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Popular Scientific Summary

* Higher dietary anthocyanidins intake was favorably associated with higher lean mass, lower fat
mass, and fat mass percentage in children at early age.

* Higher dietary anthocyanidin and cyanidin intake was associated with lower risk of abdominal
obesity.

» No significant associations were observed between anthocyanidins and handgrip strength.

Abstract

Background: Previous animal and in vitro studies indicated that anthocyanidins might contribute to the
prevention of obesity, while epidemiological evidences were scarce and had not been conducted in children.
Objective: We explored the associations between anthocyanidins and body composition in children.

Design: A cross-sectional study involving 452 children aged 6-9 years in Guangzhou, China, was carried out.
Dietary information was collected using a 79-items food frequency questionnaire. Fat mass (FM), lean mass
(LM), and fat mass percentage (FMP) at multi-sites (whole body, trunk, limbs, android area, and gynoid area)
were measured using a dual-energy X-ray scan. Abdominal obesity was defined as an age- and sex-specific
abdominal FM 2> 85th percentile. Handgrip strength was measured using a hydraulic hand dynamometer.
Results: After adjusted for several potential covariates, higher dietary intake of anthocyanidin (per one stan-
dard deviation increase) was associated with a 0.013-0.223 kg increase of LM, a 0.024-0.134 kg decrease
of FM, and a 0.63-0.76% decrease of FMP at multi-sites (P < 0.05). Results were similar and more pro-
nounced for delphinidin and cyanidin, but less significant for peonidin. Higher dietary anthocyanidin intake
(per standard deviation increase) was associated with a 41.0% (OR: 0.59, 95%CI: 0.37, 0.94) decreased
risk of abdominal obesity. However, no significant associations were observed between anthocyanidin and
handgrip strengths.

Conclusions: Higher dietary intake of anthocyanidin and its components tended to be associated with better
body composition, but not handgrip strength, in Chinese children at early age.
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ince the 1980s, the global prevalence of overweight adults (1, 2). The status of adiposity was likely to retain
and obesity in childhood has increased dramatically, from childhood to adulthood and lead to cardiovascular
and the rate of increase is greater in children than (3) or diabetic consequences (4). Recent evidence showed

#Gengdong Chen and Fanyiwen Sun contributed equally to this article.

Food & Nutrition Research 2021.© 202 | Gengdong Chen et al.This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http:// I
creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose,

even commercially, provided the original work is properly cited and states its license. Citation: Food & Nutrition Research 2021, 65: 4428 - http://dx.doi.org/10.292 | 9/fnrv65.4428
(page number not for citation purpose)


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.29219/fnr.v65.4428
http://dx.doi.org/10.29219/fnr.v65.4428

Gengdong Chen et al.

that detrimental precursor cardiovascular processes might
happen in those with overweight or obesity even at early
age (5). Scientists should come up with strategies to pre-
vent further deterioration of the situation. Body mass
index (BMI) is most widely used for evaluating overweight
and obesity. However, it is short to assess fat distribution.
More precise measurement of body composition is also
needed in this field.

Body composition was influenced by both physical
activity and nutrition (6, 7). Multiple dietary nutri-
ents (e.g., protein, carbohydrate, calcium, and vitamin
D) (6, 8, 9) were reported to affect body composition.
Anthocyanidin is one of the important subfamilies of
flavonoids, which mainly source from plant foods. Cy-
anidin, delphinidin, and peonidin are major compounds
of anthocyanidin. Former evidence showed that dietary
anthocyanidin or foods rich in anthocyanidin benefits
several chronic diseases, like cancers of gastrointestinal
tract (10), cardiovascular events (11), and diabetes (12).
Oxidation and inflammation were two important mech-
anisms of obesity development (1). Anthocyanidins
were reported to be with the capacities against oxidation
by activating the nuclear factor erythroid 2-related fac-
tor-2 (Nrf2)/heme oxygenase-1 (HO-1) signaling path-
way (13), and reduce inflammation by inhibiting nuclear
factor-kappa B activation and increasing peroxisome
proliferator activated receptor-y (PPAR-y) gene expres-
sion (14). Besides, anthocyanidins were able to inhibit
lipogenesis through the activation of adenosine mono-
phosphate-activated protein kinase (AMPK) pathway
(15). With the evidences presented above, anthocyan-
idins were also hypothesized to be effective in obesity
prevention and in improving the body composition.
Supplements of foods rich in anthocyanidin improve
adiposity conditions by lowering the levels of inflamma-
tory factors (e.g., IL-6, MCP-1, CRP, and TNF-a) in
several mice models, like C57BL/6 (16). Intervention of
anthocyanidin-rich foods or fruits juices was also found
to improve obese or metabolism status in randomized
clinical trial studies of overweight or obese adults (17—
19). Foods rich in anthocyanidin and other flavonoids
contributed to weight maintenance in a large cohort of
1,24,086 US men and women followed for up to 24 years
(20). High amount of anthocyanidin intake also con-
tributed to better lipid profiles in a cross-sectional study
of 1,393 Chinese women (21). However, to the best of
our knowledge, the associations between anthocyanidin
and body composition had not been studied in children
yet. Whether anthocyanidin can generate early preven-
tion of childhood obesity or not is still unknown.

We aimed to explore the associations of dietary an-
thocyanidin and its major compounds with body com-
position and handgrip strength in a cross-sectional study
based on Chinese children at early age.
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Materials and methods

Subjects

The study was based on a children population in Guang-
zhou, China. Detailed information of the recruitment
was described before (22). To be precise, a total of 521
subjects responded from the invitation letters (315 from
1,394) or advertisements and referrals [206] and finally
recruited during December 2015 and March 2017. Six-
ty-nine subjects were excluded for the following reasons:
twins [12], preterm birth [25], relative medical condition
[12], and core data unavailable [20]. Finally, a total of
452 children (197 girls and 255 boys) were included in
the study as volunteers and received physical examina-
tion. A written consent was well explained and obtained
from each subject through his or her parents or legal
guardian. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the
ethics committee of the School of Public Health at Sun
Yat-sen University (No. 201549).

