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ABSTRACT 

 

Objective: To determine whether facial morphology is associated with fasting insulin, 

glucose and lipids independently of body mass index in adolescents. 

Design: Population-based cross-sectional study. 

Setting: Avon Longitudinal Study of Parents and Children (ALSPAC), South West of 

England. 

Participants: From the ALSPAC database of 4747 3D facial laser scans, collected during a 

follow-up clinic at the age of 15, 2348 white British adolescents (1127 males, 1221 females) 

were selected on the basis of complete data on cardiometabolic parameters, body mass index 

(BMI), and Tanner’s pubertal stage. 

Main outcome measures: Fasting insulin, glucose, and lipids (triglycerides, high (HDLc) 

and low density (LDLc) lipoprotein cholesterols).  

Results: Based on the collection of 63 x, y, and z co-ordinates of 21 anthropometric 

landmarks, 14 facial principal components (PCs) were identified. These components 

explained 82 per cent of the variation in facial morphology and were used as exposure 

variables. With adjustment for age, gender and pubertal stage, seven PCs were associated with 

fasting insulin, none with glucose, three with triglycerides, three with HDLc, and four with 

LDLc. After additional adjustment for BMI, four PCs remained associated with fasting 

insulin, one PC with triglycerides, and two PCs with LDLc. None of these associations 

withstood adjustment for multiple comparisons. 

Conclusion: These initial hypothesis generating analyses provide no evidence that facial 

morphology is importantly related to cardiometabolic outcomes. Further examination might 

be warranted. Facial morphology assessment may have value in identifying other areas of 

disease risk. 
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ARTICLE SUMMARY 

 

Article focus 

 

• Three-dimensional imaging opens up a new chapter in investigations of facial 

morphology. Previous research revealed associations of facial morphology with 

obesity in adolescents, but whether facial morphology can be used to identify those at 

future risk of adverse cardiometabolic outcomes is unknown. 

 

Key messages 

 

• Our results suggest that facial morphology is not strongly or consistently associated 

with fasting insulin, glucose, or lipids, particularly after adjustment for body mass 

index, in white British adolescents. Facial morphology is therefore unlikely to be 

useful in identifying white British adolescents at future risk of adverse 

cardiometabolic outcomes.  

 

• Suggested methodology can be used in future studies to explore the associations 

between  facial parameters and other health outcomes. It might provide valuable 

insights into how facial morphology can be indicative of health.  

 

Strengths and limitations of this study 

 

• The strengths of this study are a large sample size and the homogeneity of the sample: 

all participants were of white origin, born and brought up in the same region of the 

UK. Non-invasive, accurate, and reliable method was used for capturing details of 

facial soft tissue morphology. A comprehensive statistical analysis was undertaken to 

extract principal components of facial morphology. 

 

• The study has some limitations. A face could not be easily represented as a single 

exposure due to the complexity of its morphology and the vast amount of data 

captured by the  laser scanning system. Therefore, some data reduction was necessary 

prior to the analysis. Furthermore, it was not possible to control all the confounding 

factors  in a cross-sectional study design. Since faces of adolescents are still 

developing, changing their shape and size, future studies might have to investigate the 

relationship between these changes and cardiometabolic characteristics through time.  
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INTRODUCTION  

 

Recent technological advancements in imaging methods marked a transition from two-

dimensional to three-dimensional (3D) approach in craniofacial research, thus opening a new 

era. A special emphasis has been placed on the development and application of non-invasive 

methods to capture human face accurately and reliably.[1, 2] Among these, laser surface 

scanning and stereophotogrammetry have gained wide acceptance of research community.[3] 

So far, a large spectrum of medical disciplines have utilised these methods in the 

investigations of facial growth, facial dysmorphology, craniofacial identification, as well as 

the influence of different medical conditions on facial phenotype.[4-12]  Therefore, an 

exciting opportunity has occurred to explore whether facial characteristics can serve as new 

diagnostic measures of illnesses.  

 

 Childhood obesity is becoming an epidemic health problem.[13] It is evident from many 

studies that it is associated with increased risk of type 2 diabetes and cardiovascular disease 

later in life.[14-16] Despite this fact, the connection between obesity and craniofacial 

development has been rarely investigated. Bimaxillary prognathism (overdeveloped jaws in 

sagittal direction) and increased transverse facial dimensions seem to indicate the difference 

between obese adolescents and their normal-weighted peers.[17-19] However, the association 

between metabolic phenotype and facial form has not been addressed previously.  

 

 In order to investigate this problem, large sample and a comprehensive 3D approach to 

facial measurements are needed. In this cross-sectional study, which can be considered 

hypothesis generating, we examined the associations of facial soft tissue morphology with 

metabolic phenotype (fasting insulin, glucose, triglycerides, high density lipoprotein 
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cholesterol (HDLc), and low density lipoprotein cholesterol (LDLc)) in a large general 

population cohort of adolescents using an existing database of 3D facial laser scans.  

 

MATERIAL AND METHODS 

 

Sample 

We used the data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a 

UK-based longitudinal birth cohort study designed to explore genetic and environmental 

influences on health and wellbeing.[20, 21] All pregnant women were eligible to participate 

in ALSPAC if their estimated delivery date fell between 1
st
 April 1991 and 31

st
 December 

1992 inclusive. 14541 pregnant women were recruited and from these women there were  

14676 live born infants. Since age 7 surviving offspring have been invited to regular follow-

up clinics.  

 

 In the current study, we examined the data obtained during an annual follow-up clinic at 

the age of 15, which was attended by 5253 adolescents. On that occasion, facial laser 

scanning was performed, and after a drop-out of 506 individuals due to the low quality of the 

scans, or some sort of facial dysmorphology, a database of 4747 individuals (2233 males and 

2514 females) was formed. [22]  Out of these, we selected 2348 white adolescents (1127 

males and 1221 females), with complete data related to the outcome and confounding 

variables (see below), as facial laser scans were used to derive exposure variables. The flow-

chart diagram (Fig. 1) shows gradual selection of individuals who comprised the final sample. 

The study was approved by the ALSPAC Law and Ethics Committee and the Local Research 

Ethics Committee and informed consent was obtained from children and their parents or 

guardians.  
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Measures 

Exposure variables  

Facial laser scans were used to derive principal components of facial morphology, which 

served as the exposure variables. This is explained in detail in the section on statistical 

analysis. Prior to this, it was necessary to perform three steps, which will be described here. 

First of all, facial scans were processed. Validity and reliability of laser scanning procedure, 

as well as the processing stages of the scans, have been previously investigated.[23-26]  

Secondly, twenty-one anthropometric landmarks were manually identified on facial scans by 

one experienced examiner (Fig. 2), according to their respective definitions by Farkas,[27] 

and their x, y and z co-ordinates were saved for the subsequent analysis. Previous research 

showed that these landmarks are clinically reliable.[28,29] Finally, facial scans were initially 

normalized according to the natural head position, with the origin of the co-ordinate system 

set at the point half-way between the inner corners of the eyes (mid-endocanthion). The x-axis 

was pointing left, from right to left eye, the y-axis was pointing vertically upwards from chin 

to forehead, and the z-axis was pointing outwards, in the nose direction. The coronal, sagittal, 

and transverse planes were taken as the xy, yz, and xz planes, respectively.[1, 2, 8, 22, 28]  

 

Outcome variables  

Fasting insulin, fasting glucose, triglycerides, high density lipoprotein cholesterol (HDLc), 

and low density lipoprotein cholesterol (LDLc) were taken as the outcome variables. Full 

details of their assessment have been previously reported.[30]  

  

Confounding variables 

Since this study is exploratory (being the first to examine these associations) and our main 

motivation was to understand whether facial morphology might be able to predict those at risk 

of cardiometabolic disease over and above simple measurement of adiposity, we did not 
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adjust for a wide range of confounding variables. However, we adjusted for age, pubertal 

stage, and body mass index (BMI), as these are potentially important predictors of 

cardiometabolic risk and we would want to be clear that facial morphology predicted outcome 

over and above these. The age of the participants was recorded in months as they arrived at 

the clinic. Pubertal status was assessed on participants' self report with Tanner's 

questionnaires.  

 

Statistical analyses 

Participant characteristics were summarised with means (SD) for continuous approximately 

normally distributed variables, median (IQR) for continuous right skewed variables, and 

number (%) for categorical variables.  

 

 Generalized Procrustes Analysis (GPA) was performed on landmark configurations 

(each consisting of 63 x, y, and z co-ordinates of 21 facial landmarks) in order to remove 

differences in landmarks' position attributable to translation and rotation.[31-33] Scaling was 

not performed in order to preserve facial size. Principal Component Analysis (PCA) was used 

to reduce the set of 63 co-ordinates into a smaller number of independent components of 

facial morphology. According to the ‘Kaiser–Guttman criterion’, PCs with eigenvalues 

greater than the average eigenvalue value were retained [34-36] and saved as new exposure 

variables. The rotation method used for PCA was varimax with Kaiser normalisation.[37] 

GPA was performed in the open source software R project and PCA  in SPSS version 17.0 

(SPSS Inc., Chicago, Illinois, USA). 

 

 Whilst this is a cross-sectional study,  in all our analyses we examined the association of 

principal components of facial morphology (as exposures) with fasting insulin, glucose, 

triglycerides, HDLc, and LDLc (as outcomes) using multivariable linear regression models. 
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No evidence was found for any gender interactions (all p-values ≥ 0.1) and therefore analyses 

are presented with both genders combined. In the first model we adjusted for age, gender, and 

pubertal stage. In the second model we adjusted for age, gender, pubertal stage, and BMI and 

examined how much this reduced any associations of facial principal components with the 

outcomes. Fasting insulin and triglycerides levels were right (positively) skewed and their 

logged values where used in the linear regression models, which ensured the model residuals 

were approximately normally distributed. The resultant regression coefficients with 95 per 

cent confidence intervals are presented.  

 

 In these multivariable analyses 140 comparisons were made (14 exposures with five 

outcomes and two models). In initial analyses we considered the conventional 0.05 level of 

statistical significance. We then adjusted for multiple comparisons using a Bonferroni 

correction by dividing 0.05 by 140, thus for these corrected analyses a p-value of 0.0004 

would be considered statistically significant at the 0.05 level. All statistical analyses were 

performed in SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA). 

 

RESULTS 

 

Table 1 shows the characteristics of the study participants. The Principal Component Analysis 

(PCA) identified 14 principal components (PCs) of facial morphology (Table 2). Each PC 

consisted of a number of co-ordinates of anthropometric landmarks. For example, the first 

principal component (PC 1) comprised 17 y co-ordinates of landmarks located in the upper 

and lower thirds of the face. These co-ordinates represented facial height (size). In order to 

facilitate understanding and interpretation of individual PCs, they are presented graphically on 

Figure 3. The first three PCs (facial size, inter-eye distance, and prominence of the nose and 

lower lip) accounted for almost half of the total variation (45.7%). The other 11 PCs 

Page 8 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2013-002910 on 16 M

ay 2013. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

9 
 

contributed to facial variation to a much lesser extent (between 1.6 and 5%), but marked those 

subtle features which make the faces unique.   

 

 

 

 The multivariable associations of the 14 PCs with cardiometabolic outcomes are shown 

in Tables 3 to 7. With adjustment for age, gender and pubertal stage (model 1), seven PCs 

were associated with fasting insulin, none with fasting glucose, three PCs with triglycerides 

and HDLc, and four PCs with LDLc. After additional adjustment for BMI (model 2), four 

principal components remained associated with fasting insulin, none with glucose, one PC 

with triglycerides, none with HDLc, and two PCs with LDLc. However, none of these 

associations withstood adjustment for multiple comparisons. 

 

 

 

 

 

Table 1 Characteristics of the study sample. 

 Categories/units Males 

N = 1127 

Females 

N = 1221 

All 

N = 2348 

Age  Mean (months) 184.8 (3.0) 184.9 (3.2) 184.9 (3.1) 

Tanner’s  

pubertal stages 

 

Stage I n (%) 0 0 0 

Stage II n (%) 8 (0.7%) 6 (0.5%) 14 (0.6%) 

Stage III n (%) 64 (5.7%) 118 (9.7%) 182 (7.8%) 

Stage IV n (%) 552 (49.0%) 632 (51.8%) 1184 (50.4%) 

Stage V n (%) 503 (44.6%) 465 (38.1%) 968 (41.2%) 

Fasting insulin  Median (IU/l) 8.2 (5.9, 10.9) 9.7 (7.4, 13.0) 9.0 (6.6, 12.0) 

Fasting glucose  Mean (mmol/l) 5.3 (0.4) 5.1 (0.3) 5.2 (0.4) 

Total cholesterol  Mean (mmol/l) 3.6 (0.6) 3.9 (0.63) 3.8 (0.6) 

Triglycerides Median (mmol/l) 0.7 (0.6, 1.0) 0.8 (0.6, 1.0) 0.7 (0.6, 1.0) 

HDLc Mean (mmol/l) 1.2 (0.3) 1.4 (0.3) 1.3 (0.3) 

LDLc  Mean (mmol/l) 2.0 (0.5) 2.2 (0.6) 2.1 (0.6) 

Number (%) for categorical variables, mean (SD) or median (IQR) for continuously 

distributed variables are presented. SD, standard deviation; IQR, interquartile range; HDLc, 

high density lipoprotein cholesterol; LDLc, low density lipoprotein cholesterol. 
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Table 2 The results of the principal component analysis showing partial correlation 

coefficients between co-ordinates of anthropometric landmarks and facial principal 

components. 

