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Part D. Chapter 6: Cross-Cutting Topics of Public Health 1 
Importance 2 

INTRODUCTION  3 

 4 
The Dietary Guidelines for Americans, 2010 included guidance on sodium, saturated fat, and 5 
added sugars, and the 2015 DGAC determined that a reexamination of the evidence on these 6 
topics was necessary to evaluate whether revisions to the guidance were warranted. These topics 7 
were considered to be of public health importance because each has been associated with 8 
negative health outcomes when over-consumed. As the Committee considered it essential to 9 
address these topics across two or more Subcommittees, Working Groups were formed with 10 
representatives from the relevant Subcommittees to ensure that the topics were thoroughly 11 
addressed in a coordinated way. Additionally, the Committee acknowledged that a potential 12 
unintended consequence of a recommendation on added sugars might be that consumers and 13 
manufacturers replace added sugars with low-calorie sweeteners. As a result, the Committee also 14 
examined evidence on low-calorie sweeteners to inform statements on this topic. The updated 15 
findings in this chapter will help inform recommendations on these topics for the 2015 Dietary 16 
Guidelines for Americans.  17 
 18 
Although sodium, saturated fat, and added sugars are receiving particular focus here, it is 19 
important to consider these aspects of the diet in the context of a healthy dietary pattern. A 20 
healthy dietary pattern has little room for sodium, saturated fat, and added sugars. That said, 21 
these components of the diet are modifiable, and strategies at various levels of the socio-ecologic 22 
model, ranging from policy to consumer education, can promote shifts in intake to support 23 
healthy dietary patterns. 24 
 25 
The sodium, saturated fat, and added sugars sections of this chapter provide introductory text 26 
related to the topic including the rationale and approach for the Committee’s review. Because the 27 
questions within each topic are so complementary, the DGAC choose to develop only one 28 
implications section for each topic.  29 
 30 
LIST OF QUESTIONS  31 

Sodium  32 

1. What is the relationship between sodium intake and blood pressure in adults? 33 
2. What is the relationship between sodium intake and blood pressure in children?  34 
3. What is the relationship between sodium intake and cardiovascular disease outcomes? 35 
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4. What effect does the interrelationship of sodium and potassium have on blood pressure and 36 
cardiovascular disease outcomes? 37 

 38 
Saturated Fat 39 

5. What is the relationship between intake of saturated fat and risk of cardiovascular disease? 40 
 41 

Added Sugars and Low-Calorie Sweeteners 42 

6. What is the relationship between the intake of added sugars and cardiovascular disease, body 43 
weight/obesity, type 2 diabetes, and dental caries? 44 

7. What is the relationship between the intake of low-calorie sweeteners and body 45 
weight/obesity and type 2 diabetes? 46 

 47 
METHODOLOGY 48 

To answer the questions in this chapter, the Committee relied on existing reports, original 49 
Nutrition Evidence Library (NEL) systematic reviews, and NEL updates. The Committee 50 
followed the methods described in Part C. Methodology without modification to answer these 51 
questions. Because the DGAC knew strong existing reports, systematic reviews (SRs), and meta-52 
analyses (MA) were available related to most of the cross-cutting questions, to prevent 53 
duplication of efforts, the DGAC relied on these reviews in lieu of conducting original NEL 54 
systematic reviews. In some cases, existing reviews, SRs, or MA were not available or required 55 
updating. In these cases, NEL systematic reviews or updates were conducted. Complete 56 
information on the NEL reviews and updates is provided at www.NEL.gov. The reader also is 57 
directed to the original existing reports, which are referenced throughout the chapter, for 58 
additional information. 59 
 60 
Four questions addressed dietary sodium intake. For Question 1, the Committee used the 2013  61 
National Heart, Lung, and Blood Institute (NHLBI) Lifestyle Interventions to Reduce 62 
Cardiovascular Risk: Systematic Evidence Review from the Lifestyle Work Group1 and the 63 
associated American Heart Association (AHA)/ American College of Cardiology (ACC) 64 
Guideline on Lifestyle Management to Reduce Cardiovascular Risk.2 Although new studies 65 
examining the relationship between sodium and blood pressure have been published since the 66 
completion of the NHLBI review, including findings from the Prospective Urban Rural 67 
Epidemiology (PURE) study,3 the Committee determined the evidence presented in the SR 68 
conducted by NHLBI, linking sodium and blood pressure, was strong and that consideration of 69 
more recent findings would not change the conclusions. Thus, the Committee did not update the 70 
review. For Question 2, the Committee updated the NEL systematic review on sodium and blood 71 
pressure in children conducted by the 2010 DGAC. The data reviewed for this question by the 72 
2010 DGAC included children, birth to age 18, and the 2015 DGAC updated the sodium review 73 

http://www.nel.gov/
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using the same age range. For Question 3, the Committee relied on the NHLBI systematic review 74 
from the Lifestyle Work Group1 as well as the 2013 Institute of Medicine (IOM) report, Sodium 75 
Intake in Populations.4 Additionally, because the quality and quantity of the evidence on sodium 76 
and cardiovascular disease (CVD) that was used in the two reports is limited, the Committee 77 
updated the sodium and CVD review using a NEL systematic review update from January 2013 78 
to July 2014. The final question in the sodium section, Question 4, also was answered using the 79 
recent NHLBI systematic review from the Lifestyle Work Group.1 The Committee also used the 80 
2010 IOM Report on Strategies to Reduce Sodium Intake in the United States to inform the 81 
implications statements for these questions.5  82 
 83 
Regarding saturated fat, Question 5 was answered using the NHLBI systematic review1 and 84 
related AHA/ACC Guideline on Lifestyle Management to Reduce Cardiovascular Risk,2 which 85 
focused on randomized controlled trials (RCTs), as well as existing SRs and MA  addressing this 86 
question published in peer-reviewed literature between January 2009 and August 2014. 87 
Particular emphasis was placed on reviews that examined the macronutrient replacement for 88 
saturated fat. 89 
 90 
The remaining questions in this chapter examined added sugars and low-calorie sweeteners. For 91 
Question 6, the DGAC relied on systematic reviews commissioned by the World Health 92 
Organization (WHO) to address body weight6 and dental caries.7 Additionally, to capture new 93 
research, the Committee searched for SRs and MA published since January 2012, the completion 94 
of the WHO reviews. Type 2 diabetes was not addressed by the WHO, and therefore, the 95 
Committee relied on existing SRs/MA published since January 2010 to address this health 96 
outcome. No existing SRs/MA examine added sugars and CVD, so the Committee conducted an 97 
original NEL systematic review to address this question (see http://NEL.gov/topic.cfm?cat=3376 98 
for complete information on this review). Question 7 on low-calorie sweeteners was answered 99 
using existing SRs/MA published from January 2010 to August 2014. For low-calorie 100 
sweeteners, the Committee was initially interested in the health outcomes of body weight, type 2 101 
diabetes, CVD, and dental caries. However, existing reviews were available only for body 102 
weight and type 2 diabetes. The Committee did not conduct an original NEL systematic review 103 
on CVD or dental caries because of limited time and resources, and because the Committee did 104 
not think sufficient evidence was available to address these health outcomes. 105 
 106 
 107 

SODIUM 108 

Introduction 109 

From its first edition in 1980, the Dietary Guidelines for Americans consistently recommended 110 
the public reduce dietary sodium intakes in order to prevent and treat hypertension, CVD, and 111 

http://nel.gov/topic.cfm?cat=3376
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stroke. This recommendation is based on evidence supporting a dose-dependent relationship 112 
between sodium intake and blood pressure and observational data identifying associations 113 
between sodium intake and blood pressure and cardiovascular outcomes. However, despite many 114 
years of accumulating evidence and public health guidelines focused on changing individual 115 
behavior to achieve a reduced sodium intake among Americans, consumption continues to far 116 
exceed recommendations. The DGAC has identified dietary sodium as a nutrient of public health 117 
concern because of overconsumption, with usual intakes for those ages 2 years and older at 3,463 118 
mg/day.8 Sodium is ubiquitous in the current U.S. food supply and multiple food categories 119 
contribute to excessive sodium intake (see Part D. Chapter 1: Food and Nutrient Intakes, and 120 
Health: Current Status and Trends, Figure D1.35). 121 
  122 
Currently, 30 percent of U.S. adults have high blood pressure (see Part D. Chapter 1: Food and 123 
Nutrient Intakes, and Health: Current Status and Trends). Furthermore, the estimated lifetime 124 
risk of developing hypertension in the U.S. is 90%. The rate of borderline high blood pressure 125 
(defined as a systolic or diastolic blood pressure ≥90th percentile but <95th percentile or blood 126 
pressure levels ≥120/80 mm Hg) in youth ages 8 to 17 years is highest in those who are obese 127 
(16.2 percent), slightly lower in those who are overweight (11 percent); and this condition is 128 
present even in those who are normal weight (5 percent). Dietary sodium reduction can 129 
effectively prevent and reduce high blood pressure.9-11  Given the long-standing awareness of 130 
this health concern and scientific foundation for dietary treatment, the DGAC conducted a 131 
focused review of dietary sodium and its relationship with blood pressure as well as its 132 
relationship with CVD.  133 
 134 

Question 1: What is the relationship between sodium intake and blood pressure 135 
in adults? 136 

Source of evidence: Existing reports  137 
 138 
Conclusions 139 

The DGAC concurs with the three conclusions from the 2013 AHA/ACC Lifestyle Guideline 140 
that apply to adults who would benefit from blood pressure lowering. 141 
 142 
The DGAC concurs that adults who would benefit from blood pressure lowering should “lower 143 
sodium intake.” AHA/ACC Grade: Strong;  DGAC Grade: Strong 144 
 145 
The DGAC concurs that adults who would benefit from blood pressure lowering should 146 
“Consume no more than 2,400 mg of sodium/day.” The report also indicates that “Further 147 
reduction of sodium intake to 1,500 mg/d can result in even greater reduction in blood pressure”; 148 
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and concludes that “Even without achieving these goals, reducing sodium intake by at least 1,000 149 
mg/d lowers blood pressure.” AHA/ACC Grade: Moderate; DGAC Grade: Moderate 150 
 151 
The DGAC concurs that adults who would benefit from blood pressure lowering should 152 
“Combine the DASH dietary pattern with lower sodium intake.” AHA/ACC Grade: Strong; 153 
DGAC Grade: Strong 154 
 155 
Review of the Evidence 156 

The 2013 AHA/ACC Lifestyle Guideline and associated NHLBI Lifestyle Report summarized 157 
strong and consistent evidence that supports dietary sodium reduction as a means to prevent and 158 
treat high blood pressure. The studies used to inform the conclusion to lower sodium intake were 159 
conducted in older and younger adults, individuals with prehypertension and hypertension, men 160 
and women, and African American and non-African American adults. The trials also 161 
documented positive effects of sodium reduction that were independent of weight change; and 162 
include behavioral interventions where individuals were counseled to reduce sodium, as well as 163 
feeding studies.  164 
 165 
The recommendation to combine the DASH dietary pattern with lower sodium is based heavily 166 
on the results of the DASH sodium trial, which showed clinically significant lowering of blood 167 
pressure with sodium intake of 2,400 mg/day and even lower blood pressure with sodium intake 168 
of 1,500 mg/day. The goal of 2,400 or less mg/day was selected because it is the estimated 169 
average urinary sodium excretion in the DASH sodium trial. 170 
 171 
The recommendation to reduce sodium intake by 1,000 mg/day even if goals for 2,400 mg/day or 172 
1,500 mg/day cannot be reached comes from studies where this level of sodium reduction was 173 
beneficial for blood pressure lowering.  174 
 175 
The differences in the evidence grade for the three conclusions related to sodium and blood 176 
pressure in adults results from the differences in the number and power of clinical trials 177 
supporting each recommendation. For example, a grade of “moderate” was assigned to the 178 
second conclusion because fewer clinical trials informed the goals of 2,400 and 1,500 mg/day 179 
than for the overall goal of sodium reduction. 180 
 181 
For additional details on this body of evidence, visit:  References 1, 2, 4 and 9 and Appendix E-182 
2.42 183 
 184 
Question 2: What is the relationship between sodium intake and blood pressure 185 
in children? 186 

Source of evidence: Existing systematic review with a NEL systematic review update 187 
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 188 
Conclusions 189 

The 2015 DGAC concurs with the 2010 DGAC that “a moderate body of evidence has 190 
documented that as sodium intake decreases, so does blood pressure in children, birth to age 18 191 
years.” DGAC Grade: Moderate  192 
 193 
Review of the Evidence  194 

The 2010 DGAC conducted a systematic review to examine the relationship between sodium 195 
intake and blood pressure in children from birth to age 18 years, examining studies published 196 
from January 1970 to May 2009. That systematic review included 19 articles from 15 197 
intervention studies and four prospective cohort studies.  198 
 199 
The 2015 DGAC updated this systematic review and identified two additional articles published 200 
since May 2009, including one RCT and one prospective cohort study.12, 13  201 
 202 
The 2015 DGAC considered the evidence reviewed by the 2010 DGAC related to dietary sodium 203 
intake and blood pressure in children, and determined that, based on the two new studies 204 
identified in the updated search, changes were not warranted to the conclusion statement or 205 
grade. In aggregate, the data reviewed by the 2010 DGAC indicated that sodium reduction 206 
modestly lowers BP in infants and children. Neither of the two studies identified in the update 207 
found a relationship between dietary sodium intake and blood pressure in healthy, normotensive 208 
children. 209 
 210 
For additional details on this body of evidence, visit: 211 
http://NEL.gov/conclusion.cfm?conclusion_statement_id=250452   212 
 213 
Question 3: What is the relationship between sodium intake and cardiovascular 214 
disease outcomes? 215 

