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Special column: Sugar-sweetened beverages and health
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[L552] HIKE 11 BEXERIEA 431 X, SWINEHBAME21 04" B 6~9 ERFEEH
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£, 95% L EFIZIXT R A MAEF] MASIEIF NI R T IEEETER; BEEIREHBNIIR>
1R-d Y 1~5 ER 4 2 IBEEE (ZE=0.20 mmol-L ™, P=0.027) MR ZEE 5 E B BE i
(Z&=0.19 mmol-L™, P=0.010) & F <1 K- 7&; |MAME=1R-d" I 6~9 FRBENDE
ERsE M REEES( £1E=-0.10 mmol-L™, P=0.039) X F <1 K- &,

[Z5E] EREIEEMBATIRES ERRE 15 FRAFERBNSBEENEZERSERMA
EE2, 6~12 FRFERBNEER X, BIX) LEFT VEH#HITEFREHS, 1LEBEA YN
IR RERRES], NP RENT BRI SHEINEHRN.
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Associations of sugar-sweetened beverages intake frequency with physical growth and glucol-
ipid metabolism among children and adolescents SHEN Liping, WANG Zhengyuan, SHI Zehuan,
SONG Qi, QU Mengying, MAI Shupeng, LU Wei, SUN Zhuo, ZHU Zhenni, ZANG lJiajie (Division of
Health Risk Factors Monitoring and Control, Shanghai Municipal Center for Disease Control and
Prevention, Shanghai 200336, China)

Abstract:

[Background] Children and adolescents drink sugar-sweetened beverages (SSBs) frequently. Re-
search has confirmed that SSBs associate with weight gain and overweight or obesity. However,
it is unclear whether high SSBs intake associates with abnormal changes in physical growth and
glucolipid metabolism before causing adverse health outcomes such as overweight and obesity.
Early identification of associated health risks of overconsumption of SSBs have important public
health implications.
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To investigate the differences in physical growth and glucolipid metabolism between different SSBs intake frequency
groups in normal weight children and adolescents aged 6-17 years, and to evaluate the early effects of SSBs intake on physical growth
and glycolipid metabolism before causing overweight and obesity, aiming to provide a scientific basis for the prevention and control of
childhood overweight and obesity and related chronic diseases, and for the formulation of policies on the control of SSBs consumption.

Data were from the Shanghai Diet and Health Survey (SDHS) among primary and secondary school students. The participants
were normal weight children and adolescents aged 6-17 years. Propensity scores were calculated according to energy intake and physical
activity factors, after stratifying by age and gender. Participants were 1:1 matched with the closest propensity scores in the high-frequency
(=1 time-d™) and the low-frequency (<1 time-week ™) SSBs intake groups. The outcome indicators were physical measurements such as
height, weight, percent of body fat, and waist circumference, and metabolic indicators such as fasting blood glucose, total triglycerides,
total cholesterol, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol. Body mass index (BMI) was calculated.
Food frequency questionnaire was used to collect SSBs consumption in the past three months through face-to-face interview. A paired t-
test was used to compare the differences in physical and glycolipid metabolic indicators between the high-frequency intake group and
the low-frequency intake group of SSBs.

A total of 431 pairs were obtained. For children and adolescents in grades 6-9, overall height (difference=2.92 cm, P=0.002),
weight (difference=2.53 kg, P=0.003), and waist circumference (difference=1.34 cm, P=0.035) were higher in those who consumed SSBs
=1 time-d ™" than in those who consumed <1 time-week ™. For children and adolescents in grades 10-12, overall weight (difference=2.27 kg,
P=0.041) was higher in those who consumed SSBs =1 time-d™" than in those who consumed <1 time-week . Over 95% of the study subjects
reported blood glucose and lipid test results within the normal range; but girls in grades 1-5 who consumed SSBs =1 time-d™* had a higher
total cholesterol (difference=0.20 mmol-L™", P=0.027) and low-density lipoprotein cholesterol (difference=0.19 mmol-L™", P=0.010) than
those who consumed <1 time-week™; boys in grades 6-9 who consumed SSBs =1 time-d™* had a lower high-density lipoprotein cholesterol
(difference=-0.10 mmol-L", P=0.039) than those who consumed <1 time-week ™.

