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Abstract 
The prevalence global of noncommunicable chronic diseases as diabetes and hypertension worldwide has 
been disregarded until recently by policy makers. In addition, these diseases have growing with the aging of 
the population. This study sought to identify changes in face shape from the frontal and side views in elderly 
people diagnosed with diabetes and hypertension. 205 individuals were studied, with 60 years or more, from 
both sexes, with different ethnicities, and cognition intact. With a digital camera, photos were taken of the 
front and side and based on these images landmarks for measurement were determined. For statistical 
analysis, ANOVA, Canonical Variates Analysis, Mahalanobis distance and Thin-Plate Spline were realized. 
Given sexual dimorphism, the sexes were analyzed separately. From the ANOVA, significant differences 
(p<0.01) for individuals with diabetes, hypertension, and patients with both or neither of the diseases were 
observed. The groups were separated by the Canonical Variates and Mahalanobis distance and independent 
of edentulism, sex or ethnicity. A morphofacial characteristics for the front and side views (especially in the 
ear region) that identified individuals with these chronic diseases was observed. This methodology can 
contribute in a specific manner to the identification of at risk populations and help to promote preventative 
measures for these conditions. 
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1. Introduction 

Diabetes Mellitus (DM) and systemic arterial hypertension (SAH) are encountered all over the world 
and the occurrence of these pathologies tends to increase with age. Additionally, these non-transmittable 
chronic diseases have been one of the main causes of mortality around the world (Cruzera et al. 1998, 
Bortoluz et al. 2016). The number of people who present these conditions has increased due to population 
growth, aging, urbanization, and a growing prevalence of obesity and sedentary lifestyle (Godoy-Matos et 
al. 2010), being considered a public health concern due to their risk and difficulty to control (Brito et al. 2011, 
Bortoluz et al. 2016). 

However, when there is an early diagnosis of DM and SAH, there are multiple ways to avoid the 
resulting complications, as well as the possibility of slowing the existing complications and their resultant 
losses (Brasil 2001). Individuals who have SAH present changes in the face, which frequently presents a 
rounder character (DBH VI 2010; Oigman 2014). The use of new techniques and knowledge can lead to a 
better understanding, evening permitting an understanding of the role of the environment and lifestyle 
(Oliveira and Milech 2006).  
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Therefore, anthropometry, a common tool in clinical and taxonomic practices has gained significant 
importance as a public health measure, keeping in mind that it can be used as a biomarker, which is 
fundamental in the search for prevention, cure or at least intervention in the progress of these diseases (Fjell 
and Walhovd 2011). Seeking to obtain a more robust analysis, at the start of the 1990s, geometric 
morphometrics emerged using graphic tools that quantified and permitted the visualization of 
morphological variations (Adams et al. 2013) allowing better results in comparison with conventional 
morphometry. The fundamental difference between these was the development of statistical methods used 
to separately evaluate the variation in the shape of a structure based on the use of landmarks.  

In biomedical and/or biological research, the analysis of shape and size of the organs or organism is 
more precise when using landmarks (Ercan et al. 2012). In medicine, the geometrical properties of the organs 
are associated with diverse studies based on statistical analyses using qualitative and quantitative measures 
especially with images (Sigirli and Ercan 2013).  

This methodology has been used in diverse health care areas by numerous researchers (Fjell and 
Walhovd 2011; Khodair et al. 2014; Prasad et al. 2015; Mayer et al. 2017). These studies, however, have 
principally been developed in infant/juvenile or adult populations while morphological patterns associated 
with disease in the elderly have not been assessed. Aging causes morphological, psychological and social 
changes, and is a slow, progressive and irreversible process (Santos-Filho and Ferreira 2016). Therefore, this 
study sought to identify changes in facial shape from the front and side views in elderly people diagnosed 
with diabetes and hypertension.  
 
2. Material and Methods 

After the submission and approval of the project by the ethics committee (CAAE 
56017816.2.0000.0055), individuals with 60 years or more, from both sexes, with cognition intact (Mini-
Mental State Examination MMSE) (Folstein et al. 1975) were selected. According to Chinthapalli et al. (2012) 
neurological and psychiatric diseases can interfere in face shape.  