Facial principal components 
Co-

ordinates 
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14 

Ls (y) -0.84              

Enl (y) 0.84              

Cphr (y) -0.84              

Cphl (y) -0.83              

Enr (y) 0.83              

Pg (y) -0.82              

Chr (y) -0.82              
Pil (y) 0.81              

Chl (y) -0.81              

Pir (y) 0.81              
Psl (y) 0.79              

Li (y) -0.78              

Psr (y) 0.78              
Exr (y) 0.75              

Exl (y) 0.74              

G (y) 0.64              

N (y) 0.62              

Psl (x)  0.94             

Psr (x)  -0.93             

Pil (x)  0.93             

Pir (x)  -0.92             

Enr (x)  -0.83             
Enl (x)  0.83             

Exr (x)  -0.79             

Exl (x)  0.75             
All (z)   -0.80            

Alr (z)   -0.79            

Sn (z)   -0.79            
Prn (z)   -0.68            

Li (z)   0.56            

Ls (z)    0.87           

Cphl (z)    0.86           

Cphr (z)    0.86           

Pg (z)    -0.78           

G (z)     -0.86          

N (z)     -0.82          

Pir (z)     0.65          
Pil (z)     0.64          

Prn (y)      0.82         

All (y)      0.79         
Alr (y)      0.77         

Sn (y)      0.72         

Chr (x)       0.82        
Chl (x)       -0.82        

Chl (z)       0.80        
Chr (z)       0.80        

Sn (x)        0.94       

Prn (x)        0.90       
G (x)         0.97      

N (x)         0.97      

Exl (z)          -0.62     

Exr (z)          -0.60     

Psl (z)           0.80    

Psr (z)           0.79    

Ls (x)            0.92   

Cphr (x)             0.82  

Cphl (x)             -0.78  
Pg (x)              0.91 

Li (x)              0.76 

Only major landmarks contributing to each principal component (PC) are shown (coefficients 

with absolute values above 0.5). Anthropometric landmarks are explained on Figure 2 and the 

principal components on Figure 3. 
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Table 3 Multivariable association of fourteen facial principal components (exposures) with 

fasting insulin as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.004 (-0.006, 0.014)  0.397 -0.011 (-0.021, -0.001) 0.026 

PC2 0.011 (0.002, 0.019) 0.011 -0.003 (-0.011, 0.005) 0.419 

PC3 0.010 (0.002, 0.019) 0.015 0.002 (-0.006, 0.010) 0.681 

PC4 -0.001 (-0.009, 0.007) 0.803 0.002 (-0.005, 0.010) 0.538 

PC5 -0.011 (-0.020, -0.002) 0.019 0.001 (-0.008, 0.010) 0.802 

PC6 0.010 (0.002, 0.018) 0.013 0.001 (-0.007, 0.009) 0.787 

PC7 0.000 (-0.008, 0.008) 0.935 0.005 (-0.003, 0.013) 0.190 

PC8 -0.017 (-0.028, -0.006) 0.003 -0.014 (-0.024, -0.004) 0.009 

PC9 0.012 (0.003, 0.020) 0.005 0.012 (0.004, 0.020) 0.002 

PC10 0.005 (-0.003, 0.014) 0.190 0.002 (-0.006, 0.010) 0.601 

PC11 0.026 (0.018, 0.034) <0.0001 0.009 (0.001, 0.017) 0.029 

PC12 0.006 (-0.002, 0.014) 0.151 0.005 (-0.002, 0.013) 0.172 

PC13 -0.005 (-0.014, 0.003) 0.220 0.001 (-0.007, 0.009) 0.867 

PC14 -0.003 (-0.011, 0.005) 0.485 -0.005 (-0.012, 0.003) 0.236 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.07); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.17). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
 

 

Table 4 Multivariable association of fourteen facial principal components (exposures) with 

fasting glucose as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 -0.010 (-0.028, 0.0008) 0.286 -0.017 (-0.035, 0.001) 0.065 

PC2 0.003 (-0.011, 0.018) 0.674 -0.003 (-0.018, 0.012) 0.724 

PC3 0.010 (-0.005, 0.025) 0.197 0.006 (-0.009, 0.021) 0.458 

PC4 -0.008 (-0.023, 0.007) 0.310 -0.006 (-0.021, 0.009) 0.427 

PC5 0.002 (-0.014, 0.019) 0.769 0.007 (-0.009, 0.024) 0.381 

PC6 0.012 (-0.003, 0.026) 0.115 0.009 (-0.006, 0.023) 0.243 

PC7 0.009 (-0.006, 0.023) 0.226 0.011 (-0.004, 0.025) 0.147 

PC8 -0.002 (-0.016, 0.013) 0.808 -0.001 (-0.015, 0.014) 0.924 

PC9 -0.004 (-0.018, 0.011) 0.613 -0.003 (-0.018, 0.011) 0.657 

PC10 -0.011 (-0.026, 0.003) 0.124 -0.013 (-0.027, 0.002) 0.083 

PC11 0.008 (-0.007, 0.023) 0.301 0.002 (-0.014, 0.017) 0.838 

PC12 0.005 (-0.010, 0.019) 0.535 0.005 (-0.010, 0.019) 0.521 

PC13 0.003 (-0.013, 0.018) 0.730 0.004 (-0.011, 0.020) 0.563 

PC14 0.001 (-0.013, 0.016) 0.866 0.002 (-0.013, 0.016) 0.812 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 5 Multivariable association of fourteen facial principal components (exposures) with 

triglycerides as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.010 (-0.001, 0.020) 0.073 0.000 (-0.011, 0.010) 0.975 

PC2 0.004 (-0.003, 0.010) 0.291 -0.003 (-0.010, 0.003) 0.351 

PC3 0.008 (0.001, 0.015) 0.019 0.004 (-0.003, 0.010) 0.287 

PC4 -0.005 (-0.001, 0.002) 0.177 -0.003 (-0.009, 0.004) 0.397 

PC5 -0.001 (-0.008, 0.007) 0.818 0.005 (-0.002, 0.012) 0.193 

PC6 0.011 (0.004, 0.017) 0.001 0.007 (0.000, 0.013) 0.045 

PC7 0.000 (-0.007, 0.006) 0.945 0.002 (-0.005, 0.008) 0.563 

PC8 -0.005 (-0.012, 0.001) 0.118 -0.004 (-0.011, 0.002) 0.206 

PC9 0.005 (-0.001, 0.012) 0.113 0.006 (-0.001, 0.012) 0.086 

PC10 0.005 (-0.001, 0.012) 0.113 0.004 (-0.003, 0.010) 0.263 

PC11 0.008 (0.001, 0.014) 0.024 <0.001 (-0.007, 0.007) 0.988 

PC12 -0.003 (-0.010, 0.003) 0.341 -0.003 (-0.010, 0.003) 0.317 

PC13 -0.004 (-0.011, 0.003) 0.213 -0.002 (-0.009, 0.005) 0.601 

PC14 -0.005 (-0.011, 0.002) 0.143 -0.005 (-0.012, 0.001) 0.118 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.03); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

Table 6 Multivariable association of fourteen facial principal components (exposures) with  

high density lipoprotein cholesterol (HDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 -0.028 (-0.042, -0.014) <0.001 -0.013 (-0.027, 0.001) 0.073 

PC2 -0.005 (-0.017, 0.006) 0.351 0.008 (-0.003, 0.020) 0.154 

PC3 -0.006 (-0.017, 0.006) 0.339 0.003 (-0.008, 0.014) 0.611 

PC4 0.007 (-0.004, 0.019) 0.228 0.004 (-0.008, 0.015) 0.538 

PC5 0.007 (-0.006, 0.020) 0.279 -0.005 (-0.018, 0.008) 0.443 

PC6 -0.014 (-0.025, -0.003) 0.016 -0.005 (-0.016, 0.006) 0.408 

PC7 0.003 (-0.008, 0.015) 0.570 -0.001 (-0.012, 0.010) 0.797 

PC8 0.009 (-0.003, 0.020) 0.129 0.007 (-0.004, 0.018) 0.205 

PC9 0.001 (-0.010, 0.012) 0.883 0.000 (-0.011, 0.011) 0.940 

PC10 -0.010 (-0.022, 0.001) 0.078 -0.007 (-0.018, 0.004) 0.229 

PC11 -0.022 (-0.034, -0.011) <0.001 -0.006 (-0.017, 0.006) 0.340 

PC12 0.005 (-0.007, 0.016) 0.413 0.005 (-0.006, 0.016) 0.348 

PC13 0.005 (-0.007, 0.017) 0.387 -0.001 (-0.012, 0.011) 0.905 

PC14 0.000 (-0.012, 0.011) 0.959 0.001 (-0.010, 0.012) 0.798 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.08); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.13). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 7 Multivariable association of fourteen facial principal components (exposures) with  

low density lipoprotein cholesterol (LDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 0.004 (-0.023, 0.030) 0.793 -0.014 (-0.041, 0.013) 0.307 

PC2 -0.004 (-0.026, 0.018) 0.708 -0.020 (-0.042, 0.002) 0.074 

PC3 0.038 (0.016, 0.061) 0.001 0.028 (0.006, 0.050) 0.013 

PC4 -0.002 (-0.025, 0.020) 0.855 0.002 (-0.020, 0.024) 0.851 

PC5 0.006 (-0.019, 0.031) 0.621 0.021 (-0.004, 0.046) 0.108 

PC6 0.027 (0.005, 0.049) 0.014 0.016 (-0.005, 0.038) 0.140 

PC7 0.012 (-0.009, 0.034) 0.263 0.018 (-0.004, 0.040) 0.103 

PC8 -0.024 (-0.045, -0.002) 0.033 -0.022 (-0.043, 0.000) 0.048 

PC9 -0.014 (-0.035, 0.008) 0.222 -0.013 (-0.034, 0.008) 0.235 

PC10 0.006 (-0.015, 0.028) 0.561 0.002 (-0.019, 0.024) 0.824 

PC11 0.031 (0.009, 0.053) 0.006 0.011 (-0.011, 0.034) 0.322 

PC12 0.021 (-0.001, 0.043) 0.056 0.020 (-0.001, 0.042) 0.061 

PC13 -0.006 (-0.029, 0.016) 0.582 0.001 (-0.022, 0.023) 0.961 

PC14 0.013 (-0.009, 0.035) 0.238 0.011 (-0.010, 0.033) 0.315 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

 

DISCUSSION 

 

Laser surface scanning is a non-invasive technology, which enables accurate and precise 

analysis of facial morphology.[1, 2, 23-25] Due to its portability, easy application, and 

relatively low cost, this technique is very suitable for epidemiological field studies. The vast 

amount of data captured by the system (more than 40,000 points, each consisting of x, y, and z 

co-ordinates) is a testimony of the complexity of facial surface. For this reason, face cannot 

be easily represented as a single exposure.  

 

 Therefore, it was necessary to make some facial data-reduction  prior to its meaningful 

use. First of all, Generalised Procrustes Analysis (GPA; a widely established method in 

statistical shape analysis) was used to  place landmark co-ordinates in the same space 
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reducing confounding errors (rotation and translation). Secondly, Principal Component 

Analysis (PCA) was applied on the set of co-ordinates and 14 facial principal components 

(PCs) were identified, which accounted for almost 82 per cent of the total variation in normal 

facial form, consisting of size and shape. Normal facial variation was recently analysed on a 

complete sample of 4747 faces from the ALSPAC database and the same number of PCs was 

extracted, with almost identical order of individual PCs and very similar percentages of 

variation.[22] 

  

 The application of this statistical technique is not new. Previously, PCA was performed 

on two-dimensional data sets, obtained from either lateral skull radiographs or photographs of 

both children and adults.[38-40] The resultant number of principal components in these 

studies was between 6  and  8, and these explained up to 90 per cent of the total variance in 

facial profile, based on linear measurements between anthropometric landmarks, or their co-

ordinates. However, with the introduction of sophisticated 3D imaging techniques, the amount 

of data entering PCA significantly increased. Therefore, the number of PCs which represent 

facial variation also increased: between 14 and 16 PCs have been reported to account for 

between 86 and 92 per cent of the total variation.[10, 11, 41, 42]   

 

 Although the first three components in the current study explain almost half of the total 

variation, other components are also important, since they represent subtle changes that make 

the face unique. Therefore, a decision was made to keep all of them in the subsequent 

multivariable analyses. Following adjustment for BMI and taking account of multiple 

statistical testing, we did not find that any of these PCs were associated with fasting insulin or 

associated cardiometabolic risk factors, suggesting that facial morphology is unlikely to be a 

reliable way of predicting young people at future risk of type 2 diabetes or cardiovascular 

disease. Consistent with other large epidemiological studies conducted in healthy general 
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population samples, we were not able to directly measure insulin resistance using the gold 

standard euglycaemic hyperinsulinemic clamp. Fasting insulin has been shown to have 

modest to strong correlations with clamp assessed insulin resistance (correlation coefficients 

0.5 to 0.9) in children and adolescents.[43, 44] Any measurement error is likely to be non-

differential and therefore would be expected to bias results towards the null. Since strong 

associations of these outcomes with BMI have been shown in ALSPAC,[30] any associations 

with a better measure of insulin resistance are unlikely to be stronger than those of BMI.  

 

 Facial variation can be affected by many different factors. Whilst it is possible to 

control the age, gender, and ethnicity of the sample, environmental factors present a greater 

challenge, even with a good research strategy, as many of them can be unknown at the time of 

the study. The face changes throughout life, increasing in size and changing shape.[1, 2, 7] 

This holds true for the present sample consisted of 15-year old adolescents. The cross-

sectional design of the study did not allow us to track these changes and analyse their 

relationship with metabolic phenotype through time. That may be more important than the 

assessment of variation among individuals and thus should be considered in future studies.  

