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Abstract

The expression of facial asymmetries has been recurrently related with poverty and/or dis-

advantaged socioeconomic status. Departing from the developmental instability theory,

previous approaches attempted to test the statistical relationship between the stress experi-

enced by individuals grown in poor conditions and an increase in facial and corporal asym-

metry. Here we aim to further evaluate such hypothesis on a large sample of admixed Latin

Americans individuals by exploring if low socioeconomic status individuals tend to exhibit

greater facial fluctuating asymmetry values. To do so, we implement Procrustes analysis of

variance and Hierarchical Linear Modelling (HLM) to estimate potential associations

between facial fluctuating asymmetry values and socioeconomic status. We report signifi-

cant relationships between facial fluctuating asymmetry values and age, sex, and genetic

ancestry, while socioeconomic status failed to exhibit any strong statistical relationship with

facial asymmetry. These results are persistent after the effect of heterozygosity (a proxy for

genetic ancestry) is controlled in the model. Our results indicate that, at least on the studied
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sample, there is no relationship between socioeconomic stress (as intended as low socio-

economic status) and facial asymmetries.

Introduction

Fluctuating asymmetry (FA) on bilateral human phenotypic attributes has been proposed as a

proxy of development instability [1–10]. This idea states that facial asymmetries can be seen as

a biomarker of an organism stress during its development, and indirectly accounts for their

phenotypic and genetic quality and/or stability [2,11–16], even though some analyses challenge

this relationship [17–21]. Based on the pan-adaptationist idea of the “biology of the poverty”,

by which humans adjust their surrounding constraints via biologial, social and ideological

shifts [22], some publications have tested for variable effects of socioeconomic status (SES) on

facial asymmetry features in human populations [7,23,24]. One recent approach, however,

reported lower FA scores in the more stressed sub-sample in female European skulls [10].

Moreover, some studies suggested significantly higher FA values in lower SES groups, with

males showing higher FA values than females [7] or relatively higher FA values on a sample

subjected to higher stress levels [5]. From a diachronic perspective, there is evidence that mod-

ern skulls present higher values of FA when compared to medieval ones on a population from

Poland [25]. Furthermore, FA has been associated with health status and there is some evi-

dence for higher FA rates in individuals deceased due to degenerative diseases rather than

those who suffered infectious diseases, with males exhibiting higher FA values than females

[9]. Regarding body and facial measurements, there is a report showing higher values of FA in

individuals having lower SES. Foot width, elbow width and knee width appear as the charac-

ters displaying greater FA, whereas ear width shows the opposite trend [24]. The same results

were obtained in another groups of the same city [26].

Undoubtedly, a large core of publications identified negative consequences related to grow-

ing and developing on low SES contexts, and a wide spectrum of outcomes, such as asthma,

infections, [27,28] and disease patterns [29] have been described. A recent investigation on a

large European sample failed to detect any relationship among childhood health status and FA

[30]. However, and considering that the development and genetic basis of FA is largely

unknown [31] and taking into account that craniofacial traits are determined by a complex

genotype-phenotype map [32–38], the using of FA as an indicator of developmental stress due

to SES context deserves further research.

In this context, we postulate that before establishing hypothesis based on the assumption

that fluctuating asymmetry is a proxy of developmental instability, some important factors

deserve attention. For instance, it should be noted that some degree of directional or fluctuat-

ing facial asymmetry is normal (e.g. non-pathological) at the population level, even among

healthy individuals see [39–41]. Also, the usefulness of FA as an indicator of individual devel-

opmental stability is poor unless the variance of developmental stability is extremely large [42].

In addition, large samples are usually needed to detect stress effects on FA and measurements

need to be made at least twice in the order to test for reliability of the asymmetry parameter

[43,44]. Finally, even if the relationships between FA, stress and developmental stability are

poorly understood, it can confidently be said that FA is not a general, and sensitive, indicator

of stress.

Considering all the above, the question arises if there is some detectable effect of SES

inequality on the patterns of FA. In this context, the establishment of human facial features or

expressions as biological adaptations requires a rigorous review of current knowledge on the
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“normal” variation patterns, which is a basic preliminary step to test any evolutionary hypothe-

sis [45].

