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Abstract
Background: There are different genetic patterns for cardio-metabolic parameters among different populations.
Additionally, it has been found that ancestral genetic components (the proportion of Amerindian, European and
African) in admixed Latin American populations influence an individual’s susceptibility to cardio-metabolic disorders.
The aim of this study was to evaluate the effect of ancestral genetic composition on a series of cardio-metabolic
risk factors in a young admixed population from Colombia.
Results: In a sample of 853 Colombian youth, 10 to 18 years old, the mean European contribution was 66.6 %
(range: 41–82 %), the mean African contribution was 14 % (range: 4–48 %), and the mean Amerindian contribution
was 19.4 % (range: 10–35 %) using a panel of 40 autosomal ancestry-informative markers (AIMs). We assessed the
degree of association between ancestral African, Amerindian and European genetic components and measures of
body mass index, waist circumference, fasting glucose, fasting insulin, insulin resistance, triglycerides, high-density
lipoprotein, and systolic and diastolic blood pressure. Two of the nine measures assessed presented a nominal
significant association with ancestral components after adjusting for confounding variables: triglyceride levels were
associated with the Amerindian component (OR = 1.06, 98.3 % CI = 1.01–1.11, P = 0.002) and systolic blood pressure
was associated with the European component (OR = 0.93, 98.3 % CI = 0.87 to 0.99, P = 0.008) and the African
component (OR = 1.07, CI = 1.01–1.14 P = 0.008), although it was not significant following a global Bonferroni
correction. Additionally, insulin levels and insulin resistance showed associations with the African component.
Conclusions: Our findings support the idea that an Amerindian ancestral component may act as a risk factor for
high triglyceride levels. In addition, an African ancestral component confers a risk for high systolic blood pressure,
and a European ancestry serves as a protective factor for this condition in a young admixed population from
Colombia. However, these results should be confirmed in a larger population.
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Background
The genomic composition of Latin American (LA) populations is the result of a tri-ethnic genetic admixture
that occurred during the colonization of the American
continent. This process has been documented with historical data and initially corroborated via lineage-based
tests, which target mitochondrial DNA and the non* Correspondence: angelicamariamc@yahoo.com
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recombining Y chromosome [1, 2]. Subsequently, with
the discovery of an autosomal marker-based test to detect sequences with large differences in their allelic frequencies among continental populations (δ), called
ancestry-informative markers (AIMs), it has been possible to infer the proportions of each of the three ancestral components in an admixed LA genome [3, 4]. Using
AIMs, the ancestral genetic compositions of several LA
populations, including the Colombian population, have
been determined [3, 5]. The results show that the majority of LA populations were founded by a complex admixture process among three continental populations
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(Amerindian, African and European), although the proportions vary among – and even within – countries [6].
Knowledge of the ancestry of Latin American populations has different applications, ranging from forensic
and anthropological uses to informing biomedical sciences, and can be especially useful in the identification
of gene variants associated with both infectious and
complex diseases [7, 8].
Using genetic admixture as a tool to identify gene variants involved in complex diseases requires differences in
allelic frequencies among the parental population and
recent occurrence of admixture mating among those
parental populations. The genetic admixture is a factor
that influences the allelic frequencies in a population
and this, in part, contribute to explaining the differences
observed in the epidemiology of certain diseases in
admixed population regarding parental populations.
These two conditions are fulfilled in the Colombian
population because the diseases involved in cardiometabolic disorders, such as obesity, type 2 diabetes
mellitus (T2D), hypertension and dyslipidemia, have different prevalences in European, African and Amerindian
populations [9] and because the demographic history of
the genetic admixture is very recent [5]. Globally, the
prevalence of overweight and obesity varies across different regions. In adults, it is the highest in the Americas
(61.3 %) and is the lowest in Africa (30.8 %). The prevalence of diabetes is the highest in the American/Caribbean
region and the lowest in Africa (12.9 % and 3.2 %, respectively), whereas the prevalence of high blood pressure in
adults is the highest in Africa (30 %) and is lower in the
Americas (18 %). Finally, the prevalence of elevated total
cholesterol is the highest in Europe (54 %) and the lowest
in Africa (22.6 %) [9, 10] (See Additional file 1: Table S1).
Because of this heterogeneity, genetic admixture studies provide a unique opportunity to account for the
heterogeneity of population-based differences and to
understand the role of genetic factors that contribute
to disease risks in admixed populations. However,
there have been no studies evaluating the effect of
ancestry on cardio-metabolic parameters conducted
on people under 18 in the Colombian population. Finally, the identification of the effect of genetic variants in the prevalence of such diseases requires that
the effect of variables that interfere with this association, such as socio-economic status, parental education, physical activity and diet, be assessed using a
control. Based on the above information, we aimed to
evaluate the association between individual and average estimates of genetic ancestry and the anthropometric, biochemical and clinical measurements used
to assess cardiovascular risk factors in a Colombian
population of admixed youth while adjusting for environmental factors.
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Methods
Population of the study

A cross-sectional study of 853 unrelated, self-identified
healthy volunteers of both sexes between 10 and 18 years
old was performed. The population base for subject recruitment was the population examined in following
study: “Metabolic Syndrome in overweight youth: Identification of risk factors and evaluation of an intervention.” The participants were affiliated with a company
that provides health services in the city of Medellin in
northwest Colombia. The exclusion criteria were defined
as follows: young people who used corticosteroids or
thyroid hormones; those who were hypoglycemic; those
diagnosed with diabetes, chronic renal failure, or innate
metabolism-related genetic diseases; those with physical
or mental disabilities; those who were highly competitive
athletes; and those who were pregnant or nursing. This
study complied with the Declaration of Helsinki ethical
principles for medical research involving human subjects. The researchers complied in all cases with Resolution 8430 of 1993, from the Colombian Ministry of
Social Protection.
General socioeconomic and health information

