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Tailoring dietary approaches for weight loss
CD Gardner

Although the ‘Low-Fat’ diet was the predominant public health recommendation for weight loss and weight control for the
past several decades, the obesity epidemic continued to grow during this time period. An alternative ‘low-carbohydrate’
(Low-Carb) approach, although originally dismissed and even vilified, was comparatively tested in a series of studies over the
past decade, and has been found in general to be as effective, if not more, as the Low-Fat approach for weight loss and for
several related metabolic health measures. From a glass half full perspective, this suggests that there is more than one choice
for a dietary approach to lose weight, and that Low-Fat and Low-Carb diets may be equally effective. From a glass half empty
perspective, the average amount of weight lost on either of these two dietary approaches under the conditions studied,
particularly when followed beyond 1 year, has been modest at best and negligible at worst, suggesting that the two
approaches may be equally ineffective. One could resign themselves at this point to focusing on calories and energy intake
restriction, regardless of macronutrient distributions. However, before throwing out the half-glass of water, it is worthwhile to
consider that focusing on average results may mask important subgroup successes and failures. In all weight-loss studies,
without exception, the range of individual differences in weight change within any particular diet groups is orders of
magnitude greater than the average group differences between diet groups. Several studies have now reported that adults
with greater insulin resistance are more successful with weight loss on a lower-carbohydrate diet compared with a lower-fat
diet, whereas adults with greater insulin sensitivity are equally or more successful with weight loss on a lower-fat diet
compared with a lower-carbohydrate diet. Other preliminary findings suggest that there may be some promise with matching
individuals with certain genotypes to one type of diet over another for increasing weight-loss success. Future research to
address the macronutrient intake component of the obesity epidemic should build on these recent insights and be directed
toward effectively classifying individuals who can be differentially matched to alternate types of weight-loss diets that maximize
weight-loss and weight-control success.
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LOSING WEIGHT THROUGH DIETARY CHANGE---SIMPLY
ELUSIVE
Mathematically, weight loss should be simple and achieved by
an energy deficit, which in turn is achieved by a total energy
intake that is less than total energy expenditure. Given that the
energy intake portion of this equation is a combination of dietary
fats, carbohydrates, proteins and alcohol consumed, it should
follow that eating and/or drinking less fat or less carbohydrate or
less protein or less alcohol, or any combination of these, will
lead to weight loss. Although seemingly straightforward, this has
proven to be behaviorally and psychologically daunting for many
of the millions of Americans and of the billion people worldwide
who are overweight or obese and have tried to lose weight
and then maintain that weight loss.1 Health professionals have
tried for decades to improve on the dismal success rates of ‘eating
less’ by providing more specific guidance on what to eat less
of---particularly fat vs carbohydrates. The past decade has
generated an extensive set of trials that were designed to address
the impact of manipulating fat and carbohydrate content and,
to a lesser extent, protein content. The objective of this paper will
be to critically review the data from those studies and provide
current evidence-based conclusions and recommendations
regarding optimal macronutrient composition(s) of weight-loss
diets, practical perspectives and suggestions for further research
needed.

THE TOPPLING OF THE REIGN OF THE LOW-FAT DYNASTY
A prominent feature of the dietary recommendations for weight
loss in the NIH 1998 clinical guidelines for obesity prevention and
treatment was a low-fat diet.2 This recommendation was based on
an evaluation of the controlled trial and observational epidemio-
logical data available at the time.3 The publication of these
guidelines reinforced what was already the public health Low-Fat
mantra being used ubiquitously to describe the essence of a
healthful diet. Despite widespread, if not universal, adoption of
the Low-Fat mantra among health professionals, the obesity
epidemic in the US that began in the 1980s continued to spread
and rise through the 1990s and into the new millennium. At least
two overviews in the early 2000s of available evidence for the
Low-Fat recommendation concluded that the evidence for super-
ior weight loss with Low-Fat diets vs other alternatives, particularly
low-carbohydrate diets (Low-Carb), was weak and was of limited
value for making practical recommendations to the general
population, because most of the trials in this area involved short-
term (that is, 12 weeks or less), tightly controlled studies in small
numbers of subjects.4,5 A call for further studies led to a decade of
longer, larger studies in free-living populations.

