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Appendix 

 

Supplementary Methods 

 

Peri/Postnatal Epigenetic Twins Study 

 

The Peri/postnatal Epigenetic Twins Study (PETS) is a longitudinal study of a birth cohort of 

250 mothers and their twin children established in 2007. (Saffery et al. 2012). Women, 

pregnant with twins, were recruited mid-gestation from three tertiary hospitals in Melbourne, 

Australia. Questionnaires regarding maternal nutrition, illness, medication use, alcohol intake 

and smoking were collected at three time points during the pregnancy. A total of 244 twin 

pairs were reviewed at age 18 months and data about feeding, illness, hospitalizations, and 

medication use collected from parents. Details regarding loss to follow-up have been 

previously reported (Saffery et al. 2012). From 2014 to 2016, the children, now aged 6 years 

were reviewed again, and dental examinations were performed in addition to collection of 

bio-samples and data about health and development. A full summary of data collected is 

detailed in Appendix Figure 1. A total of 172 twin pairs participated in the dental 

examinations, representing 68.8% of the original cohort. The most common reason for non-

participation in this stage was participant lack of time or inability to contact participants. The 

sources of exposure variables used in this study, and their distribution in the cohort are 

detailed in Appendix Table 1. 
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Appendix Figure 1: data collected in PETS cohort 
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Appendix Table 1: Detail regarding exposure variable, Medical record (MR), 

Pregnancy/Birth questionnaire (Q1), 18-month questionnaire (Q2), 6-year questionnaire (Q3) 

or measured from bio-sample (BIO) and cohort profile 

Variable 
Source of 

Data 
Mean [SD]; or N (%) 

   

Zygosity  

BIO 

 

     Monozygotic 202 (58.7) 

     Dizygotic 142 (41.3) 

     Missing 0 

Maternal school leaving age 

Q1 

 

     Yr 10  30 (8.7) 

     Yr 11  24 (7.0) 

     Yr 12  284 (82.6) 

     Missing 6 (1.7) 

Socio-economic indexes for area (SEIFA) 

(per 100 units) 100 units) (n=342) 
Q1 

1014.5 [57.9] 

Maternal bmi (kg/m2) (n=306) Q1 25.1 [5.8] 

Maternal stress (per unit) (n=328) Q1 22.6 [7.6] 

Maternal infection during pregnancy 

Q1 

 

     Yes 204 (59.3) 

     No 140 (40.7) 

     Missing 0 

Maternal antibiotics use during pregnancy  

Q1 

 

     Yes 66 (19.2) 

     No 278 (80.8) 

     Missing 0 

Maternal vitamin D at 28 weeks (20 nmol/L) 

(n=330) BIO 
56.3 [20.8] 

Maternal smoking during pregnancy 

Q1 

 

     Yes 88 (25.6) 

     No 256 (74.4) 

     Missing 0 

   Maternal smoking in 1st trimester  

Q1 

 

     Yes 86 (25) 

     No 258 (75) 

     Missing 0 (0) 

Maternal smoking in 2nd trimester 
Q1 

 

     Yes 40 (11.6) 
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     No 304 (88.4) 

     Missing 0 (0) 

 Maternal smoking in 3rd trimester 

Q1 

 

     Yes 40 (11.6) 

     No 304 (88.4) 

     Missing 0 (0) 

Maternal smoking in 2nd or 3nd trimester 

Q1 

 

     Yes 46 (13.4) 

     No 298 (86.6) 

      Missing 0 (0) 

Maternal alcohol intake  

Q1 

 

     Yes 198 (57.6) 

     No 146 (42.4) 

     Missing 0 (0) 

   Maternal alcohol in 3rd trimester 

Q1 

 

     Yes 76 (22.1) 

     No 268 (77.9) 

     Missing  

In Vitro fertilization 

Q1 

 

     Yes 58 (16.9) 

     No 278 (80.8) 

     Missing 8 (2.3) 

