern is the higher incidence of PD and other movement disorders. Since these may be related to long term use of atypical antipsychotics, the risks and benefits for continued use should be weighed in aging individuals with FXS. All of the atypical antipsychotics can be associated with parkinsonism except quetiapine (seroquel), which is frequently used for managing hallucinations in the PD population because of it’s minimal motor side effects (Cortese et al. 2008). In addition, vigorous identification and treatment of hypertension is warranted because of the CNS effects of untreated hypertension.

Acknowledgments
The authors thank the families who participated in this study. This work was supported by NICHD #HD036071, HD02274, HD055510, NIA #AG032115, and the Administration for Developmental Disabilities 90DD05969 and by The Grant to EBK from the Spastic Paralysis and Allied Diseases of the Central Nervous System Research Foundation of The Illinois-Eastern Iowa District Kiwanis International. NT recognizes support by the Colorado IDDRC. AU was the recipient of a Beasiswa Unggulan (Excellent scholarship program) from BPKLN, Ministry of National Education, Government of Indonesia.
Open Access
This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.


References
Allen EG, He W, Yadav-Shah M, Sherman SL. A study of the distributional characteristics of FMR1 transcript levels in 238 individuals. Hum Genet. 2004;114:439–47.PubMedCrossRef

Berry-Kravis E. Epilepsy in fragile X syndrome. Dev Med Child Neurol. 2002;44:724–8.PubMedCrossRef

Berry-Kravis E, Abrams L, Coffey SM, Hall DA, Greco C, Gane LW, et al. Fragile X-associated tremor/ataxia syndrome: clinical features, genetics, and testing guidelines. Mov Disord. 2007;22:2018–30.PubMedCrossRef

Caligiuri MP, Teulings HL, Dean CE, Niculescu AB, Lohr J. Handwriting movement analyses for monitoring drug-induced motor side effects in schizophrenia patients treated with risperidone. Hum Mov Sci. 2009;28:633–42.PubMedPubMedCentralCrossRef

Chonchaiya W, Schneider A, Hagerman RJ. Fragile X: a family of disorders. Adv Pediatr. 2009;56:165–86.PubMedPubMedCentralCrossRef

Coffey SM, Cook K, Tartaglia N, Tassone F, Nguyen DV, Pan R, et al. Expanded clinical phenotype of women with the FMR1 premutation. Am J Med Genet A. 2008;146A:1009–16.PubMedPubMedCentralCrossRef

Cortese L, Caligiuri MP, Williams R, Schieldrop P, Manchanda R, Malla A, et al. Reduction in neuroleptic-induced movement disorders after a switch to quetiapine in patients with schizophrenia. J Clin Psychopharmacol. 2008;28:69–73.PubMedCrossRef

Crawford DC, Meadows KL, Newman JL, Taft LF, Scott E, Leslie M, et al. Prevalence of the fragile X syndrome in African-Americans. Am J Med Genet. 2002;110:226–33.PubMedCrossRef

Cutler JA, Sorlie PD, Wolz M, Thom T, Fields LE, Roccella EJ. Trends in hypertension prevalence, awareness, treatment, and control rates in United States adults between 1988–1994 and 1999–2004. Hypertension. 2008;52:818–27.PubMedCrossRef

de Rijk MC, Breteller MM, Graveland GA, Ott A, Grobbee DE, van der Meche FG, et al. Prevalence of Parkinson’s disease in the elderly: the Rotterdam Study. Neurology. 1995;45(12):2143–6.PubMedCrossRef

Desai HB, Donat J, Shokeir MH, Munoz DG. Amyotrophic lateral sclerosis in a patient with fragile X syndrome. Neurology. 1990;40:378–80.PubMedCrossRef

Fernandez-Carvajal I, Walichiewicz P, Xiaosen X, Pan R, Hagerman PJ, Tassone F. Screening for expanded alleles of the FMR1 gene in blood spots from newborn males in a Spanish population. J Mol Diagn. 2009;11:324–9.PubMedPubMedCentralCrossRef

Greco C, Jin L-W, Tassone F, Hagerman P, Hagerman R. Neuropathological analysis of four fragile X syndrome (FXS) autopsy brains. 14th International Workshop on Fragile X Syndrome and X-linked mental retardation, Bahia, Brazil, 2009.

