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Abstract

Purpose Yogurt consumption has been associated with higher nutrient intakes, better diet quality and improved metabolic
profiles in adults. Few studies have investigated these associations in children. This study investigated the association of
yogurt consumption with nutrient intakes, diet quality and metabolic profile in British children.

Methods Data from 1687 children aged 410 and 11-18 years of the National Diet and Nutrition Survey (NDNS) years 1-4
were analysed. Yogurt consumption was determined using a 4-day diet diary. Diet quality was assessed by the Healthy Eat-
ing Index 2010 (HEI-2010). Anthropometric measures, blood pressure, pulse pressure, plasma glucose, HbAlc, C-reactive
protein, triacylglycerol, total cholesterol, high-and low-density cholesterol from NDNS were used.

Results The highest tertile of yogurt consumption (T3) was associated with higher nutrient intakes, particularly for cal-
cium (children 4-10 years: P <0.0001; children 11-18 years P=0.001), iodine (both age groups P <0.0001) and riboflavin
(both age groups P <0.0001), and HEI-2010 score (both age groups P <0.0001) in children aged 4-10 years (mean + SD:
98.4+35.7 g yogurt/day) and 11-18 years (mean+ SD: 105.4 +37.5 g yogurt/day) compared with non-consumers (0 g
yogurt/d). Yogurt consumption was associated with significantly lower pulse pressure in children aged 4-10 years and lower
HbAlc concentration, being shorter and having a larger hip circumference in children aged 11-18 years, compared with
non-yogurt consumers.

Conclusion This study suggests that British children who are yogurt consumers (> 60 g/day) have higher overall diet quality,
nutrient intakes and adequacy, lower pulse pressure (children aged 4—10 years) and HbAlc concentrations (children aged
11-18 years), were shorter and had a smaller hip circumference (children aged 11-18 years).
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Introduction

Dairy products are a good source of a number of important
nutrients in the British diet such as energy, protein and other
macro- and micronutrients. However, dairy fats are high in
saturated fat, and it is estimated that dairy products (exclud-
ing butter) contribute 31% and 22% of saturated fat in the
diets of British children aged 4—-10 and 11-18 years, respec-
tively [1]. High intakes of saturated fat have been associated
with an increased risk of coronary heart disease (CHD), thus
the majority of recommendations to reduce risk of CHD
have focused on the reduction of saturated fat in the diet. In
contrast, consumption of dairy products is not associated
with an increased risk of CVD [2], and evidence suggests
dairy product consumption is associated with a reduced risk
of metabolic syndrome [3, 4].

There is an increasing body of epidemiological and
clinical evidence to suggest that yogurt consumption may
be beneficial to cardiometabolic health. For example, data
suggest that yogurt consumption is associated with a smaller
common carotid artery intima-media thickness [5], reduced
risk of colorectal cancer [6] and type 2 diabetes [7-10].
Furthermore, yogurt consumption has been shown to be
inversely associated with long-term bodyweight gain [11]
as well as improved nutrient intakes [12]. However, not all
studies have found a beneficial effect of yogurt consumption
on health. For example, the study by Sayon-Orea et al. [13]
found that there was no effect of yogurt consumption on risk
of developing metabolic syndrome over a 6-year period in
adults. However, the authors did report a significant inverse
effect of central adiposity with the highest yogurt intake. To
date very few studies have investigated the possible effects
of yogurt consumption in younger populations. One study
that did, was that by Zhu et al. [14] who examined the asso-
ciations between yogurt consumption and metabolic profile
in American children using data from the National Health
and Nutrition Examination Survey (NHANES) and found
that frequent yogurt consumers had a better diet quality and
insulin profile. In addition, using data from years 1-3 of the
UK National Diet and Nutrition Survey (NDNS), Williams
et al. [12] found that yogurt consumption made an impor-
tant contribution to nutrient intakes in UK diets, particularly
in children. Collectively these data suggest that yogurt is
an important dietary component that may increase nutri-
tional adequacy and improve metabolic profile in children,
although more evidence is needed for confirmation. Only
one study has assessed the nutrient contents of diets contain-
ing yogurt, using data from years 1-3 of the NDNS [12]. To
date few studies have investigated the effects of yogurt con-
sumption on metabolic profile in children. Therefore, there is
a need to examine the association between yogurt consump-
tion and nutrient intakes, diet quality and metabolic profile
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in children using years 1-4 of the NDNS. The additional
strength of this paper is that it uses data from years 1-4 of
the NDNS, which includes more recent data (collected from
2009/10-2011/12), more participants as well as more con-
sumers of yogurt compared with previous studies using data
from years 1-3 of the NDNS [12]. This paper uses data from
British children, but would have implications for children in
other EU countries, although the dietary patterns may differ,
analysis in other populations would be advisable.

The aim of the current study was to investigate the asso-
ciation between yogurt consumption, nutritional adequacy,
diet quality, and metabolic and health biomarkers in children
(4-18 years) using data from years 1-4 of the NDNS, UK.

Methods
Study population

Participants in this analysis were 1687 children aged
4-18 years from years 1-4 of the NDNS rolling programme
(2008/2009-2011/2012), the methodology of which has
been described in detail elsewhere [1].

