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Abstract: The aim of this study was to identify and describe the diversity of nutrient patterns
and how they associate with socio-demographic and lifestyle factors including body mass
index in rural black South African adolescents. Nutrient patterns were identified from
quantified food frequency questionnaires (QFFQ) in 388 rural South African adolescents
between the ages of 11-15 years from the Agincourt Health and Socio-demographic
Surveillance System (AHDSS). Principle Component Analysis (PCA) was applied to
25 nutrients derived from QFFQs. Multiple linear regression and partial R? models were
fitted and computed respectively for each of the retained principal component (PC) scores
on socio-demographic and lifestyle characteristics including body mass index (BMI) for age
Z scores. Four nutrient patterns explaining 79% of the total variance were identified: PCI (26%)
was characterized by animal derived nutrients; PC2 (21%) by vitamins, fibre and vegetable oil
nutrients; PC3 (19%) by both animal and plant derived nutrients (mixed diet driven
nutrients); and PC4 (13%) by starch and folate. A positive and significant association was
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observed with BMI for age Z scores per 1 standard deviation (SD) increase in PC1 (0.13
(0.02; 0.24); p = 0.02) and PC4 (0.10 (—0.01; 0.21); p = 0.05) scores only. We confirmed
variability in nutrient patterns that were significantly associated with various lifestyle factors
including obesity.

Keywords: nutrient patterns; adolescents; rural; South Africa; transition; Agincourt health
and demographic surveillance system

1. Introduction

The assessment of food and/or nutrient patterns and their relation with non-communicable diseases
(NCDs) and obesity is an alternative to the traditional approach focusing on single foods or nutrients.
The traditional approach is limited in its ability to demonstrate the impact of nutrient intakes on NCD
outcomes because of difficulties in explaining interactions between nutrients and in the lack of ability to
detect small effects from single nutrients [1]. Identifying food or nutrient patterns is less complex
methodologically and more relevant from a biological and physiological point of view as they allow the
analysis of a small number of patterns rather than an array of individual foods and intakes of nutrients
that are usually inter-correlated [2,3]. Thus this approach offers a strong complementary strategy to
capture the intrinsic complexity of diet, the inter-relationships between different components and the
heterogeneity in food and nutrient patterns existing within and between populations [1,4].

Both food and nutrient pattern analyses have been conducted on usual food consumption derived from
quantitative food frequency questionnaires using exploratory dimension reduction methods (i.e., principal
component analysis) to empirically derive patterns. These multivariate approaches aim to summarize a
large number of correlated dietary variables (foods, food groups, nutrients or biomarkers) into fewer
independent components (the so called “patterns”) explaining most of the dietary variability despite large
within and between variations [1,5-7]. In contrast to food patterns, limited work has been done on
nutrient patterns analysis to date, [3,8-22] with no data available for either approach in Africa.

South Africa, a country undergoing a rapid health transition, characterized by a triple burden of
disease including infectious-related under-nutrition illnesses, HIVV/AIDs and tuberculosis, and emerging
NCDs [23-25], has evidence suggesting that the black rural South African population, who were once
protected in terms of chronic diseases and obesity, are increasingly susceptible [24]. This could in part
be attributed to shifting from traditional prudent diets to high energy, high fat diets, to increasing
exposure to less-nutrient-dense foods, and to increasing sedentary behaviour [23,25-27]. Such evidence
in African adolescence is scarce and deserves further attention. The few data available suggest increases
of childhood and adolescent obesity levels [28-31]. Adolescence, a critical phase characterized by increased
vulnerability and exposure to inappropriate diets, could be a major determinant of obesity or developing
NCDs in later adulthood [32,33]. To date, no information is available in Africa, characterizing either food or
nutrient patterns and associating them with various outcomes including obesity. In this paper, we aim to
identify and describe the diversity of nutrient patterns and how depicted patterns associate with
socio-demographic and lifestyle factors including body mass index (BMI) in rural black South
African adolescents.
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2. Materials and Methods
2.1. Study Population and Design

This cross-sectional study was nested within the Agincourt Health and Socio-demographic
Surveillance System (AHDSS), which has been described in detail previously [34,35]. Participants were
recruited in 2009 and a sub-sample of 600 participants between the ages of 7-15 years were randomly
selected from 3511 children and adolescents who had participated in a 2007 growth survey in the
Agincourt sub-district of Mpumalanga Province in South Africa [31]. The original 2007growth study
randomly selected children and adolescents between the ages of 1 and 20 years (~100 boys and 100 girls
for each year of age) who had lived in the study area at least 80% of the time since birth, or since 1992
when enrolment into the Agincourt HDSS had begun. A random sample of children was drawn from
each age-sex-village stratum in proportion to the population size of the village. For this present analysis
388 participants aged 11-15 years (Boys: N = 193; mean age 13.53; Girls: N = 195; mean age 13.60) on
whom dietary data were collected, were included. To ensure that this sub-sample was representative of
the larger 2007 study sample [36] we compared various socio-economic status (SES) parameters between
the samples, and found no differences (data not shown). Comprehensive details of the methods of
recruitment and design have been published elsewhere [34,35].

2.2. Ethical Approval

Ethical approval was granted by the University of the Witwatersrand Committee for Research on
Human Subjects (Ethics number: M090212), and from the Mpumalanga Provincial Government’s
Department of Health. Parental consent and participant assent were secured after full explanation of the
study objectives and testing procedures.

2.3. Measurement of Diet, Lifestyle Factors, Anthropometric Indicators and
Socio-Demographic Information

Diet: Usual diet was assessed for each adolescent using an interviewer-administered quantitative food
frequency questionnaire (QFFQ) developed for use in South Africa (SA) [37]. The interview took on
average 40 minutes to complete and the QFFQ includes a total of 214 commonly eaten foods [37].
Analyses of 11 dietary surveys conducted in rural and urban SA since 1983 were used to derive these
food items, and the list includes all foods eaten by at least 3% of the population [38]. To cater for
illiteracy and to improve recall ability, this QFFQ utilizes food flash cards (high quality photographs) of
all the food items [39].

