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Part D. Chapter 6: Cross-Cutting Topics of Public Health
Importance

INTRODUCTION

The Dietary Guidelines for Americans, 2010 included guidance on sodium, saturated fat, and
added sugars, and the 2015 DGAC determined that a reexamination of the evidence on these
topics was necessary to evaluate whether revisions to the guidance were warranted. These topics
were considered to be of public health importance because each has been associated with
negative health outcomes when over-consumed. As the Committee considered it essential to
address these topics across two or more Subcommittees, Working Groups were formed with
representatives from the relevant Subcommittees to ensure that the topics were thoroughly
addressed in a coordinated way. Additionally, the Committee acknowledged that a potential
unintended consequence of a recommendation on added sugars might be that consumers and
manufacturers replace added sugars with low-calorie sweeteners. As a result, the Committee also
examined evidence on low-calorie sweeteners to inform statements on this topic. The updated
findings in this chapter will help inform recommendations on these topics for the 2015 Dietary
Guidelines for Americans.

Although sodium, saturated fat, and added sugars are receiving particular focus here, it is
important to consider these aspects of the diet in the context of a healthy dietary pattern. A
healthy dietary pattern has little room for sodium, saturated fat, and added sugars. That said,
these components of the diet are modifiable, and strategies at various levels of the socio-ecologic
model, ranging from policy to consumer education, can promote shifts in intake to support
healthy dietary patterns.

The sodium, saturated fat, and added sugars sections of this chapter provide introductory text
related to the topic including the rationale and approach for the Committee’s review. Because the
questions within each topic are so complementary, the DGAC choose to develop only one
implications section for each topic.

LIST OF QUESTIONS
Sodium

1. What is the relationship between sodium intake and blood pressure in adults?
2. What is the relationship between sodium intake and blood pressure in children?
3. What is the relationship between sodium intake and cardiovascular disease outcomes?
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4. What effect does the interrelationship of sodium and potassium have on blood pressure and
cardiovascular disease outcomes?

Saturated Fat

5. What is the relationship between intake of saturated fat and risk of cardiovascular disease?

Added Sugars and Low-Calorie Sweeteners

6. What is the relationship between the intake of added sugars and cardiovascular disease, body
weight/obesity, type 2 diabetes, and dental caries?

7. What is the relationship between the intake of low-calorie sweeteners and body
weight/obesity and type 2 diabetes?

METHODOLOGY

To answer the questions in this chapter, the Committee relied on existing reports, original
Nutrition Evidence Library (NEL) systematic reviews, and NEL updates. The Committee
followed the methods described in Part C. Methodology without modification to answer these
questions. Because the DGAC knew strong existing reports, systematic reviews (SRs), and meta-
analyses (MA) were available related to most of the cross-cutting questions, to prevent
duplication of efforts, the DGAC relied on these reviews in lieu of conducting original NEL
systematic reviews. In some cases, existing reviews, SRs, or MA were not available or required
updating. In these cases, NEL systematic reviews or updates were conducted. Complete
information on the NEL reviews and updates is provided at www.NEL.gov. The reader also is
directed to the original existing reports, which are referenced throughout the chapter, for
additional information.

Four questions addressed dietary sodium intake. For Question 1, the Committee used the 2013
National Heart, Lung, and Blood Institute (NHLBI) Lifestyle Interventions to Reduce
Cardiovascular Risk: Systematic Evidence Review from the Lifestyle Work Group® and the
associated American Heart Association (AHA)/ American College of Cardiology (ACC)
Guideline on Lifestyle Management to Reduce Cardiovascular Risk.? Although new studies
examining the relationship between sodium and blood pressure have been published since the
completion of the NHLBI review, including findings from the Prospective Urban Rural
Epidemiology (PURE) study,? the Committee determined the evidence presented in the SR
conducted by NHLBI, linking sodium and blood pressure, was strong and that consideration of
more recent findings would not change the conclusions. Thus, the Committee did not update the
review. For Question 2, the Committee updated the NEL systematic review on sodium and blood
pressure in children conducted by the 2010 DGAC. The data reviewed for this question by the
2010 DGAC included children, birth to age 18, and the 2015 DGAC updated the sodium review
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using the same age range. For Question 3, the Committee relied on the NHLBI systematic review
from the Lifestyle Work Group® as well as the 2013 Institute of Medicine (IOM) report, Sodium
Intake in Populations.* Additionally, because the quality and quantity of the evidence on sodium
and cardiovascular disease (CVD) that was used in the two reports is limited, the Committee
updated the sodium and CVD review using a NEL systematic review update from January 2013
to July 2014. The final question in the sodium section, Question 4, also was answered using the
recent NHLBI systematic review from the Lifestyle Work Group.! The Committee also used the
2010 10M Report on Strategies to Reduce Sodium Intake in the United States to inform the
implications statements for these questions.’

Regarding saturated fat, Question 5 was answered using the NHLBI systematic review" and
related AHA/ACC Guideline on Lifestyle Management to Reduce Cardiovascular Risk,? which
focused on randomized controlled trials (RCTs), as well as existing SRs and MA addressing this
question published in peer-reviewed literature between January 2009 and August 2014.
Particular emphasis was placed on reviews that examined the macronutrient replacement for
saturated fat.

The remaining questions in this chapter examined added sugars and low-calorie sweeteners. For
Question 6, the DGAC relied on systematic reviews commissioned by the World Health
Organization (WHO) to address body weight® and dental caries.” Additionally, to capture new
research, the Committee searched for SRs and MA published since January 2012, the completion
of the WHO reviews. Type 2 diabetes was not addressed by the WHO, and therefore, the
Committee relied on existing SRs/MA published since January 2010 to address this health
outcome. No existing SRs/MA examine added sugars and CVD, so the Committee conducted an
original NEL systematic review to address this question (see http://NEL.gov/topic.cfm?cat=3376
for complete information on this review). Question 7 on low-calorie sweeteners was answered
using existing SRs/MA published from January 2010 to August 2014. For low-calorie
sweeteners, the Committee was initially interested in the health outcomes of body weight, type 2
diabetes, CVD, and dental caries. However, existing reviews were available only for body
weight and type 2 diabetes. The Committee did not conduct an original NEL systematic review
on CVD or dental caries because of limited time and resources, and because the Committee did
not think sufficient evidence was available to address these health outcomes.

SODIUM

Introduction

From its first edition in 1980, the Dietary Guidelines for Americans consistently recommended
the public reduce dietary sodium intakes in order to prevent and treat hypertension, CVD, and
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 3
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stroke. This recommendation is based on evidence supporting a dose-dependent relationship
between sodium intake and blood pressure and observational data identifying associations
between sodium intake and blood pressure and cardiovascular outcomes. However, despite many
years of accumulating evidence and public health guidelines focused on changing individual
behavior to achieve a reduced sodium intake among Americans, consumption continues to far
exceed recommendations. The DGAC has identified dietary sodium as a nutrient of public health
concern because of overconsumption, with usual intakes for those ages 2 years and older at 3,463
mg/day.® Sodium is ubiquitous in the current U.S. food supply and multiple food categories
contribute to excessive sodium intake (see Part D. Chapter 1: Food and Nutrient Intakes, and
Health: Current Status and Trends, Figure D1.35).

Currently, 30 percent of U.S. adults have high blood pressure (see Part D. Chapter 1: Food and
Nutrient Intakes, and Health: Current Status and Trends). Furthermore, the estimated lifetime
risk of developing hypertension in the U.S. is 90%. The rate of borderline high blood pressure
(defined as a systolic or diastolic blood pressure >90th percentile but <95th percentile or blood
pressure levels >120/80 mm Hg) in youth ages 8 to 17 years is highest in those who are obese
(16.2 percent), slightly lower in those who are overweight (11 percent); and this condition is
present even in those who are normal weight (5 percent). Dietary sodium reduction can
effectively prevent and reduce high blood pressure.®** Given the long-standing awareness of
this health concern and scientific foundation for dietary treatment, the DGAC conducted a
focused review of dietary sodium and its relationship with blood pressure as well as its
relationship with CVD.

Question 1: What is the relationship between sodium intake and blood pressure
in adults?

Source of evidence: Existing reports

Conclusions

The DGAC concurs with the three conclusions from the 2013 AHA/ACC Lifestyle Guideline
that apply to adults who would benefit from blood pressure lowering.

The DGAC concurs that adults who would benefit from blood pressure lowering should “lower
sodium intake.” AHA/ACC Grade: Strong; DGAC Grade: Strong

The DGAC concurs that adults who would benefit from blood pressure lowering should
“Consume no more than 2,400 mg of sodium/day.” The report also indicates that “Further

reduction of sodium intake to 1,500 mg/d can result in even greater reduction in blood pressure”;

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 4
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and concludes that “Even without achieving these goals, reducing sodium intake by at least 1,000
mg/d lowers blood pressure.” AHA/ACC Grade: Moderate; DGAC Grade: Moderate

The DGAC concurs that adults who would benefit from blood pressure lowering should
“Combine the DASH dietary pattern with lower sodium intake.” AHA/ACC Grade: Strong;
DGAC Grade: Strong

Review of the Evidence

The 2013 AHA/ACC Lifestyle Guideline and associated NHLBI Lifestyle Report summarized
strong and consistent evidence that supports dietary sodium reduction as a means to prevent and
treat high blood pressure. The studies used to inform the conclusion to lower sodium intake were
conducted in older and younger adults, individuals with prehypertension and hypertension, men
and women, and African American and non-African American adults. The trials also
documented positive effects of sodium reduction that were independent of weight change; and
include behavioral interventions where individuals were counseled to reduce sodium, as well as
feeding studies.