Source of evidence: Existing report with a NEL systematic review update 216 
 217 
Conclusions 218 

The DGAC concurs with the IOM Report: Sodium Intake in Populations, which concluded that 219 
“although the reviewed evidence on associations between sodium intake and direct health 220 
outcomes has methodological flaws and limitations, when considered collectively, it indicates a 221 
positive relationship between higher levels of sodium intake and risk of CVD. This evidence is 222 
consistent with existing evidence on blood pressure as a surrogate indicator of CVD risk.” IOM 223 
Grade: Grade not determined, outside the statement of task; DGAC Grade: Moderate  224 
 225 

http://nel.gov/conclusion.cfm?conclusion_statement_id=250452
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The DGAC concurs with the IOM Report: Sodium Intake in Populations that “evidence from 226 
studies on direct health outcomes is inconsistent and insufficient to conclude that lowering 227 
sodium intakes below 2,300 mg/day either increases or decreases risk of CVD outcomes 228 
(including stroke and CVD mortality) or all-cause mortality in the general U.S. population.” 229 
IOM Grade: Grade not determined, outside the statement of task; DGAC Grade: Grade not 230 
assignable 231 
 232 
The DGAC concurs with the NHLBI Lifestyle Report, which concluded that “a reduction in 233 
sodium intake by approximately 1,000 mg/day reduces CVD events by about 30 percent” and 234 
that “higher dietary sodium intake is associated with a greater risk for fatal and nonfatal stroke 235 
and CVD.”  NHLBI Strength of Evidence: Low; DGAC Grade: Limited  236 
  237 
The DGAC concurs with the NHLBI Lifestyle Report that “evidence is not sufficient to 238 
determine the association between sodium intake and the development of heart failure.”  NHLBI 239 
Strength of Evidence: Not assigned due to insufficient evidence; DGAC Grade: Grade not 240 
Assignable  241 
 242 
Review of the Evidence  243 

The DGAC updated systematic reviews done in 2013 by the IOM4 and NHLBI,1 and identified 244 
four additional articles published since 2013, all of which were prospective cohort studies.14-17  245 
 246 
Of note, the evidence reviewed for the 2013 IOM report was published between 2003 and 247 
December 2012. The DGAC concluded that the reviewed evidence on associations between 248 
sodium intake and direct health outcomes has methodological flaws and limitations. Specifically, 249 
the Committee documented the small number of well-conducted studies evaluating sodium 250 
intake and direct health outcomes; the inconsistency in findings across the published literature, 251 
possibly due to methodological factors; the lack of comparability in sodium intake levels across 252 
studies particularity in international studies; and the absence of strong data related to sodium 253 
goals and direct health outcomes, not including hypertension. 254 
 255 
The DGAC considered the conclusions reached by the IOM and NHLBI related to dietary 256 
sodium intake and risk of CVD, and determined that the findings from the four new studies 257 
identified in the updated search did not warrant changes to the conclusion statements. In 258 
aggregate, the data indicate a relationship between higher sodium intake and higher risk of CVD. 259 
 260 
For additional details on this body of evidence, visit: 261 
http://NEL.gov/conclusion.cfm?conclusion_statement_id=250457   262 
 263 

http://nel.gov/conclusion.cfm?conclusion_statement_id=250457
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Question 4: What effect does the interrelationship of sodium and potassium have 264 
on blood pressure and cardiovascular disease outcomes? 265 

Source of evidence: Existing report 266 
 267 
Conclusions 268 

The DGAC concurs with the NHLBI Lifestyle Report that: “Evidence is not sufficient to 269 
determine whether increasing dietary potassium intake lowers blood pressure.”  NHLBI Strength 270 
of Evidence: Not assigned due to insufficient evidence; DGAC Grade: Not Assignable 271 

 272 
The DGAC concurs with the NHLBI Lifestyle Report that: “In observational studies with 273 
appropriate adjustments (e.g., blood pressure, sodium intake), higher dietary potassium intake is 274 
associated with lower risk for stroke.”  NHLBI Strength of Evidence:  Low; DGAC Grade: 275 
Limited 276 

 277 
The DGAC concurs with the NHLBI Lifestyle Report that: “Evidence is not sufficient to 278 
determine an association between dietary potassium intake and coronary heart disease (CHD), 279 
heart failure, and cardiovascular mortality.”  NHLBI Strength of Evidence:  Not assigned due to 280 
insufficient evidence; DGAC Grade: Grade not Assignable 281 
 282 
Review of the Evidence 283 

The NHLBI Lifestyle Report summarized limited evidence on the relationship between 284 
potassium intake and blood pressure, CHD, heart failure, cardiovascular mortality, or stroke.  285 
Although it is postulated that a high ratio of sodium intake to potassium intake is a stronger risk 286 
factor for hypertension than either factor alone, the evidence base to support this hypothesis is 287 
insufficient for drawing definitive conclusions. Although results of epidemiologic studies 288 
suggest that potassium consumption influences the risk of CVD, the strength of the evidence is 289 
insufficient to draw conclusions about CHD, heart failure, or cardiovascular mortality. The 290 
evidence is limited with regard to stroke, coming from studies with weaker designs in which 291 
investigators were able to make appropriate statistical adjustments for potential confounders of 292 
the relationship.   293 
 294 
For additional details on this body of evidence, visit:  References 1 and 2 295 
 296 
Implications 297 

The current average sodium intake in the United States is 3,478 mg/d, far exceeding 298 
recommendations. Given the well-documented relationship between sodium intake and high 299 
blood pressure, sodium intake should be reduced and combined with a healthful dietary pattern 300 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 9 
 
 

(as described in Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health 301 
Outcomes).  302 
 303 
The general population, ages 2 years and older, should rely on the recommendations of the IOM 304 
Panel on Dietary Reference Intakes for Electrolytes and Water.9 A tolerable upper limit was set 305 
by the Panel at 2,300 mg/day based on evidence showing associations between high sodium 306 
intake, high blood pressure, and subsequent risk of heart disease, stroke, and mortality. Of note, 307 
the AHA/ACC recommendation of less than 2,400 mg/day (see conclusions for sodium question 308 
1) is slightly different than the less than 2,300 mg/day recommended by the IOM Panel on 309 
Dietary Reference Intakes or the 2010 Dietary Guidelines for Americans; less than 2,400 mg/day 310 
was selected because it was the estimated average urinary sodium excretion in the DASH-311 
sodium trial. 312 
 313 
Individuals who would benefit from blood pressure lowering (i.e., those with prehypertension or 314 
hypertension), should rely on the recommendations in the 2013 AHA/ACC Lifestyle Guideline. 315 
These include: lowering sodium intake in general; or consuming no more than 2,400 mg of 316 
sodium/day; or lowering sodium intake to 1,500 mg per day for even greater reduction in blood 317 
pressure; or lowering sodium intake by at least 1,000 mg per day even if the goals of 2,400 or 318 
1,500 mg per day cannot be met.  319 
 320 
For decades, sodium intake in the United States has exceeded recommendations in spite of 321 
numerous national campaigns, through programs such as the NHLBI’s National High Blood 322 
Pressure Education Program and the CDC’s State Heart Disease and Stroke Prevention Program, 323 
focused on individual behavior change for sodium reduction. As described in Part D. Chapter 1: 324 
Food and Nutrient Intakes, and Health: Current Status and Trends, sodium is ubiquitous in 325 
the U.S. food supply and almost all food categories contribute to intake levels. This unique 326 
feature of sodium makes it difficult for individuals to achieve recommended intake. As such, we 327 
recommend that a primary emphasis be placed on policies and population-based strategies for 328 
sodium reduction while at the same time paying attention to consumer education. Local, state, 329 
and Federal agencies should consider a comprehensive and coordinated strategy, that includes 330 
partnerships with the food industry, to reduce the sodium content of foods in the United States 331 
based on the socio-ecological model highlighted in the 2015 DGAC’s conceptual model (see 332 
Part B. Chapter 1: Introduction).  333 
 334 
These strategies should be consistent with the recommendation described in the 2010 IOM report 335 
on Strategies to Reduce Sodium Intake in the United States.5 The primary strategy that was 336 
recommended is that “The FDA should expeditiously initiate a process to set mandatory national 337 
standards for the sodium content of foods”. This would include: 1) “a modification of the 338 
generally recognized as safe (GRAS) status of salt added to processed foods in order to reduce 339 
the salt content of the food supply in a stepwise manner”; 2) “FDA should likewise extend its 340 
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stepwise application of the GRAS modification, adjusted as necessary, to encompass salt added 341 
to menu items offered by restaurant/foodservice operations that are sufficiently standardized so 342 
as to allow practical implementation”; and  3) “FDA should revisit the GRAS status of other 343 
sodium-containing compounds as well as any food additive provisions for such compounds and 344 
make adjustments as appropriate, consistent with changes for salt in processed foods and 345 
restaurant/foodservice menu items.”  346 
 347 
Population sodium reductions efforts should consider: 1) the varied technical and functional roles 348 
that sodium plays in foods and the complexity of reducing sodium in foods; 2) the recent 349 
accomplishments and voluntary reduction efforts by the food industry; and 3) consumer demand 350 
for lower-sodium products. More information about strategies for reducing sodium intake in the 351 
United States can be found in the IOM report, at http://www.iom.edu/Reports/2010/Strategies-to-352 
Reduce-Sodium-Intake-in-the-United-States.aspx. 353 
 354 
Informative food labels should be used to effectively promote awareness of sodium content in 355 
foods. Consumers would benefit from a standardized, easily understood front-of-package (FOP) 356 
label on all food and beverage products to give clear guidance about a food’s healthfulness. An 357 
example is the FOP label recommended by the IOM,18 which included calories, and 0 to 3 358 
“nutritional” points for added sugars, saturated fat, and sodium. This would be integrated with 359 
the Nutrition Facts Panel, allowing consumers to quickly and easily identify nutrients of concern 360 
for over-consumption, in order to make healthier choices. 361 
 362 
Public-private-community partnerships should be created to reduce sodium levels in 363 
commercially processed and restaurant foods. 364 
 365 
Strategies that complement policies and support consumers to make dietary behavior changes 366 
also are needed. These include (but are not limited to): 1) nutrition services and comprehensive 367 
lifestyle interventions by multidisciplinary teams;2 2) widely available diet planning tools that 368 
include sodium as an area of focus; and 3) educational programs that teach adults simple recipes 369 
that emphasize flavoring unsalted foods with spices and herbs. 370 
 371 
Although the evidence on potassium and blood pressure is limited, the DGAC recognizes 372 
potassium as a nutrient of concern (see Part D. Chapter 1: Food and Nutrient Intakes, and 373 
Health: Current Status and Trends) and encourages increased potassium intake through 374 
potassium-rich foods such as vegetables and fruits (see Table D1.7). 375 
 376 
Interventions, preferably nonpharmacologic, are needed for children because borderline high 377 
blood pressure occurs concomitantly with overweight, obesity, and other cardio-metabolic risk 378 
factors (see Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and 379 
Trends). Evidence-based strategies in clinical and public health settings need to be implemented 380 

http://www.iom.edu/Reports/2010/Strategies-to-Reduce-Sodium-Intake-in-the-United-States.aspx
http://www.iom.edu/Reports/2010/Strategies-to-Reduce-Sodium-Intake-in-the-United-States.aspx
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and complemented by environmental approaches to reverse these high priority health problems 381 
in children.  382 
 383 
For blood pressure lowering and hypertension prevention, action is needed at both the individual 384 
and population levels.  385 
 386 
Sodium reduction in youth will require changes in their food environments and school and 387 
community-based education on healthful eating. 388 
 389 
School systems should adopt mandatory age-appropriate nutrition and physical activity curricula 390 
(K-12) that incorporate the core principles of the future 2015 Dietary Guidelines. 391 
 392 
 393 

SATURATED FAT 394 

Introduction 395 

The relationship between different types of dietary fats and risk of CVD has been extensively 396 
studied in RCTs and epidemiologic studies. It is now well-established that higher intake of trans 397 
fat from partially hydrogenated vegetable oils is associated with increased risk of CVD and thus, 398 
should be minimized in the diet. Numerous RCTs have demonstrated that saturated fat (SFA) as 399 
compared to mono- (MUFA) or polyunsaturated fats (PUFA) or carbohydrates increases total 400 
and LDL cholesterol. Thus, limiting saturated fat consumption has been a longstanding dietary 401 
recommendation to reduce risk of CVD.  In particular, previous DGACs have recommended 402 
consuming no more than 10 percent of daily calories from saturated fat.  403 
 404 
However, recent meta-analyses of prospective observational studies did not find a significant 405 
association between higher saturated fat intake and risk of CVD in large populations. These data 406 
have re-ignited the debate regarding the current recommendation to limit saturated fat intake. 407 
Therefore, the DGAC chose to conduct a focused review of published systematic reviews and 408 
meta-analyses on saturated fat intake and CVD. A central issue in the relationship between 409 
saturated fat and CVD is the specific macronutrients that are used to replace it because 410 
consuming unsaturated fats versus carbohydrates in place of saturated fat can have different 411 
effects on blood lipids and risk of CVD. Thus, the Committee’s assessment of the available 412 
evidence puts greater emphasis on the replacement macronutrient for saturated fat.  413 
 414 
 In the United States, the top sources of foods contributing to saturated fat intake are mixed 415 
dishes, particularly burgers and sandwiches, and snacks and sweets (see Part D. Chapter 1: 416 
Food and Nutrient Intakes, and Health: Current Status and Trends). Although saturated fat 417 
intake has declined in the past decades, current intake is still high at a median of 11.1 percent of 418 
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daily calories (see Part D. Chapter 1: Food and Nutrient Intakes, and Health:  Current Status 419 
and Trends). Therefore, saturated fat continues to be an area of public health concern and the 420 
DGAC deemed it important to re-evaluate and update the knowledge base on saturated fat intake 421 
and CVD risk. 422 
 423 
Question 5: What is the relationship between intake of saturated fat and risk of 424 
cardiovascular disease? 425 

