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Abstract

Background: In the current systematic review and meta-analysis, we summarized the studies that evaluated the
effects of sugar-sweetened beverages (55Bs) intake on blood pressure among children and adolescents.

Methods: In a systematic search from PubMed, Scopus, Embase and Cochrane electronic databases up to 20 April
2020, the observational studies that evaluated the association between sugar-sweetened beverages intake and
hypertension, systolic or diastolic blood pressure (SBP, DBP) were retrieved.

Results: A total of 14 studies with 93873 participants were included in the current meta-analysis. High SSB con-
sumption was associated with 1.67 mmHg increase in SBP in children and adolescents (WMD: 1.67; Cl 1.021-2.321;
P <0.001). The difference in DBP was not significant (WMD: 0.313; Cl —0.131- 0.757; P=0.108). High SSB consumers
were 1.36 times more likely to develop hypertension compared with low SSB consumers (OR: 1.365; Cl 1.145-1.626;

adolescents.

P=0.001). In dose-response meta-analysis, no departure from linearity was observed between SSB intake and
change in SBP (P-nonlinearity =0.707) or DBP (P-nonlinearity =0.180).

Conclusions: According to our finding, high SSB consumption increases SBP and hypertension in children and
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Background

The increasing prevalence of obesity and weight gain
in pediatric population, as a major health problem, is
associated with insulin resistance, hypertension, ath-
erogenic dyslipidemia, and pro-inflammatory state [1].
Hypertension, as one of the major component of meta-
bolic syndrome is also associated with obesity state and
has an increasing prevalence in youth [2]. Hypertension
in children and adolescents is defined as average systolic
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blood pressure (SBP) and/or diastolic blood pressure
(DBP) greater than 95th percentile for gender, age, and
height on > 3 occasions, while prehypertension is defined
as average SBP or DBP levels that are greater than 90
percentile but less than 95th percentile [3]. Hypertension
and elevated blood pressure among children is associ-
ated with cardiovascular risk factors and obesity as well.
Although major final outcome of CVD such as death
and cardiovascular disability do not occur in hyperten-
sive children, they are encountered with increased risk of
intermediate markers of target organ damage, such as left
ventricular hypertrophy, retinal vascular changes, thick-
ening of the carotid vessel wall, and even subtle cognitive
changes [4]. It is widely recognized that blood pressure
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levels are influenced by genetic as well as by environ-
mental factors [5, 6]. In this regard, more than 90 differ-
ent genetic polymorphisms have been identified to be
associated with high blood pressure [7]. For example, a
recent study reported that polymorphism of aldosterone
synthase gene is linked with the development of hyper-
tension through increasing the aldosterone level and
aldosterone/renin ratio [5]. On the other hand, among
environmental parameters, obesity, smoking, alcohol
consumption, diet, and physical inactivity likely play a
major role in development of hypertension [6].

The role of sugars in developing cardio-metabolic dis-
orders and hypertension in children has been actively
investigated. However, recently the role of sugar-sweet-
ened beverages (SSBs) in developing hypertension par-
ticularly in children and adolescents is highlighted
[8—12]. SSBs, as a liquid form of carbonated or noncar-
bonated energy beverages, are the principle source of
added sugar in diets [13]. For instance, a cross-sectional
study from China showed that SSBs provide 10-15% of
total calorie intake of school students [9]. Another study
in Taiwan indicated that adolescents are also one of
the major groups who consume a high amount of SSBs
[13]. The US Nutrition Examination Survey showed that
approximately 64% of the pediatric and adolescents aged
2-19 years have daily SSB consumption contributing to
8.4% of the daily energy intake [14]. In Iran, the aver-
age SSBs intake among children and adolescents was
38.5+75.0 g per day with the mean daily SSB intake of
98 ml in boys and 70 ml in girls [15].

In Australia, the average amount of 217 mL of SSB
per day is consumed by youth contributing to 5.5% of
their total energy intake [16]. In Mexico, SSB intake as
one of the main sources of added sugar intake contrib-
utes to 8.3% of the total energy intake among children
and adolescents [17]. Therefore, SSBs contain excessive
amounts of energy, in the form of simple sugar. All of
these figures have exceeded the recommended intake of
free sugars that has been proposed by the World Health
Organization to be less than 5% of total energy intakes
[18]. Increased sympathetic nervous system activity [19],
significant increase in blood pressure due to potential
antinatriuresis effect of fructose affecting salt metabo-
lism [9] and increased serum uric acid due to fructose
metabolism [20-22] are several suggested mechanisms
of the association between SSBs intake and hypertension
among children and adolescents. Although numerous
studies confirmed the role of high SSBs consumption in
developing hypertension in youth [9, 13, 23—-25], there are
several inconsistencies reporting no significant associa-
tion between SSB intake and blood pressure [13, 26, 27].
Moreover, childhood and adolescence are critical periods
for the acquisition of healthy behaviors; therefore, the
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study of several indices and their co-occurrence in this
ages should be a priority. In the current systematic review
and meta-analysis, we aimed to summarize the studies
that evaluated the association between SSBs intake and
blood pressure among children and adolescents in two-
class and dose—response meta-analysis.

Materials and methods

The current study was conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [28]. The completed checklist has
been provided in the Additional file 1 (Additional file 1:
Table S1); moreover, the abstract was written according
to the 12-item PRISMA extension checklist [29].

Data sources

A systematic search using PubMed, Scopus, Embase and
Cochrane electronic databases was performed to find the
studies evaluated the association between sugar-sweet-
ened beverages intake and hypertension up to 1 April
2020. No language and time restrictions were applied.
Moreover, hand-searching from reference lists of all rel-
evant papers, previous reviews and meta-analyses was
performed to cover all relevant publications. Strategy
search was created using a combination of the MeSH
(Medical Subject Headings) terms from the PubMed
database and free text words.