 

CONCLUSION 

 

Our results do not provide strong evidence that facial morphology is robustly and importantly 

associated with cardiometabolic risk factors. The associations identified were not consistent 

across outcomes, were weak in magnitude, attenuated with adjustment for BMI, and did not 

withstand correction for multiple statistical testing. Further study of facial parameters with 

cardiometabolic and/or other health outcomes might provide valuable insights into how facial 

morphology can be indicative of health.  
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FIGURE LEGENDS: 

 

Fig. 1 Flowchart showing the selection of study sample from 15+ year follow-up clinic of the 

Avon Longitudinal Study of Parents and Children (ALSPAC). All analyses presented in this 

paper are based on 2348 participants with complete data on facial soft tissue morphology 

(exposure), blood-based indicators of insulin resistance and associated cardiometabolic risk 

factors (outcomes), and body mass index and pubertal stage (covariables). 

 

Fig. 2 Twenty-one anthropometric landmarks which were identified on facial laser scans of 

participants. (1) Glabella (g); (2) Nasion (n); (3) Endocanthion left (enl); (4) Endocanthion 

right (enr); (5) Exocanthion left (exl); (6) Exocanthion right (exr); (7) Palpebrale superius left 

(psl); (8) Palpebrale superius right (psr); (9) Palpebrale inferius left (pil); (10) Palpebrale 

inferius right (pir); (11) Pronasale (prn); (12) Subnasale (sn); (13) Alare left (all); (14) Alare 

right (alr); (15) Labiale superius (ls); (16) Crista philtri left (cphl); (17) Crista philtri right 

(cphr); (18) Labiale inferius (li); (19) Cheilion left (chl); (20) Cheilion right (chr); (21) 

Pogonion (pg). Definitions by Farkas [27] were used. Reprinted with permission from ‘John 

Wiley and Sons’. 

 

Fig. 3 Facial principal components (PCs). Numbers indicate percentages of normal facial 

variation explained by the given principal component. Co-ordinates which constitute each 

principal component are marked on the face (refer to Table 2), and arrows indicate x, y, and z 

directions.  
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Fig. 1 Flowchart showing the selection of study sample from 15+ year follow-up clinic of the Avon 
Longitudinal Study of Parents and Children (ALSPAC). All analyses presented in this paper are based on 

2348 participants with complete data on facial soft tissue morphology (exposure), blood-based indicators of 
insulin resistance and associated cardiometabolic risk factors (outcomes), and body mass index and pubertal 

stage (covariables).  
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Fig. 2 Twenty-one anthropometric landmarks which were identified on facial laser scans of participants. (1) 
Glabella (g); (2) Nasion (n); (3) Endocanthion left (enl); (4) Endocanthion right (enr); (5) Exocanthion left 
(exl); (6) Exocanthion right (exr); (7) Palpebrale superius left (psl); (8) Palpebrale superius right (psr); (9) 

Palpebrale inferius left (pil); (10) Palpebrale inferius right (pir); (11) Pronasale (prn); (12) Subnasale (sn); 
(13) Alare left (all); (14) Alare right (alr); (15) Labiale superius (ls); (16) Crista philtri left (cphl); (17) 
Crista philtri right (cphr); (18) Labiale inferius (li); (19) Cheilion left (chl); (20) Cheilion right (chr); (21) 

Pogonion (pg). Definitions by Farkas [27] were used. Reprinted from the author's previous publication with a 
permission from ‘John Wiley and Sons’.  
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Fig. 3 Facial principal components (PCs). Numbers indicate percentages of normal facial variation explained 
by the given principal component. Co-ordinates which constitute each principal component are marked on 

the face (refer to Table 2), and arrows indicate x, y, and z directions.  
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To all the reviewers: 

 

We would like to thank the reviewers for their valuable comments on our manuscript. 

You all seem to agree that the manuscript is well written and explained and that the 

proposed methodology is interesting and novel. We thank you for these encouraging 

thoughts. Since one reviewer and an associate editor raised a question about our 

motivation to do the study, we would like to explain this issue further before we 

proceed with answering specific questions of each reviewer. 

 First of all, the topic presented in the paper is of multidisciplinary nature and 

required a collaboration of several researchers with different areas of expertise. We 

understand that the journal probably does not have many submissions of this kind 

(excluding a review paper by Hammond (2007) on the use of 3D face shape modelling 

in dysmorphology). In that sense, this paper probably represents an ‘unknown territory’ 

for its readers, as well as the reviewers, and we are fully aware of this fact. Although the 

paper is not a classical example of what a paediatric specialist probably reads most 

often, we believe it deserves to be published in the journal. The reason is the following: 

three-dimensional (3D) imaging methods provide a possibility to analyse relationship 

between phenotypic measures and faces non-invasively, accurately, and relatively 

quickly, if valid methodology is accepted. It can be assumed that the interest in facial 

research related to different illnesses and/or metabolic phenotypes will be increased in 

the near future.  

 For us, the motivation to undertake the study was very clear: on one hand, the 

importance of cardiometabolic disorders in the modern world, increasingly witnessed 

even in the early stages of life, and on the other hand diagnostic possibilities utilizing 

modern 3D imaging technology. Initial idea to investigate the relationship between 

metabolic phenotype and face came mainly from three studies (mentioned in the 

introduction in the revised version) which investigated the effects of obesity on facial 

morphology. In these studies, the samples were small and the methods two-dimensional, 

and we wanted to test the hypothesis using more robust methods and larger sample. As 

collaborators, we were directly involved in generating large database of 3D facial scans 

within the ALSPAC, and we were also in charge for the processing and analysing of 

this data. Since ALSPAC study is very well planned and conducted, it provided a 

unique opportunity to investigate our new hypothesis. 

 We did our best to revise the manuscript according to your suggestions. Changes 

in the manuscript are marked in red and detailed explanations are provided below.  

 

To Reviewer 1: 

1. Reviewer 1: The authors proposed / tested a novel and interesting hypothesis that 

variation in facial morphology may be associated with differences in metabolic 

phenotype in adolescence. They have used the large and very well characterised 

ALPSAC study to undertake a cross sectional analysis of 15 year olds already studied 

for their metabolic phenotype. The problem with the methodology (as acknowledged by 

the authors) is that in order to carry out the facial morphology analysis multiple 

parameters need to be measured. When appropriate corrections are made for multiple 

analysis no particular associations are found. 
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The manuscript is very well written and explained and the statistical methods are valid 

for the kind of facial measurements undertaken but due to the very detailed 

measurement information that needs to be presented and the fact there seems no way 

around ending up with multiple measurements, all individually tested against the 

hypothesis, it then seems unlikely that any single or grouping of measurements will be 

associated with a feature of metabolic status independent of BMI. In view of this I don't 

think this manuscript will be of sufficient interest to merit full publication. In summary, 

I think this may be better written as a letter just stating that the hypothesis has been 

examined but no clear association has been found.  

 

1. Authors: As the reviewer noticed, and we explained in more details in 

completely revised discussion, multiple measurements are the necessity, because 

facial morphology is a very complex issue to investigate. At present, we are 

unaware of any more advanced or more comprehensive method to analyse 

variation in facial morphology than the one we used in this study. Of course, the 

fact that we got negative results cannot be changed (after adjustments for multiple 

testing no association between cardiometabolic risks and facial features was 

found). However, we believe that suggested methodology can be a valuable source 

for future studies. In order to fulfill this role, methodology has to be thoroughly 

explained and that is why a  letter or short communication would probably not be 

sufficient to convey the information of the study.  

 

2. Reviewer 1: The data presented in table 2 and 4 are difficult to take any useful 

clinical message from since it has by necessity comprised of a lot of data on the 

measurements made.  

2. Authors: We agree with this observation. Therefore, we decided to make a 

compromise here. Since it was necessary to present how principal components 

were identified from the groups of facial landmarks, we decided to keep Table 2 in 

the revised version of the manuscript. However, in order to facilitate 

understanding of the results, we added a new figure (Figure 4) combining 

graphical presentation of principal components with their respective descriptions 

and percentages of variation (the latter was taken from table 3 in the original 

submission, which is omitted from the revised version). In the title of the table 2 

and the text, the reader is encouraged to refer to this figure for easier 

understanding.  

Table 4 in the original manuscript presented the results of 140 analyses, which 

could also be overwhelming for the readers. Therefore, another decision was made 

to turn it into 5 separate tables (Tables 3 to 7), one for each cardiometabolic 

outcome considered. Besides regression coefficients and their respective 95% 

confidence intervals, we provided p values. Thus, it can be more obvious than in 

previous version which principal components were significantly associated with the 

outcome before and after adjustment for BMI and at which level of significance. 

This is also important to indicate that none of the components withstood the 

adjustment for multiple comparisons. 
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3. Reviewer 1: There is no real need to repeat the methods used for metabolic 

phenotyping described and published in previous ALPSAC studies.  

3. Authors: Associate Editor also suggested to shorten the manuscript and 

according to his suggestion and your observation we decided to delete detailed 

explanations about metabolic data collection and calculation. The reference is 

provided.  

Finally, we would like to thank you for all your advice and careful consideration of 

the manuscript.  

 

To Reviewer 2: 

1. Reviewer 2: I enjoyed reading this article. Though there is not strong correlation, it 

represents a good step moving forward with facial morphometrics.  

 

1. Authors: Reviewer 2 supported the idea of the study and we are grateful for 

his/her support. 

 

 

To Reviewer 3: 

 

1. Reviewer 3: This is an interesting cross sectional study, which aims to investigate the 

relationship between facial morphology with fasting insulin, glucose and lipids in the 

ALSPAC cohort at age 15+ years. Whilst there is some information in the introduction, 

referring to other studies that have looked at facial morphology, in association with 

sleep apnoea and mental health, the authors have provided no reasons to suggest why 

they would expect any relationship in their data. This is a major weakness of the study 

in my opinion.  

 

1. Authors: According to this comment, introduction has been completely revised 

and new references provided. Our motivation to undertake the study has been 

explained above, in our addressing to all reviewers.  

 

2. Reviewer 3: The sample, methods and technical details are explained well. However, 

I have some other specific comments. There is no mention of dropouts in the sample – 

original sample was over 14000 and this study looks at just over 2000 adolescents. 

 

2. Authors: ALSPAC study is a longitudinal study which was initiated in the early 

90’s. The initial sample consisted of approximately 14,000 children. At the age of 

15, 5235 individuals attended the recall clinic. On that occasion, adolescents were 

laser scanned and 4,747 3D facial images were retained in the 3D facial database. 

The reason why we looked at 2348 adolescents was that at the age of 15 these 

individuals had complete data records on investigated parameters 

(cardiometabolic outcomes) and confounding variables (age, ethnicity, pubertal 
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stage, and BMI). A step-by-step selection of the participants can be found on the 

updated flowchart (Figure 1).  

 

3. Reviewer 3: In the statistical analysis section, the authors mention generalized 

Procrustes analysis; this is not a standard technique in the general literature and should 

be explained and/or referenced. The remainder of this section is very clear, although I 

am not sure a Bonferroni correction is suitable when you perform such a large number 

of tests (140).  

 

3. Authors: Generalised Procrustes Analysis is a widely established method in 

statistical shape analysis. This is essentially mathematical technique which places 

landmark co-ordinates in the same space reducing confounding errors (rotation 

and translation). As the readership of this journal probably lacks adequate 

knowledge on this topic, your suggestion to clarify the issue is reasonable. 

However, we are afraid that detailed explanations of this technique would be too 

complicated and unnecessary for medical practitioners. For those who would like 

to investigate this issue in more detail, three references have been provided.  

You expressed a doubt related to appropriateness of Bonferroni correction. In this 

study, 140 tests were performed on a data set. Let us investigate the chance (P) of 

identifying at least one significant result:  

P (at least one significant result) = 1 – P (no significant results). 

P (at least one significant result) = 1 – (1-0.05)
140

 

P (at least one significant result) = 1 – 0.00075 = 0.99925 

It means that the chance to discover at least one statistically significant association 

in this study (even if the test is actually not significant), i.e. to find a false-positive, 

was approximately 99.9%. Therefore, the chance of type I error was extremely 

high and p value of 0.05 had to be reduced to 0.0004 (0.05/140). The simple way to 

do this was to apply a Bonferroni correction. 

However, we are aware that although the Bonferroni correction controls for false 

positives, it can become very conservative with this large number of tests. This, in 

turn, increases the risk of generating false-negative (type II error). In order to 

make it clear that this was not the case in this study, we decided to enter additional 

data on p values into new Tables 3 to 7. From these results, it is obvious that p 

values in all the analyses were far above the set limit.  

 

4. Reviewer 3: The principal components analysis does not seem to have worked too 

well if you need 14 PC to account for 82% of variation. Are PCs which each explain 

less than 5% of variability in outcome really useful? Also why did you cut-off at 14? 

4. Authors: The explanation is provided in completely revised discussion. Until 

recently, Principal Component Analysis (PCA) has been performed on data 

collected from two-dimensional facial records: either lateral skull radiographs or 

photographs (Cleall et al., 1979; Halazonetis, 2007; Krey and Danhauer, 2008). 
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Using relatively small number of landmarks it was possible to describe most of the 

variation in the face shape by just several principal components (6 to 8). However, 

with the introduction of 3D imaging methods, the situation changed dramatically. 

Imagine that facial surface captured by the laser scanning device consists of tens of 

thousand data points, each consisting of x, y, and z co-ordinates. That clearly 

illustrates the complexity of 3D facial shape. The first step towards reducing this 

extremely large amount of data was to focus on collection of 63 x, y, and z co-

ordinates of 21 anthropometric landmarks, previously proven to be reliable for 

clinical research. When this data was entered into PCA analysis, 14 principal 

components (PCs) were extracted which explained 82% of the variation in facial 

form (size and shape together). This outcome reflects the complexity of facial 

morphology, rather than failure of the analysis itself. Other authors agree with this 

opinion (please see discussion). 

