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Aims/Introduction: Many studies have been carried out to examine the association
between sugar-sweetened beverages and the incident of type 2 diabetes, but results are

mixed. The aim of the present study was to estimate the association between sugar-
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sweetened beverage intake and the risk of type 2 diabetes.

Materials and Methods: PubMed, Springer Link and Elsevier databases were searched
up to July 2014. Prospective studies published on the association between sugar-sweet-
ened beverage intake and the risk of type 2 diabetes were included. The pooled relative
risks (RRs) and 95% confidence intervals (Cls) for highest versus lowest category of sugar-
sweetened beverages were estimated using a random-effects model.

Results: The pooled effect estimate of sugar-sweetened beverage intake was 130 (95%

doi: 10.1111/jdi.12309

confidence interval [Cl] 1.21-1.39) for type 2 diabetes; stratified by geographic region of

the studies, the pooled effect estimates were 134 (95% Cl 0.74-243), 130 (95% Cl 1.20—
140), 129 (95% Cl 1.09-153) in Asia, the USA and Europe respectively; the pooled effect
estimates were 1.26 (95% ClI 1.16-1.36) with adjusting body mass index and 1.38 (95% Cl
1.23-1.56) without adjusting body mass index.

Conclusions: Our findings suggested that sugar-sweetened beverage intake was asso-
ciated with an increased risk of type 2 diabetes, and the association was attenuated by
adjustment for body mass index. Specifically, the associations were also found to be signif-
icantly positive in the USA and Europe.

INTRODUCTION

Type 2 diabetes mellitus (T2DM), with the rapid increased
prevalence worldwide and substantial economic burden, has
become a global public health concern'?. Consequently, it is of
great importance to identify related factors to reduce the risk of
developing type 2 diabetes. Sugar-sweetened beverages (SSBs),
which include the full spectrum of soft drinks, fruit drinks,
energy and vitamin water drinks, are popular in Europe and
the USA> . In recent years, a rapid increase in consumption of
these beverages has also been seen in Asian countries, such as
India and China®’. In 2006, Malik et al® reported that SSBs
are positively associated with weight gain and obesity, the well-
established risk factors for type 2 diabetes. A number of pro-
spective cohort studies further showed that consumption of
SSBs is significantly associated with an increased risk for type 2
diabetes’ °. In addition, two recent meta-analysis studies car-
ried out by Malik et al® and Greenwood et al.'®, respectively,
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both found that individuals with higher intake of SSBs have a
greater risk of developing type 2 diabetes. However, some stud-
ies included in the former meta-analysis study reported results
for all soft drinks combined'®"”, without distinguishing between
the sugar-sweetened and the artificially-sweetened soft drinks.
In addition, the SSBs estimated in the two meta-analysis studies
both included fruit juice, which has been reported to be differ-
ent from SSBs and a healthier drink. Therefore, we carried out
the present meta-analysis study to update the evidence of the
association between intake of SSBs and the risk of type 2 diabe-
tes with studies excluding artificially-sweetened soft drinks and
fruit juice from the SSBs spectrum.

MATERIALS AND METHODS

Literature Search

Studies that reported on the association of SSBs intake and
type 2 diabetes risk were collected. The literature databases
including PubMed, Springer Link and Elsevier were searched.
The main search terms included ‘sugar-sweetened beverage,
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‘sugar-sweetened drink,’ ‘soft drink,’ ‘soda,” ‘soda-pop,” ‘carbon-
ated drink,’ ‘sugar with beverage,’ ‘type 2 diabetes’ and ‘T2DM.’
Reference lists of articles were reviewed to identify any addi-
tional articles. The literature search was limited to the English
language. The literature search was updated in July 2014. This
systematic review was planned, carried out and reported in
adherence to standards of quality for reporting meta-analysis'®.

Eligibility Criteria

We selected articles that: (i) examined the association between
intake of SSBs and risk of type 2 diabetes; (ii) were original epi-
demiological studies with prospective design; (iii) reported the
relative risks (RRs) or hazard ratios (HRs) with 95% confidence
intervals (ClIs) for highest versus lowest category of SSBs intake
or raw data to calculate these; (iv) reported results with distin-
guishing sugar and artificial sweeteners; and (v) excluded fruit
juice (sugar-sweetened fruit juice and 100% fruit juice) from
the SSBs spectrum.