Sampling was realized in 2016 with elderly residents from Aiquara-BA, with a diagnosis for diabetes, 
hypertension, or both or neither of the diseases. The front and side views of 205 individuals were evaluated, 
with ages varying from 60 to 95 years. They were photographed using a Canon SX60HS digital camera, at 
approximately 1.5 m distance, with an identification plaque and a scale bar. None of the participants used 
glasses. They had a neutral facial expression with their mouth closed, according to the Frankfurt horizontal 
plane. The men were shaved and the women had their hair behind their ears.  

Using the TpsDig2 program (Rohlf 2015), 23 and 22 landmarks and semi-landmarks were placed on 
the front and side views, respectively (Figure 1). The choice of the points reflected the place where clear 
characteristics to differentiate between people are visible and that diminish with age. Subsequently, the 
data was submitted for Procrustes superimposition to remove the effects of scale, rotation and translation. 
Following the methodology of (Palmer 1994), each individual was measured twice to eliminate the possibility 
of any errors in the measurement. Finally, the Procrustes ANOVA was realized. 

Regression analysis was used to evaluate the allometry effect between the shape and size of the 
centroid. The interference of edentulism and the effect of sex was evaluated. Following this, the MANOVA, 
the Canonical Variates Analysis (CVA) of and the Mahalanobis distance using the MorphoJ program 
(Klingenberg 2011) were realized. Subsequently, the Thin-Plate Spline method was used to graphically verify 
the variation in shape. 
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Figure 1. Schemes with the location of the landmarks (filled in dots) and semi-landmarks (empty dots) used 

for the facial differentiation. A – frontal view scheme; and B – side view scheme. Landmarks on the face: 
Trichion (tr), menton (me), endocanthion (en), exocanthion (ex), cheilion (ch), zygions (zy), alar edge (al), 
lateral nasal (ln), glabella (gl), nasion (n), çabralo superius (ls) labral inferius (li), tip (t), supretip (st), supra 
aurale (sa), helix (he), tragus (tg), subaurale (sb), midpoint of the forehead (mf), eyebrow (ey), protrusion 
of the mental tubercle (pmb), antihelix start (as), intertragic notch (in), Contour of the earlobe (ce), Ear 

contour (ec). 
 
3. Results 

In the elderly, there are no significant differences (p<0.05) for edentulism in the front and side views. 
Men and women were evaluated separately due to sexual dimorphism (p<0.01). Subsequently, the effect of 
allometry was removed using regression. This allometric effect could be due to the natural aging process 
where gradual and progressive changes to the facial phenotype occur (Santos-Filho and Ferreira 2016). 

For the fontal view, significant results (P<0.01) were observed in men using the MANOVA. The first 
two CVA explained 92% of the total variation in the data analyzed. The first CVA explains 70.3% of the 
variation and differences between the individuals without diabetes and hypertension were observed located 
on the negative axis of the CVA1 and with both diseases on the positive axis. The following CVA explains 
21.7% of the variation and it was possible to separate the diabetic patients from the hypertensive patients. 
Using the Thin-Plate Splines, the elderly patients with diabetes presented a wider zygomatic arch, while 
those with hypertension presented a widening in the menton and nasal regions (Figure 2). Those with both 
diseases, presented a combination of the aforementioned characteristics and those with neither of the 
diseases had a longer face.  

For the Mahalanobis distance, it was possible to observe these differences (p<0.01) with 10,000 
replications. There is no significant difference between the frontal shape of the face in individuals with 
hypertension and diabetes in comparison with those who only have hypertension. The greatest values of 
dissimilarity, were between the elderly who did not have either disease and those who presented DM.  

Amongst women, significant differences were also found using MANOVA (p<0.01). It was found that 
the first two Canonical Variates explained 82.8% of the total variation. The first CVA explained 49.1% of the 
variation of the shape of the face due to these chronic diseases and the second explained 33.7%. In a similar 
manner to that found in the men, using the Thin-Plate Splines, elderly women with diabetes presented a 
broader zygomatic arch, the hypertensive female patients presented a broader menton and nasal region, 
while those with both diseases presented a combination of the prior characteristics. Those with neither 
disease showed a longer face (Figure 3). 
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Figure 2. Dispersion graph related to the analysis of the main components for the frontal view in men and 

Thin-Plate Spline related to each analyzed group. 
 

 
Figure 3. Dispersion graph related to the analysis of the main components for the frontal view in women 

and Thin-Plate Spline referent to each group analyzed. 
 

