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Abstract 25 

Background: Craniosynostosis (CS) is a congenital birth defect characterized by the premature 26 

fusion of one or several calvarial suture(s). CS could lead to serious complications, such as 27 

intracranial hypertension and neurodevelopmental impairment. There is an increasing trend in 28 

the prevalence of CS – 75% of which are of non-syndromic type (NSCS). In parallel, there is a 29 

steady rise in the average maternal age. The goal of this paper was to review the literature to 30 

clearly identify any associations between parental age and NSCS. This review was performed 31 

and reported in compliance with PRISMA guidelines. 32 

Methods: The PUBMED and EMBASE databases were systematically searched, and all studies 33 

that observed the relationship between maternal and/ or paternal age on NSCS were included. 34 

The articles were then assessed for methodological quality using the Newcastle–Ottawa Scale 35 

(NOS). The effect of advanced maternal and/ or paternal age on the incidence of NSCS was 36 

identified by the prevalence ratios reported at a confidence interval of 95%. 37 

Results: Six retrospective case-control studies, reporting on a total of 3267 cases of NSCS were 38 

included in this review. While there were some inconsistencies in the findings of the different 39 

studies, the majority reported a positive correlation between advanced maternal and/ or paternal 40 

age and an increased incidence of NSCS. 41 

Conclusion: This review identified an association between advanced parental age and an 42 

increased incidence of NSCS. 43 

 44 
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Introduction 48 

The last few decades have witnessed a consistent increase in average maternal age at first 49 

birth.1 Previous data from the United States show that the birth rates for females aged 30 and 50 

above have increased since the 1990s, with rates for females aged over 40 years old rising 51 

continuously since 1985. While there is no direct causation to explain the effect, both advanced 52 

maternal and paternal ages have been associated with a potential decrease in the health and well-53 

being of offspring.2 In regards to congenital malformations, parental age is a known risk factor.3 54 

Although there is a general consensus that advanced maternal age (AMA) is associated with a 55 

higher incidence of congenital abnormalities, some studies demonstrate a protective effect of 56 

AMA, specifically in the absence of aneuploidy.4 The relationship becomes more ambiguous 57 

with regards to paternal age mainly due to the fact that it is significantly less studied in the 58 

literature.3 59 

Craniosynostosis (CS) is defined as the premature fusion of a single or multiple cranial 60 

vault suture(s).5 While not all CS cases are operative, early diagnosis is important to determine 61 

prognosis and treatment plans since it could lead to serious complications such as intracranial 62 

hypertension and neurodevelopmental impairment.6 The prevalence of CS is approximately 1 in 63 

2500 live births, and there is evidence of an increasing trend.7 Cases of CS are present in all 64 

racial groups, and though the exact causes are unknown, both genetic and non-genetic factors are 65 

believed to influence the development of this condition.8 While non-syndromic craniosynostosis 66 

(NSCS) comprises the vast majority of CS cases (75%), CS associated syndromes are 67 

significantly more studied and therefore better understood in terms of pathophysiology and 68 

prognosis.9 NSCS usually occurs sporadically and arises from unaffected parents. Several risk 69 

factors have been associated with NSCS, such as being of Caucasian descent, maternal thyroid 70 
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disease, and smoking during pregnancy.10-12 While some studies suggest a relationship between 71 

AMA and NSCS, others do not support it as being an independent risk factor.13 The same is true 72 

for paternal age, where no relationship has been established.14 73 

While many studies have established clear genetic associations and causative mutations 74 

in CS associated syndromes, NSCS is much less studied and the pathogenesis of the condition is 75 

not well understood.9 The goal of this paper was to systematically review the literature to clearly 76 

identify any associations between parental age and NSCS. The results of this review will 77 

disseminate important epidemiological information and highlight any potential association 78 

between parental age and NCSC. This can be used to inform targeted interventions to decrease 79 

its incidence and morbidity through, for example, adequate parental counseling, earlier 80 

diagnosis, and treatment, as well as encourage further research on the etiology of the condition, 81 

such as potential point mutations in sperm DNA of older males.15 82 

Methods  83 

 The PUBMED and EMBASE databases were systematically searched initially on May 84 

13, 2019, then again prior to publishing on October 17, 2020 for relevant articles related to 85 

parental age and the incidence of NSCS. The search strategy included both keywords and MeSH 86 

terms in order to capture all relevant studies. The specific search strategy used for PUBMED was 87 

the following: (((“maternal age” OR “paternal age” OR “parental age” OR “age”) OR “paternal 88 

age”[Mesh]) OR “maternal age”[Mesh]) AND (“craniosynostosis”) 89 

 This systematic review was performed and reported in compliance with the Preferred 90 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA).16 Two authors 91 

independently reviewed all the results search entries for inclusion and exclusion criteria. Any 92 

discrepancies between the authors were settled by a third researcher. Inclusion criteria consisted 93 
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of case-control studies that described the relationship between maternal and/ or paternal age on 94 