Search strategy

For the search purpose, we used MeSH (Medical Sub-
ject Heading) and non-MeSH keywords including the
following: (“Child”[Mesh]) OR child[Title/Abstract])
OR childhood[Title/Abstract]) OR pediatric*[Title/
Abstract]) OR adolescen*[Title/Abstract]) OR
youth[Title/Abstract]) OR teenager[Title/Abstract])
OR children)) AND  ((SSB[Title/Abstract]) OR
Sugar-Sweetened  Beverage*[Title/Abstract])) AND
((((((((“Hypertension”[Mesh]) OR hypertension[Title/
Abstract]) OR HTN][Title/Abstract]) OR blood pres-
sure [Title/Abstract]) OR systolic blood pressure[Title/
Abstract]) OR diastolic blood pressure [Title/Abstract])
OR SBP [Title/Abstract])) OR DBP|Title/Abstract])
(Additional file 1: Table S2). The reviewed literatures
were inserted into the EndNote software (version X8, for
Windows, Thomson Reuters, Philadelphia, PA, USA). For
each electronic database, search strategy was adopted.

Study selection

In the current systematic review and meta-analysis,
observational studies with the design of cross-sectional,
case control or cohort evaluating the association between
sugar-sweetened beverages (SSB) and hypertension
(HTN), systolic blood pressure (SBP) and diastolic blood
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pressure (DBP) were included. The studies were included
if they were (a) observational studies (b) original research
as publication type; (c) reported SSB (sodas/soft drinks,
carbonated beverages, non-100% fruit juice drinks,
syrup-based drinks, flavored water with sugar, sports
and energy drinks, chocolate milk, yogurt drinks, lemon-
ades, Coca-Cola, Sprite, orange juice, Nutrition Express,
and Red Bull and sweetened teas) intake as exposure and
HTN, SBP and DBP as outcome variable; and (d) studies
conducted in children and adolescents (less than 19 years
of age) (e) if they reported the mean+standard devia-
tion (SD) of SBP or DBP or the odds ratio (OR) of HTN
in subjects of the highest versus lowest SSBs category.
Since there is no official definition for SSBs, they were
defined as any type of above- mentioned drinks. Initially,
retrieved citations were merged, duplications were elimi-
nated and the review process was facilitated. Accord-
ingly, the titles and abstracts of all articles were evaluated
independently by 2 reviewers (MAEF, LN). Full-texts of
relevant articles were retrieved if meeting the eligibility
criteria, and then were re-evaluated. Any disagreements
were discussed and resolved by consensus.

Risk of bias and quality assessment

The quality of cross-sectional studies was assessed by
Agency for Healthcare Research and Quality (AHRQ)
checklist [30]. There was no quality criteria for inclu-
sion of the studies in the current meta-analysis. The
items were scored “1” if the answer was “YES,” and “0”
if the answer was “NO” or “UNCLEAR!” The final qual-
ity assessments scores were as follows: low quality =0-3;
moderate quality=4-7; high quality>8. The details of
the studies’ quality assessment are presented in Addi-
tional file 1: Table S3.

Data collection and extraction

Data were collected according to a standard data extrac-
tion form. The following information was extracted from
each study: (1) authors name; (2) publication year; (3)
country of study; (4) study design; (5) age range and/or
mean; (6) participants’ gender; (7) number of case and
controls; (8) dietary assessment tool; (9) setting; (10) type
and quantity of SSB; (11) covariates used in adjustment;
(12) outcome values.

Data synthesis and analysis

Two class meta-analysis of the comparison of SBP and DBP
between SSB categories

The comparison of SBP and DBP between highest versus
lowest category of SSB was performed by measuring the
unstandardized mean differences as the effect size calcu-
lated by pooled estimate of weighted mean difference
(WMD) with 95% confidence interval (CI), and the fixed
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effects and random effects models according to level of
heterogeneity. When the mean values were missed and
median and range were provided, we used the method
provided by Hozo et al. [31] considering the median val-
ues as best estimate of mean for sample size more than 25

and calculatirzlg SD as follows:
S? & (% (% + (b—a)z))). When SD of the

mean difference was not available from the studies, we
calculated it using the following formula: SD
change=square root [(SD baseline 2+4SD final
2)—(2x0.8xSD baseline x SD final)] [32],
SD=IQR/1.35 (symmetrical data distribution) and
SD =SEM x sqrt (n), where n is number of participants,
IQR is interquartile range and SEM is standard error of
the mean. When the number of individuals in each cate-
gory of SSB was not provided in the manuscript, we
assumed that equal number of participants is enrolled in
each group. When the odds of hypertension in SSB con-
sumers versus non-consumers were provided, ORs and
95% Cls were used to estimate the combined effects. Sub-
group analysis was also performed to identify possible
sources of heterogeneity according to the study setting,
SSB dose, and baseline values of SBP or DBP, design,
health status, sample size, region, quality score of study,
gender and study design. The dose of SSB intake was con-
verted to gram of intake per day according to food agri-
culture organization (FAO) guidelines for converting
units, denominators and expressions [33].

Cochran’s Q test and I squared test was used to iden-
tify between-study heterogeneity; I* * 25%, no heteroge-
neity; I>=25-50%, moderate heterogeneity; I* >50% large
heterogeneity [34]. The heterogeneity was considered
significant if either the Q statistic had P value<0.1 or
I>>50%. Sensitivity analysis by exclusion of one study at
a time was applied to test the influence of each individual
study on overall pooled estimates and heterogeneity [35].
Begg’s funnel plots was assessed to evaluate the publica-
tion bias followed by the Egger’s regression asymmetry
test and Begg’s adjusted rank correlation for formal sta-
tistical assessment of funnel plot asymmetry. The data
were analyzed using STATA version 13 (STATA Corp,
College Station, TX, USA), and P-values less than 0.05
were considered as statistically significant.