Based on the Mahalanobis distance, significant differences (p<0.01) were found with 10,000 
replications. In a manner similar to the elderly men, significant differences between those with both diseases 
and those with SAH were not encountered. The highest values for dissimilarity were between the elderly 
women who did not have both diseases with those who presented DM. 

When analyzing the side view of the men, the MANOVA presented significant results (p<0.01). The 
first two CVA explained 84% of the variation, with 50% and 34% in the first and second variables respectively. 
For the Thin-Plate Splines, the elderly men with diabetes were identified, presenting widening in the upper 
region of the ear, narrowing between the antihelix start and the curve of the ear, as well as a longer earlobe 
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region. In hypertensive men, the side point of the nasal ala is wider in relation to the internal point between 
the tip of the nose and the upper lip, having a wider chin, and generally presenting a smaller pinna as well. 
Similar to the frontal view, those who presented both diseases had a combination of the characteristics 
noted above (Figure 4). The elderly men who presented neither disease, had a shorter region of the menton 
and the internal point between the tip of the nose and the upper lip and a widening of the auricular curve 
from the antihelix start in relation to the intertragal notch. 
 

 
Figure 4. Dispersion graph referent to the analysis of the main components for the side view in men and 

Thin-Plate Spline referent to each group analyzed. 
 

Using the Mahalanobis distance, significant differences (p<0.01) were found between men, for the 
side view between all the groups analyzed with 10,000 replications. The greatest dissimilarity was between 
those who presented both diseases with those who only presented DM. The least similarity was observed 
between those who presented neither disease and those with SAH.  

For the women, the first two CVA grouped together 78.5% of the total variation, with the first CVA 
explained by 56.4% of the variation and the second by 22.1%. Elderly diabetic women, similar to the men, 
presented widening in the upper region of the curve of the ear and a longer, narrower earlobe. In the 
hypertensive women, the nasal ala was broader in relation to the internal point between the tip of the nose 
and the upper lip, a broader chin and a smaller pinna. Those who presented both diseases showed a 
combination of characteristics. Those who presented neither disease, showed a shorter region of the 
menton and the internal point between the tip of the nose and the upper lip, a shorter curve of the earlobe 
in the anterior region and a widening of the auricular curve from the antihelix start in relation to the 
intertragal notch (Figure 5).  

From the side view, as was observed in the men, the Mahalanobis distance showed significant 
differences (p<0.01) between all the groups analyzed with 10,000 replications. The greatest dissimilarity was 
between those who presented both diseases with those who only had DM, and the least similarity was 
observed between those who presented neither disease with those with SAH. 
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Figure 5. Dispersion graph referent to the analysis of the main components for the side view in women and 

the Thin-Plate Spline referent to each group analyzed. 
 
4. Discussion 

Despite sexual dimorphism, there are morphological patterns for the frontal view, related to the 
evaluated diseases. For both sexes, the individuals who had hypertension presented a wider menton and 
nasal region, characterizing a rounder face. This corroborated the observations of other authors (DBH VI 
2010; Oigman 2014) who reported hypertensive patients with a rounder face shape as well as indicated the 
existence of bilateral eyelid swelling.  

Elderly people with a diagnosis for diabetes presented a broader zygomatic region than in the other 
parts of the face. Similar results were found for Demayo et al. (2009) in adults from 18 to 60 years of age, 
where diabetics presented a wider facial shape. Hyperglycemia creates a predisposition for cellular 
anomalies that produce changes both in the thickness and elasticity of the skin of approximately 30% of the 
people with this disease (Ramos 2017). Additionally, diabetes is associated with swelling and an 
accumulation of bodily fluids between the cells or in bodily cavities (Anwer et al. 2011) that are generally 
visible especially in the face.  

Due to these changes that occur in individuals who are diagnosed with SAH and DM as cited by (DBH 
VI 2010; Anwer et al. 2011; Oigman 2014), in the elderly with both diseases, independent of sex, the shape 
of the face presented shape characteristics such as a widening in the zygomatic region and of the menton 
together. However, those who presented neither disease had a more elongated face shape, results that 
corroborated with Demayo et al. (2009), in which the individuals that presented diabetes had a longer, more 
pointed facial shape.  

