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n April 12 and 13, 2005, the
International Life Sciences In-
stitute (ILSI) North America

echnical Committee on Carbohy-
rates sponsored a workshop on
ow-carbohydrate diets at the ILSI
ffices in Washington, DC. Over 50
articipants from academia, govern-
ent, industry, and scientific asso-

iations assembled to discuss and
eview the current science, regula-
ory, and health impacts of low-car-
ohydrate diets.
The goals of the workshop were to

ssess the state of the science, to ad-
ress and clarify definitions and be-
avioral questions regarding low-
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arbohydrate diets, and to identify re-
earch gaps relative to improving
ublic health. The workshop con-
isted of presentations and discus-
ions organized into three major
hemes: Perspectives, Mechanisms,
nd Gap Analysis. Perspectives pro-
ided information on efficacy and def-
nitions regarding “low-carbohydrate”
iets from the perspective of the re-
earcher/clinician, the consumer, and
he regulator. The Mechanisms ses-
ion addressed hypotheses of the effi-
acy and other possible effects of low-
arbohydrate diets. The third and
nal session, Gap Analysis, enabled
ttendees to consider scientific and
onsumer perspectives to determine
reas of agreement, identify data
aps, and identify ways to improve
ommunication of this information.
he purpose of this article is to relate
he key points of the workshop to di-
tetics professionals.

ERSPECTIVES ON EFFICACY
dult Populations
ew published studies have ade-
uately assessed the efficacy of low-
arbohydrate diets, particularly for
onger than 6 months. It is difficult to
ompare studies because the level of
arbohydrates can fluctuate from 1%
o 25% of total energy intake (1), the
ntervention diet is not always well
efined, subject characteristics vary,
nd the degree of subject compliance
s often unclear. However, despite
heir shortcomings, six recent ran-
omized controlled trials provide data
egarding possible health effects of
ow-carbohydrate diets (Table 1) (2-7)
ompared with more conventional
ow-calorie, low-fat diets in obese
body mass index [BMI]�30) subjects.
As shown in Table 1, subjects on w

ON © 2006
he low-carbohydrate diets lost be-
ween 3% and 13% of their body
eight at 5 months, whereas those on

he low-calorie, low-fat (control) diet
ost between 1.4% and 7% . However,
y 1 year, the differences in weight
oss did not persist (2,4). For example,
oster and colleagues observed
eight regain in both groups by 1
ear, with a greater regain in the low-
arbohydrate group (4). In the study
y Stern and colleagues, the low-fat
roup continued to lose weight after 6
onths, resulting in similar weight

osses by 1 year (6). Only three stud-
es assessed dietary intake (2,6,7), so
t is difficult to assess study protocol
ompliance to link dietary factors to
he apparent success. These limited
ndings suggest that a low-carbohy-
rate approach may be more effica-
ious than conventional (eg, low-calo-
ie, low-fat) approaches for short-
erm weight loss. Beyond 6 months,
ore data are needed.

ediatric Populations
f there are few studies rigorously de-
igned to test the long-term effects of
ow-carbohydrate interventions in
bese adults, there exist even fewer
uch studies in overweight or obese
hildren. One recent trial compared a
ow-carbohydrate, high-protein diet
similar to those discussed for adults)
ith a low-fat diet for weight loss in
0 overweight adolescents (mean age
4 years; BMI 35.5) (8). After 12
eeks, those on the low-carbohydrate
iet lost more weight than those on
he low-fat diet (9.9�9.3 kg vs
.1�4.9 kg, P�0.05) (8), even though
heir caloric intake was greater (ac-
ording to self report). Other investi-
ations of low-carbohydrate diets for

eight loss in children tested extreme

by the American Dietetic Association



Table 1. Weight loss reported by randomized trials comparing low-carbohydrate diets with conventional low-calorie, low-fat diets at 6 months and 1 year in adultsa

Author
(reference) n

Age�SDb

(y) BMIc�SD
Health status
of subjects

Control diet
(low-calorie, low-fat)
carbohydrate:protein:fat, %

Low-carb diet
carbohydrate:protein:fat, %

Intervention
protocol

Mean Weight Loss (% Change)