Gestational age (weeks) (n=344) MR 35.82 [2.38] 

Vaginal delivery  

MR 

 

     Yes 117 (34.0) 

     No 227 (66.0) 

     Missing  

Cord attachment  

MR 

 

     Central (n=142) 142 (41.3%) 

     Peripheral (n=120) 120 (34.9) 

     Velamentous (n=37) 37 (10.8) 

     Missing 45 (13.1) 

Chorionicity 

MR 

 

     Monochorionic (n=96) 96 (27.9) 

     Dichorionic (n=218) 218 (63.4) 

     Missing 30 (8.7) 

Birth weight (g) (n=344) MR 24.83.2 [543.3] 

Child vitamin D at birth, adjusted for 

batching effects (nmol/L) (n=242)  
BIO 

60.5 [21.5] 

Admission to NICU/SCN MR/Q  
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     Yes 146 (42.4) 

     No 194 (56.4) 

     Missing 4 (1.6) 

Breastfeeding (ever) 

Q2 

 

     Yes 300 (87.2) 

     No 29 (8.4) 

     Missing 15 (4.4) 

Exclusive breastfeeding to 4mo 

Q2 

 

     Yes 63 (18.3) 

     No 217 (63.1) 

     Missing 64 (18.6) 

Hospitalisation in first 18 months 

Q2 

 

     Yes 68 (19.8) 

     No 262 (76.2) 

     Missing 14 (4.1) 

Hospitalisation for infection in first 18 

months 

Q2 

 

     Yes 38 (11.1) 

     No 292 (84.8) 

     Missing 14 (4.1) 

Infection in first 18 months 

Q2 

 

     Yes 171 (49.7) 

     No 159 (46.2) 

     Missing 14 (4.1) 

Non-hospitalised antibiotics in first 18 

months 

Q2 

 

     Yes 75 (21.8) 

     No 255 (74.1) 

     Missing 14 (4.1) 

Asthma in first 18 months 

Q2 

 

     Yes 21 (6.1) 

     No 309 (89.8) 

     Missing 14 (4.1) 

Eczema in first 18 months 

Q2 

 

     Yes 80 (23.3) 

     No 250 (72.7) 

     Missing 14 (4.1) 
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Food allergy 

Q2 

 

     Yes 81 (23.6) 

     No 249 (72.4) 

     Missing 14 (4.1) 

Eczema req steroid cream 18 mo – 6yrs  

Q3 

 

     Yes 90 (26.2) 

     No 248 (72.1) 

     Missing 6 (1.7) 

Asthma 18 mo – 6 yrs  

Q3 

 

     Yes 55 (16.0) 

     No 283 (82.3) 

     Missing 6 (1.7) 
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Vitamin D levels at birth 

Children's 25-Hydroxyvitamin D levels at birth were determined from serum and plasma 

from cord blood using the LIAISON 25-OH Vitamin D Total kit (DiaSorin) at the Monash 

Medical Centre Pathology Department, Clayton, Australia. 

 

In order to address possible batching effects, serum from ten children with birth vitamin D 

measured in 2011 were measured again (from another sample of stored frozen cord blood 

serum) in 2017. A further ten participants had vitamin D measured from both serum and 

plasma samples.  

 

After data checking and comparison of the distributions of the three batches (Batch 1 – 

Serum, 2011; Batch 2- Serum 2017, Batch 3 – Plasma 2017), two regression analyses using 

both linear and Deming regression were performed comparing firstly, the relationship 

between Batch 1 and 2 and secondly between Batch 2 and 3 (Lai et al. 2012). Estimated 

regression coefficients were then used to adjust the vitamin D levels obtained in Batch 1 and 

Batch 3 to equate to the levels obtained in Batch 2 by treating values predicted from the 

models as “observed” data. 