The participants and their guardians answered a questionnaire and provided general information, including
sex, date of birth and socioeconomic status, according
to the National Administrative Department of Statistics
(Departamento Administrativo Nacional de Estadística,
DANE), which has established six socioeconomic categories based on housing location, with stratum 1 being
the lowest and 6 the highest [11]. For the purpose of this
analysis, the data obtained for the socioeconomic strata
were classified into three categories: low (1 and 2), middle (3 and 4) and high (5 and 6). Pubertal maturation
was based on a self-evaluation performed by the subjects
according to the Tanner Sexual Development Stages
using pictures or schematic drawings [12, 13]. In
addition, information on birth weight and the duration
of breastfeeding was obtained.
Phenotypes

For this study, cardio-metabolic risk factors were defined
as follows: waist circumference (WC) ≥ the 90th percentile for the individual’s age and sex (according to
values reported in the III National Health and Nutrition
Examination Survey (NHANES) for Mexican-American
youth) [14]; triglycerides (TGs) ≥110 mg/dL; HDL cholesterol ≤40 mg/dL; systolic or diastolic blood pressure
≥the 90th percentile for the individual’s age, sex and
height; and fasting blood glucose ≥100 mg/dL. Additionally, overweight (body mass index (BMI) >85th percentile; insulin >23.0 μU/mL and insulin resistance (IR)
(HOMA >3.1) were determined. IR was estimated using
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the Homeostasis Model Assessment (HOMA-IR) using
the HOMA Calculator Version 2.2.2 software from the
©Diabetes Trials Unit from Oxford University. Each of
the measures were obtained using standardized protocols and calibrated equipment as referenced by previous
studies [15].
Environmental covariates

Food intake was assessed using a 24-hour reminder,
which was randomly distributed on different days of the
week. A second reminder was given in a random subsample and on non-consecutive days to estimate and adjust for individual variability. The level of physical activity
was determined using the University of South Carolina
Arnold School of Public Health’s 3-Day Physical Activity
Recall (3DPAR) questionnaire, in which participants were
asked questions about their physical activity (PA) for
the three previous days (two weekdays and one weekend day). For the purposes of this analysis, the data
obtained were classified into three final levels: low,
moderate, and high [16].
Genetic ancestry estimation

To infer the individual and average ancestries of the participants, 40 AIMs widely distributed across the genome
that show differences in the allele frequencies (higher
than 40 % between at least two populations) among the
European, Amerindian and African parental populations
were selected. AIMs were selected using the previously
available population data included in the Marshfield
Clinic diallelic insertion/deletion polymorphism database
[17], a database of retrotransposon insertion polymorphisms in humans (dbRIP) [18], and from studies that
have also characterized markers for Latin American populations [4, 19]. Detailed information about the 40 AIMs
are shown in Additional file 1: Table S2 and Table S3.
DNA was extracted from peripheral blood using a standard method [20]. The concentration and quality of the
samples were determined via spectrophotometry. The
AIMs were typified using PCR-RFLP (polymerase chain
reaction – restriction fragment length polymorphism)
analysis and based on the differences in the amplified
fragment sizes (in cases of an In/Del) using capillary
electrophoresis in an ABI-PRISM 310 genetic analyzer
(Applied Biosystems). Genotype determination was performed using the GeneMapper v 4.0 program.
Statistical analysis

The assumption of normality of the quantitative variables was evaluated using the Kolmogorov-Smirnov
test. The qualitative variables were presented with
their frequency distributions; the quantitative variables
were summarized according to their median and
interquartile ranges. Food consumption data were
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analyzed based on the Program Evaluation of Dietary Intake (Evaluación de la Ingesta Dietética, EVINDI v4) [21].
Reports of nutrient intake were processed using the program PC SIDE (Personal Computer Version of Software
for Intake Distribution Estimation) v 1.0. The allele and
genotypic frequencies were calculated with the PLINK v.
1.07 program [22]. Ancestry proportions were calculated
with the ADMIXMAP v 3.2 program [23], which uses a
frequentist-Bayesian method. The analysis of median differences was performed using Mann-Whitney U or
Kruskal-Wallis tests. Individual cardio-metabolic parameters (body mass index, waist circumference, HDL cholesterol, systolic or diastolic blood pressure, fasting blood
glucose, and insulin resistance) were coded as binary variables based on the cutoff values described above. Logistic
regression analysis was performed using the dichotomous
variables as an independent model to assess the effect of
each of the genetic ancestries on each cardio-metabolic
parameter. Because of the known effects of socioeconomic status, parental education, physical activity and
diet on these components, each of these covariates
were included in the model as control variables. Analyses were conducted with SPSS (Statistical Package
for the Social Sciences) v. 19.0 statistical software and
PLINK v. 1.07 [22]. Because all associations assessed
were based on a priori hypotheses, both unadjusted
and adjusted probability values are reported. The significance test were adjusted by the Bonferroni
method, two threshold significance as a p-value
<0.05/3 = 0.0167 (three ancestry), and p-value <0.05/
27 = 0.0018 (global correction, three ancestries * nine
cardio-metabolic parameters) was considered significant for avoiding the error of multiple testing. The
threshold of significance for all other comparisons
was p <0.05.

Results
General characteristics of the study population

A total of 853 young volunteers (10 to 18 years old)
from a region of Colombia (Medellín) were included in
the study. The average age was 14 ± 2.4 for both male
and female. Of the volunteers, 52 % were female, 42 %
belonged to the middle socioeconomic stratum, and
54 % were classified as post-pubertal. As for the perinatal and environmental variables, 86 % had an adequate
birth weight and 9 % breastfed for less than a month;
29 % of the youth watch TV for >4 h per day; and 33 %
engaged in low levels of physical activity. The median
energy intake was 2253 kcal/day. Diets consisted of 13 %
protein, 55 % carbohydrates and 32 % fat. Table 1 shows
the demographic, perinatal, physical activity and food
consumption values in relation to each of the cardiometabolic parameters.