High-frequency intake of SSBs may be associated with higher total cholesterol and low-density lipoprotein cholesterol in
normal weight children and adolescents in grades 1-5, and higher weight in normal weight children and adolescents in grades 6-12. There
is an urgent need to educate children and adolescents about nutritional health, enhance their ability to make healthy food and beverage
choices, and take early interventions to control the intake of SSBs in children.

sugar-sweetened beverage; child and adolescent; normal weight; physical growth; glycolipid metabolism
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2 &R
2.1 HARXREARYFE
RN RERIFERR 1, SR SIENA

(21 XA SEMIBAA<L XA HYHHRITRE
& R BIAESNBHEEBNESRYLRITE
BNX(P>0.05),

R 1 ARWKRHESSHE

Table 1 Characteristics of the subjects

21 R-d(=1time-d™)

EAHEE <1 R-FA™(<1 time-week™) e ,
(Basic characteristic) 5%k (n) B4 Lt (Percent/%) 5%k (n) B4t (Percent/%)

4R (Grade) 0.00 1.000
1~5 191 44.32 191 44.32
6~9 171 39.68 171 39.68
10~12 69 16.01 69 16.01

145!(Gender) 0.00 1.000
5 (Boys) 162 37.59 162 37.59
Z(Girls) 269 62.41 269 62.41

JE{EH(Residential area) 8.29 0.016
I HO X (Central area) 267 61.95 228 52.90
IBEBLE S HIX (Suburban area) 104 24.13 122 28.31
TLXBHOX (Exurb area) 60 13.92 81 18.79

Bt RIBA B #RI&K (Intentional physical exercise) 0.04 0.838
2(Yes) 197 45.71 200 46.40
7 (No) 234 54.29 231 53.60

5 HAERIE N (Energy intake per day/kl-d™)(x +s)

2{K(Total) 431 8513.11+2334.43 431 8449.53+2405.42 -0.33 0.738
1~55 4% (Grades 1-5) 191 8913.1742297.02 191 8802.70+2415.05 -0.37 0.713
6~95 4R (Grades 6-9) 171 8012.21+2120.24 171 7953.10+2170.87 -0.25 0.799
10~1254%(Grades 10-12) 69 8647.09+2716.74 69 8702.19+2734.03 0.12 0.906

2.2 FESHEREHBNIGE) | EF VERSIEmNER

XFF 1~5 FRFE, ERIEHRNIAZE =1 K.d™
EE5BNIE<L XA BERBERERTHAITFER
Xo XHF 6~9 FRF4, EEINEHRAME 21 Kd™
EMB S (EE=2.92 cm, P=0.002) . {KE(E{E=2.53 kg,
P=0.003) M FEE (& {E=1.34 cm, P=0.035) 5 T EA

SRER<1 R-B7 Eo. T 10~12 FERFE, SHEIRHE
NIRE>1 R -d BEREE(EE=2.27 kg, P=0.041) &
FERNME<1R-F™ &, H, SENIER<1 R
ML EMREL, BAMRE 1 R4 TEWKE(EE-
4.08 kg, P=0.001) . BMI(Z {E=0.95 kg:m, P=0.016) FI
KBS ( E(E=1.81%, P=0.039) iS5, ¥ MK 2,

R 2 FESHERFHBENAEREIH 6~17 ) L EF L EHIGIEIRAILLER
Table 2 Difference values of physical growth indicators by sugar-sweetened beverages intake frequency in children and adolescents
aged 6-17 years

2{K(Total) B4 (Boys) L4 (Girls)
P - _ _

AREHET(Physical measurement) S F ¥ (Pairs) fig:;:;)) t P X3 FER(Pairs) (%Ii)i{i(r);:;; t p X3 FER(Pairs) fi{i(r);:;; t p
1~55 4% (Grades 1-5)

H & (Height)/cm 191 1.03+10.32 1.38 0.171 75 1.44+9.78 127 0.207 116 0.76£10.69 0.77 0.445
{KEE (Weight)/kg 191 0.71¢6.46  1.52 0.130 75 0.83t5.27 1.37 0.174 116 0.63t7.14 0.95 0.344
{REIBER(BMI)/(kg'm ™) 191 0.19#1.79 1.46 0.146 75 0.16£1.51  0.93 0.358 116 0.21#¥1.95 1.14 0.256
FE[E|(Waist circumference)/cm 191 0.71#6.33  1.54 0.124 75 0.45¢5.91  0.65 0.515 116 0.8846.61 1.43 0.156
{AREZR (Percent of body fat)/% 191 0.59#4.79  1.70 0.090 75 0.56£5.01  0.97 0.337 116 0.61+4.67 141 0.161
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8k 2
21&K(Total) B4 (Boys) L& (Girls)