NSCS. Exclusion criteria consisted of papers that exclusively discussed syndromic conditions, 95 

such as Apert, Pfeiffer, Courzon, Meunke, and Beare-Stevenson Cutis Gyrata syndrome. 96 

However, studies of a heterogeneous population that did a separate analysis of their non-97 

syndromic subjects were included. Studies that solely investigated the effect of other risk factors, 98 

such as maternal smoking, maternal exposure to second-hand smoking, maternal thyroid disease, 99 

fertility treatments, maternofetal trauma, maternal SSRI intake, and maternal occupation on the 100 

incidence of NSCS were all excluded as well. Finally, animal and cadaver studies were excluded. 101 

 All included articles went through methodological quality assessment for potential risk of 102 

bias using the Newcastle–Ottawa Scale (NOS) for case-control studies.17 The selected articles 103 

were then analyzed, and the following data were extracted: study design, year of publication, 104 

country of study, period of study, sample size, sample population distribution of NSCS sub-105 

types, mean maternal age, and mean paternal age. Data on the influence of maternal and/ or 106 

paternal age on the incidence of NSCS, as well as the influence of either parental age on 107 

individual CS sub-types when available was identified by the prevalence ratios reported in the 108 

studies. Finally, the controlled cofounding covariables were noted when mentioned in the papers. 109 

Results 110 

The search on PUBMED and EMBASE on October 17, 2020 yielded 1174 papers. After 111 

assessing titles and abstracts for inclusion and exclusion criteria, 40 studies fulfilled the criteria 112 

and were fully read, yielding a final six articles to be included in this review. (Figure 1) Eleven 113 

papers were excluded because they did not assess the effect of parental age on NSCS. Eleven 114 

papers studied syndromic CS. All six included articles were retrospective case-control studies, 115 

and four of which had a “good” quality rating, as per NOS assessment. (Table 1) 116 
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The publishing year of the studies ranged from 1999 to 2015, including cases of infants 117 

born between 1968 to 2008. There was a wide representation in terms of population of study: 118 

USA (3), Australia (2), and Denmark (1). With a total of 3267 cases of NSCS included in this 119 

review, the smallest study included 170 cases, and the largest included 997 cases. Of the six 120 

retrospective case-control studies, one studied the effect of both paternal and maternal age,18 four 121 

solely examined the effect of maternal age,15,19-21, and one exclusively investigated paternal 122 

age.15 (Table 2) 123 

Four of the five case control studies that investigated the effect of maternal age found a 124 

positive effect of AMA on the incidence of NSCS.19,20,22,23 Boulet et al. found that maternal age 125 

between 35 and 44 is associated with an increased incidence of NSCS: OR 2.20 (95% CI 1.63, 126 

2.99). Their sub-analysis further showed that the sagittal and metopic sub-types were the ones 127 

most impacted by AMA (sagittal: OR 2.32 (95% CI 1.48, 3.63), metopic: OR 2.27 (95% CI 1.16, 128 

4.45), lambdoid: OR 2.08 (95% CI 1.04, 4.17), coronal: OR 1.98 (95% CI 0.93, 4.24)).23 129 

Similarly, Lee et al. associated maternal age between 30 and 39 with a small but significant 130 

increase in the incidence of NSCS, OR 1.26 (95% CI 1.04, 1.53), while maternal age over 40 to 131 

be associated with a larger increase, OR 1.92 (95% CI 1.17, 3.15).20 Lee et al. further reports that 132 

AMA had the strongest effect on the sagittal and metopic sub-types (sagittal: OR 2.01 (95% CI 133 

0.97, 4.14), metopic: OR 3.00 (95% CI 1.18, 7.63), coronal: OR 1.17 (95% CI 0.28, 4.84)).20 134 

Reefhuis et al. showed that maternal age between 35 and 40 was associated with an increased 135 

risk of NSCS, OR 1.65 (95% CI 1.18, 2.30), but did not report on the different sub-types of 136 