Source of evidence: Existing reports 426 
 427 
Conclusions 428 

Strong and consistent evidence from RCTs shows that replacing SFA with unsaturated fats, 429 
especially PUFA, significantly reduces total and LDL cholesterol. Replacing SFA with 430 
carbohydrates (sources not defined) also reduces total and LDL cholesterol, but significantly 431 
increases triglycerides and reduces HDL cholesterol.  432 
 433 
Strong and consistent evidence from RCTs and statistical modeling in prospective cohort studies 434 
shows that replacing SFA with PUFA reduces the risk of CVD events and coronary mortality. 435 
For every 1 percent of energy intake from SFA replaced with PUFA, incidence of CHD is 436 
reduced by 2 to 3 percent. However, reducing total fat (replacing total fat with overall 437 
carbohydrates) does not lower CVD risk. Consistent evidence from prospective cohort studies 438 
shows that higher SFA intake as compared to total carbohydrates is not associated with CVD 439 
risk. DGAC Grade: Strong 440 
 441 
Evidence is limited regarding whether replacing SFA with MUFA confers overall CVD (or CVD 442 
endpoint) benefits. One reason is that the main sources of MUFA in a typical American diet are 443 
animal fat, and because of the co-occurrence of SFA and MUFA in foods makes it difficult to 444 
tease out the independent association of MUFA with CVD. However, evidence from RCTs and 445 
prospective studies has demonstrated benefits of plant sources of monounsaturated fats, such as 446 
olive oil and nuts on CVD risk.  DGAC Grade: Limited 447 
 448 
Implications 449 

Recommendations on saturated fat intake should specify replacement macronutrients and 450 
emphasize replacing saturated fat with unsaturated fats, especially polyunsaturated fats. The 451 
Committee recommends retaining the 10 percent upper limit for saturated fat intake. In practice, 452 
non-hydrogenated vegetable oils that are high in unsaturated fats and relatively low in SFA (e.g., 453 
soybean, corn, olive, and canola oils) instead of animal fats (e.g., butter, cream, beef tallow, and 454 
lard) or tropical oils (e.g., palm, palm kernel, and coconut oils) should be recommended as the 455 
primary source of dietary fat. Partially hydrogenated oils containing trans fat should be avoided. 456 
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 457 
In low-fat diets, fats are often replaced with refined carbohydrates and this is of particular 458 
concern because such diets are generally associated with dyslipidemia (hypertriglyceridemia and 459 
low HDL-C concentrations). Therefore, dietary advice should put the emphasis on optimizing 460 
types of dietary fat and not reducing total fat.  461 
 462 
When individuals reduce consumption of refined carbohydrates and added sugars, they should 463 
not replace them with foods high in saturated fat. Instead, refined carbohydrates and added 464 
sugars should be replaced by healthy sources of carbohydrates (e.g., whole grains, legumes, 465 
vegetables, and fruits), and healthy sources of fats (e.g., non-hydrogenated vegetable oils that are 466 
high unsaturated fats, and nuts/seeds). The consumption of “low-fat” or “nonfat” products with 467 
high amounts of refined grains and added sugars should be discouraged.  468 
 469 
Dietary recommendations on macronutrient composition for reducing CVD risk should be 470 
dietary pattern-based emphasizing foods that characterize healthy dietary patterns (see Part D. 471 
Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes). Individuals are 472 
encouraged to consume dietary patterns that emphasize vegetables, fruits, whole grains, legumes, 473 
and nuts; include low- and non-fat dairy products, poultry, seafood, non-tropical vegetable oils; 474 
limit sodium, saturated fat, refined grains, sugar-sweetened foods and beverages, and are lower 475 
in red and processed meats. Multiple dietary patterns can achieve these food and nutrient patterns 476 
and are beneficial for cardiovascular health, and they should be tailored to individuals’ biological 477 
needs and food preferences. 478 
 479 
Review of the Evidence  480 

The DGAC drew evidence from SRs or MA published between January 2009 and August 2014 481 
in English in a peer-reviewed journal, which included RCTs and/or prospective cohort studies. 482 
Participants included healthy volunteers as well as individuals at elevated chronic disease risk. 483 
The main exposure was SFA, and the main outcomes included LDL-cholesterol (LDL-C), HDL-484 
cholesterol (HDL-C), triglycerides (TG), blood pressure (BP), and incidence of CVD and CHD, 485 
CVD- and CHD-related death, myocardial infarction, or stroke. All reviews were high-quality, 486 
with ratings ranging from 8 to 11 on AMSTAR. The Committee drew evidence on blood lipids 487 
and blood pressure outcomes from the AHA/ACC Lifestyle Guideline and the associated NHLBI 488 
Lifestyle Report, which included primarily RCTs on intermediate CVD risk factors. The 489 
Committee drew evidence on CVD endpoints and effect size estimates from seven published MA 490 
that included one or more studies not covered in these reports.19-25 Little evidence on the 491 
contribution of SFA to cardiovascular risk factors in the pediatric populations was available, and 492 
that which was published has not been systematically reviewed. 493 
 494 
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Effects of Replacing SFA on LDL-C, HDL-C, and TG 495 
Macronutrients may affect plasma lipids and lipoproteins, which are strong predictors of CVD 496 
risk. The NHLBI Lifestyle Report summarized evidence from three feeding trials examining 497 
effects on LDL-C of dietary patterns with varying SFA levels: DASH (Dietary Approaches to 498 
Stop Hypertension), DASH-Sodium, and DELTA (Dietary Effects on Lipoproteins and 499 
Thrombogenic Activity). The results from these trials indicate that reducing total and saturated 500 
fat led to a significant reduction in LDL cholesterol in the context of the DASH dietary pattern 501 
and the National Cholesterol Education Program (NCEP) Step 1 diet.  To estimate the effects of 502 
replacing SFA by specific macronutrients such as carbohydrates, MUFA, or PUFA, the NHLBI 503 
Lifestyle Report also included two MA from Mensink and Katan (n=1,672), covering the period 504 
from 1970 to 1998 (27 controlled trials in the first MA and 60 controlled trials in the second 505 
MA) and using the same inclusion/exclusion criteria to estimate changes in plasma lipids when 506 
substituting dietary SFA with carbohydrates or other fat types and holding dietary cholesterol 507 
constant.26, 27 Mensink and Katan found that replacing 1 percent of SFA with an equal amount of 508 
carbohydrates, MUFA, or PUFA led to comparable LDL-C reductions: 1.2, 1.3, and 1.8 mg/dL, 509 
respectively. Replacing 1 percent of SFA with carbohydrates, MUFA, or PUFA also lowered 510 
HDL-C by 0.4, 1.2, and 0.2 mg/dL, respectively. Replacing 1 percent of carbohydrates by an 511 
equal amount of MUFA or PUFA raised LDL-C by 0.3 and 0.7 mg/dL, raised HDL-C by 0.3 and 512 
0.2 mg/dL, and lowered TG by 1.7 and 2.3 mg/dL, respectively. The 2003 MA by Mensink and 513 
Katan27 indicated that the ratio of total to HDL-C, a stronger predictor of CVD risk than total or 514 
LDL cholesterol alone, did not change when SFA was replaced by carbohydrates, but the ratio 515 
significantly decreased when SFA was replaced by unsaturated fats, especially PUFA. 516 
 517 
In summary, strong and consistent evidence from RCTs shows that replacing SFA with 518 
unsaturated fats, especially PUFA, significantly reduces total and LDL cholesterol. Replacing 519 
SFA with carbohydrates also reduces total and LDL cholesterol, but significantly increases TG 520 
and reduces HDL cholesterol. However, the evidence of beneficial effects on one risk factor does 521 
not rule out neutral or opposite effects on unstudied risk factors. To better assess the overall 522 
effects of intervention to reduce or modify SFA intake, studies of clinical endpoints are 523 
summarized below. 524 
 525 
The Relationship between Consumption of Total Fat and SFA and Risk of CVD 526 
A MA by Skeaff et al. in 2009 included 28 U.S. and European cohorts (6,600 CHD deaths 527 
among 280,000 participants) and found no clear relationship between total or SFA intake and 528 
CHD events or deaths.25 Similarly, Siri-Tarino et al., 2010 found that SFA intake was not 529 
associated with risk of CHD, stroke or cardiovascular disease.24 The Siri-Tarino et al., 2010 530 
meta-analysis included data from 347,747 participants (11,006 developed CVD) in 21 unique 531 
studies, with 16 studies providing risk estimates for CHD and 8 studies providing data for stroke 532 
as an endpoint. In the 2012 MA of trials to reduce or modify intake of SFA, Hooper et al. also 533 
found no significant associations of total fat reduction with cardiovascular events or mortality. 534 
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Consistent with these prior studies, Chowdhury et al.’s 2014 MA of total SFA also did not 535 
specify what macronutrient substituted SFA and again found no association of dietary SFA 536 
intake, nor of circulating SFA, with coronary disease.19 Chowdhury et al. included data from 32 537 
observational studies (530,525 participants) of fatty acids from dietary intake, 17 observational 538 
studies (25,721 participants) of fatty acid biomarkers, and 27 RCTs (103,052 participants) of 539 
fatty acid supplementation.  540 
 541 
The results described above do not explicitly specify the comparison or replacement nutrient, but 542 
typically it consists largely of carbohydrates (sources not defined). These results suggest that 543 
replacing SFA with carbohydrates is not associated with CVD risk. Taken together, these results 544 
suggest that simply reducing SFA or total fat in the diet by replacing it with any type of 545 
carbohydrates is not effective in reducing risk of CVD. 546 
 547 
Effects of Replacing SFA with Polyunsaturated Fat or Carbohydrates on CVD Events 548 
Hooper et al.’s 2012 Cochrane MA of trials of SFA reduction/modification found that reducing 549 
SFA by reducing and/or modifying dietary fat reduced the risk of cardiovascular events by 14 550 
percent (pooled RR = 0.86; 95% CI = 0.77 to 0.96, with 24 comparisons and 65,508 participants 551 
of whom 7 percent had a cardiovascular event, I= 50%).21 Subgroup analyses revealed this 552 
protective effect was driven by dietary fat modification rather than reduction and was only 553 
apparent in longer trials (2 years or more). Despite the reduction in total cardiovascular events, 554 
there was no clear evidence of reductions in any individual outcome (total or non-fatal 555 
myocardial infarction, stroke, cancer deaths or diagnoses, diabetes diagnoses), nor was there any 556 
evidence that trials of reduced or modified SFA reduced cardiovascular mortality. These results 557 
suggest that modifying dietary fat by replacing some saturated (animal) fats with plant oils and 558 
unsaturated spreads may reduce risk of heart and vascular disease.  559 
 560 
Emphasizing the benefits of replacement of saturated with polyunsaturated fats, Mozaffarian et 561 
al., 2010 found in a MA of 8 trials (13,614 participants with 1,042 CHD events) that modifying 562 
fat reduced the risk of myocardial infarction or coronary heart disease death (combined) by 19 563 
percent (RR = 0.81; 95% CI = 0.70 to 0.95; p = 0.008), corresponding to 10 percent reduced 564 
CHD risk (RR = 0.90; 95% CI = 0.83 to 0.97) for each 5 percent energy of increased PUFA.23 565 
This magnitude of effect is similar to that observed in the Cochrane MA. In secondary analyses 566 
restricted to CHD mortality events, the pooled RR was 0.80 (95% CI = 0.65 to 0.98). In 567 
subgroup analyses, the RR was greater in magnitude in the four trials in primary prevention 568 
populations but non-significant (24 percent reduction in CHD events) compared to a significant 569 
reduction of 16 percent in the four trials of secondary prevention populations. Mozaffarian et al. 570 
argue that the slightly greater risk reduction in studies of CHD events, compared with predicted 571 
effects based on lipid changes alone, is consistent with potential additional benefits of PUFA on 572 
other non-lipid pathways of risk, such as insulin resistance. Many of the included trials used 573 
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vegetable oils containing small amounts of plant-derived n-3 PUFA in addition to omega-6 574 
PUFA. 575 
 576 
Consistent with the benefits of replacing SFA with PUFA for prevention of CHD shown in other 577 
studies, Farvid et al., 2014 conducted an SR and MA of prospective cohort studies of dietary 578 
linoleic acid (LA), which included 13 studies with 310,602 individuals and 12,479 total CHD 579 
events (5,882 CHD deaths).20 Farvid et al. found dietary LA intake is inversely associated with 580 
CHD risk in a dose-response manner: when comparing the highest to the lowest category of 581 
intake, LA was associated with a 15 percent lower risk of CHD events (pooled RR = 0.85; 95% 582 
CI = 0.78 to 0.92; I²=35.5%) and a 21% lower risk of CHD deaths (pooled RR = 0.79; 95% CI = 583 
0.71 to 0.89; I²=0.0%). A 5 percent of energy increment in LA intake replacing energy from SFA 584 
intake was associated with a 9 percent lower risk of CHD events (RR = 0.91; 95% CI = 0.86 to 585 
0.96) and a 13 percent lower risk of CHD deaths (RR = 0.87; 95% CI = 0.82 to 0.94). In the 586 
meta-analysis conducted by Chowdhury et al., there was no significant association between LA 587 
intake and CHD risk, but the analysis was based on a limited number of prospective cohort 588 
studies. 589 
 590 
In Jakobsen et al.’s 2009 pooled analysis of 11 cohorts (344,696 persons with 5,249 coronary 591 
events and 2,155 coronary deaths), a 5 percent lower energy intake from SFAs and a 592 
concomitant higher energy intake from PUFAs reduced risk of coronary events by 13 percent 593 
(hazard ratio [HR] = 0.87; 95% CI = 0.77 to 0.97) and coronary deaths by 16 percent (hazard 594 
ratio = 0.74; 95% CI = 0.61 to 0.89).22 By contrast, a 5 percent lower energy intake from SFAs 595 
and a concomitant higher energy intake from carbohydrates, there was a modest significant direct 596 
association between carbohydrates and coronary events (hazard ratio = 1.07; 95% CI = 1.01 to 597 
1.14) and no association with coronary deaths (hazard ratio = 0.96; 95% CI = 0.82 to 1.13). 598 
Notably, the estimated HRs for carbohydrate intake in this study could reflect high glycemic 599 
carbohydrate intake rather than total carbohydrate, as fiber was controlled for in the analyses. 600 
MUFA intake was not associated with CHD incidence or death. 601 
 602 
Taken together, strong and consistent evidence from RCTs and statistical modeling in 603 
prospective cohort studies shows that replacing SFA with PUFA reduces the risk of CVD events 604 
and coronary mortality. For every 1 percent of energy intake from SFA replaced with PUFA, 605 
incidence of CHD is reduced by 2 to 3 percent. The evidence is not as clear for replacement by 606 
MUFA or replacement with carbohydrate, and likely depends on the type and source. 607 
 608 
Methodological Issues 609 
When individuals in natural settings reduce calories from SFA, they typically replaced them with 610 
other macronutrients, and the type and source of the macronutrients substituting SFA determine 611 
effects on CVD. For this reason, studies specifying the macronutrient type replacing SFA are 612 
more informative than those examining only total SFA intake, and the strongest and most 613 
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consistent evidence for CVD reduction is with replacement of SFA with PUFA in both RCTs 614 
and observational studies.  615 
 616 
The differing effects of the type and source of macronutrient substituted may be one reason for 617 
the limited evidence regarding whether replacing SFA with MUFA confers CVD benefits and 618 
the lack of benefit from carbohydrate substitution. The main sources of MUFA in a typical 619 
American diet are animal fats, which could confound potential benefits of SFA-replacement with 620 
plant-source MUFA, such as nuts and olive oil, which have demonstrated benefits on CVD risk. 621 
To date, evidence testing replacement of SFA by MUFA from different sources is insufficient to 622 
reach a firm conclusion. Similarly, most analyses did not distinguish between substitution of 623 
saturated fat by different types of carbohydrates (e.g., refined carbohydrate vs. whole grains). 624 
 625 
Of the RCTs included in this evidence summary, the intervention methods used varied from 626 
long-term dietary counseling with good generalizability but variable compliance, to providing a 627 
whole diet for weeks (e.g., controlled feeding studies) with maximal compliance but limited 628 
generalizability. Though the content of the recommended or provided diet is known with greater 629 
precision in the RCTs than in observational studies, adherence to the diet is likely variable and 630 
could result in lack of compliance and high rates of dropout in long-term trials. Additionally, 631 
bias may arise from the lack of blinding in non-supplement dietary intervention trials. 632 
 633 
In prospective observational studies, misclassification of dietary fatty acid intake could bias 634 
associations towards the null. In addition, residual confounding by other dietary and lifestyle 635 
factors cannot be ruled out through statistical adjustment. Despite these methodological issues, 636 
there is high consistency of the evidence from prospective cohort studies and RCTs in supporting 637 
the benefits of replacing saturated fat with unsaturated fats especially PUFA in reducing CVD 638 
risk.  639 
 640 
For additional details on this body of evidence, visit:  References 1, 2, 19-25 and Appendix E-641 
2.43 642 