6 mo 1 y

Control
Low-
carbohydrate Control

Low-
carbohydrate

Brehm and
colleagues (2)

53 44�7 34�2 Healthy Goal: 55:15:30
Report: 53:18:29

Goal: carbohydrate �20 g/d
for initial 2 weeks,
increase to 40-60 g/d

Report: 30:23:46

3 months counseling,
individual and
group, weekly 3-d
food records

4.2 9.3 Not tested Not tested

Dansinger and
colleagues (3)

80 49�11 35�3.9 Hypertension,
dyslipidemia,
or fasting
hyperglycemia

Weight Watchers Atkins Group counseling,
cookbook

3.6 3.2 3.1 2.1

Foster and
colleagues (4)

63 44�8 34�4 Healthy Goal: 55:15:30 Goal: carbohydrate �20 g/d
for initial 2 weeks, then
increase until weight
stable

Self-help based on
provided books

3.2 7.0 2.5 4.4

Samaha and
colleagues (5),
Stern and
colleagues (6)d

132 54�9 43�7 39% DM,e 43%
metabolic
syndrome

Goal: 55:15:30
Report: 50:16:34

Goal: carbohydrate �30 g/d
Report: 30:18:52

Some guidance 1.4 4.5 2.3 3.9

Yancy and
colleagues (7)

120 45�10 34�5 High total
cholesterol,
LDL,f

triglycerides

Goal: 55:15:30
Report: 52:19:29

Goal: carbohydrate �20 g/d
for initial 2 weeks, then
increase until weight
stable

Report: 8:26:68

Group meetings,
exercise
recommended

6.7 12.9 Not tested Not tested

aResults reported were those presented to workshop attendees (intent-to-treat analysis by primary authors). When available, the goal and reported dietary composition are included. See reference for thorough protocol details.
bSD�standard deviation.
cBMI�body mass index; calculated as kg/m2.
dThe 6-month and 1-year time points from same weight loss trial reported in two publications.
eDM�diabetes mellitus.
fLDL�low-density lipoprotein.
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ersions of low-carbohydrate diets such
s protein-sparing modified fasts (9-11)
r severely energy restricted (600 to
00 kcal) plans (9-11). Although weight
oss was reported, it is unclear how to
nterpret these findings.

In summary, the data available are
ot yet generalizable to adult or pedi-
tric populations and do not warrant
odification of the current clinical

ecommendations for weight loss with
reduced-calorie, moderately low-fat

�30%) diet. The evidence does sug-
est, however, that low-carbohydrate
iets should be studied as a poten-
ially viable alternative for weight
oss in obese adults. Additional stud-
es evaluating low-carbohydrate diets
ith less severe energy restriction in
outh and adolescents are needed.

onsumer Perspectives
onsumer attention to carbohydrates

s reflected in consumer attitudes, in-
ustry actions, and media coverage.
s concern about carbohydrates in-

reased through 2003 (12), the food
ndustry responded by developing a
ariety of new no-carbohydrate, low-
arbohydrate, or reduced-carbohydrate
roducts (13). Concurrently, sales flat-
ened or declined for traditional “high-
arb” foods. Concern about sugar and
arbohydrates and the number of ad-
erents to a low-carbohydrate lifestyle
eclined by 2005 (14,15). As a result,
low-carb” product introductions de-
reased sharply in the fourth quarter of
004 and early 2005 (13). Similarly, the
ontent of media stories shifted from
rticles touting the popularity of low-
arbohydrate diets throughout 2004 to
hose proclaiming “low-carbohydrate”
o be a fad and the increasing favor of
good” carbohydrates by the end of
005 (14).
There is also confusion regarding

arbohydrates. Consumers associate
arbohydrates with positive attributes
they give you energy; they provide fi-
er and nutrients; and they are found
n nutritious whole grains, fruits, and
egetables), and with negative quali-
ies (they make you fat, raise insulin
evels, and slow down your metabo-
ism) (14). However, most consumers
annot articulate why they think cer-
ain carbohydrates are healthful or not.
lthough some consumers recognized

arbohydrate restriction as an easy
ay to lose weight (14), the degree of
arbohydrate restriction and which a

088 December 2006 Volume 106 Number 12
arbohydrates were eliminated varied
reatly. For some, cutting out seem-
ngly healthful foods was counterintui-
ive; many consumers believe that re-
tricting foods does not provide a long-
erm path to a more healthful weight or

healthful diet. Although others ac-
nowledged that low-carbohydrate di-
ts may not be healthful, the desire for
eight loss compelled many to try low-

arbohydrate diets. Unfortunately for
any consumers, eating for health and

ating for weight control are two sepa-
ate practices (14).