NSCS cases included in the study.22 Finally, Gill et al. found that not only is AMA associated 137 

with an increased incidence of NSCS (35-39: OR 1.3 (95% CI 1.1, 1.6), >40: OR 1.6 (95% CI 138 
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1.1, 2.4)), but that young maternal age (<20) can be protective: OR 0.6 (95% CI 0.4, 0.8).19 139 

(Table 3) 140 

On the other hand, one smaller retrospective study published in 1999 in Australia found 141 

no statistically significant effect of maternal age on the incidence of this congenital condition.18 142 

Singer et al. specified their study population to be composed of the following distribution: 41.2% 143 

sagittal, 21.8% lambdoid,15.9% coronal and 7.0% multi-sutural, and further sub-analyzed the 144 

AMA effect (sagittal: OR 2.34 (95% CI 0.91, 5.63), coronal: OR 1.40 (95% CI 0.28, 6.89), 145 

lambdoid: OR 1.20 (95% CI 0.33, 4.41)).18 (Table 3) 146 

The two studies that investigated the effect of paternal age found a positive effect of 147 

increased age on the incidence of NSCS.15,18 After exclusion of the known autosomal dominant 148 

syndromes, Singer et al. concluded that fathers aged 40 years and over were almost three times 149 

as likely to have a child with CS: OR 2.72 (95% CI 1.40, 5.28).18 They further sub-analyzed the 150 

paternal effect on sub-types (sagittal: OR 2.11 (95% CI 0.89, 5.00), coronal: OR 2.03 (95% CI 151 

0.39, 10.61) lambdoid: OR 5.09 (95% CI 1.45, 17.85)).18 In another study, a statistically 152 

significant effect of paternal age was only demonstrated in fathers over 50 years old: OR 1.36 153 

(95% CI 0.71, 2.59).15  154 

Discussion 155 

The results of this review demonstrate that AMA is associated with an increased 156 

incidence of NSCS, as reported by four of the five articles that studied the relationship.19,20,22,23 157 

Similarly, advanced paternal age was shown to positively correlate with an increased incidence 158 

of NSCS by both articles that studied the effect.15,18 To the authors’ knowledge, there are no 159 

systematic literature reviews that have previously summarized the effect of parental age on the 160 

incidence of congenital NSCS. 161 
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Though the majority of the included papers in this review found a statistically significant 162 

effect of AMA on the incidence of NSCS, the inconsistent epidemiologic outcomes can be 163 

potentially explained by the different patient population characteristics and distribution of NSCS 164 

sub-types included in each study. For instance, both Boulet et al. and Lee et al. which had 165 

similar sub-type distribution (majority sagittal and metopic) demonstrated a strong correlation 166 

between AMA and an increased incidence of NSCS.20,23 On the other hand, Singer et al., who 167 

demonstrated a small, though statistically insignificant association between maternal age and the 168 

incidence of NSCS, had a different sample composition, mainly composed of sagittal and 169 

lambdoid NSCS.18 Furthermore, both Boulet et al. and Lee et al. showed a stronger correlation 170 

between AMA and particular sub-types of NSCS: both studies showed that the sagittal and 171 

metopic sub-types increase the most with AMA. Therefore, the fact that AMA affects particular 172 

sub-types of NSCS, while having no effect on others can potentially explain why some studies 173 

showed no effect of AMA on the incidence of NSCS. 174 

Furthermore, the retrospective studies analyzed populations of different time periods; 175 

Singer et al. had the oldest population between 1980 and 1994, and the largest proportion of 176 

lambdoid CS sub-type. This is potentially because of old diagnostic modalities that could not 177 

differentiate between true lambdoid synostosis and plagiocephaly.24 Indeed, Boulet et al. showed 178 

a significant decrease in the incidence, or diagnosis of lambdoid CS between 1989 and 2003.23 179 

Furthermore, this decrease is coupled with a statistically significant increase in incidence of 180 

metopic CS between 1982 and 2008,20 as well as between 1975 and 2004, as demonstrated by 181 

Selber et al.25 This increase in metopic synostosis is thought to be either due to better diagnostic 182 

modalities or novel environmental risk factors.25,26  183 
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Moreover, the presence of confounding factors may mask an existing association or 184 

falsely point to one when an association fails to exist. For instance, previous studies have 185 

identified multiple factors that increase the risk of NSCS, including maternal race, maternal 186 

residence at high altitudes, male infant sex, maternal smoking, certain paternal occupations (ex. 187 

agriculture, forestry, mechanics, repairman) and fertility treatments.23,25 Although all of the 188 

studies report controlling for particular risk factors, there were notable variations in the ones 189 

each paper addressed. (Table 2) 190 

The results of this review raise an important question regarding the effect of AMA on 191 

different maternal genetic pools. All three studies conducted in North America showed a 192 

significant association between AMA and increased incidence of NSCS. The two studies 193 

conducted in Australia showed mixed results; one demonstrated similar findings to the North 194 