Dose-response meta-analysis of the association between SSB
dose and change in SBP or DBP

For dose response meta-analysis, the eligible studies had
been reported the mean (SD) of continuous variable
(e.g. SBP, DBP) in at least three categories. The median
point in each SSB category was also identified. If medians
had not been reported in the manuscript, then approxi-
mate medians were estimated, using the midpoint of
the lower and upper limits. If the highest study category
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was open-ended, its SSB dose was calculated by assum-
ing that the interval was the same as the closest category.
The lowest categories of SSB intake was considered as the
reference dose for each study. Any potential non- linear
associations of SSB intake were performed by fractional
polynominal modelling (polynomials) to explore the non-
linear potential effects of SSB dosage (g/d) and the study-
specific parameter [36].

Results

Flow of studies

Our search strategy identified 1661 potentially relevant
articles. Thereafter 857 manuscripts were remained for
full text screening after removing duplicates and exclu-
sion according to the title and abstract reading. Totally,
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671 manuscripts were excluded because of their irrele-
vant subject, inappropriate design, being reviews includ-
ing meta-analysis or systematic reviews, conferences and
seminars, not relevant age groups, not evaluating the
association of studied parameters. A final number of 14
manuscripts were included in the current meta-analysis

(Fig. 1).

Study characteristics

The characteristics of included studies are presented in
Table 1. A total of 14 studies with 93,873 participants
were included in the current meta-analysis [8-11, 13,
15, 19, 23, 24, 26, 27, 37-39]. The studies had been per-
formed between 2009 and 2020. Totally, eleven stud-
ies reported higher SBP in higher SSB intake categories
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Fig. 1 Flowchart of the literature search and study selection process




Page 5 of 18

(2020) 18:344

Farhangi et al. J Trans| Med

SI2WNSU0D
955 ybiy pue
MO| U92M13q S1usjeAINDD
sanjeA dga Buinles gss Jo
Ul aduaIalip  sgss Jayio Jo JELWHIVE!
ou pue ‘SYULP 3Ny Jo wins ay3
(sa10[ed0|1Y (€00=4d) SENEMEEINS Jo (9|nuadiad
ul) axeul Abiaus san|eA 4gs -1ebns 4108 <) ybiy Alunwiuiod 6002/PaN
‘oel BYbly  ‘sejod ‘syuup 01 (9]11uadsad 410g/jeuon /Ayyjeay Js9j0pY
x5 ‘abe 'vd Ajpuesyubis 1J0s Jlojed 20T >) MO 044 6l-ClL (9£8)/0€9¢ -295-5501D) Ajusieddy Jleipad Yoy VSN [6€] vV Jowaig
el Jaqy
|B101 ‘a¥RIUI
1ej pajeinies
9100S-Z-|Ng
‘el AbIsus
[e101 pue
‘spiods weay uj
JUSWIAA|OAUL
‘AL Buiyoiem
QI ‘ulnsul ¥elul
puiddiys ‘uon gss sauoba
-einp sa1aqgelp -1ed 3214}
‘uoiedNPa U99MIaq
|eausied d9d 1o 4gs
AWDIUYIR  UredusIBYIp epos paus yiog/euon  DIP/WA'L L 10z/e2160]| (o]
/o0B1 %35 '90y  JuedyiubisoN  -1eams-efing 052-0 034 zz-0l  (009-+0£)/206 -295-5501D) YUMUINOA  -019GeId ey VSN AV AOSLIOg
JOMO|
ueyy Jaybiy
Sem gss (SLEL A >9=m
JO seul BpOS paua 1ad sasse|b ¢ 044 pasy DIUIP/ANS 810¢/so1
- 1ayblyurdgs  -19ams-iebng  1ses|1e 01SUON  -SIUILIPEe-§|3S 81—l (0/-79)/S1E [RUONDSS-SSOID) -9q0 2I9A3S -1eIpd DING  AemloN  [/€] H1 peisleg
'$2I00S
ulaned Aieiaip ‘PUNO) Sem
UJSISa pue d4g9Q u1aoua
Ayyesy Ing -I31p ON
‘awiodul Ajjuey (€00=4d)
‘uolledNpa E]MIEN
[euialeW ‘DUl 19MO| Uey} /32In[ 1Ny}
-uodaisiu 19ybIy sem 9%001-uou
KIe131Ip 'ssauly eIl 9SS pue 10 s[eip Alunwwod
|ed1sAyd ‘abeis JO s3I -10>+ paje /Ayijeay €10Z/ANN [8] 1©
lewagnd 9By saybiy ul 4gs -uoqued ULEFS LY 044 L7l 8/v/€E¥L  Y10g/AH0y0D Ajpusseddy uipD rwy  ereasny luisoiquiy
(p/6 |00} (K10633e>
uelpawW/uUEdW)  JUDWISSISSE yoea-|ejo3) Japuab Bumas/snyeys
syuswisnipy  s3nsay uiepyy 2d£} gss asop gss fieyaiq  (A) abues aby ‘wnN Jubisaq aseasiq Jeaf/jeusnof Anuno)  Joyineisiiq

