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eMethods 

 
Sample and Procedures 

The Avon Longitudinal Study of Parents and Children (ALSPAC) consisted of pregnant women with expected 

delivery dates between April 1st, 1991 and December 31st, 1992 for the study. Recruitment occurred in both clinical 

and community settings1. Of the 14 541 pregnancies enrolled initially, 13 988 children were alive at 1 year of age. 

Subsequent enrollment phases were carried out since 1998 in an effort to extend the study to mother-child pairs 

meeting the inclusion criteria, but who did not join the study originally. The total ALSPAC sample consists of 14 

901 children who were alive at 1 year of age.  

 

Naturally shed primary teeth were collected from 4168 children at 5 and 7 years of age2 as a part of the ALSPAC 

biobank. The large majority of these teeth were incisors, which are smaller in size and thus somewhat harder to 

analyze. In the current study, 81 deciduous canine teeth obtained from 71 children were analyzed in the laboratory in 

2016. One outlier was subsequently excluded from any statistical analysis, as the neonatal line (NNL) measurements 

at all locations were outside 1.5 times the respective interquartile range. Consistent with the approach taken by 

Hassett et al3, one tooth was selected randomly if the child contributed multiple teeth. The analytic sample for all 

primary analyses consisted of 70 teeth from 70 unique children.  

 

Measures  

Stressful life events. Exposures to partner emotional cruelty or loss of friend or a family member (defined as a child 

or partner) during pregnancy, both of which are key stressful life events conferring risks for adverse health 

outcomes, 4-6 were measured using five items taken from a 42-item stressful life events checklist. Participants were 

coded as having experienced partner emotional cruelty during pregnancy if they responded “yes” to the item “your 

partner was emotionally cruel to you” at either of the two time points of assessment. Exposure to loss of friend or 

family was determined through participants’ affirmative responses to any of the three items at either time point: (1) 

your partner died; (2) one of your children died; (3) a friend or relative died. The report at 18 weeks’ gestation 

focused on the mother’s experience since she became pregnant, while the 8-week postnatal assessment covered 

exposures between mid-pregnancy and birth retrospectively. Of note, we included the items above to capture 

maternal exposure to interpersonal psychosocial stress and to complement our focus on social support. The included 

items were also the most commonly endorsed by participants in our analytic sample.  

 

Psychopathology. At 12 weeks’ gestation, mothers self-reported their lifetime history of 24 medical and psychiatric 

conditions by indicating whether or not they had the problem in the past. For our analyses, we included the 

following two items: maternal exposure to severe depression (yes/no) and any psychiatric problems, which was 

defined as being exposed to drug addiction, alcoholism, schizophrenia, anorexia nervosa, severe depression, or other 

psychiatric problem. Due to the low prevalence of all conditions except severe depression in the sample, we were 

unable to assess the associations between other mental disorders and tooth-based markers separately. Moreover, to 

assess levels of maternal depression or anxiety during pregnancy, we used data from the following well-established 

self-report measures of psychopathology symptoms: the Crown-Crisp Experiential Index (CCEI), which includes 

separate subscales for anxiety and depression7,8; and the Edinburgh Postnatal Depression Scale (EPDS)9. Consistent 

with criteria established in prior studies8,10,11, children were coded as exposed to high maternal psychopathology 

symptoms if any of the following conditions was met: 1) the mother had a CCEI depression score greater than 9; 2) 

mother had a CCEI anxiety score greater than 10; or 3) mother had an EPDS score greater than 12. 

 

Neighborhood disadvantage. Mothers reported levels of neighborhood quality at 8 weeks’ gestation by indicating on 

a 4-item scale the degree to which they were concerned about the following in their neighborhood: burglary, 

mugging or robbery, sexual assault or pestering, and vandalism. Each item was coded on a 3-point scale (0=not 

worried, 1=fairly worried, 2=very worried) and scores were summed to create a total score. Additionally, mothers 

also reported on a 6-item scale how often they would agree with the following assessments about their impression of 

the neighborhood: lively, friendly, noisy, clean, attractive, and dirty/polluted, ranging from “usually” to “not at all.” 

The negative items (noisy and dirty/polluted) were reverse coded such that higher scores reflected more 

disadvantage. We combined the two measures to capture levels of safety and quality of the environment. A sum 

score of general levels of neighborhood impoverishment was derived. Children were coded as exposed if the sum 

score was above 9, which corresponded to the 90th percentile in the total ALSPAC sample.   
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Social support. At 12 weeks’ gestational and 8 weeks postpartum, mothers completed a 10-item questionnaire 

measuring their perceived levels of social support during pregnancy and shortly after birth. Several domains of 

social support, such as financial, emotional, and instrumental, were assessed. Sample items included: “My partner 

provides the emotional support I need,” “I believe in moments of difficulty my neighbors would help me”, and “If I 

was in financial difficulty, I know my family would help if they could.” The scale also covered various sources of 

support, including partner, neighbors, and family. Mothers provided responses on a 4-point scale (from 1=exactly 

feel to 4=never feel). A total social support score was derived by summing across these items, with higher scores 

corresponding to a stronger sense of support. More details of the social support measure are provided elsewhere12.  

Covariate selection based on previous studied factors associated with NNL width 

The NNL is one of the earliest and most prominent “stress lines” found in teeth. Previous research in anthropology 

and forensics has found that the NNL varies in width based on certain perinatal factors13-17 (see eTable 1). Tooth 

type, age at time of death16, sex14, duration of gestation3,13,17, seasonality of birth3,14, mode of delivery15,18, and 

maternal factors such as vitamin D levels3, medications14, and conditions including hypertension3 and diabetes19,20 

have all been found to be associated with the width of the NNL. Notably, many of these studies have found 

significant associations13-17 between a wider NNL and more “stressful” perinatal conditions, such as a complicated 

delivery, longer duration of delivery, pre-term births, and younger age at death. These findings suggest that 

characteristics of the NNL, already established as markers of stressful gestational events from anthropological 

research, could provide insight on perinatal disruptions that predict later psychopathology risk in pediatric 

populations.  