Data were collected on the previous week’s (7 day) dietary intake, including convenience
food products, in order to estimate habitual intake for each participant. Participants were asked to
separate the food flash cards into a series of piles: firstly, they went through each food card and created
a pile of food items they ‘rarely/never’ ate or drank. Thereafter, the remaining food cards were divided
into a pile of food items they eat/drink less frequently (‘occasional’), and a pile they eat regularly and in
the past seven days. The participant was then prompted for information on the frequency and amounts
of the regular food items in their diet consumed, the details of which were recorded on the QFFQ [37].



Nutrients 2015, 7 3467

Portion sizes were estimated using household measures and a combination of two-dimensional
life-size drawings of foods and utensils, and three-dimensional food models as described and validated
by Steyn et al. [40]. Items eaten occasionally or rarely/never were also recorded. Coding involved the
conversion of the household measures (for example one cup/one serving spoon/one slice) to grams so
that an average intake over the previous seven days could be calculated. The quantity and frequency of
all consumed foods were recorded and expressed in g/day. Nutrient composition of foods was calculated
and all conversions were based on the South African food composition tables [41].

Anthropometry: Height (in mm) was measured using a stadiometer (Holtain, UK) and converted to
metres (m), and weight was measured to the nearest 0.1 kg using an electronic bathroom scale. All
participants were measured wearing light clothing and without shoes. BMI was calculated as weight in
kilograms (kg) divided by height (m)2. BMI for age Z-scores were generated using WHO 2007 growth
reference standards [42] for children aged 5 to 19 years and obesity is defined as a score above 2SD.
Waist circumference was measured using an inelastic tape measure midway between the tenth rib and
the iliac crest. Hip circumference was measured at the level of maximum width of the buttocks with the
participant standing. Waist-to-hip ratio was calculated by dividing waist (cm) by hip (cm) circumference
and waist-to-height ratio was calculated by dividing waist circumference (cm) by height (cm).

Pubertal staging: Pubertal staging was assessed using the Tanner 5-point pubertal self-rating scale
which has been validated previously for black South Africans [43]. Genital development in boys and breast
development in girls were used to define pubertal stages. Participants were classified as early-puberty
(<Tanner stage 2), and mid-puberty (Tanner stage > 2) [43].

Physical activity: A questionnaire quantifying total physical activity (PA) for the previous 12 months
was administered via interview. The questionnaire was developed to be appropriate for South African
children, and has been used [44] and validated on urban South African children [45]. Reported frequency
and duration of all physical activities (physical education, extra-mural school and club sport, informal
physical activity, and walking to and from school) and sedentary activities were recorded. The most
reliable (and most complete data) proxy for attaining one’s physical activity level was the total time in
minutes spent walking to and from school per week [46] and this parameter was used as a covariate in
the present analysis.

Socio-demographics: A variety of socio-demographic and other related data were included from the
growth survey conducted two years previously. These included data on the participants’ mothers (age,
education level, marital/union status and whether she resides with the participant or not) and SES. These
variables and others have been described in detail previously [31].

2.4. Data Analysis

Data were analyzed using SPSS statistics software version 20. Principal Component Analysis (PCA)
was used to depict nutrient patterns [47] based on the QFFQ derived intake of 25 nutrients. Total fat was
divided into monounsaturated, polyunsaturated, saturated fatty acids and cholesterol, whilst total
available carbohydrates were divided into starch and sugars (monosaccharides and disaccharides). Total
proteins were additionally divided into animal and plant proteins. Alcohol consumption was considered
as a main lifestyle factor and was not included in the list of variables to derive nutrient patterns.
Additionally alcohol intakes in this adolescent population were negligible 0.02 (+/—0.28) g day ™).
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Variables were log transformed (natural log) after comparing various analysis options with regard to
proportion of variance captured. Log transformation provides an advantage as it renders the variances
and covariances independent of scale. PCA was applied with the covariance matrix, rather than the
correlation matrix. Variance was based on rotated sums of squared loadings and the VVarimax with Kaiser
Normalization was used as the orthogonal rotation method, as it maximizes the loading of each variable
on one of the extracted factors whilst minimizing the loading on all other factors. In order to capture
variability of nutrient intakes independently from variation in energy intake, nutrients (log variables) were
adjusted for log total energy intake when applying PCA using the multivariate (standard) method [48].
PCA were conducted on both sexes combined and separated. As comparable patterns were observed in
both sexes in PCA the final results are presented for both sexes combined.

The number of retained principal components (PC) or “patterns” was determined taking into account
several criteria which included the interpretation of the patterns, the percentage of total variance
explained and the visual inflections in the scree-plots of eigen-values (Figure 1) [47]. Nutrients with
absolute loadings greater or equal to +/—0.40 on a given PC were used to name the retained PC and
provide a nutritional interpretation (Figure 2). The loadings represent covariance between the nutrients
and the patterns. Nutrients with positive loadings were positively associated with a nutrient pattern while
negative loadings were inversely associated. PCA was the most appropriate multivariate reduction
technique to apply in this sample as demonstrated statistically by a Kaiser-Meyer-Olkin measure of
sampling adequacy of 0.9 and Bartlett’s test of sphericity significant at p < 0.001.

Multiple linear regression models were fitted for each of the PC scores on the following
socio-demographic and lifestyle characteristics: Sex (by category: males, females), age of adolescent
(continuous), BMI (continuous), log of total energy intake (continuous), physical activity (continuous:
total minutes to and from school per week), maternal educational level (by category: none, primary
school, secondary and higher), Tanner stage (by category: early, mid), marital status of mother (by
category: ever in union current, ever in union never, ever in union ended), maternal age (by category:
15-24, 25-34, 35-49, >50 years), maternal SES (by category: lowest tertile (third), middle tertile,
highest tertile). Regression coefficients and their standard errors are presented. Partial R were calculated
to express the proportion of variance of PC scores explained by each of the measured lifestyle variables.
The retained principal components were further divided into tertiles, based on individual PC scores.
Analysis of variance (ANOVA) (continuous variables) and chi-squared test (categorical variables) were
used to compare differences across tertiles for socio-demographic, anthropometric and dietary intakes.