WC
(cm)

BMI

Fasting Glucose
(mg/dL)

Fasting Insulin
(μU/mL)

HOMA score

TG
(mg/dL)

HDL
(mg/dL)

DBP
(mmHg)

SBP
(mmHg)

Females

69.1 (63.4–74.8)**

22.0 (19.7–24.8)

82 (77–88)**

10,2 (7.5–14.7)**

1.3 (1.0–1.9)**

94 (70–135)

51 (43–60)

62 (60–70)**

101 (100–110)**

Males

73.3 (67.2–79.9)

21.9 (19.6–25.0)

85 (80–91)

8.3 (5.8–12.8)

1.0 (0.7–1.6)

91 (63–133)

50 (41,5–58)

70 (61–74)

110 (101–118)

10 to 13.9

68.9 (63.0–75.3)**

21.2 (18.6–23.8)**

83 (78–88)**

9.1 (6.4–13.2)*

1.2 (0.8–1.7)

92 (68–131)

52 (44–60)**

62 (60–70)

102 (100–110)**

14 to 18

73.0 (68.1–79.9)

23.0 (20.6–25.9)

85 (80–90)

9.8 (6.9–14.7)

1.2 (0.9–1.9)

93 (65–138)

48 (41–58)

68 (62–73)

110 (101–119)

Low

70.0 (63.7–77.2)

21.9 (19.2–25.0)

84 (79–90)*

9.3 (6.4–14.0)

1.2 (0.8–1.8)

98 (70–143)**

50 (42–57)*

64 (60–70)**

105 (100–112)

Medium

70.6 (65.2–76.9)

22.0 (20.0–24.9)

84 (79–90)

9,4 (6,8–13,7)

1.2 (0.9–1.8)

97 (68–136)

50 (42–60)

64 (60–70)

106 (100–115)

High

71.0 (66.0–78.0)

21.9 (19.7–25.1)

81 (77–88)

9,4 (6,4–13,2)

1.2 (0.8–1.7)

78 (59–106)

53 (45–62)

70 (61–70)

105 (100–115)

67.3 (62.5–75.8)**

20.5 (18.1–23.5)**

84 (78–89)

8.3 (5.2–13.8)**

1.1 (0.7–1.7)

97 (66–147)

53 (42–60)*

62 (60–70)**

100 (100–109)**

Pubertal

69.5 (63.0–76.1)

21.5 (18.7–24.0)

82 (78–88)

9.2 (7.1–12.8)

1.1 (0.9–1.7)

89 (67–127)

52 (45–60)

64 (60–70)

105 (100–112)

Postpubertal

72.3 (67.4–78.4)

22.9 (20.5–25.5)

84 (79–90

9.9 (6.7–14.1)

1.2 (0.9–1.8)

92 (67–134)

48 (42–58)

66 (60–70)

109 (100–116)

Low (<2500)

68,8 (64.5–77.2)

21.2 (19.4–23.8)

82 (75–89)

9.6 (7.5–15.1)

1.2 (0.9–2.0)

92 (70–133)

48 (40–55)

67 (60–70)

106 (100–110)

Adequate (≥2500–4000)

70.2 (64.5–77.0)

21.9 (19.6–24.8)

84 (78–89)

9.2 (6.4–13.5)

1.2 (0.8–1.7)

92 (67–132)

50 (43–59)

64 (60–70)

105 (100–114)

High (>4000)

73.1 (68.1–79.0)

22.5 (20.6–25.9)

82 (78–87)

8.5 (5.8–13.6)

1.1 (0.7–1.8)

83 (63–123)

51 (42–61)

64 (60–70)

109 (100–115)

Gendera

Age groupa

b

Socioeconomic Status
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Table 1 Characteristics of the study population, stratified according to cardio-metabolic parameters

b

Pubertal maturation
Prepubertal

b

Birth weight, (g)

Duration of breastfeeding, (months)

b

>6

70.0 (63.8–76.9)**

21.7 (19.2–24.8)**

84 (79–90)

9.1 (6.3–13.6)*

1.2 (0.8–1.7)**

92 (67–127)

50 (43–60)

64 (60–70)

105 (100–114)

>3–6

69.6 (64.1–76.0)

21.7 (19.6–24.6)

82 (78–87)

9.2 (7.2–13.2)

1.2 (0.9–1.7)

97 (73–136)

51 (44–61)

64 (60–70)

105 (100–112)

>1–3

70.5 (65.5–77.8)

22.0 (20.1–25.1)

85 (77–91)

9.6 (6.4–13.4)

1.2 (0.8–1.7)

85 (63–151)

51 (42–58)

67 (61–71)

106 (100–115)

0–1

75.1 (69.9–82.0)

23.2 (20.9–26.7)

84 (79–90)

11.3 (7.5–17.3)

1.5 (0.9–2.2)

90 (63–138)

48 (42–58)

66 (60–74)

110 (100–119)

Time of television and video games, (hours)b
<2

69.5 (63.2–75.8)**

21.3 (18.9–24.0)**

83 (77–88)

8.8 (6.1–12.7)

1.1 (0.8–1.6)

85 (65–132)*

51 (44–60)

65 (60–70)

105 (100–115)

2–4

70.1 (64.6–77.0)

21.8 (19.7–24.9)

84 (79–90)

9.4 (6.9–13.5)

1.2 (0.9–1.7)

93 (67–128)

51 (44–60)

65 (60–70)

106 (100–114)

>4

72.5 (67.4–78.4)

22.8 (20.2–25.3)

83 (79–89)

9.9 (6.9–15.2)

1.2 (0.9–2.0)

100 (73–141)

48 (40–58)

64 (60–70)

105 (100–114)
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Physical activityb
High

70.9 (64.5–77.7)

21.6 (19.3–24.6)*

83 (78–89)

7.9 (5.5–11.8)**

1.0 (0.7–1.5)**

84 (60–126)**

52 (44–60)**

68 (60–71)*

108 (100–113)

Moderate

70.2 (64.3–76.6)

22.0 (19.7–24.9)

84 (78–89)

9.9 (7.1–13.8)

1.2 (0.9–1.7)

98 (73–141)

51 (43–59)

64 (60–70)

104 (100–115)

Low

70.9 (65.6–77.4)

22.4 (20.0–25.3)

84 (79–90)

10.6 (7.7–15.5)