American studies, while the other found no correlation between the specified factors. The 195 

authors believe a future cross-sectional study observing the effect of AMA on NSCS in various 196 

populations (ethnic/ racial groups) across several regions (countries), while controlling for other 197 

confounding variables known to impact the incidence of NSCS is warranted and can help shed 198 

light into this topic. 199 

The main limitation of this review is the lack of quantitative analysis. The heterogeneity 200 

of the studies’ methods, including statistical analyses conducted render a meta-analysis not 201 

viable. To further elaborate on methodological differences, there was significant variability in the 202 

confounding variables accounted for in the statistical analyses of the studies – in fact, some 203 

studies did not control for any risk factors. Similar wide variability was noted for the 204 

stratification of maternal and paternal ages in the studies - particularly in studies that were 205 

conducted in earlier years. Although AMA is now commonly defined as pregnant at age 35 and 206 
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older,27 maternal age groups used in the included studies varied between, <20, 20-24, 25-29, 30-207 

35, 35+, 35-40, and 40+. Moreover, this review demonstrates that AMA could potentially affect 208 

certain sub-types of NSCS compared to others, therefore, future studies should stratify their 209 

analysis bases on the sub-types. Finally, although all the studies that investigated the effect of 210 

parental age showed an effect of advanced age on the incidence of NSCS, a definite association 211 

is limited by the small number of total (6) and high-quality (4) papers examining this relationship 212 

– especially in regards to the effect of paternal age (2). 213 

Over the past two decades, there have been several studies that investigated and identified 214 

some genetic markers for CS. Mutations in the fibroblast growth factor receptors (FGFR) are 215 

believed to cause an abnormality of osteoprogenitor cells within cranial sutures.28 In 1998, Gripp 216 

et al. indeed found a single gene mutation of FGFR3 (Pro250Arg) to be associated with non-217 

syndromic coronal CS.29 Another study recommended FGFR3-Pro250Arg testing for 1st line 218 

molecular genetic diagnosis for both non-syndromic unicoronal and bicoronal CS.30 Most 219 

recently in 2017, a review on genetic advances in CS concluded that genetic causes of NSCS are 220 

still unknown; however, testing patients with coronal and complex NSCS for FGFR1, FGFR2, 221 

FGFR3, TWIST1, TCF12, and ERF may be warranted.26 In cases that are clinically ambiguous, 222 

genetic analysis may be beneficial, as it may lead to early diagnosis with less radiation-intensive 223 

imaging techniques.  224 

Other diagnostic and screening modalities for CS include ultrasound (US), computer 225 

tomography (CT), and magnetic resonance imaging (MRI). This review raises the question of 226 

whether there is sufficient compelling data to provide meaningful information for family 227 

counseling and screening programs. Screening may not only be carried prenatally, but also in the 228 

first days or weeks of life. In the case of CS, the increased incidence observed in mothers over 229 
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the age of 35 and fathers over the age of 40 may be compelling ground for further investigations 230 

on the impact of screening on improving outcomes for newborns with CS. In certain cases, 231 

diagnosis can be made by prenatal fetal US through indirect signs, such as abnormal cephalic 232 

index (CI), cranial shape, and/or face morphology.31 Moreover, MRI imaging could be used to 233 

show skull deformities and thickening of the calvarium.32,33 However, reports on prenatal 234 

diagnosis of CS are rare in the literature. Alternatively, babies born to mothers over 35 and/ or 235 

fathers over 40 years old may be followed more closely or undergo formal screening during their 236 

infancy in order to ensure that a diagnosis of CS is not missed, given the serious possible 237 

sequelae of the condition, as well as the benefit of a non-invasive surgical treatment in babies 238 

under 6 months of age. 239 

Postnatal diagnosis of CS is usually done by clinical examination of the abnormal skull. 240 

While post-natal CT scans can help in diagnosing NSCS, its use as a screening tool is not 241 

common practice. The benefits of diagnosing and correcting CS in a timely manner have to be 242 

weighed against the risk of exposure to radiation. A 2017 study by Montoya et al., assessed the 243 

potential for radiation dose reduction by using simulated CT images with 25%, 10%, or 2% of 244 

the initially applied radiation dose.33 The study was able to show that radiation dosages can be 245 

reduced by 75%-90% without compromising observer performance when evaluating pediatric 246 

