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Abstract

Objective—To assess the association of markers for dietary protein intake, measures of dietary 

adherence and demographic variables with weight loss in the POUNDS Lost study over the first 6 

months and again between 6 and 24 months using data from those who completed each period.

Methods—Secondary analysis of pooled data on completers assigned to one of four diets: 65%C/

15%P/20%F (AP/LF); 55%C/25%P/20%F (HP/LF); 45%C/15%P/40%F (AP/HF); or 35%C/

25%P40%F (HP/HF) in the POUNDS Lost study. Urinary nitrogen excretion, dietary adherence 

measured by 24 hour recall and attendance at sessions, age (above & below 50 years), sex, race/

ethnicity, and activity by pedometry were analyzed.

Results—Increased spread between protein intake at baseline and protein at 6 or 24 months, 

assessed by urinary nitrogen excretion, was associated with greater weight loss from baseline to 2 

years. At 6 and 24 months older age, male sex, BMI > 30 kg/m2 and adherence to the fat and 

protein diets was associated with more weight loss. None of these variables was associated with 

regain from 6 to 24 months. Weight regain for women in the highest carbohydrate (65%) group 

was significantly greater [−4.4kg [95% CI: −5.9, −3.0] than for women in the lowest carbohydrate 

group [−1.8kg (95% CI:−3.2, −0.4kg)] (p for interaction =0.012).

Conclusion—An increased spread in the difference between baseline and follow-up protein 

intake was associated with greater weight loss, consistent with the ‘protein spread theory’. Women 

eating the highest carbohydrate diet regained more weight from 6 to 24 months.
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INTRODUCTION

Whether the macronutrient composition of diets might enhance weight loss has been studied 

for more than a century and has resulted in a large number of publications (1–12) as well as 

reviews and meta-analyses (13–27). A substantial body of evidence supports the idea that 

consumption of more dietary protein would be a successful strategy to treat obesity and 

prevent its relapse (18, 19, 23, 24, 26, 27, 28). Other contributors to successful weight loss 

are adherence to the dietary program (9, 12, 29, 30, 31, 32, 33) as well as earlier and more 

rapid loss (34, 35). Men lose more weight than women (32, 36, 37, 38, 39), and older adults 

lose 1–2 kg more than younger ones (32). In structured programs, White participants tend to 

lose 2–3 kg more than African-Americans (38).

The largest single study to date to examine this question of diet composition is The 

POUNDS Lost trial (12, 40–56). In this two year dietary intervention 811 individuals who 

were overweight or obese were randomly assigned in a 2X2 factorial design to one of four 

diets with target intakes of 15% (average protein =AP) or 25% protein (high protein = HP) 

and 20% fat (low fat = LF) or 40% fat (high fat = HF). This design provided assigned levels 

of carbohydrate, protein, and fat as % energy of: 65%C,15%P, 20%F (AP/LF); 55%C,25%P, 

20%F (HP/LF); 45%C,15%P, 40%F (AP/HF); and 35%C, 25%P, 40%F (HP/HF). The main 

paper from this study used intent to treat analysis with imputations for missing data and 

reported that weight losses were similar for 4 diets. Weight losses were respectively 3.0 vs. 

3.6 kg in the 15% and 25% protein diet at two years (P=0.2) (12). For those assigned to 20% 

fat or 40% fat diet, weight loss was 3.3 kg in both cases (P=0.94). The comparison of 

highest carbohydrate (AP/LF; 35% carbohydrate) and lowest carbohydrate (HP/HF; 65% 

carbohydrate) showed 2.9 vs. 3.4 kg loss at two years (P=0.4 without adjustment for 

multiple comparisons and using imputed data) (12). Thus, there were no macronutrient 

effects on weight loss or weight maintenance at two years in the intent to treat analysis (12). 