Low-Fat vs Low-Carb diets
Between 2003 and the current year, a series of studies from a
variety of investigators contrasted Low-Fat vs Low-Carb weight-
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loss diets head to head.6--18 As would be expected, these studies
involved a range of sample sizes, duration and study populations,
as well as a range of different approaches to defining, achieving
and assessing Low-Fat vs Low-Carb diets. Despite all the variability
in these design features, the general conclusion across this set of
studies was relatively consistent---those assigned to the Low-Carb
diet were at least as, and sometimes more, successful with weight
loss compared with those assigned to the Low-Fat diet. This trend
also held true for several metabolically related variables (for
example, triglycerides, HDL-cholesterol, blood pressure).

Although the conclusion above appears to overturn what had
been several decades of promoting the superiority of a Low-Fat
diet over a Low-Carb diet as a dietary strategy for successful
weight loss, it is important to recognize that the average weight
loss in these trials, over durations of 6 months to 2 years, was
always modest for both diet groups---typically in the range of 5--10
pounds. This was particularly true in the trials of longer duration,
as there was a fairly consistent pattern that maximal weight loss
was achieved after B6 months, followed by varying degrees of
recidivism.16,17 The general response to the evidence generated in
this recent set of studies has been to conclude that recommenda-
tions to favor a Low-Fat approach to weight loss over other
macronutrient distributions were not as well founded as
previously believed, and to shift the focus more simply to overall
calorie restriction as the driver of weight loss, regardless of
macronutrient content.17 Given that the Clinical Guidelines on the
Identification, Evaluation, and Treatment of Overweight and Obesity
in Adults have not been formally updated since 1998,2 this would
appear to be an important, evidence-based shift in clinical
recommendations. However, it is likely that the shift in emphasis
from Low Fat to simply calories is an oversimplification of what the
total body of current evidence suggests, and fails to capture what
may be important differential impacts in population subgroups.
Low-Fat vs Low-Carb diets may not yield substantially different
responses on average, but not everyone is average.

NOT EVERYONE IS AVERAGE
The heterogeneity of individual responsiveness to weight-loss diets is
substantial. As is standard in scientific publications, most weight-loss
studies present average group responses with some measure of
variance (for example, s.d., s.e.m., 95% CI), rather than presenting
individual raw data. When presenting data this way, it is easy to fail to
appreciate the magnitude of the typical range of individual
variability in these weight-loss studies. In a two-arm weight-loss trial
among 146 overweight or obese adults comparing a Low-Carb
ketogenic diet to a Low-Fat diet plus orlistat, after 48 weeks the
average weight loss in both groups was approximately 10% of
baseline weight and not different between groups, but within both
groups the individual weight loss ranged from small amounts of
weight gain to approximately 30% weight loss (a range of 440 kg
(490 lbs) of weight change within each group).19 In a four-arm
weight-loss trial among 160 overweight and obese adults comparing
Atkins, Zone, Weight Watchers and Ornish, after 12 months the
average weight loss across all four groups was 4--7 kg (excluding
drop-outs), but within all four groups the range included some
individuals who gained X5 kg and some who lost X15 kg (a range
of B23 to B40 kg (B50 to B90 lbs) of weight change within each
diet group).8 The individual results for 12-month completers in our
own A TO Z Study (80% retention at 12 months) are presented in
Figure 1. In the A TO Z Study, the average weight loss at 12 months
among the 311 overweight or obese women assigned to Atkins,
Zone, LEARN or Ornish was 2--5 kg (B4--11 lbs; carrying baseline
forward for drop-outs and missing data), but within all four groups
the range of weight change was from gaining X5 kg to losing
X15 kg (a range of B30 to B35 kg (B65 to B75 lbs) of weight
change within each diet group). Therefore, although the magnitude
of the average weight loss in the Low-Fat vs Low-Carb diet studies

and the differences between assigned groups have been modest, the
tremendous variability of results within each assigned diet group
suggests that these substantially different individual responses to the
same diets merit further investigation.