The low-carbohydrate fad increased
wareness of carbohydrates, and the
ew/reformulated products enabled
onsumers to personalize their defini-
ion and approach for low-carbohydrate
ieting. Research is needed to identify
he extent to which low-carbohydrate
ifestyles were adopted and what foods
re included in such approaches. Nutri-
ion communicators need the tools and
esources to convey the facts about
arbohydrate foods and the message
hat eating for health and eating
or weight loss are one and the same.
s these gaps are narrowed, con-
umers will likely select nutrient-rich
arbohydrate-containing foods such
s whole grains, fruits, and vegeta-
les, as recommended by the Dietary
uidelines for Americans (16).

ERSPECTIVES ON REGULATIONS,
EFINITIONS, AND ANALYSIS OF “LOW
ARBOHYDRATE”
egulations
n 2004 and early 2005, terms such as
ow carb, net carb, available carb, im-
act carb, carb lite, and carb simple
ere found throughout the global
arketplace to describe the level of

arbohydrate content of a food. For
he manufacturer, the plethora of
erms to describe the level of carbo-
ydrates in foods has no regulatory

abeling status in many countries.
lthough US regulations have quan-

itatively defined “no” or “low” for a
umber of nutrients [eg, fat and cho-

esterol (16), sodium (17), and calories
18)], presently, “low-carbohydrate
ood” and “low-carbohydrate diet” are
ot terms defined by the US Food and
rug Administration (FDA). The FDA
oes not have a guidance on these
erms, thus they cannot be placed on
ackaging. However, the lack of objec-
ion to the use of the terms net carb or

vailable carbs does not constitute an t
pinion that their use is appropriate.
he USDA Food Safety and Inspection
ervice guidance related to meat and
oultry products states that such label
erms must be accompanied by specific
nformation telling the consumer the

eaning and usage of such terms and
roviding the calculation necessary to
etermine the number of carbohy-
rates included by the term (19). In the
nited States, these terms may be
sed in ad copy or labeling only in con-

unction with terms to describe a diet or
ifestyle (not a level of carbohydrate in

particular food or product), provided
hey are truthful and not misleading.

It became common practice by most
anufacturers to measure the total

onglycemic or nondigestible carbo-
ydrates (typically dietary fiber, re-
istant starch, and sugar alcohols)
nd subtract this quantity from the
alculated quantity of total carbohy-
rates (Figure 1). Because of warning
etters and position papers, American
ood producers generally gravitated
oward the use of the terms net car-
ohydrates, available carbohydrates,
r net available carbohydrates to in-
icate the levels of carbohydrate
resent in a product, but each manu-
acturer has created its own scheme
or applying the designations.

Several petitions for proposed
utrient content claims such as
arbohydrate-free, low-carbohydrate,
educed-carbohydrate, good source of
arbohydrates, and excellent source
f carbohydrates have been received
y the FDA. These are under review,
s are comments regarding guide-
ines for the use of the term net car-
ohydrate on food labels. The FDA
s presently gathering information
bout the science surrounding low-
arbohydrate labeling so that appro-
riate actions are taken.

efinitions
n an effort to harmonize terms de-
cribing foods of relatively low-carbo-
ydrate content, the Board of Direc-
ors of AACC International (formerly
he American Association of Cereal
hemists) formed an ad hoc commit-

ee charged with developing a sci-
nce-based, measurable definition(s)
or glycemic carbohydrates (20),
hich would contribute to the low-

arbohydrate dialogue. Accepted def-
nitions would enable manufacturers

o communicate how the carbohy-
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OF PROFESSIONAL INTEREST
rate content of a certain amount of a
iven food will affect blood glucose
evels and possible risk of chronic dis-
ase, thus standardizing calculations
o unify label claims across products
nd manufacturers. The AACC Inter-
ational Committee is presently re-
iewing three interconnected defini-
ions (Figure 2) developed with the
id of a flow chart (Figure 1), public
omments, and revisions.