Multiple linear regression models were computed for each of the PC scores with BMI for age Z scores
as an outcome (dependent variable-continuous). Regression coefficients for 1SD increase in PC scores
for each depicted nutrient pattern were computed for three models M1: (crude), M2: (adjusted for M1
plus physical activity), M3: (adjusted for M2 plus SES of mother) and M4: (adjusted for M3 plus
educational level of the mother). Mutually adjusting for all PCs did not affect the above mentioned
models. All statistical significance were defined using a 2-sided p-value < 0.05.
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Figure 1. Scree plot of Eigen values after Principal Components Analysis.
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Figure 2. Plotted loadings (all > 0.4) for principal components(1-4).
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3. Results
3.1. Identification and Description of Depicted Nutrient Patterns (PC)

Four nutrient patterns, which explained about 79% of the total variance (total nutrient variability),
were retained by the overall PCA (N = 388) (Table 1). The 1st PC retained had largest positive loadings
on animal protein, saturated fat, cholesterol, riboflavin, vitamin B12, retinol, vitamin D and zinc
(nutrients mainly of animal origin). Because of these positive loadings this PC was named “Animal
driven nutrients”. This pattern accounted for 26% of the variance in nutrient intakes. The 2nd PC had
the greatest positive loadings on the following vitamins: vitamin C, beta-carotene, and vitamin E.
Additionally, dietary fibre, PUFA and sugars also had strong positive loadings. Because of these
loadings this PC was named “Vitamins, fibre and vegetable oil nutrients”. This pattern accounted for
21% of the variance in nutrient intakes and is distinctively different from PC1. The 3rd PC was named
“mixed diet driven nutrients” because of its heterogeneous nature in that both animal and plant derived
nutrients had large positive loadings on the matrix. The greatest positive loadings were on the following
(i) vitamins and minerals: thiamine, riboflavin, vitamin B12, vitamin B6, folate, vitamin C, calcium,
phosphorus, iron, potassium, magnesium and zinc and; (ii) other nutrients: animal protein, plant protein,
saturated fat, MUFA, PUFA and dietary fibre. This pattern accounted for 19% of the variance in
nutrient intakes. The 4th and last PC retained accounted for 13% of the variance in nutrient intakes. This
PC had the largest loadings on starch and folate and was termed the “Starch and folate driven pattern”.

Table 1. Principal Components (PC) loading matrix and explained variances for the first
four nutrient patterns identified by PCA in rural black South African adolescents: Agincourt.

Nutrients PC1 (Animal PC2 (Vitamins, Fibre and PC3 (Mixed Diet PC4 (Starch and
Driven Nutrients) Vegetable Oil Nutrients) Driven Nutrients) Folate Driven)
Animal Protein 0.599 —0.032 0.565 —0.019
Plant protein 0.127 0.255 0.744 0.249
SFA 0.404 0.205 0.716 0.179
MUFA 0.356 0.326 0.682 0.191
PUFA 0.298 0.425 0.573 0.25

Cholesterol 0.839 —0.005 0.371 0.115
Starch 0.207 0.235 0.165 0.923
Sugars 0.12 0.531 0.276 0.364
Dietary fibre 0.115 0.406 0.705 0.152
Thiamine 0.184 0.053 0.727 0.002
Riboflavin 0.459 0.105 0.636 0.058
Vitamin Bg 0.344 0.261 0.768 0.174
Folate 0.316 0.329 0.558 0.471
Vitamin Bi, 0.528 0.059 0.27 0.089
Vitamin C 0.04 0.638 0.402 0.089
Beta-carotene 0.083 0.944 0.136 0.081
Retinol 0.919 0.211 -0.007 0.157

Vitamin E 0.243 0.444 0.381 0.277
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Table 1. Cont.
PC1 (Animal ] ] . ] ]
. . PC2 (Vitamins, Fibre and PC3 (Mixed Diet PC4 (Starch and
Nutrients Driven
. Vegetable Oil Nutrients) Driven Nutrients) Folate Driven)
Nutrients)
Vitamin D 0.537 0.205 0.359 0.148
Calcium 0.307 0.33 0.699 0.118
Phosphorus 0.349 0.163 0.851 0.092
Iron 0.31 0.253 0.782 0.116
Potassium 0.239 0.323 0.837 0.172
Magnesium 0.128 0.308 0.797 0.043
Zinc 0.403 0.172 0.79 0.129
Explained variance (%) 26 21 19 13
Cumulative explained
26 47 66 79

variance (%)

Principle Component Analysis (PCA) on 25 log-transformed nutrients adjusted for total energy intake
(equivalent to alcohol-free energy in this adolescent sample). PCA, Saturated Fatty Acids (SFA),
Monounsaturated Fatty Acids (MUFA), Polyunsaturated Fatty Acids (PUFA). Variance based on rotated
Sums of Squared Loadings; Rotation method: Varimax with Kaiser Normalisation.

3.2. Dietary, Lifestyle, Anthropometric and Socio-Demographic Variables Associated with Identified
Nutrient Patterns

Tables 2 and 3 show regression coefficients and partial R-squared of individual PC scores for each of
the four patterns retained for energy, anthropometric, lifestyle and socio-demographic variables. Energy
intake (log) was positively and significantly associated with all four patterns (p < 0.0001). Being female,
never in union as marital status of mother of the adolescent, and maternal age between 35 and 49 years
were positively and significantly associated with PC1 “Animal driven nutrients” (p < 0.05), whilst being
in the lowest SES status tertile was negatively associated with the same PC (p < 0.05). Being in
mid-puberty was positively and significantly associated with PC2 “Vitamins, fibre and vegetable oil
nutrients” (p < 0.05). Physical activity (walking to and from school) and being in the lowest SES status
tertile were positively associated with PC3 “mixed diet driven nutrients” (p < 0.05). PC4 was negatively
associated with physical activity (walking to and from school) (p < 0.05) (Table 2). Variability explained
by socio-demographic, anthropometric, lifestyle factors and energy intake for the four PCs is presented in
Table 3. Energy intake significantly explained the most variability with 6.5%, 6%, 66.6%, and 6.7% for
PC1, PC2, PC3 and PC4 respectively (p < 0.0001). Sex (2.6%: p < 0.0001), maternal education (5.9%:
p < 0.001), BMI (1.3%: p < 0.03) and SES of mother (1.3%: p < 0.04) significantly contributed to the
variability in PC1 “Animal driven nutrients”. Tanner stage significantly contributed to the variability
(1.1%: p <0.04) in PC2 “Vitamins, fibre and vegetable oil nutrients”, whilst physical activity (minutes
walking to and from school per week) significantly contributed to the variability (1.3%: p <0.04) in PC4
“Starch and folate driven pattern”.
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Table 2. Multiple regression derived coefficients (B) and standard errors (SE) of specified predictors for the four nutrient pattern scores.