1.4 (1.0–1.9)

97 (71–137)

48 (42–57)

64 (60–70)

105 (100–114)

Percent of calories from simple carbohydrate
≤10

70.4 (64.6–76.4)

21.7 (19.9–24.6)

83 (78–89)

8.8 (6.3–12.8)*

1.1 (0.8–1.6)*

84 (60–125)**

53 (44–61)**

64 (60–70)

105 (100–114)

>10

70.5 (64.8–77.5)

22.0 (19.5–25.0)

84 (78–90)

9.8 (6.9–14.1)

1.2 (0.9–1.8)

96 (69–141)

49 (42–58)

64 (60–70)

105 (100–114)

Yes

69.2 (63.1–75.6)**

21.5 (19.1–23.9)**

82 (77–88)**

8.8 (6.0–12.2)**

1.1 (0.8–1.55)**

89 (65–128)

51 (43–60)

64 (60–70)

103 (100–112)*

No

71.0 (65.6–77.9)

22.3 (20.0–25.3)

84 (79–90)

9.8 (6.9–14.7)

1.2 (0.9–1.8)

94 (68–137)

50 (42–59)

64 (60–70)

106 (100–115)

Consumption of fruits daily
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Table 1 Characteristics of the study population, stratified according to cardio-metabolic parameters (Continued)

Data presented in median and interquartile range. BMI body mass index, WC waist circumference, TG triglycerides, HDL high density lipoprotein, DBP diastolic blood pressure, SBP systolic pressure arterial. Significant
differences between groups: *P <0.05, **P <0.01 (aU de Mann-Whitney; b Kruskal-Wallis)
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Estimation of ancestry and its effects in relation to each
of the cardio-metabolic parameters

The range of European ancestry was 41–82 %; African,
4–48 %; and Amerindian, 10–35 %. The average ancestral percentages of the 853 young people were 66.6 ±
5.7 % European, 14.0 ± 4.7 % African, and 19.4 ± 4.1 %
Amerindian. The individual admixtures are shown in
Additional file 1: Table S4 and Figure S1. Dirichlet distributions of the proportions of European, African, and
Amerindian ancestral components in the study population are shown in Fig. 1. Median differences and logistic
regression model analyses were performed after recoding
each of the cardio-metabolic parameters to convert them
into binary variables. Our bivariate analyses revealed that
the subjects with high TGs had a higher percentage of
the Amerindian ancestry (P = 0.001) and less European
ancestry (P = 0.007) than those with normal values. The
subjects who had a high SBP had a lower European ancestry component (P = 0.002) and a higher African component (P = 0.013) in comparison with those who had
normal SBP values. Subjects who had high insulin levels
and HOMA-IR measurements had a higher percentage
of African ancestry (P = 0.029 and P = 0.036, respectively)
than those who had normal values in these parameters
(Table 2). The values for BMI, WC, glucose levels, HDL
and DBP did not show significant differences in relation
to any of the ancestries.
The logistic regression model included ancestry as the
principal independent variable and was adjusted for age,
sex, pubertal maturation, socioeconomic stratum, physical activity, percent of calories from simple carbohydrates, daily consumption of fruits and BMI. Even
though some of the covariates were not significantly associated with the outcome variables in Table 1, some of
them were included, as they have been previously reported to be important factors. Amerindian ancestry was
associated with an increased risk for elevated TGs for
each percentage unit increase in Amerindian ancestry;
specifically, the probability of having high TGs increases
by 6 % (OR = 1.06, 98.3 % IC = 1.01–1.11, P = 0.002).
After the adjustments described above, no effect of the
European ancestry was found on TGs levels, but a
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protective effect was found for high SBP; for each percentage unit increase in European ancestry, the probability of having high SBP decreased by 7 % (OR = 0.93,
98.3 % IC = 0.87–0.99, P = 0.008). However, an African
ancestry was positively associated with a risk for high
SBP; for each percentage unit increase in African ancestry, the probability of having high SBP increased by 6 %
(OR = 1.07, 98.3 % IC = 1.01–1.14, P = 0.008) (Table 3).

Discussion
This study evaluated the association of ancestry with the
following cardio-metabolic risk factors in a young population that was the product of ancestral mixture: WC,
BMI, glucose, insulin, HOMA-IR, TGs, HDL, DBP and
SBP. This analysis was based on 40 AIMs whose deltas
(δs) among the Amerindian, European and African populations indicate that they are good discriminators (Additional file 1: Table S1). The average and individual
results obtained for the ancestries of the sample population match the data obtained by other researchers in the
same population using different types and numbers of
AIMs [6, 8, 24]. We must note, in interpreting the following results, that we set two threshold significance as
p <0.0167 (three ancestry), and p <0.0018 (three ancestries * nine cardio-metabolic parameters) to provide a
conservative Bonferroni correction for multiple testing,
however it may be unnecessarily rigorous when there is
a priori evidence of the associations being tested. This
study, using a multivariate analysis, showed an association positive between African ancestral components
and SBP (Table 3), which has been widely reported in
genetic studies of blood pressure (BP) conducted in African populations and in populations that are the product
of genetic admixture with African populations, such as
Latin American populations, including one study on an
adult population from the same region where the
present study was conducted [25–27]. However, despite
the consistently demonstrated effect of an African ancestry component on blood pressure, other studies in the
United States have found no differences in the blood
pressure of children with different ethnic origins [28]. In
this study, the inverse relationship found between SBP

Fig. 1 Dirichlet distribution of the ancestral components of the study population. The figure shows the Dirichlet distribution of the ancestral
components of the study population using 40 ancestral informative markers (AIMs)
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Table 2 Comparison of medians of European, African and Amerindian ancestry according to components of metabolic syndrome

Overall
WC

Adequate (p90th)
High (>p90th)

BMI

Fasting Glucose

th

HDL

DBP

Median (IQR)

853 (100)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

818 (96)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

35 (4)

0.67 (0.62–0.70)

0.13 (0.10–0.17)

0.19 (0.17–0.23)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

435 (51)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

Adequate (<100 mg/dL)

