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Background: The Paleolithic diet, a diet devoid of food-processing procedure, seems to produce
a greater decrease in weight compared to healthy reference diets but its limited food choices
make it difficult to implement in our modern times where refined food is dominant.
Objective: To evaluate the effects of a 2-year diet that excludes only six refined foodstuffs
implicated in obesity. Professional contact was kept minimal to approximate the approach used
by most dieters.

Design: Single-arm, open-label, exploratory study.

Setting: One academic medical center, outpatient setting.

Patients: One hundred and five subjects with a mean age of 50 (SD, 14 years) and mean body
mass index of 30.5 kg/m? (SD, 4 kg/m?). Thirty-nine percent had type 2 diabetes.
Intervention: An ad libitum diet that excludes six refined foodstuffs (margarine, vegetable
oils, butter, cream, processed meat, and sugary drinks) called the “1,2,3 diet”.

Outcomes: Weight at 2 years was the primary outcome. Secondary outcomes included number
of patients who lost more than 5% of initial body weight, glycated hemoglobin (HbA ) level,
and changes in dietary behavior.

Results: Average weight loss was 4.8 kg (p<0.001), representing 5.6% of their initial body
weight. Among completers (51%), the average weight loss was 5.5 kg (»<0.001), and 56%
had a reduction of at least 5% of their initial body weight. Among diabetics, weight loss was
similar to nondiabetics, and mean HbA _level decreased by 1% (p=0.001) without modification
in glucose-lowering medications. A higher intake of bread, dairy products, chocolate, and fresh
fruits was the typical trend in dietary changes reported by completers.

Conclusion: In this exploratory study, there was a significant long-term weight loss with the
“1,2,3 diet” despite minimal professional contact. Given the lack of a control group and high
attrition rate, further evaluation of this diet is warranted.

Keywords: traditional diet, obesity, type 2 diabetes, refined food, satiety, leptin sensitivity

Introduction

High-fat or high-carbohydrate foods in societies where the western diet (WD) has

prevailed seem to be among the primary driving forces behind the obesity epidemic.'
WD is characterized by a consumption of highly palatable refined sugars and

fats. Modern food transformation allowed for unprecedented levels of nutrient com-

binations and densities,* and the body of evidence supporting mechanisms by which
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such food produces obesity is constantly growing.>® By
contrast, the diets of our Paleolithic ancestors (2.6 million to
~10,000 years ago), before the advent of modern agriculture,
differed considerably from current standards and obesity
remains virtually absent among populations who retain an
ancestral nutrition.?

The “Paleolithic” diet is a modern dietary regimen that
attempts to approximate the characteristics of such ancestral
food. It primarily advocates the intake of lean meat, eggs, sea-
food, fruits, vegetables (including potatoes and other tubers)
and nuts, and excludes cereal grains, dairy products, as well
as all types of refined sugars or fats typically found ina WD.”
Short-term randomized studies have suggested beneficial
effects of a Paleolithic diet on weight, waist circumference,
and metabolic balance, including insulin sensitivity, when
administered ad libitum versus other types of healthy refer-
ence diets.>*1° But a key finding is that weight loss was due
to a spontaneous 20%—30% decrease in caloric intake!!? that
would be consistent with a better activation of satiety sig-
nals.>" If this dietary pattern seems attractive, its feasibility
on the long-term is questionable because Paleolithic dieters
report difficulty adhering to the diet in a real-life setting.'
This is in line with a 2015 US news survey ranking 35 diets
with input from a panel of health experts, which placed the
Paleolithic diet dead last, citing a great option but difficult
to duplicate in modern times.'* Potential explanation to the
unsustainably of Paleolithic nutrition includes the radical
departure from the observed industrial food choices of the
average consumer.'>'® Taken together, data suggest that a
diet devoid of significant food-processing procedure could
be more satiating and produces a greater weight loss than
guideline-based diets but is virtually impossible to implement
in our modern times where refined food is dominant in the
global food system. '

As a result, we hypothesized that by excluding six of
the most frequently reported refined foodstuffs associated
with obesity in human and animal studies (margarine,'”'®
vegetable oils,'®! butter,'”?* cream,?'?? processed meat,?
and sugary drinks?), it was possible to overcome the limited
food choices of the Paleolithic diet and induce a spontaneous
decrease in food intake resulting in subsequent long-term
weight loss.