CT scans for CS. The impact of such findings becomes particularly important in cases of multi-247 

sutural CS, where CT scans may be indicated for diagnosis, treatment planning, and follow-up - 248 

exposing the child to multiple rounds of radiation. On the other hand, the use of US in adjunction 249 

to clinical evaluation has been shown to be a reliable and preferred screening tool for patients 250 

with CS, as it can identify several of its unique features.34 In a 2017 retrospective review by Hall 251 

et al., 52 patients with a mean age of 4.6 months old were evaluated for CS by both sonography 252 
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and CT scanning. The results of the study showed an US sensitivity of 100%, a specificity of 253 

100%, and negative predictive value of 100% when used to screen for CS. The study concluded 254 

that US can be used as a reliable screening tool and has potential use in ruling-out CS in patients 255 

with an abnormal head shape.32 Finally, the use of MRI in screening or diagnosis of CS is not 256 

common and is frequently used only in conjunction with US. MRI may serve to identify brain 257 

abnormalities, but it has limited ability in identifying cranial sutures.  258 

Conclusion 259 

NSCS comprises the majority of the CS cases worldwide. However, the epidemiological 260 

outcomes and risk factors associated with the non-syndromic cases are significantly less studied. 261 

This review summarizes the effect of both maternal and paternal age on the incidence of NSCS. 262 

While there are some inconsistencies in the results of different papers, there is compelling 263 

evidence suggesting an association between both advanced maternal and paternal age and 264 

increased incidence of NSCS. Understanding risk factors such as paternal age is necessary for 265 

the understanding of the pathogenesis of the condition, as well as proper prenatal care including 266 

genetic counseling, screening, and prevention.  267 



 
 

13 
 

References 268 

1. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: Final data for 2018. 269 

National Vital Statistics Reports. 2019;68. 270 

2. Nybo Andersen A-M, Urhoj SK. Is advanced paternal age a health risk for the offspring? 271 

Fertility and Sterility. 2017;107(2):312-318. 272 

3. Green RF, Devine O, Crider KS, et al. Association of paternal age and risk for major 273 

congenital anomalies from the National Birth Defects Prevention Study, 1997 to 2004. 274 

Annals of epidemiology. 2010;20(3):241-249. 275 

4. Goetzinger KR, Shanks AL, Odibo AO, Macones GA, Cahill AG. Advanced Maternal 276 

Age and the Risk of Major Congenital Anomalies. American journal of perinatology. 277 

2017;34(3):217-222. 278 

5. Dempsey RF, Monson LA, Maricevich RS, et al. Nonsyndromic Craniosynostosis. 279 

Clinics in plastic surgery. 2019;46(2):123-139. 280 

6. Kapp-Simon KA, Speltz ML, Cunningham ML, Patel PK, Tomita T. Neurodevelopment 281 

of children with single suture craniosynostosis: a review. Child's nervous system : ChNS : 282 

official journal of the International Society for Pediatric Neurosurgery. 2007;23(3):269-283 

281. 284 

7. Betances EM MM, M Das J. Craniosynostosis. Treasure Island (FL): StatPearls 285 

Publishing. https://www.ncbi.nlm.nih.gov/books/NBK544366/. Published 2020. Updated 286 

2020 Mar 31. Accessed 2020 May 3, 2020. 287 

8. Boyadjiev SA. Genetic analysis of non-syndromic craniosynostosis. Orthodontics & 288 

craniofacial research. 2007;10(3):129-137. 289 

https://www.ncbi.nlm.nih.gov/books/NBK544366/


 
 

14 
 

9. Derderian C, Seaward J. Syndromic craniosynostosis. Seminars in plastic surgery. 290 

2012;26(2):64-75. 291 

10. Greenwood J, Flodman P, Osann K, Boyadjiev SA, Kimonis V. Familial incidence and 292 

associated symptoms in a population of individuals with nonsyndromic craniosynostosis. 293 

Genetics in medicine : official journal of the American College of Medical Genetics. 294 

2014;16(4):302-310. 295 

11. Rasmussen SA, Yazdy MM, Carmichael SL, Jamieson DJ, Canfield MA, Honein MA. 296 

Maternal thyroid disease as a risk factor for craniosynostosis. Obstetrics and gynecology. 297 