829 (97)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

24 (3)

0.68 (0.64–0.71)

0.15 (0.12–0.17)

0.19 (0.15–0.20)

799 (94)

0.67 (0.63–0.71)

0.13 (0.11–0.16)*

0.19 (0.16–0.22)

54 (6)

0,66 (0,63–0,70)

0.15 (0.12–0.17)

0.19 (0.16–0.22)

808 (95)

0.67 (0.63–0.71)

0.13 (0.11–0.16)*

0.19 (0.16–0.22)

45 (5)

0.66 (0.63–0.70)

0.15 (0.12–0.17)

0.19 (0.16–0.22)

Adequate (≤23)

Adequate (≤ 3.1)

Adequate (< 100 mg/dL)

537 (63)

0.68 (0.63–0.72)**

0.13 (0.11–0.16)

0.19 (0.16–0.22)**

High (≥110 mg/dL)

316 (37)

0.66 (0.63–0.70)

0.13 (0.11–0.16)

0.20 (0.17–0.23)

Adequate (> 40 mg/dL)

689 (81)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

Low (≤40 mg/dL)

164 (19)

0.67 (0.63–0.70)

0.13 (0.11–0.17)

0.19 (0.17–0.22)

th

786 (92)

0.67 (0.63–0.71)

0.13 (0.11–0.16)

0.19 (0.16–0.22)

67 (8)

0.67 (0.62–0.70)

0.13 (0.11–0.16)

0.20 (0.18–0.23)

Adequate (<p90 )
High (≥p90th)

SBP

Amerindian

418 (49)

High (>3.1)
TG

Median (IQR)

Adequate (≤ p85 )

High (>23,1)
HOMA score

African

Median (IQR)

Overweight (>p85th)

High (≥100 mg/dL)
Fasting Insulin

European
n (%)

th

Adequate (p <90 )
High (≥p90th)

811 (95)
42 (5)

0.67 (0.63–0.71)**

0.13 (0.11–0.16)*

0.19 (0.16–0.22)

0.65 (0.61–0.68)

0.15 (0.12–0.18)

0.19 (0.17–0.23)

Data presented in median and interquartile range. BMI body mass index, WC waist circumference, TG triglycerides, HDL high density lipoprotein, DBP diastolic
blood pressure, SBP systolic pressure arterial, IQR interquartile range. Significant differences between groups: U de Mann-Whitney test *P <0.05, **P <0.01

and a European ancestral component in young people
from 10 to 18 years of age agrees with the findings in
adults.
TG levels were positively associated with an Amerindian ancestral component, which agrees with some studies conducted on adult populations where it has been
reported that Amerindian women have higher TGs
levels than African American (AA) or EuropeanAmerican (EA) women. Additionally, the prevalence of
dyslipidemia (low HDL, high LDL or high TGs) is
greater in Amerindian than in European populations
[29]. In 2014, Ko et al. identified eight gene variants associated with dyslipidemias. In inferring the ancestral
state, they found that seven of these variants were of an
Amerindian ancestry [30].
With regard to the HOMA-IR and insulin measurements, a significant difference was found when a comparison of medians was carried out with the African
ancestral component. Although there was no significant
difference shown by the logistic regression, it is useful to
discuss these results because several studies have associated insulin resistance with African ancestry [31, 32]. Insulin and HOMA-IR are measurements related to T2D,
and other studies have found a high prevalence of this
disease in some AA populations [33, 34]. In addition, in
a study carried out on adults from the same region from

which the subjects of this study come, a significant association was found between the African ancestral component and the risk of T2D. This association reinforces the
importance of considering the hypothesis of the “thrifty
genotype” that has been described for North American
populations, such as the Pima Indians [34], in whom
there is a very high prevalence of T2D. This prevalence
is believed to be related to the presence of genes variants
adapted to the dispersion of these populations across the
Bering Strait [34]. Other studies in admixed populations
found no association of the Amerindian component with
fasting blood glucose levels or with HOMA-IR [25, 35].
In two studies, one conducted in Medellín [17] and the
other in Mexico [18], where a positive association of
T2D with the Amerindian genetic component was reported, the authors suggest that this association could be
explained because the low socioeconomic stratum has a
higher Amerindian genetic component than that of the
other strata, and the lifestyle and environmental factors
of this stratum favor the development of T2D. The etiology of this complex trait has a high epigenetic component; it has been demonstrated that early exposure to
hyperglycemia predisposes individuals to changes in
their chromatin and gene expression, which can be transmitted from one generation to another (metabolic memory), and this might be what was observed in the African
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Table 3 Multiple logistic regression results for the association of genetic ancestry with components of metabolic syndrome
Phenotype

Ancestry

OR (CI-95 %)a

BMI

European

1.01 (0.99–1.04)

0.314

African

0.99 (0.96–1.02)

0.556

Amerindian

1.35 (0.95–1.02)

European

1.00 (0.94–1.06)

African
Amerindian

WC

Fasting glucose

Fasting insulin

HOMA score

TG

HDL

SBP

DBP

P-Valueb

OR (CI-98.3 %)c

1.02 (0.99–1.04)

0.207

1.01 (0.99–1.05)

0.98 (0.95–1.01)

0.317

0.98 (0.95–1.02)

0.426

0.99 (0.95–1.02)

0.511

0.99 (0.95–1.03)

0.963

1.00 (0.94–1.07)

0.880

1.00 (0.93–1.09)

1.00 (0.93–1.07)

0.954

1.00 (0.93–1.07)

0.946

1.00 (0.91–1.09)

0.99 (0.91–1.08)

0.870

0.99 (0.90–1.08)

0.789

0.99 (0.89–1.10)

European

1.00 (0.93–1.08)

0.938

1.03 (0.96–1.11)

0.441

1.03 (0.94–1.13)

African

1.04 (0.97–1.12)

0.217

1.02 (0.95–1.10)

0.532

1.02 (0.94–1.11)

Amerindian

0.92 (0.82–1.02)

0.112

0.90 (0.81–1.00)

0.062

0.90 (0.79–1.03)