Latin America as “natural experiment” to test asymmetries versus socio-

economic status hypotheses

Historically, the region has been marked by continuous, differential and diverse intra and

intercontinental migration events [46]. Such migratory history is accompanied by unequal

rates of socioeconomic development [47], sustained in the pervasive inequality inherent to

Latin America [48]. Even when most Latin-American countries enhanced the socioeconomic

status of their populations during the last decade, still there is an annual reduction of 7 percent

points of land covered by forest, a low and increasing unemployment ratio, an 80% of their

population live in cities [49], and 167 millions (28%) of population is still under poverty and

66 millions under extreme poverty conditions. Additionally, Latin America presents higher

prevalence of infectious and metabolic diseases [50]. Overall, and in contrast to studies made

on other regions and contexts [5,7,9,10,24,25], the abovementioned socioeconomic landscape

provides a proper scenario to explore the central tendency and variation of FA across a wide

range of socioeconomic levels established through wide geographic ranges.

In this paper, we aim to test if, besides the potential effects of genetic admixture on it, FFA

scores are linked to multivariate SES inequality on a sample of urban individuals belonging to

five admixed Latin American populations. Note that, instead of developing a classic approach

aimed to test if extreme poor conditions trigger some degree of FA, we focus on the “normal”

observed range of SES variations on modern, urban Latin-American populations.

Subjects and Methods

The sample

As part of the CANDELA initiative [51,52], we recruited 2,019 volunteers between 18 and 63

years (mean = 25.73 sd = 6.64; females = 850 mean = 25.05 sd = 6.23; males = 1165 mean =

26.22 sd = 6.88), from ten Latin-American cities: Mexico City (Mexico), Medellin (Colombia),

Lima (Peru), Arica (Chile) and Porto Alegre, Jequié, Porto Velho, Sao Gabriel, Cândido Godoi

and Imbé (all in Brazil). The inclusion-exclusion criteria were age range (at least 18 years old),

lack of antecedents of craniofacial dismorphologies, orthodontics treatments or severe facial

trauma. Further sample details are provided in Table 1 and the extended database is provided

as S2 Table. Approvals provided by Ethics Committees (Universidad Nacional Auntónoma de

México, Escuela Nacional de Antropologı́a e Historia, Universidade Federal do Rio Grande do

Sul, Universidad de Chile, Universidad Peruana Cayetano Heredia and Universidad de

Table 1. Sample details concerning age, gender and country for a total of 2,018 volunteers.

Age

Young adult (18–20) Early adult (20–40) Middle adult (40–60)

Sex

Country f m f m f m

Brazil 28 13 129 65 5 7

Chile 3 115 104 525 6 40

Colombia 106 60 208 173 0 0

Mexico 93 40 144 111 0 0

Peru 1 3 24 15 0 0

Totals 231 231 609 889 11 47

doi:10.1371/journal.pone.0169287.t001
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Antioquia) were obtained prior the data collection, and an informed consent were signed for

each participant before genetic, socioeconomic and facial phenotype data was collected

[51,52].

All covariates were taken as continuous variables (sex was assessed taking the discriminant

function axis between sexes). For tabulation of the Table 1, age was discretized following Sigel-

man and Rider [53] as young adult (18–20 years old), early adult (20–40 years old) and middle

adult (40–60 years old).

Facial 3D phenotyping

Facial shape was recorded following scientific photographic protocols described in detail in

references [51] and [52]. Upon these images, two observers (MQS and LC) placed a set of 34

standard facial landmarks (Fig 1, Table 2) using the Photomodeler software (http://www.

photomodeler.com/ Eos Systems Inc, Vancouver, Canada). As described elsewhere [52], this

platform corrects for any lens distortion automatically, and we have followed the standard rec-

ommendations for quality and accuracy provided by the software. Scale factor was assessed

using the nasion-gnathion distance measured directly on the individuals using a standard

anthropometric caliper.

Genomic data

From a blood sample taken from each volunteer we obtained genomic data involving 730,525

SNPs (single nucleotide polymorphisms) [51,52]. After quality control of the genetic data and

the exclusion of markers showing linkage disequilibrium, we used 90,000 SNPs in order to

perform ancestry estimations and obtain genome-wide average heterozygosity values using

PLINK [54,55]. Heterozygosity is calculated as 1 –homozygosity [52]. We correlated heterozy-

gosity against genetic ancestry estimations in order to characterize the distribution of this vari-

able in our sample (Table 3, Fig 2). The correlations among parental genetic ancestries and

heterozygosity provided highly significant pairwise r-values (p<0.0001), thus bringing sup-

port to using heterozygosity as an indicator of genetic ancestry.