nalysis
here are two related philosophies for
uantifying the glycemic effect of car-
ohydrates. The first is to measure
nd report the portion of carbohy-
rate known to elicit a glycemic effect
the available/net carbohydrate). As
ong as the meaning of net carbohy-
rate is agreed on, analytical meth-
ds currently exist to determine this
uantity in foods (21), although alter-
ative approaches are being investi-
ated (22). The second philosophy is
o indicate the physiological glycemic

igure 1. Carbohydrate (CHO) classification sc
y metabolic fate. It was presented at the Inter
cheme the AACC International Committee refe
ealth Canada, Ottawa, Ontario, and Stuart Cr

Available carbohydrate in a food can be abso
the body. Net carbohydrate is equivalent t

Glycemic response is the change in blood gl

Glycemic impact is the blood glucose respon
equivalent weight of glucose.

igure 2. Proposed AACC International definit
ion current as of submission. See www.aaccn
f arriving at definitions.)
ffect that the food produces. To mea- r
ure the glycemic effect of carbohy-
rates currently requires in vivo
ethods, although in vitro methodol-

gy is being researched. The most
idely used in vivo measurement is

he glycemic index (GI). Compared
ith other routine analytical proce-
ures, GI measurements are ex-
remely variable (Table 2), not only
ith regard to the calculated ratios to

he standard food, and among indi-
iduals, but with regard to the indi-
idual’s blood glucose response when
he individual consumes replicate
amples of the same food (23). The
ffects of processing and mixtures of
oods on the overall glycemic impact
lso remains a methodological chal-
enge. Derivative methods of the GI,
uch as glycemic load and glycemic
lucose equivalents, will all show the
ame shortcomings because of the dif-
culties with the basic measurement.
Because of these limitations, it is

ifficult to apply GI values in a mean-
ngful manner to aid individuals in
ood selection. For example, oat por-

e. This flow chart shows the relationships be
onal Life Sciences Institute North America Wor
ed as it proposed definitions of carbohydrates
Danisco USA, Inc, Ardsley, NY.

d as monosaccharides and metabolized by
ailable carbohydrate.

se concentration induced by ingested food.

of a serving of food relative to that of an

related to glycemic carbohydrates. (Informa-
rg for more information related to the process
idge has a GI of 58, carrots a GI of i

December 2006 ● Journal
2, and chocolate cake with chocolate
rosting a GI of 38. If GI were on the
abel, a consumer who might select
oods purely on the basis of GI might
elieve that frosted cake is a better
hoice than oatmeal or carrots. Fu-
ure research is needed to improve
ethods of measuring the glycemic

ffect of carbohydrates, which may be
ranslated to consumers through pos-
ible labeling designations.

ECHANISMS FOR EFFICACY OF LOW-
ARBOHYDRATE DIETS
here are several hypotheses re-

ated to how reduced-carbohydrate
trategies may promote weight loss.
hese involve behavior and ease of
ompliance, changing macronutri-
nt distribution and use, and induc-
ng satiety. Factors influencing sati-
ty include the level or type of
arbohydrate, effects of hormones,
he level or type of protein, or the
verall dietary energy density.
hese elements, each having com-
lex regulatory pathways, may also
nteract with one another.