Dietary information

Dietary information over the prior year was collected
using a validated (23) food frequency questionnaire (FFQ,
79-items) through face-to-face interviews. For each item,
the children were asked to answer their consumption fre-
quencies (never, yearly, monthly, weekly, or daily) and the
amount (with the help of their parents or legal guardians
if necessary). Colorful photographs of foods in standard
portion sizes with same reference objects were provided
to better estimate the exact quantity of each food items.
The Chinese Food Composition (24) was used for the
calculation of mean consumption of daily intake of en-
ergy and protein. Dietary intake of anthocyanidin and
its compounds was calculated using The Chinese Food
Composition (25). All nutrients were adjusted for energy
using residual method (26) to attenuate the influence of
dietary energy intake. A total of 28 children completed
two FFQs (FFQI and FFQ2) and 3-day dietary records
with the help of their guardians over an interval of
12 months. The Spearman’s correlation coefficients be-
tween FFQI and FFQ2 (r = 0.385-0.604) were significant
(at the criteria o < 0.05) for soy food, fruits, anthocyan-
idin, cyanidin, and peonidin and were significant (at the
criteria a < 0.10) for vegetables (r = 0.348, P = 0.070) and
delphinidin (r = 0.345, P = 0.072). The corresponding
Spearman’s correlation coefficients between FFQI and
3-day dietary records were 0.438 for soy food (P = 0.020),
0.367 for vegetables (P = 0.055), and 0.348 for fruits
(P =0.069).

Dual-energy X-ray absorptiometry (DXA) scans
Abdominal fat and lean mass were measured using a

whole-body Dual-energy X-ray absorptiometry (DXA)
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scanner (Discovery W; Hologic Inc., Waltham, MA, USA)
and analyzed by an experienced technician. Subjects wore
only light clothing without metal or objects with high den-
sity, and then hold the standard posture under the guid-
ance of the technician during the scan. FM, and LM at
whole body, trunk, limbs, android area, and gynoid area
sites were analyzed by the machine’s inbuilt software, and
FMP was then calculated. For quality control, a spine
phantom was used for daily correction before formal
scans. The coefficients of variation between two consecu-
tive measurements with repositioning among 35 randomly
selected children on the same day were 0.77-5.67% for FM
or LM at multi-sites. Abdominal obesity was defined as
an age- and sex-specific abdominal FM > 85th percentile
according to the criteria reported previously (22).

Handgrip strength measurement

Handgrip strength (accurate to 0.1 kg) of children was
measured using a Jamar® Plus+ Hand Dynamometer
obtained from JAMAR® Hydraulic Hand Dynamome-
ter, Sammons Preston, Bolingbrook, IL, USA. Subjects
performed the measurement twice using both hands as
per instructed, and the largest handgrip strength was re-
corded. The coefficients of variation between repeated
measures after a 30-min interval of 28 random selected
subjects were 9.48% for the left hand and 8.19% for the
right hand.

Potential covariates

Anthropometric measurements were performed with sub-
jects wearing light clothing and shoes-off in standing po-
sition. Height (accurate to 0.1 cm) was measured using a
standard stadiometer, and weight (accurate to 0.1 kg) was
measured using a Tanita MC-780A (Tanita Corporation,
Tokyo, Japan). Other information of potential covariates
was collected using a structured questionnaire through
face-to-face interview with the attendance of both chil-
dren and their guardians. Information of both children
(e.g., age, birth information, physical activity, and use of
supplements) and their parents (e.g., household income
and education) was collected. Physical activity was noted
by a continuous 3-day (two weekdays and one weekend
day) record over the prior week (27), which investigated
the daily physical activities that children were engaged in
and time expenditure of each items (accurate to 15 min).

Statistical analysis

We presented continuous variables as means and stan-
dard deviations (SD) and categorical variables as fre-
quencies and percentages. Dietary intake of nutrients
was adjusted for energy using the residual method.
Linear regression models were operated for exploring
the associations of dietary anthocyanidin and its com-
pounds (per one SD increase) with body composition
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at multi-sites and handgrip strength. Logistic regression
models were performed to explore the association of di-
etary anthocyanidins with abdominal obesity. Two differ-
ent models were carried out for the adjustments in the
linear regression analyses and logistic regression analy-
ses, with model 1 as the univariate model and model 2 ad-
justed for the child’s age, sex, height, weight, delivery way,
household income, parental education, physical activity,
use of calcium and multi-vitamin supplements, dietary
intake of energy, protein, fat, carbohydrate, cholesterol,
calcium, and vitamin D. Variables were brought into the
regression equations using the ‘Enter’ method. Subjects
were divided into quartile groups according to their
body composition. One-way ANOVA analyses were op-
erated to compare the dietary intake of anthocyanidins
by the quartile of the body composition, and the Bon-
ferroni method was used for multiple comparisons be-
tween groups. Stratification analyses of different sex were
also performed. All statistical analyses were performed
using SPSS 21.0 (SPSS Inc., Chicago, IL), and a two-side
P-value < 0.05 was considered as of statistical signifi-
cance. An 84.4% power was achieved to detect a change
in slope from zero under to 0.14 (slope between anthocy-
anin and whole body fat mass) when the SD of the expo-
sure is 1.00, the SD of the residuals is 1.00. A sample of
452 observations achieve 92.2% power to detect the asso-
ciations between dietary cyanidin (per SD increase) and
abdominal obesity. The prevalence of abdominal obesity
is 18.8%, related odds ratio is 0.59, and the R-squared
value of dietary cyanidin with other covariates is 0.404 in
our study. The power estimate analyzes were performed
using PASS software version 11.0 (NCSS, LLC).