 

Batch 1 comprised 103 individuals (both twins in 27 pairs, only 1 twin in 49 pairs) who had 

vitamin D measured from serum in 2011. The mean vitamin D level was 62.18 nmol/L (SD = 

21.78, Variance = 474.48, Range: 12.9, 138) 

 

 

Appendix Figure 2: Histogram of birth vitamin D levels in Batch 1 (serum, 2011) 

 

Batch 2 (2017) comprised 103 individuals (both twins in 27 pairs, only 1 twin in 49 pairs) 

who had vitamin D measured from serum in 2017. This batch includes 11 individuals that 
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were measured to check batching effects with levels from 2011. The mean vitamin D level 

was 59.22nmol/L (SD = 24.83, Variance = 616.70, Range 15.9, 132) 

 

 

Appendix Figure 3: Histogram of birth vitamin D levels in Batch 2 (serum, 2017) 

 

Batch 3 comprised 40 individuals (both twins in 4 pairs, only 1 twin in 32 pairs) who had 

vitamin D measured from serum in 2017. This batch includes 11 individuals that were 

measured to check batching effects with levels from 2011. The mean vitamin D level was 

66.92 nmol/L (SD= 25.01, Variance = 625.56, Range: 20,1, 148). 

 

  

Appendix Figure 4: Histogram of birth vitamin D levels in Batch 3 (plasma, 2017) 

 

Batching effects - Analysis of subset to have measurement in 2011 and 2017 

The birth vitamin D levels measured in the sub-group of participants used to investigate 

batching effects is listed in Appendix Table 2.  
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Appendix Table 2: Birth Vitamin D levels measured in 2011 and 2017 (from serum) 

Participant Birth vitamin D (nmol/L) measured in 

2011 

Birth vitamin D (nmol/L) measured in 

2017 

1 44.5 46.9 

2 64.1 62.1 

3 51.6 56.5 

4 33.4 29.3 

5 14.2 15.9 

6 66.9 93.7 

7 50 49.1 

8 97.7 77.9 

9 54.1 58.1 

10 19.4 30.3 

11 51.5 41.4 
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Appendix Figure 5: Relationship between birth Vitamin D measurement in 2011 (x-axis) and 

2017 (y-axis). 

 

The relationship between measurements in 2011 and 2017 was evaluated graphically 

(Appendix Figure 5) and using t-tests and variance ratio tests to check differences in mean 

and variance and linear and Deming regression (Appendix Table 3). The mean difference 

between measurements in 2017 and 2011 was 1.25 (95% CI -6.65, 9.16, p=0.731) and all 

outcomes were consistent with no difference between batches. In order to ensure 

comparability with measurements from serum in 2017, birth vitamin D levels measured in 

2011 were adjusted according to the following formula: 

 

Adjusted vitamin D level = 9.19 + 0.84*x 

Where x = vitamin d level measured in 2011 
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Appendix Table 3: Summary of batching effects with 95% confidence intervals in parentheses and p values in italics 

 

  Mean 

(SD) 

Difference in 

means 

(t-test) 

P-value 

(Variance 

ratio test) 

Linear 

regression - 

slope 

Linear 

regression - 

intercept 

Deming 

Regression - 

slope 

Deming 

regression - 

intercept 

Batching 

effect 1 

(n=11) 

Serum 

2017 

51.02 

(22.35) 

1.25,  

(-6.65, 9.16), 

0.731 

0.926 0.84, 

 (0.47, 1.20),  

0.001 

9.20  

(-10.70, 29.10), 

0.323 

0.97  

(0.19, 1.74), 

0.019 

2.95  

(-27.31, 33.22), 

0.832 Serum 

2011 

49.76 

(23.03) 

Batching 

effect 2 

(n=10) 

 

Serum 

2017 

62.26 

(22.14) 

-5.71,  

(-11.56, 0.14), 

0.055 

0.713 0.84  

(0.61, 1.06), 

0.001 

5.48  

(-11.02, 21.99), 

0.466 

0.88  

(0.68, 1.07), 

<0.001 

2.77  

(-13.54, 19.07), 

0.710 Plasma 

2017 

67.97 

(25.12) 
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Batching effects - Analysis of subgroup to have measurement from serum (2017) and 

plasma (2017) 

 

The birth Vitamin D levels measured in the sub-group of 10 participants used to investigate 

batching effects is listed in Appendix Table 4.  