In their recent review paper, Hammond and Suttie (2012) stated: “…as few as 50–

100 modes of dense surface models are required to cover 99% of shape variation in 

a set of faces. Thus, a face can be represented by an ordered sequence of 50 or so 

numbers. This is a huge data compaction.” 

 

In our previous study, in which we investigated normal facial variation in a whole 

sample of 4,747 faces in the ALSPAC database, 14 PCs also explained 82% of the 

facial variation. This is a commentary written by Kuijpers-Jagtman (2012) in the 

same journal: “ In their study, Toma et al (2012) made clever use of the existing 

technique of principal component analysis to identify key components of facial 

variation......(conclusion): The data presented is not only important to quantify 

facial variation in a normal population but can help to analyse facial 

dysmorphology and understand genotype/phenotype associations. This seems to be 

just the beginning of a meaningful use of data derived from novel non-invasive 

techniques. The study methodology and statistical handling of the data provide a 

good basis for future studies into facial variation.” 

Why did we cut-off at 14?  

The ’Kaiser–Guttman criterion’ was used as the stopping rule to identify key 

principal components (Guttman, 1954; Cliff, 1988; Jackson, 1993). According to 

this rule, the PCs with eigenvalues greater than the average eigenvalue were 

retained (this is a standard approach). The rotation method used for PCA was 

varimax with Kaiser normalisation (Kaiser, 1958). We added this information in 

the statistical analysis in the revised manuscript.   

Are PCs which each explain less than 5% of variability in outcome really useful?  

The first three components (which can be interpreted as facial height, width, and 

convexity) explained almost half of the total variation (45.7%) and other 11 

components (explaining between 1.6% and 5% of the variation in 3D facial shape) 

contributed to subtle changes that make the face unique. We did not want to 

discard them, since previous studies showed that these subtle differences can play 

an immense role in delineating different craniofacial syndromes for example. Even 

if a certain principal component contributes little to the overall normal facial 

morphology, it might be important for capturing the difference between 

individuals with a certain condition and normal controls. In that sense, keeping all 

14 PCs seemed as a reasonable choice.  
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5. Reviewer 3: Each of the 14 PCs are then looked at in turn in relation to each of the 5 

outcomes. The PCs are not looked at simultaneously; they are orthogonal.   

5. Authors: Ten regression analyses were conducted. In each of these, 14 PCs were 

considered the exposures. They were entered into the analysis simultaneously.  

 

6. Reviewer 3: Table 4 is difficult to read and some sort of shading would have been 

useful. Additional I believe there are several errors, as many estimated effects are not 

contained within the corresponding 95% CIs. 

6. Authors: Please, read our answer to the comment 2 of the Reviewer 1. Instead of 

a very large Table 4, which is difficult to read and understand, we chose to divide 

the information into 5 separate tables (Tables 3 to 7), for each cardiometabolic 

outcome that we looked at: fasting insulin, fasting glucose, triglycerides, HDLc, 

and LDLc.  

You have noticed correctly that many regression coefficients were outside of their 

corresponding 95% confidence intervals. We would like to thank you for 

thoroughly checking the table. Indeed, the mistakes occurred while reading the 

numbers from SPSS table and entering them into the manuscript table. Just in 

case, we run the analyses again to double check the validity of the numbers. P 

values have been also provided to make a clear distinction between principal 

components which significantly contribute to the model(s) and those which do not. 

Also, p values facilitate the observations that after adjustments for multiple 

comparisons, none of these principal components remained significantly associated 

with the outcomes.   

 

7. Reviewer 3: The authors conclude that facial morphology is not strongly associated 

with fasting insulin, glucose and lipids in this sample. Of course this assumes that the 

principal components have captured and characterised facial morphology sufficiently – 

I would suggest this is unlikely to be the case. Your main conclusions relate to PCs 9, 

11 and 3, the largest of which, PC3 explains 6.5% of variability in facial morphology. 

7. Authors: Regarding the percentage of variance in facial shape explained by PCs, 

please read our previous comment (4). An additional explanation: increasing the 

number of landmarks identified on the facial scan could increase the number of 

PCs which would, in turn, describe higher proportion of the total variance. Prior 

to using additional landmarks it is necessary to prove that they are reliable. In this 

study, no landmarks were placed on larger area of the forehead and cheeks, and 

therefore these facial regions tended to be underrepresented in the analysis.  

Our main conclusion states the following: 

“Our results do not provide strong evidence that facial morphology is robustly and 

importantly associated with cardiometabolic risk factors. The associations 

identified were not consistent across outcomes, were weak in magnitude, 

attenuated with adjustment for BMI and did not withstand correction for multiple 

statistical testing. Further study of facial parameters with cardiometabolic and/or 

other health outcomes might provide valuable insights into how facial morphology 

can be indicative of health.” 
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Although associations have been found for some principal components (such as 

number 3, 6, 9, and 11), just a few withstood adjustments for BMI, and none 

withstood adjustment for multiple comparisons.  

 

8. Reviewer 3: Maybe age 15 is not the best time to perform this study, as adolescents 

are still developing physically. A comment on the stability of these landmarks at this 

age and later would be interesting. 

8. Authors: It is true that adolescents still develop physically. Large sample of 3D 

facial images on which to test the hypothesis was available from the ALSPAC only 

in this age group, so there was no option to use older sample. However, if the whole 

idea is to detect a risk for cardiometabolic disease, then early prediction is  

favourable.  The title of the study clearly states that this is an exploration of the 

possible association in the adolescent period. Of course, cross-sectional study 

design has its own limitations, and we mentioned this in the revised discussion. In 

addition, facial morphology depends on many factors: some of which can be 

controlled by careful study planning. However, there are some confounding 

factors, which cannot be known (and that is a general limitation of observational 

studies). Face changes both in size and shape during time, and these changes might 

be more important in relation to metabolic phenotype than just an exploration of 

variations among individuals. This is an interesting topic, which could be 

considered in future studies.  

Once again, we would like to thank you for all the comments and careful reading 

of the manuscript.  
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ABSTRACT 

 

Objective: To determine whether facial morphology is associated with fasting insulin, 

glucose and lipids independently of body mass index in adolescents. 

Design: Population-based cross-sectional study. 

Setting: Avon Longitudinal Study of Parents and Children (ALSPAC), South West of 

England. 

Participants: From the ALSPAC database of 4747 3D facial laser scans, collected during a 

follow-up clinic at the age of 15, 2348 white British adolescents (1127 males, 1221 females) 

were selected on the basis of complete data on cadiometabolic parameters, body mass index 

(BMI), and Tanner’s pubertal stage. 

Main outcome measures: Fasting insulin, glucose, and lipids (triglycerides, high (HDLc) 

and low density (LDLc) lipoprotein cholesterols).  

Results: Based on the collection of 63 x, y, and z co-ordinates of 21 anthropometric 

landmarks, 14 facial principal components (PCs) were identified. These components 

explained 82 per cent of the variation in facial morphology and were used as exposure 

variables. With adjustment for age, gender and pubertal stage, seven PCs were associated with 

fasting insulin, none with glucose, three with triglycerides, three with HDLc, and four with 

LDLc. After additional adjustment for BMI, four PCs remained associated with fasting 

insulin, one PC with triglycerides, and two PCs with LDLc. None of these associations 

withstood adjustment for multiple comparisons. 

Conclusion: These initial hypothesis generating analyses provide no evidence that facial 

morphology is importantly related to cardiometabolic outcomes. Further examination might 

be warranted. Facial morphology assessment may have value in identifying other areas of 

disease risk. 
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ARTICLE SUMMARY 

 

Article focus 

 

• Three-dimensional imaging opens up a new chapter in investigations of facial 

morphology. Previous research revealed associations of facial morphology with 

obesity in adolescents, but whether facial morphology can be used to identify those at 

future risk of adverse cardiometabolic outcomes is unknown. 

 

Key messages 

 

• Our results suggest that facial morphology is not strongly or consistently associated 

with fasting insulin, glucose, or lipids, particularly after adjustment for body mass 

index, in white British adolescents. Facial morphology is therefore unlikely to be 

useful in identifying white British adolescents at future risk of adverse 

cardiometabolic outcomes.  

 

• Suggested methodology can be used in future studies to explore the associations 

between  facial parameters and other health outcomes. It might provide valuable 

insights into how facial morphology can be indicative of health.  

 

Strengths and limitations of this study 

 

• The strengths of this study are a large sample size and the homogeneity of the sample: 

all participants were of white origin, born and brought up in the same region of the 

UK. Non-invasive, accurate, and reliable method was used for capturing details of 

facial soft tissue morphology. A comprehensive statistical analysis was undertaken to 

extract principal components of facial morphology. 

 

• The study has some limitations. First of all, the study is ethnic-specific. Secondly, a 

face could not be easily represented as a single exposure due to the complexity of its 

morphology and the vast amount of data captured by the  laser scanning system. 

Therefore, some data reduction was necessary prior to the analysis. Furthermore, it 

was not possible to control all the confounding factors  in a cross-sectional study 

design. Since faces of adolescents are still developing, changing their shape and size, 

future studies might have to investigate the relationship between these changes and 

cardiometabolic characteristics through time.  
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INTRODUCTION  

 

Recent technological advancements in imaging methods marked a transition from two-

dimensional to three-dimensional (3D) approach in craniofacial research, thus opening a new 

era. A special emphasis has been placed on the development and application of non-invasive 

methods to capture human face accurately and reliably.[1, 2] Among these, laser surface 

scanning and stereophotogrammetry have gained wide acceptance of research community.[3] 

So far, a large spectrum of medical disciplines have utilised these methods in the 

investigations of facial growth, facial dysmorphology, craniofacial identification, as well as 

the influence of different medical conditions on facial phenotype.[4-12]  Therefore, an 

exciting opportunity has occurred to explore whether facial characteristics can serve as new 

diagnostic measures of illnesses.  

 

 Childhood obesity is becoming an epidemic health problem.[13] It is evident from many 

studies that it is associated with increased risk of type 2 diabetes and cardiovascular disease 

later in life.[14-16] Despite this fact, the connection between obesity and craniofacial 

development has been rarely investigated. Bimaxillary prognathism (overdeveloped jaws in 

sagittal direction) and increased transverse facial dimensions seem to indicate the difference 

between obese adolescents and their normal-weighted peers.[17-19] However, the association 

between metabolic phenotype and facial form has not been addressed previously.  

 

 In order to investigate this problem, large sample and a comprehensive 3D approach to 

facial measurements are needed. In this cross-sectional study, which can be considered 

hypothesis generating, we examined the associations of facial soft tissue morphology with 

metabolic phenotype (fasting insulin, glucose, triglycerides, high density lipoprotein 
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cholesterol (HDLc), and low density lipoprotein cholesterol (LDLc)) in a large general 

population cohort of adolescents using an existing database of 3D facial laser scans.  

 

MATERIAL AND METHODS 

 

Sample 

We used the data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a 

UK-based longitudinal birth cohort study designed to explore genetic and environmental 

influences on health and wellbeing.[20, 21] All pregnant women were eligible to participate 

in ALSPAC if their estimated delivery date fell between 1
st
 April 1991 and 31

st
 December 

1992 inclusive. 14541 pregnant women were recruited and from these women there were  

14676 live born infants. Since age 7 surviving offspring have been invited to regular follow-

up clinics.  

 

 The current study was approved by the ALSPAC Law and Ethics Committee and the 

Local Research Ethics Committee and informed consent was obtained from children and their 

parents or guardians. The data collected during an annual follow-up clinic at the age of 15, 

which was attended by 5235 adolescents, was examined. On that occasion, facial laser 

scanning was performed, and after a drop-out of 488 individuals due to the low quality of the 

scans, or some sort of facial dysmorphology, a database of 4747 individuals (2233 males and 

2514 females) was formed.[22]  Out of these, we selected 2348 white adolescents (1127 

males and 1221 females), with complete data related to the outcome and confounding 

variables (see below), as facial laser scans were used to derive exposure variables. The flow-

chart diagram (Fig. 1) shows gradual selection of individuals who comprised the final sample. 

In order to make sure there was no selection bias, we first compared facial principal 

components (i.e. exposure variables; see below) of the study sample (2348 adolescents) with 
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those of 4747 adolescents forming 3D facial database[22]  and concluded that there was no 

reason to believe that selected individuals were significantly different in terms of facial 

morphology. Secondly, we compared observed values for outcomes and confounding 

variables in the study sample (2348 adolescents) with imputed variables in the eligible sample 

of the follow-up clinic (5235 adolescents), which were published as supplementary online 

material of the previous study.[23]  The distributions in imputed datasets were very similar to 

those observed, providing some evidence that the missing data were missing at random.  

 

Measures 

Exposure variables  

Facial laser scans were used to derive principal components of facial morphology, which 

served as the exposure variables. This is explained in detail in the section on statistical 

analysis. Prior to this, it was necessary to perform three steps, which will be described here. 