The recommendation to combine the DASH dietary pattern with lower sodium is based heavily
on the results of the DASH sodium trial, which showed clinically significant lowering of blood
pressure with sodium intake of 2,400 mg/day and even lower blood pressure with sodium intake
of 1,500 mg/day. The goal of 2,400 or less mg/day was selected because it is the estimated
average urinary sodium excretion in the DASH sodium trial.

The recommendation to reduce sodium intake by 1,000 mg/day even if goals for 2,400 mg/day or
1,500 mg/day cannot be reached comes from studies where this level of sodium reduction was
beneficial for blood pressure lowering.

The differences in the evidence grade for the three conclusions related to sodium and blood
pressure in adults results from the differences in the number and power of clinical trials
supporting each recommendation. For example, a grade of “moderate” was assigned to the
second conclusion because fewer clinical trials informed the goals of 2,400 and 1,500 mg/day
than for the overall goal of sodium reduction.

For additional details on this body of evidence, visit: References 1, 2, 4 and 9 and Appendix E-
2.42

Question 2: What is the relationship between sodium intake and blood pressure
in children?

Source of evidence: Existing systematic review with a NEL systematic review update
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 5
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Conclusions

The 2015 DGAC concurs with the 2010 DGAC that “a moderate body of evidence has
documented that as sodium intake decreases, so does blood pressure in children, birth to age 18
years.” DGAC Grade: Moderate

Review of the Evidence

The 2010 DGAC conducted a systematic review to examine the relationship between sodium
intake and blood pressure in children from birth to age 18 years, examining studies published
from January 1970 to May 2009. That systematic review included 19 articles from 15
intervention studies and four prospective cohort studies.

The 2015 DGAC updated this systematic review and identified two additional articles published
since May 2009, including one RCT and one prospective cohort study.'? '3

The 2015 DGAC considered the evidence reviewed by the 2010 DGAC related to dietary sodium
intake and blood pressure in children, and determined that, based on the two new studies
identified in the updated search, changes were not warranted to the conclusion statement or
grade. In aggregate, the data reviewed by the 2010 DGAC indicated that sodium reduction
modestly lowers BP in infants and children. Neither of the two studies identified in the update
found a relationship between dietary sodium intake and blood pressure in healthy, normotensive
children.

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion statement id=250452

Question 3: What is the relationship between sodium intake and cardiovascular
disease outcomes?

Source of evidence: Existing report with a NEL systematic review update

Conclusions

The DGAC concurs with the IOM Report: Sodium Intake in Populations, which concluded that
“although the reviewed evidence on associations between sodium intake and direct health
outcomes has methodological flaws and limitations, when considered collectively, it indicates a
positive relationship between higher levels of sodium intake and risk of CVD. This evidence is
consistent with existing evidence on blood pressure as a surrogate indicator of CVD risk.” IOM
Grade: Grade not determined, outside the statement of task; DGAC Grade: Moderate

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 6


http://nel.gov/conclusion.cfm?conclusion_statement_id=250452

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

Part D. Chapter 6: Cross-Cutting Topics of Public Health Importance

The DGAC concurs with the IOM Report: Sodium Intake in Populations that “evidence from
studies on direct health outcomes is inconsistent and insufficient to conclude that lowering
sodium intakes below 2,300 mg/day either increases or decreases risk of CVD outcomes
(including stroke and CVD mortality) or all-cause mortality in the general U.S. population.”
IOM Grade: Grade not determined, outside the statement of task; DGAC Grade: Grade not
assignable

The DGAC concurs with the NHLBI Lifestyle Report, which concluded that *“a reduction in
sodium intake by approximately 1,000 mg/day reduces CVD events by about 30 percent” and
that “higher dietary sodium intake is associated with a greater risk for fatal and nonfatal stroke
and CVD.” NHLBI Strength of Evidence: Low; DGAC Grade: Limited

The DGAC concurs with the NHLBI Lifestyle Report that “evidence is not sufficient to
determine the association between sodium intake and the development of heart failure.” NHLBI
Strength of Evidence: Not assigned due to insufficient evidence; DGAC Grade: Grade not
Assignable

Review of the Evidence

The DGAC updated systematic reviews done in 2013 by the IOM* and NHLBI,* and identified
four additional articles published since 2013, all of which were prospective cohort studies.***’

Of note, the evidence reviewed for the 2013 IOM report was published between 2003 and
December 2012. The DGAC concluded that the reviewed evidence on associations between
sodium intake and direct health outcomes has methodological flaws and limitations. Specifically,
the Committee documented the small number of well-conducted studies evaluating sodium
intake and direct health outcomes; the inconsistency in findings across the published literature,
possibly due to methodological factors; the lack of comparability in sodium intake levels across
studies particularity in international studies; and the absence of strong data related to sodium
goals and direct health outcomes, not including hypertension.

The DGAC considered the conclusions reached by the IOM and NHLBI related to dietary
sodium intake and risk of CVD, and determined that the findings from the four new studies
identified in the updated search did not warrant changes to the conclusion statements. In
aggregate, the data indicate a relationship between higher sodium intake and higher risk of CVD.

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion statement id=250457

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 7


http://nel.gov/conclusion.cfm?conclusion_statement_id=250457

264
265

266
267
268

269
270
271
272
273
274
275
276
277
2178
279
280
281
282
283

284
285
286
287
288
289
290
291
292
293
294
295
296
297

298
299
300

Part D. Chapter 6: Cross-Cutting Topics of Public Health Importance

Question 4: What effect does the interrelationship of sodium and potassium have
on blood pressure and cardiovascular disease outcomes?

Source of evidence: Existing report

Conclusions

The DGAC concurs with the NHLBI Lifestyle Report that: “Evidence is not sufficient to
determine whether increasing dietary potassium intake lowers blood pressure.” NHLBI Strength
of Evidence: Not assigned due to insufficient evidence; DGAC Grade: Not Assignable

The DGAC concurs with the NHLBI Lifestyle Report that: “In observational studies with
appropriate adjustments (e.g., blood pressure, sodium intake), higher dietary potassium intake is
associated with lower risk for stroke.” NHLBI Strength of Evidence: Low; DGAC Grade:
Limited

The DGAC concurs with the NHLBI Lifestyle Report that: “Evidence is not sufficient to
determine an association between dietary potassium intake and coronary heart disease (CHD),
heart failure, and cardiovascular mortality.” NHLBI Strength of Evidence: Not assigned due to
insufficient evidence; DGAC Grade: Grade not Assignable

Review of the Evidence

The NHLBI Lifestyle Report summarized limited evidence on the relationship between
potassium intake and blood pressure, CHD, heart failure, cardiovascular mortality, or stroke.
Although it is postulated that a high ratio of sodium intake to potassium intake is a stronger risk
factor for hypertension than either factor alone, the evidence base to support this hypothesis is
insufficient for drawing definitive conclusions. Although results of epidemiologic studies
suggest that potassium consumption influences the risk of CVD, the strength of the evidence is
insufficient to draw conclusions about CHD, heart failure, or cardiovascular mortality. The
evidence is limited with regard to stroke, coming from studies with weaker designs in which
investigators were able to make appropriate statistical adjustments for potential confounders of
the relationship.

For additional details on this body of evidence, visit: References 1 and 2

Implications

The current average sodium intake in the United States is 3,478 mg/d, far exceeding
recommendations. Given the well-documented relationship between sodium intake and high
blood pressure, sodium intake should be reduced and combined with a healthful dietary pattern

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 8
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(as described in Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health
Outcomes).

The general population, ages 2 years and older, should rely on the recommendations of the IOM
Panel on Dietary Reference Intakes for Electrolytes and Water.? A tolerable upper limit was set
by the Panel at 2,300 mg/day based on evidence showing associations between high sodium
intake, high blood pressure, and subsequent risk of heart disease, stroke, and mortality. Of note,
the AHA/ACC recommendation of less than 2,400 mg/day (see conclusions for sodium question
1) is slightly different than the less than 2,300 mg/day recommended by the IOM Panel on
Dietary Reference Intakes or the 2010 Dietary Guidelines for Americans; less than 2,400 mg/day
was selected because it was the estimated average urinary sodium excretion in the DASH-
sodium trial.

Individuals who would benefit from blood pressure lowering (i.e., those with prehypertension or
hypertension), should rely on the recommendations in the 2013 AHA/ACC Lifestyle Guideline.
These include: lowering sodium intake in general; or consuming no more than 2,400 mg of
sodium/day; or lowering sodium intake to 1,500 mg per day for even greater reduction in blood
pressure; or lowering sodium intake by at least 1,000 mg per day even if the goals of 2,400 or
1,500 mg per day cannot be met.

For decades, sodium intake in the United States has exceeded recommendations in spite of
numerous national campaigns, through programs such as the NHLBI’s National High Blood
Pressure Education Program and the CDC’s State Heart Disease and Stroke Prevention Program,
focused on individual behavior change for sodium reduction. As described in Part D. Chapter 1:
Food and Nutrient Intakes, and Health: Current Status and Trends, sodium is ubiquitous in
the U.S. food supply and almost all food categories contribute to intake levels. This unique
feature of sodium makes it difficult for individuals to achieve recommended intake. As such, we
recommend that a primary emphasis be placed on policies and population-based strategies for
sodium reduction while at the same time paying attention to consumer education. Local, state,
and Federal agencies should consider a comprehensive and coordinated strategy, that includes
partnerships with the food industry, to reduce the sodium content of foods in the United States
based on the socio-ecological model highlighted in the 2015 DGAC’s conceptual model (see
Part B. Chapter 1: Introduction).