 

Appendix Table 4: Birth Vitamin D levels measured in from serum and plasma (all 2017) 

Participant Birth vitamin D (nmol/L) measured 

from serum in 2017 

Birth vitamin D (nmol/L) measured 

from plasma in 2017 

1 16.5 20.1 

2 49.8 61.9 

3 80.1 81.6 

4 78.2 93 

5 70.3 81.1 

6 64.7 51.2 

7 60.7 65 

8 45.8 48.2 

9 97.4 109 

10 59.1 68.6 

 

The relationship between measurements from serum and plasma (all in 2017) were evaluated 

graphically (Appendix Figure 6) and using t-tests and variance ratio tests to check differences 

in mean and variance, and linear and Deming regression (Appendix Table 3). The mean 

difference between measurements from serum and plasma was -5.71 (95% CI -11.56, 0.14, 

p=0.055 and all outcomes were consistent with no difference between batches. In order to 

ensure comparability with measurements from serum in 2017, all birth vitamin D levels 

measured from plasma (2017) were adjusted according to the following formula: 

 

Adjusted vitamin D level = 5.48 + 0.84*x 

Where x = vitamin d level measured from plasma 
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Appendix Figure 6: Relationship between birth Vitamin D measurement from plasma in 2017 

(x-axis) and serum in 2017 (y-axis). 

 

The association between HSPM and birth vitamin D using both the unadjusted vitamin 

measurements and the vitamin D measurements after adjusting for batch effects was 

compared. There was little difference in the output from the simple regression (OR 1.37 95% 

CI 1.00, 1.87, p=0.05 for adjusted and OR 1.35, 95% CI 1.00,1.83, p=0.051 for unadjusted). 
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Dental Examinations 

 

Dental examinations were performed onsite at Murdoch Children’s Research Institute 

(MCRI) or, for participants unable to travel, at home. Standard cross-infection protocol was 

followed for all examinations, which were performed by two trained and calibrated oral 

health professionals (MS, PL). Appendix Tables 5 & 6 detail the inter and intra examiner 

reliability for MIH/HSPM and ICDAS. 

 

Appendix Table 5: Kappa Scores demonstrating almost perfect inter and intra-examiner 

reliability (%) for MIH/HSPM 

MIH-clinical 

presentation 

 MS Gold standard PL 

MS 93.4 95 82  

PL  89 83 

Extent 
MS 96 90.6 80.1 

PL  81.2 84.3 

 

Appendix Table 6: Kappa Scores demonstrating almost perfect inter and intra-examiner 

reliability (%) for ICDAS 

Kappa values 

for caries 

status as 

scored by 

ICDAS-II 

 MS Gold Standard PL 

 

MS 94.2 91.3 84 

PL  85.2 90.1 

 

 

ICDAS Caries code descriptions 0 = Sound   

1 = First Visual Change in Enamel (seen only after prolonged air drying or restricted to 

 within the confines of a pit or fissure)   

2 = Distinct Visual Change in Enamel   

3 = Localized Enamel Breakdown (without clinical visual signs of dentinal involvement)  

4 = Underlying Dark Shadow from Dentin   

5 = Distinct Cavity with Visible Dentin   

6 = Extensive Distinct Cavity with Visible Dentin   

 

ICDAS Restoration/Sealant code descriptions  
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0 = Sound: i.e. surface not restored or sealed (use with the codes for primary caries)  

1 = Sealant, partial  

2 = Sealant, full  

3 = Tooth colored restoration  

4 = Amalgam restoration  

5 = Stainless steel crown  

6 = Porcelain or gold or PFM (porcelain fused to metal crown) crown or veneer or 

inlay or onlay or other restorative material  

7 = Lost or broken restoration  

8 = Temporary restoration  

9 = Used for the following conditions  

 