First of all, facial scans were processed. Validity and reliability of laser scanning procedure, 

as well as the processing stages of the scans, have been previously investigated.[24-27]  

Secondly, twenty-one anthropometric landmarks were manually identified on facial scans by 

one experienced examiner (Fig. 2), according to their respective definitions by Farkas,[28] 

and their x, y and z co-ordinates were saved for the subsequent analysis. Previous research 

showed that these landmarks are clinically reliable.[29,30] Finally, facial scans were initially 

normalized according to the natural head position, with the origin of the co-ordinate system 

set at the point half-way between the inner corners of the eyes (mid-endocanthion). The x-axis 

was pointing left, from right to left eye, the y-axis was pointing vertically upwards from chin 

to forehead, and the z-axis was pointing outwards, in the nose direction. The coronal, sagittal, 

and transverse planes were taken as the xy, yz, and xz planes, respectively.[1, 2, 8, 22, 29]  
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Outcome variables  

Fasting insulin, fasting glucose, triglycerides, high density lipoprotein cholesterol (HDLc), 

and low density lipoprotein cholesterol (LDLc) were taken as the outcome variables. Full 

details of their assessment have been previously reported.[23]  

  

Confounding variables 

Since this study is exploratory (being the first to examine these associations) and our main 

motivation was to understand whether facial morphology might be able to predict those at risk 

of cardiometabolic disease over and above simple measurement of adiposity, we did not 

adjust for a wide range of confounding variables. However, we adjusted for age, pubertal 

stage, and body mass index (BMI), as these are potentially important predictors of 

cardiometabolic risk and we would want to be clear that facial morphology predicted outcome 

over and above these. The age of the participants was recorded in months as they arrived at 

the clinic. Pubertal status was assessed on participants' self report with Tanner's 

questionnaires.  

 

Statistical analyses 

Participant characteristics were summarised with means (SD) for continuous approximately 

normally distributed variables, median (IQR) for continuous right skewed variables, and 

number (%) for categorical variables.  

 

 Generalized Procrustes Analysis (GPA) was performed on landmark configurations 

(each consisting of 63 x, y, and z co-ordinates of 21 facial landmarks) in order to remove 

differences in landmarks' position attributable to translation and rotation.[31-33] Scaling was 

not performed in order to preserve facial size. Principal Component Analysis (PCA) was used 

to reduce the set of 63 co-ordinates into a smaller number of independent components of 
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facial morphology. According to the ‘Kaiser–Guttman criterion’, PCs with eigenvalues 

greater than the average eigenvalue value were retained [34-36] and saved as new exposure 

variables. The rotation method used for PCA was varimax with Kaiser normalisation.[37] 

GPA was performed in the open source software R project and PCA  in SPSS version 17.0 

(SPSS Inc., Chicago, Illinois, USA). 

 

 Whilst this is a cross-sectional study,  in all our analyses we examined the association of 

principal components of facial morphology (as exposures) with fasting insulin, glucose, 

triglycerides, HDLc, and LDLc (as outcomes) using multivariable linear regression models. 

No evidence was found for any gender interactions (all p-values ≥ 0.1) and therefore analyses 

are presented with both genders combined. In the first model we adjusted for age, gender, and 

pubertal stage. In the second model we adjusted for age, gender, pubertal stage, and BMI and 

examined how much this reduced any associations of facial principal components with the 

outcomes. Fasting insulin and triglycerides levels were right (positively) skewed and their 

logged values where used in the linear regression models, which ensured the model residuals 

were approximately normally distributed. The resultant regression coefficients with 95 per 

cent confidence intervals are presented.  

 

 In these multivariable analyses 140 comparisons were made (14 exposures with five 

outcomes and two models). In initial analyses we considered the conventional 0.05 level of 

statistical significance. We then adjusted for multiple comparisons using a Bonferroni 

correction by dividing 0.05 by 140, thus for these corrected analyses a p-value of 0.0004 

would be considered statistically significant at the 0.05 level. All statistical analyses were 

performed in SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA). 
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RESULTS 

 

Table 1 shows the characteristics of the study participants. The Principal Component Analysis 

(PCA) identified 14 principal components (PCs) of facial morphology (Table 2). Each PC 

consisted of a number of co-ordinates of anthropometric landmarks. For example, the first 

principal component (PC 1) comprised 17 y co-ordinates of landmarks located in the upper 

and lower thirds of the face. These co-ordinates represented facial height (size). In order to 

facilitate understanding and interpretation of individual PCs, they are presented graphically on 

Figure 3. The first three PCs (facial size, inter-eye distance, and prominence of the nose and 

lower lip) accounted for almost half of the total variation (45.7%). The other 11 PCs 

contributed to facial variation to a much lesser extent (between 1.6 and 5%), but marked those 

subtle features which make the faces unique.   

 

 The multivariable associations of the 14 PCs with cardiometabolic outcomes are shown 

in Tables 3 to 7. With adjustment for age, gender and pubertal stage (model 1), seven PCs 

were associated with fasting insulin, none with fasting glucose, three PCs with triglycerides 

and HDLc, and four PCs with LDLc. After additional adjustment for BMI (model 2), four 

principal components remained associated with fasting insulin, none with glucose, one PC 

with triglycerides, none with HDLc, and two PCs with LDLc. However, none of these 

associations withstood adjustment for multiple comparisons. 
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Table 1 Characteristics of the study sample. 

 Categories/units Males 

N = 1127 

Females 

N = 1221 

All 

N = 2348 

Age  Mean (months) 184.8 (3.0) 184.9 (3.2) 184.9 (3.1) 

Tanner’s  

pubertal stages 

 

Stage I n (%) 0 0 0 

Stage II n (%) 8 (0.7%) 6 (0.5%) 14 (0.6%) 

Stage III n (%) 64 (5.7%) 118 (9.7%) 182 (7.8%) 

Stage IV n (%) 552 (49.0%) 632 (51.8%) 1184 (50.4%) 

Stage V n (%) 503 (44.6%) 465 (38.1%) 968 (41.2%) 

BMI Median (kg/m
2
) 20.4 (18.9, 22.3) 21.2 (19.5, 23.4)  20.8 (19.1, 23.0) 

Fasting insulin  Median (IU/l) 8.2 (5.9, 10.9) 9.7 (7.4, 13.0) 9.0 (6.6, 12.0) 

Fasting glucose  Mean (mmol/l) 5.3 (0.4) 5.1 (0.3) 5.2 (0.4) 

Total cholesterol  Mean (mmol/l) 3.6 (0.6) 3.9 (0.63) 3.8 (0.6) 

Triglycerides Median (mmol/l) 0.7 (0.6, 1.0) 0.8 (0.6, 1.0) 0.7 (0.6, 1.0) 

HDLc Mean (mmol/l) 1.2 (0.3) 1.4 (0.3) 1.3 (0.3) 

LDLc  Mean (mmol/l) 2.0 (0.5) 2.2 (0.6) 2.1 (0.6) 

Number (%) for categorical variables, mean (SD) or median (IQR) for continuously distributed 

variables are presented. SD, standard deviation; IQR, interquartile range; BMI, body mass 

index; HDLc, high density lipoprotein cholesterol; LDLc, low density lipoprotein cholesterol. 
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Table 2 The results of the principal component analysis showing partial correlation 

coefficients between co-ordinates of anthropometric landmarks and facial principal 

components. 

Facial principal components 
Co-

ordinates 
PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 PC 11 PC 12 PC 13 PC 14 

Ls (y) -0.84              

Enl (y) 0.84              

Cphr (y) -0.84              

Cphl (y) -0.83              

Enr (y) 0.83              

Pg (y) -0.82              

Chr (y) -0.82              
Pil (y) 0.81              

Chl (y) -0.81              

Pir (y) 0.81              
Psl (y) 0.79              

Li (y) -0.78              

Psr (y) 0.78              
Exr (y) 0.75              

Exl (y) 0.74              

G (y) 0.64              

N (y) 0.62              

Psl (x)  0.94             

Psr (x)  -0.93             

Pil (x)  0.93             

Pir (x)  -0.92             

Enr (x)  -0.83             
Enl (x)  0.83             

Exr (x)  -0.79             

Exl (x)  0.75             
All (z)   -0.80            

Alr (z)   -0.79            

Sn (z)   -0.79            
Prn (z)   -0.68            

Li (z)   0.56            

Ls (z)    0.87           

Cphl (z)    0.86           

Cphr (z)    0.86           

Pg (z)    -0.78           

G (z)     -0.86          

N (z)     -0.82          

Pir (z)     0.65          
Pil (z)     0.64          

Prn (y)      0.82         

All (y)      0.79         
Alr (y)      0.77         

Sn (y)      0.72         

Chr (x)       0.82        
Chl (x)       -0.82        

Chl (z)       0.80        
Chr (z)       0.80        

Sn (x)        0.94       

Prn (x)        0.90       
G (x)         0.97      

N (x)         0.97      

Exl (z)          -0.62     

Exr (z)          -0.60     

Psl (z)           0.80    

Psr (z)           0.79    

Ls (x)            0.92   

Cphr (x)             0.82  

Cphl (x)             -0.78  
Pg (x)              0.91 

Li (x)              0.76 

Only major landmarks contributing to each principal component (PC) are shown (coefficients 

with absolute values above 0.5). Anthropometric landmarks are explained on Figure 2 and the 

principal components on Figure 3. 
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Table 3 Multivariable association of fourteen facial principal components (exposures) with 

fasting insulin as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.004 (-0.006, 0.014)  0.397 -0.011 (-0.021, -0.001) 0.026 

PC2 0.011 (0.002, 0.019) 0.011 -0.003 (-0.011, 0.005) 0.419 

PC3 0.010 (0.002, 0.019) 0.015 0.002 (-0.006, 0.010) 0.681 

PC4 -0.001 (-0.009, 0.007) 0.803 0.002 (-0.005, 0.010) 0.538 

PC5 -0.011 (-0.020, -0.002) 0.019 0.001 (-0.008, 0.010) 0.802 

PC6 0.010 (0.002, 0.018) 0.013 0.001 (-0.007, 0.009) 0.787 

PC7 0.000 (-0.008, 0.008) 0.935 0.005 (-0.003, 0.013) 0.190 

PC8 -0.017 (-0.028, -0.006) 0.003 -0.014 (-0.024, -0.004) 0.009 

PC9 0.012 (0.003, 0.020) 0.005 0.012 (0.004, 0.020) 0.002 

PC10 0.005 (-0.003, 0.014) 0.190 0.002 (-0.006, 0.010) 0.601 

PC11 0.026 (0.018, 0.034) <0.0001 0.009 (0.001, 0.017) 0.029 

PC12 0.006 (-0.002, 0.014) 0.151 0.005 (-0.002, 0.013) 0.172 

PC13 -0.005 (-0.014, 0.003) 0.220 0.001 (-0.007, 0.009) 0.867 

PC14 -0.003 (-0.011, 0.005) 0.485 -0.005 (-0.012, 0.003) 0.236 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.07); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.17). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
 

 

 

Table 4 Multivariable association of fourteen facial principal components (exposures) with 

fasting glucose as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 -0.010 (-0.028, 0.0008) 0.286 -0.017 (-0.035, 0.001) 0.065 

PC2 0.003 (-0.011, 0.018) 0.674 -0.003 (-0.018, 0.012) 0.724 

PC3 0.010 (-0.005, 0.025) 0.197 0.006 (-0.009, 0.021) 0.458 

PC4 -0.008 (-0.023, 0.007) 0.310 -0.006 (-0.021, 0.009) 0.427 

PC5 0.002 (-0.014, 0.019) 0.769 0.007 (-0.009, 0.024) 0.381 

PC6 0.012 (-0.003, 0.026) 0.115 0.009 (-0.006, 0.023) 0.243 

PC7 0.009 (-0.006, 0.023) 0.226 0.011 (-0.004, 0.025) 0.147 

PC8 -0.002 (-0.016, 0.013) 0.808 -0.001 (-0.015, 0.014) 0.924 

PC9 -0.004 (-0.018, 0.011) 0.613 -0.003 (-0.018, 0.011) 0.657 

PC10 -0.011 (-0.026, 0.003) 0.124 -0.013 (-0.027, 0.002) 0.083 

PC11 0.008 (-0.007, 0.023) 0.301 0.002 (-0.014, 0.017) 0.838 

PC12 0.005 (-0.010, 0.019) 0.535 0.005 (-0.010, 0.019) 0.521 

PC13 0.003 (-0.013, 0.018) 0.730 0.004 (-0.011, 0.020) 0.563 

PC14 0.001 (-0.013, 0.016) 0.866 0.002 (-0.013, 0.016) 0.812 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 5 Multivariable association of fourteen facial principal components (exposures) with 

triglycerides as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.010 (-0.001, 0.020) 0.073 0.000 (-0.011, 0.010) 0.975 

PC2 0.004 (-0.003, 0.010) 0.291 -0.003 (-0.010, 0.003) 0.351 

PC3 0.008 (0.001, 0.015) 0.019 0.004 (-0.003, 0.010) 0.287 

PC4 -0.005 (-0.001, 0.002) 0.177 -0.003 (-0.009, 0.004) 0.397 

PC5 -0.001 (-0.008, 0.007) 0.818 0.005 (-0.002, 0.012) 0.193 

PC6 0.011 (0.004, 0.017) 0.001 0.007 (0.000, 0.013) 0.045 

PC7 0.000 (-0.007, 0.006) 0.945 0.002 (-0.005, 0.008) 0.563 

PC8 -0.005 (-0.012, 0.001) 0.118 -0.004 (-0.011, 0.002) 0.206 

PC9 0.005 (-0.001, 0.012) 0.113 0.006 (-0.001, 0.012) 0.086 

PC10 0.005 (-0.001, 0.012) 0.113 0.004 (-0.003, 0.010) 0.263 

PC11 0.008 (0.001, 0.014) 0.024 <0.001 (-0.007, 0.007) 0.988 

PC12 -0.003 (-0.010, 0.003) 0.341 -0.003 (-0.010, 0.003) 0.317 

PC13 -0.004 (-0.011, 0.003) 0.213 -0.002 (-0.009, 0.005) 0.601 

PC14 -0.005 (-0.011, 0.002) 0.143 -0.005 (-0.012, 0.001) 0.118 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.03); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

 

Table 6 Multivariable association of fourteen facial principal components (exposures) with  

high density lipoprotein cholesterol (HDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 -0.028 (-0.042, -0.014) <0.001 -0.013 (-0.027, 0.001) 0.073 