These strategies should be consistent with the recommendation described in the 2010 IOM report
on Strategies to Reduce Sodium Intake in the United States.” The primary strategy that was
recommended is that “The FDA should expeditiously initiate a process to set mandatory national
standards for the sodium content of foods”. This would include: 1) “a modification of the
generally recognized as safe (GRAS) status of salt added to processed foods in order to reduce
the salt content of the food supply in a stepwise manner”; 2) “FDA should likewise extend its

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 9
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stepwise application of the GRAS modification, adjusted as necessary, to encompass salt added
to menu items offered by restaurant/foodservice operations that are sufficiently standardized so
as to allow practical implementation”; and 3) “FDA should revisit the GRAS status of other
sodium-containing compounds as well as any food additive provisions for such compounds and
make adjustments as appropriate, consistent with changes for salt in processed foods and
restaurant/foodservice menu items.”

Population sodium reductions efforts should consider: 1) the varied technical and functional roles
that sodium plays in foods and the complexity of reducing sodium in foods; 2) the recent
accomplishments and voluntary reduction efforts by the food industry; and 3) consumer demand
for lower-sodium products. More information about strategies for reducing sodium intake in the
United States can be found in the IOM report, at http://www.iom.edu/Reports/2010/Strategies-to-
Reduce-Sodium-Intake-in-the-United-States.aspx.

Informative food labels should be used to effectively promote awareness of sodium content in
foods. Consumers would benefit from a standardized, easily understood front-of-package (FOP)
label on all food and beverage products to give clear guidance about a food’s healthfulness. An
example is the FOP label recommended by the I0M,*® which included calories, and 0 to 3
“nutritional” points for added sugars, saturated fat, and sodium. This would be integrated with
the Nutrition Facts Panel, allowing consumers to quickly and easily identify nutrients of concern
for over-consumption, in order to make healthier choices.

Public-private-community partnerships should be created to reduce sodium levels in
commercially processed and restaurant foods.

Strategies that complement policies and support consumers to make dietary behavior changes
also are needed. These include (but are not limited to): 1) nutrition services and comprehensive
lifestyle interventions by multidisciplinary teams;? 2) widely available diet planning tools that
include sodium as an area of focus; and 3) educational programs that teach adults simple recipes
that emphasize flavoring unsalted foods with spices and herbs.

Although the evidence on potassium and blood pressure is limited, the DGAC recognizes
potassium as a nutrient of concern (see Part D. Chapter 1: Food and Nutrient Intakes, and
Health: Current Status and Trends) and encourages increased potassium intake through
potassium-rich foods such as vegetables and fruits (see Table D1.7).

Interventions, preferably nonpharmacologic, are needed for children because borderline high
blood pressure occurs concomitantly with overweight, obesity, and other cardio-metabolic risk
factors (see Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and
Trends). Evidence-based strategies in clinical and public health settings need to be implemented

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 10
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and complemented by environmental approaches to reverse these high priority health problems
in children.

For blood pressure lowering and hypertension prevention, action is needed at both the individual
and population levels.

Sodium reduction in youth will require changes in their food environments and school and
community-based education on healthful eating.

School systems should adopt mandatory age-appropriate nutrition and physical activity curricula
(K-12) that incorporate the core principles of the future 2015 Dietary Guidelines.

SATURATED FAT
Introduction

The relationship between different types of dietary fats and risk of CVD has been extensively
studied in RCTs and epidemiologic studies. It is now well-established that higher intake of trans
fat from partially hydrogenated vegetable oils is associated with increased risk of CVD and thus,
should be minimized in the diet. Numerous RCTs have demonstrated that saturated fat (SFA) as
compared to mono- (MUFA) or polyunsaturated fats (PUFA) or carbohydrates increases total
and LDL cholesterol. Thus, limiting saturated fat consumption has been a longstanding dietary
recommendation to reduce risk of CVD. In particular, previous DGACs have recommended
consuming no more than 10 percent of daily calories from saturated fat.

However, recent meta-analyses of prospective observational studies did not find a significant
association between higher saturated fat intake and risk of CVD in large populations. These data
have re-ignited the debate regarding the current recommendation to limit saturated fat intake.
Therefore, the DGAC chose to conduct a focused review of published systematic reviews and
meta-analyses on saturated fat intake and CVD. A central issue in the relationship between
saturated fat and CVD is the specific macronutrients that are used to replace it because
consuming unsaturated fats versus carbohydrates in place of saturated fat can have different
effects on blood lipids and risk of CVD. Thus, the Committee’s assessment of the available
evidence puts greater emphasis on the replacement macronutrient for saturated fat.

In the United States, the top sources of foods contributing to saturated fat intake are mixed
dishes, particularly burgers and sandwiches, and snacks and sweets (see Part D. Chapter 1:
Food and Nutrient Intakes, and Health: Current Status and Trends). Although saturated fat

intake has declined in the past decades, current intake is still high at a median of 11.1 percent of
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 11
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daily calories (see Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status
and Trends). Therefore, saturated fat continues to be an area of public health concern and the
DGAC deemed it important to re-evaluate and update the knowledge base on saturated fat intake
and CVD risk.

Question 5: What is the relationship between intake of saturated fat and risk of
cardiovascular disease?

Source of evidence: Existing reports

Conclusions

Strong and consistent evidence from RCTs shows that replacing SFA with unsaturated fats,
especially PUFA, significantly reduces total and LDL cholesterol. Replacing SFA with
carbohydrates (sources not defined) also reduces total and LDL cholesterol, but significantly
increases triglycerides and reduces HDL cholesterol.

Strong and consistent evidence from RCTs and statistical modeling in prospective cohort studies
shows that replacing SFA with PUFA reduces the risk of CVD events and coronary mortality.
For every 1 percent of energy intake from SFA replaced with PUFA, incidence of CHD is
reduced by 2 to 3 percent. However, reducing total fat (replacing total fat with overall
carbohydrates) does not lower CVD risk. Consistent evidence from prospective cohort studies
shows that higher SFA intake as compared to total carbohydrates is not associated with CVD
risk. DGAC Grade: Strong

Evidence is limited regarding whether replacing SFA with MUFA confers overall CVD (or CVD
endpoint) benefits. One reason is that the main sources of MUFA in a typical American diet are
animal fat, and because of the co-occurrence of SFA and MUFA in foods makes it difficult to
tease out the independent association of MUFA with CVD. However, evidence from RCTs and
prospective studies has demonstrated benefits of plant sources of monounsaturated fats, such as
olive oil and nuts on CVD risk. DGAC Grade: Limited

Implications

Recommendations on saturated fat intake should specify replacement macronutrients and
emphasize replacing saturated fat with unsaturated fats, especially polyunsaturated fats. The
Committee recommends retaining the 10 percent upper limit for saturated fat intake. In practice,
non-hydrogenated vegetable oils that are high in unsaturated fats and relatively low in SFA (e.g.,
soybean, corn, olive, and canola oils) instead of animal fats (e.g., butter, cream, beef tallow, and
lard) or tropical oils (e.g., palm, palm kernel, and coconut oils) should be recommended as the
primary source of dietary fat. Partially hydrogenated oils containing trans fat should be avoided.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 12



457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

481
482
483
484
485
486
487
488
489
490
491
492
493
494

Part D. Chapter 6: Cross-Cutting Topics of Public Health Importance

In low-fat diets, fats are often replaced with refined carbohydrates and this is of particular
concern because such diets are generally associated with dyslipidemia (hypertriglyceridemia and
low HDL-C concentrations). Therefore, dietary advice should put the emphasis on optimizing
types of dietary fat and not reducing total fat.

When individuals reduce consumption of refined carbohydrates and added sugars, they should
not replace them with foods high in saturated fat. Instead, refined carbohydrates and added
sugars should be replaced by healthy sources of carbohydrates (e.g., whole grains, legumes,
vegetables, and fruits), and healthy sources of fats (e.g., non-hydrogenated vegetable oils that are
high unsaturated fats, and nuts/seeds). The consumption of “low-fat” or “nonfat” products with
high amounts of refined grains and added sugars should be discouraged.

Dietary recommendations on macronutrient composition for reducing CVD risk should be
dietary pattern-based emphasizing foods that characterize healthy dietary patterns (see Part D.
Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes). Individuals are
encouraged to consume dietary patterns that emphasize vegetables, fruits, whole grains, legumes,
and nuts; include low- and non-fat dairy products, poultry, seafood, non-tropical vegetable oils;
limit sodium, saturated fat, refined grains, sugar-sweetened foods and beverages, and are lower
in red and processed meats. Multiple dietary patterns can achieve these food and nutrient patterns
and are beneficial for cardiovascular health, and they should be tailored to individuals’ biological
needs and food preferences.