ieting Behavior
lthough reducing caloric intake de-
reases weight, it is challenging for
ndividuals to achieve weight loss by
rying to control calories on their own.
here is general agreement that a
omprehensive weight-loss treatment
hould focus on health and self-
steem and incorporate self-monitor-

en different types of carbohydrates organized
op on Low-Carbohydrate Diets to illustrate the
ure 2). Developed from work by Steve Brooks,
hem twe
nati ksh
renc (Fig
rbe
o av

uco

se

ions
et.o
ng, realistic goal-setting, physical ac-

of the AMERICAN DIETETIC ASSOCIATION 2089
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ivity, nutrition education (including
ortion control), stress management,
nd social support (24-26).
Research shows that subjects in-

tructed to follow a low-carbohydrate
iet (without guidance on calorie reduc-
ion) spontaneously decrease their ca-
oric intake (2,6,7). Decreasing intake
f high-carbohydrate foods may offer
n easy-to-follow, prescriptive strategy
or decreasing total caloric intake (4).
here is enough variety in most low-
arbohydrate plans, particularly with
he new and reformulated products,
hat an individual is unlikely to feel
eprived. In addition, low-carbohy-
rate dietary patterns that emphasize
ruits and vegetables may actually im-
rove an individual’s dietary nutrient
rofile. Because the pounds drop faster
han with a “low-fat” diet in the short
erm, there is increased incentive, and
his may lead to enhanced compliance
nd efficacy.

etosis vs Calories
t was theorized that low-carbohy-
rate diets put the body into a state of
etosis, thereby conferring a meta-
olic advantage that permits more
apid weight loss. This implies that
alories do not count, but rather that
he source of the calories does, and
hat greater weight loss can be gained
rom a low-carbohydrate diet than
rom a high-fiber diet with available
arbohydrates at traditional levels
�55% kcal). If ketosis were contrib-
ting to weight loss, one would expect
n increase in ketone production to be
ssociated with weight loss of individ-
als on a low-carbohydrate diet, but
his was not the case in two studies
2,4) in which ketone levels were as-

Table 2. Variability of the glycemic index (G

Food sample
GI result
(mean�SD)b

White bread 72.5�35.8
Instant mashed potatoes 84.5�32.7
Long-grain rice 71.1�38.2
White spaghetti 46.9�26.7
Pot barley 34.7�24.7

aResults of a multicenter trial in which 68 participants
triplicate and the remaining foods in singlet. As can readil
individual results for each food significantly overlap acros
confidence intervals in every case. Table presented durin
bSD�standard deviation.
essed. On closer inspection, low- b

090 December 2006 Volume 106 Number 12
arbohydrate diets are almost always
ypocaloric in comparison to the con-
rol diet. This concept was tested in
ubjects consuming isocaloric 1,000-
cal low-carbohydrate or normal-
arbohydrate diets (low-fat) over 6
eeks, and results showed that
eight loss did not differ between the

wo groups (27,28). Therefore, calo-
ies apparently are the more relevant
actor.

I and Insulin
he theory that weight loss can be
chieved by selecting foods that min-
mize postprandial insulin secretion
s predicated on the belief that carbo-
ydrates, through insulin, increase
unger. Proponents of such diets of-
en do not distinguish between nor-
al insulin responses to meals and

isordered adaptive responses exist-
ng in insulin resistance states. Foods
ith a low GI value, in theory, could

educe the insulin response. How-
ver, studies of the effect of GI on
nsulin response and satiety are few,
ften are not rigorous, and taken to-
ether are inconclusive (29). Epidemi-
logic studies show no effect of GI or
lycemic load on insulin response in
eople with BMIs below 23 (30-33).
entral adiposity is associated with

ncreased circulating insulin, and in-
ulin sensitivity is inversely related
o BMI (34,35). Further, during nor-
al insulin signaling, reduced glu-

ose-stimulated insulin secretion pre-
icts greater future weight gain (36);
herefore, increased insulin secretion
n response to meals is unlikely to
ontribute to weight gain and obesity.
Furthermore, considerable evidence

upports that insulin signaling in the

95% confidence
interval

99% confidence
interval

1.1-143.9 �22.3-167.3
19.3-149.7 �2.09-171.1

�5.1-147.3 �30.1-172.3
�6.3-100.1 �23.8-117.6

�14.5-84.0 �30.7-100.1

ale, 40 female) consumed the white bread sample in
seen the variability of the measurements is so great that
GI range and include zero and negative numbers in the

e workshop was adapted from reference 24.
rain actually decreases food intake, t
cting as a negative feedback signal of
ecent energy intake and body adipos-
ty (37). Reduced insulin delivery into
he central nervous system or disrup-
ion of insulin signaling pathways re-
ults in weight gain and development
f obesity in animals. Insulin also facil-
tates leptin secretion; thus, meals
igher in carbohydrate tend to increase
ot only insulin levels, but also leptin

evels to signal satiety. Research is
eeded to clarify how dietary carbohy-
rates and GI affect satiety and eating
ehaviors through a myriad of hor-
ones including insulin.