 643 
 644 

ADDED SUGARS AND LOW-CALORIE SWEETENERS 645 

INTRODUCTION 646 

Added sugars are sugars that are either added during the processing of foods, or are packaged as 647 
such, and include sugars (free, mono- and disaccharides), syrups, naturally occurring sugars that 648 
are isolated from a whole food and concentrated so that sugar is the primary component (e.g., 649 
fruit juice concentrates), and other caloric sweeteners.28  Added sugars have been discussed in 650 
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previous iterations of the Dietary Guidelines, including a key recommendation in the 2010 651 
Dietary Guidelines to “Reduce the intake of calories from solid fats and added sugars.” The 2010 652 
Dietary Guidelines also included guidance stating that, for most people, no more than about 5 to 653 
15 percent of calories from solid fats and added sugars (combined) can be reasonably 654 
accommodated in a healthy eating pattern. However, as discussed in Part D. Chapter 1: Food 655 
and Nutrient Intakes, and Health: Current Status and Trends, the current intake of added 656 
sugars still remains high at 268 calories, or 13.4 percent of total calories per day among the total 657 
population ages 1 year and older.  658 
 659 
Similar to the healthy eating patterns modeled for the 2010 DGAC, in the three healthy eating 660 
patterns modeled for the 2015 DGAC (Healthy U.S.-style Pattern, Healthy Mediterranean-style 661 
Pattern, and Healthy Vegetarian Pattern), a limited number of calories are available to be 662 
consumed as added sugars (see Part D. Chapter 1: Food and Nutrient Intakes, and Health: 663 
Current Status and Trends). As shown in Table D.6.1, the full range of these three patterns at all 664 
calorie levels allow for 3 to 9 percent of calories from added sugars, after meeting food group 665 
and nutrient recommendations. For the patterns appropriate for most people (1600 to 2400 666 
calories), the range is 4 to 6 percent of calories from added sugars (or 4.5 to 9.4 teaspoons). The 667 
total empty calorie allowance in these patterns is 8 to 19 percent of calories, and based on current 668 
consumption patterns, 45 percent of empty calories are allocated to limits for added sugars, with 669 
the remainder (55 percent) allocated to solid fats.  670 
 671 
  672 
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Table D6.1. Added sugars available in the USDA Food Patterns (Healthy U.S.-Style, 673 
Healthy Mediterranean-Style, and Healthy Vegetarian Patterns) in calories, teaspoons, and 674 
percent of total calories per day*  675 
 676 
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)  4.3  3.7  3.8  4.5  4.8  7.7  8.0  9.4  9.9  10.3  12.3  15.9  
 
Healthy U.S.-style  7%  4%  4%  3%  4%  6%  6%  7%  7%  6%  7%  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  7%  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-3.7 677 
for a full discussion of the food pattern modeling. 678 
 679 
Although food pattern modeling evaluates the amount of added sugars that can be consumed 680 
while meeting food group and nutrient needs, the DGAC also reviewed scientific literature 681 
examining the relationship between the intake of added sugars and health to inform 682 
recommendations. The Committee focused on the health outcomes most commonly researched 683 
related to added sugars, specifically, body weight and risk of type 2 diabetes, CVD, and dental 684 
caries. 685 
 686 
As noted above, the Committee acknowledged that a potential unintended consequence of a 687 
recommendation on added sugars might be that consumers and manufacturers replace added 688 
sugars with low-calorie sweeteners. As a result, the Committee also examined evidence on low-689 
calorie sweeteners to inform statements on this topic. The Committee approached this topic 690 
broadly, including sweeteners labeled as low-calorie sweeteners, non-caloric sweeteners, non-691 
nutritive sweeteners, artificial sweeteners, and diet beverages. This work is complemented by a 692 
food safety evidence review on aspartame (see Part D. Chapter 5: Food Sustainability and 693 
Safety). As the evidence on added sugars was considered collectively, the added sugars 694 
conclusions are presented together below, and a similar approach was taken for low-calorie 695 
sweeteners. 696 
 697 
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Question 6: What is the relationship between the intake of added sugars and 698 
cardiovascular disease, body weight/obesity, type 2 diabetes, and dental caries? 699 

Source of evidence: CVD: NEL systematic review; Body weight/obesity, type 2 diabetes, 700 
and dental caries: Existing reports 701 
 702 
Conclusions 703 

Strong and consistent evidence shows that intake of added sugars from food and/or sugar-704 
sweetened beverages are associated with excess body weight in children and adults. The 705 
reduction of added sugars and sugar-sweetened beverages in the diet reduces body mass index 706 
(BMI) in both children and adults. Comparison groups with the highest versus the lowest intakes 707 
of added sugars in cohort studies were compatible with a recommendation to keep added sugars 708 
intake below 10 percent of total energy intake.  DGAC Grade: Strong                                           709 
 710 
Strong evidence shows that higher consumption of added sugars, especially sugar-sweetened 711 
beverages, increases the risk of type 2 diabetes among adults and this relationship is not fully 712 
explained by body weight. DGAC Grade: Strong           713 
 714 
Moderate evidence from prospective cohort studies indicates that higher intake of added sugars, 715 
especially in the form of sugar-sweetened beverages, is consistently associated with increased 716 
risk of hypertension, stroke, and CHD in adults. Observational and intervention studies indicate a 717 
consistent relationship between higher added sugars intake and higher blood pressure and serum 718 
triglycerides.  DGAC Grade: Moderate 719 
 720 
The DGAC concurs with the World Health Organization’s commissioned systematic review that 721 
moderate consistent evidence supports a relationship between the amount of free sugars 722 
intake and the development of dental caries among children and adults. Moderate evidence also 723 
indicates that caries are lower when free sugars intake is less than 10 percent of energy intake. 724 
DGAC Grade: Moderate 725 
 726 
Review of the Evidence  727 

Added Sugars and Body Weight/Obesity 728 
These findings come from three recent reports, all using SRs and MA that examined the 729 
relationship between the intake of added sugars and measures of body weight.6, 29, 30  Te Morenga 730 
et al.6 considered “free sugars,” ∗ while Malik29 and Kaiser et al.30 focused on sugar-sweetened 731 

                                                 
∗ 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 732 
fatness. In the Te Morenga et al. study, 30 trials and 38 cohort studies were included in the 733 
analyses. In the Malik et al. study, 10 trials and 22 cohort studies were included in the analyses. 734 
Kaiser et al. provided an updated meta-analysis to a previous publication (Mattes31) and included 735 
a total of 18 trials. In total, 92 articles were considered in these reviews, of which 21 were 736 
included in two or more reviews. Children and adults were included in the analyses as were 737 
females and males.  Diverse demographics (race/ethnicity and geographic location) also were 738 
represented by the participants in the respective research studies. All three reviews were high-739 
quality, with ratings of 11 out of 11 using the AMSTAR tool, and they specifically addressed the 740 
Committee’s question of interest.  741 
 742 
The reviews by Malik et al. and Te Morenga et al. were very consistent. The findings from both 743 
reports provide strong evidence that among free-living people consuming ad libitum diets, the 744 
intake of added sugars or sugar-sweetened beverages is associated with unfavorable weight 745 
status in children and adults. Increased added sugars intake is associated with weight gain; 746 
decreased added sugars intake is associated with decreased body weight. Although a dose 747 
response cannot be determined at this time, the data analyzed by Te Morenga et al. support 748 
limiting added sugars to no more than 10 percent of daily total energy intake based on lowest 749 
versus highest intakes from prospective cohort studies. Te Morenga et al. state that, “despite 750 
significant heterogeneity in one meta-analysis and potential bias in some trials, sensitivity 751 
analyses showed that the trends were consistent and associations remained after these studies 752 
were excluded.” Despite these limitations the DGAC gave this evidence a grade of Strong, as 753 
the limitations are those inherent to the primary research on which they are based, notably 754 
inadequacy of dietary intake data and variations in the nature and quality of the dietary 755 
interventions.  756 
 757 
The Kaiser et al. review concluded that the currently available randomized evidence for the 758 
effects of reducing sugar-sweetened beverage intake on obesity is equivocal. However, the 759 
DGAC noted methodological issues with this review, particularly the inclusion of both efficacy 760 
studies (in more controlled settings) and effectiveness studies (in real world).  The outcomes 761 
from the effectiveness trials vary substantially, depending how effective the interventions are. As 762 
a result, the Committee viewed the reviews by Te Morenga et al. and Malik et al. to be stronger 763 
than the Kaiser et al. review. 764 
 765 
Added Sugars and Type 2 Diabetes 766 
Evidence for this question and conclusion came from five SRs and MA published between 767 
January 2010 and August 2014.33-37  Four of the reviews focused on sugar-sweetened 768 