We, therefore, implemented a nonrestricted calorie diet
that fully excluded these six foodstuffs, named the “1,2,3”
diet. Professional contact was kept minimal to approximate
the approach used by most dieters.?* The aim of this one-arm
exploratory study was to assess the effect of such diet on
long-term body-weight change in an overweight and obese

population. The clinical trial protocol registration number is
ISRCTN49630431.

Methods

Design

We performed a one-arm, open-label study conducted over
2 years with outcome assessment at baseline, 6, 12, and 24
months. It was estimated that a sample size of 60 would give
the study 90% power at the 5% significance level to detect
a difference of 2.6 kg between baseline and 2 years. Based
on an anticipated 40% dropout rate, we aimed to recruit at
least 100 participants.

Setting

Recruitment and data collection were completed at the
Gastroenterology/Nutrition Department, Hospital Antoine
Beclére, Clamart, France.

Participants

Consecutive overweight and obese patients who presented
to the outpatient consultation with a chief complaint related
to their excess weight were recruited for the study. Partici-
pants completed a comprehensive medical examination and
routine blood tests. Participants were eligible if they were
older than 18 years and had a body mass index 225 kg/m?.
Criteria for exclusion were pregnancy, recent modifications
to the usual diet, or recent serious hypoglycemic events for
diabetics. The study was conducted from February 2011
to December 2015. The study protocol was reviewed and
approved by the Hospital Antoine-Belcere human subject’s
committee and was conducted according to the guidelines
laid down in the Declaration of Helsinki. Participants gave
written informed consent.

Intervention: the 1,2,3 diet

The purpose of the “1,2,3 diet” is to help restore early
satiety among overweight western dieters by excluding
processed food. However, in order to avoid large departure
from available food choices of the average western dieter,
participants were asked to fully exclude only six of the
most frequently reported processed foodstuffs associated
with weight gain: vegetable oils, margarine, butter, cream,
processed meat, and sugary drinks. All other foods were
allowed and could be consumed freely until satiety. The
diet prescription handed to patients is described in more
detail in Figure 1. A practical example on how to imple-
ment the diet was given to each patient based on his 3-day
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Patient’s name: XXX

Date: XXX

This diet consists of a list of three banned food groups (hence the name “1,2,3 diet”):

I. Full stop on the consumption of the following processed fat: vegetable oils (even olive and colza), butter, margarine (even to lower cholesterol),
cream, and mayonnaise including their light versions.

2. Full stop on the consumption of processed meat: any meat that went through a grinding process is considered processed such as sausages,
salami, corned beef, mortadella, hamburger, and reconstituted poultry products (chicken or turkey ham). Pork ham and bacon are not
considered processed. Meat is, therefore, to be consumed essentially fresh.

3. Full stop on the consumption of all kinds of sugary drinks: sodas, juices (including 100% pure fresh juices) and hot chocolate, sugar-sweetened
coffee or tea. Beverages should be calorie free; therefore, diet sodas, sparkling water, and artificial sweeteners in coffee or tea are allowed.

Food groups allowed ad libitum:

. Dairy products: full-fat milk, yogurts, and cheese. Low-fat products (higher degree of transformation) are not advised.

. Fresh meat and fish: beef, poultry, fatty fish, seafood, and pork (including bacon and ham).

Eggs.

. Fruits: all dried or fresh fruits without any exception.

. Vegetables: all vegetables including starchy ones such as potatoes.

. Grains: pasta, rice, breakfast cereals, legumes, nuts, seeds, and fresh bakery bread (white or brown). Avoid bread with added fat such as
industrial toasts, buns, and sandwich loaves.
7. Sweets and desserts: Choose chocolate (dark when possible), ice cream, honey, jam, yogurts. Avoid flour-based desserts such as pastries,
cakes, pies, and biscuits (rich in butter or margarine).
Everyday meals, in practice:
. Home-cooked meals: any food preparation at home should be made without a drop of oil or butter. Fat-free sauce (homemade or industrial) is

allowed. Salad dressing can include salt, vinegar, lemon, mustard, ketchup but no oil or mayonnaise.
2. Takeaway sandwiches should not contain butter or mayonnaise spread.
3. Readymade meals and meals at company’s canteen or cafeteria: to be avoided since all preparations are made with a certain amount of refined