When analyzed by level of adherence to diet, the data showed that adhering to the diet and to 

a higher protein diet, led to more weight loss. In this secondary analysis we have re-

examined this relationship in those who completed six months and in those who completed 

24 months using urea excretion as a marker for protein intake. In contrast with 

macronutrient composition, the POUNDS Lost trial did show that adherence to the 

behavioral program, as reflected in attendance at group sessions produced more weight loss 

(12, 29, 30). In an editorial to this paper Astrup and Pedersen noted that “the POUNDS 

LOST trial does not allow us to draw conclusions about the efficacy of protein in inducing 

satiety and inhibiting caloric intake, but it does emphasize the difficulty in achieving 

adherence to diets when running long-term intervention studies” (25) because contrasts 

between groups were too small. This secondary analysis was designed to pool data from all 

4 diets to examine the relation of protein intake, as reflected in urinary urea excretion and 

weight loss. We also examined the effect of sex on the response to carbohydrate.
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The European Diogenes study of diets with higher and lower dietary levels of protein with 

and without variation in glycemic index demonstrated that a higher protein diet could be 

beneficial in helping participants maintain weight loss (28). Bosse and Dixon (27) proposed 

that providing a wider separation from habitual protein intake to the higher protein intake of 

a new diet is an important factor in determining the success of dietary protein intake in 

weight management. Their protein spread theory proposes that there must be a sufficiently 

wide spread in protein intake between groups expressed as % difference in g/kg/day during 

the protein intervention to see differences in body composition. This concept, known as the 

‘protein spread hypothesis’ has been tested in this paper by using urinary urea excretion as a 

marker of protein intake in a pooled analysis. In this secondary analysis we have also 

examined the association of age, sex, ethnicity and diet with changes in body weight.

METHODS

Participants

The POUNDS Lost trial was conducted at two clinical research sites: The Harvard School of 

Public Health in Boston, MA and the Pennington Biomedical Research Center in Baton 

Rouge, LA (12). The study design (determined by statistical power analysis) called for 

recruiting 400 participants at each site, for a total of 800 volunteers. A total of 811 

individuals were enrolled in the final sample. The protocol and consent process were 

approved by the Institutional Review Board at each site. All subjects gave written informed 

consent. The inclusion and exclusion criteria for the POUNDS Lost study have been 

described in detail previously (12). Briefly, participants were men and women aged 30 to 70 

years who were overweight or obese (BMI ranged from 25 to 40 kg/m2), and who were 

otherwise healthy and able to participate in a two-year clinical trial. The recruitment, 

enrollment and retention of participants in the POUNDS Lost have been summarized in an 

earlier publication (12).

Study Design

Participants were randomly assigned to one of four macronutrient diets, stratified by gender 

(12). Randomization was done by a statistician using a computer-based program and 

occurred after verification that all baseline data had been collected. The first subject was 

randomized in October 2004 and final clinic visits were completed in December 2007. 

Participants in all four groups were instructed to follow calorie restricted diets that consisted 

of the following macronutrient compositions: 1) low fat (20% of energy), average protein 

(15% of energy)(LF/AP); 2) low fat (20%), high protein (25%)(LF/HP); 3) high fat (40%), 

average protein (15%)(HF/AP); and 4) high fat (40%), high protein (25%)(HF/HP). All four 

diets were low in saturated fat and energy intake was reduced by 750 kcal/day below the 

resting metabolic rate measured with a metabolic cart multiplied by an activity factor, but 

with a minimal caloric intake of 1200 kcal/day (41). Similar foods were used for all diets, 

but in different amounts. Adherence to the diet was based on the 24-hour recalls done in 

telephone interviews at 6 months in a 50% subset of participants at both sites. Reported data 

were compared to assigned goals and those within +5% were labeled as “adherent” to their 

diet.
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A behavioral program of similar programmatic content and intensity was uniformly 

implemented across the four dietary interventions using personnel from each site who had 

been trained in these techniques (12). To encourage a similar level of physical activity nearly 

a quarter of the participants (N=241) received and wore pedometers that were attached at the 

belt line. Data for the number of steps was recorded at baseline and 6 months in this sub-

sample from each of the 4 dietary groups.

Investigators and staff strived for trial-wide equipoise by teaching participants that each diet 

had an equal chance of success and by emphasizing the importance of macronutrient goals. 