rotein
everal lines of evidence suggest that
he higher protein level consumed on
ow-carbohydrate diets is key in reg-
lating food intake and body weight.
t is generally accepted that proteins
uppress food intake and are more
atiating than fats or carbohydrates
nd by a greater percentage than can
e accounted for by energy content
lone (38,39). Compared with fat and
arbohydrate, protein delays the re-
urn of hunger (40) and reduces the
mount of calories consumed at a sec-
nd meal (41). There is also limited
ata that indicate that the protein
ource, not just the quantity, impacts
atiety (42,43). For example, subjects
eported higher feelings of satiety af-
er consuming 50 g protein as lean
sh compared with beef or chicken,
lthough this study did not investi-
ate the impact of this protein meal
n subsequent meal intake (44).
hort-term studies with 1.5 g pro-
ein/kg and moderate-low carbohy-
rate (up to 200 g per day) increased
atiety, increased thermogenesis,
pared loss of muscle protein, and en-
anced glycemic control compared
ith low-protein, high-carbohydrate
iets. The effects of moderate protein
nd lower carbohydrate intake may
ontribute to decreasing postprandial
ncreases in blood glucose and insulin
esponse, while increasing substrates
or gluconeogenesis (45). Protein in
he diet helps maintain lean body
ass and, therefore, increases resting

nergy expenditure.
Several mechanisms may explain

ow protein affects satiety and over-
ll intake (46,47). Bioactive peptides
ctivated during protein digestion act
n centers within the digestive tract
I)a

(28 m
y be
s the
g th
hat in turn signal the brain. Free
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OF PROFESSIONAL INTEREST
mino acids activate neurochemical
ystems within the brain to terminate
ating as well as to impact macronutri-
nt choice. Also, the end products of
rotein metabolism (amino acids, am-
onia, and urea) signal excess intake

nd probably play a role in determin-
ng meal intervals. Although the roles
f cholecystokinin, insulin, glucagon,
eptin, ghrelin, peptide YY (PYY), and
lucagon-like peptide-1 (GLP-1) in ap-
etite regulation are becoming eluci-
ated, how proteins, especially as mix-
ures in the diet, impact satiety via
hese hormone signaling pathways to
egulate food intake and weight is not
ompletely understood. The evidence
uggests that increasing protein to 26%
f energy (from the average of 15% to
8%) is enough to reduce appetite. The
igher-protein (lower-carbohydrate),
nergy-restricted diets seem to be more
atiating and result in better weight
oss, contributing to adherence.

nergy Density
growing body of laboratory-based,

linical-based, and epidemiology-based
ata suggest that low-energy-density
iets can reduce body weight in the
hort term (48). Energy density (mea-
ured in kcal/g) is primarily impacted
y water, which adds weight and vol-

Low-carbohydrate diets result in weight loss
no difference in weight loss after 1 year b
traditional approaches.

Calories are calories, and calories do count.

Low-carbohydrate diets lower blood triglycer
short-term and long-term studies.

Low-carbohydrate diets increase low-density
and during weight maintenance.

To fully compare and evaluate dietary effects
diet protocol, subjects, and dietary compo

igure 3. Scientific points of agreement iden
orth America Workshop on Low-Carbohydrate

Atkins-type diets are easy to comprehend an

Calories are too hard to count.