European

0.98 (0.94–1.03)

0.484

0.97 (0.92–1.03)

0.367

0.97 (0.91–1.04)

African

1.03 (0.98–1.08)

0.234

1.05 (0.99–1.11)

0.119

1.05 (0.97–1.13)

Amerindian

0.99 (0.92–1.05)

0.671

0.98 (0.91–1.06)

0.599

0.98 (0.89–1.07)

European

0.98 (0.93–1.03)

0.340

0.97 (0.91–1.03)

0.299

0.97 (0.90–1.04)

African

1.03 (0.98–1.09)

0.201

1.05 (0.99–1.12)

0.109

1.05 (0.97–1.14)

P-Valuea

OR (CI-95 %)b

Amerindian

0.99 (0.92–1.07)

0.869

0.98 (0.91–1.07)

0.698

0.98 (0.89–1.09)

European

0.98 (0.95–1.00)

0.049

0.98 (0.95–1.01)

0.120

0.98 (0.95–1.01)

African

0.99 (0.96–1.02)

0.661

0.98 (0.95–1.02)

0.369

0.98 (0.95–1.02

Amerindian

1.06 (1.02–1.09)

0.002

1.06 (1.02–1.10)

0.002

1.06 (1.01–1.11)

European

1.00 (0.97–1.03)

0.890

1.00 (0.96–1.03)

0.843

1.00 (0.96–1.04)

African

1.00 (0.96–1.03)

0.905

1.00 (0.96–1.04)

0.956

1.00 (0.95–1.05)

Amerindian

1.01 (0.97–1.05)

0.610

1.01 (0.97–1.06)

0.573

1.01 (0.96–1.07)

European

0.93 (0.88–0.97)

0.003

0.93 (0.88–0.99)

0.008

0.93 (0.87–0.99)

African

1.08 (1.03–1.13)

0.002

1.07 (1.02–1.13)

0.008

1.07 (1.01–1.14)

Amerindian

1.01 (0.94–1.09)

0.706

1.01 (0.94–1.09)

0.728

1.01 (0.92–1.11)

European

0.98 (0.94–1.02)

0.399

0.98 (0.94–1.03)

0.433

0.98 (0.93–1.04)

African

0.98 (0.93–1.04)

0.538

0.98 (0.92–1.04)

0.504

0.98 (0.91–1.05)

Amerindian

1.05 (0.99–1.12)

0.078

1.06 (0.99–1.12)

0.078

1.06 (0.98–1.14)

a

Univariate analysis
b
All models have been adjusted for gender, age, pubertal maturation, socioeconomic stratum, physical activity, percent of calories from simple carbohydrate and
consumption of fruits daily. The models for WC, fasting glucose, fasting insulin, HOMA score, TG, HDL, DBP and SBP have also been adjusted for BMI. The significant
p values (P< 0.05) are given in bold. The comparison was statistically significant according to the prespecified Bonferroni-corrected threshold of P <0.0167, but not for
the global correction P <0.0018
c
98.3 % Confidence Intervals (CI) are presented to be consistent with a Bonferroni correction

component in the present study, which showed an association with the insulin resistance parameters [36].
No associations of any of the three ancestral components were detected with BMI, WC, HDL and glucose
level despite the high heritabilities found for these traits
[37]. Additionally, a relationship to ancestry has been
demonstrated in several studies on populations in the
United States, in which it has been found that adiposity
is higher in EA and Hispanic-American (HA) children
than in AA children [38, 39]. It has been reported that
WC in Mexican-American children is greater than in
EA and AA children [14]. Since 2000, higher levels of
HDL have been reported in both children and adults in
AAs and HAs than in EAs [40]. Based on this evidence,
it was expected that there would be some degree of

association between the genetic components of the
population and these character traits. However, the
negative results presented here could demonstrate that
the association between these traits and the population’s
genetic components is different, not only with respect to
age but also with respect to the ancestral genetic architecture, which depends on the demographic history of
the population. With respect to studies conducted on associations with the complete genome, evidence has
shown the existence of genes associated with BMI and
WC in both adults and children, while other associations
are present only in adults or only in children [41]. This
shows the complexity of the inheritance of these traits.
For example, a recent study found an inverse relationship
between 31 loci associated with the risk of obesity, as

Muñoz et al. BMC Genetics (2016) 17:93

defined by BMI, and changes in weight in relation to age
[42].
The results of this study seem to agree with the ideas
of Joshi et al. [42], which suggest directional dominance.
They assessed whether homozygosis in certain regions
of the genome had any directional relationship with
quantitative traits such as height, weight, cognitive measures and cardio-metabolic parameters, and they found
that only height and cognition clearly presented any directional dominance in continental populations. However,
the cardio-metabolic measurements (like those evaluated
in the present study) did not present it, and it was
shown to have a strong variation with age [43].

Conclusion
Here we have shown that although the effect of ancestry
was modest, it was significant, and based on these findings, we suggest that an Amerindian ancestry may act as
a risk factor for high triglycerides, while an African ancestral component confers a risk for high systolic blood
pressure. A European ancestry serves as a protective factor for this condition in the young people of the population studied here. In addition, our results show that
ancestry is not associated with WC, BMI, HDL or glucose levels. It is necessary to extend this study to include
more AIMs and a greater sample size in the hopes of
replicating these results and, thus, enabling the use of
predictions based on ancestral components, either as
risk or protection factors, to determine prevention strategies or to identify candidate genes for cardio-metabolic
disorders in children.