Briefly, the NDNS is a cross-sectional survey of the food
consumption, nutritional intakes and nutritional status of
people aged 1.5 years and older living in private households
in the UK. Randomly selected participants were invited to
complete a 4-day food diary, interviewed and asked to pro-
vide a fasted blood and urine sample. The 4-day estimated
food diary was completed on 4 consecutive days and the
start dates for the 4-day food diaries were randomized to
get a representative sample of all days of the week. For chil-
dren aged 11 years or younger, the parent/carer was asked to
complete the 4-day food diary with assistance from the child.
Children aged 12 years and above were asked to complete
the 4-day food diary themselves. In each case participants
were asked to describe their food portions using standard
household measures. Participants also completed a com-
puter based personal interview, collecting information on
dietary habits and lifestyle, such as household information,
information on circumstances/habits that could affect their
food intake, employment status, educational background
and household income. Participants also had their height
and weight measured, from which BMI was calculated. In
a follow-up household visit by a nurse, waist:hip ratio and
blood pressure was measured, and a fasted blood sample
was taken for those aged 4 years and above. The blood sam-
ples were analyzed for a number of analytes, including total
cholesterol, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol, triacylglycerols
(TAGs), C-reactive protein (CRP), glycated haemoglobin
(HbA1c) and glucose. The assays used for measurement of
each analyte have been published previously [15]. Nutrient
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intakes from the 4-day diet diaries were calculated using
the NDNS databank, which is based on McCance and Wid-
dowson’s Composition of Foods series and the FSA’s Food
Portion Size guides. The databank is updated annually and
also includes data from manufacturers, as it contains nutri-
tional information given on food labels. The nutrient intakes
reported in this analysis come from foods consumed and do
not include nutrients from vitamin or mineral supplements.

The NDNS was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and ethical
approval for all procedures was granted by Local Research
Ethics Committees covering all areas in the survey. All par-
ticipants (or where relevant legal guardians) gave informed
consent.

Estimation of yogurt consumption

Yogurt intakes were calculated based on the average weight
of yogurt consumed per day from the 4-day diet diary. In this
analysis the yogurt food group was defined as all yogurts
(fat free, low-fat and high-fat, including Greek yogurt) and
fromage frais (a type of smooth soft fresh cheese with the
consistency of thick yogurt). Dairy desserts were excluded
from the food group. A non-consumer of yogurt was defined
as an individual who did not consume any yogurt or fromage
frais during any of the four days of dietary recording.

Assessment of diet quality

Diet quality was measured using the Healthy Eating Index
2010 (HEI-2010) with some modifications, which were
based on the 2007 dietary guidelines for UK institutions
[16]. (Supplemental Methods 1 and Supplemental Table 1).
It was decided to use HEI because it is the most suited indi-
cator of diet quality of children’s diets and has been used
previously in this population [14]. A description of the meth-
odology has been described in detail previously [17] and
steps for calculating HEI-2010 are also available from the
National Cancer Institute [18] and the National Institute on
Ageing [19]. Briefly, the HEI-2010 scores 12 food groups/
components for a total of 100 points, with a maximum score
being achieved if diets meet recommendations for a par-
ticular food group/component, and a lower score assigned
if diets do not meet recommendations. Six of the compo-
nents (total fruit, whole fruit, total vegetables, greens and
beans, seafood and plant proteins, and total protein foods)
were worth 0-5 points, 5 components (whole-grains, dairy
[included milks, cheese, yogurt, fromage frais, dairy des-
serts], fatty acids ratio [(PUFA + MUFA/SF)], refined grains
and sodium) were worth 0—10 points, and one component
(empty calories, which included energy from solid fats,
added sugars) was worth 0-20 points and is reverse scored,
such as a lower intake was given a better score. Refined

grains and sodium were also reverse scored. The same die-
tary guidelines were applied to both age groups, apart from
for sodium, which was scored according to age (4—6, 7-10
and > 11 years), because UK sodium guidelines are different
for these age groups. All components except the fatty acids
ratio were scored on a density basis (per 1000 kcal) or as a
percentage of total energy.

Assessment of under-reporting

Misreporting is a well-documented issue in self-reported
dietary methods [20, 21]. The methods used to determine
energy misreporting in children and adolescents have been
described in detail previously [22]. Briefly, energy misre-
porting was assessed using Goldberg’s cut-off2 criterion
[23, 24], which uses 95% confidence limits to statistically
compare the ratio of reported energy intake (EI) to basal
metabolic rate (BMR) with physical activity level (PAL).
PAL was adapted to children and corresponded to light
physical activity (1.45-1.60 depending on age and gender)
[22]. BMR was estimated according to Schofield’s equations
[25] taking into account age, gender and height of the sub-
jects [26]. The within-subject variation in reported energy
intake (CV ;) was 24% for children aged < 6 years and 23%
for the others [27]. The within-subject variation in repeated
BMR measurements (CV, gyvr) Was 8.2% as recommended
by Black and Cole [28]. The between-subject variation in
PAL (CV,p) was 15% [23]. Subjects were identified as under-
reporters if their reported EI was less than the calculated
lower cut-off.

Data and statistical analysis

For all analysis, participants were organized into non-yogurt
consumers (0 g yogurt/day) and yogurt consumers (>0 g
yogurt/day). Yogurt consumers were further divided into
tertiles of yogurt consumption with tertile 1 (T1) being the
lowest yogurt consumers and tertile 3 (T3) being the highest
yogurt consumers. In addition, data were split into two age
groups (4—10 and 11-18 years) to be in line with the NDNS
usual classification [1], but also because dietary habits and
nutrient recommendations are generally different between
the two age groups as shown in the study by Williams et al.
[12]. Furthermore, participants with CRP above 10 mg/L
were removed from the analysis as this is indicative of pos-
sible infection/illness.