TAILORING DIETS TO MAXIMIZE SUCCESS
Insulin resistance
At least three groups of investigators have reported that the
weight-loss response to Low-Fat vs Low-Carb diets is different for
insulin-resistant vs insulin-sensitive individuals. Two of these
involved feeding studies with small sample sizes. In the first of
the two feeding studies, 32 overweight women and men (body
mass index 25--30 kg m�2) were divided into two groups split at
the median of serum insulin concentrations at the 30-min blood
collection (INS-30) during an oral glucose tolerance test (OGTT).
The 16 participants with the lowest INS-30 and the 16 with the
highest INS-30 were then randomized, separately, to either a high-
glycemic-load diet (60:20:20 carb:fat:protein) or a low-glycemic-
load diet (40:30:30 carb:fat:protein). Therefore, a 2� 2 study
design was used, with 4 cells and n¼ 8 per cell. After 6 months,
the group with the highest INS-30 lost more weight on the low-
glycemic-index diet compared with the high-glycemic-index diet
(P¼ 0.047). Among the group with the lowest INS-30, the absolute
difference in weight loss was in the opposite direction although
not statistically significant (P¼ 0.3); the interaction of
INS-30�Glycemic Load, however, was statistically significant
(P¼ 0.03).20

The study design for the second of the two feeding studies was
a similar 2� 2 design with two diets---Low-Fat (60:20:20 carb:fat:
protein) vs Low-Carb (40:40:20 carb:fat:protein) diets---and with
participants selected as having a fasting insulin level either below
10mIU ml�1 or above 15mIU ml�1. After 4 months, among the 21
obese, nondiabetic women enrolled (n¼ 4--6 per group), those in
the lower fasting insulin group lost significantly more weight on
the Low-Fat diet (Po0.01), whereas those in the higher fasting
insulin group lost significantly more weight on the Low-Carb diet
(Po0.05); the diet group X fasting insulin interaction was
statistically significant (Po0.05).21 A third related study was
conducted in a free-living population of 73 overweight young
adults with body mass index 430 kg m�2 who were instructed to
follow one of the two study diets for 18 months---Low Fat
(55:20:25 carb:fat:protein) or Low Glycemic Load (40:35:25).
Throughout the study duration, the average weight-loss trajectory
was parallel for the two diet groups, and by 18 months both
groups had lost small but similar amounts of weight on average;
that is, 2--3 kg. An OGTT had been performed at baseline for most
of the study participants, and the investigators analyzed the data
after splitting each diet group into those above and below the
median INS-30 of 57.5 mIU ml�1. The investigators observed a
significant difference in weight loss among those with the higher
INS-30 values, favoring those assigned to the Low-Glycemic-Load
diet relative to the Low-Fat diet (P¼ 0.02).22 With these reported
findings in mind, we recently conducted secondary analyses in our
A TO Z Study data set examining possible weight-loss differences
in the same 2� 2 manner (data unpublished). For these
exploratory analyses, we focused on just the Ornish and Atkins
diet groups as being the clearest choices for Low-Fat vs Low-Carb
diets. We then tested for a possible differential weight-loss
response among those with higher vs lower baseline fasting
insulin, TG/HDL-C ratios, HOMA-IR or QUICKI values (all indirect
measures of insulin resistance),23,24 and observed the same trend
as reported by others---those assigned to the Low-Fat diet (that is,
High Carb) who were likely more insulin resistant at baseline had
significantly less success with weight loss than those who were
more likely insulin sensitive at baseline. In all of the four studies
described above, the weight loss by diet group assignment alone
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(that is, collapsing the high and low INS-30 or fasting insulin
groups together) was similar and neither clinically nor statistically
significant for Low-Fat vs Low-Carb diets. However, when
separating the study groups into those likely to be more insulin
sensitive and those more insulin resistant, it was consistently
observed that a Low-Carb assignment was superior for weight loss
compared with a Low-Fat assignment among the more insulin-
resistant groups, and that the opposite was true (although more
inconsistently) for those who were more insulin sensitive.

This pattern of findings appears to reopen the case for taking
into consideration the usefulness of a Low-Fat vs a Low-Carb
dietary approach to weight loss. However, rather than suggesting
that there is one diet that is superior to the other on average, in
the general population, what is likely more true is that some
individuals may be more successful with a Low-Fat diet, whereas
others may be more successful with a Low-Carb diet. In this case,
guiding an individual to a tailored weight-loss diet would involve
assessing their insulin-resistance status. Although there are no
standard clinical measures or cutoff points for this diagnosis, there
are a number of surrogate or proxy measures that can be used (for
example, fasting insulin, QUICKI, HOMA-IR, TG/HDL ratio and OGTT
insulin concentrations).23,24 Given the ongoing obesity epidemic
and the strong association between obesity and insulin resistance,
it is likely that future research and expert discussion will soon yield
a consensus on clinically useful cutoff points of readily accessible
variables to use as a basis for a diagnosis of insulin resistance.