The staff members responsible for outcome measurements were blinded to treatment 

assignment. The following variables were analyzed: age above and below 50 years, sex, 

race/ethnicity, body mass index above and below 30 kg/m2, adherence to the fat and protein 

diets as determined from the baseline to 6 and 24 month data using the dietary recall 

information. Change in urinary urea nitrogen excretion per gram of urinary creatinine 

excretion was calculated from baseline to 6 (N = 240) and 24 months (N= 96) in subjects for 

whom this information was available.

Statistical Analysis

The results are reported for completers at 6 months and 24 months. The age category was a 

split at age 50 years which is nearly the mean age of 51.1±9.01 years. We evaluated weight 

loss from baseline to 6 months and 24 months and from 6 months to 24 months by 

subgroups of completers. The analysis also compared two of the four diets, lowest (35%) 

and highest (65%) carbohydrate content during weight loss and weight regain (6 to 24 

months). Simple main effects were tested using mixed models including age category, sex, 

race/ethnicity and BMI category. For the analysis of change in urea nitrogen/creatinine 

excretion, grams of urea nitrogen and creatinine in samples at baseline, 6 months and 24 

months were measured and the percentage change in the urinary urea nitrogen/creatinine 

ratio was calculated by subtracting the month 6 or month 24 value from the baseline value 

and dividing by the 6 month or 24 month value. In each interval (baseline to 6 months, 

baseline to 2 years and 6 months to 2 years) quartiles were established as from the 6 month 

or 24 month value minus baseline divided by the month 6 or 24 value. Analyses were all 

conducted using SAS software, Version 9.3 of the SAS System for Windows or JMP-11 for 

windows. Baseline data are presented as the mean and standard deviation, and change from 

baseline as least square means and 95% confidence interval.

Results

Participants

In the POUNDS Lost trial, a total of 811 individuals who were overweight or obese were 

randomized and 80% completed the two-year study. Retention ranged from 74% (high fat, 

average protein) to 84% (low fat, average protein, highest carbohydrate) for the four diets 

(Chi-square test, p=0.05 across diet groups)(12). In this secondary analysis of completers, 

we used only those individuals with complete data at baseline and 6 months (N=580) or at 

baseline and 24 months (N=392). Figure 1 shows the heterogeneity of weight loss from 

baseline to 6 months with individual participants in each diet group for whom data are 
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available at both times ranked from the largest weight loss on the left to those who gained 

weight on the right. The great individual variability in response to each diet is evident with 

some participants losing more than 20 kg on each diet and others losing no weight or even 

gaining weight on each diet. This figure has the value of showing that a significant number 

of individuals on each diet actually gain weight. This differential response occurred in a 

group of participants who volunteered for a “weight loss study” and who received a 

standardized lifestyle intervention. One marker that the intervention was implemented 

similarly across groups is the amount of activity they performed as measured with 

pedometers. Individuals were asked to increase their activity by gradually increasing 

walking to 30 minutes per day. In the first 6 months 241 of the participants recorded their 

activity on pedometers. The average number of steps increased 1,151 ± 177 (P < 0.0001) 

with males (N= 116) walking significantly more steps than females (N=1,568 steps for men 

and 762 steps for women; P=0.023). There was no significant difference in steps walked 

between diets suggesting that activity increased similarly across the 4 diet groups (Data not 

shown).

Table 1 shows the baseline weights and weight change to 6 months and 24 months for the 

pooled data. Older participants were lighter at baseline (91.6 kg; n=462) than younger ones 

(94.6 kg; n=349; P <0.01) and lost significantly more weight (8.11 kg vs 7.15 kg; P=0.023). 

Females were lighter (86.2±12.4 kg; n= 515) than males (104.5±13.5 kg; n= 296) at baseline 

(P < 0.001), and lost significantly more weight over 6 and 24 months. However, when 

expressed as percent weight loss, men and women were not different at 6 months [men 

−7.17% (95% CI −7.93, −6.40); women −6.87% (95% CI −7.41, −6.25)](P=0.45). Over the 

full 2 years, men lost marginally more body weight than women, on a percentage basis 

[Men; −4.72% (95% CI −6.75, −3.69; women; −3.60% (95%CI −4.38, −2.82)(P=0.070). 