Results

A total of 197 girls (8.06 + 0.96 years) and 255 boys
(7.97 = 0.91 years) were included in this study. Boys
tended to be with higher BMI, weight, physical activities,
and dietary intake of energy, protein, fat, carbohydrate,
cholesterol, and calcium (all P < 0.05). No significant
differences were observed for dietary anthocyanidin,
its compounds, vitamin D, vegetables, fruits, and other
variables between boys and girls (Table 1). Dietary an-
thocyanidin and its compounds were mainly obtained
from pome fruits, vegetables, grapes, soy food, bananas,
and other fruits (Figure 1). Subjects with higher fat mass
percentage (FMP) at multi-sites exhibited a tendency of
lower intake of total anthocyanidin, delphinidin, and cy-
anidin. Besides, subjects with higher trunk fat mass (FM)
or android area FM tended to be with lower intake of
total anthocyanidin, delphinidin, and cyanidin. No sig-
nificant differences of dietary peonidin intake were ob-
served among quartile groups of body composition at
multi-sites (Supplementary Table 1). Dietary anthocyan-
idins were positively correlated with the dietary intake of
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Table 1. Characteristic of subjects included in the study

Total (N = 452) Girls (N = 197) Boys (N = 255) P
Age, years 8.01 £0.93 8.06 + 0.96 7.97 091 0.285
BMI, kg/m? 158 £2.75 152 £2.10 16.2 + 3.09 <0.001
Height,m 1.29 £7.99 1.28 £ 7.81 1.29 £ 8.14 0.704
Weight, kg 264 +7.04 253 +55]1 273792 0.003
Physical activity, Metxh/d 39.9 £4.27 389 +3.87 40.6 + 4.4| <0.001
Dietary energy intake, kcal/d 1,431 £+ 434 1,336 + 398 1,505 + 449 <0.001
Dietary protein intake, g/d* 61.8+9.11 58.8 £ 8.83 64.1 £8.65 <0.001
Dietary fat intake, g/d* 329 £ 69.7 316 + 684 339 £ 69.1 0.001
Dietary carbohydrate intake, g/d* 193 +26.6 179 £223 204 +24.4 <0.001
Dietary cholesterol intake, mg/d 348 + 140 333 % 121 360 + |51 0.041
Dietary calcium intake, mg/d® 491 £ 140 475 £ 131 503 + 145 0.035
Dietary vitamin D intake, IU/d* 90.4 + 47.9 85.5 £ 45.7 94.1 +493 0.059
Dietary vegetable intake, g/d® 183 £ 94.3 188 £ 83.0 179 £ 102 0.339
Dietary fruit intake, g/d* 149 £99.2 148 £ 97.8 150 £ 100 0.449
Dietary anthocyanidin intake, mg/d® 6.88 + 4.06 6.96 + 4.05 6.81 +4.08 0.710
Dietary delphinidin intake, mg/d® 0.58 + 0.44 0.60 + 0.44 0.56 £ 0.43 0.257
Dietary cyanidin intake, mg/d* 5.36 + 3.61 541 £ 355 5.32 £ 3.66 0.794
Dietary peonidin intake, mg/d® 0.94 + 0.72 0.95 + 0.69 0.94 + 0.75 0.905
Delivery way, N (%) 0.068
Natural 228 (50.4) 109 (55.3) 119 (46.7)
Cesarean 224 (49.6) 88 (44.7) 136 (53.3)
Household income, Yuanxmonth™', N (%) 0913
< 15,000 217 (48.0) 94 (47.7) 123 (48.2)
> 15,000 235 (52.0) 103 (52.3) 132 (51.8)
Maternal education, N (%) 0.612
< 12 years 173 (38.3) 78 (39.6) 95 (37.3)
> |2 years 279 (61.7) 119 (60.4) 160 (62.7)
Paternal education 0.746
< 12 years 182 (40.3) 8l (41.1) 101 (39.6)
> 12 years 270 (59.7) 116 (58.9) 154 (60.4)
Use of calcium supplements, N (%) 0.192
No 269 (59.5) 124 (62.9) 145 (56.9)
Yes 183 (40.5) 73 (37.1) 110 (43.1)
Use of multi-vitamin supplements, N (%) 0.721
No 373 (82.5) 164 (83.2) 209 (82.0)
Yes 79 (17.5) 33(16.8) 46 (18.0)

Continuous variables were presented as Mean * standard deviation; Categorical variables were presented as frequency (percentage).

a, adjusted for energy using residual methods.

carbohydrate (except for peonidin), calcium, vegetables,
and fruits (+" = 0.102-0.781, all P < 0.05), but not for
other nutrients, like protein, fat, cholesterol, and vitamin
D (Supplementary Table 2).

In univariate analysis, the higher dietary intake of an-
thocyanidin and its compounds (except for peonidin) was
associated with lower FMP and lower FM (delphinidin,
and cyanidin) at multi-sites (Supplementary Table 3).
Results tended to be more pronounced after adjusted for
potential covariates in Model 2 (Table 2). Higher dietary
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intake of anthocyanidin (per one SD increase) was associ-
ated with a 0.013-0.223 kg increase of LM, a 0.024-0.134
kg decrease of FM, and a 0.63-0.76% decrease of FMP at
multi-sites (P < 0.05). Delphinidin (per one SD increase)
was associated with a 0.057 to 0.168 kg increase of LM,
a 0.033 to 0.114 kg decrease of FM, and a 0.49-0.97%
decrease of FMP. Cyanidin (per one SD increase) was
associated with a 0.014 to 0.209 kg increase of LM, a
0.058 to 0.114 kg decrease of FM, and a 0.54-0.70% de-
crease of FMP. Peonidin (per one SD increase) was only
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Fig. 1. Foods contribution of anthocyanidins in the study. Total anthocyanidins were derived by summarizing delphinidin,
cyanidin, and peonidin. Pome fruits included apple, pear, peach, pineapple, and plum.