(bread dough, tomato sauce, ham, and cheese).

the fruit itself (olive, avocado, and walnut) can be consumed ad libitum.

fat even when labeled “low fat” or “diet”. Prefer a home-prepared lunch box at work when possible.
4. In restaurants: order salad without dressing (add lemon, salt, and vinegar afterward), a main dish without added fat (for example, grilled steak
with baked potato or grilled fish with steamed rice or pasta). Basic pizzas are allowed because none of the basic ingredients are prohibited

5. Reminder: This is not a low-fat diet but a low refined-food diet. For example, if olive oil, avocado oil, or walnut oil is excluded from the diet,

Figure | The prescription of the “1,2,3 diet” handed to the patient.

food record performed at baseline. To approximate the
approach used by most dieters in a real-life setting,?* we
intentionally implemented a low-intensity intervention:
Patients were encouraged to come back for a first visit 1
month after the onset of the diet and every 2-3 months
thereafter. However, patients were free to consult more
often if needed. There were no electronically delivered
counseling between visits, and no specific advice was
given regarding meal frequency or physical activity. The
consultation did not last >60 minutes.

Outcomes and measurements

Weight

Body weight was measured at baseline and at each visit
(while patients wore light clothing and no shoes) to the
nearest 0.5 kg on the same scale calibrated daily. Height was
measured by a stadiometer at baseline. The primary outcome
was weight at 2 years.

Glycated hemoglobin (HbA )

Participants who presented with type 2 diabetes mellitus
(T2DM) were followed elsewhere for diabetes. Therapeutic
regimens were individualized at the discretion of their doctors
throughout the study. Medications used (alone or in combi-
nation) for glycemic control were metformin, glucagon-like
peptide-1 analog (GLP-1), dipeptidyl peptidase 4 inhibitor,
and sulfonylureas. HbA  _level was analyzed in our hospi-
tal’s laboratory (high-performance liquid chromatography
method) at baseline and at 6, 12, 18, and 24 months. Exposure
to glucose-lowering therapy, including insulin, was assessed
at baseline and every 6 months thereafter as well.

Changes in dietary behavior

A 3-day food record (2 week days and 1 weekend day)
was completed by the participants before initiating the diet
(baseline), at each subsequent visit and at 2 years. Subjects
were instructed to estimate the amount of food eaten by
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using colored food-portion photographs representing known
weights and household measuring utensils (e.g., cup, spoon,
grams). The food record was reviewed and completed in
detail with the help of a study dietician. We assessed overall
changes in dietary behavior by comparing the diet composi-
tion at baseline and at 2 years.

Statistics

The primary outcome was the change in weight over a period
of 2 years and the secondary outcome was the number of
patients who lost >5% of their initial weight. We used the
intention-to-treat principle and analyzed all the participants
who were assigned to the diet. For the primary analysis,
missing weight was handled using the last observation car-
ried forward. Analysis has been also performed on the par-
ticipants who completed the study. All other analyses were
performed on participants who provided measurements at the
concerning time point. The evolution of weight and HbA
at 2 years has been analyzed using the signed rank test. The
Clopper—Pearson method was used to calculate the 95% CI

of proportion. The Wilcoxon test was used to compare the
change in weight between subgroups. Quantitative data were
expressed as mean (SD) and qualitative data as number and
percentages (percentages were calculated excluding missing
data). All tests were two-sided with o risk at 5%. Statisti-
cal analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Participants

Of the 107 patients recruited, two were excluded because
they were already dieting. A total of 105 adults (74 women
and 31 men) with a mean age of 50 years (SD, 14 years) and
a mean BMI of 31 kg/m? (SD, 4 kg/m?) followed the “1,2,3
diet”. Most participants were white (55%), 34% were Afri-
can, and 11% were Asian. Forty percent had T2DM with a
mean HbA | of 8.3% (SD, 2%), most (86%) were on average
treated with 1.9 (SD, 1.2) oral antidiabetic drugs and 17%
were on insulin. Fifty-four participants (51%) completed
the study (i.e., provided measurements at 2 years; Figure 2).