There was no difference in baseline body weight between Whites (n=623) and African-

Americans (n=175), and race/ethnicity did not influence weight loss over the first 6 months. 

The ‘Other category” consisted of Hispanics, Asian-Americans, Native Americans, Middle 

Easterners, Puerto Ricans and Native Hawaiian, who were not numerous enough to draw 

inferences. Individuals with a baseline BMI >30 kg/m2 lost more weight than those with a 

BMI <30 kg/m2 (P=0.0065). Adherence to the protein and fat diets was assessed by 

comparing those within 5% of their dietary goal on the 6-month dietary recall with those 

who didn’t achieve this goal. Those who adhered to the protein goal lost more weight in 6 

months [−8.35kg; (95% CI −9.06, −7.65 kg; n=239)](P<0.0001) than those who did not 

[−4.80kg; (95% CI −5.75, −3.86 kg; n=106)]. To test the possibility that urinary protein 

might be a surrogate for adherence to the behavioral weight loss program we examined the 

relationship between attendance at group sessions and the change in urinary urea excretion 

from either baseline to 6 months or to 24 months. There was no correlation between the 

number of sessions attended and the change in urea nitrogen between baseline and 6 months 

(r=−0.03 p = 0.47) or 24 months (r=0.032, p = 0.50). Those who adhered to the low fat diet 

(n=136) lost slightly more weight (−8.13 kg) than those who did not (−6.70 kg) (P=0.021).

The nearly two-fold difference in weight loss for those who adhered to the protein diet led to 

a further analysis of change in protein intake using the change in urinary urea nitrogen 

excretion corrected for creatinine excretion as a surrogate for protein intake at 6 (n=581) and 
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24 months (n=393) (Figure 2). Panel A shows that individuals in the lowest quartile of 

change in urea nitrogen/creatinine (−58.7g/g to −14.2g/g) an indicator of reduced protein 

intake lost significantly less weight than those in the other 3 quartiles who had larger 

changes in protein intake from baseline to 6 months (−14.2g/g to 0.93g/g; 0.93g/g to 

19.7g/g; 19.7g/g to 282.7g/g) (P<0.001 for quartile 2, 3, and 4 vs quartile 1; N=145 per 

quartile). Panel B shows quartiles of change in urea nitrogen/creatinine ratio to change in 

body weight from baseline to 2 years. (Quartile 1 =−62.9g/g to −10.9g/g; −10.9g/g to 2.4g/g; 

2.4g/g to 23.0g/g; 23.0g/g to 203.8g/g) (N=68 per quartile). In this time interval all quartiles 

were significantly different from each other (P<0.05) except quartile 3 and 4. There was no 

relation between the number of sessions attended and the change in urea nitrogen between 

baseline and 6 months (r=−0.03 p = 0.47) or 24 months (r=0.032, p = 0.50).

Table 2 shows the body weight at 6 months for each variable group, and the changes in body 

weight from 6 months to 24 months. During this time interval, average body weight 

increased significantly except in the small group of individuals classified as “other”. The 

significant relationships identified during the weight loss phase (Table 1) were no longer 

present. Thus, from 6 to 24 months, age, race, BMI and adherence to the protein or fat diet 

did not predict weight maintenance, but there was a significant age by sex interaction for the 

change in weight from 6 months to 24 months (P=0.0037) which was explored further. 

Figure 3 (left panel) explores this interaction by showing that the female completers eating 

the highest carbohydrate diet (AP/LF; 65% carbohydrate) were significantly less successful 

in maintaining their weight loss from 6 to 24 months (4.0±0.50 kg vs 2.3±0.50 kg P =0.022) 

and thus lost less from baseline to 24 months (1.5 kg vs 3.7 kg P=0.0125) than the women 

eating the lowest carbohydrate diet (HP/LF; 35% carbohydrate). This did not apply to men 

as seen in the right hand panel of figure 3.