. . . PC2 (Vitamins, Fibre and Vegetable PC3 (Mixed Diet PC4 (Starch and
) PC1 (Animal Driven Nutrients) ) ) . ) )
Variables Oil Nutrients) Driven Nutrients) Folate Driven)
B SE p-Value B SE p-Value B SE p-Value B SE p-Value
Age (years) of adolescent -0.027 0.036 0.46 —-0.046 0.036 0.21 0.033 0.022 0.14 0.007 0.037 0.84
BMI 0.024 0.016 0.15 —0.009 0.016 0.58 —0.005 0.1 0.64 0.001 0.017 0.98
Log (Energy) 0.607 0.132 <0.0001 0.601 0.132 <0.0001 2.127 0.08 <0.0001 0.665 0.135 <0.0001
Sex
Female 0.235 0.11 0.03 —0.052 0.11 0.64 —0.046  0.067 0.5 0.147 0.112 0.19
Male (Ref)
Maternal Education level
Primary school -0.041 0.13 0.75 0.09 0.131 0.49 -0.07 0.079 0.38 -0.16 0.133 0.24
Secondary and higher education —-0.147 0.138 0.29 0.171 0.138 0.22 -0.109  0.084 0.2 -0.57 0.141 0.69
None (Ref)
Physical activity of adolescent
Walking to and from school
(min week-) <0.0001  <0.0001 0.62 <0.0001 <0.0001 0.74 0.001 0.001 0.01 —0.001 0.001 0.05
Tanner stage
Mid —0.067 0.151 0.66 0.343 0.151 0.02 —0.045  0.092 0.62 0.014 0.154 0.93
Early (Ref)
Marital Status of mother
Never in union 0.231 0.121 0.05 0.196 0.121 0.11 -0.108  0.703 0.14 0.106 0.124 0.4
Ever in union ended 0.017 0.183 0.93 0.104 0.183 0.57 0.051 0.11 0.65 0.001 0.187 0.99
Ever in union current (Ref)
Maternal age (years)
15-24 0.289 0.975 0.77 0.966 0.978 0.32 —-0.257 0.59 0.66 0.406 0.996 0.68
25-34 (Ref)
35-49 0.264 0.115 0.02 0.007 0.115 0.95 -0.09 0.07 0.2 0.048 0.117 0.68

>50 —0.251 0.178 0.161 0.188 0.179 0.29 0.117 0.108 0.28 0.076 0.182 0.68
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Table 2. Cont.
. . . PC2 (Vitamins, Fibre and PC3 (Mixed Diet PC4 (Starch and
) PC1 (Animal Driven Nutrients) . . ) ) )
Variables Vegetable Oil Nutrients) Driven Nutrients) Folate Driven)
B SE p-Value B SE p-Value B SE p-Value B SE p-Value
SES status of mother (based on
SES Wealth Index)
lowest tertile —0.336 0.134 0.01 —0.098 0.134 0.46 0.166 0.081 0.04 —0.06 0.136 0.67
middle tertile —0.11 0.132 0.4 —0.207 0.133 0.12 0.071 0.08 0.39 —0.07 0.135 0.62

highest tertile (Ref)

PC scores had means of 0 but standardized to unit variance; PC scores calculated from QFF derived intake of 25 nutrients, n = 388; SES, socio-economic status socio-economic status;

BMI, body mass index; Ref, reference group in the regression after creating dummy variables (categorical coding in regression analysis).

Table 3. p-Values of F-test on type 111 sum of squares estimate.

PC2 (Vitamins, Fibre and

] PC1 (Animal Driven Nutrients) . . PC3 (Mixed Diet Driven Nutrients) PC4 (Starch and Folate Driven)

Variable DF# Vegetable Oil Nutrients)

Partial R? %  p-value Partial R? % p-value Partial R? % p-value Partial R? % p-value
Age 1 0.001 0.1 057 0.001 0.1 0.48 0.009 0.9 0.06 0.001 0.1 0.51
BMI 1 0.013 1.3 0.03 0.001 0.1 0.64 0.003 0.3 0.28 0.006 0.6 0.12
Log(Energy) 1 0.065 6.5 <0.0001 0.06 6 <0.0001 0.666 66.6 <0.0001  0.067 6.7 <0.0001
Sex 1 0.026 2.6 <0.0001 0 0 0.85 0.005 0.5 0.17 0.004 0.4 0.23
Maternal education 2 0.059 59 <0.0001 0.006 0.6 0.2 0.002 0.2 0.51 0 0 0.84
Physical activity (Walking to

0.005 05 0.17 0.001 0.1 0.5 0 0 0.96 0.013 1.3 0.02

and from school (min week ™)
Tanner Stage 1 0.001 0.1 0.65 0.011 1.1 0.04 0.002 0.2 0.33 0.002 0.2 041
Marital status of mother 2 0.001 01 051 0.008 0.8 0.1 0.001 0.1 0.57 0.001 0.1 0.61
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Table 3. Cont.
. . . PC2 (Vitamins, Fibre and . . . . .
] PC1 (Animal Driven Nutrients) . . PC3 (Mixed Diet Driven Nutrients) PC4 (Starch and Folate Driven)
Variable DF# Vegetable Oil Nutrients)
Partial R? %  p-value Partial R? % p-value Partial R? % p-value  Partial R? % p-value
Maternal age 3 0.002 02 04 0.001 0.1 0.55 0.001 0.1 0.59 0.001 0.1 0.6
SES status of mother (based on SES
0.013 1.3 0.04 0.01 1 0.07 0 0 0.84 0.005 0.5 0.23

Wealth Index)
PC scores had means of 0 but standardized to unit variance; PC scores calculated from QFF derived intake of 25 nutrients, n = 388, # degrees of freedom; socio-economic status

socio-economic status.

Table 4. Regression coefficients for BMI for Age Z scores for 1 SD increase in PC 1 (Animal driven nutrients) and PC4 (Starch and folate
driven) scores in rural black South African adolescents.