 

In the current study, we considered a wide range of previously studied perinatal physiological factors as potential 

covariates. Because of the rich phenotype data collected by the ALSPAC, we were able to explore the associations 

between most factors identified from prior studies (eTable 1) and NNL width. Specifically, we tested 12 maternal 

exposures, four delivery related exposures, and 13 child exposures. We were unable to assess the following 

exposures due to data unavailability (i.e., the following previously examined factors from the literature were either 

not collected in ALSPAC or were not available to us at the time we completed the data analysis): use of 

antispasmodics during pregnancy, maternal age at pregnancy, number of children in family, past miscarriage, use of 

pregnancy sustaining medication, child blood transfusions, and child hypocalcemia. Further, the following perinatal 

factors were excluded because the cell size of being exposed was under 5: maternal diabetes, glycosuria, maternal 

distress during labor, vomiting during pregnancy, and child feeding problems. Additionally, we did not include 

maternal antidepressant use as a covariate, because none of the mothers in our sample reported use of 

psychopharmacological treatment. Considering that the number of preterm births in our analytic sample was low 

(n=3), we modeled gestational age as a continuous variable (unit: week). The assumption about a linear relationship 

between gestational age and NNL width was consistent with prior studies21,22. Overall, we made an effort to consider 

all available perinatal factors previously investigated to be related to NNL widths and thus possibly confounding the 

effects of maternal factors in our main analyses.  

 

To study the NNL width as a biomarker for psychosocial exposures in psychiatry and pediatrics, we selected 

covariates by examining a comprehensive list of previously examined perinatal factors capturing maternal 

exposures, delivery related factors, and child exposures. Specifically, we estimated the unadjusted associations 

between each of the factors and NNL widths at the cuspal (eTable 4), middle (eTable 5), and EDJ portions (eTable 

6). Out of many tested associations, only the following three factors showed a significant association with NNL 

widths at the middle portion at p<0.05: maternal iron supplements during pregnancy (yes/no, β = 2.28, p=0.01), 

maternal prepregnancy obesity (yes/no, β = -3.91, p=0.048), and gestational age (weeks, β = -0.56, p=0.02) (eTables 

4-6).  

 

Associations between the three selected covariates and the maternal psychosocial factors we considered are shown 

in eTable 8. Mothers who reported taking iron supplements during pregnancy were more likely to be exposed to 

some maternal psychosocial stressors, especially lifetime psychiatric problems (χ2 test p=0.04). However, caution is 

required when interpreting these results, due to very small cell counts.  

 

Genotyping procedure and quality control  

Blood samples were collected from ALSPAC mothers during routine antenatal care and subsequent clinic visits. 

DNA was extracted via a phenol–chloroform, salting- out or guanidine hydrocholoride extraction methods23. 
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Approximately 10000 ALSPAC mothers were genotyped using the Illumina human660W-quad array at Centre 

National de Génotypage (CNG). Genotypes were called with Illumina GenomeStudio. Initially, quality control 

measures were carried out on 10,015 participants and 557,124 directly genotyped SNPs using PLINK (v1.07). 

Quality control steps included: removing SNPs with >5% missingness, Hardy-Weinberg equilibrium p-value <1.0e-

06, or minor allele frequency (MAF) <1%; excluding samples with >5% missingness, indeterminate X chromosome 

heterozygosity, or extreme autosomal heterozygosity. After quality control filters, 9,048 participants and 526,688 

SNPs were retained for subsequent phasing and imputation. Imputation was performed using Impute V2.2.2, with 

1000 genomes (Phase 1, version 3) as the reference panel, which included 2,186 reference haplotypes24,25.  

 

Polygenic risk score (PRS) generation and selection 

To construct PRS for major depressive disorder in mothers, we used the most recent summary statistics from the 

Psychiatric Genomics Consortium GWAS of major depressive disorder (MDD), wave 2 (PGC-MDD2; 43,204 cases; 

95,680 controls), and UK Biobank (127,552 cases; 233,763 controls) 26,27. Additional genomic quality control steps 

preceding score construction included: removing imputed SNPs with low imputation quality (metric score <0.8), and 

any SNP with MAF <1%, call rate <95%, or HWE p<1e-6. Prior to calculating the PRS, we pruned the SNPs based 

on linkage disequilibrium patterns using p-value informed clump-based method in PLINK v1.90 (with r2 threshold 

set to 0.25 within a 250kb window). To create the PRS, we summed the number of risk alleles (0, 1, or 2) for each 

SNP at a given p-value threshold, weighted by the log odds ratio reported for MDD in the GWAS by PGC27. In the 

ALSPAC cohort, we selected independent subsets of SNPs from GWAS summary data at a significance threshold of 

pT <0.001, which explains the most phenotypic variance in the discovery sample, meaning the GWAS performed by 

Wray et al as shown in another more recent GWAS of depression28. All PRS were standardized prior to analysis; 

thus, PRS values can be interpretated on the scale of each one-unit standard deviation difference in the genetic score 

of ALSPAC mothers.  

 

Sensitivity analysis 

We performed two sets of sensitivity analyses. Because maternal genetic liability for depression could be linked to 

both maternal psychopathology and potentially tooth-based markers, leading to a spurious association between 

maternal psychosocial stress and NNL widths, we performed an analysis controlling for maternal polygenic risk 

scores (PRS) for depression in the subsample of children with maternal genotype data available (n=54). PRS values 

were derived, as described above. Results from these analyses are shown in eTable 7 and eFigure 6. 