Analysis of covariance (ANCOVA), adjusted for age,
sex and total energy intake (kJ) was used to determine dif-
ferences in nutrient intakes, food groups, HEI-2010 index
scores and biomarkers of metabolic health between non-
consumers and tertiles of yogurt consumption. The statisti-
cal analyses of biomarkers of metabolic health were further
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adjusted for HEI-2010 score (model 3). There was no asso-
ciation between BMI and HEI in children aged 4-10 years
(P=0.728) and children aged 11-18 years (P=0.845). In
addition, Bonferroni pairwise tests were used to detect dif-
ferences between non-consumers and tertiles. Differences in
sociodemographic characteristics between non-consumers
and tertiles of yogurt intake were determined using Chi-
square test for independence. Sensitivity analysis was per-
formed after excluding subjects identified as under-reporters
in children aged 4-10 (n=114, 15%) and 11-18 (n=405,
47%) years to ensure the results were not biased. All statisti-
cal analysis was performed in SPSS for Windows 20 (SPSS
Inc., Chicago, IL, USA). P values of < (.05 were considered
statistically significant.

Results

In this population (n=1687) 38% of children aged
4-10 years and 69% of children aged 11-18 years did not
consume any yogurt during the 4 days of recording. The
mean (+ standard deviation) yogurt consumption ranged
from 19 +8 g yogurt/day in tertile 1 to 98 +36 g yogurt/
day in tertile 3 for 4-10 year olds and 20+ 8 g yogurt/d in
tertile 1 to 105+ 36 g yogurt/day in tertile 3 for 11-18 year
olds (Table 1). Yogurt was most commonly consumed at
lunch (32%), followed by dinner (18%), breakfast (14%),
evening snack (13%), afternoon snack (12%) and morning
snack (11%) for children aged 4-10 years and for children
aged 11-18 years yogurt was most commonly consumed at
lunch (26%), dinner (18%), evening snack (18%), morning
snack (14%), breakfast (13%) and afternoon snack (11%).
There were no significant differences in study characteris-
tics between non-consumers and across increasing tertiles
of yogurt intake in children aged 4-10 y, but for children
aged 11-18 years there was a significant difference in age
(P <0.0001), with the non-consumers being significantly
older than tertile 1 (P <0.0001), tertile 2 (P=0.001) and
tertile 3 (P=0.003).

Nutrient intakes and adequacy

Yogurt consumers had significantly different intakes of some
nutrients compared with non-consumers (Table 2 and Sup-
plemental Table 2). For children aged 4-10 years there were
significant differences across non-consumers and tertiles of
yogurt intake when controlling for total energy intake (kJI),
age and sex for protein, total fat, monounsaturated fatty
acids (MUFAs), n-6 fatty acids, starch, total sugars, intrin-
sic and milk sugars, lactose, thiamin, riboflavin, vitamin
B,. sodium, potassium, calcium, magnesium, phospho-
rus, zinc, iodine, selenium and energy (controlled for age

@ Springer

and sex only), with children in the highest tertile (T3) of
yogurt intake having significantly (P < 0.05) higher intakes
of energy, protein, total sugars, intrinsic and milk sugars,
lactose, thiamin, riboflavin, vitamin B ,, potassium, calcium,
magnesium, phosphorus, zinc, iodine and selenium com-
pared with non-consumers. In addition, children in the high-
est tertile (T3) of yogurt intake had significantly (P <0.05)
lower intakes of fat, MUFAs, n-6 fatty acids, sodium and
starch compared with non-consumers. For children aged
11-18 years there were significant differences across non-
consumers and tertiles of yogurt intake for energy, total fat,
MUFAs, n-6 fatty acids, carbohydrate, total sugars, intrinsic
and milk sugars, fructose, lactose, vitamin A, beta-carotene,
thiamin, riboflavin, folate, vitamin C, vitamin D, potassium,
calcium, magnesium, phosphorus, iron, zinc, manganese,
iodine and selenium, with children in the highest tertile
(T3) of yogurt intake having significantly (P <0.05) higher
intakes of these nutrients compared with non-consumers,
apart from total fat, MUFAs and n-6 fatty acid intakes,
which were significantly (P <0.05) lower in the highest ter-
tile (T3) of yogurt intake compared with non-consumers.

The percentage contribution of the children’s diets to
recommended intakes for a number of nutrients were also
higher for the highest tertile of yogurt intake (T3) compared
with non-consumers (Supplemental Table 3). In children
aged 4-10 years, the highest yogurt consumers (T3) had
higher intakes of iodine (27%), calcium (25%), riboflavin
(24%) and vitamin B,,, (18%) compared with non-con-
sumers. In children aged 11-18 years, the highest yogurt
consumers (T3) had more vitamin A (34%), iodine (29%),
vitamin C (26%), riboflavin (23%), folate (22%), potassium
(22%), magnesium (22%), and selenium (22%) compared
with non-consumers.

The percentage of children aged 4—-10 years below the
lower recommended nutrient intakes (LRNIs) was higher for
non-consumers compared with children in the highest tertile
of yogurt consumption (T3) for vitamins A, riboflavin, cal-
cium, magnesium, iron, zinc, iodine and selenium (Table 3).
The percentage of children aged 11-18 years below the
lower recommended nutrient intakes (LRNIs) was higher
for non-consumers compared with the diets of children in
the highest tertile of yogurt intake (T3) for vitamins A, ribo-
flavin, folate, vitamin B ,, vitamin C, potassium, calcium,
magnesium, iron, zinc, iodine and selenium.