107 participants were screened

A

> 2 were excluded (already dieting)

the diet

105 participants were assigned to

A 4

I 1 withdraw (lost to follow-up)

99% compliance

(5.5+2.0 months) 6 months

104 participants completed

37 withdraw (lost to follow-up)

A 4

A 4

1 without data at 12 months

63% compliance

(12.6+1.6 months) 12 months

66 participants completed

A 4

v

12 withdraw (lost to follow-up)

51% compliance

(24.3+4.9 months) 24 months

55 participants completed

Figure 2 Patient inclusion flowchart.
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Baseline characteristics were similar among all participants
and completers (Table 1).

Body weight

The mean weight loss from baseline to 2 years was
4.845.0 kg (p<0.001), which represented 5.6% of initial
weight. Among completers mean weight loss was 5.5+5.8
kg (p<0.001) or 6.2% of initial body weight (Figure 3). At
2 years, 56% (95% CI, 41-69) of the completers had lost
>5% of their initial weight and 22% (95% CI, 12-36) had
lost at least 10% of their initial weight. In subgroup analysis,
the statistically significant decrease in weight was observed
similarly in obese and overweight patients (Figure 4A) and
in patients with or without T2DM (Figure 4B). A multivari-
ate analysis (adjusted for age, sex, BMI, and diabetes) was
performed, but no independent predictive factor on weight
loss was identified.

HbA,

The mean HbA _level was reduced at 6 months and this dif-
ference was still observed at 2 years (—1.1%12.1%, p=0.001;
Figure 5). On average, completers used 0.3+1.0 more oral
medication to manage glycemia between baseline and 2 years;
however, no statistical difference was observed (p=0.23). No
new onset of T2DM was detected; however, among diabetics,

Table | Baseline characteristics of the study participants®

seven patients were on insulin therapy at 2 years compared
to four patients at baseline.

Changes in dietary behavior at 2 years
Reported food intake among completers showed excellent
adherence to the “1,2,3 diet” because the consumption of
all six prohibited foodstuffs was markedly lower (or became
occasional). The typical trend in dietary changes reported by
completers at 2 years is depicted in Table 2. Adherence to
the diet was associated with a spontaneous higher intake of
fresh bread, cheese, chocolate, and fresh fruits essentially,
compared to their usual diet at baseline. Caloric intake was
not assessed; however, a mean weight loss of 5.5 kg at 2 years
corresponds to an average energy deficit of ~70 kcal/day.

Food preparations containing refined fat were easier to
circumvent at home and in restaurants but difficult to avoid at
company’s cafeterias and during friends or family gatherings.
No side-effects were reported by completers.

Follow-up

Mean total number of visits per participant was 2.2+1.1,
5.241.7, and 9.742.9 at 6, 12, and 24 months, respectively,
which is consistent with a low-intensity follow-up (one
professional contact per month or less). For completers the
mean number of visits per year was 4.9+1.5.

Characteristics All participants Participants who completed p-value
(N=105) the study (N=54)
Age (years) 50+14 51+14 NS
Sex, n (%)
Female 74 (71) 36 (67) NS
Male 31 (29) 18 (33) NS
Ethnic group, n (%)
European 58 (55) 29 (54) NS
African 36 (34) 20 (37) NS
Asian IE(rr 5(9) NS
Weight (mean, kg) 85+13 89+14 NS
Body mass index (kg/m?)®
Mean 314 314 NS
25; 30, n (%) 50 (47) 20 (37) NS
30; 35, n (%) 47 (45) 26 (48) NS
235, n (%) 8 (8) 8 (I5) NS
Type 2 diabetes, n (%) 42 (40) 26 (48) NS
HbA, _ (%) 8.3+2.0 8.3+2.0 NS
Use of antidiabetic medication®
Oral antidiabetic, n (%) 36 (86) 23 (89) NS
Insulin, n (%) 7(17) 4 (15) NS

Notes: *Data presented as n (%) or mean * SD. *The body mass index is the weight in kilograms divided by the square of the height in meters. ‘Data are for the participants

with type 2 diabetes.
Abbreviations: NS, nonsignificant; HbA I c, glycated hemoglobin.
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Mean weight change (kg)

—4— All participants

Figure 3 Weight changes over 2 years.
Note: Vertical bars indicate standard errors.