Table 2. Associations of dietary anthocyanidins with body composition after adjusted for potential covariates

Anthocyanidin Delphinidin Cyanidin Peonidin
B se P B se P B se P B se P
Whole body
Fat mass (FM), kg -0.134  0.055 0.015 -0.114 0.053 0.033 -0.114 0.054 0.037 -0.079 0.05I 0.124
Lean mass (LM), kg 0223 0.053 <0.001 0.168 0.052 0.001 0209 0052 <0.001 0059 0.050 0.237

Fat mass percentage (FMP),% -0.628  0.195 0.001 -0.619 0.I191 0.001 -0.540 0.194 0.006 -0.327 0.184 0.076
Trunk

FM, kg -0.064 0.027 0.018 -0.033 0.026 0213 -0.058 0.027 0.030 -0.030 0.025 0.24I

LM, kg 0.099 0.027 <0.001 0.057 0.027 0.033 0.093 0027 0.00I 0034 0.025 0.180

FMP, % -0.708 0.206  0.001 -0.485 0.191 0.017 -0.633  0.205 0.002 -0366 0.194  0.060
Limbs

FM, kg -0.070  0.033 0.036 -0.079 0.032 0.015 -0.055 0.033 0.093 -0.049 0.031 0.117

LM, kg 0.121  0.031 <0.001 0.120 0.030 <0.001 0.110 0030 <0.001 0029 0.029 0317

FMP, % -0.749 0269 0.006 -0968 0.261 <0.001 -0.620 0.268  0.021 -0.387 0253 0.127
Android area

FM, kg -0.009  0.005 0.055 -0.004 0.005 0.413 -0.008 0.005 0.091 -0.005 0.005 0.242

LM, kg 0013 0.006 0.033 0.006 0.006 0.285 0014 0006 0.017 -0.004 0.006 0.506

FMP, % -0.761 0218 0.001 -0.5II 0214 0.017 -0.701 0217 0.001 -0.302 0206 0.142
Gynoid area

FM, kg -0.024 0.0l 0.027 -0.033 0.0l1 0.002 -0.015 0.0I1 0.1é6 —-0.031  0.010 0.002

LM, kg 0.034 0.012 0.004 0.014 0012 0.235 0.038 0.0l12 0.001 -0.007 0.0II 0.543

FMP, % -0.755 0242  0.002 -0846 0.235 <0.001 -0.625 0.24| 0.010 -0.463 0227 0.042

Linear regression analysis, adjusted for covariates including: age, sex, height, weight, delivery way, household income, parental education, physical activity,
use of calcium and multi-vitamin supplements, dietary intake of energy, protein, fat, carbohydrate, cholesterol, calcium, vitamin D.
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Table 3. Associations of dietary anthocyanidins with abdominal obesity

Abdominal Per SD increase of dietary anthocyanidin and its main compounds
obesity
Anthocyanidin Delphinidin Cyanidin Peonidin
OR 95%Cl P OR 95%Cl P OR 95%Cl P OR 95%Cl P

Total (N = 452)

Model | 0.74 (0.56,0.97) 0.030 081 (0.64,1.07) 0.136 071 (0.53,0.94) 0.0l6 .05 (0.84,1.32) 0.664

Model 2 0.59 (0.37,0.94) 0.028 080 (0.50,1.25) 0323 056 (0.35090) 0.0I8 1.04 (0.74,1.47) 0.802
Girls (N = 197)

Model | 0.80 (0.53,1.22) 0295 094 (0.64,1.39) 0.757 078 (0.51,1.19) 0249 091 (0.68,1.45) 0.96l

Model 2 091 (0.45,1.84) 0.790 1.27 (0.56,2.88) 0563 0.77 (0.37,1.60) 0.489 .60 (0.83,3.08) 0.159
Boys (N = 255)

Model | 070 (0.49,1.00) 0.052 0.72 (0.48,1.06) 0.096 066 (0.45096) 0.029 1.09 (0.82,1.45) 0.550

Model 2 036 (0.17,0.77) 0.008 049 (0.22,1.13) 0.095 033 (0.14,0.75) 0.008 0.83 (0.49,1.40) 0.474

Logistic regression analysis, with Model | as univariate analysis without adjustment;and Model 2 adjusted for covariates including: age, sex, height, weight,
delivery way, household income, parental education, physical activity, use of calcium and multi-vitamin supplements, dietary intake of energy, protein, fat,

carbohydrate, cholesterol, calcium, and vitamin D.

associated with a 0.031 kg decrease of gynoid area FM
and a 0.46% decrease of gynoid area FMP. Results were
similar, but generally less pronounced after stratified by
sex (Supplementary Tables 4 & 5).

By defining abdominal obesity as an age- and sex-
specific abdominal FMP > 85th percentile, the higher di-
etary intake of anthocyanidin was associated with a 41.0%
lower risk (OR: 0.59; 95%CI: 0.37, 0.94) of abdominal
obesity in total subjects and a 64.0% lower risk (OR: 0.36;
95%CI: 0.17, 0.77) of abdominal obesity in boys. Besides,
the higher dietary intake of cyanidin was associated with
a 44.0% lower risk (OR: 0.56; 95%CI: 0.35, 0.90) of ab-
dominal obesity in total subjects and a 67% lower risk
(OR: 0.33; 95%CI. 0.14, 0.75) of abdominal obesity in
boys. No significant associations were observed between
other dietary anthocyanidin exposures and abdominal
obesity (Table 3). Significant protective association be-
tween anthocyanidin and handgrip strength was found
after adjusted for several covariates (e.g., age, sex, height,
and weight); however, the association vanished after fur-
ther adjustment of other nutrients, including protein,
fat, carbohydrate, cholesterol, calcium, and vitamin D
(Supplementary Table 6).

Discussion
In our study, we found that dietary anthocyanidin and its
compounds tended to be associated with better body com-
position, but not handgrip strength in children. Besides,
higher anthocyanidin and cyanidin were associated with
lower risk of abdominal obesity.

Consistent with our results, the benefit influences of
anthocyanidin in adiposity had been reported among
adults in several studies. Supplement of anthocyanidin

(page number not for citation purpose)

from rich black soybean extract leads to reduction in ab-
dominal fat, inflammatory factors, and better lipid pro-
files in adults with higher BMI or waist circumference
(WC) (16). Bilberry supplementation contributed to de-
creased weight and WC in overweight or obese women
in another RCT study (19). Higher dietary anthocyani-
din (per one SD increase, 10 mg/d) was associated with
0.10 kg decrease of weight in a large population of
1,24,086 US adults from three prospective cohorts fol-
lowed up to 24 years (20). Although the supplementation
of several berries does not change the body composi-
tion or weight in subjects with metabolism syndrome,
better lipid profile improvements were observed after
the supplementation (28-30), which was consistent with
the results found in another observational study (21).
Intervention using anthocyanidin sourced from black
raspberry does not affect the development in obese mice
models (31). The heterogeneity of berries or different
bioactive dose of anthocyanidin might contribute to the
inconsistent results in adults. Generally, our results to-
gether with most of the former evidences emphasized the
bright prospect of anthocyanidin in obesity prevention;
however, well-designed prospective epidemiological stud-
ies are urgently needed in children.