Intakes of other food groups and overall diet quality

The consumption of different food groups varied sig-
nificantly between non-consumers and across tertiles of
yogurt intake (Table 4). In children aged 4—10 years, higher
yogurt consumption (T3) was associated with significantly
(P <0.05) lower intakes of processed meat and buns, cakes
and pastries, and significantly (P <0.05) higher intakes of



European Journal of Nutrition

[62] e1ep 101e0UsIRd UO PIsEq SIe dwodul pue gDHS-SN 10f Bed,

douopuadapur 10§ 159) 21enbs-T4) U0 paseq so[11e) JINS0A pue DN SI[qELIEA [EO1I0S)ED USMIAq IUIYIP JOF ANJBA 4,

9[1119) [ ‘UOTIBOYISSE[D JIWIOUOII-0I00S SONSNE)S [BUONEN §DFS-SN ‘KoAIng uonLyny pue 121 [eUoneN SNJN 1oWnsuod-uou JN

soSejuoo1ad 10 SIS F SUBIW AIe SAN[eA [[Y

STl Tl €Il 91 L6 06 €91 4 pasnjoy/mouy 1,uoq
00 I'1 e €e 8T e 0¢ 6'¢ 000°SF Jopun
€61 '8¢ 8'9C £'6C 01z €1 ¥'8T 8T 666'613-000°SF
81 06 9 sor 611 Trl o1 vII 666'67-000°0CF
0°LI 0T v'Tl ¥ SI Tyl 61T I'S1 91 666°6£3-000°0€F
01 101 S| S8 801 L6 0TI I'11 666°'6¥F3-000°07F
S0T 081 961 191 1894 891 AN LEl 666'663-000°0SF
LS T TS 4 Sy 6'¢ 9°¢ 6'¢ 210w 10 000001 F
LY'0 050 % ‘ewoouy
¥'E I'1 01 ST €T 9T T €l REliilg)
00 T I'y 8¢ LT 90 9¢ 9t POdIOM ToABN]
08 Tl €01 S01 ¥L '8 '8 1'el suonednoso aunnoy
sl Sel T8 ¥'SI el 011 6°€l €6l suonedndo0 ouNNOI-IWIdg
9¢l 101 €6 86 611 '8 6°¢l '8 [ed1uyay/Kosiatedns 1omo]
szl 6L Tl S0l ¢ '8 LSI 01 SJUN0d0E UMO/sIAO[dWS [[ewg
89 L'ST T8 YL LS 011 8L 89 suonednod0 ajerpouLIoju]
ST 86T 8'LT S'LT ¥'Te 01¢ LT ¥'LT [EUOISSOJ0Id /[eLIoBEUR J0MO]
L'TT vl 981 9Tl 0Ll L'81 LTl (U4 [euoIssojo1d/[erofeueur JoySTH
Tro L0°0 % “480dS-SN
€T T 1T ST 8'C [ (87 0¢ oo Auy
¥'e 00 I's 81 (V4 0T 99 9°¢ POXIA
I'1 v'e I'e €e LT e 81 6'S ysnLg yoe[g 1o yoerg
606 016 S8 0'88 S'L8 €06 S9L I'es ayM
€T v'e TL ey (Va4 e 801 S UsLIg UBISY 10 URISY
wo Tro % Koty
€ (%44 L'9S 0°0S 6ty €S €8 S8y S[ewa]
LSS 1'ss cey 008 1'ss L'Ly SIS SIS SN
620 860 % XoS
10000 CTFOYI YTF6El TTFLET I'TF8yI LT0 0CTFOL 0CFLY 0TF69 I'TFIL s1eak 08y
SLEFHSOT £8F6°0F 8LF 6] 0¥F0 L'SEF1'86 C8FTEY 8LFV61 0F0 p/3 ‘uondunsuoo 1n30x
(88=u) €1 (68=14) TL (L6=u) 1L (019=4) DN (SLT=u) €L (SsT=1) TL (991=1) IL (Log=u) DN
S9[119) JINSOX S9[119) 1IN0 X
d s1eaK Q1—T 1 ULIPIIYD od S1B3K ()]—f UIPIIYD sonstIgjorIeyd dryderSowoporoog

uondwnsuod srery

9Sewoy pue 1oL Jo sonIv) 0 Surpiodsde pue sIPWNSUOD 1INS0L-Uou J0§ SNAN Y3 JO p—] SIeak woly (£89] =u) sIedak §]—]] pue O[— paSe UdIP[IYd YsnLg Jo sonsLvjoereyd Apms | ajqeL

pringer

a's



European Journal of Nutrition

sjudeAmba [ounay,

X3S pue 93e 10J
pasnipe sem oyejur A31oug “([3]) 9yeIul ASI0UD [£10) PUE X3S ‘a3 10J Sul[[oNuod (VAQODNY) 2OURLIEAOD JO SIsA[eue AQ oyejul 11304 Jo SO[1113) PUB SIQWNSUODI-UOU SSOIJE SOIUIIQIP UO pased,