Discussion
Principal findings

This study suggests that moderately obese patients who avoid
or markedly reduce oil, butter, margarine, mayonnaise, cream,
processed meat, and sweet beverages might achieve success-
ful weight loss at 2 years (5.6%) without counting calories or
keeping up with an intensive professional follow-up. However,
the high attrition rate suggests that it might be challenging
for many to adhere to such diet on the long term. Glycemic
levels improved significantly in diabetic patients, but the diet
did not allow the reduction of glucose-lowering medication.

In the context of the current literature

on weight-loss diets
Improvements in weight and HbA, . compared to baseline are
in line with short-term Paleolithic diet studies.*! However,

12

18 24

Months

- —@— - Participants who completed the study

on the long term, a 2013 AHA/ACC/TOS obesity guideline
and a 2015 systematic review and meta-analysis concluded
that a macronutrient composition to a diet is of minor impor-
tance to weight loss.?>% Instead, long-term effect on body
weight depends mainly on the intensity of the intervention.
Low-intensity (less than one monthly session) to moderate-
intensity (between one and two sessions per month) interven-
tions do not produce any weight loss. Only high-intensity
comprehensive lifestyle intervention programs (>14 ses-
sions with trained interventionists in 6 months) will allow
35%—60% of overweight/obese adults to maintain a loss 25%
of initial body weight at 2 years’ follow-up.?>* Based on this
comprehensive data, the “1,2,3 diet” is the first low-intensity
diet to our knowledge that suggests a possible weight loss at
2 years. A 2-year Paleolithic diet study in postmenopausal
women showed similar weight loss, but intervention was of
moderate intensity.’
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Figure 4 Weight changes according to initial BMI (A) and type 2 diabetes mellitus (B) at various time points.

Notes: T bars indicate standard errors. In the subgroup of initial BMI <30 kg/m?, the number of participants was 49 at 6 months, 27 at 12 months, and 20 at 24 months.
It was, respectively, 55, 39, and 34 in the subgroup of initial BMI 230 kg/m2. In the subgroup of diabetic participants, the number of participants was 42 at 6 months, 31 at
12 months, and 26 at 24 months. It was, respectively, 62, 35, and 28 in the subgroup of nondiabetic participants.

Abbreviation: BMI, body mass index.
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Figure 5 HbA _at various time points.

7.3
7.2
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Months

Notes: Vertical bars indicate standard errors. Number of participants was 42 at baseline, 42 at 6 months, 3| at |2 months, and 26 at 24 months.

Abbreviations: HbA , glycated hemoglobin.

Table 2 Diet composition (g/day) as estimated from 3-day food record among completers (n=51) at baseline and at 2 years

Baseline 2 years
Milk, yoghurt 211143 189+134
Full-fat cheese 33126 101+44*
Processed meat 75162 18+14*
Fresh meat, poultry, fish, and eggs 245+196 200+210
Nuts 315 6+4
Fresh fruits 153£101 450+1572
Nonstarchy vegetables 142471 188+90
Starchy vegetables (potatoes and legumes) 89+65 78+49
Fresh bakery bread (brown or white) 132138 198+65°
Industrial bread with added fat (loafs, buns) 28+12 54
Pasta, rice, breakfast cereals, corn 75126 82423
Oil, sauce, dressing, mayonnaise, margarine 51+35 5+22
Butter and cream 2112 4+5°
Flour-based desserts (pastries, cake, pies, biscuits) 32431 216
Chocolate (dark or milk) 19+20 35+12°
Jam or honey 7£10 11+9
Sweet beverages (hot and cold, including juices) 139+152 4x1?
Zero-calorie sodas 28431 100+45°
Strong liquor, wine, beer 68115 55+101

Notes: Values are mean * SD. *For significant difference between baseline and 2 years (p<0.05). *p=0.061.