In our study, anthocyanidin and its components were
majorly sourced from vegetables and fruits, and they were
positively correlated (+* = 0.330-0.781, all P < 0.001).
Therefore, the protective associations of anthocyanidin on
body composition might partly source from the benefit of
vegetables and fruits as reported previously (32), and the
associations were not adjusted for dietary intake of fruits
and vegetables in our study in case of over adjustments.
Several nutrients (fat, protein, carbohydrate, cholesterol,
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calcium, and vitamin D) were found to be associated with
body composition or obesity before (33-36). In our study,
similar positive relationships with anthocyanidins were ob-
served for the dietary intake of calcium (partly source from
fruits and vegetables) and carbohydrate (" = 0.102-0.202,
P <0.05). We found that calcium was correlated with fruits
and vegetables (' = 0.184 and 0.186, P < 0.05), and carbo-
hydrate was correlated with fruits (»" = 0.141, P = 0.003)
in our study (data not shown), which might partly explain
the relationships between anthocyanidin and these nutri-
ents. No significant relationships were discovered between
anthocyanidin and other nutrients, including protein, fat,
cholesterol, and vitamin D, which suggested that the as-
sociations of anthocyanidin with body compositions did
not generate from the decreased intake of fat and choles-
terol (detrimental for body composition) or the increased
intake of protein and vitamin D (favorable for body com-
position). Nevertheless, the associations between anthocy-
anidin and body composition were robust even after the
adjustment of these nutrients, which suggested that the
associations were not biased by these nutrients.

The dietary intake of anthocyanidin ranged from 0.50
to 27.7 mg/d, with a median (range interquartile) of 6.88
(4.06, 9.01) mg/d in our study. The amount was slightly
lower than those observed in a study based on three
large cohorts of US adults (median: 8.0-8.3 mg/d, range:
2.0-24.3 mg/d) (37). For calculating the total amount
of anthocyanidin, only three components were included
(delphinidin, cyanidin, and peonidin). Three other major
components in foods (malvidin, pelargonidin, and pelar-
gonidin) were not included because the database was not
available in the latest Food Composition in China (25).
Therefore, the total mounts of dietary anthocyanidin
might be underestimated in our study; however, this might
lead to an underestimation of the protective associations
between anthocyanidin and body compositions, instead
of overestimated associations.

Handgrip strength was positively correlated with
LM (" = 0.101 to 0.827, P < 0.05), but negatively cor-
related with FM (" = =0.172 to —0.282, P < 0.01) and
FMP (v’ = —0.123 to —0.209, P < 0.01) after adjusted for
age, sex, height, and weight (data not shown). However,
we failed to observe the significant associations between
anthocyanidins and handgrip strength. In fact, signifi-
cant protective association between anthocyanidin and
handgrip strength was found after adjusted for several
covariates; however, the association vanished after further
adjustments of other nutrients. Therefore, the associations
between anthocyanidins and handgrip strength might be
biased by other nutrients. The absence of several antho-
cyanidin components might lead to the underestimate
of the amount of anthocyanidin and its protective influ-
ences. Besides, it could be possible that the influences of
anthocyanidin on body composition are not quantitative
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enough to change the qualitative functions (handgrip
strength). More studies were needed for the examination
of our results.

Several mechanisms might contribute to the benefits of
anthocyanin/anthocyanidin (A/A) against obesity (38).
First, A/A contribute to an increase in the circulatory an-
tioxidant status and capacity, lowering the oxidative stress
(39, 40), which plays a major role in the development of
obesity (41). Second, A/A might prevent obesity by con-
fronting the influences of inflammatory effects through
the NF-kB pathways (42) and by lowering the production
of lipopolysaccharide-induced NO release and inducible
nitric oxide synthase and the expression of cyclooxygen-
ases-2 (43). Third, A/A might regulate the expression
of adipocyte-specific gene by increasing the activity of
AMP-activated protein kinase and subsequent reactions
(44). Besides, the influences of A/A on gut microbiota
might also contribute to obesity control (45).

There are several advantages of our study. First, to the
best of our knowledge, this is the first study exploring the
associations of anthocyanidin with body composition in
children. Second, we used body composition measured
by the gold standard as outcomes at multi-sites, which
provided more precise information of fat distributions.
Third, outcomes of abdominal obesity and handgrip
strength were also included in the study (although no
significant associations were observed), which provided
further information in these fields. Finally, a large series
of potential covariates were controlled in the analyses;
therefore, we might largely avoid potential confounding
from these factors. There are several limitations that merit
careful consideration. First, the design of the study was
cross-sectional, which only showed association instead
of causality. Second, data of several other compounds
of anthocyanidin (e.g., malvidin, pelargonidin, and pel-
argonidin) were unavailable in the latest Chinese Food
Composition (25). Therefore, we could not analyze the
associations of the rest of anthocyanidin compounds.
However, this might underestimate, instead of overesti-
mate, the protective associations of anthocyanidin. Third,
children included in the study had a relatively narrow age
range; therefore, the results might not be well extrapolated
to children in other age groups. Further studies with pro-
spective design and large age range were needed for the
examination of our study. Finally, subjects were recruited
as volunteers through letters or advertisement instead of
random sampling. The response rate of the recruitment
was low, because children and their guardians could
choose to participate or not in the study (as volunteers).
These might attenuate the representative of our study. We
controlled a series of potential covariates to attenuate the
influences. Besides, the association between anthocyanidin
and abdominal obesity was not modified by all the covari-
ates included in the analyses, including age, sex, economic

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v65.4428

Gengdong Chen et al.

status, household income, parental education, delivery
way, use of calcium and multi-vitamin supplements, phys-
ical activities, and dietary intake of several other nutrients
(P, eraction = 0-056-0.977). Therefore, the associations of
anthocyanidins and body composition might be able to
extrapolate the subjects with different situations of these
variables.