Review of the Evidence

The DGAC drew evidence from SRs or MA published between January 2009 and August 2014
in English in a peer-reviewed journal, which included RCTs and/or prospective cohort studies.
Participants included healthy volunteers as well as individuals at elevated chronic disease risk.
The main exposure was SFA, and the main outcomes included LDL-cholesterol (LDL-C), HDL-
cholesterol (HDL-C), triglycerides (TG), blood pressure (BP), and incidence of CVD and CHD,
CVD- and CHD-related death, myocardial infarction, or stroke. All reviews were high-quality,
with ratings ranging from 8 to 11 on AMSTAR. The Committee drew evidence on blood lipids
and blood pressure outcomes from the AHA/ACC Lifestyle Guideline and the associated NHLBI
Lifestyle Report, which included primarily RCTs on intermediate CVD risk factors. The
Committee drew evidence on CVVD endpoints and effect size estimates from seven published MA
that included one or more studies not covered in these reports.** Little evidence on the
contribution of SFA to cardiovascular risk factors in the pediatric populations was available, and
that which was published has not been systematically reviewed.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 13
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Effects of Replacing SFA on LDL-C, HDL-C, and TG

Macronutrients may affect plasma lipids and lipoproteins, which are strong predictors of CVD
risk. The NHLBI Lifestyle Report summarized evidence from three feeding trials examining
effects on LDL-C of dietary patterns with varying SFA levels: DASH (Dietary Approaches to
Stop Hypertension), DASH-Sodium, and DELTA (Dietary Effects on Lipoproteins and
Thrombogenic Activity). The results from these trials indicate that reducing total and saturated
fat led to a significant reduction in LDL cholesterol in the context of the DASH dietary pattern
and the National Cholesterol Education Program (NCEP) Step 1 diet. To estimate the effects of
replacing SFA by specific macronutrients such as carbohydrates, MUFA, or PUFA, the NHLBI
Lifestyle Report also included two MA from Mensink and Katan (n=1,672), covering the period
from 1970 to 1998 (27 controlled trials in the first MA and 60 controlled trials in the second
MA) and using the same inclusion/exclusion criteria to estimate changes in plasma lipids when
substituting dietary SFA with carbohydrates or other fat types and holding dietary cholesterol
constant.?® % Mensink and Katan found that replacing 1 percent of SFA with an equal amount of
carbohydrates, MUFA, or PUFA led to comparable LDL-C reductions: 1.2, 1.3, and 1.8 mg/dL,
respectively. Replacing 1 percent of SFA with carbohydrates, MUFA, or PUFA also lowered
HDL-C by 0.4, 1.2, and 0.2 mg/dL, respectively. Replacing 1 percent of carbohydrates by an
equal amount of MUFA or PUFA raised LDL-C by 0.3 and 0.7 mg/dL, raised HDL-C by 0.3 and
0.2 mg/dL, and lowered TG by 1.7 and 2.3 mg/dL, respectively. The 2003 MA by Mensink and
Katan®’ indicated that the ratio of total to HDL-C, a stronger predictor of CVD risk than total or
LDL cholesterol alone, did not change when SFA was replaced by carbohydrates, but the ratio
significantly decreased when SFA was replaced by unsaturated fats, especially PUFA.

In summary, strong and consistent evidence from RCTs shows that replacing SFA with
unsaturated fats, especially PUFA, significantly reduces total and LDL cholesterol. Replacing
SFA with carbohydrates also reduces total and LDL cholesterol, but significantly increases TG
and reduces HDL cholesterol. However, the evidence of beneficial effects on one risk factor does
not rule out neutral or opposite effects on unstudied risk factors. To better assess the overall
effects of intervention to reduce or modify SFA intake, studies of clinical endpoints are
summarized below.

The Relationship between Consumption of Total Fat and SFA and Risk of CVD

A MA by Skeaff et al. in 2009 included 28 U.S. and European cohorts (6,600 CHD deaths
among 280,000 participants) and found no clear relationship between total or SFA intake and
CHD events or deaths.” Similarly, Siri-Tarino et al., 2010 found that SFA intake was not
associated with risk of CHD, stroke or cardiovascular disease.?* The Siri-Tarino et al., 2010
meta-analysis included data from 347,747 participants (11,006 developed CVD) in 21 unique
studies, with 16 studies providing risk estimates for CHD and 8 studies providing data for stroke
as an endpoint. In the 2012 MA of trials to reduce or modify intake of SFA, Hooper et al. also

found no significant associations of total fat reduction with cardiovascular events or mortality.
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 14
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Consistent with these prior studies, Chowdhury et al.’s 2014 MA of total SFA also did not
specify what macronutrient substituted SFA and again found no association of dietary SFA
intake, nor of circulating SFA, with coronary disease.*® Chowdhury et al. included data from 32
observational studies (530,525 participants) of fatty acids from dietary intake, 17 observational
studies (25,721 participants) of fatty acid biomarkers, and 27 RCTs (103,052 participants) of
fatty acid supplementation.

The results described above do not explicitly specify the comparison or replacement nutrient, but
typically it consists largely of carbohydrates (sources not defined). These results suggest that
replacing SFA with carbohydrates is not associated with CVD risk. Taken together, these results
suggest that simply reducing SFA or total fat in the diet by replacing it with any type of
carbohydrates is not effective in reducing risk of CVD.

Effects of Replacing SFA with Polyunsaturated Fat or Carbohydrates on CVD Events

Hooper et al.’s 2012 Cochrane MA of trials of SFA reduction/modification found that reducing
SFA by reducing and/or modifying dietary fat reduced the risk of cardiovascular events by 14
percent (pooled RR = 0.86; 95% CI = 0.77 to 0.96, with 24 comparisons and 65,508 participants
of whom 7 percent had a cardiovascular event, 1= 50%).%* Subgroup analyses revealed this
protective effect was driven by dietary fat modification rather than reduction and was only
apparent in longer trials (2 years or more). Despite the reduction in total cardiovascular events,
there was no clear evidence of reductions in any individual outcome (total or non-fatal
myocardial infarction, stroke, cancer deaths or diagnoses, diabetes diagnoses), nor was there any
evidence that trials of reduced or modified SFA reduced cardiovascular mortality. These results
suggest that modifying dietary fat by replacing some saturated (animal) fats with plant oils and
unsaturated spreads may reduce risk of heart and vascular disease.

Emphasizing the benefits of replacement of saturated with polyunsaturated fats, Mozaffarian et
al., 2010 found in a MA of 8 trials (13,614 participants with 1,042 CHD events) that modifying
fat reduced the risk of myocardial infarction or coronary heart disease death (combined) by 19
percent (RR = 0.81; 95% CI = 0.70 to 0.95; p = 0.008), corresponding to 10 percent reduced
CHD risk (RR = 0.90; 95% CI = 0.83 to 0.97) for each 5 percent energy of increased PUFA.?
This magnitude of effect is similar to that observed in the Cochrane MA. In secondary analyses
restricted to CHD mortality events, the pooled RR was 0.80 (95% CI = 0.65 to 0.98). In
subgroup analyses, the RR was greater in magnitude in the four trials in primary prevention
populations but non-significant (24 percent reduction in CHD events) compared to a significant
reduction of 16 percent in the four trials of secondary prevention populations. Mozaffarian et al.
argue that the slightly greater risk reduction in studies of CHD events, compared with predicted
effects based on lipid changes alone, is consistent with potential additional benefits of PUFA on
other non-lipid pathways of risk, such as insulin resistance. Many of the included trials used

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 15



574
575
576
S77
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609

610
611
612
613

Part D. Chapter 6: Cross-Cutting Topics of Public Health Importance

vegetable oils containing small amounts of plant-derived n-3 PUFA in addition to omega-6
PUFA.

Consistent with the benefits of replacing SFA with PUFA for prevention of CHD shown in other
studies, Farvid et al., 2014 conducted an SR and MA of prospective cohort studies of dietary
linoleic acid (LA), which included 13 studies with 310,602 individuals and 12,479 total CHD
events (5,882 CHD deaths).?’ Farvid et al. found dietary LA intake is inversely associated with
CHD risk in a dose-response manner: when comparing the highest to the lowest category of
intake, LA was associated with a 15 percent lower risk of CHD events (pooled RR = 0.85; 95%
Cl1=0.78 10 0.92; 12=35.5%) and a 21% lower risk of CHD deaths (pooled RR = 0.79; 95% CI =
0.71 to0 0.89; 12=0.0%). A 5 percent of energy increment in LA intake replacing energy from SFA
intake was associated with a 9 percent lower risk of CHD events (RR = 0.91; 95% CI = 0.86 to
0.96) and a 13 percent lower risk of CHD deaths (RR = 0.87; 95% CI = 0.82 to 0.94). In the
meta-analysis conducted by Chowdhury et al., there was no significant association between LA
intake and CHD risk, but the analysis was based on a limited number of prospective cohort
studies.

In Jakobsen et al.’s 2009 pooled analysis of 11 cohorts (344,696 persons with 5,249 coronary
events and 2,155 coronary deaths), a 5 percent lower energy intake from SFAs and a
concomitant higher energy intake from PUFAs reduced risk of coronary events by 13 percent
(hazard ratio [HR] = 0.87; 95% CI = 0.77 to 0.97) and coronary deaths by 16 percent (hazard
ratio = 0.74; 95% CI = 0.61 to 0.89).? By contrast, a 5 percent lower energy intake from SFAs
and a concomitant higher energy intake from carbohydrates, there was a modest significant direct
association between carbohydrates and coronary events (hazard ratio = 1.07; 95% Cl = 1.01 to
1.14) and no association with coronary deaths (hazard ratio = 0.96; 95% CI = 0.82 to 1.13).
Notably, the estimated HRs for carbohydrate intake in this study could reflect high glycemic
carbohydrate intake rather than total carbohydrate, as fiber was controlled for in the analyses.
MUFA intake was not associated with CHD incidence or death.

Taken together, strong and consistent evidence from RCTs and statistical modeling in
prospective cohort studies shows that replacing SFA with PUFA reduces the risk of CVD events
and coronary mortality. For every 1 percent of energy intake from SFA replaced with PUFA,
incidence of CHD is reduced by 2 to 3 percent. The evidence is not as clear for replacement by
MUFA or replacement with carbohydrate, and likely depends on the type and source.