90 = Implant for other non-carious related reasons  

91 = Implant placed due to caries  

92 = Pontic placed for reasons other than caries  

93 = Pontic placed for carious reasons  

96 = Tooth surface cannot be examined: surface excluded  

97 = Tooth missing because of caries (tooth surfaces will be coded 97)  

98 = Tooth missing for reasons other than caries (all tooth surfaces will be 

coded  

98)  

99 = Unerupted (tooth surfaces coded 99) 

 

Data Analysis 

 

A comprehensive list of exposure variables was selected from the health and lifestyle data 

collected during pregnancy, birth and at 18 months-of-age, based on biological plausibility 

and previous evidence of association with MIH or HSPM. Information about alcohol, 

smoking, illness and medication use was categorized into binary variables (yes/no) for 

pregnancy overall as well as at each trimester of pregnancy. Birthweight was standardised for 

gestational age and sex using the ZANTHRO function with the UK WHO Preterm growth 

charts as reference (Vidmar et al. 2004). For continuous variables (age, SEIFA, maternal age 

at delivery, maternal BMI, maternal stress, birth weight, gestational age and maternal and 

newborn vitamin D), linearity with the log odds of HSPM was measured by creating quintile 
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categories and tested using the likelihood ratio test (unadjusted for correlation within twin 

pairs). In addition, the association with HSPM after inclusion of a squared term was also 

checked and if the squared term significantly improved the model, it was either included in 

subsequent models or a categorical variable was used instead. Exposure variables with p < 

0.1 in the simple regression models were included in the final multiple regression model to 

adjust for confounding. Due to the relatively large number of participants missing birth 

Vitamin D data, two multiple regression models, with and without the covariate were 

considered. Each of the two models (with and without Vitamin D) were then further refined 

by gradually eliminating all covariates with p>0.1 in the multiple regression model, until all 

remaining factors had p<0.1. (Appendix Table 7). As an exploratory study, an inclusive 

approach was adopted for model building, aiming to identify potential factors rather than 

exclude factors. Goodness of fit of models with the same number of observations (ie Model 1 

& 2 and Model 3 & 4) were compared using BIC. Post-estimation diagnostics were 

performed by checking the Pearson residuals, deviance residuals, leverages and DFBETAs to 

explore influential observations, and none were found to significantly influence the estimated 

regression coefficients. The Pseudo R squared value was used to compare the final models 

with and without Vitamin D (for models with the same numbers of observations?) 

Discordance for non-shared factors and HSPM 

 

Within-pair analysis using conditional logistic regression to explore the role of categorical 

non-shared risk factors such as early life hospitalization and antibiotic use in HSPM 

discordant twin pairs was planned but not performed due to lack of power (Appendix Table 

8).  

 

Concordance 

 

A multiple logistic regression model (fitted using a GEE approach to account for correlation 

within pairs) was fitted to estimate the OR of being affected for a twin with an affected twin 

after adjustment for covariates (Betensky et al. 2001; Ramakrishnan et al. 1992). This model 

avoids the assumption that an underlying continuous liability exists, and is easy to fit and 

interpret compared with alternatives such as generalized linear mixed models (GLMMs). 

Variance components models were to be fitted if differences in concordances were found, to 

determine the contribution of additive genetic, common environmental and unique 

environmental effects to variation in risk of HSPM.  
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Appendix Table 7: Preliminary four multiple regression models with Model 1 including all factors with p<0.1 in the unadjusted regression 

analysis (including vitamin D), Model 2 with factors with p>0.1 removed from the Model 1; Difference of 24.346 in BIC provides strong 

support for Model 2 over Model 1. Model 3 including all factors (except Vitamin D) with p<0.1 in the unadjusted regression analysis; Model 4 

with factors with p>0.1 removed from the Model 3, Difference of 18.754 in BIC provides strong support for Model 4 over Model 3.

