From: Rhona Applebaum

Sent: 3 Apr 2013 16:44:49 +0000C

To: Collins, Janet L. (CDC/ONDIEH/NCCDPHP)
Subject: Congratulations!

Dear lanet—

Heartfelt congratulations on being named Director of The Division of Nutr, Physical Activity and
Ohesity at CDC. Once settled would welcome the opportunity to come by and discuss current activities
and what more can be done.

Have a great day!

Rhona

Rhona S. Applebaum, PhD | VP, Chief Scientific & Regulatory Officer | The Coca-Cola Company
Email: rapplebaum@Coca-Cola.com

Twitter; @RhonaA_CocaCola

Office: 404-676-2177

Fax: 404-598-2177
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From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Sent; 27 Oct 2014 14:50:44 +0000

To: rapplebaum®coca-cala.com

Subject: Great to see you

Attachments: M’Resu me_ 2014.pdf

Hi Rhona,

It was great to see you Friday. It was a very interesting discussion 38€” | hope we were helpful,

| hope you dona€™t mind if | share the fact that a CDC colleague of mind¢hy(4) | is very

interested in working at Coca-Cola. | have worked with her for many years and she is dynamic, effective,
fast-paced - - | cand€™1 say enough. She would be great for external and governmental relations
especially on food, beverage and physical activity policy as well as corporate philanthropy. She has
significant international experience as well.

| have attached her CV here. | guess my question is how best far her to proceed? Should she speak to
someone there or should she watch pasition postings?

Thanks!

lanet

Janet Collins, Ph.D.

Director, Division of Nutrition, Physical Activity, and Obesity

Mational Center for Chronic Disease Prevention and Health Pramotion, CDC
770-488-6042 {w); 404-409-0522 {c); jcollins@cdc.gov
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From: Lankford, Tina J. {CDC/OCO0/0OSSAM)

Sent; 22 Sep 2015 13:15:42 -0400

To:
peggyh@uw.edu;cjransaw@gsu.edu;debra.arnold@dm,usda.gov;dawn.m.bading@kp.org;mbaughman
@coca-
cola.com;candice.bovian@ohr.gatech.edu;chris.calitz@heart.org;jcarter@southernco.com;michaela@h
pcareer.net;christa.davis@choa.org;elizabeth.dixon@chick-fil-
a.com;cdrogula@dch.ga.gov;brantley.eaton@ohr.gatech.edu;tfariss@kcc.com;tyneshia.farmer@gapac.c
om;wytaria.henley@choa.org;amher.hosch@turner.com;gimoukhuede@gsu.edu;irvinkooris@homedep
ot.com;jae.kullar@delta.com;Lindsay, Garry (PSC/FOH/WHPS);terasa lovely@ky.gov;demaclean@coca-
cola.com;melissa.morgan@emory.edu;lucy.polk@opm.gov;ginny.reddick@chick-fil-
a.com;eduardo.sanchez@heart.arg;Flynn.Jennifer@mavyo.edu;Jamal, Ahmed
{CDC/ONDIEH/NCCDPHP);bklepper@nbch.org;Tonney, Chloe {CDC
cdcfoundation.org);cgillespie@indianachamber.com;Dave.Gardner@dhhs.nc.gov;Galuska, Debaorah A.
{CDC/ONDIEH/NCCDPHP): Matson Koffman, Dyann M. {CDC/OD/QADS).ewalker@astho.org;Collins, Janet
L. (CDC/ONDIEH/NCCDPHP);Jason.Horay@MMICNC.COM;O'Connor, Jean (CDC
dph.ga_gov):ih7@uw.edu:VanderVeur, Jennifer L. (CDC/ONDIEH/NCCDPHP) {CTR);jerry.noyce @the-
hero.org;jparsons@projectopenhand.org;Manguno, Joseph (COC/ONDIEH/NCCDPHP} (CTR}); Wilson,
Katherine {Kathi) {CDC/OPHSS/CSELS};kwan@astho.org; Theis, Kristina
{CDC/ONDIEH/NCCDPHP);Greenlund, Kurt (CDC/ONDIEH/NCCDPHP);laura.whitsel@heart.org;Linnan,
Laura {CDC email.unc.edu);lcluff@rti.org;mari@advwellness.com;Harper, Mark Neville
{CDC/OCO0/0CI0); mwilson@uga.edu; White, Mary C.
{CDC/ONDIEH/NCCDPHP);Meg@forprevention.org;Massoudi, Mehran S.

{CDC/ONDIEH/NCCDPHP); MBillet@USChamber.com;Schooley, Michael (CDC/ONDIEH/NCCDPHP); Doyle,
Nadine (CDC/ONDIEH/NCIPC);nickhobar@learningfront.com;lones-lack, Nkenge
{CDC/ONDIEH/NCCDPHP) (CTR};Allweiss, Pamela

{CDC/ONDIEH/NCCDPHP);pterry @staywell.com;pwrye@coca-cola.com;Mukhtar, Qaiser
{CDC/ONDIEH/NCCDPHP);ron.goetzel@truvenhealth.com;syb@ashlininc.com;spolis@tfah.org;shemphill
@ashlininc.com;Redd, Tara R. (CDC/ONDIEH/NCCDPHP) (CTR);Bauer, Ursula
{CDC/ONDIEH/NCCDPHP);Giles, H. Wayne (CDC/ONDIEH/NCCDPHP);Lang, lason
{CDC/ONDIEH/NCCDPHP)

Cc: Jennifer Childress
Subject: HealthLead at CDC in January
Hi all—! just wanted to call your attention, in case you have missed, that these updates from the

HealthLead forum will appear like below from "HealthLead”.

Alsg, check your spam/junk mail folders to make sure you are receiving them.
There are also options to “unsubscribe” if you are not interested in receiving the emails.
We hope to see you all at the Foruml!

Tina Lankford, MPH

CAPT, USPHS

Director, WorkLife Wellness Office

Office of Safety, Security, and Asset Management

CDC/OCCO

p. 404-639-5117

c. 404-996-7366

tlankford @cdc.gov
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NUMBERS CDC Heaith Day

2015 CDC Flu Shots and Health Days are starting in October.
Full schedule available in mid-September.
Visit your WaorkLife Wellness website to help you find a more balanced and healthy lifestyle,

From: HealthlLead Forum [mailto:jchildress=ushealthiest.org@mail75.atl51.rsgsv.net] On Behalf Of
HealthLead Forum

Sent: Tuesday, September 22, 2015 12:02 PM
To: Lankford, Tina I. (CDC/OCOO/0OSSAM}

Subject: Take advantage of early bird registration between now and 10/15/15 for the Annual
HealthLead Forum Hosted by US Healthiest in Partnership with CDC

Contact: Jennifer Child
Early Bird Registration! - For The January 14-15, 2016 _ E.r:dac C;nmher Ith'l r[ess
childressfushealthiest.on
Fourth Annual HealthLead Forum ! g
Atlanta, GA

Email not displaying correctly?
View it in your browser.
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2016 US Healthiest HealthLead ™ Annual Forum
The Bottom Line Future of Worksite Health and Well-being

In Partnership with the Centers for Disease Control and Pravention (CDC)



About the Forum

The two day event will recognize corporate and academic institutions that achieved US
Healthiest “HealthLead" accreditation in 2015; include keynotes from respected leaders in the
field, case studies featuring HealthLead accredited organizations representing leading practices
in comprehensive employee heallh and well-being; and prcblem solving sessions jointly
facilitated by subject matter experts from the CDC and "boots on the ground” experts within the
field on topics including: designing wellness in the culture, selecting metrics of value, building

resilience, and engaging leaders.

The HealthLead Forum will be held Thursday and Friday, January 14-15, 2016 at the CDC in
Atlanta, Georgia.

Keynotes

e [Dr. Ray Fabius, 2014 Global Leadership in Corporate Health Award Recipient, Co-
Founder of HeallhNEXT -- The link between workforce heallh and safety and the health
of the bottom line

¢ Douglas Stover, Senior Managing Consultant, Gallup -- The future of worksite health
promotion based on findings from the Gallup Engagement Survey and how to drive

greater engagement

* Dee Edington, Founder and Chairman, Edington Associates -- Beyond Zero Trends

Case Studies

¢ Tina Lankford, MPH, Director, WorkLife Wellnass Office, Office of Safey, Security and
Asset Management, CDC
s Elizabeth Swanson, Vice President, Human Resources, HealthPartners

e Megan Amaya, PhD, CHES, AFAA, Director of Health Promotion & Wellness, Assistant
Professor in Practice, College of Nursing, The Ohio State University

And more!

* Engage with others in the fields of worksite and academic community health as a

participant through round table discussions

e Hear thoughts based upon your discussions from the Expert Reactor Panel



e [earn strategies from the Practitioner's Clinics focusing on both the science and the

application of current topics in the field

Check out the registration link below for additional information on speakers and topics that will

be covered!

Registration

Please click on the following far the Forum. Early bird regisiration runs through
October 15th, 2015.

Lodging
Due to high demand in the area, and extremely limited parking at CDC, we highly recommend

that hotel reservations be made as soon as possible at the Emory Conference Center.

The link provided below will take you directly to our block/group rate.

. - 8135/night + taxes
The Emory Conference Center hotel is located direclly across from CDC's campus and
is within walking distance to CDC; as well as to several restaurants. A free shuttle (for a

one mile radius from the hotel) is available for guests. Overnight parking is $15/night.

Sponsorship Opportunities

* Sponsorship opportunities for this event are available. US Healthiest is a non-prefit 501
(c) 3. Sponsorship fees are tax deductible. Please refer to the registration link page for
additional information. *HHS/CDC is not involved in this solicitation for funds.
Sponsorship funds will go directly toward defraying the expenses invofved with hofding
the Healthl ead Forum; and not to HHS/COC.

* |f you are interested in sponsorship cpportunities, please contact Jennifer Childress at

ichildress@ushealthiest.org




About CDC

CDC works 24/7 to protect America from health, safety and security threats, both foreign and in
the U.3. Whether diseases starl at home or abroad, are chronic or acute, curable or
preventable, human error or deliberate attack, CDC fights disease and supports communities

and citizens to do the same.

CDC increases the health security of aur nation. As the nation's health protection agency, CDC
saves lives and protects people from health threats. To accomplish our mission, COC conducts
critical science and provides health information that protects our nation against expensive and

dangerous health threats, and responds when these arise.

About US Healthiest Heafthl ead™ In 2012, US Healthiest created the HealthLead
Accreditation Program to recognize public and private sector arganizations that demonstrate
best practices in employee or academic community health management and well-being.
HealthLead is designed to set the standard for workplace and campus health management by
expanding the definition and breadth of health to include integrated well-being information and
support services, individual/group engagement strategies, and leadership in community health

issues.

Sponsors

The Forum is sponsared by the following:

[H] X (Q> HealthPartners & ooy

PLUS3.COM

Follow on Twitter Friend on FacebookForward to Friend

Copyright © 2015 US Heailthiest, Al rights reserved.



Yau are recewing this email as a Iriend or partner of US Healthiest.

Our mailing address is:

U5 Healthiest

2231 Crystal Drive, Arlington, VA
Suite 450

Arlington, VA 22202

Add us to vour address book

ungubiseribe from (hig list update subscriplion preferences



From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Sent: 3 Apr 2013 18:41:04 +0000

To: Rhaona Applebaum

Cc: Brown, Andrea (CDC/ONDIEH/NCCDPHP) (CTR)
Subject: RE: Congratulations!

Thanks Rhona. | am delighted to have joined the Division. | have some international travel coming up
through mid-April but would be happy to meet after that. My assistant is Andrea Brown {copied herg)
who can help us arrange a time that works for you.

Best,

Janet

From: Rhona Applebaum [mailto:rapplebaum@coca-cola.com]

Sent: Wednesday, April 03, 2013 12:45 PM

To: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Subject: Congratulations!

Dear Janeta€”

Heartfelt congratulations on being named Diractor of The Division of Nutr, Physical Activity and Obesity
at CDC. Once settled would welcome the opportunity to come by and discuss current activities and what
more can be done.

Have a great day!

Rhana

Rhena 8. Applebaum, PhD | VP, Chief Scientific & Regulatory Officer | The Coca-Cola Company
Email: rapplebaumizéCoca-Cola.com

Twitter: @RhonaA_Cocalola

Office: 404-676-2177

Fax; 404-598-2177

@—@%T@Chmcai lam Social




From: Rhona Applebaum

Sent; 27 Oct 2014 15:05:01 +0000
To: Collins, lanet L. {CDC/ONDIEH/NCCDPHP)
Subject: RE: Great to see you

Great to see you as well Janet. Prof Veller very much enjoyed the discussion and potential for

collaborations

Many thanks for the CV. | will share internally —must she stay in Atlanta or is she willing to move to DC?
Rhona

From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP) [mailto:jlcl@cdc.gov]

Sent: Monday, October 27, 2014 10:51 AM

To: Rhona Applebaum

Subject: Great to see you

Hi Rhona,

It was great to see you Friday. It was a very interesting discussion — | hope we were helpful.

| hope you don’t mind if | share the fact that a COC colleague of mine (Maureen Culbertson) is very
interested in working at Ceca-Cola. | have worked with her for many years and she is dynamic, effective,
fast-paced - - | can’t say enough. She would be great for external and governmental relations especially
on food, beverage and physical activity policy as well as corporate philanthropy. She has significant
international experience as well.

I have attached her CV here. | guess my question is how best for her to proceed? Should she speak to
someone there or should she watch position postings?

Thanks!

lanet

Janet Collins, Ph.D.

Director, Division of Nutrition, Physical Activity, and Obesity

National Center for Chronic Disease Prevention and Health Promotion, CDC
F703-488-6042 {w); 404-409-0522 {c); jcollins@cde.gov

RIS ey



From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Sent; 27 Oct 2014 21:20:38 +0000
To: Rhaona Applebaum
Subject: RE: Great to see you

Maost likely Atlanta; but she traveled to DC nearly every week for her last assignment. Perhaps she would

considerd€ .

I can check with her if you want me 1o.
Thanks!

Janet

lanet Colling, Ph.D.
Director, Division of Nutrition, Physical Activity, and Obesity
MNational Center tor Chronic Disease Prevention and Health Promotion, C0OC

770-488-6042 (w); 404-409-0522 (¢); jeollins@edc.gov
[

From: Rhona Applebaum [mailto:rapplebaum@coca-cola.com]

Sent: Monday, October 27, 2014 11:05 AM

To: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Subject: RE: Great to see you

Great to see you as well Janet. Prof Veller very much enjovyed the discussion and potential for

collaborations

Many thanks for the CV. | will share internally 3€“must she stay in Atlanta or is she willing to move to
DC?

Rhona

From: Collins, Janet L. (CDC/ONDIEH/NCCDPHP) [mailto:jlcl@cdc.qov]

Sent: Monday, October 27, 2014 10:51 AM

To: Rhona Applebaum

Subject: Great to see you

Hi Rhona,
It was great to see you Friday. It was a very interesting discussion 3€” | hope we were helpful.

I hope you dond€™t mind if | share the fact that a CDC colleague of mine (Maureen Culbertson) is very
interested in working at Coca-Cola. | have worked with her far many years and she is dynamic, effective,
fast-paced - - | cand€™1 say enough. She would be great for external and governmental relations
especially on food, beverage and physical activity policy as well as corporate philanthropy. She has
significant international experience as well.

| have attached her CV here. | guess my question is how best for her to proceed? Should she speak to
someone there or should she watch paosition postings?

Thanks!

lanet

lanet Collins, Ph.D.

Director, Division of Nutrition, Physical Activity, and Qbesity

Natignal Center for Chronic Disease Prevention and Health Promotion, CDC

F70-488-6042 {w); 404-409-0522 {c); jcollins@cdc.gov







From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Sent: 25 Jun 2014 12:47:51 +0000

To: Susan A, Roberts;Beate Lloyd;Ryan, Kevin A, (CDC/ONDIEH/NCCDPHP);Liburd,
Leandris C. (CDC/OD/OMHHE)

Cc: Karima Kendall;Galuska, Deborah A, (CDC/ONDIEH/NCCDPHP}

Subject: RE: Thank you.

Thank you so much for these resaurces. | am copying our Associate Director of Science, Deb Galuska, to
help us make optimal use of these resources.
Thanks!

Janet

Janet Collins, Ph.D.

Director, Division of Nutrition, Physical Activity, and Obesity

National Center for Chronic Disease Prevention and Health Promotion, CBC
770-488-6042 (w); 404-409-0522 (¢); jeollins@ede.gov

) W TR

From: Susan A. Roberts [mailto:suroberts@coca-cola.com]

Sent: Tuesday, June 24, 2014 10:27 PM

To: Beate Lloyd; Collins, Janet L. (CDC/ONDIEH/NCCDPHP); Ryan, Kevin A. (CDC/ONDIEH/NCCDPHP);
Liburd, Leandris C. {(CDC/OD/OMHHE)

Cc: Karima Kendall

Subject: RE: Thank you.

Dear Janet, Kevin and Leandris,

| was very glad to be able to participate in the meeting by phone on Friday and also look forward to on-
going discussions with you to identify areas of potential collaboration and information sharing.

In follcw up to Beated€'™s note below, please find attached two recent publications on LNCS as well as a
draft manuscript on heterogeneity in meta-analyses with suggested approaches to help the non-expert
better interpret the outcome statistic.

1) Low-calorie sweeteners vs water during weight loss study {Jim Hill from Univ of Colorado and Gary
Foster from Temple Univ, both former presidents of The Obesity Society, were the co-Pls). As
mentioned on the call, this is phase | of a two-part study. Phase 2, the maintenance phase
{additional 9 months} will be completed by end of year. Leandris, this is the paper | sent to you
on Friday. | have also attached the editorial associated with the paper for an additional
perspective. We plan to address many of the outstanding guestions of mechanism/appetite in
future studies.

2} Meta-analysis of low-calorie sweeteners and weight 3€” the analysis is done on both RCTs and
prospective population studies. The findings show a modest but significant benefit of low-calorie
sweeteners in weight loss and the effect is largely driven by the beverage studies. It also
provides additional support for the view that the positive associations between diet beverages
and weight in the epidemiological studies is likely the result of reverse causality.

3} The heterogeneity methods paper. This paper has been accepted in the journal Systematic
Reviews. Therefore please treat as confidential until it is published.

I would be glad to discuss any of this further.
Best wishes, Susan



From: Beate Lloyd

Sent: Tuesday, June 24, 2014 6:39 PM

To: jeollins@cdc.gov; kirD@cdc.gov; Liburd, Leandris C. {CDC/OD/OMHHE)

Cc: Susan A. Roberts; Karima Kendall

Subject: Thank you.

Dear Janet,

I would like to thank you, Kevin and Leandris very much for taking the time to meet with us. It was very

helpful to understand your areas of focus and where we may have mutual interests. There are clearly
areas where we can work collaboratively and share insights to advance the work in prevention of
obesity and infarm of the consumer of choices.

We valued getting to know you and your team better and enjoyed the rich discussion relating to your
main initiatives. Susan will be sharing with you further the work on the low and no calorie beverage
research and will follow-up as more of the data hecome publically available. We can also forward the
papers an the scientific method and interpretation of the epidemiological studies as per our discussion
and impact of heterogeneity.

It would be helpful to have another meeting in the future to follow-up on the key discussions on
methods and interventions, especially with regards to the fortification programs and grocery channels.
Thank you again very much for your interest and time.

Warmest regards,

Beate

Beate B. Lloyd PhD RD LD

Senior Director Nutrition COE

Glebal Scientific and Regulatory Affairs

The Caca-Cola Company

P: {404) 676-2149

C: (404) 545-3141




From: Collins, Janet L. {CDC/ONDIEH/NCCDPHP)

Sent; 25 Jun 2014 12:46:07 +0000

To: Beate Lloyd

Cc: Susan A, Roberts;Karima Kendall;Ryan, Kevin A,
{CDC/ONDIEH/NCCDPHP);Liburd, Leandris C. (CDC/OD/OMHHE)
Subject: RE: Thank you.