Conclusion

In our study, higher dietary intake of anthocyanidin and
its compounds tended to be associated with higher LM,
lower FM, and lower FMP in children at early age. More
prospective studies were needed for further examination
of the associations.

Acknowledgments
The authors would like to thank all the research members
involved in the data collection of the study.

Conflict of interest and funding

The authors declare no potential conflicts of interest.
This work was supported by the National Natural Sci-
ence Foundation of China (No. 81502798, ZZQ), the
Natural Science Foundation of Guangdong Province,
China (No. 2015A030310399, ZZQ), the Maternal and
Children Nutrition and Care Fund of Biostime (No.
BINCMYF15006, ZZQ), the Basic and Applied Basic
Research Foundation of Guangdong Province (grant
numbers 2019A1515110163, CGD), and the Foundation
of Bureau of Science and Technology of Foshan City
(No. 1920001000294, CGD). The funding sponsors had
no role in the design of the study; in the collection, anal-
yses, or interpretation of data; in the writing of the man-
uscript; and in the decision to publish the results.

Authorship

GDC and YL analyzed the data and wrote the manu-
script. SJIL, JQX, XYD, YTZ, YZ, and FYWS were parts
of the data collection team; SS revised the manuscript;
ZQZ designed the project, supervised the study, and
revised the manuscript.

References

1. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee
A, et al. Health effects of overweight and obesity in 195 countries
over 25 years. N Engl J Med 2017; 377(1): 13-27. doi: 10.1056/
NEJMoal614362

2. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono
C, et al. Global, regional, and national prevalence of overweight
and obesity in children and adults during 1980-2013: a system-
atic analysis for the Global Burden of Disease Study 2013. Lancet
2014; 384(9945): 766-81. doi: 10.1016/S0140-6736(14)60460-8

3. McCrindle BW. Cardiovascular consequences of childhood obe-
sity. Can J Cardiol 2015; 31(2): 124-30. doi: 10.1016/j.cjca.2014.
08.017

(page number not for citation purpose)

4. Censin JC, Nowak C. Childhood adiposity and risk of type 1
diabetes: a Mendelian randomization study. PLoS Med 2017,
14(8): €1002362. doi: 10.1371/journal.pmed.1002362

5. Dangardt F, Charakida M, Georgiopoulos G, Chiesa ST, Rapala
A, Wade KH, et al. Association between fat mass through adoles-
cence and arterial stiffness: a population-based study from the Avon
longitudinal study of parents and children. Lancet Child Adolesc
Health 2019; 3(7): 474-81. doi: 10.1016/S2352-4642(19)30105-1

6. Aragon AA, Schoenfeld BJ, Wildman R, Kleiner S, VanDussel-
dorp T, Taylor L, et al. International society of sports nutrition
position stand: diets and body composition. J Int Soc Sports
Nutr 2017; 14: 16. doi: 10.1186/s12970-017-0174-y

7. Yao M, McCrory MA, Ma G, Tucker KL, Gao S, Fuss P, et al.
Relative influence of diet and physical activity on body com-
position in urban Chinese adults. Am J Clin Nutr 2003; 77(6):
1409-16. doi: 10.1093/ajen/77.6.1409

8. Kerksick CM, Roberts MD, Campbell BI, Galbreath MM,
Taylor LW, Wilborn CD, et al. Differential impact of calcium
and vitamin D on body composition changes in post-meno-
pausal women following a restricted energy diet and exercise
program. Nutrients 2020; 12(3): 713. doi: 10.3390/nu12030713

9. Hashimoto Y, Fukuda T, Oyabu C, Tanaka M, Asano M,
Yamazaki M, et al. Impact of low-carbohydrate diet on body
composition: meta-analysis of randomized controlled studies.
Obes Rev 2016; 17(6): 499-509. doi: 10.1111/0br.12405

10. Kocic B, Filipovic S, Nikolic M, Petrovic B. Effects of anthocy-
anins and anthocyanin-rich extracts on the risk for cancers of
the gastrointestinal tract. ] BUON 2011; 16(4): 602-8. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/22331709. (accessed
on 19 March 2021)

11. Mink PJ, Scrafford CG, Barraj LM, Harnack L, Hong CP,
Nettleton JA, et al. Flavonoid intake and cardiovascular disease
mortality: a prospective study in postmenopausal women. Am J
Clin Nutr 2007; 85(3): 895-909. doi: 10.1093/ajcn/85.3.895

12. Muraki I, Imamura F, Manson JE, Hu FB, Willett WC, van
Dam RM, et al. Fruit consumption and risk of type 2 diabetes:
results from three prospective longitudinal cohort studies. BMJ
2013; 347: £5001. doi: 10.1136/bmj.f5001

13. Molagoda IMN, Lee KT, Choi YH, Kim GY. Anthocyanins
from Hibiscus syriacus L. inhibit oxidative stress-mediated
apoptosis by activating the Nrf2/HO-1 signaling pathway. An-
tioxidants (Basel) 2020; 9(1): 42. doi: 10.3390/antiox9010042

14. Aboonabi A, Aboonabi A. Anthocyanins reduce inflammation
and improve glucose and lipid metabolism associated with inhib-
iting nuclear factor-kappaB activation and increasing PPAR-y
gene expression in metabolic syndrome subjects. Free Radic Biol
Med 2020; 150: 30-9. doi: 10.1016/j.freeradbiomed.2020.02.004

15. Gomes JVP, Rigolon TCB, Souza M, Alvarez-Leite JI, Lucia
CMD, Martino HSD, et al. Antiobesity effects of anthocyanins
on mitochondrial biogenesis, inflammation, and oxidative stress:
a systematic review. Nutrition 2019; 66: 192-202. doi: 10.1016/j.
nut.2019.05.005