Repeatability and error measurement tests

Due to its statistical properties, fluctuating asymmetry can be easily confounded with measure-

ment errors [56]. Thus, an a priori estimation of the magnitude and pattern of error is manda-

tory in order to guarantee that deviations from symmetry are due to biological factors, rather

than to methodological artifacts. Inter and intra observer error and repeatability assessments

were performed on the basis of replicated data. To measure inter-observer error both observers

generated multiple digitizing rounds on a single male individual, during four separate sessions

distributed across three months. After the Procrustes superimposition, the Euclidean distance

of each landmark to its respective centroid was computed and, for each observer, landmark

deviations were calculated relative to the observer landmark mean. Following Singleton [57],

mean deviations were calculated for individual landmarks and subsequently averaged to give a

mean deviation for each observer across all landmarks. One-way analysis of variance was per-

formed for each landmark by observer and the root mean squares were evaluated. The root of

the within-groups mean squares (root mean square error) is an estimation of the intraobserver

error [58], while the root of between-groups mean squares denotes interobserver error.

Data repeatability was estimated on the basis of replicated data belonging to 200 individuals

taken from the five countries and both sexes. The mean square values resulting from a Pro-

crustes ANOVA performed on this data subset can be considered as a variance score that can

be compared to the FA and DA variances. If the used protocol guarantees data repeatibillity,
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then the magnitude of the error term would be considerably lower than the individual, DA

and FA effects [56].

Estimation of the facial fluctuating asymmetry scores

We characterized the asymmetric component of shape variation in the facial phenotype using

Procrustes ANOVA and MANOVA designs [56], following methods used on a recent paper

[52]. Facial landmark configurations with object symmetry can be dissected into components

of symmetric and asymmetric variation by Procrustes superimposition of the original configu-

rations and their mirror images [59]. MorphoJ [60] provides individual facial fluctuating

asymmetry (FFA) scores, that is a metric aimed to quantify how the individual fluctuates

around its own mean asymmetry see more details in ref. [59] and [61]. The Procrustes

ANOVA model estimates the significance of an individual, side, individual-by-side interaction

and measurement error effects, accounting for individual, directional asymmetry (DA), FA

and error variation, respectively [56,61]. P-values were calculated using a permutation test

based on 100,000 iterations of the original data.

Fig 1. Anatomical location of the 34 landmarks used in this study depicted on a fronto-lateral view of the face

(see Table 2 for definitions). According to the ethic approval and written informed consent of CANDELA Project,

pictures of volunteers cannot be provided in scientific publications or websites. The image presented here belongs to a

collaborator who has given written informed consent (as outlined in PLOS consent form) to publish this figure, and was

taken following the standard CANDELA protocols.

doi:10.1371/journal.pone.0169287.g001

Table 2. Facial landmark anatomical definitions (see Fig 1 for anatomic-spatial reference).

No. Name Definition

Sagitals

1 Glabella The smooth area between the eyebrows just above the nose

18 Nasion (sellion) The midpoint of the nasofrontal suture

19 Pronasal The most protruded point of the nasal tip

20 Subnasal The junction between the lower border of the nasal septum and the

cutaneous portion of the upper lip in the midline

23 Labiale superious The midpoint of the vermilion border of the upper lip

26 Stomion The midpoint of the labial fissure when the lips are closed naturally

29 Labiale inferious The midpoint of the vermillion border of the lower lip

30 Gnathion The lowest point in the midline on the lower border of the chin

Bilaterals

2,10 Frontotemporale The most medial point on the temporal crest of the frontal bone

3,11 Superaurale The highest point of the free margin of the ear

4,12 Tragion The tip of tragus

5,13 Subaurale The lowest point of the ear lobe

6,16 Exocanthion The outer corner of the eye fissure where the eyelids meet

7,15 Palpebrale superiorus The superior point of the eyelid

8, 14 Endocanthion The inner corner of the eye fissure where the eyelids meet

9, 17 Palpebrale inferiorus The inferior point of the eyelid

21,22 Alare The most lateral point on the nasal alar

24,28 crista philtre (upper lip

point)

Highest point of the upper vermillion

25,27 Cheilion The outer corner of the mouth where the outer edges of the upper and

lower vermilions meet

31,33 Otobasion superiorious The superior point on the union of the lobule and the head

32,34 Otobasion inferiorous The basal point on the union of the lobule and the head

doi:10.1371/journal.pone.0169287.t002
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Statistical analyses related to test association of SES and facial

asymmetry

Departing from the intrinsic complexity and multifactorial, non linear nature of the SES [62]

we approached a model on the basis of three variables available in the CANDELA survey: fixed

monthly salary (FMS), frequency of domestic appliances by home, and education (schooling).