Genotyping for increased weight-loss success
The unraveling and mapping of the human genome has led to an
explosion of findings linking common single-nucleotide poly-
morphisms to obesity.25 This raises the possibility that specific
genotypes might be identified that could be used to classify
individuals into those who were more responsive vs less
responsive to various weight-loss diets. This hypothesis was
tested in a secondary analysis of the POUNDS LOST Study when
Qi et al.26 explored whether the insulin-resistant substrate 1 (IRS-1)

variant modified the long-term changes in insulin resistance and
body weight in response to weight-loss diets. In that analysis,
individuals with the IRS1 rs2943641 CC genotype experienced
better weight-loss success when they were assigned to a high-
carbohydrate and low-fat diet compared with a higher-fat and
lower-carbohydrate diet.26 Our research group conducted similar
exploratory post hoc analyses with genotypes in the A TO Z Study
and observed a significant multi-locus genotype X diet assign-
ment interaction for weight loss (manuscript in progress; data not
presented here). Although these exploratory observations of gene
X diet interactions will need to be replicated to confirm their
potential usefulness, it is not difficult to imagine that there are
sources of genetic variation that might predispose individuals to
be more successful on one type of weight-loss diet than another,
and that significant gene--diet interactions may someday provide
an important step forward to realizing personalized nutrition
strategies for weight loss.

‘LOW-CARB’ DIET---POTENTIALLY AS PRONE
TO MISUNDERSTANDING AND MANIPULATION AS ‘LOW-FAT’
DIET HAS BEEN
A brief word of caution is in order regarding the likelihood of
oversimplifying a ‘Low-Carb’ recommendation so as to undermine
its potential usefulness, similar to what has happened to ‘Low-Fat’
recommendations. The term ‘Low Carb’ provides little specificity,
leaving it open to a wide range of interpretation and misinter-
pretation. Low Carb could be 10, 20, 30 or 40% of energy intake,
each of which would involve different food choices (anything
higher than 40% carbohydrate would be too similar to the current
American Diet to merit a distinction as ‘low’). The term ‘Low Carb’
also fails to address the wide range of specific types and sources
of dietary carbohydrates, and surely not all of these types and
sources should be lowered equally. Priorities for choosing high
energy density and low nutrient density carbohydrate-rich food
and beverage sources as the first place to cut back would be a
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Figure 1. The 12-month weight change of individual study participants who completed the full study protocol of the A TO Z Study, by diet
group, ordered from greatest loss to greatest gain. Each bar represents an individual study participant. Missing data for 12, 23, 24 and 22% for
the Atkins, Zone, LEARN and Ornish groups, respectively.
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practical approach for reducing carbohydrate intake. In that
regard, items high in added sugars, particularly those in sodas,
would be a likely group to limit,27 whereas the carbohydrates in
leafy greens and nutrient-dense vegetables should probably be
increased in the context of an overall lowering of total
carbohydrate. Products made with white wheat flour are items
that generally fall into the high energy density and low nutrient
density category of carbohydrate-rich foods. Therefore, this would
be another category of carbohydrates that might be targeted for
limiting. Whole-wheat flour products are more nutrient dense
than their white flour counterparts, but have a virtually identical
glycemic index, and therefore might also be a carbohydrate-rich
category to limit. In contrast, there might still be a place for modest
portions of whole wheat berries (the true whole grain of either
white wheat flour or whole-wheat flour) in an overall Low-Carb diet.
However, everything is relative, and in terms of prioritizing the most
nutrient- and energy-dense carbohydrate food sources, the wheat
berries would probably fall behind bell peppers.

Surely the lessons learned from decades of unintended
responses to the ‘Low-Fat’ public health mantra should be kept
in mind here. Although the original intent of a ‘Low-Fat’ diet was
to promote nutrient-dense, low-energy foods, such as dark green
leafy vegetables and butternut squash, the response of the food
industry was to produce a staggering selection of Low-Fat snack
foods and desserts with so much added sugar as to be energy-
dense/low-nutrient foods, flipping part of the original intent on its
head. It is easy to imagine that the food industry would be just as
successful at finding ways to make inexpensive, great-tasting Low-
Carb junk food. Americans got a taste of this when the Atkins diet
craze hit a recent peak, back in the 2000s. Therefore, if the case for
a useful role of ‘Low-Carb’ diet continues to be strengthened,
which will likely be true for some subsets of the population more
than others, it will be critical to be aware of and effectively
translate the important distinctions mentioned above to the
target population.