Methodological Issues

When individuals in natural settings reduce calories from SFA, they typically replaced them with
other macronutrients, and the type and source of the macronutrients substituting SFA determine
effects on CVD. For this reason, studies specifying the macronutrient type replacing SFA are
more informative than those examining only total SFA intake, and the strongest and most
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 16
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consistent evidence for CVD reduction is with replacement of SFA with PUFA in both RCTs
and observational studies.

The differing effects of the type and source of macronutrient substituted may be one reason for
the limited evidence regarding whether replacing SFA with MUFA confers CVD benefits and
the lack of benefit from carbohydrate substitution. The main sources of MUFA in a typical
American diet are animal fats, which could confound potential benefits of SFA-replacement with
plant-source MUFA, such as nuts and olive oil, which have demonstrated benefits on CVD risk.
To date, evidence testing replacement of SFA by MUFA from different sources is insufficient to
reach a firm conclusion. Similarly, most analyses did not distinguish between substitution of
saturated fat by different types of carbohydrates (e.g., refined carbohydrate vs. whole grains).

Of the RCTs included in this evidence summary, the intervention methods used varied from
long-term dietary counseling with good generalizability but variable compliance, to providing a
whole diet for weeks (e.g., controlled feeding studies) with maximal compliance but limited
generalizability. Though the content of the recommended or provided diet is known with greater
precision in the RCTs than in observational studies, adherence to the diet is likely variable and
could result in lack of compliance and high rates of dropout in long-term trials. Additionally,
bias may arise from the lack of blinding in non-supplement dietary intervention trials.

In prospective observational studies, misclassification of dietary fatty acid intake could bias
associations towards the null. In addition, residual confounding by other dietary and lifestyle
factors cannot be ruled out through statistical adjustment. Despite these methodological issues,
there is high consistency of the evidence from prospective cohort studies and RCTSs in supporting
the benefits of replacing saturated fat with unsaturated fats especially PUFA in reducing CVD
risk.

For additional details on this body of evidence, visit: References 1, 2, 19-25 and Appendix E-
2.43

ADDED SUGARS AND LOW-CALORIE SWEETENERS
INTRODUCTION

Added sugars are sugars that are either added during the processing of foods, or are packaged as
such, and include sugars (free, mono- and disaccharides), syrups, naturally occurring sugars that
are isolated from a whole food and concentrated so that sugar is the primary component (e.g.,
fruit juice concentrates), and other caloric sweeteners.?® Added sugars have been discussed in
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previous iterations of the Dietary Guidelines, including a key recommendation in the 2010
Dietary Guidelines to “Reduce the intake of calories from solid fats and added sugars.” The 2010
Dietary Guidelines also included guidance stating that, for most people, no more than about 5 to
15 percent of calories from solid fats and added sugars (combined) can be reasonably
accommodated in a healthy eating pattern. However, as discussed in Part D. Chapter 1: Food
and Nutrient Intakes, and Health: Current Status and Trends, the current intake of added
sugars still remains high at 268 calories, or 13.4 percent of total calories per day among the total
population ages 1 year and older.

Similar to the healthy eating patterns modeled for the 2010 DGAC, in the three healthy eating
patterns modeled for the 2015 DGAC (Healthy U.S.-style Pattern, Healthy Mediterranean-style
Pattern, and Healthy Vegetarian Pattern), a limited number of calories are available to be
consumed as added sugars (see Part D. Chapter 1: Food and Nutrient Intakes, and Health:
Current Status and Trends). As shown in Table D.6.1, the full range of these three patterns at all
calorie levels allow for 3 to 9 percent of calories from added sugars, after meeting food group
and nutrient recommendations. For the patterns appropriate for most people (1600 to 2400
calories), the range is 4 to 6 percent of calories from added sugars (or 4.5 to 9.4 teaspoons). The
total empty calorie allowance in these patterns is 8 to 19 percent of calories, and based on current
consumption patterns, 45 percent of empty calories are allocated to limits for added sugars, with
the remainder (55 percent) allocated to solid fats.
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Table D6.1. Added sugars available in the USDA Food Patterns (Healthy U.S.-Style,
Healthy Mediterranean-Style, and Healthy Vegetarian Patterns) in calories, teaspoons, and
percent of total calories per day*

CALORIE LEVEL 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

Empty calorie limits available for added sugars
(assuming 45% empty calories from added sugars and 55% from solid fat)

Healthy U.S.-style 68 50 50 54 77 122 126 158 171 180 212 275
Healthy Med-style 63 50 50 81 72 117 126 135 149 158 194 257
Healthy Vegetarian 77 77 81 81 81 131 131 158 158 158 185 234
Average 69 59 60 72 77 123 128 150 159 165 197 255
Average (tsp) 43 37 38 45 48 1.7 80 94 99 103 123 159
Healthy U.S.-style % 4% 4% 3% 4% 6% 6% T% T% 6% % 9%

Healthy Med-style 6% 4% 4% 5% 4% 6% 6% 6% 6% 6% 6% 8%
Healthy Vegetarian 8% 6% 6% 5% 5% 7% 6% 7% 6% 6% 6% 7%
Average % 5% 4% 5% 4% 6% 6% 6% 6% 6% 7% 8%

* See Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and Appendix E-3.7
for a full discussion of the food pattern modeling.

Although food pattern modeling evaluates the amount of added sugars that can be consumed
while meeting food group and nutrient needs, the DGAC also reviewed scientific literature
examining the relationship between the intake of added sugars and health to inform
recommendations. The Committee focused on the health outcomes most commonly researched
related to added sugars, specifically, body weight and risk of type 2 diabetes, CVD, and dental
caries.

As noted above, the Committee acknowledged that a potential unintended consequence of a
recommendation on added sugars might be that consumers and manufacturers replace added
sugars with low-calorie sweeteners. As a result, the Committee also examined evidence on low-
calorie sweeteners to inform statements on this topic. The Committee approached this topic
broadly, including sweeteners labeled as low-calorie sweeteners, non-caloric sweeteners, non-
nutritive sweeteners, artificial sweeteners, and diet beverages. This work is complemented by a
food safety evidence review on aspartame (see Part D. Chapter 5: Food Sustainability and
Safety). As the evidence on added sugars was considered collectively, the added sugars
conclusions are presented together below, and a similar approach was taken for low-calorie
sweeteners.
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Question 6: What is the relationship between the intake of added sugars and
cardiovascular disease, body weight/obesity, type 2 diabetes, and dental caries?

Source of evidence: CVD: NEL systematic review; Body weight/obesity, type 2 diabetes,
and dental caries: Existing reports

Conclusions

Strong and consistent evidence shows that intake of added sugars from food and/or sugar-
sweetened beverages are associated with excess body weight in children and adults. The
reduction of added sugars and sugar-sweetened beverages in the diet reduces body mass index
(BMI) in both children and adults. Comparison groups with the highest versus the lowest intakes
of added sugars in cohort studies were compatible with a recommendation to keep added sugars
intake below 10 percent of total energy intake. DGAC Grade: Strong

Strong evidence shows that higher consumption of added sugars, especially sugar-sweetened
beverages, increases the risk of type 2 diabetes among adults and this relationship is not fully
explained by body weight. DGAC Grade: Strong

Moderate evidence from prospective cohort studies indicates that higher intake of added sugars,
especially in the form of sugar-sweetened beverages, is consistently associated with increased
risk of hypertension, stroke, and CHD in adults. Observational and intervention studies indicate a
consistent relationship between higher added sugars intake and higher blood pressure and serum
triglycerides. DGAC Grade: Moderate

The DGAC concurs with the World Health Organization’s commissioned systematic review that
moderate consistent evidence supports a relationship between the amount of free sugars

intake and the development of dental caries among children and adults. Moderate evidence also
indicates that caries are lower when free sugars intake is less than 10 percent of energy intake.
DGAC Grade: Moderate

Review of the Evidence

Added Sugars and Body Weight/Obesity

These findings come from three recent reports, all using SRs and MA that examined the
relationship between the intake of added sugars and measures of body weight.® > * Te Morenga
et al.® considered “free sugars,” * while Malik® and Kaiser et al.*® focused on sugar-sweetened

* Free sugar is defined by WHO as "all monosaccharides and disaccharides added to foods by the manufacturer, cook, or consumer, plus sugars
naturally present in honey, syrups, and fruit juices.” It is used to distinguish between the sugars that are naturally present in fully unrefined
carbohydrates such as brown rice, whole wheat pasta, and fruit and those sugars (or carbohydrates) that have been, to some extent, refined
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beverages. All reviews reported on body weight. The Te Morenga report also reported on body
fatness. In the Te Morenga et al. study, 30 trials and 38 cohort studies were included in the
analyses. In the Malik et al. study, 10 trials and 22 cohort studies were included in the analyses.
Kaiser et al. provided an updated meta-analysis to a previous publication (Mattes®) and included
a total of 18 trials. In total, 92 articles were considered in these reviews, of which 21 were
included in two or more reviews. Children and adults were included in the analyses as were
females and males. Diverse demographics (race/ethnicity and geographic location) also were
represented by the participants in the respective research studies. All three reviews were high-
quality, with ratings of 11 out of 11 using the AMSTAR tool, and they specifically addressed the
Committee’s question of interest.