M1 M2 M3 M4
Nutrient pattern p p
B (95% CI) B (95% CI) p value B (95% CI) p value B (95% CI)
value value
PCI 0.129 (0.018-0.239) 0.02 0.137 (0.025; 0.248) 0.02 0.118 (0.005; 0.230) 0.04 0.120 (—0.005; 0.245) 0.06
Physical activity 2.191x107 (-0.001; 0.001) 0.95 0.0 (-0.001; 0.001) 0.78 6.67X107 (-0.001; 0.001) 0.87
Socio-economic status
low tertile —0.331 (—0.601; —0.060) 0.02 —0.346 (-0.672; —0.020) 0.04
middle tertile 0.009 (—0.262; 0.280) 0.95 0.144 (-0.172; 0.46) 0.37
highest tertile (ref)
Maternal education
Total number of
] 0.026 (0.0; 0.053) 0.05
years of schooling
PC4 0.103 (—0.008; 0.213) 0.05 0.092 (—0.022; 0.206) 0.12 0.087 (—0.026; 0.201) 0.13 0.011 (=0.117;0.138) 0.87
Physical activity 2.74x 1075 (—0.001; 0.001) 0.94 0.0 (-0.001; 0.001) 0.75 7.59x107°¢ (—0.001; 0.001) 0.99

Socio-economic status
low tertile —0.361 (—0.629; —0.092) 0.01 —0.407 (=0.729; —0.085) 0.01
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Table 4. Cont.
M1 M2 M3 M4
Nutrient pattern p p
B (95% CI) B (95% CI) p value B (95% CI) p value B (95% CI)
value value
middle tertile 0.002 (—0.269; 0.273) 0.98 0.103 (-0.212; 0.418) 0.52
highest tertile (ref)
Maternal education
Total number of
. 0.028 (0.002; 0.05) 0.04
years of schooling
R2 values of
0.009 0.007 0.029 0.063
each model

M1: (crude); M2: (adjusted for physical activity); M3: (adjusted for M2 plus socio-economic status of mother); M4: (adjusted for M3 plus educational level of mother); M1, model 1;

M2, model 2; M3, model 3; M4 model 4. Ref, reference group in the regression after creating dummy variables (categorical coding in regression analysis).
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Differences across tertiles for each retained PC for dietary, anthropometric, lifestyle and
socio-demographic factors are presented in supplementary Table 1. BMI for age Z scores were used as
a proxy or indicator of obesity status. Table 4 presents the adjusted increase in BMI for age Z scores per
1 SD increase in each retained PC score. For PC1, a positive significant association was observed with
BMI for age Z scores in M1 (0.13 (0.02; 0.24); p = 0.02), M2 (0.14 (0.03; 0.25); p = 0.02) and M3 (0.12
(0.01; 0.24); p = 0.04). Comparable results were observed for PC4 in that a positive association was
observed as well with BMI for age Z scores for M1 (0.10 (—0.01; 0.21); p = 0.05). No significant
associations with BMI for age Z scores were observed for PC2 and PC3 and thus not presented.

4. Discussion

This is the first study to our knowledge to identify and describe nutrient patterns and how they relate
to various variables/outcomes including obesity in rural black South African adolescents. The PCA
technique used for the present analysis has several advantages especially in comparison to the generic
factor analysis. PCs retained are generated sequentially, meaning the variance explained by the first
factor is removed, and the second factor is then generated to maximally explain the remaining variance
in the matrix (this is continuous with successive components [3,4,49]. The definition of each component
is independent of the number of components retained [3]. This is useful in identifying various
combinations of nutrients that could reflect possible biological mechanisms especially in association
with various other health outcomes. Limitations related to PCA include the subjective decisions on how
to interpret and name patterns, choice of variables to include in the matrix, whether to transform or
standardize data, the number of components to retain, and the threshold for factor loadings to be used in
naming patterns (i.e., |[+/=0.40| in this analysis) [47]. Furthermore, PCA derived patterns can be used as
a standard approach to describe dietary habits of populations but the use of these patterns in examining
diet—disease relationships has a minor limitation in that although PCA aims to maximize the fraction of
variance explained by a weight linear combination of original variables, this however does not
necessarily increase the ability to discriminate between subjects with disease or not.

We identified four nutrient patterns explaining 79% of the total variance in nutrient intakes: PCI
(26%) was characterized by animal derived nutrients; PC2 (21%) was characterized by vitamins, fibre
and vegetable oils; PC3 (19%) was characterized by both animal and plant derived nutrients (mixed diet
driven nutrients) and; PC4 (13%) was characterized by starch and folate. All studies published so far on
nutrient patterns have been conducted in non-African regions and populations. PCI is consistent and
comparable to patterns depicted in previous studies labelled as “meat” [14,15], “high meat” [12,21],
“animal products” [8,9,50,51] which were similarly characterized by high positive loadings of nutrients
from animal derived sources. This additionally illustrates the adoption of westernized diets as PC1
explains most of the variance in this rural setting. PC2 which had high loadings for vitamins, fibre and
vegetable oils nutrients is comparable to patterns reported in previous studies labelled as “fibre and
vitamins” [8-11,16,22,50,51], “vitamin rich” [20], and “antioxidant vitamins and fibre” [17]. PC3 had a
high heterogeneous contribution of both animal and plant derived nutrients, characterizing both a
“Mediterranean nutrient pattern” and a “Western-like pattern”. This two-in-one combination has been
shown elsewhere [2,52]. PC4 is unique to this study and has not been reported elsewhere.
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With PC1 and PC4, a positive and significant association was observed with BMI for age Z scores
whilst no significant associations were observed for either PC2 or PC3. Observed positive associations
between PCI “animal driven nutrients” and BMI for age Z scores are consistent and comparable to those
observed for western driven patterns reported in the literature [53-56]. Associations observed for PC4
with BMI for age Z scores are the first to be reported in the present study and are attributed to high starch
and folate loadings. It should be noted that PC4 was not associated with BMI for age Z scores after full
adjustment. In this rural setting, these associations could be explained in that we seem to be observing
at household level that improved education status is positively driving household SES. Rural households’
diets differ with changing SES; improved SES is characterised by less physical activity and increased
obesity risk (Table 4).