K& FE1T (Physical measurement) e . e

X3 F#K (Pairs) ff:;;;)) t P I3 FEK (Pairs) ff:;;;)) t P I FE (Pairs) (%;f:;;;)) t P
6~95- 4R (Grades 6-9)
&5 (Height)/cm 171 2.92411.92 3.20 0.002 62 3.85+14.77 2.05 0.044 109 2.3849.98  2.50 0.014
{KE (Weight)/kg 171 2.53+11.02 3.00 0.003 62 2.79#12.79  1.72 0.091 109 2.3749.93 2,50 0.014
TRELEE(BMI)/ (kg'm™) 171 0.34+2.74 160 0.111 62 0.20+2.52  0.62 0.540 109 0.41+¥2.87 151 0.134
F&EEl(Waist circumference)/cm 171 1.34+8.27 2.13 0.035 62 1.39+8.49  1.29 0.203 109 1.3248.19 1.68 0.095
{&RE=E (Percent of body fat)/% 171 0.53+7.32  0.95 0.343 62 -0.4246.56 -0.51 0.612 109 1.0847.69 1.46 0.147
10~125 4 (Grades 10-12)
H & (Height)/cm 69 1.8748.88 175 0.085 25 1.00£10.43  0.48 0.635 44 2.36£7.97 1.97 0.056
K (Weight)/kg 69 2.2749.04 2.08 0.041 25 -0.94+10.77 -0.44 0.668 44 4.08+7.43  3.65 0.001
{KEFEE(BMI)/(kg'm™) 69 0.40+2.67 1.26 0.213 25 -0.5642.70 -1.05 0.306 44 0.95+2.53  2.50 0.016
FEEEl(Waist circumference)/cm 69 0.90+7.22  1.03 0.305 25 0.0946.97  0.07 0.948 44 1.36£7.40 122 0.231
{AREZR (Percent of body fat)/% 69 1.25#5.77 1.80 0.077 25 0.26:5.96  0.22 0.832 44 1.81#5.65 2.13 0.039

23 AEESEREHENE) ZE50ENENME  r00100 B TFEBNMAE<1 XA WLE, I F 6~9
NESR FRFE, BFENEHBANIE 21 R4 BENEERE
95% L b LBEEF/ D FNMEN MASEMONER  BEEBEEE(ZEE=-0.10 mmol-L", P=0.039) K F1&
WFEBETERN. WF 1~5 FEFE, ERMAHE NAR<1 R A WBE4E, WTF 10~12 FRFE, HA
NIE>1 R.d" TEW S BEERE(ZEE=0.20 mmol-L™",  ABNMBEFNMASIEREZERYRNATER N, 1F
P=0.027) MR EEREE R BERE(EE=0.19 mmol-L™",  IiR 3.
%3 FRAMRHENTRERN 617 3 EE D F MIAMAEHIR (x £ 5)

Table 3 Difference values of glucolipid metabolism indicators by sugar-sweetened beverages intake frequency in children and
adolescents aged 6-17 years (x + s)

21K (Total) B4 (Boys) LA (Girls)
¥ERE L1518 4R(Glucolipid metabolism indicator) iy i i
I FEK (Paris) (ﬁii:;;;)) t P XFFE(Paris) (fi{fi(:er:cz)) P XFF¥(Paris) fife(r):er:cz))

1~52E 4Rk (Grades 1-5)*

8 M¥E(Fasting blood glucose)/(mmol-L™") 190 0.05+0.56 1.27 0.205 75 0.07+0.53 1.17 0.248 115 0.04+0.57 0.71 0.477

S ABEEZ(Total cholesterol)/(mmol-L™) 190 0.12+0.99 1.73 0.086 75 0.01+1.06 0.11 0.909 115 0.20:0.94 2.24 0.027