The low-carbohydrate diet has enthusiastic s

There are carbohydrates with different effect

igure 4. Consumer points of agreement ide
orth America Workshop on Low-Carbohydrate
me with no calories; thus, it lowers o
he energy density of foods, even high-
at foods. Fruits and vegetables tend to
ave low energy densities because of
oth their high water and their high
ber contents. It has been postulated
hat satiety is increased when energy
ensity decreases because foods high in
ater and fiber are associated with en-
anced satiety, reduced energy intakes
nd body weight, and better diet qual-
ty. Hence, consumption of high vol-
mes of low-energy-density foods is as-
ociated with lower total caloric intake
nd enhanced satiety (49). Consuming
ood preloads with high water content
nd low energy density, such as soups
r salads, enhances satiety and reduces
verall energy intake at the meal. In a
tudy in which the energy density of a
eal was reduced by 30% and the sub-

ects consumed the same weight of
ood, caloric intake was reduced by 30%
50). Perhaps some low-carbohydrate
iet regimens are satiating due to the
nclusion of foods with lower energy
ensities.

ardiovascular Disease Risk and Other
onsiderations
principal concern regarding low-car-

ohydrate diets is that the (relatively)
igh fat content of the diet may ad-
ersely affect serum lipids and the risk

the short term (6 months), but there was
een low-carbohydrate and other more

and raise high-density lipoprotein in both

protein in short-term weight loss studies

various studies, details surrounding the
n need to be accurate and complete.

d at the International Life Sciences Institute
ets.

erefore to follow.

orters and is palatable for many.

health (like fats).

ed at the International Life Sciences Institute
ets.
f cardiovascular disease. Paradoxi- o

December 2006 ● Journal
ally, preliminary findings challenge
his argument. If the dietary fatty acid
omposition is known, mathematical
quations predict that large increases
n low-density lipoprotein cholesterol
LDL) with low-carbohydrate diets
hould only be realized in extreme
ases in which carbohydrates are re-
laced almost exclusively with satu-
ated fatty acids (51). Furthermore, vir-
ually any implementation of a low-
arbohydrate diet should produce
eneficial changes in high density li-
oprotein (HDL) and triglyceride levels
nd the ratio of total cholesterol to
DL cholesterol. Clinical research gen-

rally supports these models. There
ere no differences in total cholesterol
r LDL concentrations between groups
cross four studies at 6 or 12 months.
ow-carbohydrate diets consistently
ecreased triglycerides (2,4,5,7) and
ended to increase HDL, and no studies
howed an increase in LDL. One study
eported decreases in HDL in partici-
ants following a low-carbohydrate
iet, but the decrease was less than the
ecrease in the low-calorie group (6).
o adverse effects on the lipid profile
ere observed in the sole pediatric

tudy (8). Furthermore, no significant
ifferences in blood pressure were ob-
erved between groups in these stud-
es. Alhough results should be inter-
reted cautiously, because means may
bscure important individual differ-
nces, low-carbohydrate diets seem to
e less harmful than might be antici-
ated in terms of traditional measures
f cardiovascular disease risk.
At 6 months, any improvement in

riglyceride or HDL levels may be
onfounded by weight loss, because
osing weight decreases triglyceride
evels. However, decreasing carbohy-
rate intake reduced triglyceride lev-
ls more than diets with the same
evel of fat and higher levels of pro-
ein (52). When carbohydrates are ex-
hanged for protein, there is no effect
n LDL and the effects on HDL are
nconsistent, but all studies show a
ecrease in triglycerides because of
he independent effect of carbohy-
rates on very-low-density lipopro-
ein synthesis and, therefore, triglyc-
rides (52-55). Although there may be
dditional beneficial effects of low-
arbohydrate diets, such as decreased
ostprandial lipemia and prevalence
f low LDL levels, not all of the effects
in
etw

ides

lipo

of
sitio

tifie
d th

upp

s on

ntifi
f a “low-carb lifestyle” diet on cardio-
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2

ascular disease risk are necessarily
ediated through changes in macro-
utrient composition.
Not all low-carbohydrate diet stud-

es investigated possible side effects.
inor side effects including constipa-

ion, halitosis, and muscle cramps oc-
urred more frequently in subjects
onsuming the low-carbohydrate diet
ompared with the low-calorie diet ac-
ording to Yancy and colleagues (4).
ome less desirable immediate ef-

ects, such as enhanced lean body
ass loss, increased urinary calcium

oss, increased plasma homocysteine
evels, and increased LDL levels,
ave been reported (45). Results of
hese and other studies should be in-
erpreted with caution given the rel-
tive small sample sizes, varied sub-
ect characteristics, high attrition
ate, and short duration of treatment.