Beate,

Thanks again for meeting with us. We enjoyed it and learned a lot. | would be happy to set up a meeting
with my fortification group either here or at the Coca-Cola offices. We also look forward to thinking
about other areas of mutual interest and continuing our discussions.

Thanks,

lanet

lanet Collins, Ph.D.

Director, Division of Mutrition, Physical Activity, and Obesity

National Center for Chronic Disease Prevention and Health Promotion, COC

770-488-6042 {w); 404-409-0522 (c); jcollins@cdc.gov
o ) v e FoL
RIS U

From: Beate Lloyd [mailto: belloyd@coca-cola.com]

Sent: Tuesday, June 24, 2014 6:39 PM

To: Collins, Janet L. {CDC/ONDIEH/NCCDPHP); Ryan, Kevin A. {CDC/ONDIEH/NCCDPHP); Liburd,
Leandris C. (CDC/OD/OMHHE)

Cc: Susan A. Roberts; Karima Kendall

Subject: Thank you.

Dear lanet,

| would like to thank you, Kevin and Leandris very much for taking the time to meet with us. It was very

helpful to understand your areas of focus and where we may have mutual interests. There are clearly
areas where we can work collaboratively and share insights to advance the work in prevention of
obesity and inform of the consumer of choices.

We valued getting to know you and your team better and enjoyed the rich discussion relating to your
main initiatives. Susan will be sharing with you further the work on the low and no calorie beverage
research and will follow-up as more of the data become publically available, We can also forward the
papers on the scientific method and interpretation of the epidemiological studies as per our discussion
and impact of heterogeneity.,

It would be helpful to have another meeting in the future to follow-up on the key discussions on
methods and interventions, especially with regards to the fortification programs and grocery channels,
Thank you again very much for your interest and time.

Warmest regards,

Beate

Beate B. Lloyd PhD RD LD

Senior Director Nutrition COE

Global Scientific and Regulatory Affairs

The Coca-Cola Company

P: {404) 676-2149



C: (404) 545-3141



From: Susan A. Roberts

Sent; 25 Jun 2014 02:27:25 +0000

To: Beate Lloyd;Collins, Janet L. (CDC/ONDIEH/NCCDPHP);Ryan, Kevin A.
{CDC/ONDIEH/NCCDPHP); Liburd, Leandris €. (CDC/OD/OMHHE)

Cc: Karima Kendall

Subject: RE: Thank you.

Attachments: Miller 2014 AICN Meta-analysis o fLow-Calorie Sweeteners Body Weight.pdf,

Anton 2014 Obesity editorial.pdf, Peters et al 2014 Obesity LNCS vs Water on weight loss, pdf,
Hetercgeneity Final March 28 2014.docx

Dear lanet, Kevin and Leandris,

I was very glad to be able to participate in the meeting by phone on Friday and also look forward to on-
going discussions with you to identify areas of potential collaboration and information sharing.

In follow up to Beate's note helow, please find attached two recent publications on LNCS as well as a
draft manuscript on heterogeneity in meta-analyses with suggested approaches to help the non-expert
better interpret the outcome statistic.

1) Low-calorie sweeteners vs water during weight loss study {lim Hill from Univ of Colorado and
Gary Foster from Temple Univ, both former presidents of The Obesity Society, were the co-Pls).
As mentioned on the call, this is phase | of a two-part study. Phase 2, the maintenance phase
{additional @ months) will be completed by end of year. Leandris, this is the paper | sent to you
on Friday. | have alsc attached the editorial associated with the paper for an additional
perspective. We plan to address many of the outstanding questions of mechanism/appetite in
future studies.

2} Meta-analysis of low-calorie sweeteners and weight — the analysis is done on both RCTs and
prospective population studies. The findings show a modest but significant benefit of low-calorie
sweeteners in weight loss and the effect is largely driven by the beverage studies. It also
provides additional support for the view that the positive associations between diet beverages
and weight in the epidemiological studies is likely the result of reverse causality.

3) The heterogeneity methods paper. This paper has been accepted in the journal Systematic
Reviews. Therefore please treat as confidential until it is published.

I would be glad to discuss any of this further.

Best wishes, Susan

From: Beate Lloyd

Sent: Tuesday, June 24, 2014 6:39 PM

To: jeollins@cdc.gov; kirO@cdc.gov; Liburd, Leandris C. (CDC/OD/CMHHE}

Ce: Susan A. Roberts; Karima Kendall

Subject: Thank you.

Dear Janet,

I would like to thank you, Kevin and Leandris very much for taking the time to meet with us. It was very
helpful to understand your areas of focus and where we may have mutual interests. There are clearly
areas where we can work collaboratively and share insights to advance the work in prevention of
ohesity and inform of the consumer of choices.

We valued getting to know you and your team better and enjoyed the rich discussion relating to your
main initiatives. Susan will be sharing with you further the work on the low and no calorie beverage
research and will follow-up as more of the data become publically available. We can also forward the
papers on the scientific method and interpretation of the epidemiological studies as per our discussion
and impact of heterogeneity.



It would be helpful to have another meeting in the future to follow-up on the key discussions on
methods and interventions, especially with regards to the fortification programs and grocery channels,
Thank you again very much for your interest and time.

Warmest regards,

Beate

Beate B. Lloyd PhD RC LD

Senior Director Nutrition COE

Global Scientific and Regulatory Affairs

The Coca-Cola Company

P: {404) 676-2149

C: (404) 545-3141



AJCN. First published ahead of print June 18, 2014 as doi: 10.3945/ajcn.113.082826.

L ow-calorie sweeteners and body weight and composition:
a meta-analysis of randomized controlled trials and prospective

. L
cohort studies
FPaige E Miller and Vanessa Perez

Abstract

Background: Replacement of caloric sweeteners with lower- or no-
calorie alternatives may lucilitate welght loss or weight mainte-
nance by helping to reduce energy intuke; however, past research
exantining low-calorie sweeteners (LCSs) and body weight has pro-
duced mixed resolts.

Objective: The objective was to systematically review and quanti-
tatively evaluate randomized controlled trials (RCTs) and prospec-
tve cohort studies, separately, that examined the relation between
LCSs and body weight and composition.

Design: A systematic literature search identified 15 RCTs and 9
prospective cohort studics that examined LCSs from foods or bev-
crages or LOSs consumed as tabletop sweeteners. Meta-analyses
generated weighted mean differences in body weight and composi-
ton values between the LUS and control groups among RCTs and
weighted meun correlations for LCS intuke und (hese parameters
among prospective cohort studies.

Results: In RCTs. LCSs modestly but significantly reduced all out-
comes examined, including body weight (—0.80 kg, 93% CL:
=117, —0.43), body mass index [BMI (in kg!mlj: —0.24: 95
Cl: =041, —0.07], fat mass (— 110 kg 95% CL —1.77, —0.44),
and walst clrcumference ( 0083 o, 95% Cl: .29, .37
Among prospective cohort studies, LCS intuke wuas not associated
with body weight or fat mass, but was significantly associated with
slightly higher BMI (0,03, 95% CI: 0.01, (0.06).

Conclusions: The curtent meta-analysis provides a rigorous evalu-
ation of the scientific evidence on LCSs and body weight and com-
position. Findings from observational studies showed no association
between LCS intake and body weight or fot moss and a small pos-
itive association with BMI; however. data from RCTs. which pro-
vide the highest quality of evidence for examining the potentially
causal effects of LTS intake, indicate that substituting LCS options
lor their regular-calorie versions results in i modest weight loss, and
iy be a useful dietary tool w improve compliance with weight loss
or weight maintenance plans. Apr F Clin Nty doi: 10.3945/ajen,
113.082826.

INTRODUCTION

Over Lhe past several decades, the worldwide prevalence of
overweight and obesity has increased markedly (1. 2). Because
overweight and obesity are major causes of comorbidities, in-
cluding cardiovascular discase, hypertension, type 2 diabetes.
certain cancers. and other health conditions (3). identifying
strategies that help regulate hody weight ix imperative. Re-

Apc J Ciin Nute dob 103945/ HTRO0E2R26, Printed in USAL € 2004 American Society for Nutrition

placement of caleric sweeteners (herein reterred to as sugar) with
lower-calorie aliernatives is one such strategy thal may help reduce
energy intake, thereby facilitating weight loss, weight mantenance,
or prevention of weight gain (4). Low-calorie sweeteners (LCSs)”
may improve adherence 1o weight loss or maintenance plans by
preserving the palatability of foods and beverages with fewer
calories than sugar (3). Conversely, a hypothesis that LCS intake
promotes, rather than prevents, weight gain by altering taste and
metabolic signaling, decreasing satiety, and increasing appetite,
hunger, sweets cravings, and ultimately food intake emerged nearly
3 decades ago (6, 7). However. a recenl review ol randomized
controlled trials (RCTs} (8), and new findings from an RCT that
examined the effect of low-calone sweetened heverages (LCSByy
on overall dietary patterns (9), lailed W support lhis hypolhesis.

LCSs are classihed into 2 categories: f) nonnutritive sweet-
eners, which are also referred Lo as high-intensity, high-polency,
and inlense sweeteners and 2) bulk sweeteners or sugar alcohols
{ee, polyols). Nonnutritive sweeteners have an intense sweet
Laste, contribule negligible 1o zero calories as consumed. and are
used in minimal quantities 1o replace a larger amount of sugar
Polyols replace the bulk of sugar but are generally less sweet
{with the exceplion of xylilol and maliiloly. therefore, they are
often used m combination with nonnutntive swectencrs, As
delivered. polyols contribute 0 to 3.4) kcal/e. compared with 4
keal/g from sugar (10, 11). LCSs allowed in the United Stales by
the Food and Drug Admimistration include accsulfame potas-
sium, aspartame, luo han guo extract, neotame, saccharin, ste-
viol glycosides, und sucralose; other nonnuiritive sweeleners,
such as cyclamate. thaumatin, nechesperidin dihydrechalcone,
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and alitame, are authorized for use in other countries (4, 12, 13
Among the polyols, the Food and Drug Administration has approved
the use of crythritol, hydrogenated starch hydrolysates. isomalt,
lactitol, maltitol, mannitol, sorbitol, and xylitol (11, 13); polvglycitol
syTup is authorized for use by the Buropean Commission (14).

Owerall, research into the potential health etfects of LCSs is
complicated by the diversity of available I.CS8s and the growing
number of loods and beverages sweetened with one or more LCSs
(8. 15). Contributing to this complexity, the composition ot LCSs
in foods and beverages and consumer preference for particular
LCSs continue o change over ime. Although past reviews on
LCSs and weight control have been published (1619}, none to
dale have provided a quantitative evaluation of the evidence
from both RCTs and prospective cohort studies, examined all
types of LCSs, investigated body-composition cutcomes. or
included several RCTs published in recent years (20-24).
Therctore. the purpose of the current study was to systcmat-
ically review and quantitatively evaluate results from RCTs
and prospective cohort studies, separately, thal examined the
relation between LCSs and body weight, fat mass, BML and
waist circumference.

MATERIALS AND METHODS

Lilerature search and study selection

This systemalic review and meta-analysis follows the Pre-
ferred Reporting ltems for Systematic Reviews and  Mcta-
Analyses statement {25). No prespecified protocol was followed
for this study. A comprehensive literature search using PubMed
(http:/fwww.nebinlm.nih gov/pubmed) was performed to iden-
tity RCTs and prospective cohort studies through 16 September
2013 with no lower date limit. The complete search string can be
found clsewhere (see Supplemental Figure | under “Supple-
mental data™ in the online issue). In hrief, a combination of
MeSH and relevant free text lerms designed to caplure the fol-
lowing were used: all individual LCSs (generic and name
brands) approved for use globally: food and beverage sources of
LCS such as “diet soda™ different names for LCS such as
“intense sweetener” and “polyol”™; body weight and composition
parameters {eg, “waist circumnference” and “far mass™); and
relevant study designs. including “cohort™ and “controlled trial™
The McSH termis mcluded “sweetening agent,” “body niass
index,” “adipose tissue,” “adiposity,” “hody weight.,” “‘cohort
studies,” and “randomized controlled tnal.” Supplementary lit-
erature searches invelved examining the reference lists ot all
relevant studies and pertinent review articles to identify articles
not captured in the initial scarch. Established guidelines for
systematic reviews provided by the Agency for Health Care
Research and Quality (26) were followed, and special consid-
crations for reviews in the ficld of nutrition (27) werc addresscd.

Prospective cohorts and RCTs were eligible if the tollowing
criteria were mel: /) study population was generally healthy (e,
not hospitalized or acutely i11); 2) dose or intake data for at least
one LCS (nonnutritive sweetener or polyol} or delivery vehicle
ol LCS were provided: 3} the effect of LLCS, compared with the
control arm, could be cxamined independently of other in-
tervention components: and 4) outcome data for at least one
measure of body weight or compaosition were available, Child
and adult populations were cligible. A minimum study duration

MILLER AND PEREZ

of =2 wk for RCTs (28) and =6 mo for prospective cohorts (29)
was selecled to be consistent with past published meta-analyses
that were similar in design (28, 29) and to be inclusive in an arca
of research with a relatively small pool of studies.

Data extraction

The following information was extracled from each RCT or
prospective cohort: first author, publication year, geagraphic
location, demographic and health characteristics, sample sive,
source and type of LCS, and outcomes measurcd. For RCTs,
additional information on the intervention and control regiumens,
dose of specific LCS (or LCS source), and means and SDxs of
changes in the outcomes from bascline to trial end for all study
arms were obtained. To avold double-counting results trom 3
stucdies that had more than one control arm (23, 24, 30y, we
extracted results a priori from the most relevant comparison group.
ie, the one that was most comparable with the other included
studies. This included sugar-sweelened beverages (SSBs) in 2
studics (23, 30) and a usual dict that included 280-keal caloric
beverages/d other than milk in the third study (24}, When change
SDs were unavailable, methods described in the Cochrune
Handbook for Systematic Reviews of Interventions (317 were
relied on to calculate or estimate SDs from other statistics in the
published articles (eg, SDs were calculated from SEs or Cls). For
studies with missing measures ot variance tor mean change, SDs
were estimated by using the correlation coefficient {#) method. in
which the average correlation coellicient (r = 0.965) between
baseline and uial-end values trom all other included studies was
used. For one study with missing baseline, trial-end. and change
SDs (32), values tor change SD were imputed from the average
change SD among the other RCTs included in the meta-analysis.
Sensilivity analyses evaluated the change in overall study results
by removing /) the RCT by Kanders ct al (32) that had imputed
SDs tor change in the cutcome measurements and, in a separate
analysis, 2) the RCT by Knopp et al (33) that had an inherently
different intervention design (aspartame capsules were provided
rather than LCSs in toods or beverages or as tabletop sweeteners).

Additional data extracted from prospective cohort studies
included cohort name, dietary-asscssment method, year in which
diet was assessed, exposure unit, intakes within each exposure
category, statistical adjustments, and results data as presented by
the author, which were as follows: the 8 estimate, SE. and as-
sociated ¢ statistic for change in the outcome per unit increase in
the baseline exposure (estimated (rom linear regression models)
or the change in outcome and SE in each category of intake.
Two studies reported outcome data as RRs and 95% Cls: one for
risk of overweight/obesity (34) and the other lor risk of elevated
waist circumference (35); these data were extracted and re-
viewed bul were not included in the meta-analysis because =2
studics were required to pool results. Authors were contacted up
to 3 times, it needed. for missing data and study details,

Statistical analysis

A meta-analysis was performed by using random-effects
modcling with Comprehensive Meta-Analysis Softwarc (version
2.2.046; Biostat. The primary meta-analyses for the RCTs
evaluated the mean change in body weight. fal mass, BMI or
watlst circumiference (mean valuc at follow-up minus the mean
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value at baseline for both groups} between the LCS intervention
group and the comparator arm. Two or more RCTs by outcome
were required to generate weighted group mean  differences
{WGMDs), 95% Cls. and corresponding P values for heteroge-
neily. The degree of inconsistency between studies was evaluated
by using the P statistic (0% = I = 100%. where Increasing,
values corespond to grealer helerogeneily) (36).The same oul-
comes measured on different scales were converted Lo the same
unit {eg, pounds to kilograms) tor comparability between studies
(311 Mela-analyses by Lhe following subgroups were performed:
£1age group |children compared with adults (=18 y)], 2) sex. 3)
source of LCS (beverage, toods, or tabletop sweetener), and 4)
whether the LCS intervention resulted in significantly lower en-
crgy intake compared with the comparator arm.

The primary meta-analyses of the prospective cohort studies
evaluated the reported or caloulated 7 statistics {regression slope
divided by its SL) and speciticd the effect direction as de-
termined by a positive or negative regression coetficient. This
analysis allowed lor the synthesis of the regression slopes based
on a standardized metric (37).Two or more studics by outcomce
were required to generate weighted group mean correlations
(WGMCs), 95% Cls, conmesponding P values for heterogeneily.
and the £ statistic. Whenever possible. subgroup analyses werc
conducted as done for the RCTs and according to whether the
studies provided 1) total energy-adjusted results and 2) baseline
BMI-adjusted analyses (adjustments for other baseline body-
composilion variables were eligible bul not performed).

Pooled summary estimates (rom the random-elfects models
were compared with the results from fixed-effects models to
examine the potential for xmall-study biny. Potential publication
bias was examined by visual inspection of funnel plots and with

522 Articles identified from Pubbed

|

l

92 Articles underwent full-text review
40 Trials
34 Observational studies

19 Reviews and commentaries
retained for reference list
screening to identify articles not
captured in initial search

3ofl3

Eager's regression test (38). The v axis in the funnel plots
represents the effect sive of each RCT or the Fisher-translformed
correlation value of cach prospective cohort study. The v axis
represents the SE of the effect size or correlation value of the
corresponding study. The solid ventical line iy the pooled sum-
mary estimate from the meta-analysis. In the absence of publi-
cation bias, the plol resembles a symmetrical inverted lunmnel,
and Egger's regression test will [ail to reject the null hypolhesis
of no funnel plot asymmetry.

RESULTS

Literature search and study characterislics

The PubMed search yielded 522 references, of which 93 ar-
ticles were relained for full-lext screening. Filleen RCTy (2024,
30. 32, 33, 39-45) and 9 prospective cohorts were ultimately
eligible for inclusion in the meta-analysis (Figure 1). Primary
characteristics ot the 15 included RCTs arc provided in Table 1.
A total of 1951 participants were included in the meta-analysis,
individual trial size ranged from 19 adults (42) in a crossover
study to 632 children in a parallel-design trial (20). Most studics
were conducted in adult populations; 4 studies were conducted
in children (20, 21, 33, 39). Siudy duration varied widely [3 wk
{30y to 78 wk (20)]. as did the mean age of the participants |4 ¥
(200 to 65 v (24)]. The mean BMI {in kg/’mz) across the studies
varied from 22.5 (44) o 37.7 (32) {(median: 2913, with the ex-
ception of one study among young children aged 4-11 ¥ (20), in
which the mean BMI was 16.8 (0.03 z score for age) (20). Eight
of the trialy were conducted solely in overweight or obese
populations (21-24, 32, 40, 43. 45). Ninc studies presented

429 Excluded based on title and abstract
review

15 RCTs elhgible for inclusion in
meta-analysis

9 Prospective cohorts eligible
for inclusion in meta-analysis

h 4

68 Excluded

25 Trials
8 Ineligible intervention {no LCS)
7 No outcome of interest
4 Insufficient duration (< 2 wk)
2 LCS not examined independently
1 Insufficient data (author contacted)
1 Mot randomized
1 Duplicate
1 LCS intake not measured

25 Observational studies
9 Mot prospective
8 Mo outcome of interest
& LCS intake not reported or examined
1 Insufficient data (author contacted)
1 Duplicate

19 Reviews/commentaries {no new studies
identified)

FIGURE 1, Study sclection process. hup:/fwww.nebinlm. mh.gov/pubmed. LCS. low-calorie sweetener, RCT, randomized controlled ial,
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results for males and females combined, 2 studies reported re-
sults separately (30, 32, and 4 studies were conducted only in
women (40, 41, 44, 45).