siskjeue-ejaw ay) ui papn|dui salpnis Jo sdisdldRIRYD YL | d|qel



Page 6 of 18

(2020) 18:344

Farhangi et al. J Trans| Med

abeis
[evagnd ‘INg
[eusied pue
INg [PUIDIBW
yBIem yuig SHULP
‘abe [euon Abiaua pue
-e1596 ‘awin $9|11491 9SS SyuLp pods
U210S V4 INg  JaMO| SNSIaA ‘sopeuows)|
'S3S [euILIRW ybiy ui ‘saoin( swoy €10¢/N3dS3
‘AdIUYIL ‘abe dgs 1aybiy ‘Syulp 1Jos yroq /Ay3eay -UonRINN
pueiyblay xas  Apuedyiubis  ‘syuup UnBoA 044 /M0oyod yig Ajpusieddy [eo1utD vsn 611 D3 490g2Q
abeys
lensgnd iNg
|eusaied pue
INg [eulaiew
ybiam yuig
‘abe [euon SYULIP 1OS
-e1590 ‘awin $3[11491 9SS pue sa2Inf
U2a10S V4 IINg  JomMO| SNSIaA 'SopeUOWD|
'S3S euisrew ybiy ul ‘Spuup swoy €10¢/N3ds3
‘Aud1uye ‘obe dgs 1aybry UNBOA 1w yloq /Ayaesy -uonuINN
pue1ybiay xas Apuesyubis 21ej0d0YD 044 /HOYo2 yuig Apusseddy [e31U1D VSN [61]1 23490920
‘PaAIDSCO
sem dgd
Ul 9dUd
-1241p ON
(€v00=4d)
gSS 40
SORIUI IDMO)
‘Bupows Yum pased
pue [oyodje  -WO0D SaeIUl
'S9110[eD |e101 19ybIy ul |ooyds
'YVd ‘eale Apnis dgs 1oybiy S9leul/[euon /Ayyeay
‘Iapuab by Apuesyiubis 2dAy Auy 044 -235-5504D) Apuateddy  |0z/SiUSLINN  Uemie| [€1]4Lueyd
salobaed
pupows  gss 1ualayip
pue joyodie 40 4gQ pue
'S91I0[RD [e101  dgS Udamiaq S9ewsy |ooyds
"vd ‘eale Apnis ERIEIENTo) /|BUOID3S /Ay3eay
Iapuab 9By 1uedYIUbIS ON 2dAy Auy 044 EX el Apuateddy  |0z/SiUSLINN  uemie| [€1]4Lueyd
jooy
uelpawW/uUEdW)  JUSWISSISSE J9puab Bumas/smers
syjuswisnipy  s3nsay uiepy adA) gss fieya1q Jubisaq aseadsig Jeaf/jeuinor Anuno)  Joyineisiiq

(panunuod) | ajqel



Page 7 of 18

(2020) 18:344

Farhangi et al. J Trans| Med

‘Bupows SE]
anaiebp  -winsuod gss
pue bupjuup JOMO| SNSIDA

|OYyoD|e 10} SB 12ybIy ul
[[om se ‘Aauoy (¥150=4d)
AR yam dgq ul
pooj e pue abueyd
pOO} Paly Juesyiubis
‘1IN1} ‘pooyeas ou pue
‘1eaul Jo ejul #000=d 'Se9] PAUD
oY1 'sauoed  BHWW /7€) -199MS pue
101 'vd das ul SYUHP 1Ny |00Y2S
‘Iapuab ‘obe 580Ul ‘SyuLIp Yos p/|W 0001 <01 4i1ogy/jeuon /Ayijeay £10z/AuS
‘eale Apnis ay| wedyubls  buipnpul ‘gss 9¥eIUI-UOU 044 -295-5504D) Ajpuaseddy -9qO (U] uemie| [8€] LM U
uonewoUl
Arejaip pue (1000>d)
‘JojAeYq Sa%eiul gss ‘sabe
Aleuspas  I9MO]| SNSI9A -19A9q £3)
‘uoleinp 19ybIy ul 199MS pue
Buidaays ‘san d4g9Q pue suods pue |ooyos 8107
-IAoe [edisAyd dgsJaybly - ‘sedinf‘syuup yioqy/|euon /Ayeay /quiolyL
‘1Iapuab 9by Ajueoyiubis pa1euoq.ed) 0z1-0 044 -195-5501D) Ajpuaseddy -PSosRYY [ eulyd 719 oH
‘aIns
-said poojq
10} 1Ng pue
14612y ‘pooy
pal} 1esw
pue !A1saqo
|eulwiopge
pue ‘A11sago ‘sa¥eIUI
YBIIMISAO  gSS Uiy
104 poo} UINIH jo
palj pue  SpPO Ul 3dUD
1eaW 'vd pue -13ylp ou
EVINVEETR)Y (1000>d)
‘auwiodul Ajiuey SO gSS [INg Poy
‘Uol1edNP? [BU J9MO]| SNSIAA pue ‘ssaidx3
-191ed ‘uoned 12YbIYy Ul uonuINN
-Npa [eularew dggpue  ‘9oinfabueio AUNnwiwod
‘9dU3pIsal dgs 1aybiy ‘1dg 410g/jeuorn /Ayyjeay
pue ‘x3s ‘aby Ajpueoylubig 'e|0D-820D) 00S-0 044 -235-5504D) Apuateddy  /0z/SIUSIINN eulyd [€Z]1 HZ InD
(p/6 |00}
uelpaw/uesaw) jJudWISSasse J9puab Bumas/smers
syjuswisnipy  s3nsay uiepy adA) gss 9s0p 9SS fieya1q Jubisaq aseadsig Jeaf/jeuinor Anuno)  Joyineisiiq