Data Extraction

Relevant information was extracted from eligible studies by
the same two authors, with discrepancies resolved by discus-
sion, which included the first author’s last name, year of pub-
lication, location where the study was carried out, follow-up
duration of each study, the age and sex of participants
included in studies, exposure assessment methods, diagnosis of
type 2 diabetes, RRs or HRs with 95% CI for highest versus
lowest category of SSBs intake, adjustment for potential con-
founders, and study quality. Study quality was assessed by the
nine-star Newcastle-Ottawa Scale'®, a validated technique for
assessing the quality of observational and non-randomized
studies. This scale assessed the selection of the study sample
(for case—control or cohort studies, maximum of four points),
the comparability of the sample groups (maximum of two
points) and the ascertainment of outcome (for cohort studies,
maximum of three points).

Statistical Analysis

Statistical analysis was carried out with stata version 11.0 soft-
ware (StataCorp LP, College Station, TX, USA) using command
‘meta’. Heterogeneity was assessed using the Cochran’s Q-test™
and the I**". If there was significant heterogeneity (P < 0.05 or
P > 25%), a random-effects model would be used to assign the
weight of each study according to the DerSimonian—Laird
method®. If there was evidence of no heterogeneity, we used a
fixed-effects model with effect estimates that were given equal
weight to the inverse variance of the study. In the main analysis
examining the association between intake of SSBs and the risk
of type 2 diabetes, a sensitivity analysis was carried out. To
explore the sources of heterogeneity, we also carried out the
subgroup analysis based on the geographic region of studies
and whether the effects of SSBs on type 2 diabetes were
adjusted by body mass index (BMI). We tested for publication
bias by means of Egger's regression asymmetry test” and
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Begg’s rank correlation test®* (P < 0.05) with Begg’s funnel
plot.

RESULTS

Study Characteristics

The detailed steps of our literature selection are shown in Fig-
ure 1. Briefly, we identified eight studies published between
2004 and 2014 for this meta-analysis. The main information
extracted from the studies is shown in Table 1. As shown, five
prospective studies were carried out in the USA, two in Europe
and one in Asia. All studies provided effect estimates with asso-
ciated 95% Cls. The SSBs exposure information was collected
by a diet history questionnaire (DHQ) in one study and a food
frequency questionnaire (FFQ) in the other seven studies.
Type 2 diabetes was diagnosed mainly by self-report, registry
data and laboratory test. The duration of follow up ranged
from 5 to 24 years. The quality score of studies ranged from
seven stars to eight stars according to the nine-star Newcastle—
Ottawa Scale.

Association Between Intake of SSBs and Risk of Developing
Type 2 Diabetes
A total of 286,697 participants, including 29,264 cases affected
by type 2 diabetes, were included in this meta-analysis. The
pooled results showed that individuals with a higher intake of
SSBs had a greater risk of developing type 2 diabetes (RR 1.30,
95% CI 1.21-1.39). A formal test for heterogeneity gave a sig-
nificant result (7 = 12.9%) and a fixed-effects model was there-
fore used (Figure 2).

When the subgroup analysis based on the geographic region
of studies was carried out, we found that the effects of SSBs

353 articles identified in database J

research+
339 articles excluded based on
screening of titles and/or abstracts«!
y

14 potentially relevant articles ]

indentified for future review«

criteria (4) «

1

3 articles excluded based on the ]

[ 11 articles reviewed in next stage«l]

3 articles excluded based on the
criteria (5) <

y

[ 8 articles included in meta-analysis « ]

Figure 1 | Process of study selection

© 2014 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

J Diabetes Invest Vol. 6 No. 3 May 2015 361



w
-l
v
-
-
<
-
<
=2
O
-4
o

s
]
o
&
=

brary.wiley.com/journal/jdi

Ine

://onlii

http:

WG ‘el Abisus ‘uiened
Aieyalp ‘uonduinsuod
1eawl-passadoid

pue ‘s3|qe1ahaA

pUB 1INJj 990>

‘Deiul AeipAyogied
‘el poe Aey e-ebaulo
‘SyeIUl [oyod[e ‘sbrup
dnageIpiue ‘salagelp