Though to the best of our knowledge, the food list of the QFFQ used to assess usual diet in this study
is known to be comprehensive as reported elsewhere [38—40], we cannot ignore the inherent limitations
around measurement errors and the complexity of assessing dietary intake in all nutritional
epidemiological studies using self-reported diet. The use of dietary supplements was not included in the
calculations of nutrient pattern scores, though these were unlikely to be used to any extent by adolescents
in rural South African settings. Energy intake as expected was the most important factor explaining
variability in PC scores, despite adjusting for it in the present analysis. Normalization for total energy
helps to remove variation due to body size and metabolic rates and contributes to reducing measurement
error in reported dietary intakes. Due to the cross sectional nature of the data presented here, the
associations observed between the retained PCs and socio-demographic, lifestyle factors, and obesity
risk cannot infer causality (problem of reverse causation should be noted) thus longitudinal data are
required to do this.

Compared with food patterns, studying nutrient patterns have several advantages including that
nutrients are universal, functionally not exchangeable, and in contrast to food patterns may characterize
specific nutritional profiles in an easier way for comparison to other populations. Additionally, nutrients,
unlike foods, show a limited number of non-consumers, and this approach could better mirror a
combination of bioactive nutrients in complex biological mechanisms associated with diseases and
obesity as compared to food patterns. From a public health perspective, since, in contrast to foods,
nutrients are universal, this allows and supports the development or adaptation of existing food based
dietary guidelines (FBDGs) using a variety of different interchangeable foods and/or food groups that
mimic each other in nutrients. Different foods can have the same nutrient densities yet they are not
equally and easily accessible to all geographic regions in a country (substitution with a food containing
more or less the same nutrients should be stressed in FDBGS).

5. Conclusions

The present analysis confirmed a large variability in nutrient intakes but we were able to retain four
nutrient patterns that were related to various socio-demographic and lifestyle factors, including BMI.
Both poorer households and those with improving socio-economic status are placing adolescents at risk
of obesity given the concomitant nutrient patterns and lifestyle behaviors. It is critical that intervention
programs constructively address the consequences of the economic and nutrition transition underway in
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South Africa by assisting healthier diet choices around reduced carbohydrate intake, increasing food
diversity, and promoting active lifestyles.

Acknowledgements

The study was funded by a National Research Foundation Niche grant (Grant No: 62496). The
Agincourt Health and Socio-demographic Surveillance System is funded by the Welcome Trust, UK
(Grants 058893/Z/99/A; 069683/Z/02/Z; 085477/Z/08/Z) and the University of the Witwatersrand and
Medical Research Council, South Africa. We thank study participants and the communities within the
Agincourt study site.

Author Contributions

PTP performed all the statistical analysis and drafted the manuscript; TMP collected and coded the
dietary data for the study; KK and ST are responsible for the Agincourt Health and Socio-demographic
Surveillance System including community engagement; KK, ST, SN and JMP designed the parent study;
PTP conceived and conceptualised this study; SN, KK, ST and JMP assisted with editing the manuscript.
All authors read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict interests.
References

1. Newby, P.K.; Tucker, K.L. Empirically derived eating patterns using factor or cluster analysis: A
review. Nutr. Rev. 2004, 62, 177-203.

2. Freisling, H.; Fahey, M.T.; Moskal, A.; Ocke, M.C.; Ferrari, P.; Jenab, M.; Norat, T.; Naska, A.;
Welch, A.A.; Navarro, C.; et al. Region-specific nutrient intake patterns exhibit a geographical
gradient within and between European countries. J. Nutr. 2010, 140, 1280-1286.

3. Moskal, A.; Pisa, P.T.; Ferrari, P.; Byrnes, G.; Freisling, H.; Boutron-Ruault, M.C.; Cadeau, C.;
Nailler, L.; Wendt, A.; Kuhn, T.; et al. Nutrient patterns and their food sources in an International
Study Setting: Report from the EPIC study. PLoS ONE 2014, 9, e98647.

4. Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol.
2002, 13, 3-9.

5. Freedman, L.S.; Kipnis, V.; Schatzkin, A.; Tasevska, N.; Potischman, N. Can we use biomarkers in
combination with self-reports to strengthen the analysis of nutritional epidemiologic studies?
Epidemiol. Perspect. Innov. 2010, 7, 2-7.

6. O’Sullivan, A.; Gibney, M.J.; Brennan, L. Dietary intake patterns are reflected in metabolomic
profiles: Potential role in dietary assessment studies. Am. J. Clin. Nutr. 2011, 93, 314-321.

7. Van Dam, R.M. New approaches to the study of dietary patterns. Br. J. Nutr. 2005, 93, 573-574.

8. Bertuccio, P.; Edefonti, V.; Bravi, F.; Ferraroni, M.; Pelucchi, C.; Negri, E.; Decarli, A.; La, V.C.
Nutrient dietary patterns and gastric cancer risk in Italy. Cancer Epidemiol. Biomark. Prev. 20009,
18, 2882-2886.



Nutrients 2015, 7 3479

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bosetti, C.; Bravi, F.; Turati, F.; Edefonti, V.; Polesel, J.; Decarli, A.; Negri, E.; Talamini, R.;
Franceschi, S.; La, V.C.; et al. Nutrient-based dietary patterns and pancreatic cancer risk. Ann.
Epidemiol. 2013, 23, 124-128.

Bravi, F.; Edefonti, V.; Bosetti, C.; Talamini, R.; Montella, M.; Giacosa, A.; Franceschi, S.; Negri,
E.; Ferraroni, M.; La, V.C.; Decarli, A. Nutrient dietary patterns and the risk of colorectal cancer:
A case-control study from Italy. Cancer Causes Control 2010, 21, 1911-1918.

Bravi, F.; Edefonti, V.; Randi, G.; Garavello, W.; La, V.C.; Ferraroni, M.; Talamini, R.; Franceschi, S.;
Decarli, A. Dietary patterns and the risk of esophageal cancer. Ann. Oncol. 2012, 23, 765-770.

De, S.E.; Boffetta, P.; Ronco, A.L.; Deneo-Pellegrini, H.; Acosta, G.; Gutierrez, L.P.; Mendilaharsu,
M. Nutrient patterns and risk of lung cancer: A factor analysis in Uruguayan men. Lung Cancer
2008, 61, 283-291.

De, S.E.; Boffetta, P.; Fagundes, R.B.; Deneo-Pellegrini, H.; Ronco, A.L.; Acosta, G.; Mendilaharsu,
M. Nutrient patterns and risk of squamous cell carcinoma of the esophagus: A factor analysis in
uruguay. Anticancer Res. 2008, 28, 2499-2506.