(panunuod) | ajqel



Page 8 of 18

(2020) 18:344

Farhangi et al. J Trans| Med

(S00>d)
Ajlwey ayy SI2WNSU0D
4O peay ay3 -uou ueyy
4O uonesnpa SI2WNSU0D
pue‘s|qe1 sy 4SS ul ddd Se91 paue
1e pOOJ 01 3/eS pue 4gs -199MS pue |ooyds
JO uonippe 'vd 13ybiy SYUMP 1N yiog/jeuon /Aqyjeay
g ‘X35 ‘9by Ajueoyiubis ‘SYULIP YOS 005 044 91-6  (SC-611)/88Y -295-5504D) Apuateddy  9|og/HadAH [ lizeig [01] NSg eZNOS
[osL'stL)
SYoBUS pue Ot LHO]
1eaW JO elUl  SISUINSUOD
1°1p ‘vd -Uou snsIaA Lly0OF €0l
‘Juswiuiene SI2WNSU0D :/ 9peID |ooyds
|euonesnps gSS UINLH B|0D-820D) SiaUINsuod 8€0F Y06 (€0t Yiogy/jeuon /Agjesy
|eaualed ‘jooyds  Jo SpPo JaybiH pue 21udg  -UoU/SIBUWNSUOD 044 ‘¥ 9pelo -6%72)/16001 -295-5501D) Apuateddy  g10z/19dAH [ eulyd [6] Z U
(Ev00=d
(9T6-160)
06'7) A10b3
-1eD gGg 159
-MO| SNSIIA
153yb1y
UINLH jo
Sppo JaybiH
INg (¢S0=d)
‘3|ge1sban pue  s3jienb gss
‘1InJy ‘1esw UEEIINEYe] (sa2Inf
passadoid pue d4gQ uiaous 1UNJJ %001
paJ ‘93§02 BENoXelN -uouy) syuLp
pue ea1 4sqy (lzo0=d) Infuny
Alelalp sa19q  A1obaied gss pue (sgsss)
-e|p Jo AI01sIy 1S9MO| SNS SYULIP 1OS
Ajiwiey 'vd -19A159yb1y pa1euoq.ed Auunwiuod
‘el ABious Ul 4gs Jaybly pausisams /Agyeay GLOZ/geIeN [S1]
[e101 X35 by Apueoyiubis 1ebng LTEL 044 81-9 (0L)/vy  Yrog/aIoyoD Ajpusseddy NN UBJl [e 1D UesUIN
SENEN
9SS usamiaq
d9d pue dgs |00YdS
SIERNEIEo} sabesanaq yiog/[euon /Ay3eay 5107/5990
- uedyubis oN 91euoq.e) GL'8€€ 044 €l (€60)/188 -395-S501D) Apusseddy ouielpad  eiskeley [£21vayol
(p/6 jooy (K10b33ed
uelpaw/uesaw) jJudWISSasse yoea-|ejo03) J9puab Bumas/smers
syjuswisnipy  s3nsay uiepy adA) gss 9s0p 9SS fieya1q  (K) abues aby ‘wnN Jubisaq aseadsig Jeaf/jeuinor Anuno)  Joyineisiiq

(panunuod) | ajqel



Page 9 of 18

(2020) 18:344

Farhangi et al. J Trans| Med

snyljlow sa3aqelp auo adAy gty ‘Auanoe edisAyd vy ‘uoisuspiadAy N H ‘Sareuuonsanb A>uanbaiy pooy D44 ‘xapul ssew Apoq jg ‘@inssaid poojq d1j0iselp dg@ ‘2inssaid poojq d1j01sAs 4gs ‘sabeianaq paualsams Jebns gss

‘SWwodul (¥000=d
pjoyasnoy 1000>d)
‘uopeonpa SJ2UWNSUOD
[eUISIBW DU} MO SNSIDA "92In( ysauy
Aleyuapas SIAWNSUOD Buipnoxe
Kjiep ‘abeis ybiy ui ‘1ebns Aq
jeuagnd 49Q pue SENEIEEIN Ajunwuwiod
‘aejur Abisud dgs 4ybiy sobesanag (z8sc poq/[euon /Agyeay 0202/5290
Japushb 9By Apuedyiubls  dljoyodjeuoN £/10C 044 L1-9 -£€)/856€ -285-5501D) Ajusieddy ouelped  eulyd (111Znyz
(p/6 jooy (K10bB33e>
uelpaw/uedW)  JUSWISSISSE yoea-|ejoy) 19puab buias/sniels
syjusawisnfpy  synsay uiepy adA) gss 9s0p gss fieya1q  (K) abues aby ‘wnN Jubisaq aseasig Jeaf/jeuinor Anuno)  Joyineisii4

(panunuod) | ajqel



Farhangi et al. J Trans| Med (2020) 18:344

versus lower consumers (8, 10, 11, 13, 15, 19, 23, 24, 37—
39]; similarly, DBP was higher among high SSB consum-
ers compared with low consumers in six studies [10, 11,
15, 23, 24, 38]. Two studies reported no significant dif-
ference between SBP and DBP of different SSB categories
[26, 27]. Four studies reported the odds of hypertension
in higher SSB consumers compared with lower consum-
ers [9, 13, 23, 24]. Different kinds of sugar-sweetened
beverages were included in the self-reported SSB intake
questionnaires form including: sugar sweetened sodas,
carbonated beverages, caloric and sport drinks, lem-
onades, yogurt drinks, sweetened teas, non-100% fruit
juices, cordials and other types. The age range was from
5 to 22 years old while most of the studies were per-
formed in apparently healthy children and adolescents
[8-11, 13, 15, 19, 23, 24, 27, 38, 39] and one study was
performed in children with T,DM [26] and one in severe
obesity [37]. The setting of the studies was community [8,
11, 15, 23, 39], school [9, 10, 13, 24, 27, 38], home [19]
and clinic [26, 37]. The study by Chan TF et al. [13] that
was conducted in two genders separately and the study
by DeBoer EC et al. [19] that was performed in two age
groups (5—6 years and 11-12 years) were included as two
separate studies. The geographical locations of the stud-
ies were Australia [8], USA [19, 26, 39], Iran [15], Nor-
way [37], China [9, 11, 23, 24], Brazil [10], Taiwan [13, 38]
and Malaysia [27]. Almost all of the studies were cross
sectional [9-11, 13, 23, 24, 26, 27, 37-39] and in three
cohort studies the cross-sectional baseline data was used
[8, 15, 19].