We use a multivariate composite measure of SES using a Principal Component Analysis

approach, following refs. [62] and [63], in order to obtain a wealth index (WI) with all PC

scores exhibiting eigenvalues higher than unit. Then we use these PC scores as a proxy for SES

variation in the sample. FMS was measured in the domestic currency of each country and then

converted to US dollars in order to homogenize the variable. The range of this variable goes

from 8.99 to 6.149 dollars per month (mean = 805.65, sd = 678.23). The CANDELA survey

registered the frequency of all domestic appliances, including 14 elements such as cars, radio,

TV, bicycles, etc. Finally, education was assessed as a meristic variable containing four catego-

ries: primary, secondary, universitary (or graduate) and postgraduate. Whenever possible, we

preferred to maintain the continuous nature of the SES variables (statistical support of the SES

indexes is presented in S1 Text).

The relationship between FFA scores and SES was explored using a Hierarchical Linear

Model (HLM) implemented in SPSS v. 12. Thus, individuals were “nested” within sub-popula-

tions (i.e. Brazil, Chile, Colombia, Mexico, Peru) in order to circumvent any among-country

effect on the SES variables, and to evaluate significant effects of the FFA scores by country and

sex. Age, sex, BMI, melanin index, heterozygosity, genetic ancestry and SES variables where

considered as main effects in the model. On a previous paper on the same populations [52] we

reported that genome heterozygosity is negatively correlated with FFA scores and, in conse-

quence, is highly related with genetic ancestry. Thus, to further refine our analysis on the

potential relationship among FFA and SES, we replicated all the abovementioned analyses on

the residuals of the regression of FFA scores on the heterozygosity values.

Results

Repeatability and error measurement tests

The ANOVA approach compute on the distances to the centroid proposed by [57] provides

the root mean square errors, which can be intended as intra-observer error, [58], whereas the

root of the mean squares among groups explains inter-observeer error. Our error tests results

are presented in Table 4, and they show that, to the exception of the first session (December),

the error percentage (%RMSE) is greater for the intra-observer than for the inter observer

error. Specifically, it can be noted that the inter-observer error diminishes across the consecu-

tive sessions (from 1.4884 to 0.9172), indicating a better performance due to the increased

training of both observers. The mean value for the inter-observer distance is 0.0373, which is

Table 3. Pairwise correlations and corresponding p-values for heterozygosity against the parental genetic ancestry values.

Variable Correlation Lower 95% Upper 95% p-value

American Heterozygosity -0.898 -0.9061 -0.8892 < .0001

European Heterozygosity 0.7938 0.7771 0.8094 < .0001

European American -0.9668 -0.9695 -0.9638 < .0001

African Heterozygosity 0.5298 0.4977 0.5604 < .0001

African American -0.2789 -0.3186 -0.2382 < .0001

African European 0.0242 -0.0194 0.0677 0.2758

doi:10.1371/journal.pone.0169287.t003
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lower than any of the inter-individual distances for any observer (Table 5). Also, the maximum

inter-observer distance (0.0739) is well below the average intra-observer error for both

observers.

The Procrustes ANOVA repeatability essay, performed on the 200 replicates, indicated that

the error term provided the lowest mean square values in relation to variation due to sex, indi-

vidual, DA, and FA (Table 6). Note that the error term is slightly smaller than FA, a result that

both, guarantee the reliability of our analyses, and reinforces our general claim for caution

when using FA as a proxy to developmental instability (see below). This cautionary note is par-

ticularly important when FA is obtained from small sample sizes and error levels are not evalu-

ated. The common sense indicates that the error should be smaller than FA, but there is no

rule-of-thumb stating how smaller the error needs to be. Given the large sample size used here

and the associated metadata (genomics, phenotypes, SES variables, etc.) that we have compiled

to perform this study, we have no ways of comparing our error levels with similar analyses.