2007;110(2 Pt 1):369-377. 298 

12. Carmichael SL, Ma C, Rasmussen SA, Honein MA, Lammer EJ, Shaw GM. 299 

Craniosynostosis and maternal smoking. Birth defects research Part A, Clinical and 300 

molecular teratology. 2008;82(2):78-85. 301 

13. Ardalan M, Rafati A, Nejat F, Farazmand B, Majed M, El Khashab M. Risk factors 302 

associated with craniosynostosis: a case control study. Pediatric neurosurgery. 303 

2012;48(3):152-156. 304 

14. Alderman BW, Lammer EJ, Joshua SC, et al. An epidemiologic study of 305 

craniosynostosis: risk indicators for the occurrence of craniosynostosis in Colorado. 306 

American journal of epidemiology. 1988;128(2):431-438. 307 

15. Urhoj SK, Mortensen LH, Nybo Andersen A-M. Advanced Paternal Age and Risk of 308 

Musculoskeletal Congenital Anomalies in Offspring. Birth defects research Part B, 309 

Developmental and reproductive toxicology. 2015;104(6):273-280. 310 



 
 

15 
 

16. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 311 

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation 312 

and elaboration. BMJ (Clinical research ed). 2009;339:b2700. 313 

17. Wells G SB, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-314 

Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. 315 

Ottawa Hospital Research Institute. 316 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Published 2013. 317 

Accessed. 318 

18. Singer S, Bower C, Southall P, Goldblatt J. Craniosynostosis in Western Australia, 1980-319 

1994: a population-based study. American journal of medical genetics. 1999;83(5):382-320 

387. 321 

19. Gill SK, Broussard C, Devine O, et al. Association between maternal age and birth 322 

defects of unknown etiology: United States, 1997-2007. Birth defects research Part A, 323 

Clinical and molecular teratology. 2012;94(12):1010-1018. 324 

20. Lee HQ, Hutson JM, Wray AC, et al. Changing epidemiology of nonsyndromic 325 

craniosynostosis and revisiting the risk factors. The Journal of craniofacial surgery. 326 

2012;23(5):1245-1251. 327 

21. McKinney CM, Cunningham ML, Holt VL, Leroux B, Starr JR. A case-control study of 328 

infant, maternal and perinatal characteristics associated with deformational 329 

plagiocephaly. Paediatric and perinatal epidemiology. 2009;23(4):332-345. 330 

22. Reefhuis J, Honein MA. Maternal age and non-chromosomal birth defects, Atlanta--331 

1968-2000: teenager or thirty-something, who is at risk? Birth defects research Part A, 332 

Clinical and molecular teratology. 2004;70(9):572-579. 333 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


 
 

16 
 

23. Boulet SL, Rasmussen SA, Honein MA. A population-based study of craniosynostosis in 334 

metropolitan Atlanta, 1989-2003. American journal of medical genetics Part A. 335 

2008;146a(8):984-991. 336 

24. Huang MH, Gruss JS, Clarren SK, et al. The differential diagnosis of posterior 337 

plagiocephaly: true lambdoid synostosis versus positional molding. Plastic and 338 

reconstructive surgery. 1996;98(5):765-774; discussion 775-766. 339 

25. Selber J, Reid RR, Chike-Obi CJ, et al. The changing epidemiologic spectrum of single-340 

suture synostoses. Plastic and reconstructive surgery. 2008;122(2):527-533. 341 

26. Lattanzi W, Barba M, Di Pietro L, Boyadjiev SA. Genetic advances in craniosynostosis. 342 

American journal of medical genetics Part A. 2017;173(5):1406-1429. 343 

27. Lean SC, Derricott H, Jones RL, Heazell AEP. Advanced maternal age and adverse 344 

pregnancy outcomes: A systematic review and meta-analysis. PloS one. 345 

2017;12(10):e0186287-e0186287. 346 

28. Byun IH, Hong JW, Hussein MA, Kim YO. Demographic characteristics of 347 

craniosynostosis patients in Asia. Journal of cranio-maxillo-facial surgery : official 348 

publication of the European Association for Cranio-Maxillo-Facial Surgery. 349 

2018;46(4):674-678. 350 

29. Gripp KW, McDonald-McGinn DM, Gaudenz K, et al. Identification of a genetic cause 351 

for isolated unilateral coronal synostosis: a unique mutation in the fibroblast growth 352 

factor receptor 3. The Journal of pediatrics. 1998;132(4):714-716. 353 

30. Johnson D, Wilkie AOM. Craniosynostosis. European journal of human genetics : 354 

EJHG. 2011;19(4):369-376. 355 



 
 