Page 9 of 10

Funding
This work was financed using resources from the Colciencias Contract
203-2010; Grupo Nutresa Vidarium Group, Nutrition, Health and Wellness
Research Center; the Committee for the Development of Research (Comité
para el Desarrollo de la Investigación, CODI); and the University of Antioquia
2013–2014 Sustainability Strategy. The funders had no role in study design,
data acquisition, analysis, and interpretation of the data, or writing of the
manuscript.
Availability of data and material
The data supporting the conclusions of this article are included within the
article and its additional files.
Authors’ contributions
AMM participated in the study design and fieldwork, analyzed the genetic
and environmental information and wrote the article. CMV participated in
the study design and management of research. GB participated in the study
design and conducted the genetic components of the methods. All authors
read and approved the final manuscript and contributed to the analysis and
writing of the article.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This research was approved by the University of Antioquia’s University
Research Bioethics Committee (Comité de Bioética de la Sede de Investigación
Universitaria – CBEIM-SIU) in Medellín, Colombia (reference number 10–11–
328). Written informed consent was obtained from both the participants and
their parent or legal guardian.
Author details
1
Research Group on Food and Human Nutrition, Universidad de Antioquia
(UdeA), Calle 70 No. 52-21, Medellín, Colombia. 2Research Group on
Molecular Genetic (GENMOL), Universidad de Antioquia (UdeA), Calle 70 No.
52-21, Medellín, Colombia. 3Laboratorio 413, Sede de Investigación
Universitaria (SIU), Universidad de Antioquia (UdeA), Calle 70 No. 52-21,
Medellín, Colombia.
Received: 30 November 2015 Accepted: 17 June 2016

Additional file
Additional file 1: Table S1. Prevalence of diseases/trait cardio-metabolic,
Age standardized estimate by region. Table S2. Ancestral informative
Markers (AIMs), allelic frequencies and delta (δ) of frequencies in the three
ancestral populations (European, African and Amerindian). Table S3.
Sequence of primers and amplification parameters of the ancestry
informative markers (AIMs). Table S4. Individual ancestral composition.
Figure S1. Individual ancestral composition. (DOCX 155 kb)

Abbreviations
MetS, metabolic syndrome; DNA, deoxyribonucleic acid; AIMs, ancestryinformative markers; LA, Latin America; DANE, National Administrative
Department of Statistics; WC, waist circumference; TGs, triglycerides, HDL,
high-density lipoprotein; DBP, diastolic blood pressure; SBP, systolic blood
pressure; T2D, type 2 diabetes mellitus; BMI, body mass index; HOMA,
homeostasis model assessment; IR, insulin resistance; PCR-RFLP, polymerase
chain reaction-restriction fragment length polymorphism); IN/DEL, insertiondeletion; OR, odds ratio; CIs, confidence intervals; EAs, European-Americans;
HAs, Hispanic-Americans; AAs, African Americans
Acknowledgments
We wish to thank EPS SURA for allowing us to work with young users of
their health service. We thank Dr. Constanza Duque for helping with advice
in using the ADMIXMAP v 3.2 program.

References
1. Carvajal-Carmona LG, Soto ID, Pineda N, Ortiz-Barrientos D, Duque C,
Ospina-Duque J, et al. Strong Amerind/white sex bias and a possible
Sephardic contribution among the founders of a population in northwest
Colombia. Am J Hum Genet. 2000;67:1287–95.
2. Bortolini MC, Salzano FM, Thomas MG, Stuart S, Nasanen SP, Bau CH, et al.
Y-chromosome evidence for differing ancient demographic histories in the
Americas. Am J Hum Genet. 2003;73:524–39.
3. Price AL, Patterson N, Yu F, Cox DR, Waliszewska A, McDonald GJ, et al.
A genomewide admixture map for Latino populations. Am J Hum Genet.
2007;80:1024–36.
4. Shriver MD, Parra EJ, Dios S, Bonilla C, Norton H, Jovel C, et al. Skin
pigmentation, biogeographical ancestry and admixture mapping. Hum
Genet. 2003;112:387–99.
5. Xavier C, Builes JJ, Gomes V, Ospino JM, Aquino J, Parson W, et al.
Admixture and genetic diversity distribution patterns of non-recombining
lineages of Native American ancestry in Colombian populations. PLoS One.
2015;10:e0120155.
6. Ruiz-Linares A, Adhikari K, Acuna-Alonzo V, Quinto-Sanchez M, Jaramillo C,
Arias W, et al. Admixture in Latin America: geographic structure, phenotypic
diversity and self-perception of ancestry based on 7,342 individuals. PLoS
Genet. 2014;10:e1004572.
7. Lopera EA, Baena A, Florez V, Montiel J, Duque C, Ramirez T, et al.
Unexpected inverse correlation between Native American ancestry and
Asian American variants of HPV16 in admixed Colombian cervical cancer
cases. Infect Genet Evol. 2014;28:339–48.

Muñoz et al. BMC Genetics (2016) 17:93

8.

9.

10.
11.

12.
13.
14.

15.

16.

17.
18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.
30.

31.