Hagerman RJ. Physical and behavioral phenotype. In: Hagerman RJ, Hagerman PJ, editors. Fragile X syndrome: Diagnosis, treatment and research. 3rd ed. Baltimore: The Johns Hopkins University Press; 2002. p. 3–109.

Hagerman P, Stafstorm C. Origins of epilepsy in fragile X syndrome. Epilepsy Currents. 2009;9:108–12.PubMedPubMedCentralCrossRef

Hagerman RJ, Leehey M, Heinrichs W, Tassone F, Wilson R, Hills J, et al. Intention tremor, parkinsonism, and generalized brain atrophy in male carriers of fragile X. Neurology. 2001;57:127–30.PubMedCrossRef

Hagerman RJ, Berry-Kravis E, Kaufmann WE, Ono MY, Tartaglia N, Lachiewicz A, et al. Advances in the treatment of fragile X syndrome. Pediatrics. 2009;123:378–90.PubMedPubMedCentralCrossRef

Harris SW, Hessl D, Goodlin-Jones B, Ferranti J, Bacalman S, Barbato I, et al. Autism profiles of males with fragile X syndrome. Am J Ment Retard. 2008;113:427–38.PubMedPubMedCentralCrossRef

Hatton DD, Sideris J, Skinner M, Mankowski J, Bailey Jr DB, Roberts J, et al. Autistic behavior in children with fragile X syndrome: prevalence, stability, and the impact of FMRP. Am J Med Genet A. 2006;140A:1804–13.PubMedCrossRef

Hessl D, Tassone F, Cordeiro L, Koldewyn K, McCormick C, Green C, et al. Brief report: aggression and stereotypic behavior in males with fragile X syndrome-moderating secondary genes in a “single gene” disorder. J Autism Dev Disord. 2008;38:184–9.PubMedCrossRef

Hoeffer C, Klann E, Wong H, Hagerman R, Tassone F. Dysfunction of protein synthesis mediated by mTOR-dependent signaling in fragile x syndrome. 14th International Workshop on Fragile X Syndrome and X-linked mental retardation, Bahia, Brazil, 2009.

Jin P, Warren ST. Understanding the molecular basis of fragile X syndrome. Hum Mol Genet. 2000;9:901–8.PubMedCrossRef

Khan LK, Sobush K, Keener D, Goodman K, Lowry A, Kakietek J, et al. Recommended community strategies and measurements to prevent obesity in the United States. MMWR Recomm Rep. 2009;58:1–26.PubMed

Lachiewicz AM, Gullion CM, Spiridigliozzi GA, Aylsworth AS. Declining IQs of young males with the fragile X syndrome. Am J Ment Retard. 1987;92:272–8.PubMed

Loesch DZ, Huggins RM, Hagerman RJ. Phenotypic variation and FMRP levels in fragile X. Ment Retard Dev Disabil Res Rev. 2004;10:31–41.PubMedCrossRef

Matsumoto K, Arao T, Tanaka K, Kaneda H, Kudo K, Fujita Y, et al. mTOR signal and hypoxia-inducible factor-1 alpha regulate CD133 expression in cancer cells. Cancer Res. 2009;69:7160–4.PubMedCrossRef

Miller LJ, McIntosh DN, McGrath J, Shyu V, Lampe M, Taylor AK, et al. Electrodermal responses to sensory stimuli in individuals with fragile X syndrome: a preliminary report. Am J Med Genet. 1999;83:268–79.PubMedCrossRef

Miller DD, McEvoy JP, Davis SM, Caroff SN, Saltz BL, Chakos MH, et al. Clinical correlates of tardive dyskinesia in schizophrenia: baseline data from the CATIE schizophrenia trial. Schizophr Res. 2005;80:33–43.PubMedCrossRef