                                                                                                                                                             
(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.32 
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beverages33-35, 37 and one review examined sugar intake.36 Combined, a total of 17 articles were 769 
considered in these reviews, of which nine were included in two or more reviews. Increased 770 
consumption of sugar-sweetened beverages was consistently associated with increased risk of 771 
type 2 diabetes. Pooled estimated relative risks ranged from 1.20 to 1.28, and included 1.20 (95% 772 
CI = 1.12 to 1.29)/330 ml/day of sugar-sweetened soft drinks;331.26 (95% CI = 1.12 to 1.41) for 773 
sugar-sweetened beverages,35 and 1.28 (95% CI = 1.04 to 1.59) for sugar-sweetened fruit 774 
juices.37 Comparably, a hazard ratio of 1.29 (1.02, 1.63) was identified for sugar-sweetened 775 
beverages.34 These consistently positive associations between sugar-sweetened beverages and 776 
type 2 diabetes were attenuated, but still existed, after adjustment for BMI, suggesting that body 777 
weight only partly explains the deleterious effects of sugar-sweetened beverages on type 2 778 
diabetes. Although the studies were highly heterogeneous, findings from the MA by Malik et al. 779 
tentatively showed that consumption of more than one 12-ounce serving per day of sugar-780 
sweetened beverage increased the risk of developing type 2 diabetes by 26 percent, compared to 781 
consuming less than one serving per month. Insufficient high-quality data are available to 782 
determine a dose-response line or curve between sugar-sweetened beverage consumption and 783 
type 2 diabetes risk. 784 
 785 
The issue of generalizability, whether the participants included in this body of evidence are 786 
representative of the general U.S. population, was not specifically addressed in the literature 787 
reviewed, but the large sample sizes of the pooled data (several hundred thousand subjects from 788 
different populations) are noteworthy. 789 
 790 
Added Sugars and Cardiovascular Disease  791 
This NEL systematic review included 23 articles published since 2000 that examined the 792 
relationship between added sugars and risk of CVD or CVD risk factors such as blood lipids and 793 
blood pressure.38-60 This literature included 11 intervention studies and 12 prospective cohort 794 
studies. 795 
 796 
The majority of intervention and observational studies included in this SR provide some 797 
evidence among adults in support of an association between higher intake of added sugars, 798 
especially in the form of sugar-sweetened beverages, and higher risk of CVD or increased CVD 799 
risk factors. More consistent associations were seen between added sugars and elevated serum 800 
triglycerides, blood pressure, and increased risk of hypertension, stroke, or CHD. Evidence for 801 
associations between added sugars and dyslipidemia (i.e., low HDL, high LDL, and high total 802 
cholesterol) was not as consistent, especially among intervention studies.  803 
 804 
The body of evidence examined in this SR had a number of limitations. For example, the 805 
intervention studies had extensive heterogeneity in terms of the types and forms of sugars used 806 
(i.e., fructose, glucose, sucrose, sugar-sweetened beverages, sweetened milk) and the type of 807 
control and/or isocaloric condition used. In addition, most intervention studies had a short 808 
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duration of the intervention and a small sample size. Most of the observational studies assessed 809 
dietary intake only at baseline, and did not take assessments during follow-up. Residual 810 
confounding by other dietary and lifestyle factors in observational analyses could not be 811 
completely ruled out. 812 
 813 
Added Sugars and Dental Caries 814 
These findings were extracted from a World Health Organization (WHO)-commissioned SR by 815 
Moynihan et al. published in 2014 examining the association between the amount of sugars 816 
intake and dental caries.7 The search for SRs/MA published since completion of the WHO 817 
review did not yield any additional reviews that met the DGAC’s inclusion criteria. 818 
 819 
Moynihan et al. examined total sugars, free sugars, added sugars, sucrose, and non-milk extrinsic 820 
(NME) sugars. In the review, eligible studies reported the absolute amount of sugars. Dental 821 
caries outcomes included caries prevalence, incidence and/or severity. 822 
 823 
Several databases were searched from 1950 through 2011. From 5,990 papers identified, 55 824 
studies (from 65 papers) were eligible, including 3 interventions, 8 cohort studies, 20 population 825 
studies, and 24 cross-sectional studies. No RCTs were included. Data variability limited the 826 
ability to conduct meta-analysis. Of the 55 studies included in the review, the majority were in 827 
children and only four studies were conducted in adults. The terminology used for reporting 828 
sugars varied, but most were described as pertaining to free sugars or added sugars.  829 
 830 
The findings indicated consistent evidence of moderate quality supporting a relationship between 831 
the amount of sugars consumed and dental caries development across age groups. Of the studies, 832 
42 out of 50 studies in children and five out of five in adults reported at least one result for an 833 
association between sugars intake with increased caries. Moderate evidence also showed that 834 
caries incidence is lower when free sugars intake is less than 10 percent of energy intake. When a 835 
less than 5 percent energy intake cutoff was used, a significant relationship between sugars and 836 
caries was observed, but the evidence was judged to be of very low quality. Although meta-837 
analysis was limited, analysis of existing data indicated a large effect size (e.g., Standardized 838 
Mean Difference for Decayed/Missing/Filled Teeth [DMFT] = 0.82 [CI = 0.67-0.97]) for the 839 
relationship of sugars intake and risk of dental caries. A strength of the in-depth SR was the 840 
consistency of data, despite methodological weaknesses in many studies, which included unclear 841 
definitions of endpoints, questions about outcomes ascertainment, and lack of clarity about the 842 
generalizability of individual study results given the study populations used.  843 
 844 
For additional details on this body of evidence, visit:  References 6, 7, 29, 30, 33-37, and 38-60 845 
and Appendices E-2.44 (body weight), E-2.45 (type 2 diabetes), E-2.46 (dental caries), and 846 
http://NEL.gov/topic.cfm?cat=3376 (CVD) 847 
 848 

http://nel.gov/topic.cfm?cat=3376
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Question 7: What is the relationship between the intake of low-calorie sweeteners 849 
and body weight/obesity and type 2 diabetes? 850 

Source of evidence: Existing reports 851 
 852 
Conclusions 853 

Moderate and generally consistent evidence from short-term RCTs conducted in adults and 854 
children supports that replacing sugar-containing sweeteners with low-calorie sweeteners 855 
reduces calorie intake, body weight, and adiposity. DGAC Grade: Moderate 856 
 857 
Long-term observational studies conducted in children and adults provide inconsistent evidence 858 
of an association between low-calorie sweeteners and body weight as compared to sugar-859 
containing sweeteners.  DGAC Grade: Limited  860 
 861 
Long-term observational studies conducted in adults provide inconsistent evidence of an 862 
association between low-calorie sweeteners and risk of type 2 diabetes.  DGAC Grade: Limited  863 
 864 
Review of the Evidence  865 

Low-Calorie Sweeteners and Body Weight/Obesity 866 
The evidence to support these conclusions comes from three SRs/MA published between January 867 
2010 and August 2014.61-63 In total, 39 articles were considered in these reviews, of which six 868 
were included in two or more reviews. Experimentally, the protocols described in the 39 articles 869 
included RCTs and prospective cohort studies. Although results from both experimental designs 870 
were carefully assessed, the DCAC deemed evidence from RCTs to be scientifically stronger and 871 
used it as the foundation for conclusions pertaining to body weight. 872 
 873 
Among prospective cohort studies, low-calorie sweetener intake was not associated with body 874 
weight or fat mass, but was significantly associated with slightly higher BMI (0.03; 95% CI = 875 
0.01 to 0.06).62  These findings should be viewed with caution, however, because of the high risk 876 
of reverse causality and the possibility that people with higher body weights would consume 877 
more low-calorie sweetener-containing foods and beverages as a weight-control strategy. 878 
 879 
Evidence from short-term RCTs consistently indicated that low-calorie sweeteners (vs. sugar-880 
containing foods and beverages) modestly reduce body weight in adults. When evidence from 881 
adults and children were combined, low-calorie sweeteners modestly reduced BMI, fat mass, and 882 
waist circumference. The primary research articles used by Miller and Perez for the MA 883 
contained findings from both adults (n=5 cohorts) and children (n=4 cohorts).62 The results of 884 
interventions lasting 3 to 78 weeks indicated that low-calorie sweeteners reduced body weight in 885 
adults (-0.72 kg; 95% CI = -1.15 to -0.30) and children (-1.06 kg; 95% CI = -1.17 to -0.56). Age-886 
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specific results were not provided for BMI, fat mass, or waist circumference, but data from both 887 
age groups were pooled to show the impact of low-calorie sweeteners vs. sugar-containing 888 
foods/beverages on these outcomes. 889 
 890 
In contrast, Brown et al. summarized that very limited evidence from three short-term (12 to 25 891 
week) RCTs, which suggested that consumption of low-calorie sweeteners does not influence 892 
body weight or BMI in predominantly pre-teenage and teenage youth (ages 10 to 21 years), 893 
compared to sugar-sweetened beverage or placebo.61 The authors cautioned that insufficient data 894 
exist to assess causality of low-calorie sweeteners on body weight. The evidence reported in this 895 
2010 publication was obtained from very heterogeneous experimental designs and interventions. 896 
One study tested the effects of encapsulated aspartame vs. placebo during weight loss; another 897 
allowed subjects to exchange sugar-sweetened beverages with either low-calorie sweetener 898 
beverages or water (precluding assessment of low-calorie sweetener beverages specifically); and 899 
a third was described as a “pilot study.” 900 
 901 
Collectively, evidence is mixed on the impact of low-calorie sweeteners vs. sugar-containing 902 
foods/beverages on body weight in children. However, the DGAC deemed evidence presented by 903 
Miller and Perez62 to be stronger than from Brown et al.61 because it culminated from a larger, 904 
more recent research base and include both systematic review and meta-analysis assessment and 905 
evaluation techniques. 906 
 907 
Low-Calorie Sweeteners and Type 2 Diabetes 908 
Evidence to address the impact of low-calorie sweeteners (specifically artificially sweetened soft 909 
drinks, ASSD) on risk of type 2 diabetes comes from two SRs/MA published between January 910 
2010 and August 2014.33, 34 The data from one of the reviews also is represented in the second 911 
review.  912 
 913 
Greenwood et al. reported that higher consumption of ASSD predicts increased risk of type 2 914 
diabetes.33 The summary RR for ASSD on type 2 diabetes risk was 1.13 (95% CI = 1.02 to 1.25, 915 
p<0.02) per 330 ml/day, based on four analyses from three prospective observational studies. 916 
Although the finding indicates a positive association between ASSD and type 2 diabetes risk, the 917 
trend was not consistent and may indicate an alternative explanation, such as confounding by 918 
lifestyle factors or reverse causality (e.g., individuals with higher BMI at baseline may use 919 
ASSD as a means to control weight). 920 
 921 
Romaguera et al. also reported that higher consumption of ASSD was associated with increased 922 
risk of type 2 diabetes.34 In adjusted models, one 336 g (12 oz) daily increment in ASSD 923 
consumption was associated with a hazard ratio for type 2 diabetes of 1.52 (95% CI = 1.26 to 924 
1.83). High consumers of ASSD showed almost twice the hazard ratio of developing type 2 925 
diabetes compared with low consumers (adjusted HR = 1.93; 95% CI = 1.47 to 2.54; p for trend 926 
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<0.0001). However, the association was attenuated and became statistically not significant when 927 
BMI was included in the model (HR = 1.13, 95% CI = 0.85 to 1.52; p for trend = 0.24). The 928 
authors offered these interpretations of the findings: “In light of these findings, we have two 929 
possible explanations of the association between artificially sweetened soft drinks and diabetes: 930 
(1) the observed association is driven by reverse causality and residual confounding, given that 931 
the underlying health of people consuming artificially sweetened soft drinks may be 932 
compromised and their risk of type 2 diabetes increased; or (2) the association between 933 
artificially sweetened soft drinks and type 2 diabetes is mediated through increased BMI.” The 934 
authors argued that explanation 1 is more likely correct based on reverse causality, but new 935 
research would be needed to clarify the issue. 936 
 937 
Collectively, both studies report a positive association between ASSD and type 2 diabetes risk 938 
that was confounded by baseline BMI. The experimental designs of the studies included in these 939 
reviews analyzed associations, but precluded the assessment of cause and effect relationships, 940 
and future experimental studies should examine the relationship between ASSD and biomarkers 941 
of insulin resistance and other diabetes biomarkers.  942 
 943 
For additional details on this body of evidence, visit:  References 33, 34, and 61-63 and 944 
Appendices E-2.47 (body weight) and E-2.48 (type 2 diabetes) 945 

 946 
Implications 947 

Obesity, type 2 diabetes, CVD, and dental caries are major public health concerns. Added sugars 948 
intake negatively impacts all of these conditions, and strong evidence supports reducing added 949 
sugars intake to reduce health risks. Added sugars are frequently used in food/beverage 950 
processing and provide calories but no other nutrients. Since 39 percent of added sugars are from 951 
sugar-sweetened beverages, efforts are needed to reduce these beverages (see Figure D1.36. 952 
Food Sources of Added Sugars). Currently, the mean intake of added sugars in the U.S. 953 
population is 13%, and from 15% to 17% in children 9 and older, adolescents, and young adults. 954 
 955 
The DGAC recommends limiting added sugars to a maximum of 10% of total daily caloric 956 
intake.  This recommendation is supported by: 1) the food pattern modeling analysis conducted 957 
by the 2015 DGAC and 2) the scientific evidence review on added sugars and chronic disease 958 
risk conducted by the Committee. The food pattern analysis, based on the Healthy U.S.-Style 959 
Pattern, the Healthy Vegetarian Pattern, and the Healthy Mediterranean-Style Pattern (see Part 960 
D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and 961 
Appendix E-3.7), demonstrates that when added sugars in foods and beverages exceeds 3% to 962 
9% of total calories, depending on calorie level, a healthful food pattern may be difficult to 963 
achieve and nutrient density may be adversely affected (Table D6.1). The scientific evidence on 964 
added sugars and chronic disease risk also supports this limit.  965 
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 966 
The recommendation to limit added sugars, especially sugar-sweetened beverages, is consistent 967 
with recommendations from national and international organizations including the American 968 
Academy of Pediatrics, World Health Organization, American Heart Association, Centers for 969 
Disease Control and Prevention, and the American Diabetes Association (Table D6.2).  970 
 971 
When low-calorie sweeteners are used to replace sugar, the resulting reduction in calories can 972 
help to achieve short-term weight loss. However, there is insufficient evidence (due to a paucity 973 
of data) to recommend the use of low-calorie sweeteners as a strategy for long-term weight loss 974 
and weight maintenance. Since the long-term effects of low-calorie sweeteners are still uncertain, 975 
those sweeteners should not be recommended for use as a primary replacement/substitute for 976 
added sugars in foods and beverages.  977 
 978 
Policies and programs at local, state, and national levels in both the private sector and public 979 
sector are necessary to support efforts to lower added sugars in beverages and foods and to limit 980 
availability of sugar-sweetened beverages and snacks. Suggested specific approaches for 981 
reducing added sugars intake include:  982 
 983 
• Water is the preferred beverage choice. Strategies are needed to encourage the US 984 

population, especially children and adolescents, to drink water when they are thirsty. Water 985 
provides a healthy, low-cost, zero-calorie beverage option. Free, readily accessible, safe 986 
water should be available in public settings, as well as child care facilities, schools, worksites 987 
and other community places and promoted in all settings where beverages are offered. 988 