DISCUSSION

In the present study, we conducted a secondary analysis of the randomized POUNDS Lost 

study using pooled data to examine the extent to which protein and demographic variables 

influenced weight loss and weight maintenance or weight regain in men and women 

completing 6 or 24 months. Using urinary excretion as a marker of protein metabolism, the 

data shows that it was the “difference” or “spread” between baseline and actual protein 

intake was related to weight loss. Urine urea has been used as a surrogate for protein 

metabolism in numerous studies throughout the 20th and 21st centuries (57). Recognition of 

the microbiome as a contributor of human metabolism (58, 59, 60, 61) raises the interesting 

possibility that urinary urea may be influenced by microbial metabolism of urea which is a 

highly permeable molecule that surely must enter the gut. A higher plasma urea 

concentration reflecting higher intake of amino acids might provide the microbiome with 

more urea which would tend to blunt the effect we see. In one study of a single individual on 

5 occasions over years Hibbert and Jackson showed the salvage of urea by the bowel (62). 

The authors concluded that measuring urea kinetics gives reproducible results and that the 

intra-individual variation in urea kinetics is much less than the inter-individual variation. A 

higher plasma urea concentration reflecting higher intake of amino acids might provide the 

microbiome with more urea which would tend to enhance breakdown. This might mean that 

the numbers used in our quartiles would underestimate the actual protein metabolism or 
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protein spread, but the quartiles of weight loss would not be altered. With the data available 

from this study we are not able to test whether there was any such effect, but this is certainly 

an important question for future research.

The heterogeneity in weight loss among participants in each group was evident as was the 

overall similarity of weight loss across the 4 diet groups. This is consistent with what has 

been observed in other studies, including the Look AHEAD study (34, 35, 39), the Diabetes 

Prevention program (36, 37) and the Premiere study (38). The similarity of weight loss in 

the 4 diets led us to suggest that patients should select the diet which they prefer (12).

The similar variability of weight loss across the 4 diets assignments suggests that regardless 

of diet and possibly other treatment assignments, some people are able to lose weight and 

others are not. Such “individual” differences might reflect the numerous genetic differences 

which accounted for various responses in the POUNDS Lost study. Analysis of DNA 

samples from the participants in this study have predicted differential dietary responses to 

some of the metabolic variables (45–55). For example Xu et al (49) found that the C allele of 

PPM1K (protein phosphatase Mg/Mn 1K) was associated with less weight loss and a small 

decrease in both serum insulin and HOMA-IR in the group eating the high fat diet. In 

another report, we found that carriers of the risk allele for the FTO variant rs1558902 

showed significant effects of dietary protein on 2-year changes in fat-free mass, whole body 

total percentage fat mass, total adipose tissue mass, visceral adipose tissue mass, and 

superficial adipose tissue mass (P < 0.05 for all interactions). There were also significant 

interactions observed at 6 months. Thus, a high-protein diet may be beneficial for weight 

loss and improvement in body composition and fat distribution in individuals with the risk 

allele of the FTO variant (rs1558902) (48).

There were differences in age, sex, race/ethnicity, and BMI that accounted for much of the 

variability in weight loss in this study. Older individuals lost more weight than younger 

ones, men lost more weight than women, and heavier individuals more than lighter ones, but 

African-Americans and Whites lost similar amounts of weight. This latter finding differs 

from observations in two large lifestyle intervention trials (37, 39), which show that African-

Americans lose less weight, on average, when participating in lifestyle interventions, than do 

White Americans. The reason why our data differ is unclear. Interestingly, however, in a four 

year study of more than 2000 participants, initial one-year differences in weight loss by sex 

and ethnicity were also observed later at year four (36). Our study does confirm observations 

(35, 56) that older participants lose more weight when participating in lifestyle interventions 

than younger participants. However, after the weight loss phase age, sex and race/ethnicity 

were unrelated to the degree of weight regain from 6 to 24 months.