(3591 20y 150d 1UOLIJUOY ¢G('() > ) SIOWNSUOI-UOU WOIJ JUIIIPIP A[JUBOYIUTIS QI8 SIN[BA 4
9[1I9) ] ‘spIoe A1) pajeInies sy, ‘AeAIng uoniiny pue 131 [BUONEN SNGN ToWNsSuod-uou JA ‘SpPIoe A1eJ pajeInjesunououl Sy,7/) 4 ‘sTesns Y[ pue o1suLnul Su7
9yejur sterj a3ewolj pue 1IN30A JO SO[1319) SUISBAIOUT pue DN SSOIOR JUIIIPIP APUBOYTUSIS 9IoM JBY) SIUSLIINU SUTBIUOD J[qR], "SINHS F UBSW 9I8 UMOYS SIN[BA

10000 *I'0FLT 1'0F#'C #1'0FST 00FCT €€°0 1'0F2C 1'0FCT IOF1T 00FCT Sw ‘osoueSuey
1000 s TFLSY YIF80r 9IFH6€E 90F9°6¢ 6000 #L0FLIYE 80F0CE LOF9IE SOFETE 3l ‘wniuafog
10000 #9F TSI *9FOEL LF LTI TF6I1 10000 P FLST #rF6EL rFCEl €Tl 31l “ourpog
S00°0 *C0F0'8 TOFYL TOFLL 1'0F¢L L00°0 #1'0FL9 1'0F€9 1'0F€9 1'0FC9 Sw ‘ourz,
10000 *T0FS01 T0F001 €0F 001 I0OF+'6 81°0 1088 T0F6'8 '0F9'8 '0FS'8 Sw ‘uoiy
10000 *1TF 8Tl 0CTFLOTT €TFETII 8F LLOT 10000 *CTFLLOT *€1FE101 TIFSL6 6F296 Sw ‘snioydsoyq
10000 *FFOPC P FIIT 7 F8IT TF 0T 10000 *CF 0T £F 161 £F 681 881 Sw ‘wnisouSepy
100°0 *PTF968 YTF8C8 LTF0T8 01 F59L 1000°0 *91F 106 *LTFLT8 9IF8LL TIF6EL Sw ‘wnioe)
10000 #87 F0E9T #9Y F LOVT €5F9¢5€T 61F 81T 10000 *8CF 68CT 6TFLYIT 8TFH01T 1TF860C Sw ‘wnisselog
900 ISF€TIT #0S F€0TT #8S F 67TT 0TF89TC €00°0 LTFOLLI 6CFLI6I 8TF6v81 1TFLE8T Sw ‘wnipog
100°0 *9'SFL96 SF6T6 T9FLLS TTFSIL 1o SEF9T6 LEFSIS 9E¢FGL8 LTFSER Sw D unweNp
€00 *1'0F6T I0F1C TOFIC 00F1C 16'0 1'0F0¢ 1'0F0C 1'0F0C I0F61 3l @ uwrenp
€0 TOFYY TOFEY TOFEY 10F0t 6000 *10FTY IoFIv 10F8¢ ToOFLE 31l Ug unwenp
10000 *L F YT #L FETT 8F8IT €F 10T LO0 rF10C SFH0C SF061 cFe61 31l “orejog
10000 *T'0OFLT I'0FS'T 0FS'1 00F 1 1000°0 0'0F LT *00FST 00FH1 00F I Sw ‘uraegoqry
10000 #00FST 00F¢'T 00F¥1 00F¥1 S00°0 00F €T 00F¢T 00F¢T 00FT1 Sw ‘urwery,
10000 *€SFOT6 1$F099 65 F899 1TF%€9 ST0 9¢F089 8¢ F869 9€F959 LTFH19 3 ‘v urwenp
1000°0 *€61 F0S6C LSTFOLGT 9ITF061C LLFOLST 09°0 EYIFOLIT ISIFOIIT SPIF0S0T 801 FOv61 31l ‘ousjoreo-eog
1000 *§0FEEl 80F0CI 60FI'I1 €OF 101 10000 #*SOF 191 #90F €l SOFOEl YOF6T11 3 ‘esojoe]
L£00°0 #6'0F 1°0T 6'0F0°61 UIF¥LL 70F 691 wo 90FELI LOFS91 90F091 SOF19I 3 “asojonig
10000 € TF81y #€TF8€EE #S'TF60€¢ S0F99C 10000 O TFTEr O TFYLE 01F96¢ LOFIee 5 ‘SINL
#00°0 EFIII *EFETT rFH01 1F€01 10000 *TF 01 8 1F096 LTFEL6 CIFIE6 3 ‘sxedns [e10L,
690 EFTEL TFeCl €Fgel 1F9¢1 10000 #1 F601 TFSII 1F¢ll 1F911 3 ‘yorerg
¥20°0 €FSHT *€F VT €F0re 1F8¢T 190 TFIIC TFIIC TF0IT 1F60T 3 ‘aapAyoqre)
0€0°0 *€0F9'8 €0F06 €0FI'6 '0F+'6 1000°0 *T0F6'9 TOFYL TOFSL ['0F8L 5 ‘sproe Aney 9-u
10000 *SOFVET #*S0F9°€T 90F6+¢C T0F09C 10000 *€0F 61 €0FT0C £0F50C T0F6°0C 3 VAN
10000 O TFEF9 O TFET9 I'1F0L9 70FS$'89 S00°0 *9'0F €SS 90F59$ 90F¥LS r0F6'LS 5 ey w101,
L0°0 P TFE69 CIFHS9 91F099 SOFESY 10000 *90FI°LS LOFTSS 90F6'€S SOFLES 3 ‘ueloiq
1000 #S0TF0£08 00T F0S¥L +0ECTFOLIS I8F0LEL 0000 #L6F09L9 +POTF 0159 001 F00%9 €LF0ST9 M “A81oug
88 68 L6 019 SL1 991 991 L0OE u *syuedroned