Jo Aoisiy Ajiuuey

‘Adesayy uswade|dal
auowiloy Jo asn
‘BIUIR|0IRIS3|0YDIadAY

90¢00 -pueil J0j J

alleuuonsanb

‘uoisuaLRdAY ‘Aiade 991-¢0'l) 0€'L pue spiodai 1 €10C
[e21sAyd ‘sniels Bupous SJ2UINSUOD 2duURINSUL Y1jesy 0 13
/ ‘UONEDNPD JO SIeDA -UOU SA YoM/l 6G€ AQ paudiyuod 044  USWOM /€S 81199/69¢ | vl duel [zzei1aybe
'ss0] 1yblem pue uieb
1ybram 131p a10[ed-MO)
e 0] SDUaJaype ‘Syeiul
ABi1sua |10} ‘elwspidisAp
JO 22uasald ‘UoisuURdAY
4O 0uasald ‘jspow
A o Buipuadap xepul 1801 L£1
Buies AyesH 1eui)y JIUOW/BUINIDS | >
'35219%a [edisAyd ‘asn SA Kep/BUInRS | <
auowloy |esnedouswisod Apnis S4dH 'S00 Apnis ApNis S4dH Apnis
'9sN [oyodle  :puan U0 4 (¢ L-LOL) OT'L alleuuonsanb SddH pue Ul 6506€/998C  S4dH Ul ¢ 21 €10¢
‘snieys bupows ‘sa1egelp JIUOW/BUINISS |> SA Aq vodal USLIOM SHN Ul ‘Apn1s SHN pue Apnis 0 10
/ Jo Aiowsiy Ajiwey NG ‘oby Aep/Buiniss 1< Apmis SHN 95 PaudIyuod O44 Ppue U\ G/-0F 'SS0E Ul 6b/¥//0LEL SHN Ul ¥ vsn - nleayednyg
‘uonduwnsuod 9aod
‘aIn[ 9|geraban dinf
NI} ‘epos 131p ‘elul
12qy [e10} ‘Sxeul AB1u
[e301 '95B3SIP DJUOIYD
10} USR] J3IP B3
Buineal ‘elulspidisAp Jo
9ouasaid ‘uoisuapadAy
JO uasald ‘aspIEx
lenigey ‘Bupjulp [oyode 2570 puaL) Jof 4 suoneuIwex ;10T
‘Bupjouss ‘se1eqeip (9€T=CL0) ¥E'L 4anau [edlpaw [enuue 012
A Jo Aoisiy Ajiwey NG ‘oby 10 21es sA Aep/Buinias | < Aq pauuyuoD OHa U GG-6¢ L£02/0LL L ueder leinyes
Ayjenb SISpUNOJUCD SORIU| 1SOMO) SA S91CRIP  JUBLISSISSe sieak
Apnis [enuaiod 1oy Jusuisn(py 159UbIY JOJ (1D 9%56) ¥Y ¢ adAl Jo sisoubelq 2Insodx3 PES (s1eak) aby |P103/258D) dn-mojo4  uonedo al Apms

sisAfeue-e3aWU Ul papNpUl S3IPNIS 843 JO Sonsuaidesey) | | ajqel

© 2014 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

J Diabetes Invest Vol. 6 No. 3 May 2015

362



w
-
v
-
(-4
<
-l
<
4
[U)
(-5
o

=
]
-
T
c
<
9
=]
g
3
-]
T
(]
g
9
2
L
S
(]
(=2}
3
w

brary.wiley.com/journal/jdi

://onlinel

http:

APNIS YedH SasINN ‘SHN “Apa15 dn-moj[04 S|euoIssajold YieaH ‘S4dH ‘@4reuuonsanb Adusnbaly pooy ‘D44 @areuuonsanb Aioisly 181p ‘'OHAd xapul sseud Apoq ‘IINg

Jebns Jo

uondwinsuod ey pajeinies
03} pazeimesunAjod jo
oljel ‘Jej-suel ‘winissubew
"Iaqy [ea13D JO el