Most of the LCS intervention regimens exclusively evaluated
LCSBs (20-24, 30, 39, 44, 45); information on the LCS com-
position 1n these beverages was available 1 3 of the studies
[aspartame alone (23, 303 or aspartame plus acesulfame potas-
sium (22, 44, 45)]. Of the remaining 6 trials. 2 assigned par-
ticipants to diets with aspartame-sweetenad foods and beverages
plus aspartame lor tablelop sweetener (32, 40). 1 provided as-
partame capsules (33), | had participants substilute conventional
sugar-containing foods with those containing LCS (41). | pro-
vided isomalt-sweelened foods (42), and 1 provided panicipants
with foods and beverages sweetened with aspartame, cyclamate,
acesulfame potassium, and saccharin (43). The group that re-
ceived S3Bs or sugar-sweetened foods or Lthe group assigned to
follow a habitual (usualy diet that contained $5Bs and sugar-
sweetened toods was evaluated as the contrel arnm tor most
studies (2024, 30, 39-45). The other contral arms consisted of
groups that received lactose capsules (33) or an cnergy-reduced
diet (similar to the intervention} that did not include LTSs (320,

The main characteristics of the prospective cohort studies are
shown in Table 2. The number of subjects in cach study ranged
from 4635 (46) to 51,603 (47), with a total of 103,940 subjects
across the 9 cohorts. Four studies were conducted in children
and adolescents (48-51) and 5 in adults (34, 35, 46, 47, 52). Five
studies provided resulls for men and women combined (34, 35,
46. 49, 513, 2 provided results for each sex separalely (48, 50).
and 2 examined women only (47, 52). Most of the cohort studies
reported only one outcome (35, 46-48. 51, 52), and the outcome
reported by each of these 6 stwdies varied: BMIL (48), body
weight (46, 47, 32}, fat mass (51), and risk of elevated waist
circumlerence (35). The other studies examimed BMI and fat
mass (30), BMI and body weight {(49), and BMI and incidence
of becoming overweight/obese or obese (34). Only 2 types or
sources of LCS were examined across the cohorts—beverages
sweetened with LCS (34, 35, 47-511 or saccharin (46, 52).

Meta-analysis results from RCTs
Body weight

Shown in Figure 2 are the ellect sizes, 955 Cls, and precisions
of ecach study from the meta-analysis of RCTs cxamining LCSs
and body weight among all subjects {forest plot A) and by age
group {lorest plot B), sex (forest plot €), and source of LCS
(forest plot D). In the meta-analysis of all subjects, LCS reduced
body weight by 0.80 kg (93% CI: 117,  0.43; iixed-effect
WGOMD = —0.61) compared with the comparator arm. Removal
of data trom Kanders et al {32) and Knopp et al (33). in separate
analyses, marginally affected the resuls: 0.79 kg (95% CL:
—1.17, —0.42; fixcd-effect WGMD = —0.60) and —0.79 kg (95%:
CL: — 118, —0.41; fixed-effect WGMD = —0.60)), respectively. In
stratified models by age group. 1.CSs decreased body weight in
children (—1.06 kg: 95% CI: —1.57, —0.50; fixed-cftect WGMD
= — 1.06) and adults (—0.72 kg: 05% CI: —1.15, —0.30: fixed-
effect WGMD = (0.52). Results among children with data from
Knopp ¢t al (33) removed |—1.09 kg (95% CI: —1.70, —0.48%
fixed-effect WGMD = — 1.06] and results among adults with data
from Kanders et al (32) vemoved [ 071 kg {95% CI: 114,
—0.28); fixed-cffect WGMD = —0.51] were not appreciably

MILLER AND PEREZ

different from the results with these studies included. Analyses by
sex showed significant reductions in body weight with T.CSs
among women (—0.72; 95% CI: —1.19, —0.25; fixcd-ettect
WGMD = —0.62): the summary estimate for men was null but
based on only 2 whals (no evidence of small-study bias was ob-
served} (30}, 32} Meta-analyses examining change in body weight
by source of LCS were also limited because most studies exam-
ined LCSBs rather than foods or tablelop sweeleners {(no evidence
of small-study bias was observed; torest plot D).

RMI, far mass, and waist circumference

The elfects of T.CS on BMI (kg/m?; forest plot A, Tal mass
{kg: forest plot B}, and waist circumference (cm: forest plot C}.
compared with the comparator arm. are shown in Figure 3. LCS
significantly reduced BMI ( 0.24 kg/m?; 95% CI: 041,
—0.07; fixed-cffect WGMD = —0.24), fat mass (—1.10; 93¢
CL —1.77, —0.44; fixed-effect WGMD = —1.41), and waist
circumference (—0.83; 953% Cl —1.29, —0.37, lixed-elfect
WGMD = —0.83). Additional results from subgroup analyscs
are shown elsewhere (se¢ Supplemental Table 1 under “Sup-
plemental data™ m the online 1ssue).

Mecta-analysis results from prospective cohort studies

Meta-analyses of the prospective cohort studies were limited
largely by differences across the individual studies; the models
that were feasible are shown in Figure 4 and elsewhere (see
Supplemental Table 2 under “Supplemental data” in the online
issue). Modest statistically significant positive assoclations be-
tween bascline LCS intake and change m BM1 (WGMC: 0.03,
95% CI: 0.01, 0.06; fixed-effect WGMC = (.03) are shown in
Figure 4 (forest plot A). In the meta-analysis of LOS intake and
weight gain (Figure 4. forest plot B) and fat mass (see Sup-
plemental Table 2 under “Supplemental data™ in the online is-
sued, no statistically significant associations were observed. and
statistical evidence for small-study bias was lacking (data not
shown). Only one prospective cohort study examined waist
circumference (specifically, risk ol elevated waist circumler-
ence) (35); theretore, a meta-analysis examining the cffect of
LCS on waist circumference was not possible.

Publication bias

The symmetric funnel plot of RCTs that examined LCS and
body weight (Figure 5; plot A), which was the largest set of
studies, does not provide evidence of publication bias—a finding
supported by Egger's regression test (P =0.164). There was somce
evidence of publication bias among the prospective cchorts that
examined BMI (the largest setl of cohort studies). based on a vi-
sual assessment of the funnel plot (Figure 5; plot B}. although this
was not supported by Egger’s regression test (P = 0.518).

DISCUSSION

The current meta-analysis provides a rigorous evaluation of the
seientific evidence on LCS and body weight and composition.
Findings trem the meta-analysis of 15 RCTs—the gold standard
study design in medical research—indicate that substituting
LCS for sugar modestly reduces body weight, BMI, fal mass,
and waist circumfcrence. Although the mean reduction in body
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Author, year difference in means (95% Cl)
Blackburn. 1997 {F) {40} ]
de Ruyter, 2012 (M+F} {20) .
Ebbebng, 2012 {M+F} {21) —
Galenby, 1997 (F) (41] |
Gostner. 2008 {M+F) (42} _._
Kanders, 1388 (M) (32} =
Kanders, 1988 (F) (32} L
Kropp, 1976 (M+F) {33} =
Maarsk, 2012 {M+F) {23} L
Njike. 2011 {M+F) (22)
Raben, 2002 (M+F) (43] —&
Reid. 2010 (F) (d5) |
Tate, 2012 {M+F) (24) ——
Tordaoff. 1990 {M) {30) |
Tordoff. 1980 (F) {30} ——
WGMD (95% Cl}: -0.80{-1.17, -0.43)* &
F=or - 2 0 2 4

FawvorsLCS Favors comparater arm

C

Author, year ) BDd!IWBIghllkﬂlt

Author, year difference in means (95% €I

Females
Blackburn, 1997 (40) —
Gatenty, 1997 (41) | N
Kanders. 198832} - .

Reid, 2010 {45)
Tordet 1590 (30
WGMD {35% CI): -0.72{-1.19, -0.25}*

1P = 33%
Males
Kanders. 1088 (32) .
Tordeff. 1990 (30
WGMD {95% CI): -0.09 {-2,65, 2.48) -’-
F=&1%
-4 -2 o 2 4
Favors LCS Favors comparator am
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Author,year Budg_weight {kgl:

differencein moans (9% Cl
Adults
Blackbum. 1947 (F}(40) N
Gatenby. 1937 (Fy(41)
Gostner, 2005 (M+F) {42)
Kanders, 1988 {M) {32} .
Kanders, 1988 (F) (32) -

Maersk 2012 iM+F} (23

Njike, 2011 (M+F) {22) -

Raben, 2002 (M+F) (43 *

Rexd. 2010 (F) (45) .

Tate, 2012 {M+F) (24}

Tardg, 1990 {M) (30]

Tordol, 1990 {F} (30) .

WGMD (959, CIJ: -0.72 (-1.15, -0.30)

P = 64%

Children

de Ruyler. 2012 {M+F) (20)

Ebbeling. 2012 (M} {21} *

Knopp, 1978 (M+F] {33)

WGMD (95% CIJ: -1.06 (-1.57. -0.56)*

= 0% -4 -z ¢ Z 4
Favors LCS

-
-
-

Favors com parator arm

D

Author, year Body weight {kal:

difference in means [95% €l

Only beverages provided
de Ruyter, 2012 (M+F; children) (20)

Ebheling. 2012 {M+F: children) {213

Maersk, 2012 {M+F; adults) (23)
Wjike. 2011 (M+F: adults) {22}

—-
-

Reid. 2010 (F: adults} (45} ".'
Tate, 2012 {M+F; adults) (24)
Tordoif, 1950 {M: adults) (30)

Tordaff, 1990 {F; adults) (30

WGMD (95% Cly: -0.73(-1.11, -0.34)
12 = 569

Combi

. B
_._
a
1 of bey
and tabletop swosteners
Blackburn, 1997 (F: adults) (40}

Kanders, 1988 (M: adults) (32} .
Handers, 1988 (F: adulte) (32}

foods,

Raben, 2002 (M+F" adultz) (43)

WGMD (95% CI: -1.11 (-2.71, 0.48)
¢ = 86% - 2 o 2 a

Favors LGS Favors comparator arm

FIGURE 2. Forest plots derived from random-eftfects nodels depicting the effect of LTS on body weight in RCTs amang all subjects (A) and by age (B).
sex (C), and source of LOCS (D). Squares represent mean change in body weight within the individual studies; 95% CTs are represented by horizontal lines.
Syuare size 15 proportional to the weieht of cach study, Dinnonds represent thie WGMD. * P = (105, LCS. low-caloric sweetener, RCT. rundomized controlled

trial: WOMD, weighted group mean difference,

welght was modest ({.80-ka decrease). it would not be expected
for a single dietary change. ie, replacement of sugar with LCS,
to cause clinically meaningtul weight loss (53). Rather, leading
nutrition and health authorities recommend a multitaceted ap-
proach to weight loss and weight maintenance—one thal in-
cludes an overall healthy dictary pattern, physical activity, and
other lifestvle behavior changes (54, 55). By maintaining the
palatability of foods and beverages with fewer calories than
sugar, LCS could help improve adherence to weight-loss or
maintenance plans (3.

The current meta-analysis also examined the relation between
LCS intake and body weight and composition among prospective

cohort studies because experimental and observational research
methods can be complementary tools in understanding diet-
health relations, This meta-analysis showed statistically non-
significant associations between LCS intake and body weight and
fat mass, but a significant. albeit modest, positive association with
BMI. Compared with findings from well-controlled, randomized
trials, wherein reported effects can be attributed to the dietary
intervention under investigation {36}, lindings rom observational
studics in the ficld of nutrition arc not casily interpreted. Spe-
cifically, the meta-analysis of prospective cohort studies was
limited because few studies (46, 48, 32} adequately comrolled for
poteatial confounding by other diet and lifestyle tactors, Only 3
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BMI (kg/m?}, fat mass {k

Author, year
A BM

Ebbeling, 2012 (M+F; children) {21}
Ebbeling, 2006 (M+F; children) {39)

G ofl3

or waist circumference (cm):
difference in means [95% CI

Kanders, 1988 (M: adults} (32)

Kanders, 1988 {F; adults) {32}
Njike, 2011 (M+F: adults) (22}

Reid. 2007 (F: adults) {44)
WGMD (95% CI}: -0.24(-0.41, -0.07)*
R =0%

B Fatmass
de Ruyter, 2012 (M+F; children) (20)
Ebbeling, 2012 (M+F; children) {21)
Kanders, 1988 (M; adults} (32)
Kanders, 1888 (F; adults) {37}

1

Maersk, 2012 (M+F; adults) (23)
Raben, 2002 {M+F; adults) {43)

WGMD (95% Cl): -1.10(1.77, -0.44)*
2 = 86%

C Waist circumference
de Ruyter, 2012 (M+F; children) (20)
Njike, 2011 {M+F; adults} (22)
Tate, 2012 (M+F; adults) (24)

WGMD (95% Cl): -0.83 (-1.28, -0.37)*
12 =0% -4

__.,—
-2 4] 2 4
Favors LCS

Favors comparator arm

FIGURLE 3. Forest plots derived from random-effects models depicting the eftects of LCS on BMI{A). fat mass (B, and waist circumterence {C) in RCTs,
Squares represent mean change within the individual studies: 93% Cls wre represented by howizontal lines, Square size is proportional to the weight of each
study. Diwmonds represent the WOMD. =P <2 0,05, LTS, low-calonie sweeteners: RCT, randomized controlled rial; WGMD, weighted group mean dillerence.

studies (46, 48, 52) controlled for hoth total energy intake and
a measure of baseline body weight or composition. Several other
potential sources of bias include the possibility of reverse causality
and dietary measurement error (37—2 methodologic issues that
were not sulliciently addressed in most studies included in the
meta-analysis. Importantly, 7 (35, 46-50, 52) of the prospective
cohorts assessed LCS intake at baseline., and only a few survey or
food-frequency questionnaire questions pertained o LTS intake
(largely consumption of dict soda). This insuthcient measurcment
of LCS intake provides limited information on individual intakes
and, as a resull. may have biased (he reported associations wilh
body weight and composition {38).

Variations in overall dietary patlerns among subjects in ob-
servational studics should be considered in the study of LCSs and
body weight and composition because individuals who consume
LL.CSs may have differential paiterns of ealing compared with
thosc who do not (59). Recent findings trom the Choose Healthy
Options Consciously Everyday RCT provide supporting evidence
that L.CS intake plays a role in influencing overall dietary palterns
(9). In this 6-mo study, replacement of regular-calorie beverages
with either water in one study arm or LCSBs in a second study
arm resulled in signilicant changes in other food and nulrient
intakes. Both groups consumed less total cnergy, whercas intakes
of desserts, caloric sweeteners, and alcohol were significantly
reduced in the LCSB group bul not in the water group. This
finding provides suggestive evidence that LCSs do not, contrary

o past hypotheses (6. 7), increase the desire or inclination tw
consume more sweet foods, Taken together, observational and
experimental investigations into LCS intake as part of overall dietary
patterns provide useful insight into how individuals are currently
consuming LCSs and the effect of 1LCS intake on dietary patterns. In
turn, these findings may be uscful in informing the development of
dietary guidelines and public health recommendations.

In both the prospective eohort studies and RCTs. the sources
and types of LCSs investigated were limited. Seven (34, 35 47—
51} of the 9 prospective cohorts examined intakes of LCSBs,
which is just one of many sources of LCS in the diet. The other 2
cohort studies (46, 32} investipated intakes of anly one type of
L.CS (saccharin). There was more diversity n the sources and
types of LCS evaluated among the RCTs, although 9 (20-24, 30,
39, 44, 45} of the 13 studies exclusively examined LCSBs. The
others evaluated aspartame (32, 33, 40). unspeciiied LCSs (413,
isomalt (42}, and a combination of aspartame. cyclamate, acc-
sulfame potassium, and saccharin (43}, In addition to the limited
Lypes and sources of LCS examined, lar fewer studies examined
the cffect of LCSs on BMI, tat mass, and waist circumtercnee
compared with body weight. Nevertheless, the direction of ef-
fects was the same across the different owtcomes, and all re-
ductions were statistically significant.

Only one RCT (33) examined the effect of capsules of LCS
{specifically aspartame) on body weight. The main research ob-
Jective in the RCT by Knopp ct al (33)—to cvaluate potential



10 of 13

MILLER AND PEREZ

Mean correlation {95% Cl} betwsen LCS intake

Author, year

and change in body weight {kg) or BMI {kg/m?)

A BMI
Berkey, 2004 (M; children) (48)
Berkey, 2004 (F; children) (48)
Fowler, 2008 (M+F; adults) {34)
Laska, 2012 {M: children} {50)
Laska, 2012 (F; children} {50)
Newby, 2004 {(M+F; children} {49)

WGEMC 95% CI: 0.03 (0.01, 0.06)*
12=53%

B Body weight
Newby, 2004 (M+F; children) {49)
Parker, 1987 {M+F; adults}) (48)
Colditz, 1990 (F; adults} (52)
Schulze, 2004 (F; aduits) (47)

WGMC 95% CI: 0.02 (-0.01, 0.06}
12 =92%

-1.0

Favors LCS

-0.5 0.0 0.5 1.0

Does not favor LCS

FIGURE 4. Forest plots derived from random effects models summarizing results front the meta-analysis of prospective cohort studies thar examined LCS
intake and change in BMT (A) or body weight (B). The squares represent the mean correlation within each study, with 5% Cls represented by horizontal lines.
Square s1ze is propoativnal to the weight of cach study. THamonds represent the WGMC, Reference numbers are shown in parentheses, #F <2005, LOCS, low-

calorie sweetener; WGMO, weighted group mean correlation,

toxicity from aspartame intake administered in capsule form—is
inherently different from the objectives in the other RCTx. which
were designed to cxamine the ettects of LCS as a sugar substitute
{provided in foods, in heverages. or as tabletop sweeteners). Body
weight was not a primary owtcome in the study by Knopp et al;
however, because it was measured and the study met a priori
inclusion criteria, it was included in the current meta-analysis.
Knopp et al found nonstatistically significant reductions in body
welght, and removal of this RCT from the meta-analysis did not
appreciably influence the summary findings.

Past reviews examining the relation between LLCS and body
weight have focused solely on one type of LCS (18) or have been
qualitative in nature (5. 16, 17, 19, 60). Two of the recent
qualitative reviews (16, 19) noted a lack of evidence to draw liom
conclusions and called for additional rescarch. including long-
term relatively large trials, to advance understanding and address
key queslions, The current systematic review and meta-analysis
aimed to address many of these questions by quantitatively
summarizng results from RCTs, 5§ of which have been published
since 2011 (20-24). Onc of these trials {20)—the largest (n =
641 enrolled) and longest (18 mo) to date—found that re-
placement of SSBs with LLCSBy reduced weight gain and fat
dccumulation in normal-weight children aged 4-11 y.

Although the bady of evidence on LLSs and body weight has
grown in recenl years, several research questions remain, Ex-
aminations into specific LCSs, particularly understudied  yet
commonly used LCSs such as polvols, sucralose, and steviol
glycosides, are warranted. Research into the role of T.CSs as part
of overall dictary patterns would provide important insight for
developing guidelines and public health recommendations. Few
studies provided separale estimates for men and women, which
limited cvaluations of sex-specitic cffects. Observational studies

that use new dietary-assessment toels, such as those that integrate
Llechnology in mobile phones with image processing. visualiza-
tion. and tood and nutrient databases (61, have the potential to
substantially improve the quality and validity of dietary intake
data and thus studies that depend on these observational data. In
addition. the inclusion ot additional LCSs and products sweet-
ened with 1.CS ino food and nutrient databases would facilitate
comprehensive investigations intoe the relation between LCS
intake and body weight and compuosition.