Findings from the two-class meta-analysis

of the comparison of SBP and DBP between different SSB
categories

The results of the comparison of SBP and DBP between
highest versus lowest SSB consumption categories have
been presented in Figs. 2 and 3. As presented, high SSB
consumption was associated with 1.67 mmHg increase in
SBP in children and adolescents (WMD: 1.67; CI 1.021-
2.321; P<0.001). While, the change in DBP was not sig-
nificant (WMD: 0.313; CI —0.131, 0.757; P=0.108).
Odds of hypertension in highest versus lowest SSB con-
sumers has been shown in Fig. 4. High SSB consum-
ers were 1.36 times more likely to develop hypertension
compared with low SSB consumers (OR: 1.365; CI 1.145—
1.626; P=0.001). A significant between study heteroge-
neity was observed for studies that had evaluated SBP
(I2=99.8; P<0.001) and for DBP (I2=99.4; P<0.001).
However, there was no heterogeneity for the studies
that had evaluated the odds of hypertension (I?=0.0;
P=0.976). For finding the source of heterogeneity, we
performed subgroup analysis and the results are shown
in Additional file 1: . Tables S4 and S5. As shown in these
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tables, subgrouping according to setting, baseline value
of SBP, health status, region, gender and study qual-
ity reduced the heterogeneity for studies that evaluated
the SBP values. While for DBP, the SSB dosage, setting,
region, sample size, baseline DBP values, study quality,
gender and design reduced the heterogeneity. Moreover,
Subgroup analyses showed that a higher SSB consump-
tion lead to a higher SBP among children and adolescents
with baseline SBP greater than 110 mmHg (WMD: 0.743;
CI1.330-4.157; P <0.001). Additionally, SSB intake might
increase SBP in the studies with a sample size>2000
(WMD: 2.720; CI 2.581-2.859; P<0.001), school based
studies (WMD: 2.780; CI 2.727-2.832; P<0.001). Higher
SSB intake also resulted in greater increase in SBP among
apparently healthy subjects (WMD: WMD: 1.848; CI
0.888-2.808; P<0.001). Accordingly, the subgrouping
revealed that the high SSB intake is associated with high
DBP in school based studies (WMD: 1.76; CI 1.431-
2.089; P<0.001), studies with high baseline DBP values
(WMD: 0.494; CI 0.001-0.987; P=0.049), performed
in apparently healthy children or adolescents (WMD:
0.476; CI 0.023- 0.929; P=0.039), studies with sample
size greater than 2000 (WMD: 0.957; CI 0.531-1.384;
P<0.001) and studies that performed in Asia (WMD:
0.542; CI 0.024—1.060; P =0.04).

Finding from the dose-response meta-analysis

of the association between SSB dose and blood pressure
The details of dose—response meta-analysis are shown
in Table 2 and the results for the SBP and DBP are pre-
sented in Figs. 5 and 6, respectively. According to the
results of dose-response meta-analysis, no evidence of
departure from linearity was observed for the association
between dose of SSB with mean change in SBP (P-nonlin-
earity =0.707) or DBP (P-nonlinearity =0.180).

Publication bias

The funnel plots are presented in Additional file 1: Fig-
ure Sla, b, ¢. No evidence of publication bias was
observed neither for the meta-analysis of the compari-
son of SBP or DBP in highest versus lowest SSB catego-
ries according to Begg’s and Egger’s meta-bias tests [SBP:
Begg test (P=0.547) and Egger test (P=0.267); DBP:
Begg test (P=0.115) and Egger test (P=0.592)], nor
for the meta-analysis of the association of hypertension
with SSB intake [e.g. Begg test (P=0.327) and Egger test
(P=0.127)].

Discussion

According to our finding, high SSBs intake among chil-
dren and adolescents was associated with higher SBP and
odds of hypertension. Moreover, no evidence of depar-
ture from linearity was observed in the dose-response
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Study %
ID WMD (95% Cl) Weight
Bremer AA (2009) 5 | 3.30(3.26, 3.34) 11.19
Bortsov AV (2011) —_— s -2.00(-3.77,-0.23) 6.13
DeBoer EC (2013) —a— 2.20(0.89, 3.51) 7.70
DeBoer EC (2013) +E 0.90 (0.23, 1.57) 10.00
Ambrosini GL (2013) + 1.50(0.11,2.89) 7.39
Lin WT (2013) : L 3.47(0.52,6.42) 338
Chan TF (2014) 5 - 2.40(-0.40,5.20) 364
Chan TF (2014) = 150 (-1.49, 4.49) 332
Mirmiran P (2015) - 3.40 (0.14, 6.66) 294
Loh DA (2015) | - -2.34 (-2.46,-2.22) 11.16
Souza BSN (2016) .3 1.30(-2.17,4.77) 267
Gui ZH (2017) E [ | 279(2.79,2.79) 11.20
He B (2018) | 278(2.73,2.83) 11.19
Barstad LH (2018) ; 1.00 (-4.17,6.17) 1.39
Zhu Z (2020) E —_—la 4.30(2.71,5.89) 6.70
Overall (-squared = 99.8%, p = 0.000) <> 167 (1.02,2.32) 100.00
|
NOTE: Weights are from random effects analysis i
-6.166 0 6.:36
Fig. 2 The forest plot showing the weighted mean difference (WMD) of the effect of SSBs intake on systolic blood pressure (SBP)

meta-analysis of change in SBP or DBP according to SSB
dosage. A total of 14 studies with 93,873 participants
were included in the current meta-analysis.

SSBs such as sugar sodas and juices are one of the
main sources of excess sugar consumption containing
22 to 39 g of sugar per serving [40, 41]. The American
Academy of Pediatrics (AAP) has recommended that
young children refrain from intake of SSB because of its
potential adverse effects on obesity and related disorders
[42]. According to the last update of the clinical practice
guideline which is issued by AAP, the prevalence of pedi-
atric prehypertension and hypertension has increased to
14.8% and 16.3%, respectively [2]. In our work, high SSB
intake was associated with increased systolic blood pres-
sure and odds of hypertension; numerous trials also eval-
uated the effects of reduced SSB intake on blood pressure;
in the study by Chen L et al. reduction in SSB intake of 1
serving/day over 18 months was associated with a 1.8 and
1.1 mmHg reduction in SBP and DBP, respectively [43].
Chiu S et al. also reported reduced systolic blood pres-
sure after replacing sugar sweetened sodas with milk in
young male adolescents [44]. Accumulating evidence has
linked SSB consumption during childhood to unhealthy

weight gain which itself associated with risk of health
outcomes such as type 2 diabetes, metabolic syndrome,
cardiovascular diseases and other obesity-related disor-
ders in later life [45]. Therefore, intake of SSB should be
limited in children and adolescents to reduce obesity-
related chronic disease risk.