Muslimovic D, Post B, Speelman JD, De Haan RJ, Schmand B. Cognitive decline in Parkinson’s disease: a prospective longitudinal study. J Int Neuropsychol Soc. 2009;15:426–37.PubMedCrossRef

Nolin SL, Glicksman A, Houck Jr GE, Brown WT, Dobkin CS. Mosaicism in fragile X affected males. Am J Med Genet. 1994;51:509–12.PubMedCrossRef

Nowicki ST, Tassone F, Ono MY, Ferranti J, Croquette MF, Goodlin-Jones B, et al. The Prader-Willi phenotype of fragile X syndrome. J Dev Behav Pediatr. 2007;28:133–8.PubMedCrossRef

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of overweight and obesity in the United States, 1999–2004. JAMA. 2006;295:1549–55.PubMedCrossRef

Oostra BA, Willemsen R. FMR1: a gene with three faces. Biochim Biophys Acta. 2009;1790:467–77.PubMedPubMedCentralCrossRef

Orti-Pareja M, Jimenez-Jimenez FJ, Vazquez A, Catalan MJ, Zurdo M, Burguera JA, et al. Drug-induced tardive syndromes. Parkinsonism Relat Disord. 1999;5:59–65.PubMedCrossRef

Riddle JE, Cheema A, Sobesky WE, Gardner SC, Taylor AK, Pennington BF, et al. Phenotypic involvement in females with the FMR1 gene mutation. Am J Ment Retard. 1998;102:590–601.PubMedCrossRef

Sabaratnam M. Pathological and neuropathological findings in two males with fragile-X syndrome. J Intellect Disabil Res. 2000;44(Pt 1):81–5.PubMedCrossRef

Schultz-Pedersen S, Hasle H, Olsen JH, Friedrich U. Evidence of decreased risk of cancer in individuals with fragile X. Am J Med Genet. 2001;103:226–30.PubMedCrossRef

Sund R, Pukkala E, Patja K. Cancer incidence among persons with fragile X syndrome in Finland: a population-based study. J Intellect Disabil Res. 2009;53:85–90.PubMedCrossRef

Tassone F, Hagerman RJ, Loesch DZ, Lachiewicz A, Taylor AK, Hagerman PJ. Fragile X males with unmethylated, full mutation trinucleotide repeat expansions have elevated levels of FMR1 messenger RNA. Am J Med Genet. 2000;94:232–6.PubMedCrossRef

Tassone F, Hagerman RJ, Taylor AK, Hagerman PJ. A majority of fragile X males with methylated, full mutation alleles have significant levels of FMR1 messenger RNA. J Med Genet. 2001;38:453–6.PubMedPubMedCentralCrossRef

Waldstein G, Hagerman R. Aortic Hypoplasia and Cardiac Valvular Abnormalities in a Boy with Fragile-X Syndrome. Am J Med Genet. 1988;30:83–98.PubMedCrossRef

Waldstein G, Mireau G, Ahmad R, Thibadee U, Haserman BJ, Caldwell S. Fragile X syndrome: skin elastin abnormalities. In: Gildert E, Opitz J, editors. Genetic aspect of developmental pathology. New York: Alan R. Liss Inc.; 1986. p. 103–14.

Wang H, Wu LJ, Kim SS, Lee FJ, Gong B, Toyoda H, et al. FMRP acts as a key messenger for dopamine modulation in the forebrain. Neuron. 2008;59:634–47.PubMedCrossRef

Westmark CJ, Malter JS. FMRP mediates mGluR5-dependent translation of amyloid precursor protein. PLoS Biol. 2007;5:e52.PubMedPubMedCentralCrossRef

Wright-Talamante C, Cheema A, Riddle JE, Luckey DW, Taylor AK, Hagerman RJ. A controlled study of longitudinal IQ changes in females and males with fragile X syndrome. Am J Med Genet. 1996;64:350–5.PubMedCrossRef




OEBPS/sidebar.gif





OEBPS/contact.gif