(9€T-19) €L (09-1¢) Tl (0€-0) 1L (0) ON (S6T-19) €L (09-19) Tl (0e-D 1L (0) ON

(Kep/3) so[n1a) 1nSox (Kep/3) so[n1a) 1nSox
d s1eak §1—1T USIPIIYD od s1eak () URIP[IYD Kep 1ad syuarnnN

p[o s1eak g1—11 pue 0[—
pagde uaIp[Iyd 10j SNAN Y JO ] STedk woij ejep Suisn uondwnsuod srey 95ewolj pue 1n3oA Jo 9[1119) SUISBAIOUI SSOIOR PUB SIQWINSUOD 1INS0A-UoU JO $1AIp 10 Aoenbope [euoninnN ¢ sjqel

pringer

Qs



European Journal of Nutrition

Table 3 Percentage of British children aged 4-10 and 11-18 years from years 1-4 of the NDNS below the lower recommended nutrient intake
(LRNISs) for non-consumers and across increasing tertile of yogurt and fromage frais intake

Component Children 4-10 years Children 11-18 years

Yogurt tertiles (g/day) Yogurt tertiles (g/day)

NC (0) T1 (1-30) T2 (31-60) T3 (61-295) NC (0) T1 (2-30) T2 (31-60) T3 (61-236)
Participants, n 307 166 155 175 610 97 89 88
Vitamin A? 8.8 3.6 7.1 5.7 15.7 6.5 7.9 5.1
Riboflavin 1.3 0.6 1.3 0.0 19.0 10.4 8.9 4.1
Vitamin By 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Folate 0.0 0.0 0.0 0.0 6.2 1.3 2.0 1.0
Vitamin B, 0.0 0.6 0.6 0.0 23 0.0 0.0 0.0
Vitamin C 0.3 0.0 0.0 0.0 1.3 0.0 0.0 0.0
Potassium 0.3 0.0 0.0 0.0 28.9 13.0 15.8 6.1
Calcium 2.9 2.4 0.6 0.0 16.6 104 4.0 3.1
Magnesium 29 3.0 0.6 0.0 45.7 24.7 32.7 17.3
Iron 2.0 24 1.3 1.1 29.0 18.2 20.8 16.3
Zinc 11.7 9.6 7.7 34 16.6 13.0 19.8 7.1
Iodine 6.8 3.0 2.6 0.0 19.3 13.0 59 1.0
Selenium 1.3 1.2 1.3 0.0 38.4 16.9 23.8 15.3

Values are percentages. There were no children below the LRNI for thiamin and niacin, so this data is not shown in the table

LRNI Lower recommended nutrient intake, NC non-consumer, NDNS National Diet and Nutrition Survey, T tertile

*Retinol equivalents

biscuits and high fibre breakfast cereals compared to non-
consumers. In children aged 11-18 years, higher yogurt
consumption (T3) was associated with significantly less
(P <0.05) processed meat and white bread, and significantly
(P <0.05) more high fibre bread, high fibre breakfast cereals,
other dairy foods, fish and fish dishes, fruit and vegetables,
fruit juice, tea coffee and water and nuts and seeds.

The HEI-2010 was significantly higher in the high yogurt
tertile (T3) compared with non-consumers for children aged
4-10 and 11-18 years (both P=0.0001) (Table 4). Further-
more, the adjusted component scores for total fruit, whole
fruit and dairy portions for children aged 4-10 years were
significantly higher (P=0.022, P=0.004 and P=0.0001,
respectively) for the high yogurt consumers (T3) compared
with non-consumers (Supplemental Table 4). Fatty acids
(ratio of mono- and poly-unsaturated fatty acids to saturated
fat) were significantly lower (P =0.0001) in children in the
highest tertile (T3) of yogurt intake compared to non-con-
sumers. Refined grains were significantly lower (P =0.024)
in children in the lowest quartile (T1) of yogurt intake com-
pared with non-consumers. For children aged 11-18 years,
the adjusted component scores for total fruit, whole fruit,
green beans, wholegrain, dairy portions and seafood and
plant protein was significantly (all P=0.0001) higher for
the highest tertile (T3) of yogurt consumers compared with
non-consumers. Fatty acid intake was significantly lower

(P=0.024) in the highest tertile of yogurt intake (T3) com-
pared with non-consumers.

Metabolic profiles

The metabolic profiles of children aged 4-10 years were sig-
nificantly different for some parameters for yogurt consum-
ers compared with non-consumers (Table 5). For adjusted
values please see Supplemental Table 5. When controlling
for total energy intake, BMI, age and sex (model 2), there
was a significant difference in pulse pressure (P=0.024)
across non-consumers and tertiles of yogurt intake, with
children in the highest tertile (T3) of yogurt consumption
having lower pulse pressure compared with non-consumers.
This result remained significant (P =0.038) after further
adjustment for HEI-2010 score (model 3). There were no
other significant differences in metabolic parameters in chil-
dren aged 4—10 years.