17 
 

31. Tonni G, Panteghini M, Rossi A, et al. Craniosynostosis: prenatal diagnosis by means of 356 

ultrasound and SSSE-MRI. Family series with report of neurodevelopmental outcome 357 

and review of the literature. Archives of gynecology and obstetrics. 2011;283(4):909-916. 358 

32. Helfer TM, Peixoto AB, Tonni G, Araujo Junior E. Craniosynostosis: prenatal diagnosis 359 

by 2D/3D ultrasound, magnetic resonance imaging and computed tomography. Medical 360 

ultrasonography. 2016;18(3):378-385. 361 

33. Fjortoft MI, Sevely A, Boetto S, Kessler S, Sarramon MF, Rolland M. Prenatal diagnosis 362 

of craniosynostosis: value of MR imaging. Neuroradiology. 2007;49(6):515-521. 363 

34. Soboleski D, Mussari B, McCloskey D, Sauerbrei E, Espinosa F, Fletcher A. High-364 

resolution sonography of the abnormal cranial suture. Pediatric radiology. 365 

1998;28(2):79-82. 366 

 367 
 368 
 369 
 370 
 371 
 372 
 373 
 374 
 375 
 376 
 377 
 378 
 379 
 380 
 381 
 382 
 383 
 384 
 385 
 386 
 387 
 388 



 
 

1 
 

  Boulet 

et al. 

2008 

Gill et 

al. 2012 

Lee et 

al. 2012 

Urhoj et 

al. 2015 

Singer 

et al. 

1999 

Reefhuis 

et al. 

2004 

Se
le

ct
io

n 

1) Is the case definition adequate? a) yes, with independent 

validation* b) yes, eg record linkage or based on self-report c) no 

description 

A* A* B B A* B 

2) Representativeness of the cases a) consecutive or obviously 

representative series of cases* b) potential for selection bias or not 

stated 

A* A* A* A* A* A* 

3) Selection of controls a) community controls* b) hospital 

controls c) no description 
A* A* A* A* A* A* 

4) Definition of controls a) no history of disease (endpoint)* b) no 

description of source 
B A* B A* A* A* 

C
om

pa
ra

b

 Comparability of cases and controls on the basis of the design or 

analysis a) study controls for parental demographics (maternal age, 
A*B* A* B* A*B* B* A* 
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Table 1. Newcastle-Ottawa Scale assessment of non-randomized case-control studies 389 

*=one star 390 

a. Thresholds for converting the NOS rating to Agency for Healthcare Research and Quality - AHRQ - standards (good, fair, and poor): Good quality: 3 or 4 stars in Selection 391 

domain AND 1 or 2 stars in Comparability domain AND 2 or 3 stars in Exposure domain; Fair quality: 2 stars in Selection domain AND 1 or 2 stars in Comparability domain 392 

AND 2 or 3 stars in Exposure domain; Poor quality: 0 or 1 star in Selection domain OR 0 stars in Comparability domain OR 0 or 1 stars in Exposure domain 393 

race, paternal age, race, parental education), period born* b) study 

controls for any additional factors ex. syndromic defects* 

E
xp

os
ur

e 
 

1) Ascertainment of exposure a) secure record, eg. surgical record* 

b) structured interview where blind case/control* c) interview not 

blinded to case/control status d) written self-report or medical 

record only e) no description 

A* C A* A* A* A* 

2) Same method of ascertainment for cases and controls a) yes* b) 

no 
B A* B A* A* A* 

3) Non-response rate a) same rate for both groups* b) non-

respondents described c) rate different and no designation 
C A* C C C C 

Total Number of Stars 6 7 4 7 6 6 

Quality Rating According to Guidelinea Poor Good Poor Good Good Good 
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Article 

Country, 

Period of 

Study 

Sample Size 

(NSCS/ control) 

Controlled 

Confounding 

Covariables 

Maternal 

Age 

Stratifica

tion 

Prevalence Ratio 

(OR (95% CI)) 

Influence of 

Young 

Maternal 

Age 

Influence of 

Advanced 

Maternal 

Age 

Paternal 

Age 

Stratifica

tion 

Prevalence Ratio 

(OR (95% CI)) 

Influence 

of Young 

Paternal 

Age 

Influence of 

Advanced 

Paternal Age 

Boulet et 

al. 2008 

USA, 
1989-
2003 

216/N/A None 

15-19 
20-34 
35-44 

0.29 (0.13, 0.66) 
1 

2.20 (1.63, 2.99)* 
None Positive N/A N/A N/A N/A 

Gill et al. 