 Model 1 

(n=215) 

Model 2 

(n=215) 

Model 3 

(n=283) 

Model 4 

(n=283) 

Factor Adjusted OR  

(95% CI) 

 P-value Adjusted OR 

(95% CI) 

 P-value Adjusted OR  

(95% CI) 

 P-value Adjusted OR  

95% CI) 

 P-value 

SEIFA (per 100 units) 1.45 (0.68, 3.10) 0.340   1.83 (1.00, 3.37) 0.052 1.95 (1.07, 3.53) 0.027 

Age:         

   Q1 Ref    Ref    

   Q2 0.21 (0.04, 1.16) 0.073   0.27 (0.06,1.18) 0.082   

   Q3 0.47 (0.09, 2.32) 0.351   0.47 (0.12, 1.81) 0.275   

   Q4 0.94 (0.29, 3.01) 0.919   1.18 (0.44, 3.18) 0.740   

   Q5 0.80 (0.26, 2.47) 0.697   1.11 (0.40, 3.11) 0.835   

Maternal smoking in 2nd or 3rd 

trimester (n=42) 

3.80 (0.91, 15.82) 0.066 3.64 (0.93, 

14.30) 

0.064 3.15 (1.16, 8.53) 0.024 3.85 (1.44, 10.29) 0.007 

Eczema in first 18 months 

(n=80) 

2.19 (0.90, 5.33) 0.084 2.28 (0.98, 5.27) 0.055 1.89 (0.92, 3.86) 0.082 2.05 (1.01, 4.13) 0.046 

Dizygosity (n=198) 2.70 (0.84, 8.57) 0.093 2.49 (0.84, 7.40) 

 

0.099 2.29 (1.04, 5.05) 0.039 1.99 (0.93, 4.27) 0.077 

Cord attachment         

   Central ref    ref    

   Velamentous 0.38 (0.09, 1.56) 0.180   0.50 (0.12, 2.05) 0.338   

   Peripheral 1.41 (0.61, 3.27) 0.427   1.74 (0.89, 3.41) 0.106   

Birth vitamin D (per 20 nmol) 1.52 (0.92, 2.52) 0.102 1.58(1.03, 2.43) 0.038     

IVF (n=58) 3.33 (1.27, 8.74) 0.060 3.67 (1.48, 9.12) 0.005 2.32 (0.92, 5.82) 0.074 2.37 (0.96, 5.89) 0.062 
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Appendix Table 8: Within pair analysis (Pearson chi square) for non-shared categorical 

variables comparing concordance for various non-shared factors with HSPM concordance. 

 

 

HSPM 

concordant 

HSPM 

discordant 
P-value 

NICU/SCN Concordant 9 (42.9 %) 12 (57.1 %) 
0.754 

NICU/SCN Discordant 1 (33.3%) 2 (66.7%) 

 
   

Concordant for readmission to hospital 2 (28.6 %) 5 (71.4%) 
0.658 

Discordant for readmission to hospital 5 (38.5%) 8 (61.5%) 

 
   

Concordant for hospitalisation due to infection 1 (50%) 1 (50%) 
0.522 

Discordant for hospitalisation due to infection 3 (27.3 %) 8 (72.73%) 

 
   

Concordant for antibiotics in 1st 18 months 1 (14.3%) 6 (85.7%) 
0.906 

Discordant for antibiotics in 1st 18 months 1 (16.7%) 5 (83.3.%) 

 
   

Concordant for infantile eczema 2 (25%) 6 (75%) 
0.648 

Discordant for infantile eczema 2 (16.7%) 10 (83.3%) 

 
   

Concordant for infection in 1st 18 months 7 (33.3%) 14 (66.7%) 
0.165 

Discordant for infection in 1st 18 months 1 (10.0%) 9 (90.0) 

 
   

Concordant for allergy in 1st 18 months 0 (0%) 4 (100 %) 
0.246 

Discordant for allergy in 1st 18 months 5 (26.3%) 14 (73.7%) 
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