S HM=F8(Total triglycerides)/(mmol-L™) 190 0.02+0.41 0.63 0.528 75 -0.030.37 -0.72 0.476 115 0.05£0.43 1.27 0.206

B ZEASEE A (High-density lipoprotein)/(mmol-L™) 190 0.02¢0.48 0.70 0.484 75 0.05£0.53 0.88 0.381 115 0.01#0.45 0.13 0.899

{2 FEASE B (Low-density lipoprotein)/(mmol-L™) 190 0.1040.77 1.85 0.066 75 -0.020.79 -0.26 0.799 115 0.19:0.76 2.64 0.010
6~95F 2R (Grades 6-9)*

2= fE M4 (Fasting blood glucose)/(mmol-L™) 164 -0.04£0.53 -1.07 0.286 60 -0.01#0.53 -0.20 0.841 104 -0.0640.53 -1.19 0.238

S ABEIEZ(Total cholesterol)/(mmol-L™) 164 0.02+0.89 0.22 0.828 60 0.03+0.84 0.28 0.777 104 0.010.93 0.07 0.946

B HM=F8(Total triglycerides)/(mmol-L™) 164 -0.04+0.44 -1.250.213 60 0.02+0.39 0.36 0.722 104 -0.08+0.46 -1.73 0.086

S ZEASEE B (High-density lipoprotein)/(mmol-L™) 164 -0.04£0.40 -1.20 0.233 60 -0.10£0.37 -2.11 0.039 104 0.00£0.42 -0.04 0.972

{2 RS Z B (Low-density lipoprotein)/(mmol-L™) 164 0.07+0.73 1.20 0.234 60 0.15+0.75 1.550.126 104 0.02£¢0.72 0.29 0.772
10~124F 4R (Grades 10-12)

2= fE M4 (Fasting blood glucose)/(mmol-L™) 69 -0.11#0.46 -1.98 0.052 25 -0.1640.54 -1.43 0.165 44 -0.08+0.40 -1.36 0.183

S ABEEZ(Total cholesterol)/(mmol-L™) 69 -0.04+0.82 -0.37 0.710 25 0.16£0.94 0.85 0.403 44 -0.15+0.73 -1.35 0.185

S H =& (Total triglycerides)/(mmol-L™) 69 -0.01+0.46 -0.21 0.833 25 0.00%0.46 -0.02 0.983 44 -0.0240.46 -0.25 0.806

S ZEASE A (High-density lipoprotein)/(mmol-L™) 69 -0.01£0.38 -0.20 0.840 25 0.04£0.33 0.62 0.544 44 -0.04£0.41 -0.62 0.538

{2 A5 Z B (Low-density lipoprotein)/(mmol-L™) 69 -0.020.69 -0.29 0.770 25 0.10+0.86 0.61 0.547 44 -0.10£0.58 -1.13 0.266

[E]* 1~5 FRTERK 134, 6~9 FRBERK 2 3, ERK 5 HEIE,

[Note] *: The data of glucolipid metabolism indicators are missing in 1 pair of girls from grades 1-5, and 2 pairs of boys and 5 pairs of girls from grades 6-9.
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HARRA 1:1 MEMEITEo LEFR. M5, fE2
BANSHREDRERRG, L REERESMBRAELS
ESMIBAA 6~17 FIEERE) | EF D EEENER
REFETNER ARAUSERESIENS 6~9
FRFERBNE S KEMER, MUk 10~12 F4
FPERSHARERX, HAS 1~5 FRATERESHNE
FEEEEFEZ EREREERE. 6~9 F4KBERMEMN
EEEREABEEE X,