The reviews by Malik et al. and Te Morenga et al. were very consistent. The findings from both
reports provide strong evidence that among free-living people consuming ad libitum diets, the
intake of added sugars or sugar-sweetened beverages is associated with unfavorable weight
status in children and adults. Increased added sugars intake is associated with weight gain;
decreased added sugars intake is associated with decreased body weight. Although a dose
response cannot be determined at this time, the data analyzed by Te Morenga et al. support
limiting added sugars to no more than 10 percent of daily total energy intake based on lowest
versus highest intakes from prospective cohort studies. Te Morenga et al. state that, “despite
significant heterogeneity in one meta-analysis and potential bias in some trials, sensitivity
analyses showed that the trends were consistent and associations remained after these studies
were excluded.” Despite these limitations the DGAC gave this evidence a grade of Strong, as
the limitations are those inherent to the primary research on which they are based, notably
inadequacy of dietary intake data and variations in the nature and quality of the dietary
interventions.

The Kaiser et al. review concluded that the currently available randomized evidence for the
effects of reducing sugar-sweetened beverage intake on obesity is equivocal. However, the
DGAC noted methodological issues with this review, particularly the inclusion of both efficacy
studies (in more controlled settings) and effectiveness studies (in real world). The outcomes
from the effectiveness trials vary substantially, depending how effective the interventions are. As
a result, the Committee viewed the reviews by Te Morenga et al. and Malik et al. to be stronger
than the Kaiser et al. review.

Added Sugars and Type 2 Diabetes

Evidence for this question and conclusion came from five SRs and MA published between
January 2010 and August 2014.%3" Four of the reviews focused on sugar-sweetened

(normally by humans but sometimes by animals, such as the free sugars present in honey). They are referred to as "sugars" since they cover
multiple chemical forms, including sucrose, glucose, fructose, dextrose, and others.%?
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beverages®*>**" and one review examined sugar intake.*®* Combined, a total of 17 articles were

considered in these reviews, of which nine were included in two or more reviews. Increased
consumption of sugar-sweetened beverages was consistently associated with increased risk of
type 2 diabetes. Pooled estimated relative risks ranged from 1.20 to 1.28, and included 1.20 (95%
Cl = 1.12 to 1.29)/330 ml/day of sugar-sweetened soft drinks;**1.26 (95% CI = 1.12 to 1.41) for
sugar-sweetened beverages,* and 1.28 (95% CI = 1.04 to 1.59) for sugar-sweetened fruit
juices.®” Comparably, a hazard ratio of 1.29 (1.02, 1.63) was identified for sugar-sweetened
beverages.®* These consistently positive associations between sugar-sweetened beverages and
type 2 diabetes were attenuated, but still existed, after adjustment for BMI, suggesting that body
weight only partly explains the deleterious effects of sugar-sweetened beverages on type 2
diabetes. Although the studies were highly heterogeneous, findings from the MA by Malik et al.
tentatively showed that consumption of more than one 12-ounce serving per day of sugar-
sweetened beverage increased the risk of developing type 2 diabetes by 26 percent, compared to
consuming less than one serving per month. Insufficient high-quality data are available to
determine a dose-response line or curve between sugar-sweetened beverage consumption and
type 2 diabetes risk.

The issue of generalizability, whether the participants included in this body of evidence are
representative of the general U.S. population, was not specifically addressed in the literature
reviewed, but the large sample sizes of the pooled data (several hundred thousand subjects from
different populations) are noteworthy.

Added Sugars and Cardiovascular Disease

This NEL systematic review included 23 articles published since 2000 that examined the
relationship between added sugars and risk of CVD or CVD risk factors such as blood lipids and
blood pressure.**®° This literature included 11 intervention studies and 12 prospective cohort
studies.

The majority of intervention and observational studies included in this SR provide some
evidence among adults in support of an association between higher intake of added sugars,
especially in the form of sugar-sweetened beverages, and higher risk of CVD or increased CVD
risk factors. More consistent associations were seen between added sugars and elevated serum
triglycerides, blood pressure, and increased risk of hypertension, stroke, or CHD. Evidence for
associations between added sugars and dyslipidemia (i.e., low HDL, high LDL, and high total
cholesterol) was not as consistent, especially among intervention studies.

The body of evidence examined in this SR had a number of limitations. For example, the
intervention studies had extensive heterogeneity in terms of the types and forms of sugars used
(i.e., fructose, glucose, sucrose, sugar-sweetened beverages, sweetened milk) and the type of
control and/or isocaloric condition used. In addition, most intervention studies had a short
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 22
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duration of the intervention and a small sample size. Most of the observational studies assessed
dietary intake only at baseline, and did not take assessments during follow-up. Residual
confounding by other dietary and lifestyle factors in observational analyses could not be
completely ruled out.

Added Sugars and Dental Caries

These findings were extracted from a World Health Organization (WHO)-commissioned SR by
Moynihan et al. published in 2014 examining the association between the amount of sugars
intake and dental caries.” The search for SRs/MA published since completion of the WHO
review did not yield any additional reviews that met the DGAC’s inclusion criteria.

Moynihan et al. examined total sugars, free sugars, added sugars, sucrose, and non-milk extrinsic
(NME) sugars. In the review, eligible studies reported the absolute amount of sugars. Dental
caries outcomes included caries prevalence, incidence and/or severity.

Several databases were searched from 1950 through 2011. From 5,990 papers identified, 55
studies (from 65 papers) were eligible, including 3 interventions, 8 cohort studies, 20 population
studies, and 24 cross-sectional studies. No RCTs were included. Data variability limited the
ability to conduct meta-analysis. Of the 55 studies included in the review, the majority were in
children and only four studies were conducted in adults. The terminology used for reporting
sugars varied, but most were described as pertaining to free sugars or added sugars.

The findings indicated consistent evidence of moderate quality supporting a relationship between
the amount of sugars consumed and dental caries development across age groups. Of the studies,
42 out of 50 studies in children and five out of five in adults reported at least one result for an
association between sugars intake with increased caries. Moderate evidence also showed that
caries incidence is lower when free sugars intake is less than 10 percent of energy intake. When a
less than 5 percent energy intake cutoff was used, a significant relationship between sugars and
caries was observed, but the evidence was judged to be of very low quality. Although meta-
analysis was limited, analysis of existing data indicated a large effect size (e.g., Standardized
Mean Difference for Decayed/Missing/Filled Teeth [DMFT] = 0.82 [CI = 0.67-0.97]) for the
relationship of sugars intake and risk of dental caries. A strength of the in-depth SR was the
consistency of data, despite methodological weaknesses in many studies, which included unclear
definitions of endpoints, questions about outcomes ascertainment, and lack of clarity about the
generalizability of individual study results given the study populations used.

For additional details on this body of evidence, visit: References 6, 7, 29, 30, 33-37, and 38-60
and Appendices E-2.44 (body weight), E-2.45 (type 2 diabetes), E-2.46 (dental caries), and
http://NEL.gov/topic.cfm?cat=3376 (CVD)
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Question 7: What is the relationship between the intake of low-calorie sweeteners
and body weight/obesity and type 2 diabetes?

Source of evidence: Existing reports

Conclusions

Moderate and generally consistent evidence from short-term RCTs conducted in adults and
children supports that replacing sugar-containing sweeteners with low-calorie sweeteners
reduces calorie intake, body weight, and adiposity. DGAC Grade: Moderate

Long-term observational studies conducted in children and adults provide inconsistent evidence
of an association between low-calorie sweeteners and body weight as compared to sugar-
containing sweeteners. DGAC Grade: Limited

Long-term observational studies conducted in adults provide inconsistent evidence of an
association between low-calorie sweeteners and risk of type 2 diabetes. DGAC Grade: Limited

Review of the Evidence

Low-Calorie Sweeteners and Body Weight/Obesity

The evidence to support these conclusions comes from three SRs/MA published between January
2010 and August 2014.°% In total, 39 articles were considered in these reviews, of which six
were included in two or more reviews. Experimentally, the protocols described in the 39 articles
included RCTs and prospective cohort studies. Although results from both experimental designs
were carefully assessed, the DCAC deemed evidence from RCTSs to be scientifically stronger and
used it as the foundation for conclusions pertaining to body weight.

Among prospective cohort studies, low-calorie sweetener intake was not associated with body
weight or fat mass, but was significantly associated with slightly higher BMI (0.03; 95% CI =
0.01 to 0.06).%? These findings should be viewed with caution, however, because of the high risk
of reverse causality and the possibility that people with higher body weights would consume
more low-calorie sweetener-containing foods and beverages as a weight-control strategy.

Evidence from short-term RCTSs consistently indicated that low-calorie sweeteners (vs. sugar-
containing foods and beverages) modestly reduce body weight in adults. When evidence from
adults and children were combined, low-calorie sweeteners modestly reduced BMI, fat mass, and
waist circumference. The primary research articles used by Miller and Perez for the MA
contained findings from both adults (n=5 cohorts) and children (n=4 cohorts).®® The results of
interventions lasting 3 to 78 weeks indicated that low-calorie sweeteners reduced body weight in
adults (-0.72 kg; 95% CI = -1.15 to -0.30) and children (-1.06 kg; 95% CI = -1.17 to -0.56). Age-
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specific results were not provided for BMI, fat mass, or waist circumference, but data from both
age groups were pooled to show the impact of low-calorie sweeteners vs. sugar-containing
foods/beverages on these outcomes.

In contrast, Brown et al. summarized that very limited evidence from three short-term (12 to 25
week) RCTs, which suggested that consumption of low-calorie sweeteners does not influence
body weight or BMI in predominantly pre-teenage and teenage youth (ages 10 to 21 years),
compared to sugar-sweetened beverage or placebo.®* The authors cautioned that insufficient data
exist to assess causality of low-calorie sweeteners on body weight. The evidence reported in this
2010 publication was obtained from very heterogeneous experimental designs and interventions.
One study tested the effects of encapsulated aspartame vs. placebo during weight loss; another
allowed subjects to exchange sugar-sweetened beverages with either low-calorie sweetener
beverages or water (precluding assessment of low-calorie sweetener beverages specifically); and
a third was described as a “pilot study.”