PC2 -0.005 (-0.017, 0.006) 0.351 0.008 (-0.003, 0.020) 0.154 

PC3 -0.006 (-0.017, 0.006) 0.339 0.003 (-0.008, 0.014) 0.611 

PC4 0.007 (-0.004, 0.019) 0.228 0.004 (-0.008, 0.015) 0.538 

PC5 0.007 (-0.006, 0.020) 0.279 -0.005 (-0.018, 0.008) 0.443 

PC6 -0.014 (-0.025, -0.003) 0.016 -0.005 (-0.016, 0.006) 0.408 

PC7 0.003 (-0.008, 0.015) 0.570 -0.001 (-0.012, 0.010) 0.797 

PC8 0.009 (-0.003, 0.020) 0.129 0.007 (-0.004, 0.018) 0.205 

PC9 0.001 (-0.010, 0.012) 0.883 0.000 (-0.011, 0.011) 0.940 

PC10 -0.010 (-0.022, 0.001) 0.078 -0.007 (-0.018, 0.004) 0.229 

PC11 -0.022 (-0.034, -0.011) <0.001 -0.006 (-0.017, 0.006) 0.340 

PC12 0.005 (-0.007, 0.016) 0.413 0.005 (-0.006, 0.016) 0.348 

PC13 0.005 (-0.007, 0.017) 0.387 -0.001 (-0.012, 0.011) 0.905 

PC14 0.000 (-0.012, 0.011) 0.959 0.001 (-0.010, 0.012) 0.798 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.08); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.13). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 7 Multivariable association of fourteen facial principal components (exposures) with  

low density lipoprotein cholesterol (LDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 0.004 (-0.023, 0.030) 0.793 -0.014 (-0.041, 0.013) 0.307 

PC2 -0.004 (-0.026, 0.018) 0.708 -0.020 (-0.042, 0.002) 0.074 

PC3 0.038 (0.016, 0.061) 0.001 0.028 (0.006, 0.050) 0.013 

PC4 -0.002 (-0.025, 0.020) 0.855 0.002 (-0.020, 0.024) 0.851 

PC5 0.006 (-0.019, 0.031) 0.621 0.021 (-0.004, 0.046) 0.108 

PC6 0.027 (0.005, 0.049) 0.014 0.016 (-0.005, 0.038) 0.140 

PC7 0.012 (-0.009, 0.034) 0.263 0.018 (-0.004, 0.040) 0.103 

PC8 -0.024 (-0.045, -0.002) 0.033 -0.022 (-0.043, 0.000) 0.048 

PC9 -0.014 (-0.035, 0.008) 0.222 -0.013 (-0.034, 0.008) 0.235 

PC10 0.006 (-0.015, 0.028) 0.561 0.002 (-0.019, 0.024) 0.824 

PC11 0.031 (0.009, 0.053) 0.006 0.011 (-0.011, 0.034) 0.322 

PC12 0.021 (-0.001, 0.043) 0.056 0.020 (-0.001, 0.042) 0.061 

PC13 -0.006 (-0.029, 0.016) 0.582 0.001 (-0.022, 0.023) 0.961 

PC14 0.013 (-0.009, 0.035) 0.238 0.011 (-0.010, 0.033) 0.315 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

DISCUSSION 

 

Laser surface scanning is a non-invasive technology, which enables accurate and precise 

analysis of facial morphology.[1, 2, 24-26] Due to its portability, easy application, and 

relatively low cost, this technique is very suitable for epidemiological field studies. The vast 

amount of data captured by the system (more than 40,000 points, each consisting of x, y, and z 

co-ordinates) is a testimony of the complexity of facial surface. For this reason, face cannot 

be easily represented as a single exposure.  

 

 Therefore, it was necessary to make some facial data-reduction  prior to its meaningful 

use. First of all, Generalised Procrustes Analysis (GPA; a widely established method in 

statistical shape analysis) was used to  place landmark co-ordinates in the same space 

reducing confounding errors (rotation and translation). Secondly, Principal Component 
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Analysis (PCA) was applied on the set of co-ordinates and 14 facial principal components 

(PCs) were identified, which accounted for almost 82 per cent of the total variation in normal 

facial form, consisting of size and shape. Normal facial variation was recently analysed on a 

complete sample of 4747 faces from the ALSPAC database and the same number of PCs was 

extracted, with almost identical order of individual PCs and very similar percentages of 

variation.[22] 

  

 The application of this statistical technique is not new. Previously, PCA was performed 

on two-dimensional data sets, obtained from either lateral skull radiographs or photographs of 

both children and adults.[38-41] The resultant number of principal components in these 

studies was between 6  and  8, and these explained up to 90 per cent of the total variance in 

facial profile, based on linear measurements between anthropometric landmarks, or their co-

ordinates. However, with the introduction of sophisticated 3D imaging techniques, the amount 

of data entering PCA significantly increased. Therefore, the number of PCs which represent 

facial variation also increased: between 14 and 16 PCs have been reported to account for 

between 86 and 92 per cent of the total variation.[10, 11, 41, 42]   

 

 Although the first three components in the current study explain almost half of the total 

variation, other components are also important, since they represent subtle changes that make 

the face unique. Therefore, a decision was made to keep all of them in the subsequent 

multivariable analyses. Following adjustment for BMI and taking account of multiple 

statistical testing, we did not find that any of these PCs were associated with fasting insulin or 

associated cardiometabolic risk factors, suggesting that facial morphology is unlikely to be a 

reliable way of predicting young people at future risk of type 2 diabetes or cardiovascular 

disease. Consistent with other large epidemiological studies conducted in healthy general 

population samples, we were not able to directly measure insulin resistance using the gold 
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standard euglycaemic hyperinsulinemic clamp. Fasting insulin has been shown to have 

modest to strong correlations with clamp assessed insulin resistance (correlation coefficients 

0.5 to 0.9) in children and adolescents.[43, 44] Any measurement error is likely to be non-

differential and therefore would be expected to bias results towards the null. Since strong 

associations of these outcomes with BMI have been shown in ALSPAC,[23] any associations 

with a better measure of insulin resistance are unlikely to be stronger than those of BMI.  

 

 The study has some limitations. First of all, it is ethnic-specific, and therefore future 

studies will have to address the research question in different enthnic groups. Secondly, facial 

variation can be affected by many different factors. Whilst it is possible to control the age, 

gender, and ethnicity of the sample, environmental factors present a greater challenge, even 

with a good research strategy, as many of them can be unknown at the time of the study. The 

face changes throughout life, increasing in size and changing shape.[1, 2, 7] This holds true 

for the present sample consisting of 15-year old adolescents. The cross-sectional design of the 

study did not allow us to track these changes and analyse their relationship with metabolic 

phenotype through time. That may be more important than the assessment of variation among 

individuals and thus should be considered in future studies.  

 

CONCLUSION 

 

Our results do not provide strong evidence that facial morphology is robustly and importantly 

associated with cardiometabolic risk factors. The associations identified were not consistent 

across outcomes, were weak in magnitude, attenuated with adjustment for BMI, and did not 

withstand correction for multiple statistical testing. Further study of facial parameters with 

cardiometabolic and/or other health outcomes might provide valuable insights into how facial 

morphology can be indicative of health.  
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FIGURE LEGENDS: 

 

Fig. 1 Flowchart showing the selection of study sample from 15+ year follow-up clinic of the 

Avon Longitudinal Study of Parents and Children (ALSPAC). All analyses presented in this 

paper are based on 2348 participants with complete data on facial soft tissue morphology 

(exposure), blood-based indicators of insulin resistance and associated cardiometabolic risk 

factors (outcomes), and body mass index and pubertal stage (covariables). 

 

Fig. 2 Twenty-one anthropometric landmarks which were identified on facial laser scans of 

participants. (1) Glabella (g); (2) Nasion (n); (3) Endocanthion left (enl); (4) Endocanthion 

right (enr); (5) Exocanthion left (exl); (6) Exocanthion right (exr); (7) Palpebrale superius left 

(psl); (8) Palpebrale superius right (psr); (9) Palpebrale inferius left (pil); (10) Palpebrale 

inferius right (pir); (11) Pronasale (prn); (12) Subnasale (sn); (13) Alare left (all); (14) Alare 

right (alr); (15) Labiale superius (ls); (16) Crista philtri left (cphl); (17) Crista philtri right 

(cphr); (18) Labiale inferius (li); (19) Cheilion left (chl); (20) Cheilion right (chr); (21) 

Pogonion (pg). Definitions by Farkas [28] were used. Reprinted from the author’s previous 

publication with permission from ‘John Wiley and Sons’. 

 

Fig. 3 Facial principal components (PCs). Numbers indicate percentages of normal facial 

variation explained by the given principal component. Co-ordinates which constitute each 

principal component are marked on the face (refer to Table 2), and arrows indicate x, y, and z 

directions.  
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ABSTRACT 

 

Objective: To determine whether facial morphology is associated with fasting insulin, 

glucose and lipids independently of body mass index in adolescents. 

Design: Population-based cross-sectional study. 

Setting: Avon Longitudinal Study of Parents and Children (ALSPAC), South West of 

England. 

Participants: From the ALSPAC database of 4747 3D facial laser scans, collected during a 

follow-up clinic at the age of 15, 2348 white British adolescents (1127 males, 1221 females) 

were selected on the basis of complete data on cadiometabolic parameters, body mass index 

(BMI), and Tanner’s pubertal stage. 

Main outcome measures: Fasting insulin, glucose, and lipids (triglycerides, high (HDLc) 

and low density (LDLc) lipoprotein cholesterols).  

Results: Based on the collection of 63 x, y, and z co-ordinates of 21 anthropometric 

landmarks, 14 facial principal components (PCs) were identified. These components 

explained 82 per cent of the variation in facial morphology and were used as exposure 

variables. With adjustment for age, gender and pubertal stage, seven PCs were associated with 

fasting insulin, none with glucose, three with triglycerides, three with HDLc, and four with 

LDLc. After additional adjustment for BMI, four PCs remained associated with fasting 

insulin, one PC with triglycerides, and two PCs with LDLc. None of these associations 

withstood adjustment for multiple comparisons. 

Conclusion: These initial hypothesis generating analyses provide no evidence that facial 

morphology is importantly related to cardiometabolic outcomes. Further examination might 

be warranted. Facial morphology assessment may have value in identifying other areas of 

disease risk. 
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ARTICLE SUMMARY 

 

Article focus 

 

• Three-dimensional imaging opens up a new chapter in investigations of facial 

morphology. Previous research revealed associations of facial morphology with 

obesity in adolescents, but whether facial morphology can be used to identify those at 

future risk of adverse cardiometabolic outcomes is unknown. 

 

Key messages 

 

• Our results suggest that facial morphology is not strongly or consistently associated 

with fasting insulin, glucose, or lipids, particularly after adjustment for body mass 

index, in white British adolescents. Facial morphology is therefore unlikely to be 

useful in identifying white British adolescents at future risk of adverse 

cardiometabolic outcomes.  

 

• Suggested methodology can be used in future studies to explore the associations 

between  facial parameters and other health outcomes. It might provide valuable 

insights into how facial morphology can be indicative of health.  

 

Strengths and limitations of this study 

 

• The strengths of this study are a large sample size and the homogeneity of the sample: 

all participants were of white origin, born and brought up in the same region of the 

UK. Non-invasive, accurate, and reliable method was used for capturing details of 

facial soft tissue morphology. A comprehensive statistical analysis was undertaken to 

extract principal components of facial morphology. 

 

• The study has some limitations. First of all, the study is ethnic-specific. Secondly, a 

face could not be easily represented as a single exposure due to the complexity of its 

morphology and the vast amount of data captured by the  laser scanning system. 

Therefore, some data reduction was necessary prior to the analysis. Furthermore, it 

was not possible to control all the confounding factors  in a cross-sectional study 

design. Since faces of adolescents are still developing, changing their shape and size, 

future studies might have to investigate the relationship between these changes and 

cardiometabolic characteristics through time.  
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INTRODUCTION  

 

Recent technological advancements in imaging methods marked a transition from two-

dimensional to three-dimensional (3D) approach in craniofacial research, thus opening a new 

era. A special emphasis has been placed on the development and application of non-invasive 

methods to capture human face accurately and reliably.[1, 2] Among these, laser surface 

scanning and stereophotogrammetry have gained wide acceptance of research community.[3] 

So far, a large spectrum of medical disciplines have utilised these methods in the 

investigations of facial growth, facial dysmorphology, craniofacial identification, as well as 

the influence of different medical conditions on facial phenotype.[4-12]  Therefore, an 

exciting opportunity has occurred to explore whether facial characteristics can serve as new 

diagnostic measures of illnesses.  

 

 Childhood obesity is becoming an epidemic health problem.[13] It is evident from many 

studies that it is associated with increased risk of type 2 diabetes and cardiovascular disease 

later in life.[14-16] Despite this fact, the connection between obesity and craniofacial 

development has been rarely investigated. Bimaxillary prognathism (overdeveloped jaws in 

sagittal direction) and increased transverse facial dimensions seem to indicate the difference 

between obese adolescents and their normal-weighted peers.[17-19] However, the association 

between metabolic phenotype and facial form has not been addressed previously.  

 

 In order to investigate this problem, large sample and a comprehensive 3D approach to 

facial measurements are needed. In this cross-sectional study, which can be considered 

hypothesis generating, we examined the associations of facial soft tissue morphology with 

metabolic phenotype (fasting insulin, glucose, triglycerides, high density lipoprotein 
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cholesterol (HDLc), and low density lipoprotein cholesterol (LDLc)) in a large general 

population cohort of adolescents using an existing database of 3D facial laser scans.  