WHAT ABOUT PROTEIN?
With the bulk of the weight-loss diet literature focusing on
manipulations of fat and carbohydrate content, it has most
commonly been the case that protein levels, typically the smallest
contributor of the three major macronutrients, are held constant
across diet plans to keep the study design more cleanly focused
on the two largest contributors. However, it is worth noting in this
overview that the 2000s did yield a set of studies that specifically
addressed the separate and distinct role of protein manipulations
in weight-loss response. One set of studies chose designs that
held fat levels constant between diets and contrasted mani-
pulations of protein vs carbohydrate.28--31 Other studies held
carbohydrate levels constant between diets and contrasted
manipulations of protein vs fat.32,33 In general, the results of this
set of studies focusing on protein manipulations suggest that a
higher-protein diet, regardless of whether it is used to substitute
primarily for fats or carbohydrates, leads to greater appetite
suppression and weight loss, as well as greater decreases in blood
pressure and triglyceride concentrations. An important follow-up
to these findings may be to investigate the extent to which the
food sources of the protein (for example, plant-based protein vs
animal-based protein) might influence these results---if not due to
the differences specifically in the protein itself, then perhaps due
to the differences in fiber or other constituents typical of certain
high-protein food sources. However, the protein manipulations
achieved in the relatively short and tightly controlled studies cited
above may have limited generalizability; in the POUNDS LOST
weight-loss study, which targeted a free-living population and
included diets intended by design to have 25 vs 15% protein,
participant diet assessment revealed that at 2 years the actual
protein intake levels achieved in the different groups were

virtually indistinguishable, at 21 vs 20%.17 In a large European
Study (Diogenes project), among 773 overweight and obese
participants who had lost X8% body weight after 8 weeks on a
low-calorie diet, those randomized to a diet of modestly increased
protein intake and modestly decreased glycemic index had
improved weight-loss maintenance relative to those randomized
to lower protein and higher glycemic index treatment arms.34

SUMMARY/CONCLUSION
After decades of health professionals promoting a Low-Fat dietary
approach for weight loss and weight control, a series of studies
conducted in the past decade pitting Low-Fat vs Low-Carb diets
have provided evidence that the Low-Fat diet is not a superior
approach; a Low-Carb, and possibly a High-Protein, diet is equally,
if not modestly more, effective. Taking a glass-half-full perspective,
this suggests that many dietary approaches may be equally
effective, thus suggesting a range of viable options to choose
from for individuals interested in weight loss. In contrast, the glass
half empty perspective would be that when these different dietary
approaches are tested on the average study participant, the
magnitude of average success is modest at best and perhaps even
trivial or negligible---that is, the different dietary approaches are
equally ineffective. Before throwing out the half-glass of water and
putting that energy into the search for the next promising drug or
wondering whether it will all come to bariatric surgery as a
population-level approach to the obesity epidemic, there remains
room for optimism and a need for further research into tailoring
different dietary approaches for different classifications of over-
weight and obese individuals. Given the heterogeneity and
complexity of the causes and manifestations of obesity, it would
be overly simplistic and even arrogant to think that there could be
one dietary approach to weight loss that would be superior to all
other approaches, for all individuals. It is clear that any given
dietary approach yields a wide range of responses among
individuals. Individuals who are insulin resistant appear more
likely to be successful in losing weight with a Low-Carb diet rather
than a Low-Fat diet. The likely possibility that there is genetic
predisposition to greater success with weight loss on one type of
diet over another is emerging, and there may soon be inexpensive
tests to classify individuals by genotype. The next generation of
dietary weight-loss studies should address the exciting possibility
of tailoring weight-loss diets to individual predisposition for
greater weight-loss success. Expectations of the degree to which
this dietary tailoring could contribute to halting and reversing the
obesity epidemic should be tempered by a realistic appreciation
of the many complex factors that have additively and synergis-
tically caused the obesity epidemic, many of which are not directly
dietary. With that very complexity in mind, any and every
advantage that can be established and added to the tool chest
of strategies to address obesity should be vigorously pursued. It
would be difficult to imagine any long-term solution that did not
include dietary modification in the equation. Tailoring dietary
approaches by appropriately matching different types of indivi-
duals with different dietary strategies is likely to have a role in
increasing individual success with weight loss and weight-loss
maintenance, and in finding solutions to the obesity epidemic.
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