De, S.E.; Ronco, A.L.; Boffetta, P.; Deneo-Pellegrini, H.; Correa, P.; Acosta, G.; Mendilaharsu, M.
Nutrient-derived dietary patterns and risk of colorectal cancer: A factor analysis in Uruguay.
Asian Pac. J. Cancer Prev. 2012, 13, 231-235.

Deneo-Pellegrini, H.; Boffetta, P.; De, S.E.; Correa, P.; Ronco, A.L.; Acosta, G.; Mendilaharsu, M.;
Silva, C.; Luaces, M.E. Nutrient-based dietary patterns of head and neck squamous cell cancer: A
factor analysis in Uruguay. Cancer Causes Control 2013, 24, 1167-1174.

Edefonti, V.; Bravi, F.; La, V.C.; Randi, G.; Ferraroni, M.; Garavello, W.; Franceschi, S.; Talamini, R;
Boffetta, P.; Decarli, A. Nutrient-based dietary patterns and the risk of oral and pharyngeal cancer.
Oral Oncol. 2010, 46, 343-348.

Edefonti, V.; Hashibe, M.; Ambrogi, F.; Parpinel, M.; Bravi, F.; Talamini, R.; Levi, F.; Yu, G.;
Morgenstern, H.; Kelsey, K.; et al. Nutrient-based dietary patterns and the risk of head and neck
cancer: A pooled analysis in the International Head and Neck Cancer Epidemiology consortium.
Ann. Oncol. 2012, 23, 1869-1880.

Ganganna, P.; Johnson, A.A. A new nutrient index for measuring nutritional well-being of Indian
states. Int. J. Vitam. Nutr. Res. 1985, 55, 315-322.

Ishimoto, H.; Nakamura, H.; Miyoshi, T. Epidemiological study on relationship between breast
cancer mortality and dietary factors. Tokushima J. Exp. Med. 1994, 41, 103-114.

Palli, D.; Russo, A.; Decarli, A. Dietary patterns, nutrient intake and gastric cancer in a high-risk
area of Italy. Cancer Causes Control 2001, 12, 163-172.

Ronco, A.L.; De, S.E.; Aune, D.; Boffetta, P.; Deneo-Pellegrini, H.; Acosta, G.; Mendilaharsu, M.
Nutrient patterns and risk of breast cancer in Uruguay. Asian Pac. J. Cancer Prev. 2010, 11,
519-524.

Turati, F.; Edefonti, V.; Bravi, F.; Ferraroni, M.; Franceschi, S.; La, V.C.; Montella, M.; Talamini, R;
Decarli, A. Nutrient-based dietary patterns, family history, and colorectal cancer. Eur. J. Cancer Prev.
2011, 20, 456-461.

Pisa, P.T.; Vorster, H.H.; Nishida, C. Cardiovascular disease and nutrition: The use of food-based
dietary guidelines for prevention in Africa. South Afr. Heart J. 2011, 8, 38-47.



Nutrients 2015, 7 3480

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pisa, P.T.; Behanan, R.; Vorster, H.H.; Kruger, A. Social drift of cardiovascular disease risk factors
in Africans from the North West Province of South Africa: The PURE study. Cardiovasc. J. Afr.
2012, 23, 371-388.

Vorster, H.H. The emergence of cardiovascular disease during urbanisation of Africans.
Public Health Nutr. 2002, 5, 239-243.

Popkin, B.M. Nutrition in transition: The changing global nutrition challenge. Asia Pac. J. Clin. Nutr.
2001, 10, S13-S18.

Popkin, B.M. Dynamics of the nutrition transition and its implications for the developing world.
Forum Nutr. 2003, 56, 262—-264.

Black, R.E.; Victora, C.G.; Walker, S.P.; Bhutta, Z.A.; Christian, P.; de Onis, M.; Ezzati, M.;
Grantham-McGregor, S.; Katz, J.; Martorell, R.; et al. Maternal and child undernutrition and
overweight in low-income and middle-income countries. Lancet 2013, 382, 427-451.

Bosman, L.; Herselman, M.G.; Kruger, H.S.; Labadarios, D. Secondary analysis of anthropometric
data from a South African national food consumption survey, using different growth reference
standards. Matern. Child Health J. 2011, 15, 1372-1380.

Jinabhai, C.C.; Reddy, P.; Taylor, M.; Monyeki, D.; Kamabaran, N.; Omardien, R.; Sullivan, K.R.
Sex differences in under and over nutrition among school-going Black teenagers in South Africa:
An uneven nutrition trajectory. Trop. Med. Int. Health 2007, 12, 944-952.

Kimani-Murage, E.W.; Kahn, K.; Pettifor, J.M.; Tollman, S.M.; Dunger, D.B.; Gomez-Olive, X.F.;
Norris, S.A. The prevalence of stunting, overweight and obesity, and metabolic disease risk in rural
South African children. BMC Public Health 2010, 10, 158.

Casey, B.J.; Jones, R.M.; Levita, L.; Libby, V.; Pattwell, S.S.; Ruberry, E.J.; Soliman, F.;
Somerville, L.H. The storm and stress of adolescence: Insights from human imaging and mouse
genetics. Dev. Psychobiol. 2010, 52, 225-235.

Huybrechts, I.; de Vriendt, T.; Breidenassel, C.; Rogiers, J.; Vanaelst, B.; Cuenca-Garcia, M.; Moreno,
L.A.; Gonzalez-Gross, M.; Roccaldo, R.; Kafatos, A.; et al. Mechanisms of stress, energy
homeostasis and insulin resistance in European adolescents—The HELENA study. Nutr. Metab.
Cardiovasc. Dis. 2014, 24, 1082-1089.

Kahn, K.; Tollman, S.M.; Collinson, M.A.; Clark, S.J.; Twine, R.; Clark, B.D.; Shabangu, M.;
Gomez-Olive, F.X.; Mokoena, O.; Garenne, M.L. Research into health, population and social
transitions in rural South Africa: Data and methods of the Agincourt Health and Demographic
Surveillance System. Scand. J. Public Health Suppl. 2007, 69, 8-20.