• The Nutrition Facts Panel (NFP) should include added sugars (in grams and teaspoons) and 989 
include a percent daily value, to assist consumers in making informed dietary decisions by 990 
identifying the amount of added sugars in foods and beverages. 991 

• Consumers would benefit from a standardized, easily understood front-of-package (FOP) 992 
label on all food and beverage products to give clear guidance about a food’s healthfulness. 993 
An example is the FOP label recommended by the IOM,18 which included calories, and 0 to 3 994 
“nutritional” points for added sugars, saturated fat, and sodium. This would be integrated 995 
with the NFP, allowing consumers to quickly and easily identify nutrients of concern for 996 
over-consumption, in order to make healthier choices. 997 

• Economic and pricing approaches, using incentives and disincentives should be explored to 998 
promote the purchase of healthier foods and beverages. For example, higher sugar-sweetened 999 
beverage taxes may encourage consumers to reduce sugar-sweetened beverage consumption. 1000 
Using the revenues from the higher sugar-sweetened beverage taxes for nutrition health 1001 
promotion efforts or to subsidize fruits and vegetables could have public health benefits. 1002 
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• Efforts to reduce added sugars in foods and sugar-sweetened beverages in school meals and 1003 
through the new smart snacks in schools should continue and also be expanded to other 1004 
settings, including early child care (through the Child and Adult Care Food Program- 1005 
CACFP), parks, recreation centers, sports leagues, after school programs, work sites and 1006 
other community settings.  1007 

• Policies that limit exposure and marketing of foods and beverages high in added sugars to 1008 
young children, youth and adolescents are needed as dietary preferences are established early 1009 
in life.  1010 

• Young adults (ages 20-29 years) are among the greatest consumers of sugar-sweetened 1011 
beverages and are directly targeted in sugar-sweetened beverage marketing campaigns. 1012 
Health promotion efforts and policies are needed to reduce sugar-sweetened beverages in 1013 
settings, such as postsecondary institutions and worksites. 1014 

• Policy changes within the federal Supplemental Nutrition Assistance Program (SNAP), 1015 
similar to policies in place for the WIC program, should be considered to encourage purchase 1016 
of healthier options, including foods and beverages low in added sugars.  Pilot studies using 1017 
incentives and restrictions should be tested and evaluated.  1018 

• Public education campaigns are needed to increase the public’s awareness of the health 1019 
effects of added sugars and help consumers reduce added sugars intake and reduce intake of 1020 
sugar-sweetened beverages through policy, food environment and education initiatives. 1021 

 1022 
 1023 

 1024 

 1025 

 1026 

 1027 

  1028 
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Table D6.2. Recommendations or statements related to added sugars or sugar-sweetened 1029 
beverages from international and national organizations 1030 

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

World Health 
Organization 
(WHO)64 

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

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

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

American Heart 
Association 
(AHA)65 

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 
202066 

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 
Childhood72 

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

 1031 
 1032 
  1033 
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CHAPTER SUMMARY 1034 

The DGAC encourages the consumption of healthy dietary patterns that are low in saturated fat, 1035 
added sugars, and sodium. The conclusions in this chapter complement the findings from Part D. 1036 
Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and Part D. 1037 
Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes. The goals for the 1038 
general population are: less than 2,300 mg dietary sodium per day (or age-appropriate Dietary 1039 
Reference Intake amount), less than 10 percent of total calories from saturated fat per day, and a 1040 
maximum of 10 percent of total calories from added sugars per day.  1041 
 1042 
Sodium, saturated fat, and added sugars are not intended to be reduced in isolation, but as a part 1043 
of a healthy dietary pattern. Rather than focusing purely on reduction, emphasis should be placed 1044 
on replacement and shifts in food intake and eating patterns. Sources of saturated fat should be 1045 
replaced with unsaturated fat, particularly polyunsaturated fatty acids. Similarly, added sugars 1046 
should be reduced in the diet and not replaced with low-calorie sweeteners, but rather with 1047 
healthy options, such as water in place of sugar-sweetened beverages. For sodium, emphasis 1048 
should be placed on expanding industry efforts to reduce the sodium content of foods and 1049 
helping consumers understand how to flavor unsalted foods with spices and herbs.  1050 
 1051 
Achieving reductions in sodium, saturated fat, and added sugars, can all be accomplished and are 1052 
more attainable by eating a healthy dietary pattern. For all three of these components of the diet, 1053 
policies and programs at local, state, and national levels in both the private and public sector are 1054 
necessary to support reduction efforts. Similarly, the Committee supports efforts in labeling and 1055 
other campaigns to increase consumer awareness and understanding of sodium, saturated fats, 1056 
and added sugars in foods and beverages. The Committee encourages the food industry to 1057 
continue reformulating and making changes to certain foods to improve their nutrition profile. 1058 
Examples of such actions include lowering sodium and added sugars content, achieving better 1059 
saturated fat to polyunsaturated fat ratio, and reducing portion sizes in retail settings (restaurants, 1060 
food outlets, and public venues, such as professional sports stadiums and arenas). The 1061 
Committee also encourages the food industry to market these improved products to consumers. 1062 
 1063 
 1064 

NEEDS FOR FUTURE RESEARCH 1065 

1. Design and conduct studies with sufficient power to define the impact of improving dietary 1066 
quality, including the lowering of dietary sodium intake, on hypertension and relevant 1067 
disease outcomes, including cardiovascular disease, stroke, peripheral vascular disease, 1068 
kidney disease, and others. The interactions with patterns of therapeutic medication use (e.g., 1069 
diuretics, antihypertensives, and lipid-lowering) should be considered.   1070 
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 1071 
Rationale: The current literature is incomplete, limited in power and durations, and often 1072 
compromised by methodological challenges that must be addressed in well-designed studies 1073 
with relevant clinical outcomes. 1074 
 1075 

2. Assess the accuracy of 24-hour urine collections for sodium assessment in populations with 1076 
different health conditions (e.g., diabetes, chronic kidney disease, heart failure, 1077 
cardiovascular disease) and interactions with different patterns of medication use (e.g., 1078 
diuretics, antihypertensives).  1079 
 1080 
Rationale: If there is systematic error in sodium assessment because individuals with various 1081 
co-morbidities who are taking medications systematically do not provide accurate urine 1082 
collections, paradoxical findings between sodium and health outcomes may be observed. 1083 
 1084 

3. Examine the effect of behavioral interventions, with novel approaches (e.g., flavorful recipes, 1085 
cooking techniques) on adherence to dietary sodium recommendations.  1086 
 1087 
Rationale: For decades, the population has exceeded dietary sodium intake 1088 
recommendations. A public health approach that results in reformulation of commercially 1089 
processed foods to lower sodium content should be the primary strategy for decreasing 1090 
sodium intake in the U.S. population. However, individual support for public health policies 1091 
will be needed to further document demand for changes in the sodium food environment. To 1092 
this end, interventions that modify individual knowledge, attitudes, and behaviors around 1093 
sodium intake should be evaluated. 1094 
 1095 

4. Examine the effect of low sodium intake on taste preferences for sodium and healthy dietary 1096 
patterns.  1097 
 1098 
Rationale: It has been argued that populations desire higher levels of sodium intake and will 1099 
inevitably revert to higher levels of sodium intakes after acute reductions in sodium intake. It 1100 
has also been argued that after six weeks of reduced sodium intake, taste preferences are 1101 
modified such that higher sodium is no longer desirable. Studies are needed to elucidate the 1102 
effects of lowering sodium intake on diet preferences. 1103 
 1104 

5. Document the relationship between portion size and sodium intake.  1105 
 1106 
Rationale: These data are needed to inform whether dietary recommendations for sodium 1107 
should be adjusted for caloric intake. It is known that the absolute amount of sodium intake is 1108 
highly correlated with caloric intake. As a result, the absolute recommended amount of 1109 
sodium is harder to achieve for a larger, high energy consuming person than for a smaller, 1110 
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low energy consuming person. The science to inform whether sodium density confers 1111 
different risk than absolute intake of sodium is limited because of methodologic limitations 1112 
in surveys where both calories and sodium intake can be calculated. Furthermore, the 1113 
existing correlation between sodium and calories may be an artifact of the current food 1114 
supply. 1115 

 1116 
6. Determine the effects of replacement of saturated fat with different types of carbohydrates 1117 

(e.g., refined vs. whole grains) on cardiovascular disease risk.  1118 
 1119 
Rationale: Most randomized controlled trials and prospective cohort studies compared 1120 
saturated fat with total carbohydrates. It is important to distinguish different types of 1121 
carbohydrates (e.g. refined vs. whole grains) in future studies.  1122 
 1123 

7. Examine the effects that replacement of saturated fat with polyunsaturated fat vs. 1124 
monounsaturated fat has on cardiovascular disease risk.   1125 
 1126 
Rationale: Most existing studies have examined the effects of substituting PUFA for 1127 
saturated fat on cardiovascular disease risk. Future studies should also examine the potential 1128 
benefits of substituting monounsaturated fat from plant sources such as olive oil and 1129 
nuts/seeds for saturated fat on cardiovascular disease risk.  1130 
 1131 

8. Examine lipid and metabolic effects of specific oils modified to have different fatty acid 1132 
profiles (e.g. commodity soy oil [high linoleic acid] vs. high oleic soy oil).   1133 
 1134 
Rationale: As more modified vegetables oils become commercially available, it is important 1135 
to assess their long-term health effects. In addition, future studies should examine lipid and 1136 
metabolic effects of plant oils that contain a mix of n-9, n-6, and n-3 fatty acids, as a 1137 
replacement for animal fat, on cardiovascular disease risk factors.  1138 
 1139 

9. Examine the effects of saturated fat from different sources, including animal products (e.g. 1140 
butter, lard), plant (e.g., palm vs. coconut oils), and production systems (e.g. refined 1141 
deodorized bleached vs. virgin coconut oil) on blood lipids and cardiovascular disease risk.   1142 
 1143 
Rationale: Different sources of saturated fat contain different fatty acid profiles and thus, 1144 
may result in different lipid and metabolic effects. In addition, virgin and refined coconut oils 1145 
have different effects in animal models, but human data are lacking.  1146 
 1147 

10. Conduct gene-nutrient interaction studies by measuring genetic variations in relevant genes 1148 
that will enable evaluation of effects of specific diets for individualized nutrition 1149 
recommendations.  1150 
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 1151 
Rationale: Individuals with different genetic background may respond to the same dietary 1152 
intervention differently in terms of blood lipids and other cardiovascular disease risk factors. 1153 
Future studies should explore the potential role of genetic factors in modulating the effects of 1154 
fat type modification on health outcomes. 1155 
 1156 

11. Identify sources and names of added sugars and low-calorie sweeteners used in the food 1157 
supply and quantify their consumption levels and trends in the U.S. diet.  1158 

 1159 
Rationale: It is unclear whether all food and nutrient databases capture all added sugars 1160 
because: 1) added sugars have varied and inconsistent nomenclature and may not be 1161 
recognized as added sugars in nutrient analyses; and 2) many foods with added sugars have 1162 
formulations considered proprietary by the manufacturers and for this reason actual added 1163 
sugars content is difficult to obtain. Accurate assessment of added sugars in the U.S. diet is 1164 
needed to quantify the population level exposure and subsequent health risks from added 1165 
sugars. The lack of information on the various added sugars in the food supply hinders efforts 1166 
to make policy about consumption. 1167 

 1168 
12. Conduct prospective research with strong experimental designs and multiple measurements 1169 

of the consumption of added sugars and low-calorie sweeteners on health outcomes, such as 1170 
body weight, adiposity, and clinical markers of type 2 diabetes and cardiovascular disease.  1171 

 1172 
Rationale: High heterogeneity exists among published research with regard to the types and 1173 
forms of added sugars and low-calorie sweeteners-containing foods/beverages used for 1174 
interventions, which precludes assessing the effects of specific added sugars and low-calorie 1175 
sweeteners on body weight, adiposity, and cardio-metabolic health in adults and children. 1176 
Many studies use single baseline measurements of diet to reflect usual patterns and quantities 1177 
of intake over time. New research should emphasize assessments within the context of usual 1178 
dietary intakes and patterns of food and beverage consumption in free-living populations, 1179 
along with specific added sugars and low-calorie sweeteners, especially those that are 1180 
currently understudied. Large prospective studies with repeated measurements of low-calorie 1181 
sweeteners are needed to monitor their long-term effects on cancer and other health 1182 
outcomes. 1183 

 1184 
13. Design studies that emphasize assessments of relationships between the intakes of added 1185 

sugars and low-calorie sweeteners and body weight, adiposity, and cardio-metabolic health in 1186 
diverse sub-populations who are at high risk of obesity and related morbidities. 1187 

 1188 
Rationale: Insufficient evidence exists to assess the impact of added sugars and low-calorie 1189 
sweeteners contained in foods and beverages on individuals from diverse populations who 1190 
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have high risk for adverse health outcomes. These include (but not limited to) different 1191 
race/ethnicity groups; low income groups, especially those with food insecurity; groups who 1192 
live in specific geographic locations with high prevalence of obesity (e.g. inner city, rural, 1193 
and Southern regions of the United States); and age and sex groups (women, children, and 1194 
elderly adults). 1195 

 1196 
14. Assess and improve approaches and policies to reduce the amount of added sugars in the 1197 

food and beverage supply as well as in school and community settings. 1198 
 1199 