For children aged 11-18 years, height, hip circumfer-
ence and HbA 1c concentrations were significantly different
across tertiles of yogurt consumption when controlling for
age, sex, BMI and total energy intake (model 2), with the
highest tertile of yogurt intake (T3) being the shortest and
having the smallest hip circumference as well as the low-
est HbAlc concentrations compared with non-consumers.
When controlling for age, sex, BMI, total energy intake and

@ Springer
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HEI-2010 score (model 3) the differences in height, hip cir-
cumference and HbAlc across increasing tertiles of yogurt
intake remained significantly different (P=0.035, P=0.008
and P=0.010, respectively). There were no significant other
differences in metabolic profiles of children aged 4—18 years
across increasing tertiles of yogurt consumption.

Dietary under-reporting

In children aged 4-10 years, 15%, 77% and 8% were identi-
fied as under-reporters, feasible reporters and over-report-
ers, respectively and the exclusion of under-reporters in the
statistical analysis did not result in any significant differ-
ences in mean nutrient intakes or metabolic profile. In chil-
dren aged 11-18 years, 47%, 50% and 3% were identified
as under-reporters, feasible reporters and over-reporters,
respectively. Following the exclusion of subjects identified
as under-reporters intakes of thiamin, sodium and total sug-
ars became non-significant across tertiles of yogurt intake.
There were no other significant differences across yogurt
tertiles in nutrient intakes or metabolic profile.

Discussion

This study was the first to investigate the association between
yogurt consumption and nutritional intakes and adequacy,
diet quality and metabolic profiles in children using data
from years 1-4 of the NDNS, UK. We found that 62% of
children aged 4-10 years and 31% of children aged 11-18
years were yogurt consumers (>0 g yogurt/d). The high-
est tertile (T3) of yogurt consumption was associated with
higher nutritional intakes and adequacy, as well as better
diet quality (assessed by HEI-2010) compared with non-
yogurt consumers for both age groups. Yogurt consumption
was associated with significantly lower pulse pressure in
children aged 4-10 years and lower HbA lc concentrations,
height and hip circumference in children aged 11-18 years,
compared with non-yogurt consumers.

The finding that yogurt consumption is higher in younger
children (4-10 years) compared with older children (11-18
years) is similar to studies conducted in other populations.
For example, Zhu and colleagues (2015) found that around
72% of American children aged 2—11 consumed yogurt> 1
times a week, compared with 28% of children aged 12-18
years [14]. One explanation for this may be that teenagers
are more independent in their food choices whereas par-
ents would be more in control of food choices for younger
children. Dietary surveys have highlighted that teenage girls
often have intakes below the lower recommended nutrient
intake (LRNI) for a number of key nutrients such as calcium,
magnesium, potassium, zinc, selenium and iodine. These
nutrients are found in yogurt and other dairy products and

therefore higher intakes in this population may be of benefit
[1].

Children in the highest tertile (T3) of yogurt consumption
for both age groups also had higher intakes, as well as fewer
children below the LRNI, for a number of nutrients, particu-
larly vitamin A, riboflavin, vitamin B,,, vitamin C, potas-
sium, calcium, zinc and iodine. This is in line with the find-
ings of other studies, which have also found that dairy and/or
yogurt consumption was associated with improved nutrient
intakes and adequacy in adults [30-33] and children [12,
14]. Given that yogurt is a good source of a number of these
nutrients it is likely that the higher yogurt intakes of the
children in the high yogurt tertile (T3) contributed towards
the increased nutrient intakes and adequacy, although this
requires confirmation in further studies. However, the higher
nutrient intakes and adequacy may also be because these
children had a better overall diet quality (assessed by HEI-
2010) compared to non-yogurt consumers, which reflected
their overall dietary patterns. For example, the diets of
children aged 4-10 years consuming the highest amount of
yogurt were associated with lower intakes of fat spread and
oils, processed meat and buns, cakes, pastries, puddings and
pies, and higher intakes fish and fish dishes, biscuits and
high fibre breakfast cereals. The diets of children aged 11-18
years consuming the highest amount of yogurt were associ-
ated with less processed meat and white bread, and more
high fibre bread, high fibre cereals, fruit and vegetables,
fish, fruit juice, tea, coffee and water and nuts and seeds. In
their study of American children Zhu and colleagues (2015)
also found that diet quality, assessed using HEI-2005, was
higher in children consuming yogurt compared with non-
consumers [14]. In addition, several HEI-2005 component
scores were also higher in the yogurt consumers, suggesting
a better overall compliance to nutrient recommendations. In
our study, we used the HEI-2010, which is based on 2010
dietary guidelines for Americans, however where possible
UK dietary guidelines were used as this would be better
suited for use with UK data. Although there are some dif-
ferences in the definition of food groups between the HEI-
2005 and HEI-2010, it has been proposed by Guenther et al.
that this would be unlikely to greatly affected comparison of
studies using these 2 HEI scores [34].

We found that yogurt consumption was associated with
lower pulse pressure in children aged 4-10 years and lower
hip circumference, height and HbA1c in children aged 11-18
years, which when controlling for HEI-2010 score remained
significantly different. This suggests that the effects observed
are more strongly associated with yogurt intake rather than
other components of the diet.