 

MATERIAL AND METHODS 

 

Sample 

We used the data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a 

UK-based longitudinal birth cohort study designed to explore genetic and environmental 

influences on health and wellbeing.[20, 21] All pregnant women were eligible to participate 

in ALSPAC if their estimated delivery date fell between 1
st
 April 1991 and 31

st
 December 

1992 inclusive. 14541 pregnant women were recruited and from these women there were  

14676 live born infants. Since age 7 surviving offspring have been invited to regular follow-

up clinics.  

 

 The current study was approved by the ALSPAC Law and Ethics Committee and the 

Local Research Ethics Committee and informed consent was obtained from children and their 

parents or guardians. The data collected during an annual follow-up clinic at the age of 15, 

which was attended by 5235 adolescents, was examined. On that occasion, facial laser 

scanning was performed, and after a drop-out of 488 individuals due to the low quality of the 

scans, or some sort of facial dysmorphology, a database of 4747 individuals (2233 males and 

2514 females) was formed.[22]  Out of these, we selected 2348 white adolescents (1127 

males and 1221 females), with complete data related to the outcome and confounding 

variables (see below), as facial laser scans were used to derive exposure variables. The flow-

chart diagram (Fig. 1) shows gradual selection of individuals who comprised the final sample. 

In order to make sure there was no selection bias, we first compared facial principal 

components (i.e. exposure variables; see below) of the study sample (2348 adolescents) with 
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those of 4747 adolescents forming 3D facial database[22]  and concluded that there was no 

reason to believe that selected individuals were significantly different in terms of facial 

morphology. Secondly, we compared observed values for outcomes and confounding 

variables in the study sample (2348 adolescents) with imputed variables in the eligible sample 

of the follow-up clinic (5235 adolescents), which were published as supplementary online 

material of the previous study.[23]  The distributions in imputed datasets were very similar to 

those observed, providing some evidence that the missing data were missing at random.  

 

Measures 

Exposure variables  

Facial laser scans were used to derive principal components of facial morphology, which 

served as the exposure variables. This is explained in detail in the section on statistical 

analysis. Prior to this, it was necessary to perform three steps, which will be described here. 

First of all, facial scans were processed. Validity and reliability of laser scanning procedure, 

as well as the processing stages of the scans, have been previously investigated.[24-27]  

Secondly, twenty-one anthropometric landmarks were manually identified on facial scans by 

one experienced examiner (Fig. 2), according to their respective definitions by Farkas,[28] 

and their x, y and z co-ordinates were saved for the subsequent analysis. Previous research 

showed that these landmarks are clinically reliable.[29,30] Finally, facial scans were initially 

normalized according to the natural head position, with the origin of the co-ordinate system 

set at the point half-way between the inner corners of the eyes (mid-endocanthion). The x-axis 

was pointing left, from right to left eye, the y-axis was pointing vertically upwards from chin 

to forehead, and the z-axis was pointing outwards, in the nose direction. The coronal, sagittal, 

and transverse planes were taken as the xy, yz, and xz planes, respectively.[1, 2, 8, 22, 29]  
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Outcome variables  

Fasting insulin, fasting glucose, triglycerides, high density lipoprotein cholesterol (HDLc), 

and low density lipoprotein cholesterol (LDLc) were taken as the outcome variables. Full 

details of their assessment have been previously reported.[23]  

  

Confounding variables 

Since this study is exploratory (being the first to examine these associations) and our main 

motivation was to understand whether facial morphology might be able to predict those at risk 

of cardiometabolic disease over and above simple measurement of adiposity, we did not 

adjust for a wide range of confounding variables. However, we adjusted for age, pubertal 

stage, and body mass index (BMI), as these are potentially important predictors of 

cardiometabolic risk and we would want to be clear that facial morphology predicted outcome 

over and above these. The age of the participants was recorded in months as they arrived at 

the clinic. Pubertal status was assessed on participants' self report with Tanner's 

questionnaires.  

 

Statistical analyses 

Participant characteristics were summarised with means (SD) for continuous approximately 

normally distributed variables, median (IQR) for continuous right skewed variables, and 

number (%) for categorical variables.  

 

 Generalized Procrustes Analysis (GPA) was performed on landmark configurations 

(each consisting of 63 x, y, and z co-ordinates of 21 facial landmarks) in order to remove 

differences in landmarks' position attributable to translation and rotation.[31-33] Scaling was 

not performed in order to preserve facial size. Principal Component Analysis (PCA) was used 

to reduce the set of 63 co-ordinates into a smaller number of independent components of 
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facial morphology. According to the ‘Kaiser–Guttman criterion’, PCs with eigenvalues 

greater than the average eigenvalue value were retained [34-36] and saved as new exposure 

variables. The rotation method used for PCA was varimax with Kaiser normalisation.[37] 

GPA was performed in the open source software R project and PCA  in SPSS version 17.0 

(SPSS Inc., Chicago, Illinois, USA). 

 

 Whilst this is a cross-sectional study,  in all our analyses we examined the association of 

principal components of facial morphology (as exposures) with fasting insulin, glucose, 

triglycerides, HDLc, and LDLc (as outcomes) using multivariable linear regression models. 

No evidence was found for any gender interactions (all p-values ≥ 0.1) and therefore analyses 

are presented with both genders combined. In the first model we adjusted for age, gender, and 

pubertal stage. In the second model we adjusted for age, gender, pubertal stage, and BMI and 

examined how much this reduced any associations of facial principal components with the 

outcomes. Fasting insulin and triglycerides levels were right (positively) skewed and their 

logged values where used in the linear regression models, which ensured the model residuals 

were approximately normally distributed. The resultant regression coefficients with 95 per 

cent confidence intervals are presented.  

 

 In these multivariable analyses 140 comparisons were made (14 exposures with five 

outcomes and two models). In initial analyses we considered the conventional 0.05 level of 

statistical significance. We then adjusted for multiple comparisons using a Bonferroni 

correction by dividing 0.05 by 140, thus for these corrected analyses a p-value of 0.0004 

would be considered statistically significant at the 0.05 level. All statistical analyses were 

performed in SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA). 
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RESULTS 

 

Table 1 shows the characteristics of the study participants. The Principal Component Analysis 

(PCA) identified 14 principal components (PCs) of facial morphology (Table 2). Each PC 

consisted of a number of co-ordinates of anthropometric landmarks. For example, the first 

principal component (PC 1) comprised 17 y co-ordinates of landmarks located in the upper 

and lower thirds of the face. These co-ordinates represented facial height (size). In order to 

facilitate understanding and interpretation of individual PCs, they are presented graphically on 

Figure 3. The first three PCs (facial size, inter-eye distance, and prominence of the nose and 

lower lip) accounted for almost half of the total variation (45.7%). The other 11 PCs 

contributed to facial variation to a much lesser extent (between 1.6 and 5%), but marked those 

subtle features which make the faces unique.   

 

 The multivariable associations of the 14 PCs with cardiometabolic outcomes are shown 

in Tables 3 to 7. With adjustment for age, gender and pubertal stage (model 1), seven PCs 

were associated with fasting insulin, none with fasting glucose, three PCs with triglycerides 

and HDLc, and four PCs with LDLc. After additional adjustment for BMI (model 2), four 

principal components remained associated with fasting insulin, none with glucose, one PC 

with triglycerides, none with HDLc, and two PCs with LDLc. However, none of these 

associations withstood adjustment for multiple comparisons. 

 

 

 

 

 

 

Page 33 of 53

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2013-002910 on 16 M

ay 2013. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Characteristics of the study sample. 

 Categories/units Males 

N = 1127 

Females 

N = 1221 

All 

N = 2348 

Age  Mean (months) 184.8 (3.0) 184.9 (3.2) 184.9 (3.1) 

Tanner’s  

pubertal stages 

 

Stage I n (%) 0 0 0 

Stage II n (%) 8 (0.7%) 6 (0.5%) 14 (0.6%) 

Stage III n (%) 64 (5.7%) 118 (9.7%) 182 (7.8%) 

Stage IV n (%) 552 (49.0%) 632 (51.8%) 1184 (50.4%) 

Stage V n (%) 503 (44.6%) 465 (38.1%) 968 (41.2%) 

BMI Median (kg/m
2
) 20.4 (18.9, 22.3) 21.2 (19.5, 23.4)  20.8 (19.1, 23.0) 

Fasting insulin  Median (IU/l) 8.2 (5.9, 10.9) 9.7 (7.4, 13.0) 9.0 (6.6, 12.0) 

Fasting glucose  Mean (mmol/l) 5.3 (0.4) 5.1 (0.3) 5.2 (0.4) 

Total cholesterol  Mean (mmol/l) 3.6 (0.6) 3.9 (0.63) 3.8 (0.6) 

Triglycerides Median (mmol/l) 0.7 (0.6, 1.0) 0.8 (0.6, 1.0) 0.7 (0.6, 1.0) 

HDLc Mean (mmol/l) 1.2 (0.3) 1.4 (0.3) 1.3 (0.3) 

LDLc  Mean (mmol/l) 2.0 (0.5) 2.2 (0.6) 2.1 (0.6) 

Number (%) for categorical variables, mean (SD) or median (IQR) for continuously distributed 

variables are presented. SD, standard deviation; IQR, interquartile range; BMI, body mass 

index; HDLc, high density lipoprotein cholesterol; LDLc, low density lipoprotein cholesterol. 
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Table 2 The results of the principal component analysis showing partial correlation 

coefficients between co-ordinates of anthropometric landmarks and facial principal 

components. 

Facial principal components 
Co-

ordinates 
PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 PC 11 PC 12 PC 13 PC 14 

Ls (y) -0.84              

Enl (y) 0.84              

Cphr (y) -0.84              

Cphl (y) -0.83              

Enr (y) 0.83              

Pg (y) -0.82              

Chr (y) -0.82              
Pil (y) 0.81              

Chl (y) -0.81              

Pir (y) 0.81              
Psl (y) 0.79              

Li (y) -0.78              

Psr (y) 0.78              
Exr (y) 0.75              

Exl (y) 0.74              

G (y) 0.64              

N (y) 0.62              

Psl (x)  0.94             

Psr (x)  -0.93             

Pil (x)  0.93             

Pir (x)  -0.92             

Enr (x)  -0.83             
Enl (x)  0.83             

Exr (x)  -0.79             

Exl (x)  0.75             
All (z)   -0.80            

Alr (z)   -0.79            

Sn (z)   -0.79            
Prn (z)   -0.68            

Li (z)   0.56            

Ls (z)    0.87           

Cphl (z)    0.86           

Cphr (z)    0.86           

Pg (z)    -0.78           

G (z)     -0.86          

N (z)     -0.82          

Pir (z)     0.65          
Pil (z)     0.64          

Prn (y)      0.82         

All (y)      0.79         
Alr (y)      0.77         

Sn (y)      0.72         

Chr (x)       0.82        
Chl (x)       -0.82        

Chl (z)       0.80        
Chr (z)       0.80        

Sn (x)        0.94       

Prn (x)        0.90       
G (x)         0.97      

N (x)         0.97      

Exl (z)          -0.62     

Exr (z)          -0.60     

Psl (z)           0.80    

Psr (z)           0.79    

Ls (x)            0.92   

Cphr (x)             0.82  

Cphl (x)             -0.78  
Pg (x)              0.91 

Li (x)              0.76 

Only major landmarks contributing to each principal component (PC) are shown (coefficients 

with absolute values above 0.5). Anthropometric landmarks are explained on Figure 2 and the 

principal components on Figure 3. 
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Table 3 Multivariable association of fourteen facial principal components (exposures) with 

fasting insulin as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.004 (-0.006, 0.014)  0.397 -0.011 (-0.021, -0.001) 0.026 

PC2 0.011 (0.002, 0.019) 0.011 -0.003 (-0.011, 0.005) 0.419 

PC3 0.010 (0.002, 0.019) 0.015 0.002 (-0.006, 0.010) 0.681 

PC4 -0.001 (-0.009, 0.007) 0.803 0.002 (-0.005, 0.010) 0.538 

PC5 -0.011 (-0.020, -0.002) 0.019 0.001 (-0.008, 0.010) 0.802 

PC6 0.010 (0.002, 0.018) 0.013 0.001 (-0.007, 0.009) 0.787 

PC7 0.000 (-0.008, 0.008) 0.935 0.005 (-0.003, 0.013) 0.190 

PC8 -0.017 (-0.028, -0.006) 0.003 -0.014 (-0.024, -0.004) 0.009 

PC9 0.012 (0.003, 0.020) 0.005 0.012 (0.004, 0.020) 0.002 

PC10 0.005 (-0.003, 0.014) 0.190 0.002 (-0.006, 0.010) 0.601 

PC11 0.026 (0.018, 0.034) <0.0001 0.009 (0.001, 0.017) 0.029 

PC12 0.006 (-0.002, 0.014) 0.151 0.005 (-0.002, 0.013) 0.172 

PC13 -0.005 (-0.014, 0.003) 0.220 0.001 (-0.007, 0.009) 0.867 

PC14 -0.003 (-0.011, 0.005) 0.485 -0.005 (-0.012, 0.003) 0.236 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.07); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.17). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
 

 

 

Table 4 Multivariable association of fourteen facial principal components (exposures) with 

fasting glucose as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 -0.010 (-0.028, 0.0008) 0.286 -0.017 (-0.035, 0.001) 0.065 