Rationale: Results from this research would assist policy makers and the private sector in 1200 
establishing sustainable approaches and policies to limit the availability and consumption of 1201 
added sugars. These approaches and policies would also be important for multi-component 1202 
strategies to improve weight control and health among people living in the United States. 1203 

 1204 
15. Conduct consumer research to identify and test elements of a standardized, easily understood 1205 

front-of-package label. 1206 
 1207 
Rationale: Research is needed to provide an evidence base to support the need and identify 1208 
critical elements of a front of package label. This is particularly important to support the 1209 
Food and Drug Administration in implementing a front-of-package labeling system. 1210 

 1211 
 1212 
REFERENCES 1213 

1. National Heart Lung and Blood Institute. Lifestyle Interventions to Reduce 1214 
Cardiovascular Risk: Systematic Evidence Review from the Lifestyle Work Group. 1215 
Bethesda, MD: U.S. Department of Health and Human Services, National Institutes of 1216 
Health; 2013. Available from: http://www.nhlbi.nih.gov/health-pro/guidelines/in-1217 
develop/cardiovascular-risk-reduction/lifestyle/index.htm. 1218 

2. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS, et al. 2013 1219 
AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a report of 1220 
the American College of Cardiology/American Heart Association Task Force on Practice 1221 
Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):2960-84. PMID: 24239922. 1222 
http://www.ncbi.nlm.nih.gov/pubmed/24239922. 1223 

3. Mente A, O'Donnell MJ, Rangarajan S, McQueen MJ, Poirier P, Wielgosz A, et al. 1224 
Association of urinary sodium and potassium excretion with blood pressure. N Engl J 1225 
Med. 2014;371(7):601-11. PMID: 25119606. 1226 
http://www.ncbi.nlm.nih.gov/pubmed/25119606. 1227 

4. Institute of Medicine. Sodium Intake in Populations: Assessment of Evidence. 1228 
Washington, D.C.: The National Academies Press; 2013. Available from: 1229 
http://www.nap.edu/catalog.php?record_id=18311.  1230 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 35 
 
 

5. Institute of Medicine. Strategies to Reduce Sodium Intake in the United States. 1231 
Washington D.C.: The National Academies Press; 2010. 1232 

6. Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic review 1233 
and meta-analyses of randomised controlled trials and cohort studies. BMJ. 1234 
2013;346:e7492. PMID: 23321486. http://www.ncbi.nlm.nih.gov/pubmed/23321486. 1235 

7. Moynihan PJ, Kelly SA. Effect on caries of restricting sugars intake: systematic review to 1236 
inform WHO guidelines. J Dent Res. 2014;93(1):8-18. PMID: 24323509. 1237 
http://www.ncbi.nlm.nih.gov/pubmed/24323509. 1238 

8. U.S. Department of Agriculture.  Agricultural Research Services. Nutrient Intakes from 1239 
Food: Mean Amounts Consumed per Individual, by Gender and Age, What We Eat in 1240 
America, NHANES 2009-2010. 2012.  Available from: www.ars.usda.gov/ba/bhnrc/fsrg. 1241 

9. Institute of Medicine. Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, 1242 
and Sulfate. Washington, D.C.: The National Academies Press; 2005. Available from: 1243 
http://books.nap.edu/openbook.php?record_id=10925. 1244 

10. Graudal NA, Hubeck-Graudal T, Jürgens G. Effects of low-sodium diet vs. high-sodium 1245 
diet on blood pressure, renin, aldosterone, catecholamines, cholesterol, and triglyceride 1246 
(Cochrane Review). Am J Hypertens. 2012;25(1):1-15. PMID: 22068710. 1247 
http://www.ncbi.nlm.nih.gov/pubmed/22068710. 1248 

11. Dietary Guidelines Advisory Committee. Report of the Dietary Guidelines Advisory 1249 
Committee on the Dietary Guidelines for Americans, 2010, to the Secretary of 1250 
Agriculture and the Secretary of Health and Human Services: U.S. Department of 1251 
Agriculture, Agricultural Research Service,  Washington D.C.; 2010. Available from: 1252 
http://www.cnpp.usda.gov/DGAs2010-DGACReport.htm. 1253 

12. Cotter J, Cotter MJ, Oliveira P, Cunha P, Polonia J. Salt intake in children 10-12 years 1254 
old and its modification by active working practices in a school garden. J Hypertens. 1255 
2013;31(10):1966-71. PMID: 24107730. 1256 
http://www.ncbi.nlm.nih.gov/pubmed/24107730. 1257 

13. Shi L, Krupp D, Remer T. Salt, fruit and vegetable consumption and blood pressure 1258 
development: a longitudinal investigation in healthy children. Br J Nutr. 1259 
2014;111(4):662-71. PMID: 24326147. http://www.ncbi.nlm.nih.gov/pubmed/24326147. 1260 

14. Cook NR, Appel LJ, Whelton PK. Lower levels of sodium intake and reduced 1261 
cardiovascular risk. Circulation. 2014;129(9):981-9. PMID: 24415713. 1262 
http://www.ncbi.nlm.nih.gov/pubmed/24415713. 1263 

15. Joosten MM, Gansevoort RT, Mukamal KJ, Lambers Heerspink HJ, Geleijnse JM, 1264 
Feskens EJ, et al. Sodium excretion and risk of developing coronary heart disease. 1265 
Circulation. 2014;129(10):1121-8. PMID: 24425751. 1266 
http://www.ncbi.nlm.nih.gov/pubmed/24425751. 1267 

16. O'Donnell M, Mente A, Rangarajan S, McQueen MJ, Wang X, Liu L, et al. Urinary 1268 
sodium and potassium excretion, mortality, and cardiovascular events. N Engl J Med. 1269 
2014;371(7):612-23. PMID: 25119607. http://www.ncbi.nlm.nih.gov/pubmed/25119607. 1270 

17. Pfister R, Michels G, Sharp SJ, Luben R, Wareham NJ, Khaw KT. Estimated urinary 1271 
sodium excretion and risk of heart failure in men and women in the EPIC-Norfolk study. 1272 
Eur J Heart Fail. 2014. PMID: 24464931. 1273 
http://www.ncbi.nlm.nih.gov/pubmed/24464931. 1274 

18. Institute of Medicine. Front-of-Package Nutrition Rating Systems and Symbols: 1275 
Promoting Healthier Choices. Washingon D.C.: The National Academies Press; 2012. 1276 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 36 
 
 

19. Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, et al. 1277 
Association of dietary, circulating, and supplement fatty acids with coronary risk: a 1278 
systematic review and meta-analysis. Ann Intern Med. 2014;160(6):398-406. PMID: 1279 
24723079. http://www.ncbi.nlm.nih.gov/pubmed/24723079. 1280 

20. Farvid MS, Ding M, Pan A, Sun Q, Chiuve SE, Steffen LM, et al. Dietary Linoleic Acid 1281 
and Risk of Coronary Heart Disease: A Systematic Review and Meta-Analysis of 1282 
Prospective Cohort Studies. Circulation. 2014. PMID: 25161045. 1283 
http://www.ncbi.nlm.nih.gov/pubmed/25161045. 1284 

21. Hooper L, Summerbell CD, Thompson R, Sills D, Roberts FG, Moore HJ, et al. Reduced 1285 
or modified dietary fat for preventing cardiovascular disease. Cochrane Database Syst 1286 
Rev. 2012;5:CD002137. PMID: 22592684. 1287 
http://www.ncbi.nlm.nih.gov/pubmed/22592684. 1288 

22. Jakobsen MU, O'Reilly EJ, Heitmann BL, Pereira MA, Bälter K, Fraser GE, et al. Major 1289 
types of dietary fat and risk of coronary heart disease: a pooled analysis of 11 cohort 1290 
studies. Am J Clin Nutr. 2009;89(5):1425-32. PMID: 19211817. 1291 
http://www.ncbi.nlm.nih.gov/pubmed/19211817. 1292 

23. Mozaffarian D, Micha R, Wallace S. Effects on coronary heart disease of increasing 1293 
polyunsaturated fat in place of saturated fat: a systematic review and meta-analysis of 1294 
randomized controlled trials. PLoS Med. 2010;7(3):e1000252. PMID: 20351774. 1295 
http://www.ncbi.nlm.nih.gov/pubmed/20351774. 1296 

24. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort studies 1297 
evaluating the association of saturated fat with cardiovascular disease. Am J Clin Nutr. 1298 
2010;91(3):535-46. PMID: 20071648. http://www.ncbi.nlm.nih.gov/pubmed/20071648. 1299 

25. Skeaff CM, Miller J. Dietary fat and coronary heart disease: summary of evidence from 1300 
prospective cohort and randomised controlled trials. Ann Nutr Metab. 2009;55(1-3):173-1301 
201. PMID: 19752542. http://www.ncbi.nlm.nih.gov/pubmed/19752542. 1302 

26. Mensink RP, Katan MB. Effect of dietary fatty acids on serum lipids and lipoproteins. A 1303 
meta-analysis of 27 trials. Arterioscler Thromb. 1992;12(8):911-9. PMID: 1386252. 1304 
http://www.ncbi.nlm.nih.gov/pubmed/1386252. 1305 

27. Mensink RP, Zock PL, Kester AD, Katan MB. Effects of dietary fatty acids and 1306 
carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids and 1307 
apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin Nutr. 1308 
2003;77(5):1146-55. PMID: 12716665. http://www.ncbi.nlm.nih.gov/pubmed/12716665. 1309 

28. Department of Health and Human Services. Food and Drug Administration. Proposed 1310 
definition from FDA in the Proposed Rule to the revision of the Nutrition and 1311 
Supplement Facts Labels (Docket No. FDA-2012-N-1210). March 2014. Available from: 1312 
https://www.federalregister.gov/articles/2014/03/03/2014-04387/food-labeling-revision-1313 
of-the-nutrition-and-supplement-facts-labels#p-325. 1314 

29. Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in 1315 
children and adults: a systematic review and meta-analysis. Am J Clin Nutr. 1316 
2013;98(4):1084-102. PMID: 23966427. 1317 
http://www.ncbi.nlm.nih.gov/pubmed/23966427. 1318 

30. Kaiser KA, Shikany JM, Keating KD, Allison DB. Will reducing sugar-sweetened 1319 
beverage consumption reduce obesity? Evidence supporting conjecture is strong, but 1320 
evidence when testing effect is weak. Obes Rev. 2013;14(8):620-33. PMID: 23742715. 1321 
http://www.ncbi.nlm.nih.gov/pubmed/23742715. 1322 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 37 
 
 

31. Mattes RD, Shikany JM, Kaiser KA, Allison DB. Nutritively sweetened beverage 1323 
consumption and body weight: a systematic review and meta-analysis of randomized 1324 
experiments. Obes Rev. 2011;12(5):346-65. PMID: 20524996. 1325 
http://www.ncbi.nlm.nih.gov/pubmed/20524996. 1326 

32. The science behind the sweetness in our diets. Bull World Health Organ. 1327 
2014;92(11):780-1. PMID: 25378738. http://www.ncbi.nlm.nih.gov/pubmed/25378738. 1328 

33. Greenwood DC, Threapleton DE, Evans CE, Cleghorn CL, Nykjaer C, Woodhead C, et 1329 
al. Association between sugar-sweetened and artificially sweetened soft drinks and type 2 1330 
diabetes: systematic review and dose-response meta-analysis of prospective studies. Br J 1331 
Nutr. 2014;112(5):725-34. PMID: 24932880. 1332 
http://www.ncbi.nlm.nih.gov/pubmed/24932880. 1333 

34. Romaguera D, Norat T, Wark PA, Vergnaud AC, Schulze MB, van Woudenbergh GJ, et 1334 
al. Consumption of sweet beverages and type 2 diabetes incidence in European adults: 1335 
results from EPIC-InterAct. Diabetologia. 2013;56(7):1520-30. PMID: 23620057. 1336 
http://www.ncbi.nlm.nih.gov/pubmed/23620057. 1337 

35. Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar-sweetened 1338 
beverages and risk of metabolic syndrome and type 2 diabetes: a meta-analysis. Diabetes 1339 
Care. 2010;33(11):2477-83. PMID: 20693348. 1340 
http://www.ncbi.nlm.nih.gov/pubmed/20693348. 1341 

36. Sonestedt E, Overby NC, Laaksonen DE, Birgisdottir BE. Does high sugar consumption 1342 
exacerbate cardiometabolic risk factors and increase the risk of type 2 diabetes and 1343 
cardiovascular disease? Food Nutr Res. 2012;56. PMID: 22855643. 1344 
http://www.ncbi.nlm.nih.gov/pubmed/22855643. 1345 

37. Xi B, Li S, Liu Z, Tian H, Yin X, Huai P, et al. Intake of fruit juice and incidence of type 1346 
2 diabetes: a systematic review and meta-analysis. PLoS One. 2014;9(3):e93471. PMID: 1347 
24682091. http://www.ncbi.nlm.nih.gov/pubmed/24682091. 1348 

38. Aeberli I, Gerber PA, Hochuli M, Kohler S, Haile SR, Gouni-Berthold I, et al. Low to 1349 
moderate sugar-sweetened beverage consumption impairs glucose and lipid metabolism 1350 
and promotes inflammation in healthy young men: a randomized controlled trial. Am J 1351 
Clin Nutr. 2011;94(2):479-85. PMID: 21677052. 1352 
http://www.ncbi.nlm.nih.gov/pubmed/21677052. 1353 

39. Aeberli I, Hochuli M, Gerber PA, Sze L, Murer SB, Tappy L, et al. Moderate amounts of 1354 
fructose consumption impair insulin sensitivity in healthy young men: a randomized 1355 
controlled trial. Diabetes Care. 2013;36(1):150-6. PMID: 22933433. 1356 
http://www.ncbi.nlm.nih.gov/pubmed/22933433. 1357 