In conclusion. the meta-analysis of observational studies showed
a small positive association between LS intake and BMI, but no
association with body weight or fat mass. On the other hand, data
from RCTs, which provide the highest gquality of evidence lor
examining the potentially causal effects of LCS intake on body
weight, indicate that substituting 1.CSs for calorically dense aler-
natives results in @ modcest reduction of body weight, BML fat mass,
and waist circumference. Compared with the consistent findings
among the RCTs, resulls from prospective cohort sludies were
limited and more dithcult to mterpret, particularly because of in-
adequate control of important confounders, including lotal energy
intake and bascline differences between LOCS consumers and non-
consumets in body weight and composition. On the basis of the
available scientilic literalure o date, substituting LCS oplions {or
their regular-calorie versions results in a modest weight loss and may
be a useful dietary ool Lo improve compliance with weight-loss or
weight-maintenance plans.

We acknowledee the Tnternational Lite Sciences Institute Low-Caloric
Sweetener Committee tor providing feedback and review of the study proto-
col and manuseript,

The suthors’ responsibilities were as follows—PEM: conceptualized the
study, conducied the hterature review, eatracted the study data, and designed
the study; VP conducted a separate data extraction for quality contrel and
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0.5

1.0

Standard error

1.5

-3.0 -2.0 1.0 0.0 1.0 29 3.0

Difference in means

B ooo i

N
B

Standard error

015 -

0.20
2.0 1.5 14 4.5 0.0 0.5 1.0 15 2.0

Fishers Z
FIGURE 3. Funnel plots for the detection of publication bias among RCTs that examined body weisht (A) and prospective cohort studies that examined
BMI1 (B} The & axis represents the effect size of euch RCT (A) or the Fisher-iransformed correlation value of each prospective cohort study (B). The v axis
represents the SE of the effect size (A) or the correlation value {B) of the corresponding study. The solid verticul line s the pooled summary estimate from the
meta-analysis, RCT. randomized controlled trial.
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Obesity

Can Non-Nutritive Sweeteners Enhance Outcomes of Weight

Loss Interventions?

Stephen 13 Anion’~

With obesity  reaching  epulemic  propertions in many  countrics
wround the world, the search Tor the causes of and potential solutions
for this condition continues. It 1s noteworthy that the increwse in the
consumption of added or discretonary sugars s mirrored the dra-
malic rise i the prevalence of obesity over the pust few decades.
Although certainly not the only factor contributing © the obesity
epidemic. a large body of evidence now existy indicating that con-
sumption of sugar {sucrose) sweestensd beverages promotes weight
gain in both children and adults (1), Moreover, some experts hove
recently argucd that there is now sufficient scientific evidence tw
conclude that decrcasing  sugar-sweerened  boverage  consumption
will reduce the prevalence of ebesity and obesity-related discases
(2). Avccordingly, the petential value of replacing sucrose with low-
calorie sweeteners, also known as non-nutritive sweeteners (SNNSY,
for promoting weight loss has become i topic of increasing scien-
tilic interest.

To date, research hus produced mixed hindings regarding the eflects
of NNS on body weight. Although many studies have found that the
consumption of NNS is associated with weight loss, other studies
have found that some NNS may actually stimulate appetite and ult-
mately lead to weight gain, In a 2009 review (3), Martes & Popkin
concluded that “The addition of NNS to dicts poscs no benefit for
welaht loss or reduced weight gain withour energy restriction.”
However, the authors also specified that T non-nutritive sweeteners
are used as substitutes for higher energy yielding sweeteners, they
have the potential to aid in weight manwgement.” Given that con-
sumption ol foods and beverages contwiming NNS has signilicantly
inereased during the pust decade (3% it is entical o understand (e
potential impaet that use of NNS may have on body welglt, as well
as  the potential 1ole that NNS may  have in weight
interventions.

Loy

This important question was recently explored in o prospective,
randomized trial in which consumption of water versus NNS bever-
ages was compared within the context of a behavioral weight Joss
program. In this large-scale mal conducted by Peters and colleagues
(41, wtotal of 303 overweight and obese (Class T and 1) participuants
were isigned e one of two treatment conditions (13 NNS, in which
participants were instructed to consune 24 ounces of NNS bever-
ages per day (water consumption was nol restricted) or (2) Water
group, in which purticipants were nstrucled to consume af least 24
ounces ol water per duy und not drink any KNS beverages. Purtici-
putts i this condition were, however. allowed to consume NNS in
toods. Both groups received a one year commuonity based litestyle

intervention {ie. The Colorade Weigh) in which equal emphasis
wis placed on dier and physical activity changes. Participants’
enerpy intuke targets were set to eyual their resting metabolic rate
(RMR). with these targets adjusted as needed by group leaders so as
to produce & weight loss of -2 pounds per week,

The recent article by Peters er alo (20014 (4) reporrs the findings
from the tirst 12 weeks of this intervention, with the key finding
heing that participants in the NNS beverwge (reatment group lost sig-
nificantly more weight than participants in the water treatment group
(3.3 kg versus 3.8 kg), Weekly hungers scores also decreased w0 o
greader extent wmony participuts i the NNS group compared to
participants in the Water group: however, the ubsolute magnitude of
this reduction wis small. Participants in the NNS treatment group
also had greater reductions in total and LDL cholesterol. which the
authors note may have been due te the greater weight loss observed
in this group. Scdentary behavior decrcased  significantly in the
Water group over time hut nat in the NNS areup; however. there
were ne differences in changes in physical activity or sedentary
hehavior berween groups.

The authers are to be commended on conducting this larve-seale and
comprehensive trial. Several notable strengths ol this study are worth
mentionng. First, the study wis conducted at two resewrch sites {ie..
Coelorade and Templa), increasing confidence in the generalizability
of the study findings. Second. both sexes were included. and there
was a similar distribution of men and women m both treatment sites
tapproximately 80% women in both groupsi. Minority individuals
were also well represented with approximately 274 of the partici-
pants heing African American. Additionally. adherence 1o hoth the
NNS and Water interventions was excellent (>93% in hoth groupsy,
as wis participant retention, with 92% ol the participants wheo startecd
treaument completing the 12-week follow-up assessments.

Although this elinical wial had @ number of strengths and represents
an important contribution w the literuture, there are a few important
questions that are lelt ununswered by this study, First, twelve weeks
1% 4 short penod of observation. really just a preliminary look ot the
outcome, We ook forward o reports of at least a vear. which will
previde the critical information needed to more fully cvaluate the
effccts of NNS on weight Joss outcomes,

Second. mtake of NN§ does not appear to have been well controlled
since participants in both conditions were wllowed to consume NNS,
with the only restriction being that participants in the wiler group
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could not consume NNS 1n beverages, Since all cnrolled participants
were required to censume three or more NNS beverages per week o
he ehaible to participate in this study, many participants im the NS
aroup may have already been consuming NNS beverages at the lev-
els tested in this study. Although adherence o NNS beverage con-
sumption was high (97% ), no information 15 provided on the actual
wmount of NNS consumed through either beverages or [oed prior 1o
study enrollment or during study participation. Thus, it is difficult o
know o what extent purticipants in the NN treatment  group
increased the amount of NNS consumed. if ar all. during study par-
ticipation. Similarly. it 15 unknown whether participants in the Water
aroup decreased consumption of NNS sinee participants in this
aroup were allowed fo consume NNS in foods.

Another important issue that was not answered by this arnicle is the
potential mechanism through which the NNS heverage consumption
may have produced sreater weight loss, i comparison Lo water con-
sumption. Since the two treatment groups did not differ in their
changes in plysical activity or sedentary belavior, the lindings of this
study would suggest that the greater weight loss observed wnong the
participants i the NNS group was due o lurger reductions in calore
intuke. Unfortunately. no infermation is provided on participant’s
coaloric intake or wdherence o dietary recommendations. Without this
critical mformation, it is difficult to know if dictary intake differed
berween groups or if anether potential mechanism may be responsible
for the ohserved weight loss outcomes. A third group in which partic-
ipants received the same instructions for NNS consumption without a
comprehensive hehavioral welght loss intervention could help clarity
the potential mechamismis) for the observed elfects.

Another critical issue that was not addressed in this study is whether
the different types of NNS have the sume or differential elfects on
weight loss and metabolic outcomes. [n the Peters et al study (4} par-
tcipants were allowed to consume any type of NNS {examples
include wspartame. NutraSweet or Equal. sucralose-Splenda. stevia-
Truvia. as well as diet creamers). Previous studies suggest. however,
that not all NNS have the same metabolic effects. For example, intake
of the NNS. stevia, has been found to produce a smaller pestprandial
release of glucose and insulin compared to the NNS, aspartame, even
when calonie content of meals are held constant (55 At present, the
long-tenmn etfects of these different NNS on body weight, [ood intake,
und other metabolic outcomes are currently unknown.

In summary, the findings of the Peters ¢t al, {2014) study (4) pro-
vide an important contribution to the literature and strongly suggest
that individuals who consume NNS should not be discouraged from
continuing to consume these beverages during weight loss efforts,
These findings, however, should be interpreted with caution since
longer term oulcomes are needed 0 confirm these results and the
potential mechanism(s) lor the superior elfects of NNS on weight
loss outcomes observed in tlus study 1s currently unknown. Addi-
tonally, the generalizability of these findings is limited to individu-
als who regularly consume NNS. and it is unknown if similar effects
would be observed amoeng individuals who do not regularly consume
NNS. Tuture studics are also needed to determine it all NNS have
similar metabolic offects or if these cffeets differ between the difter-
ent types of WNS. Until such data become available, it s advised
that NNS§ are not widely recommended in weight loss programs, par-
ticularly for individuals who de net regularly consume them. QO
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The Effects of Water and Non-Nutritive Sweetened Beverages
on Weight Loss During a 12-week Weight Loss Treatment
Program

Jodo € Pﬁfr*r.s‘“}, Hofty K. l-‘lr""\'cn‘:‘;, Gery £ Foster, FLhaoxing Pcmf, Aleviy O Wa,imum-\'.\‘fu"j, Stephanie S, Vander Ve ,
Stiwron J. Herring” . Carrie Britl and Jumes O. 11

Objective: To compare the efficacy of non-nutritive sweetened beverages (NNS) or water for weight loss
during a 12-week hehavicral weight loss treatment program.

Methods: An equivalence trial design with water or NNS beverages as the main factor in a prospective
randomized trial among 303 men and women was employed. All participants participated in a behavioral
weight loss treatment program. The results of the weight loss phase (12 weeks) of an ongoing trial (1
year) that is also evaluating the effects of these two treatments on weight loss maintenance were
reported.

Results: The two treatments were not equivalent with the NNS beverage treatment group losing signifi-
cantly more weight compared to the water group {5.95 kg versus 4.09 kg; F < 0.0001} after 12 weeks.
Participants in the NNS beverage group reported significantly greater reductions in subjective feelings of
hunger than those in the water group during 12 weeks.

Conclusion: These results show that water is not superior to NNS beverages for weight loss during a
comprehensive behavioral weight loss program.

Obesiy (20141 22, 1475 11210 coinl b 002/ 0y 20737

a beneficial effect or no offcct of NNS on appetite and cnergy intake
(7-11} Other studics have reported findings of increased hunger
with consumption of NNS (1) but generally withour an accompany-
ing increase in caloric intake.

Intreduction

Beveruge consumplion recorunendations (13 suggest wuler as (he
gold-stindard bevernge for optimal health. The US Dietary Guide-
lines (21 suggest that while beverages with non-nuiritive sweetenars
INNS) are preferuble to those with caloric sweeteners, there 1s still a
question about whether they are bencficial for weight management.
While numerous clinical trials have examined the cffects of nutritive
sngar sweetened beverages (NS1 compared to NNS beverages on
welght loss, fow studies have directly compared water and NNS

Sceveral observational studies have reported a positive association
hetween NNS consumption and greater body weight and weight gain
over time (4,12). Determining causality 15 not possible with these
studies but 1t 1s possible that they represent “reverse causality™

: . - : . whereby obesity nuy cause people W seek diet beveruges (10,130
heverages on weight loss using an equivalence trial design. ¥ ¥ oy c Pevt des o )

NNS were introduced inte the food supply over 30 vears ago and
wre being used in hundreds of dilferent food and beverage products.
Despite the long history of usige there continues to be considerable
corroversy concering their role in the diet. particularly whether
they are a uselul wol as une wd o weight loss and welrht loss nwin-
tenance (3-6). NNS provide sweetness equivalent 1o NS but contrib-
ute exsentially zero enersy. Since the 1980s o number of short-term
experimental studies have compared NNS to NS and several com-
prehensive reviews have concluded that the evidence supports cither

The largest and most recent randomized trial {14} 1o compare walter,
diet beverages and an attention control for their effects on weight
loss used a superiority trial desien. The authors found thit the diet
beveruge treatment, but not water, significantly increwsed the probu-
bility of losing 5% of body weight over the 6-month study duration
compared 0 a standard weight loss education and monitoring pro-
gram. Subjects in both reatment groups lost a signiticant amount of
weight but the amount of weight lost compared to the contrel was
not different between treattment groups.
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Given the great interest in lesing weight, preventing weight gain and
maintaining weight loss (13), it is importunt to understand whether
NNS beverages are o benelit or a hindrance to people actively trying
te manige their weight. As waler has been deemed the “gold stand-
ard™ beverage recommended {or welght manugement 1t s mportuot
to assess. 10 o rwdomized trial. whether NNS beverages and water
proaduce equivalent weight loss among people enrolled in a behav-
foral weight management progron.

Here, we report findings from the 12-week weight loss phase of a
I-year randomized, clinical trial to test the hypothesis that the
amount of weight lost {12 weeks) and maintained (9 months) inoa
behavioral weight management program will he eguivalent in partic-
ipants consuming beverages containing NNS compared (0 waler.

Methods
Participants

Five hundred and six pwticipants were screened and 308 were
enrolled in the 1rinl between October 2012 and April 2013 w Uni-
versity of Colorado (0 — 1514 cohorts) and Temple University
(- — 1373 cohorts). see Figure 1. Participonts were male and
female. ages 21-65. BMI 27-40. Corollecs represented o range of
cthnicitics and races (Table 1),

Screening was carricd out over the phone or through completion of
a sceure web based screening form. Eligible participants had 1o
report heing weight stable within 10 pounds i the past 6 months,
engaging in fewer than 300 min of physical activiry per week and
consuming l least 3 NNS beverages per week., Applicants were
excluded 1f they were lactating or pregnant within the past 6 months
or were plunning on becoming pregnant during the time frame of
the study. Other exclusions included but were not lnted w: diabe-
es, CVD. uncontrolled hypertension, and use ol current medications
affecting  weight and metabolism. Participunts needed  physician
approval stating they were 10 good general health and that nutrition
and exereise requirements would not be contraindicated.

The study was approved by the Western TRB at the University of
Colorade site and the Temple University [RB. Informed consent was
abtamed from all participants.

Study design

The study was designed as o l-year equivalence randomized trial
composed of a 12-week weight loss phase followed by a %-wonth
weight maintenance phase. Participants were randomly assigned to
the NNS beverage or water treatment arms by o computer-generated
randomization schedule that ensured an equal distribution of wemen
and men 1 each behavioral weight loss treatment group. Participants

TABLE 1 Baseline subject characteristics by group®

NNS group Water group
Characteristic (n =158) {n = 150)
Age ()" 483 = 104 473 + 106
Gender [n, (%]]
Femala 130 (82%) 125 [83%)
Male 28 18%) 25 (17%)
Ethnicity [a, (%]
Hispanic/Latino 23 (15%) 12 (8%

Not Hispanic/Latino
Race [n, {%)]]

White

Black/African American
Asian or Pacific Islander
American Indian or Alaskan Native
Multiracial Origin

Other

BMI (kg m %"

Baseline weight (ko)
Systolic BP (mm Hg)
Diastolic BP (mm Hg)

133 (85%) 138 (92%)
107 (63%)
42 27%)

1 0.6%)

1 [0.6%)

1 101.6%)

B {4%)
3392 = 475
9392 = 13.29
11879 = 12.08
7670 = 756

101 (67%

43 129%)

4 (3%)

0 i0%)

1 (0.6%)

1 (0.6%)
33.30 + 3.98
93.03 + 12.99

11787 = 12.58
7621 + 7.0

Thars wers na significar: differences betwesn the two groaps in cemographic
pral I,

MChi-anuare arakyses comaleied for Gendee, Bthiicity, ard Sace Chi-sguare a~aly-
sis ahrwes N bebesesn o differenoes.

“Two sampe !tesl sladis o onbwoen greup dilerenocs. [wo sanoko !
test anayses campleted for age. weost, systolic BP. dastolic BP. 2M | Mear —
S0 Al snch wal .
Yrio— 550 NNES group

“no— 1260~ NNS groug atd no— 147 roWakon grougs,
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had to be willing te discentinue drinking NNS beverages for the
l-ycar study should they be randomized to the water treatment
aroup.

The pratocol specilied preplunned data analyses © be conducted on
the primary outcome of weight loss at 12 weeks (welght loss period)
und at the end of | year (weight loss mamlenance).

Intervention

All participanis, Al participants received a comprehensive cog-
nitive-  behavioral weight Joss intervention called The Coloradao
Weigh (16}, Participants attended 12 weekly, 60-min group meetings
that were led by registered dietitiuns or clinical psychologists, Par-
terpants attended group meetings oreanized by treatment (NNS or
Waler) and were instructed on behaviorul weight loss stralegies.
Weekly welrh-ing were conducted at each group meeting. Exuniples
of weekly topics include self-monitoring: portion sizes, reading food
lubels: physical activity and Insights into weight loss maintenance
from the Nutional Weight Control Registry {16-19).

Individual cnergy targets for weight less were set as cqual to cach
participant’s estimated resting metabolic rate (RMR), rounded up
o the nearest [0 keal, determined wsing a Tanita Model TBF-
300A bioelectrical impedance device that wssesses body composi-
tion and provides an mmputed RMR. Energy targets were adjusted,
ws needed, by the group leader in an atlempt 1o achieve o welght
loss of 1 10 2 pounds per week., Weekly physical activity  largets
were sel bused on Increasing moderate to vigorous activity by 10
min week ' above the subjects usual activity level with a4 gt
goal to reach 60 min day ', 6 days week . Physical activity was
assessed by two methods: (1} participants wore o Body  Media
armband (Manutacturer: BodyMedia, Model AB1SS) for 1 week
during weeks 1and 120 and (2) participants reported daily physical
activity. minutes on exeivise Jogs twrned in weckly, Participants
received the same cwrriculum regardless of which treatment arm
they were assigned to with the only difference being discussion of
the type of beverages they were instructed o consume during the
study.

NSS heverage grow.
erage rroup were asked to consume at least 24 {luid ounces of NNS
beverage per duy and their wiler consumption wis not restricted,
An NNS beverage yualified if it had =5 keal per 8 ounce-serving,
wits pre-mixed. and contined non-nutritive swestenars,

Participants rundomized to the NNS bev-

Werter growp.  Participants randomized 1o the water group were
asked 1o consume ar least 24 fluid ounces of water per day, and not
drink any WNS beverages, They cenld. however, cat feods that con-
raned NNS (examples: artiticially sweetened yogurt, aum, candies,
cockics, ice cream. gelatin, pudding). but could net intentionally add
NNS  {examples:
Splenda, stevia

aspartame—NurraSweet  or Fgual, sucralose—
Truviie as well as diet creamers) o beverages such

s collee.