16. Lee YM, Yoon Y, Yoon H, Park HM, Song S, Yeum KJ. Dietary
anthocyanins against obesity and inflammation. Nutrients 2017
9(10). doi: 10.3390/nu9101089

17. Lee M, Sorn SR, Park Y, Park HK. Anthocyanin rich-black
soybean testa improved visceral fat and plasma lipid profiles in
overweight/obese Korean adults: a randomized controlled trial.
J Med Food 2016; 19(11): 995-1003. doi: 10.1089/jmf.2016.3762

18. Solverson PM, Rumpler WV, Leger JL, Redan BW. Blackberry
feeding increases fat oxidation and improves insulin sensitivity
in overweight and obese males. Nutrients 2018; 10(8): 1048.
doi: 10.3390/nu10081048

Citation: Food & Nutrition Research 2021, 65: 4428 - http://dx.doi.org/10.29219/fnrv65.4428


http://dx.doi.org/10.29219/fnr.v65.4428
http://dx.doi.org/10.1056/NEJMoa1614362
http://dx.doi.org/10.1056/NEJMoa1614362
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/j.cjca.2014.08.017
http://dx.doi.org/10.1016/j.cjca.2014.08.017
http://dx.doi.org/10.1371/journal.pmed.1002362
http://dx.doi.org/10.1016/S2352-4642(19)30105-1
http://dx.doi.org/10.1186/s12970-017-0174-y
http://dx.doi.org/10.1093/ajcn/77.6.1409
http://dx.doi.org/10.3390/nu12030713
http://dx.doi.org/10.1111/obr.12405
https://www.ncbi.nlm.nih.gov/pubmed/22331709
http://dx.doi.org/10.1093/ajcn/85.3.895
http://dx.doi.org/10.1136/bmj.f5001
http://dx.doi.org/10.3390/antiox9010042
http://dx.doi.org/10.1016/j.freeradbiomed.2020.02.004
http://dx.doi.org/10.1016/j.nut.2019.05.005
http://dx.doi.org/10.1016/j.nut.2019.05.005
http://dx.doi.org/10.3390/nu9101089
http://dx.doi.org/10.1089/jmf.2016.3762
http://dx.doi.org/10.3390/nu10081048

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lehtonen HM, Suomela JP, Tahvonen R, Yang B, Venojarvi M,
Viikari J, et al. Different berries and berry fractions have various
but slightly positive effects on the associated variables of meta-
bolic diseases on overweight and obese women. Eur J Clin Nutr
2011; 65(3): 394-401. doi: 10.1038/ejcn.2010.268

Bertoia ML, Rimm EB, Mukamal KJ, Hu FB, Willett WC,
Cassidy A. Dietary flavonoid intake and weight maintenance:
three prospective cohorts of 124,086 US men and women fol-
lowed for up to 24 years. BMJ 2016; 352: il7. doi: 10.1136/
bmj.i17

Li G, Zhu Y, Zhang Y, Lang J, Chen Y, Ling W. Estimated daily
flavonoid and stilbene intake from fruits, vegetables, and nuts
and associations with lipid profiles in Chinese adults. J Acad
Nutr Diet 2013; 113(6): 786-94. doi: 10.1016/j.jand.2013.01.018
Chen G, Yan H, Hao Y, Shrestha S, Wang J, Li Y, et al. Compar-
ison of various anthropometric indices in predicting abdominal
obesity in Chinese children: a cross-sectional study. BMC Pedi-
atrics 2019; 19(1): 127. doi: 10.1186/s12887-019-1501-z

Zhang CX, Ho SC. Validity and reproducibility of a food fre-
quency questionnaire among Chinese women in Guangdong
province. Asia Pac J Clin Nutr 2009; 18(2): 240-50. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/19713184/

Yang YX, Wang GY, Pan XW. China food composition table.
Beijing: Peking University Medical Press; 2009.

Yang YX. China food composition table. Beijing: Peking Uni-
versity Medical Press; 2018.

Willett W, Stampfer MJ. Total energy intake: implications for
epidemiologic analyses. Am J Epidemiol 1986; 124(1): 17-27.
doi: 10.1093/oxfordjournals.aje.al 14366

Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R,
Thériault G. A method to assess energy expenditure in children
and adults. Am J Clin Nutr 1983; 37(3): 461-7. doi: 10.1093/
ajen/37.3.461

Azzini E, Venneria E, Ciarapica D, Foddai MS, Intorre F, Zac-
caria M, et al. Effect of red orange juice consumption on body
composition and nutritional status in overweight/obese female:
a pilot study. Oxid Med Cell Longev 2017; 2017: 1672567.
doi: 10.1155/2017/1672567

Stull AJ, Cash KC, Johnson WD, Champagne CM, Cefalu WT.
Bioactives in blueberries improve insulin sensitivity in obese, in-
sulin-resistant men and women. J Nutr 2010; 140(10): 1764-8.
doi: 10.3945/jn.110.125336

Basu A, Fu DX, Wilkinson M, Simmons B, Wu M, Betts NM,
et al. Strawberries decrease atherosclerotic markers in sub-
jects with metabolic syndrome. Nutr Res 2010; 30(7): 462-9.
doi: 10.1016/j.nutres.2010.06.016

Prior RL, Wilkes S, Rogers T, Khanal RC, Wu X, Hager TJ, et
al. Dietary black raspberry anthocyanins do not alter develop-
ment of obesity in mice fed an obesogenic high-fat diet. J Agric
Food Chem 2010; 58(7): 3977-83. doi: 10.1021/j9030772

Kim J, Lee Y, Kye S, Chung YS, Kim KM. Association of veg-
etables and fruits consumption with sarcopenia in older adults:
the Fourth Korea National Health and Nutrition Examination
Survey. Age Ageing 2015; 44(1): 96-102. doi: 10.1093/ageing/
afu028

Jen V, Karagounis LG, Jaddoe VWYV, Franco OH, Voortman T.
Dietary protein intake in school-age children and detailed mea-
sures of body composition: the generation R study. Int J Obes
2018; 42(10): 1715-23. doi: 10.1038/s41366-018-0098-x