By using subgroup analyses, we could successfully iden-
tify possible sources of heterogeneity; such that the set-
ting, region, gender and study quality were associated
with a significant source of heterogeneity for SBP and
SSB dosage, baseline DBP values, study quality, gender
and design were possible source of heterogeneity across
studies for DBP. Although the effect of high SSB intake on
DBP was not significant, while subgrouping, the results
were significant for the studies performed in apparently
healthy and Asian populations, school setting, with high
baseline DBP values and in large sample size studies. So,
potential sources of bias were detected with the help of
subgroup analyses. It seems that school is one of the best
environments for children’s psychological, physical and
social development [46]. Since children spend so much of
their day predominantly in the school setting, the school
food environment can contribute in reversing the trend
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Study %
ID WMD (95% Cl) Weight
[
Bremer AA (2009) A 0.10 (0.04, 0.16) 11.78
Bortsov AV (2011) —_— -1.00 (-2.01,0.01) 7.30
DeBoer EC (2013) ——E—-— 0.60 (-0.39, 1.59) 7.41
DeBoer EC (2013) —i—i— -0.10 (-0.64, 0.44) 10.03
Ambrosini GL (2013) —.——}- -0.40 (-1.32,0.52) 7.83
Lin WT (2013) {2 0.13(-2.35,2.61) 252
Chan TF (2014) : -0.40 (-2.85, 2.05) 256
Chan TF (2014) Y : 0.10 (-1.98, 2.18) 328
Mirmiran P (2015) 'p 0.40 (-2.24, 3.04) 228
Loh DA (2015) , -0.57 (-0.67,-0.47) 1173
Souza BSN (2016) o > 1.00 (-1.77,3.77) 2.11
Gui ZH (2017) ' a 1.24 (1.24,1.24) 11.80
He B (2018) ' a 1.80 (1.76, 1.84) 1179
Zhu Z (2020) —_— 0.70 (-0.27, 1.67) 756
Overall (I-squared =99.7%, p = 0.000) <<E> 0.31(-0.13,0.76) 100.00
.
NOTE: Weights are from random effects analysis E
-3.I77 0 3.I77

Fig. 3 The forest plot showing the weighted mean difference (WMD) of the effect of SSBs intake on diastolic blood pressure (DBP)
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Fig. 4 The forest plot showing the odds ratio (OR) of the association between SSBs intake and hypertension (HTN)
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Table 2 Details of non-linear association between SSB intake, SBP and DBP

SBP pean difference Coefficient Standard error T P>|t| 95% Conf. Interval
Dose_1 0.168 0.3513 048 0.64 —0.605-0.941
Dose_2 0.0635 0.164575 0.39 0.707 —0.298 0425
_cons 1.314 0.5642 233 0.040 0.072 2.556

DBP piean difference Coefficient Standard error t P>t 95% Conf. Interval
Dose_1 —6.987 7.066 —0.99 0.346 —22.73-8.757
Dose_2 4735816 32.84361 1.44 0.180 —25.82-1205
_cons 63.28868 1101714 5745 0.000 60.833—65.743

SSB sugar sweetened beverages, SBP systolic blood pressure, DBP diastolic blood pressure

95% Cl
Q SBP-MD

©
P-nonlinearity = 0.707
L
~ ¥ 7
s ° .
©
e
[ ®
5 N
E
(e
= 4
@©
()]
2 5
N~ o
®
T T T T
0 500 1000 1500
SSB dose (g/d)

Fig. 5 Dose- response association between the SSBs dosage and mean difference in systolic blood pressure (SBP) with the study outcomes (Linear
relation (solid line) and 95% ClI (gray area) of mean difference in study outcomes by 1 g/d increment in SSB dosage

Predicted SBP-MD

towards childhood obesity [47]. Research has shown that
children consume nearly 35-47% of their daily dietary
intake and they are exposed to less healthful food and
beverages such as SSBs and energy dense food (pizza,
french fries, chips and candies) while at school [48]. It
seems that improvement to the school food environment
through decreasing availability of SSBs and less healthful
nutritional practices can be considered as a strategy to
reduce obesity and its-related complications in children
and adolescents [47].

Numerous school base studies have effective strate-
gies combating against children health problems [49-51].
WHO recommends that reduction of SSB intake among
children should be implemented initially in schools

by developing rules about consuming soft drinks in
schools, removing vending machines selling soft drinks
from school premises, provision of safe drinking water
fountains in schools and other locations where children
gather and promoting healthy dietary behavior in class-
rooms [52]. Moreover, children with higher baseline
DBP values showed higher association of SSB intake
with DBP; this finding showed that possibly the adverse
effect of high SSB intake increased by increase in baseline
blood pressure. In our research, the association between
mean difference in SBP or DBP with SSB dosage did not
exert a non-linear association. Therefore, increase in SBP
or DBP is not a dose-dependent event after SSB con-
sumption; this finding was also similar to the previous
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Fig. 6 Dose- response association between the SSBs dosage and mean difference in diastolic blood pressure (DBP) with the study outcomes
(Linear relation (solid line) and 95% Cl (gray area) of mean difference in study outcomes by 1 g/d increment in SSB dosage

meta-analysis performed by Xi B et al. reporting no evi-
dence of dose—response association between higher SSB
consumption and risk of hypertension among adults (P
nonlinearity=0.82) [53]. Among the subjective dietary
assessment methods such as the 24-hour dietary recall,
dietary record, dietary history and food frequency ques-
tionnaire (FFQ), FFQ has been widely used in large-scale
epidemiological studies [54]. It seems that the role of
FFQ as a self-reported data collection tool for estimat-
ing the serving sizes might be a source of bias, this is
mostly because of the difference in the FFQs structure
and items and also difference in the serving definition in
numerous studies. Also, in different studies outcome of
study was adjusted for wide heterogenic confounders that
may have affected the accuracy of dose—response esti-
mates [53]. In the present meta-analysis, we found that
SSB consumption is associated with the elevated SBP
and DBP among apparently healthy subjects. However,
we should take into account that the most of studies had
included healthy participants in their researches and only
one study performed among diabetic subjects. Therefore,
the observed results may not reflect the true relationship
regarding the subjects’ health status. Since the previous
studies have shown that SSB intake is positively associ-
ated with diabetes and other health outcome [55], these
data support the benefits of lower intake of SSBs.