Participants were given manulacturers coupons weekly (from the
three largest beverage munufacwrers: The Cocu-Cola Company,
PepsiCo and Dr Pepper Snapple Group). redesmable for bottled
water or NNS beverages at retwl stores, Participants were asked to
record their beverage ntake daily, and this information was nscd o
assess treatment adherence,

Measurements

All assessments, except tor height, were conducted at haseline and
alter 12 weeks of treatment. Height without shoes was measured to
the nearest 0.1 cm at the screening visit using a wall-mounled stadi-
ameter, Body weight in light clotlung and without shoes was meas-
ured (0 the newest .1 kg on o digital scale. Walst clrcumlerence
wiy meusured af the top of the ihwe crest until two consecutive
measures within 0.5 cm were obtained. Resting blood pressure was
measured while the subjects were seatad after a 5-min rest: the aver-
age of two measures was used. Blood samples were collected using
standard venipuncture method after a 10- to 12-h fast for measure-
ment of lipids and glucose. Participants provided a urine sample col-
lected 1noa sterile container for measurement of urine osmolality.
Blood samples from both study sites were analyred at the University
ol Colorade Hosputal laberatory, Unne samples collected at the Col-
orado site were measured at the University of Colorado Hospital
laboratory, those from Temple University were measured at Quest
Diugnostics, Madison, NJ.

Participants completed questionnaires af baseline and 12 weeks to
assess changes in perceived hunger (using & 100 mm visual analeg
scale anchored at “net at all hungry™ and “extremely hungry”™). Bev-
erage treatment adherence was determined from daily beverage logs,

colleeted  weekly, on which participants recorded  all beverages
consumed.

Participants received 575 for completing the ussessment visit w12
weeks and $30 lor completing at least 9 of 11 food und beverage
logs during the 12-week weight loss htervention. Total compesu-
ton if they completed all requirements was $125.

Power of the study

The primary outeome addressed in this report s change in body
welght during the 12-week weight loss phase of this 1 vear tial.
The study was designed as an equivalence trial with the hypothesis
that there would be no clinically meaningful difference in weight
change herween those consuming NNS heverages or water. Speciti-
cally, the bounds of equivalence for hetween-group difference in 124
week weight loss were prespecified to = 1.7 kg Assuming the true
difterence was 057 {1/3 of the equivalence marein and common
SD of 3.9 ke, a sumple size of 150 per arm wus required using 1w,
one-sided 1 ests 1o ensure al least 80% power with an alpha level of
Foa 0,05 (o estublish equividence.

Statistical analysis

Intent-to-treat (hascling observarion carricd forward) was used as the
primary analysis for efficacy of weight loss using the weekly hody
weights as the dependent variable, As a secondary analysis we also
looked at only participants whe completed all 12 weeks of the trial.
Five participants were randomized but did not begin treatment (Tig-
ure 1} and were excluded. The primary oulcome measure  wils
chunge n body weight Irom baseline to 12 weeks. The results were
the swne using baseline carried forwird or o mixed model {account-
g for missing datay analytic scliemes.

The primary hypothesis tested in this study wos that water and NNS
beverage weatments would be equivalent with upper and lower
bounds of cquivalence sct at = 1.7 kg, Thisx bedy weight difference
was choesen as a value that would not be meaningfully different in a
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clinical setting. To be considered equivalent. the mean and the upper
and lower 90% contidence limits for the difference in weight Joss
hetween NNS beverage and Water groups would have to be within
the pre-set upper and lower bounds of egquivalence, 1.7 kg, Other
welrht-related outcomes included weight change from baseline for
participants who completed ull 12 weeks of the trial (lor whom we
had a 12-week body weight) and percentage of participants who lost
al leust 3% of their imtul weight. Ditferences between treutmernt
groups for weight loss were assessed using severnl differem meth-
ods: o mixed model. ANCOVA and two independent ¢ tests (or chi-
square when appropriute). All methods showed the same results. We
report here the ¢ test results [two one-sided ¢ rests; the standard
approach for evaluating cquivalence (23] and 90% confidence infer-
als, Secondary outcomes {waist circumference, systelic blood pres-
sure, blood measures, urime osmalality, hunger, and physical activ-
ity) were analyzed using Iinear mixed effects model which consisted
of classification variubles of time (baseline or 12 weeks) and group
[NNS or water) as well as thelr inleraction term as Nxed elffects and
un unstructured covariance. Between-group und within-group con-
trasts were tested under this model.

Results

A total of 303 participants began the study treatment and 279 partic-
ipants completed the 12-week weight loss phase of the study, repre-
senting Y2% of the starting population (Figure 1) Study dropouts
were similar across the two study sites (9.27% at Colorada, .55%
Wl Temple) as well as belween the (reatment sroups (5.8% Tor NNS§,
1 Tor water). There were no signilicant baseline differences in
uge, render, racefethnicity or other study meusures between the
water wid NNS beverawe treatuent yroups {Table 1), Almost 8074
of the participunts were femule. 68% white. and 27% African
American,

There were no significant differences between groups in adherence
o the study beverages as assessed by the weekly beverage consump-
tion logs. Percent adherence for reported daily consumption of at
least 24 ounces of NNS or water was 90.0% v 95.7%, respectively
(£ = 034y Weekly group meeting attendance wits also not ditferent
between the groups (atlendance: 90.8%: for NNS; 89.7% for Water,
P=024),

The mean weight loss dilference between Water und NNS way
—1.85 kg (90% CI —1.12 kg, —2.58 ke). Becuuse the lower confi-
dence limit (—2.58 kg) wos outside of the eyuivalence bounds set o
priori in our hypetheses, the two treatments were not equivalent and
paired  comparisons were conducted. This analysis indicated  that
weight loss in the NNS beverage group [5.95 kg = 3.94 ku (8D)]
was significantly greater than the Water group (4.09 kg = 3.74 kg
(SDY. P o= 000010 using an intent to treat (LOCE) analytic scheme
(Table 2). Similar findings were observed using observations only
from those completing the 12-week assessment (Table 33 [n the
Water group., 43.0% ol participants lost 5% ol their body weight,
while 64.3% of paticipants in the NNS beverage group lost » 5%

F — 0.0002: Figure 2).

After 12 weeks of treatment. changes in wuist circumference, glu-
cosc, systolic blood pressure, HDL. triglycerides and urine osmelal-
iy were not significantly different between treatment groups, Reduc-

tions i total cholesterel and LDL were significantly greater in the
NNS group than in water group (Table 4],

There was no signiticant ditference between groups in change in
physical wctivity over 12 weeks as determined by either armband or
activity log measures. Hunger mcreased slightly in the Witer group
while it declined slightly in the NNS group, resulting in a signilicant
between group difference (£ = 0013, Tuble 4.

Discussion

In this 12-week weight loss study. consuming water and NNS bever-
ages were not eguivalent for weight loss, with the NNS group losing
stegniticantly more weight than the water group. The results provide
support for the use ol NNS beverages in the context of u behaviorul
welrhl management program and should be rewssuring for people
who choose 1o consume NNS beveruges. [t demonstrates that they
can drink o NNS beverage without the caloric contribution of nultri-
tve sweeleners and withoul concern that their weight loss eftorts
will be undermined and, in foct. may be slightly enhanced. [t should
be noted thar because eligible subjects were already NNS drinkers
assignment to the NNS treatment did not require as great a behavior
change as the Water group who had to abstain frem NNS beverages
for the trial. We chose this design rather than admitting all comers
in order to ensure that subjects assigned o NNS would adhere 1o
the treatment giving us the ability o see iF NNS adversely atfected
welght loss, Despite this, subject completion was lugh and did not
difter between groups and adherence to the treatment was =95%
based on beverure logs.

These Nndings build on the only other published study similar to the
present trial. Tate et al. {14} compared water, diet beveragex and an
attention control over 6 months of intentional weight loss using «
superionity trial design in 318 participants. Those authors tound no
significant differences in mean weight loss hetween the water and
dict beverage groups when compared to the attention control group,
THowever, the probability of losing 5% of hody weight was signifi-
cantly hetter i the NNS group compared to the attention control
croup (£ = 0041, The likelihood of achieving a 5% loss was not
difterent between the croup wssigned to witer compared 10 the atlen-
ton control (£ = 0.13). A significant difference between that study
and the present trial is the intensity of e ntervention. Tate et al.
asked participunts to make 4 single substitution in their diet, chang-
ing beverage options. while in our study participants in both the
water and NNS groups received o comprehensive behavioral treat-
ment program. Participants in the Tate trial lost 2% of body
weight on average over the first 12 weeks while participants in the
present trial Tost berween 4 and 74 of hody weight. Taken together,
results from hoth studics suggest that NNS§ beverages can be an
eftective strategy for weight management both in Jow intensity and
high intensity behavioral interventions. Furthermaore, in the present
study NNS beverages performed better than water in supporling
welghit loss during the 12-week weight loss phase.

The purpose of this mial was e compate directly the “gold standoard”
beverage for supporting good health. water. with NNS beverages in
the context of weight loss. This 1s an mportant guestion as nuny
people choose to consumne NNS beverages as part of a weight man-
agement strategy. and others may be more likely o do so if they
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TABLE 2 Baseline-carried-forward analysis for absclute weight loss (kg)

Baseline Week 12 clinic 90% CL P value
Group weight (kg) weight (kg} Change mean change for change
NNS (n — 154) 9391 {13.46) 87,97 (13,39 =590 (3.94) =542, —6.4/ = 0,0001
Water (7 — 149) 9315 {12.94; 706 {12.86) —4.09 (3.74* —3.58, —460 < 0.0001
NNS—water .76 {1321} —-103 01313 —1.85 (3.84y —112. =258 = 0.0001

Analys s imchirlas these participants whe e
Allhaug™ cguivalense sannat be eslablshed, ©

vallss A showe in bole,

sreation cart ed forward. The aralysis morics the clinical satting.

“lg lzat mare weighl in 17c MNS group as comparcd 1o lhe wator group. &l aralyses wee compleled Lsing a sat
¢ two sanp e Ftest, Al valucs are RMeas {300 unless ot~enwisc noted, Statstealy s fsant valucs i <« 005) are shown By @~ astensk 7 and satistically s grifi-

had confidence that it would not hinder then success. The popular
media continues Lo ralse guestions iabout the value of NNS hever-
wres I owelght loss (21.22) elting coneems (tom some experts that
NNS beveruge usuge 15 associated with obesity and weight gain in
observutional studies (21-23). The current results, along with results
of Tute et ul. (14, provide strong evidence from lurge randomized
controlled winls that NNS beverages do not hinder and can help
with weight loss when compared 1o water, [n addition. Phelan and
Wing examined the use of NNS beverages by those in the Natienal
Weight Contrel Registrty and found that successful weight lesers
drank three times the NNS heverages compared to those who had
never lost weight (249,

We chose 12 weeks as the weight loss phase because most studies
show that weight loss slows considerably afler 6 months of treat-
ment with more than half of the weirht loss occurring in the {irst 12
weeks {25,263, probably owing to difliculty with longer term adher-
enwe o @ hypocaloric regimen, Furthermore, 10 is now recognized
that weight loss is w different process from weight muaintenance,
both behaviorally and physiologically. so it Is important to study
teatment etfects on these two processes separately (271 The benefit
of the current 1 vear trial is that we will be able to compare hoth
weight loss and weight loss maintenance within the same group of
participants. The trial was designed te allow preplanned analysis of
the treatment effects after just the 12-week weight loss phase as
well as alter 9 months of weight maintenance (still underway) which
will be repuorted separately.

While most secondury outcomes were not different between the
groups. the NNS group showed grealer reductions in tolul- and
LDL-cholesterol. This nuy be due to the greater weight less in the

NSS group. There was also no significant difference between the
sroups in urine osmolality although osmolality decreased slightly in
the wier and increased slightly in the NNS group. It is unlikely (i
clinges 1 hydraton status were responsible for the significant dif-
ferences i body welght between treatments. The smull changes
observed were well within the normal range for urine osmolality
(500-800 mOsmol kg ') suggesting no adverse effect on fluid intuke
repulation. Phyxsical activity increased significantly in both groups as
a functien of the behavioral tearment bur was not significantly dif-
ferent hetween groups. Sedentary behavior actually decreased signif-
icantly in the Water group over time but not the NNS group. The
changes over time were not significant between groups. Taken
together, changes in physical actvity and sedentary behaviors cannot
account for the difterence in weight loss observed.

Based an the design of tis study we are unuble to say. what is the
mechunism for the greater weight loss im the NNS group compured
w the water group. Weekly hunger scores were signiticuntly lower
among the NNS group than the water group although the absolute
changes were small. While it is plausible that the NNS participants
wera more likely to adhere to the dietary recommendarions due 1o
less hunger than the Water greup we cannot conclude this based on
this study, Some authors {3.5.00 have suggested that use of NNS
may increase appetite for sweet foods and disrupt regulation of
energy halance. Weight loess results for the present study sugaest
thit NNS consumption did nol increase energy intuke from other
toods compared (o water. This Iv consistent with other studies that
have not found increased consumption of sweel or high energy
foods while using NNS (28.29), Furtler studies will be needed 10
wscertwin the mechusmis) that may be responsible for the weirhi
lovss results,

TABLE 3 Absolute weight loss {kg) for completers

Baseline Week 12 clinic
Group weight (kg) weight {kg)
NNS (7 — 142) 93.56 (13.23 B7.11 112.85)
Water (7 — 134) 93,88 (12,89 89.33 13.00)
NNS—water =132 1312 —2.22 {12.96)

90% CL mean P value

Change for change for change
—6.43 (3.68 —5.94, —6.96 =2 0,0001
—4.55 367" —4.43, —5.08 = 0,0001
—1.90 3.67" —1.16, —2.63 = 0,0001

MAnalys s rolodeg part cmants wha
sacedd to the water gronp. All anay
val.es (5 -0 0.00) am show by an

sarpie Frast Al values are Mear (500 unles:
1ard slal slealy s grificant & walues are shown n bl

e bt i~ tho NMNS group as com-
s roted. Statist caly s grificant
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TABLE 4 Cardiometabolic, hunger, physical activity, and sedentary activity changes from baseline to week 12 in the NNS and
water groups”

Assessment period®

Outcome variable and group Baseline Week 12 Change P value for change

Waist circumference {cm)

HNS 108.04 (0.86) 102.27 10.88) 5,730,497 < 0.0001
Water 10713 (0.87) 102.74 i.90) —4.36 {0.505 = {001
MNS—water 090 1.22) —0.4¢ (1.26) —1.36 40.70) 0.0528
Systolic BP {mm Hg)

NNS 118.84 (0.99) 112,60 (1.07) —6.25 {0.95) = {.00H
Water 11793 (1.07) 11371 (1.0 —4.23 1097 <0000
NNS—water 0.9 (1.42) 1.11 (1.24) 2.02 i1.36) 01372
Glucose {mg dl )

NNS 91.44 1.43) 93.29 10.95) 213 {1037 0.0375
Water 90.92 (1.47) 93.40 (0.98) 2.48 i1.05" 0.0193
NNS—water 0.52 (2.07) 019 (1.37) —0.331.47) 08224
Cholesteral (mg dl "y

HNS 190.68 (2.76) 173.92 (2700 16.76 {1.891" <{.00M1
Waler 193.23 (2.80) 184.38 (2.77) —B.86 {2.05)" = {.00M1
NNS—water —2.56 (3.93) —10.46 (3.87)" —7.890 {2.867 0.0061
HDL {mg dl ")

NNS 3367 (1.683) 2053 117 =312 {1.367 0.0224
Water 5591 (1.68) 520 1.20 =391 {1.39 0.0053
NNS—water 2.24 (2.38) 1.45 (1.68) 0,79 i1.84) 0.6831
LOL (mg dl ")

NNS 11492 (2.42) 103.39 (2.34) =133 0.72r < (.00t
Water 116.44 (2.43) 110,77 (2.39) ba8 1.77r 0.0015
NNS—water —1.52 (3.44) —7.38 (3.34” —5.86 {2477 0.184
Triglycerides (mg dl '

NNS 120,71 (6.33) 10416 i6.43) —16.56 (5127 0.0014
Water 119,20 (6.46) 109.30 6.29) —8.90 /5.28) 0.0617
NNS—water 1.31 9.06) —3.14 3.21) —0.63 {7.35) 0.3662
Urine osmolality (mOsmol kg ')

NNS 67 .36 (21.39) 59767 (22.88) 30.31 {25.44) 0.2346
Water 592.54 (21.71) 56579 (23.53) —26.75 {26.10) 0.3063
NNS—water —2518 (30.43) 31.88 (32.83) 57.06 {36.49) 01186
Hows hungry did you feel over the past week {scale 1-100)?

HNNS 51.91 (1.57) 48.42 11.47) —3.49 1.92) 0.0694
Water 47.93 (1.82) 21.34 .33 341 {1.89 00877
NNS—water 3.98 (2.29) —2.92 212 —B.90 {2.76)" 0.130
Total moderate PA {hrs/wesk)

NNS 430 (0.23) 5.09 0.26) 1.791{0.257 <0000
Water 4.4 (0.24) 549 (0.27) 1.1040.26)" = {.00H
NNS—water =013 (0.33) 0.5% i0.37) 0,69 {0.36) 00247
Total sedentary activity (hrs/week)

NNS 198.0¢ (1.82) 196.39 (2.27) —1.67 {2.53) 09128
Water 160,78 (1.96) 155.03 {2.34) =573 {2637 0.0305
NNS—Water =271 (2.74 1.36 (3.26) 407 {3.67) 0.26835

“All arakyses are rom nixed offoct meocls, Statistical v sign fizant valuos ;308 aro shawn Iy an astens< 7 and stadisdcally signit cart 7 waloce ao s~own in bald

MMS, Mor-notrtve swasens: gm Ater, water group; GE. slood o L PA, b ity e 1P acd waist cironmferacoa o= 147 for NNS atd n —
131 o water. For go zl. HEL. and trig yoorides: o — 142 [or NNS ard i — 133 [o leors Far Lo i — 140 1os NNS ard 131 To waler, For orice osmolal
tyim — 14° "2 =i or water, For "How hungry did you focl over the pas: wock — 132 tor NNS a-d n — 122 for watos, For total mooorate 20 o —
1536 for NMNS ard a — 17 ter. Tor tesal sedentary actvity o — T 36 for NNS and 0o — 126 for watar,

I: [ = . B N
Al vmusr are neans; Slacdard Zror eoparentheses
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These results strongly suggast that NNS beverages can be part of an
effective weight loss strategy and individuals who desire to consume
them should not be discouraged from deing <o becanse of concerns
that they will undermine short-term weight loss ctforts. A longer
rerm follow-up ef this randomized cohort, now underway, will clar-
ify the utility of NNS beverages in weight loss maintenance. Q
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ABSTRACT

Introduction. Assessment of design heterogeneity conducted prior to meta-analysis is
mirequently reported, it is often presented post hoc to explain statistical heterogeneity. However,
design heterogeneity determines the mix of included studies and how they are analyzed in a
meta-analysis, which in turn can importantly influence the results. The goal of this work is to
introduce ways to improve the assessment and reporting of design heterogeneity prior to
statistical summarization of epidemiologic studies.

Methods. In this paper we show how a technique called “‘evidence mapping” can be used to
organize studies and evaluate design heterogeneity prior to meta-analysis, using assessment of
sugar-sweetened beverages (SSB) and type 2 diabetes (T2D) as an example. Employing a
systematic and reproducible approach, we evaluated across 11 selected cohort studies: variation
in definitions of SSB, T2D, and co-variables, design features and population characteristics
associated with specific definitions of SSB, and diversity in modeling strategics.

Results. Evidence mapping strategies effectively organized complex data and clearly depicted
design heterogeneity. For example, across 11 studies of SSB and T2D, 7 measured dict only once
(with 7 to 16 years of discasc follow-up), 5 included primarily low SSB consumers, and 3
defined the study variable (SSB) as consumption of cither sugar or artificially-swectened
beverages. This exercise also identified diversity in analysis strategics, such as adjustment for 9-
17 co-variables and a large degree of fluctuation in SSB-T2D risk cstimatcs depending on
variablcs sclceted for multivariable modcls (2-95% changc in the risk ¢stimate from the age-
adjusted modcl).