BRI AR Z B EER) LE, SR UIEE
HRE) | BEFVEARARNR, RMEESIMBRNESE
ESRN) L EE D EFENERS TRMBAS,
BRIV EHARRREBAEBASERKRE) LERXK
FEIEFRIIX o De Ruyter F' B9 —INFEN X BRI & 52
BMRX 4~11 S EERE)LEFENIH 18 MAW
FHifAR, FIAFTRATH 25BN 250 mL 24E
B AREIAEL, SR ER, SABIEHRN AL,
ERIFHBANA) LEAE(YE=1.02 kg) . BMI(BMI-Z
53, ¥ ZE=0.13). fEE (39 ZE=0.66 cm) FI{EREE (33
#£=1.07%)¥I1EINE %, B, De Ruyter FHIARIELL
RWAEZNRREERBERER, NAFTITHIERE.
M5 BEEBANS BN ENERTRERERRERL
MEREIEHENS 1~5 FR(6~12 %) FEMAKE. BMI.
EEMEEEEEEIENNXR, BARERERE
WEIRRHBNSIZE =1 R-d* Y 6~9 FRFAAKRE(IYE=
2.53 kg) FEEE (19E=1.34 cm), LUK 10~12 FHFESE
KE(E=2.27kg) BT <1 XA &, SFENER—
REESEE. BRI, BIEERRIZNRERY.
BSRAEMRENXRIAIERPIGNEEREHEN) &R,
EEPIEMESEAEBRAS ARSI NE X, MEAE
EINSEEIEEBAEEEENTERNXR,; ME
JLIET L EBRENRAEMIITRAR(BEHRLD
ESREIEHERN) R/A, B SRR S H smI f&
REX BEBERR) L EFX—NNFAEE, F
AERNKRE, FFEEBANNFIRT, BEMERK
UEMBREB AR AREREEL LY, U LI
E—ERE LR, SEEBAFTEEBIEERAN
THEm) | BERENT . AEEERIEIETERKE—
MEERIE R, ik, EESMBNASEIRE S
B8 LET VD Er B KERIET 2RI
TIMEERN, SEHEAKEIEM,

S MREMERIIE SNBSS 6~9 FHJL
BEEIERENEEEX. EEN—THIBEEHRRA

MERTHBNANI LET VEM B EFHBESR
BEPSEREHBARLESY, &% 6~9 F4&JL
EFLVER, SR SMBANAENSTERE S
ST RSB NA(54% vs 48%) . TR LK IER
EASEE BN EEEXE, LEFVFEEBAY
ZHERINSREEHRABEN,. ERREHE
IREHENA B S ESHNEYENFIFIRKE X TR
BRRMT, BRIX T EBIEEBAS) L EESXRAEHM
XL,

AR UEEARE)  BEAMRTR, KISHER
KESMIBANS 1~ ERLE SBEEMNERERSE
HEEEEKFREEX, BS 6~9 ERBESRER
EOEEERRREX. BRI SIMARIRESTIRS
VERHRN G ) LEMRgRE 2, SIEmEA =",
MK 2 BERA. KBS aEERARRABLER 8
¥, —I0 Meta DHTHN 13 TIFAR, LERKE, ¥R
FEBAS) L EE D F AP ERREEAEERR(24.9mgL™)
M E%EEREQREEBERE(-14.6 mgL ) B X,
BREDSERFHEANS S HH=EMRX", M8
—I R R, SRIBSFERRI 7~ <18 BV FEHE
tt, EREIEHEANA (120 gd ) NEZEREREE
B2 7K T(1.32 mmol-L™ vs 1.38 mmol-L™") BE P, Sk
ML —IBAGIBF SR RBE, 14~17 5 BV ESREE
EHRBEER/K TS ERHEN 2 /IS TR R,
UERRYEXRHRRERBEM, B ELARENES
EEFRESBERKILESVE, MAARE, T
MANRANERARE) LEFVEH, RAHREREE
TEASHEEFERETEA, BEERES. 1/
BN L ES VERRBETESEERITEERE
Xo BhRIRE, EEARENR, SKIBEFRHIITIRA
FELL, IRERIR IR FRA/NR 3 NHABIAE(25.60 g vs
23.30 g) . TKBEZ (11.70% vs 6.30%) . == A8 M ¥E R E
(5.10 mmol-L™" vs 4.90 mmol-L™") 1 & H JH = B5 /K F
(1.60 mmol-L™" vs 1.40 mmol-L ) ¥ H S, EERIH
REMSVEREHBEANS ERAE) LETEME. mAg
KRB AR R IRIE,

gk, AR A M SRR S ) LEF V&
MBI X RABFERNMEINER. SEERFEMLL,
1~5 FR(6~12 Z) FEEENEFREZLLEBECEE
=, MURAE X BANSERE e R R 26
2, BHERRE, B SRZFRE) LETZMEE
EMFMNEBN, MTEMERHE, SHRE 1~
S ERFERBRTERIKNEERBNELREEE
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