 

To further examine the relative contributions of each maternal psychosocial factor on NNL widths, we additionally 

performed a mutually adjusted regression analysis. By mutually adjusted regression, we mean an analysis where 

multiple exposures were included in the same regression model. In the mutually adjusted model, we included the 

following three psychosocial factors simultaneously, in addition to the covariates: maternal severe lifetime 

depression history, maternal depression or anxiety at gestational 32 weeks, and high social support at 8 weeks 

postpartum. Of note, because any lifetime psychiatric problem and severe lifetime depression history were highly 

correlated, we only included maternal severe lifetime depression history. The remaining three variables were not 

highly collinear, as indicated by variance inflation factors (VIFs) under 2 in the mutually adjusted models 

(VIFdepression=1.19, VIFanxiety or depression=1.11, VIFsupport=1.05). Results from these analyses are shown in eTable 9. 
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eResults  

 
Correlations between maternal psychosocial factors  

Psychosocial factors were weakly to strongly correlated, ranging from 0.02 to 0.81(eFigure 1). The maternal 

psychopathology measures clustered together, with the highest correlation occurring between the reports of severe 

lifetime depression history and any psychiatric problems (rtetrachoric = 0.82). In other words, measures of “trait” (or 

history of) psychopathology before pregnancy were correlated with the “state” (or symptoms of) psychopathology 

during pregnancy.   

 

The lack of correlation between types of psychosocial factors indicated that they likely captured separate domains of 

experiences during pregnancy, warranting their inclusion in the analyses. Social support, as a protective factor, was 

generally negatively associated with psychosocial stress, as expected.  

 

Characteristics of tooth-based markers 

Deciduous canines came from each of the four dental quadrants (nupperright=18, nupperleft = 13, nlowerleft = 22, 

nlowerright=17). Consistent with the findings of Hassett and colleagues3, NNL widths varied by location along the 

tooth crown (i.e., cuspal, middle, and the EDJ portions) (eFigure 2). Measures were correlated within each portion, 

but distinct across portions, suggesting that tooth-based markers at the three portions may capture different 

biological signatures (eFigure 3). Across participants, tooth quadrant position was unassociated with any NNL 

measure (Fcusp=0.95, pcusp=0.42; Fmid=0.45, pmid=0.72; FEDJ=0.15, pEDJ=0.93; eFigure 4).  

 

Power analysis 

Before performing any empirical analysis, we assessed the statistical power a priori, by considering a range of R2 

values and varying sample sizes. With the sample size of the current study (n=70), our study would be sufficiently 

powered (i.e., with power above 80%) to detect an effect of R2 = 0.1 or larger in a simple linear regression model 

(eFigure 5). To detect smaller effects, such as R2 < 0.05, a sample size of 200 or higher would be required.  

 

Sensitivity analysis 

Results from the mutually adjusted model suggest that severe lifetime depression history and high social support 

postpartum were still associated with NNL width at the EDJ portion (eTable 9). Specifically, the positive effect 

estimate associated with severe lifetime depression history was twice as large as the negative effect estimate 

corresponding to having higher social support after birth (βdepression=3.18, pdepression=0.001, 95% CI [1.30, 5.07]; 

βsupport=-1.53, psupport=0.043, 95% CI [-3.02, -0.05]). Maternal depression or anxiety at 32 gestational weeks was no 

longer significantly associated with NNL widths.  
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eTable 1. Perinatal exposures previously investigated in association with neonatal line width: Results from 11 studies.  
 

Exposure  
Effect on NNL 

Width 
Reference 

Maternal  
Exposures 

Obesity Negative Hassett et al. 2020 

Use of antispasmodics during 
pregnancy 

Negative Kurek et al. 2015 

Vitamin D levels Negative Hassett et al. 2020 

Alcohol consumption during 
pregnancy 

Positive Behie & Miszkiewicz 2019 

Diabetes Positive Noren 1984; Noren et al. 1978 

History of hypertension Positive Hassett et al. 2020 

Hypertension during pregnancy Positive Hassett et al. 2020 

Age at delivery No effect Behie & Miszkiewicz 2019; Hassett et al. 2020; Kurek et al. 2015 

Age at pregnancy No effect Behie & Miszkiewicz 2019 

BMI No effect Hassett et al. 2020 

Glycosuria No effect Hassett et al. 2020 

Height No effect Behie & Miszkiewicz 2019; Hassett et al. 2020 

Illness/infection during pregnancy No effect Behie & Miszkiewicz 2019; Hassett et al. 2020; Kurek et al. 2015 

Injury or shock during pregnancy No effect Hassett et al. 2020 

Iron supplements during pregnancy No effect Kurek et al. 2015 

Number of children in family No effect Kurek et al. 2015 

Past miscarriage No effect Behie et al. 2019 

Stressful event during pregnancy No effect Behie et al. 2019 

Use of pregnancy sustaining 
medication 

No effect Kurek et al. 2015 

Vitamin supplements during 
pregnancy 

No effect Kurek et al. 2015 

Vomiting during pregnancy No effect Hassett et al. 2020 

Weight No effect Hassett et al. 2020 
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Exposure  

Effect on NNL 
Width 

Reference 

Delivery  
Exposures 

Cesarean delivery 

Negative Eli et al. 1989; Canturk et al. 2014 

No effect 
Behie & Miszkiewicz 2019; Hassett et al. 2020; Hurnanen et al. 2017; Kurek 

et al. 2015; Zanolli et al. 2011 

Duration of delivery 
Negative Hurnanen et al. 2017 

No effect Behie & Miszkiewicz 2019; Hassett et al. 2020 

Operative delivery 

Positive Eli et al. 1989 

No effect 
Behie & Miszkiewicz 2019; Hassett et al. 2020; Hurnanen et al. 2017; Kurek 

et al. 2015; Zanolli et al. 2011 

Induction No effect Behie & Miszkiewicz 2019 

Maternal distress during labor No effect Hassett et al. 2020 

Child  
Exposures 

Autumn birth Negative Hassett et al. 2020 

Post-term birth 
Negative Hassett et al. 2020 

No effect Behie & Miszkiewicz 2019; Zanolli et al. 2011 

Resuscitated Negative Hassett et al. 2020 

Female sex  

Positive Kurek et al. 2015 

No effect 
Behie & Miszkiewicz 2019; Hassett et al. 2020; Hurnanen et al. 2017; 