Chacon-Duque JC, Adhikari K, Avendano E, Campo O, Ramirez R, Rojas W,
et al. African genetic ancestry is associated with a protective effect on
Dengue severity in colombian populations. Infect Genet Evol. 2014;27:89–95.
WHO. Global status report on noncommunicable diseases 2014. [Internet
book]. Switzerland: WHO; 2015. [Accessed 15 Oct 2015]. http://www.who.
int/nmh/publications/ncd-status-report-2014/en.
International Diabetes Federation. IDF Diabetes Atlas, 7 ed. [Internet book].
Brusselas: IDF; 2015. [Accessed Jan 2016]. http://www.diabetesatlas.org/.
Departamento Administrativo Nacional de Estadística (DANE). Modelo de
reglamento del comité Permanente de Estratificación socioeconómica.
https://www.dane.gov.co/files/geoestadistica/Modelo_de_Reglamento_CPE.
pdf. [Accessed 12 Oct 2015].
Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls.
Arch Dis Child. 1969;44:291–303.
Marshall WA, Tanner JM. Variations in the pattern of pubertal changes in
boys. Arch Dis Child. 1970;45:13–23.
Fernandez JR, Redden DT, Pietrobelli A, Allison DB. Waist circumference
percentiles in nationally representative samples of African-American,
European-American, and Mexican-American children and adolescents.
J Pediatr. 2004;145:439–44.
Munera NE, Uscategui RM, Parra BE, Manjarres LM, Patino F, Velasquez CM,
et al. Environmental risk factors and metabolic syndrome components in
overweight youngsters. Biomedica. 2012;32:77–91.
Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Med Sci Sports Exerc. 2007;39:1423–34.
Weber JL, David D, Heil J, Fan Y, Zhao C, Marth G. Human diallelic insertion/
deletion polymorphisms. Am J Hum Genet. 2002;71:854–62.
Wang J, Song L, Grover D, Azrak S, Batzer MA, Liang P. dbRIP: a highly
integrated database of retrotransposon insertion polymorphisms in humans.
Hum Mutat. 2006;27:323–9.
Parra EJ, Marcini A, Akey J, Martinson J, Batzer MA, Cooper R, et al.
Estimating African American admixture proportions by use of populationspecific alleles. Am J Hum Genet. 1998;63:1839–51.
Sambrook J, Russell DW. Purification of nucleic acids by extraction with
phenol:chloroform. CSH Protoc. 2006. doi:10.1101/pdb.prot4455.
Manjarrés LM, Manjarrés S. Programa de Evaluación de Ingesta Dietética
EVINDI v4. [Software]. Medellín: Universidad de Antioquia-Escuela de
Nutrición y Dietética; 2008.
Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al.
PLINK: a tool set for whole-genome association and population-based
linkage analyses. Am J Hum Genet. 2007;81:559–75.
Hoggart CJ, Shriver MD, Kittles RA, Clayton DG, McKeigue PM. Design and
analysis of admixture mapping studies. Am J Hum Genet. 2004;74:965–78.
Ibarra A, Freire-Aradas A, Martinez M, Fondevila M, Burgos G, Camacho M,
et al. Comparison of the genetic background of different Colombian
populations using the SNPforID 52plex identification panel. Int J Legal Med.
2014;128:19–25.
Ruiz-Narvaez EA, Bare L, Arellano A, Catanese J, Campos H. West African and
Amerindian ancestry and risk of myocardial infarction and metabolic
syndrome in the Central Valley population of Costa Rica. Hum Genet.
2010;127:629–38.
Zhu X, Luke A, Cooper RS, Quertermous T, Hanis C, Mosley T, et al.
Admixture mapping for hypertension loci with genome-scan markers.
Nat Genet. 2005;37:177–81.
Valencia DM, Naranjo CA, Parra MV, Caro MA, Valencia AV, Jaramillo CJ, et al.
Association and interaction of AGT, AGTR1, ACE, ADRB2, DRD1, ADD1,
ADD2, ATP2B1, TBXA2R and PTGS2 genes on the risk of hypertension in
Antioquian population. Biomedica. 2013;33:598–614.
Sorof JM, Lai D, Turner J, Poffenbarger T, Portman RJ. Overweight, ethnicity,
and the prevalence of hypertension in school-aged children. Pediatrics.
2004;113:475–82.
LaRosa JC, Brown CD. Cardiovascular risk factors in minorities. Am J Med.
2005;118:1314–22.
Ko A, Cantor RM, Weissglas-Volkov D, Nikkola E, Reddy PM, Sinsheimer JS,
et al. Amerindian-specific regions under positive selection harbour new lipid
variants in Latinos. Nat Commun. 2014;5:3983.
Gower BA, Fernandez JR, Beasley TM, Shriver MD, Goran MI. Using genetic
admixture to explain racial differences in insulin-related phenotypes.
Diabetes. 2003;52:1047–51.

Page 10 of 10

32. Reiner AP, Carlson CS, Ziv E, Iribarren C, Jaquish CE, Nickerson DA. Genetic
ancestry, population sub-structure, and cardiovascular disease-related traits
among African-American participants in the CARDIA Study. Hum Genet.
2007;121:565–75.
33. Franco-Hincapie L, Duque CE, Parra MV, Gallego N, Villegas A, Ruiz-Linares A,
et al. Association between polymorphism in uncoupling proteins and type
2 diabetes in a northwestern Colombian population. Biomedica.
2009;29:108–18.
34. Neel JV. Diabetes mellitus: a “thrifty” genotype rendered detrimental by
“progress”? Am J Hum Genet. 1962;14:353–62.
35. Qu HQ, Li Q, Lu Y, Hanis CL, Fisher-Hoch SP, McCormick JB. Ancestral effect
on HOMA-IR levels quantitated in an American population of Mexican
origin. Diabetes Care. 2012;35:2591–93.
36. Pirola L, Balcerczyk A, Okabe J, El-Osta A. Epigenetic phenomena linked to
diabetic complications. Nat Rev Endocrinol. 2010;6:665–75.
37. Rankinen T, Sarzynski MA, Ghosh S, Bouchard C. Are there genetic paths
common to obesity, cardiovascular disease outcomes, and cardiovascular
risk factors? Circ Res. 2015;116:909–22.
38. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM.
Prevalence of overweight and obesity in the United States, 1999-2004.
JAMA. 2006;295:1549–55.
39. Cardel M, Higgins PB, Willig AL, Keita AD, Casazza K, Gower BA, et al. African
genetic admixture is associated with body composition and fat distribution
in a cross-sectional study of children. Int J Obes (Lond). 2011;35:60–5.
40. Chen W, Bao W, Begum S, Elkasabany A, Srinivasan SR, Berenson GS.
Age-related patterns of the clustering of cardiovascular risk variables of
syndrome X from childhood to young adulthood in a population made up
of black and white subjects: the Bogalusa Heart Study. Diabetes.
2000;49:1042–48.
41. Bradfield JP, Taal HR, Timpson NJ, Scherag A, Lecoeur C, Warrington NM,
et al. A genome-wide association meta-analysis identifies new childhood
obesity loci. Nat Genet. 2012;44:526–31.
42. Rukh G, Ahmad S, Ericson U, Hindy G, Stocks T, Renstrom F, et al. Inverse
relationship between a genetic risk score of 31 BMI loci and weight change
before and after reaching middle age. Int J Obes (Lond). 2016;40:252–9.
43. Joshi PK, Esko T, Mattsson H, Eklund N, Gandin I, Nutile T, et al. Directional
dominance on stature and cognition in diverse human populations. Nature.
2015;523:459–62.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