Conclusions. Mcta-analysis sccks to understand heterogencity in addition to computing a
summary risk cstimatc, This stratcgy cffectively documents design heterogeneity, thus improving
the practice of meta-analysis by aiding in; 1. protocol planning; 2. transparcnt reporting of
differences in study designs; and 3. interpretation of pooled estimates. We recommend
expanding the practice of meta-analysis reporting to include a table that summarizes design
heterogeneity. This would provide readers with more evidence to interpret the summary risk
estimates.
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Background

Meta-analyses, which are a quantitative method for poeling results from epidemiologic studies,
inform rescarch priorities and health policy. Combining similar studics asking a similar rescarch
question is fundamental to the interpretability of summary risk estimates [1]. Combining results
m a meta-analysis from studics that arc designed to answer different scientific questions may
Icad to imprecise and possibly invalid inferences [2, 3].

An assessment of the similarity of studies (i.c. design heterogeneity) is a fundamental clement of
a meta-analysis of cpidemiological studics [3-8]. There arc two major types of heterogenceity:
statistical heterogenceity and design heterogencity (sometimes referred to as clinical and
mcthodological diversity) [9]. Statistical heterogeneity is purcly a mathematical asscssment;
evidence of statistical heterogeneity indicates that there is greater statistical variance between the
study results than would be expected by chance if the effect size was similar across studies
[8,10]. Design heterogeneity, in contrast, involves the extent to which the studies being
considered for inclusion in a meta-analysis differ in study design, including population studied,
specificity of exposure measurement, uniformity of diagnostic criteria (in the outcome),
confounders measured, concomitant exposures measured, and statistical models [3,7].

Reviews of the practice of meta-analysis in observational epidemiology have observed that
mvestigators oflen emphasize the summarization function over the assessment of heterogeneity
[2, 11]. Additionally in a sysiematic overview of meta-analyses, we found less than a third of 47
eligible meta-analyses of lifestyle and dietary risk factors for type 2 diabetes (T2D) reported a
detailed characterization of design heterogeneity that was used to guide the quantitative pooling
of study results (manuscript in preparation). In contrast, more than 90% of the meta-analyses
reported some assessment of statistical heterogeneity (Q statistic or [* index). These observations
illustratc that the asscssment of design heterogeneity frequently occurs after statistical
heterogeneity has been identified. In practice, design heterogencity assessment would be
informative if undertaken before any quantitative summarization takes place [2].

In 2013, the journal Rescarch Synthesis Mcthods devoted an cntire issuc to describing the
challenges associated with meta-analysis of obscrvational studies [12], calling for more strategics
to aid conduct and reporting [13]. In this paper, we present a strategy for objectively and
transparcntly characterizing design heterogencity of cpidemiologic studics prior to meta-analysis.
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METHODS

Evidence-based mapping was used as a tool to diagram and tabulate data across relevant
studies, with the following three primary objectives:

1. To compare definitions for the study variable, outcome, and co-variables;

2. To assess the design features and population characteristics associated with
specific definitions of the study variable; and

3. To evaluate the diversity in modeling strategies and suggest simple summary
measures to benchmark susceptibility of the exposure risk cstimate to the
influences of included (and cxcluded) co-variables in multivariable regression
models.

We sought to summarize the detailed work of multiple evidence maps created to mect
these objectives, into a single table with a universal adaptable format. The aim of this
table is to facilitate the reporting of design heterogeneity, which is fundamental to
devcloping a protocol, analyzing data, and interpreting meta-analysces.

Tools

Evidence maps are used to transparently generate a clear visual depiction of complicated data,
either in the form of a diagram or a table [14]. Evidence maps have been used to set research
priorities by displaying existing research landscapes without linking study designs to study
results [14-23]. Precisely because evidence mapping seeks to organize studies without
summarizing results, they are natural ools for assessing design heterogeneity prior to meta-
analysis. Therefore, we expanded evidence mapping methods by demonstrating their usefulness
in planning a meta-analysis. This work is guided by previously published evidence maps whose
focus was research priority setting [14-23] and the existing standards for conducting and
reporting of systematic reviews of observational research [4,24]. Evidence maps were created in
Excel (Microsoft Excel. Redmond, Washington: Microsoft, 2007); however, it is possible to
conduct the work using other database softwarc.

Definitions

In this paper, design heterogencity refers to differences across studics in socio-demographic and
health characteristics of the populations studied, methods of study exccution and data
ascertainment, and statistical approachcs as well as analyses conducted and reported.

In addition to traditional confounding variables such as age or health status, the definition of co-
variablcs when summarizing findings across multiple studics includes design featurcs.

Evidence-based mapping framework: steps for evaluating design heterogeneity

Prior to applying this three-step framework, we recommend vse of a PICO (Participants,
exposure/Intervention, Comparator, and Outcome) table to identify key research components and
to develop/clarify the research question [25], which is then followed by a systematic search for



cligible studics [4]. In order to present the cvidence-based mapping framework in a way that
other investigators can casily translate to their own rescarch questions, the next scction describes
the cach step gencrally. The details of the application of the framework to a specific cxample are
described in the subscquent scction, including the systematic scarch process.

In order to thoroughly usc this framework, we recommend at Icast three investigators: an author
to abstract data at the onsct and another to verify accuracy; and a conscnsus of experts to review
complcted maps and cvaluate aspects of design heterogencity that may importantly influcnce
mcta-analysis of the sclected studics.

Step 1. To compare the variation in definitions for the study variable, outcome, and co-variables

The goal of the first step of this framework was to understand the range of definitions for the
cxposurc variable across all included studics. For cvery study, the definition used for exposure
was abstracted, including information on the measurement tools, timing of variable collection,
and method/criteria (self-report, interviewer administered, medical or biochemical test). When
possible, the exact language used to ascertain exposure status or details of test preformed was
recorded.

A diagram (evidence map) was created to describe how definitions of the same variable related
to one another, quantitatively and qualitatively. The description of the variable definition, using
m as much as possible the original language from the publication, was summarized 1n a text box.
Text boxes were organized to group logether exposure variables with similar definitions. Like
definitions were physically grouped together in the diagram and the review investigator assigned
descriptive ‘category headings’ accordingly. The category of the exposure variable most
frequently employed across studies was placed at the top of the diagram, with other categories
arranged in order of decreasing frequency. An evaluation of whether the most frequently used
definition was indeed the most appropriate definition was not undertaken at this point in the
review process. The step should be examined later along with study quality and risk of bias.

The resulting map visually depicted patterns within the exposure definitions and was used to
preliminarily evaluate whether the collective group of studies directly addressed the review
question or addressed more than one distinct question. It also facilitated an initial assessment of
frequently occurring sub-groups of the exposure variable, which could be considered for
stratificd or scnsitivity analyses in a meta-analysis.

Step 1 was repeated for the outcome variable (with particular attention to diagnostic
mcthod/criteria) and as nceded for complicated co-variables. Co-variables included study
location/cthnicity, gender, study size, study duration, timing of participant assessments, and
basclinc population characteristics such as age, body size, or health status. Univariate statistics
(n, median, proportion, range) were uscd to describe the diversity of variable definitions
{cxposurc, outcomce, and co-variablcs) across included studics.



Step 2. To assess the design features and population characteristics associated with specific
definitions of the study variahle

The sccond step was to employ cvidence mapping strategies to assess whether specific
definitions of the exposure variable tended to aggregate with specific study design features or
population charactcristics. Evidence maps were uscd to organize categorics of the exposure
variablc tdentified in Step 1 in relation to study design features and population characteristics. In
scparate diagrams for cach catcgory of the cxposure variable, important design features and
population characteristics were listed for cach study.

Diagrams for cach catcgory of the cxposurc definition were qualitatively inspected and compared
to evaluate cmerging patterns. Particular attention was focused on differences between categories
of the exposurce variable that were identified in Step 1 as potentially not directly answering the
review question. Likewise, among exposure categories from studies directly answering the
review question, the aggregation of study design/population characteristics was used to augment
decisions from Step 1 about stratified/sensitivity analyses in a future review/meta-analysis.

Step 3. To evaluate the diversity In multivariable modeling strategies

The aim of step 3 was to cvaluate co-variables sclected for modcls by primary studics and to
facilitate the selection of an adequately adjusted model(s) for combining by meta-analysis.
Evidence-based mapping was used to visually display the patterns of co-variables adjusted for in
each model as reported by each publication. For each study, the table summarized how the
exposure variable was analyzed (e.g., continuous nieasure or categories); and tallied the number
of models from each publication and the number of covariates adjusted for in each model.

Every regression model was listed in sequential order as presented in the original research
publication and a checklist format was used to summarize co-variables adjusted for in each
model. Co-variables most frequently adjusted for in multivariable models across all studies were
listed in the map header. A check denoted inclusion of a co-variable in the model and a
superscript was added to indicate the timing of the measurement of the co-variable (e.g. BL for
baseline). Less frequently adjusted co-variables were listed in a single column of the table.

For each multivariable model, the percent change in the exposure-ouicome risk estimate from the
age-adjusted model was calculated using the following equation: (age-adjusted relative risk -
multivariable adjusted relative risk)/(age-adjusted relative risk  1). This provided a quantitative
assessment of the degree of fluctuation in the exposure-response risk estimate from the age-
adjusted value, depending on the co-variables mcluded in a model.

Frequency (n}, median, proportion, and range were used to describe across included studies the
diversity in definitions of the study variable used for analysis {e.g. how categories of exposure
were defined), number of multivariable models presented, number of co-variables adjusted for in



multivariable models, and changc in cxposurc-outcome risk estimate from the age-adjusted risk
cstimatc.

Summarization of evidence-based mapping efforts

A single table was designed to capture important findings of the detailed mapping efforts and
bridge the more practical necd to conciscly document and report design heterogencity. We
adopted a universal adaptable format that would be flexible for summarizing the large amounts
of complex data organized by cvidence maps. Using cohorts as the unit of analysis, for cach
major catcgory of cxposurc (as dctermined by Step 1) the following was summarized: the
distribution of important design and population characteristics (as determined in Step 2: n,
pereent), operationalization of the study variable in the multivariable model (Step 3. n, pereent),
the number of multivariable models presented in the original publication (Step 3: median, range),
the number of co-variables in multivariable models {Step 3: median, range), and the change in
exposure-outcome risk estimate from the age-adjusted risk estimate {Step 3: median, range).

lllustration of method using prospective observational studies of SSB and T2D

We illustrate the utility of an evidenced-based mapping framework using an example from
nutritional epidemiology: sugar-sweetened beverages (SSB) and type 2 diabetes mellitus {T2D).
This example is ideal for illustrating this framework, because studies of this relationship
characteristically have considerable variability in study design.

Selection criteria. Firstly, we identified published work for the example. We used an electronic
search strategy to identify all cohort studies of dietary sugar intake and T2D. Published research
that met the following inclusion criteria were identified for full text review: 1) a prospective
observational study (i.e., dietary sugar consumption was measured in chronologic time prior to
mecasurement of T2D); and 2) a study analyzing the risk of T2D associated with dictary sugar
intake, dictary patterns, or glycemic load/index. To address the pessibility that clectronic scarch
stratcgics might omit publications of findings not important enough (c¢.g. null findings) for
inclusion in the title, keywords, or abstract, our scarch ascertained published rescarch on dictary
patterns as well as dictary sugar intake. Additionally, we identificd reviews and mcta-analyscs of
cpidemiologic studies on this topic in order to examine their reference lists.

Systematic search. We conducted database scarches of PubMed and Scopus (inception to March
10, 2014). We limited our scarch of the PubMed database to human studics and English language
publications, and uscd the following combination of scarch terms and medical subject headings
{inception to Scptember 19, 2013 2005 titles): swectening agents, cnergy intake, calorics, caloric
intake, fructose, glucose, sucrose, monosaccharides, disaccharides, dietary carbohydrates, soda,
sugar beverage, sweetened beverage, soft drink, dietary sugar, juice, sugar intake, sugary foods,
sweets, sweet foods, carbohydrate intake, glycemic index, glycemic load, macronutrients AND
diet, dietary patterns, dietary intake AND cohort studies, incidence, follow-up, prospective
studies, meta-analysis AND Diabetes Mellitus, type 2 diabetes). We conducted a similar title,



abstract, and keyword scarch of the Scopus database (1143 titles): (dict* and sugar*) OR (dict*
and pattern*) OR soda OR juice OR (sweet® and drink*) OR (sweet™ and beverage*) OR
(sweet* and food*) and ("type 2 diabctes™). The scarch results were downloaded into Refworks
(©Proquest 2012). Titles, abstracts, and keywords of all articles were cxamined, and thosc that
continued to mect the inclusion critcria were ascertained for further full text review.,

To ensure accurate identification of eligible studies, we conducted two pilot tests of our
methodology prior to implementing the search described above. First, we assessed and revised a
search strategy after retrieval and review of citations from several years, 2010-2013. The revised
search strategy included more terms and more specific terms for dietary sugar, glycemic
load/index and energy intake. This led to a broader more inclusive search and the review of more
titles. Secondly, two authors independently reviewed a subset of citations identified by our
search strategy for eligibility (titles from 2012). Because both authors 1dentified the same articles
(inter-rater reliability = 100%), decisions regarding inclusion/exclusion reliably was based on
review of one author.

Identification and tracking of eligible publications. A flow chart tracked eligible publications
identified by the literature searches and illustrated a two-stage evaluation process {(Figure 1).

As part of the process of 1dentifying eligible cohorts we displayed how epidemiologic studies of
SSB fit into the broader field of research on dietary sugar intake and T2D. We tabulated the
cohorts that published on mcasures of dictary sugar intake (including SSB) by study size. The
number of publications and corresponding cohorts were depicted for cach definition of dictary
sugar intake, including swectened beverages and macronutrients (sucrose, fructose, & glucose).
Table 1 was bascd on the World Health Organization and the Food and Agricultural
Organization of the United Nations dcfinitions [26] of dictary sugar intake as “all
monosaccharides and disaccharides added to foods by the manufacturer, cook, or consumer;
sugars naturally present in honey, syrups and fruit juices [27].” Table 1 facilitated 1dentifying the
studies that focus on SSB as a subset of all studies on dietary sugar intake.

Data abstraction. For cligible prospective obscrvational studies of SSB and T2D, we crecated
detailed data abstraction tablcs. For cach study we abstracted data on sample size and population
characteristics {e.g. country, baseline age and body size), SSB definition and consumption at
baseline, T2D diagnosis, dietary assessment timing and tools, duration of follow-up, timing of
ascertainment of beverage consumption, variables included in multivariable models, and
statistical analyses. We present this work without linking study design features to study resulis.
We recommend this step 1n order 1o minimize in as much is possible selection bias when
planning a protocol for a subsequent meta-analysis. One author abstracted data at the onset, all
authors contributed to strategy and map designs, and another author verified the accuracy of data
abstracted at the end stage.



Step I (Map 1), Describing the range of definitions for the exposure variable, ontcome, and
co-variahles. Evidence maps were used to categorize studics bascd on the definition of the
cxposurc variable, taking into account the type of beverage, data collection instruments, and
frequency/timing of data collection. Variation in dcfinitions of T21) was cvaluated based on
critcria for diagnosis and mcthod of asccrtainment such as by a physician or sclf-rcport. Using
the study as the unit of analysis, univariate statistics (n, median, proportion, range) were used to
describe across included cohorts heterogeneity of SSB intake, T2D diagnosis, study location,
gender, study size, duration of follow-up, baseline BMI, and baseline SSB consumption.

Step 2 (Map 2), Describing design features and population characteristics associated with the
exposure across eligible cohorts. Cohorts were organized in a diagram according to category of
the sweetened beverage consumption identified in Step 1. Design and population characteristics
for cohorts falling into each beverage category were summarized. This provided an organized
lustration of whether specific definitions of SSB tended to aggregate with specific study design
features or population characieristics.

Step 3 (Map 3), Describing modeling strategies across eligible cohorts. Evidence-based
mapping visually displayed the patterns of covariates adjusted for in each model of SSB and
T2D as reported by each publication. A check denoted adjusiment for co-variables age, smoking,
physical activity, family history, alcohol intake, diet quality score, energy intake, and body mass
index. Overall and within important strata of the study varnable, diversity of multivariable
modeling strategies was described by summarizing operationalization of the SSB intake (n,
percent), the maximum number of models of SSB and T2D presented in the original publication
{median, range), the maximum number of co-variables in models (median, range), and the
maximum change in SSB-T2D risk estimate from the age-adjusted risk estimate (median, range).

Summarization of evidence-based mapping efforts (Table 2) Using cohorts as the unit of
analysis, for catcgorics defined by S5B-intake (as determined by Step 1) the following was
tabulated: the diversity of important design and population characteristics (as determined in Step
2: n, percent), operationalization of the S8B in the multivariable model (Step 3: n, pereent), the
number of multivariable modcls of SSB-T2D presented in the orginal publication (Step 3:
mcdian, range), the number of co-variables in SSB-T2D multivariable modcls (Step 3: median,
rangc), and the change in SSB-T2D risk cstimate from the age-adjusted risk estimate (Step 3:
median, rangg).



Results

Literature search and identification of eligible publications

The scarch results arc summarized in Figure 1. Briefly, a total of 3148 titles were reviewed (2005
from Pubmed & 1143 from Scopus). After duplicate removal (N=180), 2968 titles were
examined and reviewed in a two-step process. We identified 146 titles broadly on topic: a second
review revealed that 90 were prospective epidemiology studies, commentary and reviews of
sugar and T2D. Excluded were publications whose focus was not dietary sugar intake and T2D,
and case-conirol, cross-sectional and ecologic studies (N=56). Full-text review of the 90
publications identified 22 primary research publications of the relationship between dietary sugar
mtake and T2D [28-49], and one meta-analysis with previously unpubhshed data [50]. A
bibliography search of systematic reviews and meta-analyses did not identify any more
potentially eligible titles [50-52].

Table 1 summarizes 21 publications from 17 cohorts that report the relationship between the
following measures of dietary sugar intake and T2D [28-48]: category of SSB (broadly defined
including some studies which include both artificially and sugar-sweetened beverages) and
sugar-related macronutrients (total sugars, sucrose, fructose, glucose). Studies of SSB {broadly
defined) represent the majority of the published work on measurcs of dictary sugar intake, with
L5 publications from 11 cohorts, most with more than 5000 study participants. Ninc publications
from 8 cohorts analyze sugar-related macronutrients and T2D, with total sugars and sucrosc
being the most frequently asscssed. With the cxception of a Finnish study initiated prior to 1970,
all studies of macronutricnts have > 25,000 participants. A very small Swedish study assessing
cakc and biscuit consumption [49] was not summarized by Table 1.

Organizing and evaluating design heterogeneity among cohorts assessing SSB and T2D
For the assessment of design heterogeneity, we selected one publication from each cohort that
had multiple publications (n=3 cohorts). We selected the one in which SSB was either the main
study variable or the definition was the clearest. Details of unselectied publications are noted at
the bottom of Figure 1.

Step 1 (Map [}, Describing the range of definitions for the study variable, outcome, and co-
variables. Study variables and outcomes were categorized nto logical groups by definitions
reported in each of the 11 eligible cohorts (Map 1). No two cohoris define the main study
variable alike. As shown in Map 1. two defimtions of sweetened beverage consumption
emerged: (1) 3 studies used the nonspecific definition soft drinks (SD) that included both sugar
and artificially-sweetened beverages, and (2) 8§ studies restricted the definition to SSB-only.
Three distinct subgroups were identified among cohorts defining the study variable as
exclusively sugar-sweetened. The general definition “SSB, not 100% juice” includes all drinks
with added sugar (sodas, colas, other carbonated SSB, non-carbonated SSBs such as fruit
punches, lemonades or other fruit drinks). Two other SSB patterns were identified within the
remaining five cohorts based on whether they excluded beverages (SSB minus, 3 cohorts) or



included additional beverages (SSB plus, 2 cohorts) from the anchor definition (SSB, not 100%
Juice). We found that investigators more frequently excluded beverages from the anchor
definition, most broadly non-carbonated soft drinks as an cntire group or fruit drinks. Two
studics added beverages to the definition, one erange and grapcfruit juice and the other non-
alcoholic beer. This detailed characterization of the study variable identified two broad rescarch
question addressed by this series of selected studies, T2D risk associated with intake of 1) SSB-
only or 2) any SD (artificially or sugar-sweetened).