Zanolli et al. 2011 

Low birth weight 
Positive Norén 1983 

No effect Hassett et al. 2020 

Preterm birth (before 37th week)  
Positive Hassett et al. 2020; Zanolli et al. 2011 

No effect Behie & Miszkiewicz 2019 

Winter birth Positive Hassett et al. 2020; Kurek et al. 2015 

Abnormal fetal heart rate No effect Hassett et al. 2020 

APGAR score No effect Hassett et al. 2020 

Birth order No effect Behie & Miszkiewicz 2019; Hassett et al. 2020; Kurek et al. 2015 

Blood transfusions No effect Ranggård et al. 1995 

Feeding problems No effect Hassett et al. 2020 

Hypocalcemia No effect Hassett et al. 2020; Ranggård et al. 1995 

Jaundice No effect Hassett et al. 2020 

Length/height No effect Behie & Miszkiewicz 2019; Hassett et al. 2020 

Pyrexia No effect Hassett et al. 2020 
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eTable 2. Characteristics of the analytic sample (n=70) and comparison to the 
ALSPAC full sample (n=14 901).  
 Analytic sample 

N=70 
ALSPAC 

N=14 901 
 

 N (%) N (%) p-value 

Sociodemographic characteristics 

Sex   1 

    Males 36 (51.4)  7542 (51.3)   

    Females 34 (48.6)  7152 (48.7)   

Race    0.948 

    Non-white 4 (6.0)  611 (5.1)   

    White 63 (94.0)  11488 (94.9)   

Home Ownership   0.002 

    Mortgage/own home 61 (92.4)  9885 (73.2)   

    Rent home 5 (7.6)  3144 (23.3)   

    Other 0 (0.0)   472 (3.5)   

Maternal Education   <0.001 

    less than O-level  6 (8.8)   3735 (30.0)   

    O-level 21 (30.9)   4303 (34.6)   

    A-level 19 (27.9)   2795 (22.5)   

    Degree or Above 22 (32.4)   1603 (12.9)   

Pregnancy and birth related factors 

Gestational age   0.129 

    Early term  3 (4.4)   1440 (9.9)   

    Full term 57 (83.8)  12073 (83.0)   

    Post term  8 (11.8)   1038 (7.1)   

Birth order   0.783 

    first child 27 (42.2)   5800 (44.7)   

    second or later 37 (57.8)   7182 (55.3)   

Maternal age at birth   0.064 

    Ages 15-19 0 (0.0)   650 (4.7)  

    Ages 20-35 60 (88.2) 12303 (88.4)  

    Ages 36+ 8 (11.8)   960 (6.9)  

Alcohol consumption during pregnancy   0.094 

    Never 16 (23.5)   4692 (33.0)   

    Occasional or often 36 (52.9)   5753 (40.4)   

    Rarely 16 (23.5)   3779 (26.6)   

Birth weight (g)   0.59 

    < 3000 20 (28.6)   3649 (24.8)   

    3000 - 3499 24 (34.3)   4924 (33.5)   

    3500 - 3999 16 (22.9)   4382 (29.8)   

    >= 4000 10 (14.3)   1735 (11.8)   
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 Analytic sample 

N=70 
ALSPAC 

N=14901 
 

 N (%) N (%) p-value 

Maternal physiological factors 

Iron supplement during pregnancy   0.949 

    No 33 (48.5)   6148 (49.7)   

    Yes  35 (51.5)   6232 (50.3)   

Obesity before pregnancy   1 

    No 63 (94.0)  11034 (94.4)   

    Yes  4 (6.0)    649 (5.6)   

Maternal psychosocial factors during pregnancy 

Partner emotional cruelty    0.712 

    Unexposed 51 (86.4)   9466 (88.8)   

    Exposed  8 (13.6)   1194 (11.2)   

Loss of friend or family    0.526 

    Unexposed 50 (74.6)  10524 (78.5)   

    Exposed 17 (25.4)   2875 (21.5)   

Severe lifetime depression history    0.875 

    Unexposed 61 (89.7)  11307 (91.0)   

    Exposed  7 (10.3)   1119 (9.0)   

Any lifetime psychiatric problem   0.903 

    Unexposed 59 (86.8)  10933 (88.0)   

    Exposed  9 (13.2)   1493 (12.0)   

Maternal depression or anxiety  
(18 gestational weeks) 

  0.181 

    Unexposed 49 (89.1)   9493 (81.1)   

    Exposed  6 (10.9)   2206 (18.9)   

Maternal depression or anxiety  
(32 gestational weeks) 

  0.069 

    Unexposed 58 (89.2)   9233 (79.3)   

    Exposed  7 (10.8)   2403 (20.7)   

Neighborhood disadvantage   0.596 

    Unexposed 57 (93.4)  11432 (90.7)   

    Exposed  4 (6.6)   1179 (9.3)   

High social support  
(12 gestational weeks) 

   

    High support  3 (4.8)  1304 (11.3) 0.159 

    Other 59 (95.2)  10207 (88.7)   

High social support  
(8 weeks postpartum) 

  0.428 

    High support 9 (14.5)  1147 (10.6)  

    Other 53 (85.5)   9680 (89.4)   

Note. p-values were obtained from χ² tests comparing the distribution of covariates in the analytic sample (n=70) versus that in the rest of 
the ALSPAC sample. Time periods for maternal psychosocial factors during pregnancy are also indicated when these measures were 
collected at multiple time points. 
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eTable 3. Unadjusted associations between perinatal maternal psychosocial factors 
and average neonatal line widths measured at the cuspal, middle, and enamel-dentine 
junction (EDJ) sections.  