There have been many studies testing the efficacy of high protein diets compared to 

conventional lower fat diets for weight loss using both generic diets such as the diet in this 

paper and those reviewed by Bosse & Dixon(27) and diets named after individual 

investigators (2–12), such as the Ornish Diet, the Zone Diet or the Atkins Diet (See Refs 8 & 

9). The present study uses urinary urea corrected to creatinine excretion to explore the 

changes in protein intake from baseline to 6 and 24 months. Adherence to the protein 

assignment was a significant predictor of successful weight loss which was consistent with 
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the protein intake data in the main paper (12). When we pooled data on urea excretion as an 

index of protein intake from all 4 diets we found that changes of protein intake affected 

weight loss. Over the 2 years of the study there was a graded and statistically significant 

increase in weight loss across quartiles of increasing differences in protein intake (urea 

excretion). From baseline to 6 months, the quartile which had the least spread of protein 

intake lost significantly less weight than the other 3 quartiles, indicating that a difference of 

25% in protein intake was sufficient to see a significantly greater weight loss. We conclude 

that increasing the spread of protein intake may enhance weight loss independent of initial 

diet. This is consistent with the “protein spread hypothesis’ of Bosse and Dixon (27). They 

proposed that providing a deviation of 38% on average from habitual protein intake is a 

sufficient to see an effect of a higher protein intake on weight loss. To test the possibility that 

urinary protein might be a surrogate for the adherence to the behavioral weight loss program 

we examined the relationship between attendance at group sessions and the change in 

urinary urea excretion from either baseline to 6 months or to 24 months. The correlation 

coefficients were essentially zero indicating that the change in urea excretion was not a 

surrogate for behavioral adherence. Thus, our data would suggest that decreases in protein 

from initial levels blunt weight loss whereas higher deviations in protein intake would 

reduce body weight.

In this secondary analysis using only completers there was also an effect of sex on the 

response to carbohydrate. Women on the highest carbohydrate (AP/LF; 65% carbohydrate) 

versus the lowest carbohydrate diet (HP/HF; 35% carbohydrate) lost similar amounts of 

weight in the first 6 months, but were less successful in maintaining the weight loss from 6 

to 24 months than women eating the lowest carbohydrate (highest fat) diet. In contrast, men 

did not show this difference from 6 to 24 months. Our finding that women assigned to 

highest carbohydrate (lowest fat) diet were less successful in maintaining weight loss might 

fit the observations of Shai et al. (7) who found that a high carbohydrate (low fat diet) was 

associated with a shift in trajectory of weight loss during the maintenance phase after 9–12 

months. In that study, as in ours high protein diets had similar efficacy in women and men. 

In another study where gender effects are evident, Gardner et al. (8) randomized 

premenopausal women to one of four diets: Atkins (low carbohydrate), Zone (even 

macronutrient distribution), Ornish (low fat) and the balanced calorie restricted diet with the 

LEARN manual. The LEARN manual by Dr. Brownell provides detailed steps for 

introducing a behavioral modification into a weight loss program. In this study, the group 

eating low carbohydrate diet (Atkins) lost more weight at one year compared to the other 

groups. Another study that only lasted three months and only included women, also reported 

superiority for the low carbohydrate diet (10). Our finding that women, but not men, eating 

the highest carbohydrate had a significantly greater increase in weight from 6 to 24 months, 

i.e., poorer weight maintenance suggests that this issue needs further evaluation in studies 

designed to answer this question specifically.

This present study has both strengths and limitations. One strength is the large group of 

individuals who were randomized to the treatment groups. Another is the 80% follow-up 

that was achieved at 2 years. One limitation is that the study was not designed and powered 

to address the questions of gender differences in response specifically. Second, the present 

study reports findings from a completers analysis which limited the data at 6 months and 
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even more at 24 months. Third, our study encouraged participants to come for follow-up 

measurements at two years, but adherence with the dietary recommendations by this stage of 

the study was variable.

In summary, our findings show that individuals with a higher spread of protein intake from 

their baseline values, regardless of diet assignment have greater weight loss over 2 years 

which is consistent with the ‘protein spread hypothesis’ of Bosse & Dixon (26). Men lost 

more weight in the first 6 months than women and this was not affected by diet assignment. 