Collectively, evidence is mixed on the impact of low-calorie sweeteners vs. sugar-containing
foods/beverages on body weight in children. However, the DGAC deemed evidence presented by
Miller and Perez® to be stronger than from Brown et al.®* because it culminated from a larger,
more recent research base and include both systematic review and meta-analysis assessment and
evaluation techniques.

Low-Calorie Sweeteners and Type 2 Diabetes

Evidence to address the impact of low-calorie sweeteners (specifically artificially sweetened soft
drinks, ASSD) on risk of type 2 diabetes comes from two SRs/MA published between January
2010 and August 2014.%* % The data from one of the reviews also is represented in the second
review.

Greenwood et al. reported that higher consumption of ASSD predicts increased risk of type 2
diabetes.®® The summary RR for ASSD on type 2 diabetes risk was 1.13 (95% CI = 1.02 to 1.25,
p<0.02) per 330 ml/day, based on four analyses from three prospective observational studies.
Although the finding indicates a positive association between ASSD and type 2 diabetes risk, the
trend was not consistent and may indicate an alternative explanation, such as confounding by
lifestyle factors or reverse causality (e.g., individuals with higher BMI at baseline may use
ASSD as a means to control weight).

Romaguera et al. also reported that higher consumption of ASSD was associated with increased
risk of type 2 diabetes.>* In adjusted models, one 336 g (12 0z) daily increment in ASSD
consumption was associated with a hazard ratio for type 2 diabetes of 1.52 (95% CI = 1.26 to
1.83). High consumers of ASSD showed almost twice the hazard ratio of developing type 2
diabetes compared with low consumers (adjusted HR = 1.93; 95% CI = 1.47 to 2.54; p for trend
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<0.0001). However, the association was attenuated and became statistically not significant when
BMI was included in the model (HR =1.13, 95% CI = 0.85 to 1.52; p for trend = 0.24). The
authors offered these interpretations of the findings: “In light of these findings, we have two
possible explanations of the association between artificially sweetened soft drinks and diabetes:
(1) the observed association is driven by reverse causality and residual confounding, given that
the underlying health of people consuming artificially sweetened soft drinks may be
compromised and their risk of type 2 diabetes increased; or (2) the association between
artificially sweetened soft drinks and type 2 diabetes is mediated through increased BMI.” The
authors argued that explanation 1 is more likely correct based on reverse causality, but new
research would be needed to clarify the issue.

Collectively, both studies report a positive association between ASSD and type 2 diabetes risk
that was confounded by baseline BMI. The experimental designs of the studies included in these
reviews analyzed associations, but precluded the assessment of cause and effect relationships,
and future experimental studies should examine the relationship between ASSD and biomarkers
of insulin resistance and other diabetes biomarkers.

For additional details on this body of evidence, visit: References 33, 34, and 61-63 and
Appendices E-2.47 (body weight) and E-2.48 (type 2 diabetes)

Implications

Obesity, type 2 diabetes, CVD, and dental caries are major public health concerns. Added sugars
intake negatively impacts all of these conditions, and strong evidence supports reducing added
sugars intake to reduce health risks. Added sugars are frequently used in food/beverage
processing and provide calories but no other nutrients. Since 39 percent of added sugars are from
sugar-sweetened beverages, efforts are needed to reduce these beverages (see Figure D1.36.
Food Sources of Added Sugars). Currently, the mean intake of added sugars in the U.S.
population is 13%, and from 15% to 17% in children 9 and older, adolescents, and young adults.

The DGAC recommends limiting added sugars to a maximum of 10% of total daily caloric
intake. This recommendation is supported by: 1) the food pattern modeling analysis conducted
by the 2015 DGAC and 2) the scientific evidence review on added sugars and chronic disease
risk conducted by the Committee. The food pattern analysis, based on the Healthy U.S.-Style
Pattern, the Healthy Vegetarian Pattern, and the Healthy Mediterranean-Style Pattern (see Part
D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and
Appendix E-3.7), demonstrates that when added sugars in foods and beverages exceeds 3% to
9% of total calories, depending on calorie level, a healthful food pattern may be difficult to
achieve and nutrient density may be adversely affected (Table D6.1). The scientific evidence on
added sugars and chronic disease risk also supports this limit.
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The recommendation to limit added sugars, especially sugar-sweetened beverages, is consistent
with recommendations from national and international organizations including the American
Academy of Pediatrics, World Health Organization, American Heart Association, Centers for
Disease Control and Prevention, and the American Diabetes Association (Table D6.2).

When low-calorie sweeteners are used to replace sugar, the resulting reduction in calories can
help to achieve short-term weight loss. However, there is insufficient evidence (due to a paucity
of data) to recommend the use of low-calorie sweeteners as a strategy for long-term weight loss
and weight maintenance. Since the long-term effects of low-calorie sweeteners are still uncertain,
those sweeteners should not be recommended for use as a primary replacement/substitute for
added sugars in foods and beverages.

Policies and programs at local, state, and national levels in both the private sector and public
sector are necessary to support efforts to lower added sugars in beverages and foods and to limit
availability of sugar-sweetened beverages and snacks. Suggested specific approaches for
reducing added sugars intake include:

e Water is the preferred beverage choice. Strategies are needed to encourage the US
population, especially children and adolescents, to drink water when they are thirsty. Water
provides a healthy, low-cost, zero-calorie beverage option. Free, readily accessible, safe
water should be available in public settings, as well as child care facilities, schools, worksites
and other community places and promoted in all settings where beverages are offered.

e The Nutrition Facts Panel (NFP) should include added sugars (in grams and teaspoons) and
include a percent daily value, to assist consumers in making informed dietary decisions by
identifying the amount of added sugars in foods and beverages.

e Consumers would benefit from a standardized, easily understood front-of-package (FOP)
label on all food and beverage products to give clear guidance about a food’s healthfulness.
An example is the FOP label recommended by the IOM,*® which included calories, and 0 to 3
“nutritional” points for added sugars, saturated fat, and sodium. This would be integrated
with the NFP, allowing consumers to quickly and easily identify nutrients of concern for
over-consumption, in order to make healthier choices.

e Economic and pricing approaches, using incentives and disincentives should be explored to
promote the purchase of healthier foods and beverages. For example, higher sugar-sweetened
beverage taxes may encourage consumers to reduce sugar-sweetened beverage consumption.
Using the revenues from the higher sugar-sweetened beverage taxes for nutrition health
promotion efforts or to subsidize fruits and vegetables could have public health benefits.
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Efforts to reduce added sugars in foods and sugar-sweetened beverages in school meals and
through the new smart snacks in schools should continue and also be expanded to other
settings, including early child care (through the Child and Adult Care Food Program-
CACEFP), parks, recreation centers, sports leagues, after school programs, work sites and
other community settings.

Policies that limit exposure and marketing of foods and beverages high in added sugars to
young children, youth and adolescents are needed as dietary preferences are established early
in life.

Young adults (ages 20-29 years) are among the greatest consumers of sugar-sweetened
beverages and are directly targeted in sugar-sweetened beverage marketing campaigns.
Health promotion efforts and policies are needed to reduce sugar-sweetened beverages in
settings, such as postsecondary institutions and worksites.

Policy changes within the federal Supplemental Nutrition Assistance Program (SNAP),
similar to policies in place for the WIC program, should be considered to encourage purchase
of healthier options, including foods and beverages low in added sugars. Pilot studies using
incentives and restrictions should be tested and evaluated.

Public education campaigns are needed to increase the public’s awareness of the health
effects of added sugars and help consumers reduce added sugars intake and reduce intake of
sugar-sweetened beverages through policy, food environment and education initiatives.
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Table D6.2. Recommendations or statements related to added sugars or sugar-sweetened
beverages from international and national organizations

Organization

Recommendation/Statement Related to Added Sugars and/or Sugar-Sweetened
Beverages

World Health
Organization
(WHO)*

e WHO recommends reduced intake of free sugars throughout the life-course (strong
recommendation).

e In both adults and children, WHO recommends that intake of free sugars not to exceed 10% of total
energy (strong recommendation).

e  WHO suggests further reduction to below 5% of total energy (conditional recommendation).

American Heart
Association
(AHA)®

The AHA recommends reductions in added sugars with an upper limit of half of the discretionary calorie
allowance that can be accommodated within the appropriate energy intake level needed for a person to
achieve or maintain a healthy weight based on the USDA food intake patterns. Most American women
should eat or drink no more than 100 calories per day from added sugars (about 6 teaspoons), and most
American men should eat or drink no more than 150 calories per day from added sugars (about 9
teaspoons).

HealthyPeople
2020%

Objective NWS-17.2: Reduce consumption of calories from added sugars (Target: 10.8%)

American Academy
of Pediatrics
(AAP)67-69

Limit consumption of sugar-sweetened beverages (consistent evidence)
Pediatricians should work to eliminate sweetened drinks in schools

Note: Due to limited studies in children, the American Academy of Pediatrics (AAP) has no official
recommendations regarding the use of non-caloric sweeteners.

American Diabetes
Association
(ADA)70, 71

Prevention

Research has shown that drinking sugary drinks is linked to type 2 diabetes, and the American Diabetes
Association recommends that people limit their intake of sugar-sweetened beverages to help prevent
diabetes.