Potential mechanism and explanations
Improved leptin sensitivity

Peripheral messengers such as leptin (a hormone essentially
secreted by the adipose tissue) act strongly on the homeostatic
central neural system (that mediates hunger/satiety feeling) to
modulate food intake.?” During caloric restriction, weight loss

induces a decrease in leptin levels resulting in an upregulation
of these central neurons encouraging the consumption of food
despite the persistence of adequate fat stores.?®

In leptin-resistant states, in which leptin signaling is
subdued,” weight loss increases further the odds of weight
regain.”® Added fats and oils, processed meat, and sugary
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drinks promote leptin resistance,>*!?23%3! 3 process mediated
by the interplay of intestinal microbial dysbiosis, intestinal
permeability, and the immune system.? The exclusion of
these foodstuffs in the “1,2,3” diet might have facilitated
dietary restraint as witnessed by the meaningful long-term
weight loss despite a low-intensity, ad libitum approach.
This is consistent with an improved leptin sensitivity>'
probably mediated by a more favorable microbiota and
inflammatory profile. In parallel, the observed increase in
fruits, dark chocolate, or fermented cheese consumption
might have contributed as well to this enhanced satiety.
Indeed, the regular consumption of those phenolic com-
pound-rich foods may beneficially balance the gut micro-
biota,*? induce the release of satiating gut hormones such
as GLP-1 and decrease the orexigenic ghrelin expression
on the long term.*

Shifting from addictive obesogenic food to addictive
nonobesogenic food

Another biologic process that facilitates weight regain after a
diet is related to the addictive properties of processed food.?
Humans trying to cut back on such food during weight loss
report craving and anxiety that ultimately drive food intake.?
However, not all addictive foods are equally implicated in
weight gain. For instance, rats binging on sugar do not expe-
rience weight gain, whereas binging on refined fat-enriched
food is associated with an increase in body weight.>** In the
“1,2,3” diet patients compensated their low intake of pro-
cessed fats by a higher consumption of fresh bread, cheese, and
chocolate. These food items described as addictive®-¢ seem,
however, not to be associated with obesity or inflammatory
microbiota.?*3”3% For instance, a recent human study® indi-
cates that an increase in cheese consumption can beneficially
modify the gut microbiota to increase short-chain fatty acid
(SCFA) levels when compared to diet containing butter. The
evidence for a potential role of SCFA to counteract obesity
by stimulating the secretion of satiety hormones and energy
expenditure is increasing. Therefore, we can speculate that
the long-term adherence to the “1,2,3” diet might be due to
a spontaneous shift to highly rewarding, yet not obesogenic,
food. These hypotheses remain speculative until further stud-
ies can be conducted that include a thorough assessment of
dietary changes, microbiota, and leptin profiles.

Limitations of the study
The main strength of this exploratory study is the rela-
tively long duration and a high heterogeneity of patients,

making the results easier to generalize to other free-living
populations. However, it has several limitations. This was
a single-arm, open-label investigation. Although lacking a
control group it suggests that this approach to weight loss
might be helpful to motivate overweight or mildly obese
patients not willing to engage in high-intensity programs.
Further studies should include a control group to further
test the efficacy of the “1,2,3” diet. The open-label design
may introduce a bias. When participants know that they are
being provided with an experimental diet, their compliance
may rise and could lead to better outcomes.* However,
such bias is less relevant in long-term studies because
diminished compliance after the first few months is typical
in weight-loss trials.*

Another limitation is related to our primary analysis
where missing weight was handled using the last observa-
tion carried forward. This statistical approach probably
understates weight regain of lost-to-follow-up patients. Only
completers’ data might, therefore, be relevant for assessment.
Fifty-one percent of patients completed the study, making
the attrition rate higher than our expected 40% (however, the
power attained with our sample size remains above 90%).
This high attrition rate at 2 years underscores the difficulty
of long-term follow-up with diets. However, attrition rates
attributable to lifestyle modification programs are higher
than 35% in one-third of clinical trials and appear to be
strongly correlated with treatment duration and inversely
correlated to intensity of interventions.*® This reminds us
that, because many studies did not control for high attrition
rates, the reported results in the literature are probably a
best-case scenario.

Implications

This 2-year preliminary study suggests that most mildly
obese patients were able to successfully adopt an ad libitum
diet devoid of only six refined foods even with minimal
professional contact. Adherence to such diet revealed sig-
nificant sustained weight loss and improved glycemic profile
among this population. These long-term data suggest that
the “1,2,3” diet could be a viable option for some obese
and diabetic patients not willing to engage in constraining
lifestyle intervention programs. Further research is neces-
sary to confirm these data and assess the long-term safety
of the “1,2,3” diet.

Data sharing statement
Please contact author for data requests.
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