Exposure Beta P-value 
95% CI 
lower 
bound 

95% CI 
upper 
bound 

R2 

Cuspal portion (Mean = 11.83, SD =4.97) 

    Partner emotional cruelty 0.68 0.7301 -3.24 4.60 <0.01 

    Loss of a family member or friend 0.96 0.4958 -1.84 3.76 0.01 

    Severe lifetime depression history 1.77 0.3751 -2.19 5.73 0.01 

    Any lifetime psychiatric problem 1.76 0.3237 -1.78 5.31 0.01 

    Maternal depression or anxiety 
      18 gestational weeks 

0.61 0.7763 -3.69 4.92 <0.01 

    Maternal depression or anxiety 
      32 gestational weeks 

2.73 0.1698 -1.20 6.65 0.03 

    Neighborhood disadvantage -0.12 0.9651 -5.47 5.23 <0.01 

    Social support  
      12 gestational weeks 

-3.71 0.1681 -9.03 1.61 0.03 

    Social support  
      8 weeks postpartum 

-2.82 0.1139 -6.35 0.70 0.04 

Middle portion (Mean = 9.87, SD =3.8) 

    Partner emotional cruelty 0.56 0.7142 -2.47 3.58 <0.01 

    Loss of a family member or friend -0.24 0.8265 -2.41 1.93 <0.01 

    Severe lifetime depression history 2.40 0.1175 -0.62 5.42 0.04 

    Any lifetime psychiatric problem 2.33 0.0899 -0.37 5.02 0.04 

    Maternal depression or anxiety 
      18 gestational weeks 

0.00 0.9978 -3.33 3.32 <0.01 

    Maternal depression or anxiety 
      32 gestational weeks 

2.59 0.0908 -0.42 5.60 0.04 

    Neighborhood disadvantage 2.08 0.3163 -2.04 6.21 0.02 

    Social support  
      12 gestational weeks 

-2.88 0.2037 -7.37 1.61 0.03 

    Social support  
      8 weeks postpartum 

-1.68 0.2418 -4.52 1.16 0.02 

EDJ portion (Mean = 7.34, SD =2.46) 

    Partner emotional cruelty 0.17 0.8548 -1.73 2.08 <0.01 

    Loss of a family member or friend 0.09 0.8971 -1.31 1.49 <0.01 

    Severe lifetime depression history 3.31 0.0005 1.50 5.12 0.17 

    Any lifetime psychiatric problem 2.57 0.0030 0.91 4.24 0.13 

    Maternal depression or anxiety 
      18 gestational weeks 

1.54 0.1468 -0.56 3.64 0.03 

    Maternal depression or anxiety 
      32 gestational weeks 

2.62 0.0070 0.74 4.50 0.11 

    Neighborhood disadvantage 1.18 0.3777 -1.48 3.84 0.01 

    Social support  
      12 gestational weeks 

-1.07 0.4427 -3.84 1.70 0.01 

    Social support  
      8 weeks postpartum 

-1.80 0.0363 -3.49 -0.12 0.07 
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eTable 4. Unadjusted associations between previously examined perinatal factors and neonatal line widths at the 
cuspal portion.  

  Exposure Coding in sample Beta SE 95% CI 
lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Maternal 
Exposures 

Alcohol consumption 
during pregnancy 

Occasional or often / Rarely or 
never 

-0.05 1.21 -2.47 2.37 0.00 0.97 0.000 

Hypertension History of hypertension or 
hypertension during pregnancy, 
yes/no 

0.48 1.53 -2.57 3.53 0.10 0.75 0.002 

Maternal vitamin D 
levels 

Vitamin D total in pregnancy, 
nmol/l 

-0.02 0.03 -0.08 0.05 0.25 0.62 0.007 

Injury/shock during 
pregnancy 

Yes/No -0.06 1.58 -3.22 3.10 0.00 0.97 0.000 

Maternal age at delivery Continuous, year -0.10 0.17 -0.43 0.23 0.36 0.55 0.005 

Maternal BMI Prepregnancy continuous BMI -0.17 0.17 -0.51 0.17 1.00 0.32 0.015 

Maternal height Continuous, cm 0.06 0.09 -0.13 0.25 0.42 0.52 0.006 

Maternal illness/infection 
during pregnancy 

Yes/No 0.55 1.24 -1.93 3.03 0.20 0.66 0.003 

Maternal iron 
supplements 

Yes/No 2.06 1.19 -0.31 4.42 3.01 0.09 0.044 

Maternal obesity Prepregnancy BMI > 31, yes/no -4.94 2.51 -9.95 0.06 3.89 0.05 0.056 
Maternal vitamin 
supplements 

Yes/No -1.06 1.39 -3.83 1.71 0.58 0.45 0.009 

Maternal weight Prepregnancy continuous 
weight, kg 

-0.03 0.06 -0.14 0.09 0.21 0.65 0.003 

Delivery 
Exposures 

Operative delivery Yes/No 0.28 1.57 -2.93 3.49 0.03 0.86 0.001 

Cesarean delivery Yes/No 2.19 1.97 -1.83 6.22 1.24 0.27 0.040 

Duration of delivery Duration of first and second 
stage labor combined, hour 

-0.15 0.13 -0.42 0.12 1.24 0.28 0.047 

Induction Yes/No 2.28 2.12 -2.05 6.61 1.15 0.29 0.037 
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  Exposure Coding in sample Beta SE 95% CI 
lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Child 
Exposures 