From the side view, what draws our attention is that the greater part of the variation in terms of the 
diseases is located in the auricular region. This structure is being studied and used with different objectives 
(Alexander et al. 2011; Zulkifli et al. 2014). It has shown itself to be effective in the diagnosis of diseases and 
has been widely used in other areas as a reference (Chattopadhyay and Bhatia 2009). The pattern for the 
morphology of the ear can be changed as a result of the ethnic group, age and sex (Alexander et al. 2011). 
Additionally, the shape, size and direction of the outer ear is as specific for each individual as the finger print 
and does not change throughout the life of the individual (Chattopadhyay and Bhatia 2009). 

In addition to the reports of anthropologists, regarding the existence of the characteristics and the 
shape of the outer ear being different in humans (Zulkifli et al. 2014), our study indicates that there is still a 
relationship between the form of the ear and chronic diseases. Many advantages are associated with the 
use of the outer ear for identification in humans based on the angle, direction, size and relationships with 
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the outer ear. Given this, the characteristics of the ear, also known as the auricula, have been applied in 
forensic science as a valuable characteristic to identify cadavers, based on photographs as well as methods 
of reconstruction (Zulkifli et al. 2014). The morphology of the ear can help to clarify the question of the 
individuality of each individual corroborating evidence for identification (Chattopadhyay and Bhatia 2009). 
Given this, probably the best results for the separation of the groups evaluated as seen using the 
Mahalanobis distance, was by the side view with this region presenting specific characteristics.  

It is also worth noting that, despite the small sample size, diabetic individuals presented 
differentiated morphological patterns for both sexes and views, highlighting the extent to which this disease 
interferes in the shape of the face. The reduced sample size for the elderly with diabetes is related to the 
difficulty to identify elderly people who only have this condition, keeping in mind that normally it is 
associated with other diseases such as hypertension. The complications for diabetes are associated with 
hypertension in 35 to 70% of the patients and its prevalence is high, mainly in those patients that have type 
1 diabetes (Cruzera et al. 1998). SAH acts in association with other risk factors, including DM (Lolio 1990). As 
well as the morphological variations, the majority of the patients with both diseases present a higher risk of 
vascular and macro vascular complications (Anwer et al. 2011). This leads to a greater focus and care with 
these patients, which is heightened by the fact that these patients are elderly.  

Considering the problem of DM and SAH, the monitoring of individuals for early diagnosis, and the 
whole field of knowledge about these conditions, can offer various ways to avoid complications or at least 
slowing the progression of those complications that already exist and their associated losses (Brasil 2001). 
This can be seen with the example of SAH, which can become asymptomatic for a number of years, 
frequently being considered “the silent killer” (Oigman 2014). DM, has been a serious public health problem 
and its prevalence, morbidity and mortality have increased. Additionally, it is a disease that can occur across 
different age brackets (Gomes et al. 2009).  

Geometrical morphometrics have been effective to identify the patterns associated with diseases 
based on the description of the shape of the face and can be used in the identification of specific problems 
in the health care area (Demayo et al. 2009). The small variations found, in addition to those observed in 
relation to the diseases for both sexes, are resultant from sexual dimorphism. This has also been found by 
Schaefer et al. (2004), Demayo et al. (2009), Scott et al. (2010), and Mitteroecker et al. (2015).  

In the human face in the elderly, despite sexual dimorphism, ethnicity and facial variations resultant 
from human aging, there is a morphological pattern both from the frontal view and from the side view, 
especially in the auricular region, that identifies individuals with a diagnosis of diabetes, hypertension, with 
both diseases or with neither. It is worth highlighting that according to Zhang et al. (2014), establishing a 
diagnosis based on the face using quantitative analyses and resources can contribute to the reduction of 
bias in the identification of diseases. Therefore, methods capable of identifying and realizing an active search 
for possible carriers of these chronic diseases would significantly contribute to the identification of the at 
risk population, and therefore, by way of measures promoting and preventing these conditions, would 
reduce the morbidity and mortality attributed to them. 
 
5. Conclusions 

The elderly populations with chronic disease show variations in the shape of face front (zygomatic 
arch, in the menton and nasal regions) and side views (especially in the ear region). Geometric 
morphometrics is efficient in the categorization in elderly with diabetes hypertension and both diseases. 
Geometric morphometrics emerged as a promising method to identify health conditions, since it allows 
identifying them based on face shape factors that indicate chronic diseases. 
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