40. Barrio-Lopez MT, Martinez-Gonzalez MA, Fernandez-Montero A, Beunza JJ, Zazpe I, 1358 
Bes-Rastrollo M. Prospective study of changes in sugar-sweetened beverage consumption 1359 
and the incidence of the metabolic syndrome and its components: the SUN cohort. Br J 1360 
Nutr. 2013;110(9):1722-31. PMID: 23534417. 1361 
http://www.ncbi.nlm.nih.gov/pubmed/23534417. 1362 

41. Bernstein AM, de Koning L, Flint AJ, Rexrode KM, Willett WC. Soda consumption and 1363 
the risk of stroke in men and women. Am J Clin Nutr. 2012;95(5):1190-9. PMID: 1364 
22492378. http://www.ncbi.nlm.nih.gov/pubmed/22492378. 1365 

42. Black RN, Spence M, McMahon RO, Cuskelly GJ, Ennis CN, McCance DR, et al. Effect 1366 
of eucaloric high- and low-sucrose diets with identical macronutrient profile on insulin 1367 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 38 
 
 

resistance and vascular risk: a randomized controlled trial. Diabetes. 2006;55(12):3566-1368 
72. PMID: 17130505. http://www.ncbi.nlm.nih.gov/pubmed/17130505. 1369 

43. Chen L, Caballero B, Mitchell DC, Loria C, Lin PH, Champagne CM, et al. Reducing 1370 
consumption of sugar-sweetened beverages is associated with reduced blood pressure: a 1371 
prospective study among United States adults. Circulation. 2010;121(22):2398-406. 1372 
PMID: 20497980. http://www.ncbi.nlm.nih.gov/pubmed/20497980. 1373 

44. Cohen L, Curhan G, Forman J. Association of sweetened beverage intake with incident 1374 
hypertension. J Gen Intern Med. 2012;27(9):1127-34. PMID: 22539069. 1375 
http://www.ncbi.nlm.nih.gov/pubmed/22539069. 1376 

45. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC, Hu FB. Sweetened 1377 
beverage consumption, incident coronary heart disease, and biomarkers of risk in men. 1378 
Circulation. 2012;125(14):1735-41, S1. PMID: 22412070. 1379 
http://www.ncbi.nlm.nih.gov/pubmed/22412070. 1380 

46. Dhingra R, Sullivan L, Jacques PF, Wang TJ, Fox CS, Meigs JB, et al. Soft drink 1381 
consumption and risk of developing cardiometabolic risk factors and the metabolic 1382 
syndrome in middle-aged adults in the community. Circulation. 2007;116(5):480-8. 1383 
PMID: 17646581. http://www.ncbi.nlm.nih.gov/pubmed/17646581. 1384 

47. Duffey KJ, Gordon-Larsen P, Steffen LM, Jacobs DR, Popkin BM. Drinking caloric 1385 
beverages increases the risk of adverse cardiometabolic outcomes in the Coronary Artery 1386 
Risk Development in Young Adults (CARDIA) Study. Am J Clin Nutr. 2010;92(4):954-1387 
9. PMID: 20702604. http://www.ncbi.nlm.nih.gov/pubmed/20702604. 1388 

48. Eshak ES, Iso H, Kokubo Y, Saito I, Yamagishi K, Inoue M, et al. Soft drink intake in 1389 
relation to incident ischemic heart disease, stroke, and stroke subtypes in Japanese men 1390 
and women: the Japan Public Health Centre-based study cohort I. Am J Clin Nutr. 1391 
2012;96(6):1390-7. PMID: 23076619. http://www.ncbi.nlm.nih.gov/pubmed/23076619. 1392 

49. Faeh D, Minehira K, Schwarz JM, Periasamy R, Periasami R, Park S, et al. Effect of 1393 
fructose overfeeding and fish oil administration on hepatic de novo lipogenesis and 1394 
insulin sensitivity in healthy men. Diabetes. 2005;54(7):1907-13. PMID: 15983189. 1395 
http://www.ncbi.nlm.nih.gov/pubmed/15983189. 1396 

50. Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB. Sweetened beverage 1397 
consumption and risk of coronary heart disease in women. Am J Clin Nutr. 1398 
2009;89(4):1037-42. PMID: 19211821. http://www.ncbi.nlm.nih.gov/pubmed/19211821. 1399 

51. Larsson SC, Akesson A, Wolk A. Sweetened beverage consumption is associated with 1400 
increased risk of stroke in women and men. J Nutr. 2014;144(6):856-60. PMID: 1401 
24717367. http://www.ncbi.nlm.nih.gov/pubmed/24717367. 1402 

52. Lê KA, Ith M, Kreis R, Faeh D, Bortolotti M, Tran C, et al. Fructose overconsumption 1403 
causes dyslipidemia and ectopic lipid deposition in healthy subjects with and without a 1404 
family history of type 2 diabetes. Am J Clin Nutr. 2009;89(6):1760-5. PMID: 19403641. 1405 
http://www.ncbi.nlm.nih.gov/pubmed/19403641. 1406 

53. Lewis AS, McCourt HJ, Ennis CN, Bell PM, Courtney CH, McKinley MC, et al. 1407 
Comparison of 5% versus 15% sucrose intakes as part of a eucaloric diet in overweight 1408 
and obese subjects: effects on insulin sensitivity, glucose metabolism, vascular 1409 
compliance, body composition and lipid profile. A randomised controlled trial. 1410 
Metabolism. 2013;62(5):694-702. PMID: 23363580. 1411 
http://www.ncbi.nlm.nih.gov/pubmed/23363580. 1412 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 39 
 
 

54. Lowndes J, Sinnett S, Pardo S, Nguyen VT, Melanson KJ, Yu Z, et al. The effect of 1413 
normally consumed amounts of sucrose or high fructose corn syrup on lipid profiles, 1414 
body composition and related parameters in overweight/obese subjects. Nutrients. 1415 
2014;6(3):1128-44. PMID: 24642950. http://www.ncbi.nlm.nih.gov/pubmed/24642950. 1416 

55. Lowndes J, Sinnett S, Yu Z, Rippe J. The effects of fructose-containing sugars on weight, 1417 
body composition and cardiometabolic risk factors when consumed at up to the 90th 1418 
percentile population consumption level for fructose. Nutrients. 2014;6(8):3153-68. 1419 
PMID: 25111121. http://www.ncbi.nlm.nih.gov/pubmed/25111121. 1420 

56. Maersk M, Belza A, Stødkilde-Jørgensen H, Ringgaard S, Chabanova E, Thomsen H, et 1421 
al. Sucrose-sweetened beverages increase fat storage in the liver, muscle, and visceral fat 1422 
depot: a 6-mo randomized intervention study. Am J Clin Nutr. 2012;95(2):283-9. PMID: 1423 
22205311. http://www.ncbi.nlm.nih.gov/pubmed/22205311. 1424 

57. Raben A, Vasilaras TH, Møller AC, Astrup A. Sucrose compared with artificial 1425 
sweeteners: different effects on ad libitum food intake and body weight after 10 wk of 1426 
supplementation in overweight subjects. Am J Clin Nutr. 2002;76(4):721-9. PMID: 1427 
12324283. http://www.ncbi.nlm.nih.gov/pubmed/12324283. 1428 

58. Tasevska N, Park Y, Jiao L, Hollenbeck A, Subar AF, Potischman N. Sugars and risk of 1429 
mortality in the NIH-AARP Diet and Health Study. Am J Clin Nutr. 2014;99(5):1077-88. 1430 
PMID: 24552754. http://www.ncbi.nlm.nih.gov/pubmed/24552754. 1431 

59. Yang Q, Zhang Z, Gregg EW, Flanders WD, Merritt R, Hu FB. Added sugar intake and 1432 
cardiovascular diseases mortality among US adults. JAMA Intern Med. 2014;174(4):516-1433 
24. PMID: 24493081. http://www.ncbi.nlm.nih.gov/pubmed/24493081. 1434 

60. Yu Z, Lowndes J, Rippe J. High-fructose corn syrup and sucrose have equivalent effects 1435 
on energy-regulating hormones at normal human consumption levels. Nutr Res. 1436 
2013;33(12):1043-52. PMID: 24267044. 1437 
http://www.ncbi.nlm.nih.gov/pubmed/24267044. 1438 

61. Brown RJ, de Banate MA, Rother KI. Artificial sweeteners: a systematic review of 1439 
metabolic effects in youth. Int J Pediatr Obes. 2010;5(4):305-12. PMID: 20078374. 1440 
http://www.ncbi.nlm.nih.gov/pubmed/20078374. 1441 

62. Miller PE, Perez V. Low-calorie sweeteners and body weight and composition: a meta-1442 
analysis of randomized controlled trials and prospective cohort studies. Am J Clin Nutr. 1443 
2014;100(3):765-77. PMID: 24944060. http://www.ncbi.nlm.nih.gov/pubmed/24944060. 1444 

63. Wiebe N, Padwal R, Field C, Marks S, Jacobs R, Tonelli M. A systematic review on the 1445 
effect of sweeteners on glycemic response and clinically relevant outcomes. BMC Med. 1446 
2011;9:123. PMID: 22093544. http://www.ncbi.nlm.nih.gov/pubmed/22093544. 1447 

64. World Health Organization. Draft guidelines on free sugars released for public 1448 
consultation, 5 March 2014. 1449 
http://www.who.int/nutrition/sugars_public_consultation/en/. 1450 

65. Van Horn L, Johnson RK, Flickinger BD, Vafiadis DK, Yin-Piazza S, Group ASCP. 1451 
Translation and implementation of added sugars consumption recommendations: a 1452 
conference report from the American Heart Association Added Sugars Conference 2010. 1453 
Circulation. 2010;122(23):2470-90. PMID: 21060079. 1454 
http://www.ncbi.nlm.nih.gov/pubmed/21060079. 1455 

66. U.S. Department of Health and Human Services. Office of Disease Prevention and Health 1456 
Promotion. Healthy People 2020. Objective NWS-17.2.  Available from: 1457 



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

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 40 
 
 

https://www.healthypeople.gov/2020/topics-objectives/topic/nutrition-and-weight-1458 
status/objectives. 1459 

67. Barlow SE, Committee E. Expert committee recommendations regarding the prevention, 1460 
assessment, and treatment of child and adolescent overweight and obesity: summary 1461 
report. Pediatrics. 2007;120 Suppl 4:S164-92. PMID: 18055651. 1462 
http://www.ncbi.nlm.nih.gov/pubmed/18055651. 1463 

68. American Academy of Pediatrics Committee on School Health. Soft drinks in schools. 1464 
Pediatrics. 2004;113(1 Pt 1):152-4. PMID: 14702469. 1465 
http://www.ncbi.nlm.nih.gov/pubmed/14702469. 1466 

69. American Academy of Pediatrics. Sweeteners and Sugar Substitutes.  Available from: 1467 
http://www.healthychildren.org/English/healthy-living/nutrition/Pages/Sweeteners-and-1468 
Sugar-Substitutes.aspx. 1469 

70. American Diabetes Association. Sugar and Desserts  [November 2014].  Available from: 1470 
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/understanding-1471 
carbohydrates/sugar-and-desserts.html. 1472 

71. Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ, Mayer-Davis EJ, et al. 1473 
Nutrition therapy recommendations for the management of adults with diabetes. Diabetes 1474 
Care. 2013;36(11):3821-42. PMID: 24107659. 1475 
http://www.ncbi.nlm.nih.gov/pubmed/24107659. 1476 

72. National Heart Lung and Blood Institute. Integrated Guidelines for Cardiovascular Health 1477 
and Risk Reduction in Children and Adolescents. Bethesda, MD: U.S. Department of 1478 
Health and Human Services, National Institutes of Health; 2013. 1479 

 1480 
 1481 
 1482 


	INTRODUCTION
	LIST OF QUESTIONS
	Sodium
	Saturated Fat
	Added Sugars and Low-Calorie Sweeteners

	METHODOLOGY
	SODIUM
	Introduction
	Question 1: What is the relationship between sodium intake and blood pressure in adults?
	Conclusions
	Review of the Evidence
	Question 2: What is the relationship between sodium intake and blood pressure in children?
	Conclusions
	Review of the Evidence
	Question 3: What is the relationship between sodium intake and cardiovascular disease outcomes?
	Conclusions
	Review of the Evidence
	Question 4: What effect does the interrelationship of sodium and potassium have on blood pressure and cardiovascular disease outcomes?
	Conclusions
	Review of the Evidence
	Implications

	SATURATED FAT
	Introduction
	Question 5: What is the relationship between intake of saturated fat and risk of cardiovascular disease?
	Conclusions
	Implications
	Review of the Evidence
	Effects of Replacing SFA on LDL-C, HDL-C, and TG
	The Relationship between Consumption of Total Fat and SFA and Risk of CVD
	Effects of Replacing SFA with Polyunsaturated Fat or Carbohydrates on CVD Events
	Methodological Issues


	ADDED SUGARS AND LOW-CALORIE SWEETENERS
	INTRODUCTION
	Question 6: What is the relationship between the intake of added sugars and cardiovascular disease, body weight/obesity, type 2 diabetes, and dental caries?
	Conclusions
	Review of the Evidence
	Added Sugars and Body Weight/Obesity
	Added Sugars and Type 2 Diabetes
	Added Sugars and Cardiovascular Disease
	Added Sugars and Dental Caries

	Question 7: What is the relationship between the intake of low-calorie sweeteners and body weight/obesity and type 2 diabetes?
	Conclusions
	Review of the Evidence
	Low-Calorie Sweeteners and Body Weight/Obesity
	Low-Calorie Sweeteners and Type 2 Diabetes

	Implications

	CHAPTER SUMMARY
	NEEDS FOR FUTURE RESEARCH
	REFERENCES