However, what is clear is that error levels are not above the magnitude of FA in our sample.

Considering the intra/inter-observer error and repeatability patterns described above, and

the relatively large size of the faces studied here, these margins of error and repeatability were

considered acceptable.

SES and facial asymmetry

The Hierarchical Linear Model (HLM) performed on both, heterozygosity corrected and

uncorrected individual FFA scores provided a significant dependence of FFA scores on age,

sex, BMI, melanin index and heterozygosity (for uncorrected data). Specifically, both corrected

and uncorrected FFA increases with age in both sexes. Additionally, independently of the het-

erozygosity effect, FFA scores increases with BMI in both sexes, showing a marked effect in

males (see S1 Table).

We have detected a moderated association with PC3 (p = 0.028) and PC4 (p = 0.036) of the

WI (Table 7). The PC1WI resumes 24.44% of the total variance in the sample, and the positive

values of this PC are characterized by the possession of TV, video, bathroom, car and radio.

Fig 2. Matrix depicting correlations among wide-genome heterozygosity scores and genetic ancestry

estimations. a) Males, b) Females. Ellipses account for the 95% of the variance and the color depicts the r-

value magnitude (see right-bottom scale for reference). The corresponding r-values are placed in the lower

triangle of the matrix.

doi:10.1371/journal.pone.0169287.g002

Table 4. Inter- and intraobserver mean errors across three digitizing sessions (February, January and December). RMSE = Root of the mean square

error (see text for details).

February RMSE %RMSE

min max mean min Max mean

Interobserver 0 0.0053 0.0009 0 1.6995 0.9172

Intraobserver 0 0.0032 0.0007 0.3005 2 1.0828

January RMSE %RMSE

min max mean min Max mean

Interobserver 0 0.0033 0.0007 0.1713 1.411 0.908

Intraobserver 0 0.0026 0.0007 0.589 1.8287 1.092

December RMSE %RMSE

min max mean min Max mean

Interobserver 0 0.0149 0.0043 0.2665 1.8766 1.4884

Intraobserver 0 0.0028 0.0009 0.1234 1.7335 0.5116

doi:10.1371/journal.pone.0169287.t004
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PC2WI explains a 9.97% of the total variance and is related to FMS, education and possession

of freezer. The two significant principal components, in terms of its association to FFA in the

HLM model explain collectively a 14% of the total variation. Specifically, PC3WI explains a

7.72% of the total variance and is mainly explained by fridge and education in the positive val-

ues versus having a vacuum and bike in the negative scores. Finally, PC4 WI accounts for

6.30% of the total variance and is related to having a dishwasher in the positive axis and a

motorcycle for the negative quadrant (see S1 Text for details in the loading matrix of PCAWI).

Considering both, the small variance explained by PC3WI and PC4WI added to the fact that

these PCs do not seem to discriminate among high and low wealth status, but on the pattern of

acquisition or possession of specific goods (e.g. some items are sorted in the positive and oth-

ers in the negative values of these PCs), we cannot state that there is a relationship among

increased levels of asymmetry and low socioeconomic status (Table 7). This general pattern of

results is not altered after correction of FFA values for heterozygosity.

Matrix graphs displaying the pairwise comparisons of FFA values and SES shows non-asso-

ciation among these variables and even a pattern of decreasing FFA as SES values increase (Fig

3). Some of these correlations were significant but the explained variance is very small.

Regarding among-country variations, Peru showed the higher FFA values of the sample

and Colombia the lower ones in males, whereas the highest FFA values in females were found

in Chile (Fig 4, see S1 Table for details on distributions of FFA scores by sex and country).

Finally, univariate correlations of FFA scores and PC scores of WI were significant in Females

(PC2 and PC3) and males (PC1), but note that these PCs explain less than 10% of the variance.

Discussion

This study is focused on exploring the potential association among facial asymmetries and SES

indicators on a large sample of Latin American admixed samples collected on different Latin-

American countries. Following previous recommendations [56,64], the effects of within and

between observer error measurement were quantified, in order to guarantee that these effects

are negligible in relation to asymmetry values, which is the case in our sample.