Kahn, K.; Collinson, M.A.; Gomez-Olive, F.X.; Mokoena, O.; Twine, R.; Mee, P.; Afolabi, S.A,;
Clark, B.D.; Kabudula, C.W.; Khosa, A.; et al. Profile: Agincourt health and socio-demographic
surveillance system. Int. J. Epidemiol. 2012, 41, 988-1001.

Kimani-Murage, E.W.; Kahn, K.; Pettifor, J.M.; Tollman, S.M.; Klipstein-Grobusch, K.; Norris, S.A.
Predictors of adolescent weight status and central obesity in rural South Africa. Public Health Nutr.
2011, 14, 1114-1122.

Wrottesley, S.V.; Micklesfield, L.K.; Hamill, M.M.; Goldberg, G.R.; Prentice, A.; Pettifor, J.M.;
Norris, S.A.; Feeley, A.B. Dietary intake and body composition in HIV-positive and -negative
South African women. Public Health Nutr. 2014, 17, 1603-1613.



Nutrients 2015, 7 3481

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Nel, J.; Steyn, J.P. Report on South African Food Consumption Studies Undertaken among Diffirent
Population Groups (1983-2000): Average Intakes of Foods Most Commonly Consumed,;
Department of Health of Directorate: Pretoria, South Africa, 2002.

Steyn, N.; Senekal, M. A Guide for the use of Dietary Assessment and Education Kit (DAEK);
Medical Research Council: Cape Town, South Africa, 2005.

Steyn, N.P.; Senekal, M.; Norris, S.A.; Whati, L.; Mackeown, J.M.; Nel, J.H. How well do
adolescents determine portion sizes of foods and beverages? Asia Pac. J. Clin. Nutr. 2006, 15, 35-42.
Langenhoven, M.L.; Kruger, M.; Gouws, E. MRC Food Composition Tables, 3rd ed.; Medical
Research Council: Cape Town, South Africa, 1991.

World Health Organization. WHO Anthro Plus for Personal Computers, Manual. Software for
Assessing Growth of the World’s Children and Adolescents; WHO: Geneva, Switzerland, 2009.
Norris, S.; Ritcher, L. Usefulness and realibility of tanner pubertal self rating to urban black
adolescents in South Africa. J. Res. Adolesc. 2005, 15, 609-624.

McVeigh, J.A.; Norris, S.A.; Cameron, N.; Pettifor, J.M. Associations between physical activity
and bone mass in black and white South African children at age 9 year. J. Appl. Physiol. 2004, 97,
1006-1012.

McVeigh, J.A.; Norris, S.A. Criterion validity and test-retest realibility of a physical activity
questionnaire in South African primary school-aged children. South Afr. J. Sports Med. 2012, 24,
43-48.

Micklesfield, L.K.; Pedro, T.M.; Kahn, K.; Kinsman, J.; Pettifor, J.M.; Tollman, S.; Norris, S.A.
Physical activity and sedentary behavior among adolescents in rural South Africa: Levels, patterns
and correlates. BMC Public Health 2014, 14, 40.

Johnson, R.A.; Wichern, D.W. Applied Multivariate Statistical Analysis, 5th ed.; Prentice Hall:
Upper Saddle River, NJ, USA, 2007.

Willet, W.C. Nutritional Epidemiology, 2nd ed.; Oxford University Press: New York, NY,
USA, 1998.

Tucker, K.L. Dietary patterns, approaches, and multicultural perspective. Appl. Physiol. Nutr. Metab.
2010, 35, 211-218.

Edefonti, V.; Decarli, A.; La, V.C.; Bosetti, C.; Randi, G.; Franceschi, S.; Dal, M.L.; Ferraroni, M.
Nutrient dietary patterns and the risk of breast and ovarian cancers. Int. J. Cancer 2008, 122,
609-613.

Edefonti, V.; Bravi, F.; Garavello, W.; La, V.C.; Parpinel, M.; Franceschi, S.; Dal, M.L.; Bosetti, C.;
Boffetta, P.; Ferraroni, M.; et al. Nutrient-based dietary patterns and laryngeal cancer: Evidence
from an exploratory factor analysis. Cancer Epidemiol. Biomark. Prev. 2010, 19, 18-27.

Slimani, N.; Fahey, M.; Welch, A.A.; Wirfalt, E.; Stripp, C.; Bergstrom, E.; Linseisen, J.; Schulze, M.B.;
Bamia, C.; Chloptsios, Y.; et al. Diversity of dietary patterns observed in the European Prospective
Investigation into Cancer and Nutrition (EPIC) project. Public Health Nutr. 2002, 5, 1311-1328.
Dugee, O.; Khor, G.L.; Lye, M.S.; Luvsannyam, L.; Janchiv, O.; Jamyan, B.; Esa, N. Association of
major dietary patterns with obesity risk among Mongolian men and women. Asia Pac. J. Clin. Nutr.
20009, 18, 433-440.



Nutrients 2015, 7 3482

54. Esmaillzadeh, A.; Kimiagar, M.; Mehrabi, Y.; Azadbakht, L.; Hu, F.B.; Willett, W.C. Dietary
patterns, insulin resistance, and prevalence of the metabolic syndrome in women. Am. J. Clin. Nutr.
2007, 85, 910-918.

55. Murtaugh, M.A.; Herrick, J.S.; Sweeney, C.; Baumgartner, K.B.; Guiliano, A.R.; Byers, T.; Slattery,
M.L. Diet composition and risk of overweight and obesity in women living in the southwestern
United States. J. Am. Diet. Assoc. 2007, 107, 1311-1321.

56. Paradis, A.M.; Godin, G.; Perusse, L.; Vohl, M.C. Associations between dietary patterns and
obesity phenotypes. Int. J. Obes. 2009, 33, 1419-1426.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



	1. Introduction
	2. Materials and Methods
	2.1. Study Population and Design
	2.2. Ethical Approval
	2.3. Measurement of Diet, Lifestyle Factors, Anthropometric Indicators and  Socio-Demographic Information
	2.4. Data Analysis

	3. Results
	3.1. Identification and Description of Depicted Nutrient Patterns (PC)
	3.2. Dietary, Lifestyle, Anthropometric and Socio-Demographic Variables Associated with Identified Nutrient Patterns

	4. Discussion
	5. Conclusions
	Acknowledgements
	Author Contributions
	Conflicts of Interest
	References