We also show that women lose less weight than men and that older individuals lose more 

weight than younger ones. However, women assigned to the highest carbohydrate (lowest 

fat) diet had more difficulty maintaining their weight loss after 6 months
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Figure 1. 
Weight change from baseline to 6 months for each individual participant in the 4 dietary 

assignment groups ranked from the largest loser on the left to the most weight gain on the 

right. Panel A (n=38 ) is the AP/LF group (15% protein, 20% fat, diet, 65% carbohydrate; 

Panel B (n=43 ) is the HP/LF group (25% protein, 20% fat, 55% carbohydrate); Panel C 

(n=28 ) is the HP/LF group (15% protein, 40% fat, 45% carbohydrate); and Panel D (n=30) 

is the HP/HF group (25% protein, 40% fat, 35% carbohydrate).

Bray et al. Page 14

Clin Obes. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Change in body weight by quartiles of urea nitrogen/creatinine excretion. Panel A is the 

change in quartiles urea nitrogen/creatinine excretion from baseline to 6 months (quartile 1 

is −58.7g/g to −14.2g/g; quartile 2 is −14.2g/g to 0.93g/g; quartile 3 is 0.93 g/g to 19.7 g/g; 

quartile 4 is 19.7g/g to 282.7g/g); Panel B is the change in quartiles of urea nitrogen/

creatinine excretion from baseline to 24 months (quartile 1 is −62.9g/g to −10.9g/g; quartile 

2 is −10.9g/g to 2.4g/g; quartile 3 is 2.4g/g to 23.0g/g; quartile 4 is 23.0g/g to 201.8g/g).
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Figure 3. 
Mean weight loss from baseline to 6 months and from 6 months to twenty-four months in 

females and male according to macronutrient assignment. For the 102 women on the lowest 

carbohydrate diets, significantly less weight loss was observed; weight change was −1.8% 

(95% CI −3.2%, −0.4%), significantly different from men [−5.5% (95% CI −7.2%, −3.7%)] 

(p=0.0016) and significantly less in women on the lowest carbohydrate diets [−4.4% (95% 

CI −5.8%, −3.0%)] (p=0.0116). Women lost significantly less weight (−3.2% [−4.3, −2.2]) 

on the low fat diets than men (−6.0% [−7.3, −4.6]) (p=0.0015), but the low fat macronutrient 

comparison combines the two highest carbohydrate diets (65% and 55%).
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Table 2

Six Month Data and Change from 6 Months to 24 Months

Body weight at 6 months and change in weight (%) from 6 months to 24 months

Variable (Number at 6 months) 6 Month Weight (kg) Change in Weight from 6 to 24 months (kg) (mean & 95% CI) P value

Age 0.52

 < 50 yr (239) 88.6 ± 16.2 2.96 (1.21, 4.71)

 > 50 yr (368) 85.0 ± 15.0 2.41 (0.68, 4.13)

Sex 0.15

 M (248) 96.5 ± 13.8 2.66 (0.88, 4.44)

 F (369) 80.2 ± 13.2 2.70 (1.01, 4.40)

Race 0.43

 White (464) 86.4 ± 15.4 2.37 (1.82, 2.91)

 AA (133) 86.5 ± 16.4 3.13 (2.18, 4.07)

 Other (11) 86.5 ± 13.5 1.54 (−2.40, 5.48)

BMI 0.33

 < 30 (174) 72.6 ± 10.3 2.63 (0.80, 4.46)

 > 30 (434) 91.7 ± 13.9 2.73 (1.07, 4.39)

Adherence to Fat 0.23

 Fat NO (108) 81.9 ± 10.6 1.98 (0.61, 3.25)

 Fat YES (65) 86.7 ± 15.2 1.43 (−0.65, 3.38)

Adherence to Protein 0.25

 Protein NO (78) 84.4 ± 15.3 1.84 (0.16, 3.52)

 Protein YES (95) 83.0 ± 14.7 1.96 (0.43, 3.49)

6 month data are mean ± SD; Change from 6 to 24 months are mean (95% Confidence Interval)
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