Our results indicated significant association of FFA scores with specific covariates such as

age, BMI, country and heterozygosity. As previous approaches [52], we identified a strong

Table 5. Central tendency and dispersal statistics for within and between-observer differences.

effect min max sd mean median mode

Observer 1 0.0410 0.1719 0.0170 0.0827 0.0806 0.0575

Observer 2 0.0490 0.1505 0.0171 0.0794 0.0765 0.0833

O1-O2 0.0257 0.0739 0.0169 0.0373 0.0316 0.0833

Totals 0.0257 0.1719 0.0169 0.0828 0.0808 0.0833

doi:10.1371/journal.pone.0169287.t005

Table 6. Repeatability essay: Procrustes ANOVA results with sex as covariate.

Procrustes ANOVA

Effect SS MS df F P (param.)

Sex 0.4987866 0.0097801 51 163.98 < .0001

Individual 12.6538792 0.0000596 212160 6.64 < .0001

DA 0.0746448 0.0016965 44 188.74 < .0001

FA 1.6456741 0.0000090 183084 1.24 < .0001

Error 0.1132016 0.0000072 15675

doi:10.1371/journal.pone.0169287.t006
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association of patterns of asymmetry with American and European ancestry, as well as a nega-

tive correlation among FFA values and heterozygosity.

Increasing FFA with age is in concordance with previous reports showing ontogenetic

increase of skeletal fluctuating asymmetry in Rhesus macaques and humans [65–67]. FFA

is also dependent on sex in our sample, being higher in females. Previous estimations of de-

pendence of facial asymmetries on sex are quite contradictory, with some papers reporting

statistical differences [10,68–70], and others reporting null or weak sex-effects [6,40,71]. Addi-

tionally, some analyses suggest higher FFA values on males [7,66,72], while others are concor-

dant with our results, showing stronger asymmetries in females [10,40].

Table 7. Results of HLM for FFA scores against age, sex, BMI, genetic ancestry and PC scores for wealth index. For simplicity, and considering the

high correlation between both data sets, results are presented only for heterozygosity-corrected data (blue-colored cells indicate significant effects at p< =

0.01).

Heterozygosity corrected FFA scores

Estimation sd df t p

Age 0.022 0.002 5,227.956 8.781 0.000

Sex -0.125 0.030 5,222.607 -4.214 0.000

BMI -0.015 0.004 5,227.425 -0.387 0.000

Melanine -0.011 0.003 5,226.054 -3.588 0.000

European 0.196 0.104 3,590.690 1.882 0.060

African 1.387 0.305 5,152.044 4.548 0.000

PC1 WI 0.028 0.014 5,147.350 1.949 0.051

PC2 WI -0.026 0.016 5,213.821 -1.648 0.100

PC3 WI 0.038 0.017 5,138.595 2.195 0.028

PC4 WI -0.029 0.014 5,212.806 -2.094 0.036

doi:10.1371/journal.pone.0169287.t007

Fig 3. Matrix of correlation of FFA scores (corrected and uncorrected for heterozygosity effects) against SES variables (PCA-WI) by sex. a)

Females b) Males. Raw and corrected FFA scores are presented in the left and right columns respectively. Ellipses account for the 95% of the variance and

the color depicts the r-value magnitude (see left-bottom scale for reference). Lower triangle of the matrix indicates the r-value correlation scores.

doi:10.1371/journal.pone.0169287.g003
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FFAs and SES variables

Facial asymmetry was correlated with PC3 and PC4 of a principal component analysis aimed

to synthesize a wealth index (Table 4), but these correlations are low in general and do not

seem to support any association between asymmetry and socio-economic status since low

PCs in the wealth index approach seem to reflect a pattern of good consumption rather the

magnitude of it. Because of the complexity of the phenotype under study, an important remark

regarding these results is the general sample size achieved. Note that all previous surveys

aimed to test for associations among asymmetry and SES are based on samples sizes of 80 to

392 individuals [9,10,23,25], while our sample exceeds by 6 or 15 times these values.

Our core results contradict the previous statement that lower SES is associated to higher

facial asymmetries [5,7,23,25,73]. A possible explanation to this discordance is that our sample

does not cover cases of extreme poverty (below US$ 8,00 per month), but note that previous

reports do not provide specific details on economic income. Conversely, our sample includes

detailed indicators of SES and indeed covers a wide range of SES on a large and supervised

sample. Specifically, we detected no association between FFA and SES, and individuals with

low SES scores do not statistically differ in terms of FFA from those with higher SES. This sug-

gests that high asymmetry values are not characteristic or intrinsic to groups with less income

and the allegedly concomitant instability they could suffer during its development.