2012 

USA, 
1997-
2007 

966/8169 

Maternal race, 
education, BMI, 
periconceptional 

folic acid, gravidity, 
smoking, parental 

age difference 

<20 
20-24 
25-29 
30-34 
35-39 
40+ 

0.6 (0.4, 0.8)* 
0.8 (0.6, 1.0) 

1 
1.2 (1.0, 1.4) 
1.3 (1.1, 1.6) 

1.6 (1.1, 2.4)* 

Negative Positive N/A N/A N/A N/A 

Lee et al. 

2012 

Australia, 
1982-
2008 

522/N/A None 

<20 
20-29 
30-39 
40_ 
40+ 

0.64 (0.33, 1.25) 
1 

1.26 (1.04, 1.53)* 
1.92 (1.17, 3.15)* 

None Positive N/A N/A N/A N/A 

Reefhuis 

et al. 2004 

USA, 
1980-
1994 

396/1050616 Parity, maternal 
race, infant sex, 

year of birth 

14-19 
20-24 
25-29 
30-34 
35-40 

N/A 
N/A 

1 
N/A 

1.65 (1.18, 2.30)* 

None Positive N/A N/A N/A N/A 

Singer et 

al. 1999 

Australia, 
1980-
1994 

170/522 None 

<20 
20-24 
25-29 
30-34 
35+ 

0.54 (0.23, 1.26) 
0.89 (0.56, 1.42) 

1 
1.13 (0.73, 1.76) 
1.80 (0.96, 3.41) 

None None 

<25 
25-29 
30-34 
35-39 
40+ 

1.02 (0.57, 1.82) 
1.21 (0.76, 1.91) 

1 
1.50 (0.85, 2.66) 

2.72 (1.40, 5.28)* 

None Positive 

Urhoj et 

al. 2015 

Denmark, 
1978-
2004 

997/1605885 
Maternal age, year 
of birth, parental 

education, parental 
ethnicity 

N/A N/A N/A N/A 

<25 
25-29 
30-34 
35-39 
40-44 
45- 49 

1.03 (0.78, 1.35) 
1.02 (0.86, 1.21) 

1 
1.11 (0.92, 1.34) 
1.06 (0.79, 1.43) 
1.27 (0.80, 2.01) 

None Positive 
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Table 2. Country of Study, period of study, sample size, controlled confounding variables, and influence of paternal age on incidence of NSCS as shown in the case-control studies 394 

included in the review 395 

*Statistically significant 396 

  397 

50+ 1.36 (0.71, 2.59)* 
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 398 

 399 

 400 

 401 

 402 

 403 

 404 

      

Article 
Sample Population Distribution 

of NSCS Sub-types 
Advanced Maternal Age 

Prevalence Ratio 

(OR (95% CI)) 
Advanced Paternal Age 

Prevalence Ratio 

(OR (95% CI)) 

Boulet et al. 

2008 

39% sagittal (n=100) 

19% metopic (n=48) 

17% lambdoid (n=43) 

17% coronal (n=44) 

8% multi-sutural (n=20) 

35-44 

sagittal: 2.32 (1.48, 3.63)* 

metopic: 2.27 (1.16, 4.45)* 

lambdoid: 2.08 (1.04, 4.17)* 

coronal: 1.98 (0.93, 4.24) 

N/A 

N/A N/A 

Lee et al. 

2012 

47% sagittal (n=246) 

21.5% metopic (n=112) 

17.1% coronal (n=89) 

1.3% lambdoid (n=7) 

13% multi-sutural (n=68) 

40+ 

sagittal: 2.01 (0.97, 4.14)* 

metopic: 3.00 (1.18, 7.63)* 

coronal: 1.17 (0.28, 4.84) 

N/A 

multi-sutural: 1.44 (0.34, 6.02) 

N/A N/A 

Singer et al. 

1999 

41.2% sagittal (n=70) 

21.8% lambdoid (n=37) 

15.9% coronal (n=27) 

2.9% metopic (n=5) 

7.0% multi-sutural (n=12 

35+ 

sagittal: 2.34 (0.91, 5.63) 

lambdoid: 1.20 (0.33, 4.41) 

coronal: 1.40 (0.28, 6.89) 

N/A 

40+ 

sagittal: 2.11 (0.89, 5.00)* 

lambdoid: 5.09 (1.45, 17.85)* 

coronal: 2.03 (0.39, 10.61)* 

N/A 
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 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

Table 3. Sample population distribution and sub-analysis of the influence of advanced parental age on incidence of NSCS sub-types 416 

*Statistically significant 417 

 418 


	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References