Research is needed to evaluate the
hort-term and long-term safety and
ffectiveness of dietary management
f carbohydrates for weight loss. Fu-
ure studies, some of which are un-

Develop definition of “low carbohydrate.”

Document composition and determine nutritio
multiple low-carbohydrate dietary patterns
changes in energy and macronutrient inta
settings.

Compare varying degrees of carbohydrate re
potential threshold/dose effects on weight

Determine what risk factors should be includ
efficacy and safety of low-carbohydrate di

Investigate short-term and long-term use of
diets in more population subgroups (health
as well as those with chronic diseases an
factors) to obtain data on multiple safety e
identify weight-loss responders.

igure 5. Scientific research gaps identified a

Explore what “low-carbohydrate food” and “
mean to consumers. What are individuals
low-carbohydrate diet?

Assess composition and quality of personaliz
dietary approaches of consumers.

Determine what consumers understand “ene

igure 6. Consumer gaps identified at the Int
erway, should assess the effects of t

092 December 2006 Volume 106 Number 12
he diet on other clinical endpoints
ie, renal function, bone health, exer-
ise endurance, and cognitive func-
ion) and in larger study populations,
nd should distinguish between the
mpact of weight loss and dietary fac-
ors on metabolic outcomes in both
dults and children. Additional effort
s needed to translate the findings to
he general population.

APS ANALYSIS
fter the data were presented, work-
hop participants were challenged to
onsider what information is agreed
n from both a scientific and a con-
umer perspective (Figures 3 and 4)
nd to identify questions that remain
o be answered (Figures 5 and 6). Re-
earch to bridge the gaps in knowl-
dge between scientists and consum-
rs will enable effective translation of
he science of low-carbohydrate diets
o the public so that dietary choices
an be made to optimize the health of

l quality of
understand
n research

tion to understand
other endpoints.

in analysis of the

-carbohydrate
dults and children
range of risk
points and to

Elucidate mechanisms
carbohydrate diets.
fat, fiber, energy d
palatability), role of

Determine why low-c
the longer term.

Explore possible healt
weight loss, of follo

Understand how the s
glucose absorption.

Research glycemic ind
improve applicabilit

Determine the degree
low-carbohydrate d
delineate their rese

e International Life Sciences Institute North A

-carbohydrate diet”
ually eating on a

low-carbohydrate

density” to mean.

Clarify role of label m
product claims fo
whether and how
perceptions, beha

Investigate strategies
negative impacts
carbohydrates.

tional Life Sciences Institute North America W
he individual. t
LSI North America Statement of Purpose
he North American branch of the In-

ernational Life Sciences Institute
ILSI NA) is a public, nonprofit scien-
ific foundation. ILSI NA advances the
nderstanding and application of sci-
ntific issues related to the nutritional
uality and safety of the food supply as
ell as health issues related to con-

umer self-care products. The organi-
ation carries out its mission by spon-
oring relevant research programs,
rofessional education programs and
orkshops, seminars, and publica-

ions, as well as providing a neutral
orum for government, academic, and
ndustry scientists to discuss and re-
olve scientific issues of common con-
ern for the well-being of the general
ublic. ILSI NA also strives to foster
he career development of outstanding
ew scientists. ILSI NA’s programs are
upported primarily by its industry
embership.

his workshop and preparation of

short-term weight loss success of low-
nsider factors related to satiety (protein,
ty), behavior (structure, perceptions,
tones, and glucose, among others.

hydrate diets seem to lose efficacy over

enefits, beyond benefits attributed to
g a low-carbohydrate diet.

ce(s) of carbohydrate(s) impacts the rate of

methodology(ies) to reduce variability and

comfort clinicians have in recommending
in the short term and long term and

tions, if any.

ica Workshop on Low-Carbohydrate Diets.

sages and images, advertising copy, and
-carbohydrate foods and determine

h designations impact consumer
, and health.

at will enable consumers to understand the
xcess calories instead of a focus on

shop on Low-Carbohydrate Diets.
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