PC2 0.003 (-0.011, 0.018) 0.674 -0.003 (-0.018, 0.012) 0.724 

PC3 0.010 (-0.005, 0.025) 0.197 0.006 (-0.009, 0.021) 0.458 

PC4 -0.008 (-0.023, 0.007) 0.310 -0.006 (-0.021, 0.009) 0.427 

PC5 0.002 (-0.014, 0.019) 0.769 0.007 (-0.009, 0.024) 0.381 

PC6 0.012 (-0.003, 0.026) 0.115 0.009 (-0.006, 0.023) 0.243 

PC7 0.009 (-0.006, 0.023) 0.226 0.011 (-0.004, 0.025) 0.147 

PC8 -0.002 (-0.016, 0.013) 0.808 -0.001 (-0.015, 0.014) 0.924 

PC9 -0.004 (-0.018, 0.011) 0.613 -0.003 (-0.018, 0.011) 0.657 

PC10 -0.011 (-0.026, 0.003) 0.124 -0.013 (-0.027, 0.002) 0.083 

PC11 0.008 (-0.007, 0.023) 0.301 0.002 (-0.014, 0.017) 0.838 

PC12 0.005 (-0.010, 0.019) 0.535 0.005 (-0.010, 0.019) 0.521 

PC13 0.003 (-0.013, 0.018) 0.730 0.004 (-0.011, 0.020) 0.563 

PC14 0.001 (-0.013, 0.016) 0.866 0.002 (-0.013, 0.016) 0.812 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 5 Multivariable association of fourteen facial principal components (exposures) with 

triglycerides as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI) p Value 

PC1 0.010 (-0.001, 0.020) 0.073 0.000 (-0.011, 0.010) 0.975 

PC2 0.004 (-0.003, 0.010) 0.291 -0.003 (-0.010, 0.003) 0.351 

PC3 0.008 (0.001, 0.015) 0.019 0.004 (-0.003, 0.010) 0.287 

PC4 -0.005 (-0.001, 0.002) 0.177 -0.003 (-0.009, 0.004) 0.397 

PC5 -0.001 (-0.008, 0.007) 0.818 0.005 (-0.002, 0.012) 0.193 

PC6 0.011 (0.004, 0.017) 0.001 0.007 (0.000, 0.013) 0.045 

PC7 0.000 (-0.007, 0.006) 0.945 0.002 (-0.005, 0.008) 0.563 

PC8 -0.005 (-0.012, 0.001) 0.118 -0.004 (-0.011, 0.002) 0.206 

PC9 0.005 (-0.001, 0.012) 0.113 0.006 (-0.001, 0.012) 0.086 

PC10 0.005 (-0.001, 0.012) 0.113 0.004 (-0.003, 0.010) 0.263 

PC11 0.008 (0.001, 0.014) 0.024 <0.001 (-0.007, 0.007) 0.988 

PC12 -0.003 (-0.010, 0.003) 0.341 -0.003 (-0.010, 0.003) 0.317 

PC13 -0.004 (-0.011, 0.003) 0.213 -0.002 (-0.009, 0.005) 0.601 

PC14 -0.005 (-0.011, 0.002) 0.143 -0.005 (-0.012, 0.001) 0.118 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.03); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

 

Table 6 Multivariable association of fourteen facial principal components (exposures) with  

high density lipoprotein cholesterol (HDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 -0.028 (-0.042, -0.014) <0.001 -0.013 (-0.027, 0.001) 0.073 

PC2 -0.005 (-0.017, 0.006) 0.351 0.008 (-0.003, 0.020) 0.154 

PC3 -0.006 (-0.017, 0.006) 0.339 0.003 (-0.008, 0.014) 0.611 

PC4 0.007 (-0.004, 0.019) 0.228 0.004 (-0.008, 0.015) 0.538 

PC5 0.007 (-0.006, 0.020) 0.279 -0.005 (-0.018, 0.008) 0.443 

PC6 -0.014 (-0.025, -0.003) 0.016 -0.005 (-0.016, 0.006) 0.408 

PC7 0.003 (-0.008, 0.015) 0.570 -0.001 (-0.012, 0.010) 0.797 

PC8 0.009 (-0.003, 0.020) 0.129 0.007 (-0.004, 0.018) 0.205 

PC9 0.001 (-0.010, 0.012) 0.883 0.000 (-0.011, 0.011) 0.940 

PC10 -0.010 (-0.022, 0.001) 0.078 -0.007 (-0.018, 0.004) 0.229 

PC11 -0.022 (-0.034, -0.011) <0.001 -0.006 (-0.017, 0.006) 0.340 

PC12 0.005 (-0.007, 0.016) 0.413 0.005 (-0.006, 0.016) 0.348 

PC13 0.005 (-0.007, 0.017) 0.387 -0.001 (-0.012, 0.011) 0.905 

PC14 0.000 (-0.012, 0.011) 0.959 0.001 (-0.010, 0.012) 0.798 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.08); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.13). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  
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Table 7 Multivariable association of fourteen facial principal components (exposures) with  

low density lipoprotein cholesterol (LDLc) as an outcome.  

 Model 1  Model 2   

PC B (95% CI) p Value B (95% CI)  p Value

PC1 0.004 (-0.023, 0.030) 0.793 -0.014 (-0.041, 0.013) 0.307 

PC2 -0.004 (-0.026, 0.018) 0.708 -0.020 (-0.042, 0.002) 0.074 

PC3 0.038 (0.016, 0.061) 0.001 0.028 (0.006, 0.050) 0.013 

PC4 -0.002 (-0.025, 0.020) 0.855 0.002 (-0.020, 0.024) 0.851 

PC5 0.006 (-0.019, 0.031) 0.621 0.021 (-0.004, 0.046) 0.108 

PC6 0.027 (0.005, 0.049) 0.014 0.016 (-0.005, 0.038) 0.140 

PC7 0.012 (-0.009, 0.034) 0.263 0.018 (-0.004, 0.040) 0.103 

PC8 -0.024 (-0.045, -0.002) 0.033 -0.022 (-0.043, 0.000) 0.048 

PC9 -0.014 (-0.035, 0.008) 0.222 -0.013 (-0.034, 0.008) 0.235 

PC10 0.006 (-0.015, 0.028) 0.561 0.002 (-0.019, 0.024) 0.824 

PC11 0.031 (0.009, 0.053) 0.006 0.011 (-0.011, 0.034) 0.322 

PC12 0.021 (-0.001, 0.043) 0.056 0.020 (-0.001, 0.042) 0.061 

PC13 -0.006 (-0.029, 0.016) 0.582 0.001 (-0.022, 0.023) 0.961 

PC14 0.013 (-0.009, 0.035) 0.238 0.011 (-0.010, 0.033) 0.315 

Model 1 is adjusted for age, gender, and puberty (adjusted R
2 

= 0.05); Model 2 is adjusted 

for age, gender, puberty, and BMI (adjusted R
2
 = 0.06). PC, principal component of the face 

(refer to the text, Table 2, and Figure 3 for an explanation); B, regression coefficient, CI, 

confidence interval. Figures in bold indicate statistically significant associations at the level 

p < 0.05 (before Bonferroni corrections).  

 

 

DISCUSSION 

 

Laser surface scanning is a non-invasive technology, which enables accurate and precise 

analysis of facial morphology.[1, 2, 24-26] Due to its portability, easy application, and 

relatively low cost, this technique is very suitable for epidemiological field studies. The vast 

amount of data captured by the system (more than 40,000 points, each consisting of x, y, and z 

co-ordinates) is a testimony of the complexity of facial surface. For this reason, face cannot 

be easily represented as a single exposure.  

 

 Therefore, it was necessary to make some facial data-reduction  prior to its meaningful 

use. First of all, Generalised Procrustes Analysis (GPA; a widely established method in 

statistical shape analysis) was used to  place landmark co-ordinates in the same space 

reducing confounding errors (rotation and translation). Secondly, Principal Component 
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Analysis (PCA) was applied on the set of co-ordinates and 14 facial principal components 

(PCs) were identified, which accounted for almost 82 per cent of the total variation in normal 

facial form, consisting of size and shape. Normal facial variation was recently analysed on a 

complete sample of 4747 faces from the ALSPAC database and the same number of PCs was 

extracted, with almost identical order of individual PCs and very similar percentages of 

variation.[22] 

  

 The application of this statistical technique is not new. Previously, PCA was performed 

on two-dimensional data sets, obtained from either lateral skull radiographs or photographs of 

both children and adults.[38-41] The resultant number of principal components in these 

studies was between 6  and  8, and these explained up to 90 per cent of the total variance in 

facial profile, based on linear measurements between anthropometric landmarks, or their co-

ordinates. However, with the introduction of sophisticated 3D imaging techniques, the amount 

of data entering PCA significantly increased. Therefore, the number of PCs which represent 

facial variation also increased: between 14 and 16 PCs have been reported to account for 

between 86 and 92 per cent of the total variation.[10, 11, 41, 42]   

 

 Although the first three components in the current study explain almost half of the total 

variation, other components are also important, since they represent subtle changes that make 

the face unique. Therefore, a decision was made to keep all of them in the subsequent 

multivariable analyses. Following adjustment for BMI and taking account of multiple 

statistical testing, we did not find that any of these PCs were associated with fasting insulin or 

associated cardiometabolic risk factors, suggesting that facial morphology is unlikely to be a 

reliable way of predicting young people at future risk of type 2 diabetes or cardiovascular 

disease. Consistent with other large epidemiological studies conducted in healthy general 

population samples, we were not able to directly measure insulin resistance using the gold 
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standard euglycaemic hyperinsulinemic clamp. Fasting insulin has been shown to have 

modest to strong correlations with clamp assessed insulin resistance (correlation coefficients 

0.5 to 0.9) in children and adolescents.[43, 44] Any measurement error is likely to be non-

differential and therefore would be expected to bias results towards the null. Since strong 

associations of these outcomes with BMI have been shown in ALSPAC,[23] any associations 

with a better measure of insulin resistance are unlikely to be stronger than those of BMI.  

 

 The study has some limitations. First of all, it is ethnic-specific, and therefore future 

studies will have to address the research question in different enthnic groups. Secondly, facial 

variation can be affected by many different factors. Whilst it is possible to control the age, 

gender, and ethnicity of the sample, environmental factors present a greater challenge, even 

with a good research strategy, as many of them can be unknown at the time of the study. The 

face changes throughout life, increasing in size and changing shape.[1, 2, 7] This holds true 

for the present sample consisting of 15-year old adolescents. The cross-sectional design of the 

study did not allow us to track these changes and analyse their relationship with metabolic 

phenotype through time. That may be more important than the assessment of variation among 

individuals and thus should be considered in future studies.  

 

CONCLUSION 

 

Our results do not provide strong evidence that facial morphology is robustly and importantly 

associated with cardiometabolic risk factors. The associations identified were not consistent 

across outcomes, were weak in magnitude, attenuated with adjustment for BMI, and did not 

withstand correction for multiple statistical testing. Further study of facial parameters with 

cardiometabolic and/or other health outcomes might provide valuable insights into how facial 

morphology can be indicative of health.  
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FIGURE LEGENDS: 

 

Fig. 1 Flowchart showing the selection of study sample from 15+ year follow-up clinic of the 

Avon Longitudinal Study of Parents and Children (ALSPAC). All analyses presented in this 

paper are based on 2348 participants with complete data on facial soft tissue morphology 

(exposure), blood-based indicators of insulin resistance and associated cardiometabolic risk 

factors (outcomes), and body mass index and pubertal stage (covariables). 

 

Fig. 2 Twenty-one anthropometric landmarks which were identified on facial laser scans of 

participants. (1) Glabella (g); (2) Nasion (n); (3) Endocanthion left (enl); (4) Endocanthion 

right (enr); (5) Exocanthion left (exl); (6) Exocanthion right (exr); (7) Palpebrale superius left 

(psl); (8) Palpebrale superius right (psr); (9) Palpebrale inferius left (pil); (10) Palpebrale 

inferius right (pir); (11) Pronasale (prn); (12) Subnasale (sn); (13) Alare left (all); (14) Alare 

right (alr); (15) Labiale superius (ls); (16) Crista philtri left (cphl); (17) Crista philtri right 

(cphr); (18) Labiale inferius (li); (19) Cheilion left (chl); (20) Cheilion right (chr); (21) 

Pogonion (pg). Definitions by Farkas [28] were used. Reprinted from the author’s previous 

publication with permission from ‘John Wiley and Sons’. 

 

Fig. 3 Facial principal components (PCs). Numbers indicate percentages of normal facial 

variation explained by the given principal component. Co-ordinates which constitute each 

principal component are marked on the face (refer to Table 2), and arrows indicate x, y, and z 

directions.  
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Fig. 1 Flowchart showing the selection of study sample from 15+ year follow-up clinic of the Avon 
Longitudinal Study of Parents and Children (ALSPAC). All analyses presented in this paper are based on 

2348 participants with complete data on facial soft tissue morphology (exposure), blood-based indicators of 
insulin resistance and associated cardiometabolic risk factors (outcomes), and body mass index and pubertal 

stage (covariables).  
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Fig. 2 Twenty-one anthropometric landmarks which were identified on facial laser scans of participants. (1) 
Glabella (g); (2) Nasion (n); (3) Endocanthion left (enl); (4) Endocanthion right (enr); (5) Exocanthion left 
(exl); (6) Exocanthion right (exr); (7) Palpebrale superius left (psl); (8) Palpebrale superius right (psr); (9) 

Palpebrale inferius left (pil); (10) Palpebrale inferius right (pir); (11) Pronasale (prn); (12) Subnasale (sn); 
(13) Alare left (all); (14) Alare right (alr); (15) Labiale superius (ls); (16) Crista philtri left (cphl); (17) 
Crista philtri right (cphr); (18) Labiale inferius (li); (19) Cheilion left (chl); (20) Cheilion right (chr); (21) 

Pogonion (pg). Definitions by Farkas [27] were used. Reprinted from the author's previous publication with a 
permission from ‘John Wiley and Sons’.  
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Fig. 3 Facial principal components (PCs). Numbers indicate percentages of normal facial variation explained 
by the given principal component. Co-ordinates which constitute each principal component are marked on 

the face (refer to Table 2), and arrows indicate x, y, and z directions.  
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