‘asn 2Apdadenuod |elo ‘asn
auowioy |esnedouswisod

LO0> pu1} J0j 4

‘Bupiows ‘sayagelp o= 1) €81 2lleuuonsanb | F00C
Jo Aoisiy Ajwey ‘Aiande LauowAulp > Aq vodal D 12
/ eo1sAyd ‘axeur joyooje ‘oby SA Aepuup 1< HleS paulijuod 044 USWOM Y 6vCL6/Lv/L 8 VSN 9ZINYd3S
XopUl JIWRAD pue
99400 “Iaql} [P2I4D 1eaW
Jo passadoid 1eaul pal
4O 23eaul ‘Inf unyadeldb
JO 9BURIO ‘S{uULp 1N}
POUSIaMS ‘UOIIEINPS JO 20000 :puai o
SIeak ‘Bupows analebp (St1-90'L) ¥T'L 3|dwies wopuel 5800C
‘AIAe [ea1sAyd ‘sayeqelp JauowAuup | > e Aq podai 0 10
/ Jo Aioisiy Ajiwey ‘9by SA Aep/Siulp < JloS PaulIjuo’ 044 USWOM 69-1¢ 096€v/€LLL o] VSN Joulled
“9DURIJWINDID 1SIem ‘asn aupIpaw
Juswa|ddns aiow JO Aproam JIWaA|bodAY
pue ‘sieak-yoed ‘snieis 100 ;puUah} Ioj 4 4o 3sn Jo
Bupjowss “Aande [eaishyd ‘w81-90'1) OF'L Tp/Bw oz1< +£600C
‘uonednpa ‘eul Abous J9ASU IO 35006 USLIOM D 12
/ '0eJ X3S ‘DYS Apnis ‘9by dJel SA Aep/BUINSS | punsey ‘vodas-yas 044 pue uspy $8—Gf L LOS/E 1 o SN FQENEN]
IWg ‘“Ab1sus |e101
‘Bunaip ‘sbueyd 1ybiem 100> :puail 10} ¢
JusWloIuR-21d ‘SHRRINIP ov1-60'1) ¥l
‘alnssald poojq yobiy HEVETVRIN alleuuonsanb 110z
'sapuadA|bLl ybly “AoIsiy Aep/sbuinies G/ 03 Aq vodal 0 10
8 Ajuey ‘suiueannpy A9IM/SBUINSS G oS PaUIJUOD 044 Usi S/—0F 68¢0%7/089¢ 0¢ VSN Buiuoy ap
NG ‘eIul ABIsus ‘Syulp
1JOS PauUR1saMS Ajjeiliue €100 (puan Jof 4
‘saoin( ‘uopdwinsuod joyodje €91—col) 621 elep 10T
'sSnyeys bupows ‘“AiAnde Yiuow/ssejb Ansibal Jo 1uodal USWIOM 965 WINJOSUOD
[/ [edisAyd ‘|oAs) uonesnpa xS |> SA Aep/sselb |< -Jl9S PAULIJUOD D44 pue uspy obe uespy Y/ES1 /4891 | 69 odoing VIS YL
Ayenb SI9PUNOJUOD SeIUl 1SIMO| SA So19qelp  JUSWISSISSe sipak
Apnmig lenu1od 1oy Juauisnipy 159UbIY 104 (1D %56) Yd ¢ =2dA Jo sisoubeliq alnsodxg PES (s1eak) aby |P103/258D) dn-mojo4  uones0] al Apnms

(panupuoD) L Sger

363

J Diabetes Invest Vol. 6 No. 3 May 2015

© 2014 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd



ORIGINAL ARTICLE

Wang et al.

http://onlinelibrary.wiley.com/journal/jdi

Study
D RR (95% CI)
i
Sakurai et al. (2014) : 1.34(0.74,243)
!
Bhupathiraju et al(NHS). (2013) + 1.20(1.01,1.42)
i
Bhupathiraju et al(HPFS). (2013) + 1.37(1.08,1.74)
!
Fagherzzi et al. (2013) + 130(1.02, 1.66)
The InterAct consortium (2013) + 1.29(1.02,1.63)
de koning et al. (2013) —E— 1.24(1.09, 141)
Nettleton et al. (2009) + 140 (1.06, 1.84)
Palmer et al. (2008) —5— 1.24.(1.06,145)
Schulze et al. (2004) i —————— 1.83(142,236)
Overall (-squared = 12.9%, P = 0.327) @ 1.30(1.20,1.39)
'
|
|
'
T T
412 1 243