Sergeev IN, Song Q. High vitamin D and calcium intakes
reduce diet-induced obesity in mice by increasing adipose tissue

Citation: Food & Nutrition Research 2021, 65: 4428 - http://dx.doi.org/10.292 1 9/fnrv65.4428

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Anthocyanidins intake and body composition

apoptosis. Mol Nutr Food Res 2014; 58(6): 1342-8. doi: 10.1002/
mnfr.201300503

Doucet E, Almeras N, White MD, Despres JP, Bouchard C,
Tremblay A. Dietary fat composition and human adiposity. Eur
J Clin Nutr 1998; 52(1): 2-6. doi: 10.1038/sj.ejen. 1600500
Rouillier MA, David-Riel S, Brazeau AS, St-Pierre DH, Karelis
AD. Effect of an acute high carbohydrate diet on body compo-
sition using DXA in young men. Ann Nutr Metab 2015; 66(4):
233-6. doi: 10.1159/000435840

Wedick NM, Pan A, Cassidy A, Rimm EB, Sampson L, Rosner
B, et al. Dietary flavonoid intakes and risk of type 2 diabetes
in US men and women. Am J Clin Nutr 2012; 95(4): 925-33.
doi: 10.3945/ajen. 111.028894

Li D, Wang P, Luo Y, Zhao M, Chen F. Health benefits of an-
thocyanins and molecular mechanisms: update from recent de-
cade. Crit Rev Food Sci Nutr 2017; 57(8): 1729-41. doi: 10.1080
/10408398.2015.1030064

Hou DX, Yanagita T, Uto T, Masuzaki S, Fujii M. Anthocy-
anidins inhibit cyclooxygenase-2 expression in LPS-evoked
macrophages: structure-activity relationship and molecular
mechanisms involved. Biochem Pharmacol 2005; 70(3): 417-25.
doi: 10.1016/j.bcp.2005.05.003

Mazza G, Kay CD, Cottrell T, Holub BJ. Absorption of antho-
cyanins from blueberries and serum antioxidant status in human
subjects. J Agric Food Chem 2002; 50(26): 7731-7. doi: 10.1021/
30206901

Santilli F, Guagnano MT, Vazzana N, La Barba S, Davi G.
Oxidative stress drivers and modulators in obesity and car-
diovascular disease: from biomarkers to therapeutic ap-
proach. Curr Med Chem 2015; 22(5): 582-95. doi: 10.2174/
0929867322666141128163739

Taverniti V, Fracassetti D, Del Bo C, Lanti C, Minuzzo M,
Klimis-Zacas D, et al. Immunomodulatory effect of a wild blue-
berry anthocyanin-rich extract in human Caco-2 intestinal cells. J
Agric Food Chem 2014; 62(33): 8346-51. doi: 10.1021/jf502180j
Poulose SM, Fisher DR, Larson J, Bielinski DF, Rimando
AM, Carey AN, et al. Anthocyanin-rich acai (Euterpe oleracea
Mart.) fruit pulp fractions attenuate inflammatory stress signal-
ing in mouse brain BV-2 microglial cells. J Agric Food Chem
2012; 60(4): 1084-93. doi: 10.1021/j£203989k

Guo H, Guo J, Jiang X, Li Z, Ling W. Cyanidin-3-O-beta-gluco-
side, a typical anthocyanin, exhibits antilipolytic effects in 3T3-L1
adipocytes during hyperglycemia: involvement of FoxOl-me-
diated transcription of adipose triglyceride lipase. Food Chem
Toxicol 2012; 50(9): 3040-7. doi: 10.1016/j.fct.2012.06.015
Jamar G, Estadella D, Pisani LP. Contribution of anthocyan-
in-rich foods in obesity control through gut microbiota interac-
tions. Biofactors 2017; 43(4): 507-16. doi: 10.1002/biof.1365

*Zheqing Zhang

Department of Nutrition and Food Hygiene

School of Public Health

Southern Medical University

No.1023-1063, Tainan Road, Baiyun District

Guangzhou City, Guangdong Province, 510515, People’s Republic
of China

Tel: +86 20 61648309

Email: zzgaa50 | @smu.edu.cn

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v65.4428
http://dx.doi.org/10.1038/ejcn.2010.268
http://dx.doi.org/10.1136/bmj.i17
http://dx.doi.org/10.1136/bmj.i17
http://dx.doi.org/10.1016/j.jand.2013.01.018
http://dx.doi.org/10.1186/s12887-019-1501-z
https://www.ncbi.nlm.nih.gov/pubmed/19713184/
http://dx.doi.org/10.1093/oxfordjournals.aje.a114366
http://dx.doi.org/10.1093/ajcn/37.3.461
http://dx.doi.org/10.1093/ajcn/37.3.461
http://dx.doi.org/10.1155/2017/1672567
http://dx.doi.org/10.3945/jn.110.125336
http://dx.doi.org/10.1016/j.nutres.2010.06.016
http://dx.doi.org/10.1021/jf9030772
http://dx.doi.org/10.1093/ageing/afu028
http://dx.doi.org/10.1093/ageing/afu028
http://dx.doi.org/10.1038/s41366-018-0098-x
http://dx.doi.org/10.1002/mnfr.201300503
http://dx.doi.org/10.1002/mnfr.201300503
http://dx.doi.org/10.1038/sj.ejcn.1600500
http://dx.doi.org/10.1159/000435840
http://dx.doi.org/10.3945/ajcn.111.028894
http://dx.doi.org/10.1080/10408398.2015.1030064
http://dx.doi.org/10.1080/10408398.2015.1030064
http://dx.doi.org/10.1016/j.bcp.2005.05.003
http://dx.doi.org/10.1021/jf020690l
http://dx.doi.org/10.1021/jf020690l
http://dx.doi.org/10.2174/
http://dx.doi.org/10.1021/jf502180j
http://dx.doi.org/10.1021/jf203989k
http://dx.doi.org/10.1016/j.fct.2012.06.015
http://dx.doi.org/10.1002/biof.1365
mailto:zzqaa501@smu.edu.cn