Univariatc analysis of design features and population characteristics across the 11 cohorts
revealed heterogeneity in study location (US: n=6, Europe: n=2, China/Japan: n=3}, size (> 5000
cases: n=2, 500-4999 cases: n=06, 1-499 cases: n=3), duration of follow-up (< 10 vears: n=4, 10-
L4 years: n=4, 15 or more years: n=3); mean baseline body mass index (< 24 kg/m? n=3, 24-26
kg/m?: n=4, > 26 kg/m?: n=4), ascertainment of diet (food frequency questionnaire: n=8, diet
history n=3), and frequency of diet assessment (baseline only: n=7, twice every 6 years: n=1,
every 4 years: n=3). Of the 11 cohorts, method of diagnosis was based on self-report (n=6; 3 of
the 6 were studies of health professionals), regisiry linkage (n=2), and an examination by a
health professional (n=3). We also found a relatively low consumption of S8B across the 11
cohorts with nearly half {(n=5}) reporting that 10% or fewer participants consumed one or more
servings per day.

Step 2 (Map 2), Describing design features and population characteristics associated with the
study variable across eligible cohorts. The upper portion of Map 2 compares design features and
population characteristics of cohorts defining sweetened beverage consumption as SSB-only and
SD. SSB cohorts were mainly US-based (n=6), completed dict assessments at least twice (n=4),
followed subjects for fewer than 10 years (n=4), and reported a mean body mass index (BMI) >
24 kg/m? (n=7). We identificd three levels of SSB consumption ascertained at the baseline visit
of these 8 combined cohorts: frequency of onc or more servings a day (highest consumption
group for cach study) was reported by 10% or fewer (n=2), between 11-15% (n=3) and morc
than 15% (n=2) of cohort participants.

Design and population characteristics for SD cohorts presented differently. Two of three SD
cohorts were Asian populations; the one western population was a small Finnish study that
cnrolled participants between 1967 and 1972, Mean BMI was <24 kg/m? in 2 of the 3 studics,
SD consumption was mcasured only at the bascline visit (10 to 12 ycars prior to maximum
follow-up duration), and SD consumption overall three cohorts was low. Comparison of the
study design features of cohorts assessing SSB-only with SD suggests it would not be sensible to
combine all eleven studies in a meta-analysis, rather that the main pooled analysis include the 8
SSB-only studies.

Further division of SSB cohorts into categories of SSB, SSB minus, and SSB plus uncovered
patterns according to study design, as shown in the lower portion of Map 2. Large studies of
women (Black Women’s Health Study [BWHS], Nurse’s Health Study [NHS], NHSII) with



multiple dictary assessments more narrowly detined SSB consumption as cxcluding non-
carbonated drinks (SSB, minus). The multicultural cohorts initiated to study athcrosclerosis
(Multi-Ethnic Study of Athcrosclerosis [MESA], Athcrosclerosis Risk in Community study
[ARIC]) more broadly defined SSB by including cither juice or non-alcoholic beer. Thesc
cohorts have higher bascline SSB consumption when comparcd to studics defining SSB more
narrowly. No clear pattern emerged for cohorts defining the study variable as SSB, not 100%
juice. Stratification of a meta-analysis on SSB subcategories and gender may additionally be
mmportant for understanding pooled T2D risk estimates.

We used a similar process to evaluate design heterogeneity of the cutcome definitions used in
these cohorts. While several different criteria for T2D were used in the 11 cohorts, the main
defining characteristic was whether the diagnosis was based on self-report (all included a
validation study), physical examination, or linkage 10 a registry or other health database. With
the exception of the European Investigation of Cancer (EPIC) study, which verified cases via a
registry, the larger studies (> 25,000 participants) relied on self-reported diagnoses. Three studies
conducted routine physical exams.

Step 3 (Map 3), Diversity of modeling strategies. Mullivariable models compared risk in the
highest category of consumption (quartile or quintile) to the lowest. Map 3 summarizes the
different definitions of high and low categories of sweetened beverage consumption. Among
studies of SSB-only, the highest consumption category was 1+ glasses or servings each day in 6
(of 8) cohorts and 2+ drinks or cups each day for 2 (serving sizes varied). In comparison, the
highest consumption category for 2 of 3 cohorts evaluating 8D was less than one serving per
day. Never or rare sweetened beverage consumption was the most frequently employed reference
group (7 of 11}, followed by ncver consumption (3 of 11). ARIC was the only study to include
more frequent consumption in the reference group: up to one cup of SSB per day.

Map 3 visually depicts multivariable models and the pattern of covariate adjustment across |11
cohorts. The majority of cohorts present a multivariate model adjusting for age, physical activity,
smoking, family history, alcohol intake, energy intake and BMI. Four studies adjust for a dict
quality score, although all mecasure and adjust for some aspect of dict. Many modcls further
adjust for multiplc other covariates {up to 17).

Many modcls usc different definitions to adjust for the listed co-variables and 9 of 11 adjust for
covariatcs as mecasured at bascline. For example, measures of other dictary factors ranged from
onc variablc mcasuring dictary fiber to healthy eating scorcs bascd on the entire dict (for 3
cohorts only). Likewisc body mass index 1s adjusted in many ways: as a continuous variable (3
of 11 cohorts), a catcgorical variable (5 of 11 cohorts), and as mcasured at bascline (6 of 11
cohorts).

Multivariable models adjust for between 5 and 17 co-variables which corresponded to a 46% to
95% maximum reduction from the age-adjusted model in T2D risk associated with SSB-only



intake (Map 3). Change 1n the risk estimate was most pronounced among the large cohorts of US
women using sugar-swecetened carbonated beverages as the study variable: reductions were as
large as 95% in the BWIIS, 61% in the NS, and 67% in the NIISIL Change in risk ¢stimatcs
with addition of co-variablcs was lcss pronounced among SD cohorts {range, 2-26%).

Summarization of evidence-based mapping efforts. Tablc 2 conciscly summarizes the
considerable amount of variability in study design, population characteristics, and statistical
analysis among the 11 cohorts of sweetened beverages and T2D. This table represents a proto-
type for a universal table on study design heterogencity summarizing key design featurcs
uncovered by detailed evidence-based mapping efforts. The results in Table 2 are presented
stratified by SSB-only and SD to display the association of different definitions of the study
variable with specific design and population characteristics. In addition, Table 2 highlights
diversily in statistical analysis overall and between definitions ot sweetened beverage
consumption.



Discussion

This evidence-based mapping strategy aims to improve the assessment and reporting of design
heterogencity prior to meta-analysis of cpidemiologic studies. The framework described herein is
uscful for all study designs, but particularly for observational cpidemiologic studics, which arc
complex and rich in important dctail. If studics arc found to be similar cnough to combine via
mcta-analysis, this framework is uscful for evaluating diversity in study designs, including
statistical mcthods; facilitating the logical catcgorization of studics for stratificd and sensitivity
analyscs when designing a protocol for meta-analysis; developing tools for model sclection in
meta-analysis of observational studies reporting multiple multivariable models; and designing a
table for reporting heterogeneity across eligible studies in a meta-analysis.

Evidence maps are ideal tools for characterizing heterogeneity prior to a meta-analysis.
Previously they have been used for research priority setting by the Cochrane Collaboration [53]
and other organizations such as the Agency for Healthcare Research and Quality [54-56]. In
addition to organizing a complex body of research, another defining feature of evidence mapping
18 that the mapping of study characteristics is undertaken without linking to study results [15].
Although we used prospective observational studies of SSB and T2D to explain our approach,
the framework is robust and this strategy can be applied 1o other exposure-disease relationships
and epidemiologic study types.

The logical grouping of studies on key design featlures using evidence maps suggesied variables
appropriate for stratified or sensitivity analyses, which 1s particularly useful when preparing a
protocol for meta-analysis. Using SSB and T2D as an example, we found considerable
variability in the definition and methods of collection of the exposure variable (sweetened
beverages). Most notable is the inclusion of artificially-sweetened beverages in the definition in
3 of 11 cohorts. Consequently two broad research questions are addressed by this series of
sclected studies: T2D risk associated with intake of 1) SSB-only and 2) any soft drink
{artificially or sugar-swectened). Diversity in the definition of the exposure variable may be duc
to a combination of factors, including availability of data from the dictary assessment tool, the
definition uscd by the study investigators, or the level of detail provided in the publication.
Improving the interpretability of meta-analyses will require investigators of primary studics, in
as much as possible, to define variables, conduct analyscs, and report findings with an cye
towards how their results may be compared to or possibly combined with other studies in the
future.

Sclection of statistical modcls by the study investigators from the primary publication and by a
review investigator for a meta-analysis influences the final outcome of a pooled analysis of
observational studies. This particular bias, called selective analysis reporting, has recently been
discussed as a major concern for meta-analysis of observational studies [57]. Therefore, we also
sought to summarize the diversity in statistical niodeling techniques. Cohorts of SSB and T2D
reporied up to 8 multivariable models adjusting for a large number of co-variables and resulting

14



in a 2-95% reduction in risk of T2D associated with sweetened beverage consumption in fully
adjusted relative to minimally adjusted models. In other words, in many studies adjustment for
co-variablcs explained some to all of the association between SSB and T2D. Covariate sclection
and modcling strategics require carcful considcration in the final interpretation of a pooled
analysis of SSB and T2D. Evidence maps can help provide the tools nceessary for this task.

When undertaking systematic reviews and meta-analyscs of cohorts, carcful consideration of the
limitations of the obscrvational naturc inherent in the study design is necessary. Unlike
experimental studics, in which the study variable 1s an investigator-designed intervention and
subjects are randomized to equalize the groups being compared on all factors other than the
intervention, associations from cohort studies are more prone to bias. The large fluctuation in the
risk of T2D with SSB consumption depending on the covariates adjusted for in the model
demonstrates the potential for bias intrinsic in observational studies. Consequently a single
estimate for a pooled risk from a meta-analysis of SSB and T2D may be an oversimplification of
complex data. Evidence maps can help facilitate the selection of additional models for sensitivity
analyses in a meta-analysis.

The syslematic approach described herein culminated in a prolotype for a table thal can be
employed widely for reporting design heterogeneity across eligible studies in a meta-analysis.
This table is recommended 1n addition to the classic table 1 n a systematic review (which
usually describes studies individually). A standard table summarizing design heterogeneity
across all selected studies will bring to the fore many elements necessary for interpreting the
pooled risk estimate from a meta-analysis. One example from our assessment of cohorts of SSB
and T2D 1s 7 of 11 studies measured beverage intake only once at baseline, cach using a different
dict questionnaire and following participants for T2D from 7 to 16 ycars. The ctiologically
relevant time period for mest chronic discascs, including T2D, 1s most often not known, and a
onc-time measurcment of dietary intake may not capturc intake in the rclevant time frame. This
1s a fundamental consideration when interpreting results of chronic discasc studics, including
mcta-analysis of these data.

Heterogenceity of studics can be a rcason not to perform a meta-analysis. For example, a
systematic review of whole grain foods and T2D which had intended to complete a meta-analysis
concluded a qualitative synthesis was morc appropriate for the data [58]. Other investigators
have determined that a mcta-analysis of this topic was informative [59, 60]. A tool (such as the
proposed summary table) that clearly displays design heterogeneity would be helpful in weighing
both sides of this type of debate.

Systematic reviews and mcta-analyses arc well accepted research synthesis methods that serve to
inform researchers, policy makers and, increasingly. the public of the potential causes of disease
and the extent to which disease (or preventive) interventions are effective. The efficiency of
these efforts depends largely on the quality of data from primary studies and a clear assessment
of the extent to which that data can be combined.



Conclusion

We illustrate a framework employing evidenced-based mapping to organize, cvaluate and
document design heterogeneity. This exercise culminated in a recommendation for a
standardized table format that clearly summarizes design heterogeneity of cligible studics, with
the goal of informing a protocel for meta-analysis and subscquently facilitating interpretation of
summary risk cstimatcs after quantitative synthesis. We recommend expanding the practice of
mcta-analysis of cohort studics to include a standard tablc that summarizes design heterogencity.
Addition of this tablc to reporting of meta-analysces provides the reader with more cvidencee to
interpret the summary risk estimates.

List of Abbreviations in Text

SSB = sugar-sweelened beverages; T2D = type 2 diabetes; SD = soft drinks; PICO =
participants, exposure/intervention, comparator, and outcome; BWHS = Black Women’s Health
Study; NHS = Nurse’s Health Study; MESA = Multi-Ethnic Study of Atherosclerosis; ARIC =
Atherosclerosis Risk in Community study; EPIC = European Investigation of Cancer; BMI =
body mass index.
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Figure 1. Systematic search for eligible studies of dietary sugar intake and type 2 diabetes
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dietary sugar was examined individually. We also reviewed the full text and bibliographies of swudies of sugar-sweelened beverages, juices,

sugars, macronutrients and key reviews and conunentary,
We identified 3 cohorts with multiple publications, from which we selected for this synthesis the one in which $SB was either the main

study variable or the defnition was the clearest. We identified two publications of the Health Professionals Follow-up study {HP'FS), the
one that assessed SSB as the primary study variable was selected for inclusion [34] and the other that presented analyses stratified by the

main variable, caffeine consumption, was cxcluded [35]. We sclected one of the three publications trom the Nurse’s Health Study (NHS).

Barzano and coworkers |39] reported risk separately for a onc-increment serving of sugar-sweetened colas, fruit punch, low caloric cola,
and other carbonated beverage. In a personal communication from a 2010 meta-analysis [50], Malik and coworkers report a risk estimate
for 8SB intake, but the definition was not provided nor was the analysis adjusted for age. Although not ideal, the Bhupathiraju and
coworker analysis of SSB, stratified by caffeinated and caffeine-free beverage consumption. provides a clear definition (sugar-sweetened
carbonated beverages) and analysis, and therefore was sclected for inclusion in this paper [35]. Our final exclusion was a 2013 publicatio
of EPIC-Trance [31], from which all participants were represented by an included FPIC publication [29].
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Table 1. Publications and cohorts that report the relationship between measures of dietary sugar intake and Type 2 diabetes

Macronutrients
55B - broadly ' Tutal Fructuse I

Cohorts (reference)’ defined sugars’ Sucrose Fructose Glucose & Glucose
= 25,6000 Participanis

BWHS [28] N

EPIC-AN[29, 30] 129 S0

EPIC-FR [31] ~

EPIC-NL [32] 4
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HPES [34,35] i

IWHS [36] ~ N A

IPHC [37] Y
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NHS$ |35, 39, 40| N At
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Total publications: 15 & & 5 5 ]
Total unique cohorts l‘cprcscmcd:" Ll 4 6 5 5 1

L ]

9 Publications: 8 Cohorts

1. ARIC — Atherasclerosis Risk in Communities Study, WHS — Women's Health Study (B—Black, 1-1owa), LPIC-AIL P, N, NL, FR — Europcan
Prospective Investigation of Cancer (InterAct Study, Potsdam, Nortolk, Netherlands, Urance), FMC — Finnish Mobile Clinie Heath
Examination Survey, HPFS — Health Professional's Follow up Study, Jact — study of Japancse factory workers, JPHC — Japan Public
Health Centre-based Prospective Study, MESA — Multi-Ethnic Study ol Atherosclerosis, NHS — Nurse's Health Study, SCHS —Singapore
Chinese Health Study .

2. Total sugars — disaccarides and monosacearides,

3. Total eohorts represented cnwncerates wique cohorts, Ehie of 10 countrics are represented in EPIC-AIL which overlaps with country
specilic EPI1C publications except tor Norway & Grecee.

Note: 8513 = sugar-sweetened beverages, In this map S3B was broadly defined to include studies that defined sweetened beverages as either
SSB-only or soft drinks (either sugar and artificially sweetened).



Wap 1 {Step 1), Categorizing cohorts according to the definition of the study variable, sugar-sweetened heverages

Study variable evalutated for
11 Cohorts
Definition clearly excludes Inclusion of artificiallv-sweetened
artificialfp-sweetened beverages beveruges cannot be ruled out.
Only SSB All Soft Drinks (SD)
8 Cohorts 3 Cohorts

SCTIC [42]: 8D NOS measured in glasses of
intake: mvestigatars expected hetcrogeneity of
SCrving size.

58B, Not 100% Juice (3 Cohorts) | JPNC [37]: Clolas and fruit drinks, sugar and
LPIC [29]: Sugar-swectened carbonate/sott/isotonic drinks and artificially -sweetened. Scrving size not specified.
diluted syrups: 1 glass ~ 8.8 oz serving
HPTS [34]: Sugar-swectened colas. other carbonated & non- FMC [47]: 58D, NOS: giday. No details

[ |carbonated beverages {(fruit punches, lemonades, or other finut provided. Variable only available for a subsct of
drinks). Serving size = standard glass, can. or bottle. the population.

Tfact [48]: Regular soft drinks, sugar-swectencd soda, sports drinks
cxcluding 100% juice: 1 glass ~ 230 ml.,

SSB, Minus... (3 Cohorts) |

NHS [35]: Sugar-sweetencd carbonated beverages: did not include
fruit drinks or uncarbonated SSB. Serving size — a standard glass,
can or bottle,

BWHS [28]: Regular soft drinks (not dict soda). Other fruit juices,
fortified fruit drinks and Kool-aid asscssed scparately.

scrving - 12 oz,

NHSI [41]: Coke, Pepsior oither cola with sugar, carbonated
beverage with suggr, frequency of a "common portion”.

S8R, Plus... (2 Cohoris) |

ARIC [44]: Fruit punch, non-diet soda, orange and grapefruit juice,
requency of a 1 cup (§ cz) serving

M ESA [45]: Regular solt drinks, sweetened mineral water (nol diet),
non-alcoholic beer, serving size not specilied.

Note: ARIC = Atheroscleresis Risk in Communities Study, BWIHS = Black Women's Health Study, EPIC = Faropean
Prospective Investigation of Cancer (Interact Study), FMC = Finnish Mobile Clinic Tleath Examination Survey,
HIPFFS = lHealth Professional's Follow up Study, Jfact = study of Japanese factory workers, JPHC = Japan Public Health
Centre-hased Prospective Study, MESA = Multi-FEthnic Study of Atherosclerosis, NHS = Nurse's Health Study, SCHS =Singapore
Chinese Health Study: 81 = soft drink: $8B = sugar-sweetened beverage.