Diabetes Management

People with diabetes should limit or avoid intake of sugar-sweetened beverages (from any caloric
sweetener including high fructose corn syrup and sucrose) to reduce risk for weight gain and worsening
of cardiometabolic risk profile. (Evidence rating B)

NHLBI Expert
Panel Guidelines for
Cardiovascular
Health and Risk
Reduction in
Childhood

Reduced intake of sugar-sweetened beverages is associated with decreased obesity measures (Grade B).
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CHAPTER SUMMARY

The DGAC encourages the consumption of healthy dietary patterns that are low in saturated fat,
added sugars, and sodium. The conclusions in this chapter complement the findings from Part D.
Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and Part D.
Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes. The goals for the
general population are: less than 2,300 mg dietary sodium per day (or age-appropriate Dietary
Reference Intake amount), less than 10 percent of total calories from saturated fat per day, and a
maximum of 10 percent of total calories from added sugars per day.

Sodium, saturated fat, and added sugars are not intended to be reduced in isolation, but as a part
of a healthy dietary pattern. Rather than focusing purely on reduction, emphasis should be placed
on replacement and shifts in food intake and eating patterns. Sources of saturated fat should be
replaced with unsaturated fat, particularly polyunsaturated fatty acids. Similarly, added sugars
should be reduced in the diet and not replaced with low-calorie sweeteners, but rather with
healthy options, such as water in place of sugar-sweetened beverages. For sodium, emphasis
should be placed on expanding industry efforts to reduce the sodium content of foods and
helping consumers understand how to flavor unsalted foods with spices and herbs.

Achieving reductions in sodium, saturated fat, and added sugars, can all be accomplished and are
more attainable by eating a healthy dietary pattern. For all three of these components of the diet,
policies and programs at local, state, and national levels in both the private and public sector are
necessary to support reduction efforts. Similarly, the Committee supports efforts in labeling and
other campaigns to increase consumer awareness and understanding of sodium, saturated fats,
and added sugars in foods and beverages. The Committee encourages the food industry to
continue reformulating and making changes to certain foods to improve their nutrition profile.
Examples of such actions include lowering sodium and added sugars content, achieving better
saturated fat to polyunsaturated fat ratio, and reducing portion sizes in retail settings (restaurants,
food outlets, and public venues, such as professional sports stadiums and arenas). The
Committee also encourages the food industry to market these improved products to consumers.

NEEDS FOR FUTURE RESEARCH

1. Design and conduct studies with sufficient power to define the impact of improving dietary
quality, including the lowering of dietary sodium intake, on hypertension and relevant
disease outcomes, including cardiovascular disease, stroke, peripheral vascular disease,
kidney disease, and others. The interactions with patterns of therapeutic medication use (e.g.,
diuretics, antihypertensives, and lipid-lowering) should be considered.
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Rationale: The current literature is incomplete, limited in power and durations, and often
compromised by methodological challenges that must be addressed in well-designed studies
with relevant clinical outcomes.

. Assess the accuracy of 24-hour urine collections for sodium assessment in populations with

different health conditions (e.g., diabetes, chronic kidney disease, heart failure,
cardiovascular disease) and interactions with different patterns of medication use (e.qg.,
diuretics, antihypertensives).

Rationale: If there is systematic error in sodium assessment because individuals with various
co-morbidities who are taking medications systematically do not provide accurate urine
collections, paradoxical findings between sodium and health outcomes may be observed.

Examine the effect of behavioral interventions, with novel approaches (e.g., flavorful recipes,
cooking techniques) on adherence to dietary sodium recommendations.

Rationale: For decades, the population has exceeded dietary sodium intake
recommendations. A public health approach that results in reformulation of commercially
processed foods to lower sodium content should be the primary strategy for decreasing
sodium intake in the U.S. population. However, individual support for public health policies
will be needed to further document demand for changes in the sodium food environment. To
this end, interventions that modify individual knowledge, attitudes, and behaviors around
sodium intake should be evaluated.

Examine the effect of low sodium intake on taste preferences for sodium and healthy dietary
patterns.

Rationale: It has been argued that populations desire higher levels of sodium intake and will
inevitably revert to higher levels of sodium intakes after acute reductions in sodium intake. It
has also been argued that after six weeks of reduced sodium intake, taste preferences are
modified such that higher sodium is no longer desirable. Studies are needed to elucidate the
effects of lowering sodium intake on diet preferences.

Document the relationship between portion size and sodium intake.

Rationale: These data are needed to inform whether dietary recommendations for sodium
should be adjusted for caloric intake. It is known that the absolute amount of sodium intake is
highly correlated with caloric intake. As a result, the absolute recommended amount of
sodium is harder to achieve for a larger, high energy consuming person than for a smaller,
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low energy consuming person. The science to inform whether sodium density confers
different risk than absolute intake of sodium is limited because of methodologic limitations
in surveys where both calories and sodium intake can be calculated. Furthermore, the
existing correlation between sodium and calories may be an artifact of the current food

supply.

Determine the effects of replacement of saturated fat with different types of carbohydrates
(e.g., refined vs. whole grains) on cardiovascular disease risk.

Rationale: Most randomized controlled trials and prospective cohort studies compared
saturated fat with total carbohydrates. It is important to distinguish different types of
carbohydrates (e.g. refined vs. whole grains) in future studies.

Examine the effects that replacement of saturated fat with polyunsaturated fat vs.
monounsaturated fat has on cardiovascular disease risk.

Rationale: Most existing studies have examined the effects of substituting PUFA for
saturated fat on cardiovascular disease risk. Future studies should also examine the potential
benefits of substituting monounsaturated fat from plant sources such as olive oil and
nuts/seeds for saturated fat on cardiovascular disease risk.

Examine lipid and metabolic effects of specific oils modified to have different fatty acid
profiles (e.g. commodity soy oil [high linoleic acid] vs. high oleic soy oil).

Rationale: As more modified vegetables oils become commercially available, it is important
to assess their long-term health effects. In addition, future studies should examine lipid and
metabolic effects of plant oils that contain a mix of n-9, n-6, and n-3 fatty acids, as a
replacement for animal fat, on cardiovascular disease risk factors.

Examine the effects of saturated fat from different sources, including animal products (e.g.
butter, lard), plant (e.g., palm vs. coconut oils), and production systems (e.qg. refined
deodorized bleached vs. virgin coconut oil) on blood lipids and cardiovascular disease risk.

Rationale: Different sources of saturated fat contain different fatty acid profiles and thus,
may result in different lipid and metabolic effects. In addition, virgin and refined coconut oils
have different effects in animal models, but human data are lacking.

Conduct gene-nutrient interaction studies by measuring genetic variations in relevant genes
that will enable evaluation of effects of specific diets for individualized nutrition
recommendations.
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Rationale: Individuals with different genetic background may respond to the same dietary
intervention differently in terms of blood lipids and other cardiovascular disease risk factors.
Future studies should explore the potential role of genetic factors in modulating the effects of
fat type modification on health outcomes.

Identify sources and names of added sugars and low-calorie sweeteners used in the food
supply and quantify their consumption levels and trends in the U.S. diet.

Rationale: It is unclear whether all food and nutrient databases capture all added sugars
because: 1) added sugars have varied and inconsistent nomenclature and may not be
recognized as added sugars in nutrient analyses; and 2) many foods with added sugars have
formulations considered proprietary by the manufacturers and for this reason actual added
sugars content is difficult to obtain. Accurate assessment of added sugars in the U.S. diet is
needed to quantify the population level exposure and subsequent health risks from added
sugars. The lack of information on the various added sugars in the food supply hinders efforts
to make policy about consumption.

Conduct prospective research with strong experimental designs and multiple measurements
of the consumption of added sugars and low-calorie sweeteners on health outcomes, such as
body weight, adiposity, and clinical markers of type 2 diabetes and cardiovascular disease.

Rationale: High heterogeneity exists among published research with regard to the types and
forms of added sugars and low-calorie sweeteners-containing foods/beverages used for
interventions, which precludes assessing the effects of specific added sugars and low-calorie
sweeteners on body weight, adiposity, and cardio-metabolic health in adults and children.
Many studies use single baseline measurements of diet to reflect usual patterns and quantities
of intake over time. New research should emphasize assessments within the context of usual
dietary intakes and patterns of food and beverage consumption in free-living populations,
along with specific added sugars and low-calorie sweeteners, especially those that are
currently understudied. Large prospective studies with repeated measurements of low-calorie
sweeteners are needed to monitor their long-term effects on cancer and other health
outcomes.

Design studies that emphasize assessments of relationships between the intakes of added
sugars and low-calorie sweeteners and body weight, adiposity, and cardio-metabolic health in
diverse sub-populations who are at high risk of obesity and related morbidities.

Rationale: Insufficient evidence exists to assess the impact of added sugars and low-calorie
sweeteners contained in foods and beverages on individuals from diverse populations who
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have high risk for adverse health outcomes. These include (but not limited to) different
race/ethnicity groups; low income groups, especially those with food insecurity; groups who
live in specific geographic locations with high prevalence of obesity (e.g. inner city, rural,
and Southern regions of the United States); and age and sex groups (women, children, and
elderly adults).

Assess and improve approaches and policies to reduce the amount of added sugars in the
food and beverage supply as well as in school and community settings.

Rationale: Results from this research would assist policy makers and the private sector in
establishing sustainable approaches and policies to limit the availability and consumption of
added sugars. These approaches and policies would also be important for multi-component
strategies to improve weight control and health among people living in the United States.

Conduct consumer research to identify and test elements of a standardized, easily understood
front-of-package label.

Rationale: Research is needed to provide an evidence base to support the need and identify
critical elements of a front of package label. This is particularly important to support the
Food and Drug Administration in implementing a front-of-package labeling system.
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