Some previous reports suggested a relationship among asymmetric facial shape and lower

incomes. For instance, Özener [73], analyzing seven body measurements stated that “accord-

ing to the results, FA is higher in individuals who have lower socioeconomic status, and who,

in turn, are subject to environmental stresses”. Foot, elbow and knee appear as the more

Fig 4. Boxplots of distribution of the FFA scores by country and sex. The dotted line represents the grand mean, the continuous black line connect

means among countries. a) Females, b) males. Black points represent outlier values. The left column plots represent raw FFA scores and the right ones

the FFA scores corrected for the heterozygosity effects.

doi:10.1371/journal.pone.0169287.g004
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asymmetric characters [73]. Other reports found a significant relationship of female skull fluc-

tuating asymmetries with lesser SES structure on a more stressed population [10]. Addition-

ally, some authors reported significantly higher FA values in lower SES groups, with males

showing higher values than females [7]. Theoretically, it is assumed that impaired SES status is

associated to worse life conditions and the consequent developmental instability it would con-

fer. However, a straightforward and empirically based relationship among SES and health con-

ditions is still to be proved. For instance, a recent study in Costa Rican individuals displaying

better education and FMS indicators showed poorer health indicators such mortality and met-

abolic syndrome [74]. In contrast, indexes related to life quality such as functional or cognitive

incapacities, physic fragility and depression appeared to be exacerbated in lower SES sub-sam-

ples [74]. Factors of cardiovascular risk, diabetes and cholesterol are not related to SES, but

hypertension and obesity are more frequent in individuals with higher SES index [74]. Smok-

ing or low exercise-levels are frequent on low SES sub-samples, but highly caloric diets are

more ubiquitous among high SES individuals [74]. This complex pattern is indicative of the

intrinsic complexity of measuring SES and its impacts on health and phenotypic conditions,

including developmental stability/instability. This difficulty increases if large sample sizes are

absent, or important factors underlying asymmetries, such as genetic ancestry, are not taken

into account. To sum up, individuals occupying both extremes of the socioeconomic variation

display great variation on the pattern of the abovementioned “biomedical” phenotypes, indi-

cating that caution is needed when stating hypothesis linking low SES, developmental instabil-

ity, and FFA and other phenotype as an univocal phenomenon. Such conceptual link is

strongly based on the social determinants of health [75], which traditionally associates better

health position to social status, an idea that was extrapolated to the relationship among SES

and asymmetry. Currently, biological and social scientists agree about the consequences of

poverty and social inequality, especially during the peri-natal period and early childhood [76]

and regarding low birthweight (defined as less than 2,500 grams). These seem to be clear exam-

ples of the biological impact of social inequality that can trigger serious biomedical effects.

What our results specifically question is the using of facial asymmetries as an indicator of a

developmental instability due to low of higher SES. In other words, we argue that the main

statements of the “biology of the poverty” [22], cannot be applied to facial characters, as can be

for other characters such as diseases or infections [27–29,50,77].

The CANDELA sample provides an interesting context to test such hypothesis, since perva-

sive inequality inherent to Latin America [48], marked by continuous, differential, diverse

international migration and combined unequal development [46,47] enables comparisons of a

wide range of SES scores and their putative associations with asymmetries. In addition, our

multidimensional approach to SES guarantees a more accurate and precise indicator of indi-

vidual and population SES status, as previously stated [78]. Finally, our metadata sample

enables the simultaneous exploration and consequent statistical control of heterozygosity as an

alternative and complementary source of FFA variation. On a recent paper we have obtained a

negative correlation among heterozygosity and facial asymmetries, suggesting that admixed

populations may exhibit a greater response to the putative developmental stress implicit in the

admixture event among three populations [79]. Our results on the relationship between SES

and FFA are robust in the sense that the lack of statistical association remains after the effects

of genomic ancestry are removed from data.

Conclusion

Our approach based on the comparison among multidimensional socioeconomic wealth status

indicators and facial fluctuating asymmetries indicates that there is no relationship between
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both variables. In other words, belonging to the most vulnerable socioeconomic groups is not

related to displaying greater asymmetries. The range of asymmetry variance observed in the

higher SES subsample may suggest that the responses to developmental stability/instability is

not determined in a mechanistic way; rather, it would be driven by many non lineal factors.
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