Region was also another important factor affecting the
SSB and DBP association. Our meta-analysis found that
in the studies that performed in Asia there was a potent
effect of high SSB intake on DBP, while this association
was not significant for the studies that performed in
USA/Oceania. Interestingly, this finding was also simi-
lar for SBP subgrouping. This finding is possibly due to
this fact that most of the studies were form Asia and this
high number of studies give greater power to Asian stud-
ies; also, in the previous report of global, regional, and
national consumption of sugar-sweetened beverages in
187 countries, the SSB intake among Asian countries was
lower than European and American countries and these
findings were strongly dependent to age, country and sex
of participants [56]; therefore, the role of these confound-
ers in explaining the association between SSB intake and
burden of disease should be considered. On the other
hand, cultural differences among the lifestyle and socio-
demographic factors play an important role in dietary
intakes especially sugar; and it has been proposed as an
explanation for the disparities in disease risk among eth-
nically diverse population [57, 58]. It seems that cultural
factors by influencing on food preferences and choices
may contribute to diet quality and subsequently health
inequalities [57]. On the other hand, according to the lat-
est data, childhood obesity prevalence, which coincides



Farhangi et al. J Trans| Med (2020) 18:344

with the highest prevalence of hypertension and other
metabolic disorders, in Latin American is among the
highest in the world [59]. However, only one study from
Latin American countries was included in our meta-anal-
ysis and as a result, we missed information on the rela-
tionship between SSB intake and hypertension among
children and adolescents in this geographical region.

Several potential mechanisms may describe how
SSB consumption could results in increasing the risk
of hypertension. Hyperuricemia which is induced by a
higher fructose load from sugar-sweetened beverages
may leads to acute endothelial dysfunction and chronic
Na retention and consequently predisposes individuals
to hypertension [60, 61]. In this regard, findings from a
human study showed a significant increase in blood pres-
sure after acute administration of fructose while this
effect was not seen with glucose [62]. Therefore, it has
been hypothesized that the fructose in SSBs is respon-
sible for their association with elevated blood pressure.
Heredity appears to play a major role in the development
of metabolic abnormalities such as hypertension espe-
cially in childhood and reports have shown heritability of
childhood hypertension is estimated at 50 percent [63].
However, from included studies in our meta-analysis,
only one citation [9] had included those who didn’t have
a history of hypertension. On the other hand, none of
included studies have adjusted for family history, thus
our finding in the present meta-analysis should be inter-
preted with caution. Additionally, SSB consumption has
been shown to be a part of an overall unhealthy dietary
pattern and is correlated with unfavorable socioeco-
nomic status [64]. There is limited research has directly
compared the effect of SSB intake to other foods with
regard to the risk of cardio-metabolic risk factors such
as elevated blood pressure [65]. For example, Amini et al.
reported western dietary pattern which contains high
amount of SSB is associated with greater odds of hav-
ing increased blood pressure [65]. Besides, the Dietary
Approach to Stop Hypertension (DASH) which empha-
sizes on higher consumption of vegetables, fruits, nuts,
legumes, fish, chicken, whole grains, low-fat dairy prod-
ucts, and lower consumption of SSBs and red meat, has
been shown to be negatively associated with hyperten-
sion in adults and children [66].

Recently accumulating evidence has linked the mater-
nal diet during pregnancy and breastfeeding to food
and tastes preferences of children [67]. The fetus expe-
riences maternal diet tastes and smells through amni-
otic fluids during pregnancy and afterward by breast
milk [68]. Thus, maternal intake in pregnancy could
program taste preference of the child towards SSB and
health care providers should pay particular attention to
educating women in this area.
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The association between high SSBs intake and higher
odds of hypertension among children and adolescents
was another main finding in the present research. A
large number of studies have shown that blood pressure
in childhood predicts the future hypertension in adult-
hood [69, 70]. Hence, early interventions are warranted.

Strength and limitations

The current systematic review and meta-analysis for
the first time evaluated the dose—response association
between sugar-sweetened beverage intake and hyper-
tension in children and adolescents. Due to growing
prevalence of hypertension in this population, this
study has clinical and social implications regarding
developing preventive strategies against high SSB con-
sumption in children and adolescents. However, sev-
eral limitations of the current meta-analysis should
also be mentioned; first, using different kinds of FFQ
for extraction of SSB intake is a matter of bias because
this information is self-reported and has different
structures and definitions between studies. Second,
there were different kinds of SSBs in these studies and
subgrouping according to SSB types were not possi-
ble. Moreover, different studies have reported the SSB
intake with different units and these conversions might
be a cause of error in estimating the accurate dosage
of SSB consumption. Additionally, there were different
adjustments for confounders in different studies that
might affect the results.

Conclusion

The current meta-analysis, for the first time revealed
that high SSBs consumption is associated with
increased SBP and odds of hypertension among chil-
dren and adolescents. Although further large prospec-
tive studies and well-designed intervention studies are
recommended to confirm the observed relationships,
the results of the present study support recommenda-
tions to decrease the consumption of SSB to prevent
and control hypertension and its complications. Devel-
oping strategic programs to reduce SSBs consumption
particularly in school settings is suggested to reduce
the disease burden in this population.
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