Map 2 (Step 2). Sweelened beverage definitions by cohort description and methods: studies of incident type 2 diabetes

SSB, broadly defined

11 Cohorts
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Cascs (T2D): [1.684"F 2680 1707M
Maximum follow-up: 6y 20y Ty
| Beverage assessments: Once (BL) Every 4 vrs Once (BLY
Highest consumption category: > | serving'd: 8% 4.5 servings/wk to - » | serving'd: 12%
7.5/ 25%
SS B, Minus... (3 Cohorts) l
Cohort: NHS |35] BWHS [28] NHSI11 [41]
Cases (12D): 7370%% W 27135 7415 ¥
Maximum follow-up: 24 ¥ 10 v 8y
Beverage assessments: Every 4 vrs Twice: & y interval  Twice: every 4 yrs
| Highest consumption calegory: NR = | serving'd: 17% = 1 serving'd: 9.5%
Deflinition:  Sugar-sweetened  Separale analy sis Sugrr-sweel ened
carbonated beverage  lor [ruit drinks carbonat ed beverages
SSB, Plus... (2 Cohorts) |
Cuohort: ARIC [44] MES A [45]
Cases (T2D): 14374 413
Maximum follow-up: Sy 6-7y
|| Beverage assessments: Once (BL) Oncee (BL)

Highest consumption category: > | serving'd: 17% > 1 servingdd: 14%
men, 3% women
Plus: Qrange & grape- Non-alcoholic
fruit juice beer

Note: T2 diagnosed by self-report of symptoms/medication or physician diagnosis (SR}, linkage to a registry (Reg), or upon exam (Fx),
NR =not reported, BL = baseline, M = men, W = women; ARIC = Atherosclerosis Risk in Conununitics Study, BWIILS = Black Women's
Ilcalth Study. EPLC = Luropcan Prospective Investigation of Cancer (InterAct Study), FMC = Finnish Mobile Clinic Ieath Examination
Survey. LIPS = Health Professional's Follow up Study, Mact = study of Japanese factory workers, JPILC = Japan Public Health Centre-based
Prospective Study. MLESA = Multi-Ethnic Study of Atherosclerosis, NILS = Nurse's Health Study. SCLS =Singapore Chinese Ilealth

Study: SL» = soft drink. 888 = sugar-sweetened beverage.

24



§¢

Py
TUOISEDIIN DISTRO] pasn Yoty *[ £ €] DH AP 1993X0 "S[apow spavzey [euorliododd X0y posh £1104oD [y TJUDLWSSISSE JUIDFEQ U0 PISE] J[qeLIEA JUdusnlpe — ¢ (210N
Tog] sisARuR-19W ([T B Wl paniodal 22uspuodsailod 104Ine wo postg St LOEWLIOJUL [DPOUL 301 “LOY0d ¥S Yy ) 104 ‘g

ATEWLISA ASLL AU UL INEDUIUL UR s10uap ([ - PP 0 Py gy - PSRRIy apow apduns £aey e 1o [ppow pasnipe-ode oyl wony aFueys uorpodiod se paenae)
“yaundgamnl pny syuap gos i M S g ~ S S Tl [CIRK 2
2P Cums2Eew e pamesunAloed jo ones [ ~ 1 A A ~ A (s1) ¢ {(Ag—tAPTd)
SIRL-SUTAT CAS0L (TN ST daddaneliued jmioe _ S Jm._.z ._; RS .? LY Fiiz OLLL = '8A [1#]
TSN UL 10T PENIPE O -7 S|P 01 . . ”? Bt (111 PAULAIS | 11ISHN
IMBRIUL ARIIUD PUE {0 A 10 9)
1IN H J0f € [9pOW pus | [Ny 10§ pasiipe aoyuny
1opow (19 yopur ot _Eu.u,.__.m% ‘aogo0 fIaquy hs al JEi =i s I h e GG (F1) s
|z fsjeaw passasond “yzau pos oy posnlpe ) Jm”_/ Jm._./ -ah S ._7 %%E6 iy
OS[B 5-€ S[OPOW (9A 3 1d) 2ami unagadend s _T.? ‘il A _? [PAM (1)t {AQ1+<—9A 10 T9)
pue aBumio oA W 1) SHULIP HILY PAUDIdAMS , Jm”_./ -ah o ”_z LA (‘e DL | = tsA [wz]
‘IONRMPD o S1e24 10 PP $-7 S|opojy & 3 (1 PeAqULp o SHaA
~ ~ ~ S S & I3 ~ MoLS (L1rg
X BNy A A ~ 3 M I8 %78 (s1)z (ApT —
NI PAGRELAT CORG T X6 UIMIQ N 0 (1)1 easug o1 Jotd
afueys Fiam CFen | UL IBP JLO|EISN0| . LA Ty Az o1 dn afwoan
riwapoansapoy22d £y fuopuniad Ay saieioang ~ ~ S ~ A A ~ ~ tal9 (L1 ¢ dATIRMUI)
PRIUD IS - | BIILLLE "BA] POIELLIED ound A ~ “_; “_; S “_z Yobal gz
iy taag o Adeaay) wouooedar sucwaoy 8 0 (1)1 owSutams | = sa gl
[emedouagsod oy porsn(pe os|e oan £ S|apo W . PaIRUL YT PSS Futaaas | SHN
SHdAL H5S TWOS DNV IINT NOLLINIFSZA "STOVITALHE QINTLITTHS VIS 40 STIILLS
DATTOI PUE 200 EPOS P 0] PA1STURE 100y s e at s e e M [ ¥4 AR (1) F
SLp [OPO) IR KXY PUE SISEISIP AU0LYD Jm”,./ - -git g -aih 13 S 2utl (ride (L2144} [x¥]
307 Judtread ] 12w rupudysAp fuowusnd Ay A A el 1 (oye IDADM IO DIRT HA Aroyomg
10) PABTUPE A RUGLIPRE DI b 3 C SPOR . . 0 ISR pAuLAs | = assunder
NG A0S ] 1OPO puE faymaul ATIDUY 104/ PO i M I3 S i A A S Yt (F1)g (A0 +—
Xapuy Suning SYH0aE ALY ) [ " ~ . ~ M ~ TS ($1) £ eI Iug o Jotid
A0 S ENPE LN O AP0 TEGG | UL ISP S0 _ z S ”_; ”_./ S ”_7 5T | (Tily Az o1 dn aBwoan
MO B O DIUMIDNPE PUR 9RE]- 126 ] UM ~ A A A A w0} (118 DADRMIIM:) )
s50| 10 T JuSiam 104 PAIENPE 131 O [P0y S .__r ._; s .? %07 (alr
sansoup 3y tamssard poorg YS9 | Ut s .? .? A .? et l (9 g AT KA
sapraa @iy giug cog pasnipe aaynyg p apop S . ”_./ S ”_z St | ¥z pesfutaaas ¢ [rel
“ISN LU TLALYNTL 10T p2ysnipe Os|w g-7 S|9poy & 3 (1 01 YMSHULAI ¢ S4dH
1 ..,.__/. .m__/. .m__/. _m__;. .? Yol Aou 13
axeyul RIS AN PAUDBIDINS - N -gi s o L4 S 3 (L9 <—"19)
-K[Earue pue 29ml 2 A3 TonEmMp w e g 8 s e owgsseE | o lazl
“opusd 10} pomPE OS[® 210w - T S|PO __z 0 [SEN sapssed ) 1 1v-Oldd
HOHM %001 LON SHEIVHAATE CANTLALHUS ¥V D15 AINO A0 SHIGALS
(UIEIL UL 20036 JATP) SATBLICAG T3 O [INE ™ 035 Ul ISIH DWRYSurjews 28y pysalpe (C1eA0d "ou) uosedmo [{EXY]
AIER O [OYOI [V CWRy sy g ISED| Wody  [Ipop o)A 14 L0yo )
121q wonanpay v

SIAO YD INAIAQRT AadA] puE $ITRIIAIQ PIUIIIIMESARIOE JO S[IPO WL IJOBIIRAII NI W 20
q [N ] qrip T p qrF Jo s[ap 19E! m tamp

nfpe syruse) (g dng) ¢ dey



9

“uomsaniog anstHo) pasn Yo | ¢ | DHJE 1420%0 ss[apow spaezely puotiiodosd xor) pasn s110400 [y TTUDWSSISSE DUDSEY L0 PISEG d[gRLIzA TUDUnsnipr g a0y
_”Cw”_ I_f._./—ﬁur:. B1aw [V Cﬂ ® u ﬁuuu_-.urmux— UJ:J—u:Sr_fu 1100 FQ—_H—.:.- o —quﬂF_. 1Y _LO—:NFELQL:H _U—u-u:— Ur—u —_G—_QJ {mu,.n_z uﬁ_u pOh— Z

TDIWLLLISD ASLL AU UL aseD1oul ue soqousp o () - Tya1) cpapow apdwis £k e a0 (9pow pasnipe-afe oq1 woay aFueyd uonpodiod se paemage)

"2anjiey deipaed 1o s110)aad

BUTHIIE “UOTIIRIUT 190 AI015Ty aumssoad poog (Ag 119}
IASA[OY Y WNI3S 10T paisnipe Jayung © [opow agh -k 25t a5k - i i n BN [Epew iFl L 0 sapidcpl

O8I I DAL DAIIS O3 P juapiad _m.? ,.”_.r _m,? _v._.r m”_.r S .? panlpe (617 (p/& uwpaun) | £¥]
pade (eandesFosd UopusE 1ol palEn(pe s|apo ;“,; -ai. , ;U_; -gh AENS z -03y (871 safruend) A

RCHS RETS - 2 o ol 2 i | (VAN

i 3 (e

UAIoA ) 514 0 [— T8

caf ‘uft [ “ui s IS Y8l (L1 e

g 0 (DA

{Usoan ) S8 G0 Ty

s Sah oM aaf gt LTS AL kT4 IVADN

IM|L] AARDIP [ ()] ()¢

PUE 2211 "] UITLIEY A T3 “wnissudei HUIN) SIA O [T

Arnip ey uaoad tan)jon Tuomumand Ay e e s “uh 1w s woTl (L1037
40 AJ0ETY "UoRanIs0 fuoLIEIMpY Jo aansedw . gt 31 Ala1ed sa [eeg]
DUIASEY 10 PaIsRe DY) F PUR 7 SAP0IA 14 ARP AIDAD 1SOW[Y JHAT

e ou__..._,_..:n x.:.w_.. CIR) PRIRIMES
HIGL CUONAWINETOD 210D T[AAD| [RUCTIEINDRD AOf  qap “ab “ab R i e T (S0l g (A0 1—14)

paIsnpE 421N 7 [SPON MILAIATLL JO IBdA 79 . e s [T .? Yl (€117 12AaU SO T RA lT#]
FI20]BIP 2E2UTY Y CIopUsE J0] palsnipe s|apotl |1y __; 00 ()1 HHFRUTAIDS +¢-7 SHOS
AINTLTTMS A TTIVIDILILINY OGNV VDS 'SYNIHG 14085 40 STALS
s qunwy ddns g tuonEMpED Sane Shaunan) (A« T O A log]
SWINDAD ISR g “IDPURT J0) PR ISNIPR OS[R [OPOIAL -al. Al af M 011 p/AULAIDS | WEITIN

"SINSIT AY) 192 JOU PIP USTHULIOP SFEIDAIQ PAUILIIME DT UWIOAJ N[ TUTADUIDS 1EY) DJOU ST0IETTIEIAU]

g S g g g gt ~ i ol o) (zil¢
oriel diy-1sren 1S 0 (7)1
H uoEuDs ad G sy A1 Lo e . TUSLLLO Ay {Lpe—"140
10 E2INSEDUT JUT[DSRG JO] PAIEN(Pe S||BUOLITRPE  1an -al. -al AR -al. af e LG (znc pAna | o= [+F]
QAE 7 OS[IpO0 IR 104 pRIENpE S| apow |1y . . ”_7 iz ludy sapsdny g DAY
HHAE HTOHOY TWNON O FIM SNIGVIINT NOFLINIZHU STOVIIAHY GANSLTAMNS VS A0 SHIGLLS
ISIIBLIEAOI AN [NE ™ 035 Ul ISIH  DWRYSurjewms a8y pysalps ((1eA0d “ou) uosuedmo 1106 )
AR O [OYOI Y CWIR] KAy ISED| Wod)  |Ipogy a] A IH
L4 4] uon>npay v,

Spanyos [ isarageip g adL) pur SIBRIMAIN PIUIIIIMNE-JBETNE JO K[ IPOW IEBIABA AW ul o pRsnlpe syeaeae ) cpanapues (¢ dag) ¢ depy



Table 2. Design heterogencity across 11 cohorts assessing risk of type 2 diabetes, stratalied by inelusion
ol artificially-swectenced beverages in (he study variable definition

Only SSB SD
{8 Cohorts) {3 Cohorts)

Study Design and Population Characteristics n %o n Ya
Study location

LSA G 75% 0

Europe 1 13% 1 33%

Japan/China 1 13% 2 O67%
Gender

Woamen 3 38% Y

Men 25% ¢

Both men and women 3 38% 3 100%
Cases of T2D

1-499 2 25% | 33%

500-4999 4 50% 2 67%%

5000+ 2 25% 0
Duration of (ollow-up

<10y 4 50% 0

10-14 ¥ ! 13%% 3 1 00%

L5+ y 3 38%% 0
M can bascline BM [ (kge"m:)

= 24 l 13% 2 67%

24-26 4 30%, G

=26 3 3R% | 33%
Number/timing of beverage assessments

Once at baseline (study length range from 7 to 16 years) 4 50% 3 100%

Twice (6 yeusr intervals) 1 13% ¢

Every 4 years 3 38% 0
Proportion of study participantls reporting = | serving/'day

10% or fewer or low consumplion 2 25% 3 100%

Between 11-15% 3 38% 0

More than 153% 2 259 o

Not reported ! 13% o
Method of T2D diagmosis

Sclf-report with validation 4 30% 2 67%

Myircet measurcment/medical records 4 50% | 33%
Operation of study variable in mullivariable models: highesi versus lowest category of consumplion
[lighest consumption category:

2+ drinks or cups/day “HCEVIS 2 25% G

L+ glasses or servings/day 6 75% 1 33%

< | serving/day 0 2 O67%
Lowesl consumption calegory

Never 25% 1 3%

never or rarely 5 63% 2 67%

=1 cup/day **° 1 13% G
Characterization of multivariable models Range Median Range Median
No. multivariable models presented -8 4 2-4 3
M aximum no. co-variables in multivariable models' 9-17 14 14-17 15
M aximum % change in SSB-T2D risk from age-adjusted estimate 46-93% 61% 2-26% 18%

I Covariates most frequently adjusted for in multivariable medels ef the 11 cligible cohorts include physical activity (11 of [1).
smioking (11}, energy intake (1 1), BM T {10), family history (9), alcohol intake (8), cducation (5), and dict quality scorc (4).

Note: S50 = sugar-sweetened beverages and 5D = solt drinks.
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From: Susan A. Roberts

Sent; 25 Jun 2014 14:06:36 +0000

To: Collins, lanet L. {CDC/ONDIEH/NCCDPHP)

Cc: Beate Lloyd;Ryan, Kevin A. {CDC/ONDIEH/NCCDPHP);Liburd, Leandris C.
{CDC/OD/OMHHE);Karima Kendall:Galuska, Deborah A. (CDC/ONDIEH/NCCDPHP)

Subject: Re: Thank you.

Attachments: image001.jpg

Janet, thank you.

Deb, feel free to reach our to me to discuss any of this or {o learn more about our current
research efforts in this area.

Best wishes, Susan

On Jun 25, 2014, at 8:48 AM, "Collins, Janet L. (CDC/ONDIEH/NCCDPHP)" <jlcl (@icde.gov>
wrote:

Thank you so much for these resources. | am copying cur Associate Director of Science,
Deb Galuska, to help us make optimal use of these resources.
Thanks!

lanet

Janet Collins, Ph.D.

Directar, Division of Nutrition, Physical Activity, and Obesity

MNational Center for Chronic Disease Prevention and Health Promotion, CDC
770-488-6042 (w); 404-409-0522 {c); [collins@cdc.gov

From: Susan A. Roberts [mailto:surcherts@coca-cola.com]

Sent: Tuesday, June 24, 2014 10:27 PM

To: Beate Lloyd; Collins, Janat L. [CDC/CNDIEH/NCCDPHP); Ryan, Kevin A.
(CDC/ONDIEH/NCCDPHP); Liburd, Leandris €. (CDC/OD/OMHHE)

Cc: Karima Kendall

Subject: RE: Thank you.

Dear Janet, Kevin and Leandris,

I was very glad to be able to participate in the meeting by phone on Friday and also look
forward to on-going discussions with you to identify areas of potential collaboration and
information sharing.

In follow up to Beate's note below, please find attached two recent publications on LNCS
as well as a draft manuscript on heterogeneity in meta-analyses with suggested
approaches to help the non-expert better interpret the outcome statistic.

1} Low-calarie sweeteners vs water during weight loss study (Jim Hill from Univ of
Colorado and Gary Foster from Temple Univ, both former presidents of The
Ohesity Society, were the co-Pls}. As mentioned on the call, this is phase | of a two-
part study. Phase 2, the maintenance phase (additional 8 months} will be
completed by end of year. Leandris, this is the paper | sent to you on Friday. | have
also attached the editorial associated with the paper for an additional perspective.
We plan to address many of the cutstanding questions of mechanism/appetite in
future studies.

2) Metz-analysis of low-calorie sweeteners and weight — the analysis is done on both
RCTs and prospective population studies. The findings show a modest but



significant benefit of low-calorie sweeteners in weight loss and the effect is largely
driven by the beverage studies. It also provides additional support for the view
that the positive associations between diet beverages and weight in the
epidemiological studies is likely the result of reverse causality.
3) The heterogeneity methods paper. This paper has been accepted in the journal

Systematic Reviews. Therefore please treat as confidential until it is published.

| would be glad to discuss any of this further.

Best wishes, Susan

From: Beate Lloyd

Sent: Tuesday, June 24, 2014 6:35 PM

To: jeollins @cdc.gov; kir0@cdc.gov; Liburd, Leandris C. (CDC/OD/OMHHE)

Cc: Susan A. Reberts; Karima Kendall

Subject: Thank you.

Dear Janet,

| would like to thank you, Kevin and Leandris very much for taking the time to meet with

us. It was very helpful to understand your areas of focus and where we may have mutual

interests. There are clearly areas where we can work collaboratively and share insights to

advance the work in prevention of obesity and inform of the consumer of choices.

We valued getting to know you and your team better and enjoyed the rich discussion

relating to your main initiatives. Susan will be sharing with you further the work on the low

and no calorie beverage research and will follow-up as more of the data hecome publically

available, We can also forward the papers on the scientific method and interpretation of

the epidemiological studies as per our discussion and impact of heterogeneity.

It would be helpful to have another meeting in the future to follow-up on the key

discussions on methods and interventions, especially with regards to the fortification

programs and grocery channels. Thank you again very much for your interest and time.

Warmest regards,

Beate

Beate B. Lloyd PhD RD LD

Senior Director Nutrition COE

Global Scientific and Regulatary Affairs

The Caca-Caola Company

P: (404} 676-2149

C: {404) 545-3141

CONFIBDENTIALITY NOTICE

NOTICE: This message i< intended for the use of the individual or entity to which it is addressed and may contain information that is
confidential, privileged and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient,
yolu are hereby notified that any printing, copying, dissemination, distribution, disclosure or forwarding of this communication is
strictly prohibited, If you have received this communication in error, please contact the sender immediately and delete it from your
system. Thank You.









From: Beate Lloyd

Sent; 24 Jun 2014 22:38:40 +0000

To: Collins, lanet L, {CDC/ONDIEH/NCCDPHP);Ryan, Kevin A,
{CDC/ONDIEH/NCCDPHP);Liburd, Leandris C. (CDC/OD/OMHHE)

Cc: Susan A. Roberts;Karima Kendall

Subject: Thank you.

Dear Janet,

I would like to thank you, Kevin and Leandris very much for taking the time to meet with us. It was very
helpful to understand your areas of focus and where we may have mutual interests. There are clearly
areas where we can work collaboratively and share insights to advance the work in prevention of
obesity and inform of the consumer of choices.

We valued getting to know you and your team better and enjoyed the rich discussion relating to your
main initiatives. Susan will be sharing with you further the work on the low and no calorie beverage
research and will follow-up as more of the data become publically available. We can also forward the
papers an the scientific method and interpretation of the epidemiological studies as per our discussion
and impact of heterogeneity.

It would be helpful to have another meeting in the future to follow-up on the key discussions on
methods and interventions, especially with regards to the fortification programs and grocery channels.
Thank you again very much for your interest and time.

Warmest regards,

Beate

Beate B. Lloyd PhD R LD

Senior Director Nutrition COE

Glebal Scientific and Regulatory Affairs

The Coca-Cola Company

P: (404) 676-2149

C: (404) 545-3141