Figure 2 | Relative risk (RR) for type 2 diabetes for highest versus lowest intake of sugar-sweetened beverages. Cl, confidence interval.
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Figure 3 | The results of subgroup analysis by geographic region of studies (0, Asia; 1, the USA; 2, Europe). Cl, confidence interval; RR, relative risk.

intake on type 2 diabetes risk were 1.34 (95% CI 0.742.43),
1.30 (95% CI 1.20-1.40), 1.29 (95% CI 1.09-1.53) in Asia, the
USA and Europe. respectively (Figure 3). To determine whether
the association between SSBs intake and type 2 diabetes risk
was modified by BMI, we carried out another subgroup analy-
sis. We found that the effects of SSBs intake on type 2 diabetes
were 1.26 (95% CI 1.16-1.36) with adjusting BMI and 1.38
(95% CI 1.23-1.56) without adjusting BMI (Figure 4)

The sensitivity analysis result showed that the study by
Schulze et al. substantially influenced the RR for type 2
diabetes. After excluding the study, the RR was 1.26 (95% CI
1.18-1.35), and there was no significant study heterogeneity
(Q =159, P =098, > = 0%).

As for the estimation of publication bias, neither Egger’s
regression asymmetry test (P = 0.166) nor Begg’s rank correla-
tion test (P = 0.309) gave a statistically significant result.
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Figure 4 | The effects of sugar-sweetened beverages on type 2 diabetes with or without adjusting body mass index (0,Yes; 1, No). Cl, confidence

interval; RR, relative risk.

DISCUSSION

In the present study, with stricter eligibility criteria, our meta-
analysis results provided updated evidence that a greater intake
of SSBs was positively associated with a 30% higher risk of
developing type 2 diabetes. In 2010, Malik et al® carried out a
meta-analysis study and reported a similar, but lower increased,
risk (26%) of developing type 2 diabetes for individuals in the
highest quantile of SSBs intake than non-consumers®. However,
some studies included in the meta-analysis reported results
without differentiating sugar-sweetened and artificially sweet-
ened soft drinks, and Greenwood et al.'® showed that the effect
of artificially-sweetened soft drinks on type 2 diabetes was
lower than that of sugar-sweetened soft drinks.

To explore the sources of heterogeneity, we carried out sub-
group analysis based on the geographic region of studies (Asia,
the USA and Europe), in which significant positive associations
were observed in the USA and Europe. Although a relatively
small number of studies were included in the subgroup, it was
meaningful to show that higher SSBs intake was associated with
greater type 2 diabetes risk in the USA and Europe considering
the high intake frequency and portion size®.

Meanwhile, we also carried out subgroup analysis based on
whether the estimated effects of SSBs on type 2 diabetes were
adjusted by BMI in each study. Many previous studies showed
that the effects of SSBs intake on the risk of diabetes were
lower or even not significant after adjustment for BMI*>'®®,
The present findings showed a significant positive, but lower,
risk of SSBs intake for type 2 diabetes with adjusting BMI (RR

1.26, 95% CI 1.16-1.36), which was consistent with previous
studies. The mechanisms by which SSBs intake might result in
the risk of developing type 2 diabetes were complicated and
still remained unclear. Based on our findings, we proposed that
other mechanisms except BMI might explain the association of
SSBs intake with the risk of type 2 diabetes and hope more
research will focus on this issue.

The present study had several strengths. First, compared with
previous similar meta-analysis, we used new, stricter eligibility
criteria, which were thought to examine the association between
SSBs intake and risk of type 2 diabetes more precisely. In addi-
tion, the large sample size, prospective study design and long
follow-up duration were also strengths of the present study.

A few limitations should be considered. First, our meta-
analysis was limited to studies published in English. However, we
found no evidence of publication bias. Second, type 2 diabetes
was diagnosed mainly by self-report, which might underestimate
the number of people affected by type 2 diabetes.

Third, we estimated the effects on type 2 diabetes only with
highest versus lowest intake of SSBs, and did not determine a
dose-response association without the same units. Fourth, as the
lowest category of SSBs intake was under one serving/month in
all selected articles, it was better to unite the lowest category.

The present study showed that SSBs intake was associated with
the risk of developing type 2 diabetes. Considering the rapid
increase in consumption of SSBs across the globe, our findings
have important public health implications. Although the specific
mechanisms were confused, we suggested that individuals should

© 2014 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd
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