Female sex of child Yes/No -0.47 1.20 -2.86 1.91 0.16 0.69 0.002 

Birthweight Continuous, g 0.00 0.00 0.00 0.00 0.04 0.84 0.001 

Gestational age Continuous, week -0.37 0.32 -1.01 0.27 1.36 0.25 0.020 

Winter birth Yes/No 0.39 1.79 -3.17 3.96 0.05 0.83 0.001 

Autumn birth Yes/No -1.63 1.70 -5.02 1.76 0.92 0.34 0.013 

Abnormal fetal heart rate Yes/No 0.54 1.69 -2.94 4.02 0.10 0.75 0.004 

APGAR score (1 minute) Continuous score -0.07 0.53 -1.15 1.01 0.02 0.89 0.001 

APGAR score (5 minute) Continuous score 0.38 1.11 -1.88 2.65 0.12 0.73 0.004 

Birth order Ordinal, 1-4 0.09 0.78 -1.48 1.65 0.01 0.91 0.000 

Child length/height Continuous length, cm -0.49 0.38 -1.26 0.28 1.65 0.21 0.044 

Child resuscitated Yes/No -1.90 1.66 -5.28 1.49 1.31 0.26 0.042 

Jaundice Yes/No 0.31 1.69 -3.15 3.77 0.03 0.86 0.001 

Prexia Yes/No -0.04 1.62 -3.36 3.27 0.00 0.98 0.000 
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eTable 5. Unadjusted associations between previously examined perinatal factors and neonatal line widths at 
the middle portion.  
  Exposure Coding in sample Beta SE 95% CI 

lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Maternal 
Exposures 

Alcohol consumption during 
pregnancy 

Occasional or often / 
Rarely or never 

-0.49 0.94 -2.36 1.38 0.27 0.60 0.004 

Hypertension History of hypertension 
or hypertension during 
pregnancy, yes/no 

-0.91 1.17 -3.25 1.43 0.60 0.44 0.009 

Maternal vitamin D levels Vitamin D total in 
pregnancy, nmol/l 

-0.02 0.03 -0.08 0.04 0.54 0.47 0.015 

Injury or shock during pregnancy Yes/No 1.65 1.21 -0.77 4.07 1.86 0.18 0.030 

Maternal age at delivery Continuous, year -0.08 0.13 -0.34 0.17 0.42 0.52 0.006 

Maternal BMI Prepregnancy 
continuous BMI 

-0.16 0.13 -0.42 0.10 1.50 0.22 0.023 

Maternal height Continuous, cm 0.11 0.07 -0.04 0.25 2.21 0.14 0.032 

Maternal illness/infection during 
pregnancy 

Yes/No -0.39 0.98 -2.33 1.56 0.16 0.69 0.002 

Maternal iron supplements Yes/No 2.28 0.89 0.50 4.07 6.54 0.01 0.090 

Maternal obesity Prepregnancy BMI > 
31, yes/no 

-3.91 1.94 -7.78 -0.03 4.06 0.05 0.059 

Maternal vitamin supplements Yes/No -0.03 1.07 -2.18 2.12 0.00 0.98 0.000 

Maternal weight Prepregnancy 
continuous weight, kg 

-0.01 0.04 -0.10 0.07 0.11 0.74 0.002 

Delivery 
Exposures 

Operative delivery Yes/No -0.78 1.26 -3.35 1.80 0.38 0.54 0.013 

Cesarean delivery Yes/No -0.19 1.62 -3.50 3.12 0.01 0.91 0.000 

Duration of delivery Duration of first and 
second stage labor 
combined, hour 

-0.19 0.11 -0.42 0.05 2.72 0.11 0.098 

Induction Yes/No 0.16 1.74 -3.39 3.72 0.01 0.93 0.000 
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 Exposure Coding in sample Beta SE 95% CI 
lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Child 
Exposures 

Female sex of child Yes/No 0.04 0.92 -1.78 1.87 0.00 0.96 0.000 

Birthweight Continuous, g 0.00 0.00 0.00 0.00 0.01 0.92 0.000 

Gestational age Continuous, week -0.56 0.24 -1.04 -0.08 5.50 0.02 0.077 

Winter birth Yes/No 1.33 1.36 -1.38 4.04 0.96 0.33 0.014 

Autumn birth Yes/No -2.05 1.28 -4.61 0.51 2.56 0.11 0.036 

Abnormal fetal heart rate Yes/No 1.35 1.45 -1.62 4.33 0.88 0.36 0.033 

APGAR score (1 minute) Continuous score 0.14 0.42 -0.72 1.01 0.11 0.74 0.004 

APGAR score (5 minute) Continuous score 0.64 0.89 -1.17 2.45 0.52 0.48 0.017 

Birth order Ordinal, 1-4 -0.14 0.61 -1.36 1.07 0.06 0.81 0.001 

Child length/height Continuous length, cm -0.34 0.30 -0.95 0.26 1.31 0.26 0.035 

Child resuscitated Yes/No -1.91 1.32 -4.60 0.79 2.09 0.16 0.065 

Jaundice Yes/No 0.87 1.36 -1.89 3.64 0.42 0.52 0.014 

Prexia Yes/No 1.78 1.27 -0.81 4.36 1.97 0.17 0.062 
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eTable 6. Unadjusted associations between previously examined perinatal factors and neonatal line widths at the 
enamel-dentine junction (EDJ) portion.  
  Exposure Coding in sample Beta SE 95% CI 

lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Maternal 
Exposures 

Alcohol consumption during 
pregnancy 

Occasional or often / 
Rarely or never 

-0.36 0.60 -1.56 0.85 0.35 0.56 0.005 

Hypertension History of hypertension 
or hypertension during 
pregnancy, yes/no 

-0.17 0.75 -1.68 1.33 0.05 0.82 0.001 

Maternal vitamin D levels Vitamin D total in 
pregnancy, nmol/l 

0.01 0.02 -0.02 0.04 0.45 0.51 0.012 

Injury or shock during pregnancy Yes/No -0.10 0.79 -1.68 1.48 0.01 0.90 0.000 

Maternal age at delivery Continuous, year -0.10 0.08 -0.26 0.07 1.44 0.24 0.021 

Maternal BMI Prepregnancy 
continuous BMI 

-0.08 0.09 -0.25 0.09 0.91 0.34 0.014 

Maternal height Continuous, cm 0.04 0.05 -0.06 0.13 0.59 0.44 0.009 

Maternal illness/infection during 
pregnancy 

Yes/No 0.25 0.62 -0.99 1.50 0.17 0.68 0.003 

Maternal iron supplements Yes/No 0.91 0.59 -0.28 2.10 2.34 0.13 0.034 

Maternal obesity Prepregnancy BMI > 
31, yes/no 

-1.52 1.28 -4.08 1.03 1.42 0.24 0.021 

Maternal vitamin supplements Yes/No -0.13 0.69 -1.50 1.25 0.03 0.85 0.001 

Maternal weight Prepregnancy 
continuous weight, kg 

-0.01 0.03 -0.07 0.05 0.17 0.68 0.003 

Delivery 
Exposures 

Operative delivery Yes/No 0.19 0.82 -1.48 1.87 0.06 0.82 0.002 

Cesarean delivery Yes/No 0.54 1.05 -1.59 2.68 0.27 0.61 0.009 

Duration of delivery Duration of first and 
second stage labor 
combined, hour 

-0.05 0.07 -0.19 0.10 0.40 0.53 0.016 

Induction Yes/No -0.23 1.13 -2.53 2.07 0.04 0.84 0.001 



© 2021 Mountain RV et al. JAMA Network Open. 

  Exposure Coding in sample Beta SE 95% CI 
lower 
bound 

95% CI 
upper 
bound 

F 
statistic 

P-
value 

R-
squared 

Child 
Exposures 

Female sex of child Yes/No -0.09 0.59 -1.27 1.09 0.02 0.88 0.000 

Birthweight Continuous, g 0.00 0.00 0.00 0.00 0.22 0.64 0.003 

Gestational age Continuous, week -0.25 0.16 -0.57 0.07 2.46 0.12 0.036 

Winter birth Yes/No -0.17 0.88 -1.93 1.60 0.04 0.85 0.001 

Autumn birth Yes/No -0.76 0.84 -2.43 0.92 0.82 0.37 0.012 

Abnormal fetal heart rate Yes/No 0.53 0.89 -1.30 2.35 0.35 0.56 0.013 

APGAR score (1 minute) Continuous score -0.06 0.28 -0.63 0.50 0.05 0.82 0.002 

APGAR score (5 minute) Continuous score 0.31 0.58 -0.87 1.49 0.28 0.60 0.009 

Birth order Ordinal, 1-4 -0.49 0.38 -1.25 0.27 1.64 0.20 0.026 

Child length/height Continuous length, cm -0.11 0.18 -0.49 0.26 0.38 0.54 0.010 

Child resuscitated Yes/No -1.57 0.84 -3.28 0.14 3.52 0.07 0.105 

Jaundice Yes/No 0.39 0.88 -1.41 2.18 0.19 0.67 0.006 

Prexia Yes/No 0.01 0.85 -1.72 1.74 0.00 0.99 0.000 
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eTable 7. Adjusted associations between maternal psychosocial factors during pregnancy and neonatal line 
widths, measured at the cuspal, mid-crown, and enamel-dentine junction (EDJ) adjacent portions, controlling 
for maternal polygenic risk score (PRS) for major depressive disorder. 
Exposure Beta SE P-value FDR 

adjusted p-
value 

95% CI 
lower bound 

95% CI 
upper 
bound 

Model 
overall 
R2 

   Cuspal portion (Mean = 11.83, SD =4.97)  

Severe lifetime depression history  2.64 2.50 0.2962 0.36 -2.39 7.66 0.13 

Any lifetime psychiatric problem 2.58 2.14 0.2349 0.31 -1.73 6.88 0.14 
Maternal depression or anxiety,  
    32 gestational weeks 3.01 2.26 0.1887 0.31 -1.53 7.55 0.14 

High social support after birth -6.03 2.17 0.0080 0.052 -10.41 -1.66 0.24 

   Middle portion (Mean = 9.87, SD =3.8)  

Severe lifetime depression history  1.25 1.82 0.4943 0.49 -2.41 4.91 0.25 

Any lifetime psychiatric problem 1.88 1.55 0.2316 0.31 -1.24 4.99 0.26 
Maternal depression or anxiety,  
    32 gestational weeks 1.32 1.65 0.4269 0.47 -2.00 4.65 0.25 

High social support after birth -3.15 1.64 0.0622 0.12 -6.47 0.17 0.35 

   EDJ portion (Mean = 7.34, SD =2.46)  

Severe lifetime depression history  2.72 1.17 0.0239 0.10 0.38 5.07 0.23 

Any lifetime psychiatric problem 2.18 1.01 0.0360 0.11 0.15 4.22 0.22 
Maternal depression or anxiety,  
    32 gestational weeks 2.19 1.08 0.0477 0.11 0.02 4.35 0.21 
High social support 
    8 weeks postpartum -2.84 1.03 0.0087 0.052 -4.93 -0.76 0.27 
Note. Bolded values indicate associations significant at p<0.05. Mean and standard deviation of each NNL portion are noted in the section header to provide a reference for 
interpreting the magnitude of effect estimates. In addition to the baseline covariates included in the main analyses, we additionally controlled for maternal polygenic risk score for 
major depressive disorder in a subsample of children with maternal genotype available (n=54).  
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eTable 8. Associations between maternal psychosocial factors and three covariates included in the current study: 
gestational age, maternal prepregnancy obesity, and maternal iron supplements during pregnancy.  