In this study we did not find any differences in lipid pro-
file in British children, which is supported by the major-
ity of other studies in adults [35] and children [14]. For
example, Van der Water and colleagues (1999) showed
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that consumption of either 200 g live culture or pasteurized
yogurt per day for one year resulted in stable LDL-C con-
centrations, however in the control group (no yogurt) total
cholesterol and LDL-C concentrations were significantly
higher after the study duration [35]. Saturated fatty acid
intake has been associated with elevated total-C and LDL-C
concentrations. In our study, we did not find a significant dif-
ference in saturated fatty acids across yogurt tertiles, which
may also be a possible explanation for why we did not find
any differences in lipid profile in children with varying levels
of yogurt intake.

We did not find any differences in waist hip ratio, systolic
blood pressure, diastolic blood pressure or glucose concen-
trations between yogurt consumers and non-consumers or
with increasing tertiles of yogurt intake, which is supported
by findings from another study in children [14]. Further-
more, despite significantly higher total energy and sugar
intake in children consuming the highest amount of yogurt
(T3) there were no significant differences in bodyweight
or BMI. This could also have been as a result of increased
physical activity in this group, however we were not able to
control for this, as this data was very limited for our popula-
tions. However, a recent systematic review of 6 cohort and
7 cross-sectional studies found that yogurt consumption was
associated with lower BMI, bodyweight/weight gain, smaller
waist circumference and lower body fat levels in adults [36].

The finding that HbAlc concentration was significantly
lower in the highest tertile of yogurt consumers (T3) com-
pared with non-consumers for children aged 11-18 years is
in line with previous studies. Insulin concentrations were not
determined, but other studies have shown yogurt consumption
to be associated with lower fasting insulin concentrations in
American children [14] and adults [37]. There is also evidence
to suggest that fermented milk and yogurt products may have
potential antihypertensive effects, which has been attributed, in
part, to the presence of lactotripeptides in these products [38].
A number of randomized control trials and meta-analyses have
shown that some tripeptides derived from certain milk protein,
lower blood pressure by inhibition of angiotensin 1 converting
enzyme, production of vasodilators, or an effect on nervous
activity [39, 40]. This could be a possible explanation for the
lower pulse pressure observed for children aged 4-10 years in
the highest tertile (T3) of yogurt intake compared with non-
consumers, although this requires confirmation.

Our analysis of energy misreporting indicated that 15%
of children aged 4-10 years were classed as under-reporters,
but the exclusion of these subjects in the sensitivity statistical
analysis did not result in significant differences in nutrient
intakes or metabolic profile across yogurt tertiles. The num-
ber of subjects classed as under-reporters were much higher
(47%) for children aged 11-18 years, and following their
exclusion in the sensitivity analysis, significant differences
were lost for thiamin, sodium and total sugars. The reasons
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for this are unclear, but could reflect a lower statistical power
(47% reduction in sample size). The rates of misreporting in
our study are similar to those reported in other studies in chil-
dren using the same methodology [22, 27]. The increasing
bias towards under-reporting as children get older has often
been described [41, 42] and a number of reasons have been
suggested such as eating behaviours and food patterns being
less structures in adolescence [43], increased eating away
from the home, particularly snacks, which are more likely
to be forgotten. In addition, children in the 11-18-years-old
age group are more likely to complete their own diet diary,
whereas in the younger age group (4—10 years) dietary intake
would usually be reported by a proxy person. The children
completing their own food diary may therefore have been
more tempted to report food intakes in line with dietary
guidelines, particularly if they are overweight [44].

Another limitation of the current study is the calculation
of HEI-2010, which is developed using American dietary
guidelines, because the UK does not currently have its own
HEI score. Therefore, our calculation of the HEI-2010 was
estimated using the UK dietary guidelines, which limits direct
comparisons with our HEI-2010 scores and those calculated
in other studies. Furthermore, because one of the HEI-2010
component scores was dairy, which included yogurt intake,
it is possible that the overall HEI-2010 score across increas-
ing tertiles of yogurt intake for our population would also be
higher. However, other component scores such as total fruit,
whole fruit, whole-grains and green beans were also signifi-
cantly different across increasing yogurt tertiles suggesting
that it is not just the dairy component driving the HEI-2010
score. Another potential limitation is the cross-sectional
design of the NDNS, where observed associations cannot
imply causation. In addition, dietary assessment in children
and adolescents is complicated by a variety of factors, includ-
ing reliance on a third person (e.g., parent, adult caregiver
or teacher) to report a child’s intake during early years, cog-
nitive abilities of the child, motivation and reporting biases
(e.g., under- or over-reporting), all of which are influenced by
developmental stage of the child. In our statistical analysis we
did not adjust for multiple testing and due to the many com-
parisons that were done in each analysis, the p values obtained
in this study, particularly for differences across yogurt tertiles
and metabolic profile should be interpreted with caution. Fur-
thermore, there may be a differential effect of yogurt types on
cardio-metabolic risk factors. However, this study did not have
sufficient power to detect differences between yogurt types.

Conclusion

This study found that dietary patterns that included
yogurt were associated with higher intakes of certain ben-
eficial nutrient and overall better diet quality in children
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(4-18 years). Furthermore, dietary patterns that included
yogurt were associated with lower pulse pressure and HbAlc
concentrations in children aged 4-10 and 11-18 years,
respectively, although no association was found between
other metabolic outcomes measured. Additional long-term
randomized controlled trials are needed to further exam-
ine the effects of yogurt consumption on cardio-metabolic
health and to establish if yogurt is the key driver of these
in children. In summary, including yogurt as part of chil-
dren’s diets may be a strategy for increasing intakes of cer-
tain nutrients particularly calcium, magnesium, iodine and
riboflavin, although this would need confirmation in further
studies.
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