  Gestational age Maternal prepregnancy obesity 
Maternal iron supplements 
during pregnancy 

 Early or 
full term 

Late or 
post term 

χ2 
p-value 

BMI < 30 
BMI >= 
30 

χ2 
p-value 

No Yes 
χ2 
p-value 

 n=42 n=26  n=63 n=4  n=33 n=35  

 Exposed n (%)   Exposed n (%)   Exposed n (%)   

Partner emotional cruelty   3 (8.3)   5 (21.7)  0.281  8 (14.8)  0 (0.0)  0.938  4 (13.8)   4 (13.3)  1 

Loss of friend or family  13 (31.0)   4 (16.0)  0.285 17 (27.4)  0 (0.0)  0.532  8 (24.2)   9 (26.5)  1 

Severe lifetime depression history   4 (9.5)   3 (11.5)  1  6 (9.5)  1 (25.0)  0.89  1 (3.0)   6 (17.1)  0.13 

Any lifetime psychiatric problem  4 (9.5)   5 (19.2)  0.436  8 (12.7)  1 (25.0)  1  1 (3.0)   8 (22.9)  0.04 

Maternal depression or anxiety  
(gestational 18 weeks) 

 4 (10.3)   2 (8.3)  1  6 (10.3)  0 (0.0)  1  1 (3.2)   5 (15.6)  0.212 

Maternal depression or anxiety  
(gestational 32 weeks) 

 6 (14.3)   1 (3.8)  0.334  7 (11.1)  0 (0.0)  1  2 (6.1)   5 (14.3)  0.474 

Neighborhood disadvantage  3 (8.1)   1 (4.2)  0.938  4 (7.1)  0 (0.0)  1  0 (0.0)   4 (12.5)  0.147 

High social support  
(gestational 12 weeks) 

 2 (5.3)   1 (4.2)  1  2 (3.5)  0 (0.0)  1  3 (9.4)   0 (0.0)  0.26 

High social support  
(8 weeks postpartum) 

 5 (13.9)   4 (15.4)  1  9 (15.8)  0 (0.0)  0.895  4 (13.3)   5 (15.6)  1 

Note. Bolded values indicate associations significant at p<0.05. Although gestational age was modeled as a continuous variable (unit: weeks) in the regression analyses, we presented a 
dichotomous version of the variable to allow for easier comparison across the three covariates. Maternal prepregnancy obesity and iron supplements during pregnancy were both coded 
as dichotomous variables, indicating the presence versus absence of the two conditions.  
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eTable 9. Mutually adjusted associations between three maternal psychosocial factors 
during pregnancy and neonatal line widths, measured at the cuspal, mid-crown, and 
enamel-dentine junction (EDJ) adjacent portions 

Variable Beta SE P-value 

95% CI  
lower 
bound 

95% CI  
upper 
bound 

Cuspal portion (Mean = 11.83, SD =4.97) 

    Intercept 33.65 16.23 0.0429 1.12 66.19 

    Severe lifetime depression history  1.29 2.23 0.5652 -3.17 5.75 
Maternal depression or anxiety, 
    32 gestational weeks 1.52 2.15 0.4837 -2.80 5.84 

    High social support, 
        8 weeks postpartum -3.16 1.76 0.0782 -6.68 0.37 

    Gestational age (weeks) -0.56 0.41 0.1754 -1.38 0.26 

    Maternal obesity before pregnancy -4.03 2.67 0.1372 -9.39 1.33 

    Maternal iron supplements during pregnancy 1.18 1.32 0.3741 -1.46 3.82 

Middle portion (Mean = 9.87, SD =3.8) 
    Intercept 50.27 11.26 <0.0001 27.70 72.84 

    Severe lifetime depression history  2.41 1.54 0.1241 -0.68 5.51 
Maternal depression or anxiety, 
    32 gestational weeks 1.66 1.49 0.2718 -1.34 4.65 
High social support, 
    8 weeks postpartum -1.91 1.22 0.1232 -4.35 0.54 

    Gestational age (weeks) -1.04 0.28 0.0005 -1.61 -0.48 

    Maternal obesity before pregnancy -2.18 1.85 0.2441 -5.90 1.53 

    Maternal iron supplements during pregnancy 2.16 0.91 0.0217 0.33 3.99 

EDJ portion (Mean = 7.34, SD =2.46) 
    Intercept 21.54 6.84 0.0027 7.82 35.26 

    Severe lifetime depression history  3.18 0.94 0.0013 1.30 5.07 
Maternal depression or anxiety, 
    32 gestational weeks 1.48 0.91 0.1081 -0.34 3.31 

    High social support, 
        8 weeks postpartum -1.53 0.74 0.0433 -3.02 -0.05 

    Gestational age (weeks) -0.37 0.17 0.0360 -0.71 -0.02 

    Maternal obesity before pregnancy -1.38 1.13 0.2265 -3.64 0.88 

    Maternal iron supplements during pregnancy 0.41 0.56 0.4651 -0.70 1.52 
Note. Bolded values indicate a nominally significant association between a maternal psychosocial factor and NNL widths, after accounting for 
covariates as well as two other psychosocial factors tested.   
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eFigure 1. Correlations between measures of maternal psychosocial factors. 
 

 
Note: Pairwise tetrachoric correlations are indicated in each cell to show the strength of correlations among measuers of psychosocial factors in 
the analytic sample. Because there is currently no established method to generate p-values for tetrachoric correlations, we did not report 
statistical significance.  
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eFigure 2. Distributions of neonatal line width measures. 
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eFigure 3. Correlations between measures of neonatal line width. 
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eFigure 4. Tooth position and the neonatal line width across individuals. 
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eFigure 5. A priori power analysis. 
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eFigure 6. Comparison of associations between maternal psychosocial factors during pregnancy and neonatal line 
widths before and after controlling for maternal polygenic risk score (PRS) for major depressive disorder.  

 
 

Note. The primary analysis was performed using the full analytic sample (n=70). The sensitivity analysis adjusting for maternal PRS for major depressive disorder was performed 
using a subset of the sample with available maternal genotype data (n=54). All covariates in the primary analysis were also adjusted for in the PRS sensitivity analysis.    
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