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Abstract

Background—Obesity is a risk factor for postmenopausal breast cancer incidence and pre- and 

postmenopausal breast cancer mortality, which may be explained by several metabolic and 

hormonal factors (sex hormones, insulin resistance, and inflammation) that are biologically 

related. Differential effects of dietary composition on weight loss and these metabolic factors may 

occur in insulin-sensitive vs. insulin-resistant obese women.

Objective—To examine the effect of diet composition on weight loss and metabolic, hormonal 

and inflammatory factors in overweight/obese women stratified by insulin resistance status in a 1-

year weight loss intervention.

Methods and Results—Nondiabetic women who were overweight/obese (n = 245) were 

randomly assigned to a lower fat (20% energy), higher carbohydrate (65% energy) diet; a lower 

carbohydrate (45% energy), higher fat (35% energy) diet; or a walnut-rich (18% energy), higher 

fat (35% energy), lower carbohydrate (45% energy) diet. All groups lost weight at follow-up (P < 

0.0001), with mean (SEM) percent loss of 9.2 (1.1)% in lower fat, 6.5 (0.9)% in lower 

carbohydrate, and 8.2 (1.0)% in walnut-rich groups at 12 months. The diet × time × insulin 

resistance status interaction was not statistically significant in the model for overall weight loss, 

although insulin sensitive women at 12 months lost more weight in the lower fat vs. lower 

carbohydrate group (7.5 kg vs 4.3 kg, P = 0.06), and in the walnut-rich vs. lower carbohydrate 

group (8.1 kg vs 4.3 kg, P = 0.04). Sex hormone binding globulin increased within each group 

except in the lower carbohydrate group at 12 months (P < 0.01). C-reactive protein and 

interleukin-6 decreased at follow-up in all groups (P < 0.01).
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Conclusions—Findings provide some support for differential effects of diet composition on 

weight loss depending on insulin resistance status. Prescribing walnuts is associated with weight 

loss comparable to a standard lower fat diet in a behavioral weight loss intervention. Weight loss 

itself may be the most critical factor for reducing the chronic inflammation associated with 

increased breast cancer risk and progression.

Clinical Trial Registration—NCT01424007 on http://www.clinicaltrials.gov.
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1. Introduction

Obesity is a risk factor for postmenopausal breast cancer incidence and pre- and 

postmenopausal breast cancer mortality [1-3]. Several mechanisms have been proposed to 

explain the adverse effect of obesity on the risk and progression of breast cancer. One 

possible mechanism relates to the effect of excess adiposity on circulating reproductive 

steroid hormones, because adipose tissue is an important extragonadal source of estrogens 

from precursor adrenal androgens. Endogenous circulating estrogen levels are higher in 

obese postmenopausal women than in women who are not overweight, and higher 

circulating estrogen levels are also a risk factor for breast cancer incidence and recurrence 

[4, 5]. Further, obesity is associated with lower levels of sex hormone binding globulin 

(SHBG), which increases the bioavailable estrogen fraction [6].

Another possible mechanism relates to insulin and interactions between insulin and other 

metabolic factors associated with adiposity and weight gain [7]. Insulin and insulin-like 

growth factor - 1 stimulate mammary cell proliferation and promote tumor development by 

inhibiting apoptosis in cell culture [8]. Obesity also is associated with chronic inflammation 

and increased cytokine production, a key causative factor in insulin resistance and 

hyperinsulinemia [9]. Further, insulin stimulates the synthesis of sex steroids and inhibits 

SHBG synthesis, so the effects of these various metabolic and hormonal factors (sex 

hormones, insulin resistance, and inflammation) are biologically related [10].

Optimal macronutrient distribution of weight loss diets has not been established, and 

successful weight loss has been shown to be achieved with either a low fat or low 

carbohydrate diet in the context of energy restriction [11, 12]. Recent review panels and 

dietary guidelines recommend a range of energy intake from dietary carbohydrate and fat 

[13, 14], with the only specific limitation targeting saturated fat (<10% of energy intake) 

[15]. Cancer control guidelines have historically recommended a low fat diet, but data from 

observational studies and clinical trials support the current conclusions that evidence linking 

higher fat intake with risk for breast cancer is not strongly supportive [1, 2, 16]. A dietary 

pattern that is higher in carbohydrate, especially if provided mainly from highly refined food 

choices, is associated with increased cardiometabolic risk factors, including 

hyperinsulinemia [17]. In previous short-term studies, it was observed that insulin sensitive 

individuals lost more weight in response to lower fat vs. lower carbohydrate intake, and 
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individuals who were insulin resistant or secreting higher levels of insulin lost more weight 

in response to a lower carbohydrate vs. lower fat intake [18, 19].

The source and type of dietary fatty acids also may affect metabolic and hormonal factors 

associated with obesity. Regular consumption of walnuts, which are rich in polyunsaturated 

fatty acids and bioactive food components, has been associated with a reduction in 

inflammatory markers in addition to improved lipid profile in observational and feeding 

studies [20, 21]. Numerous clinical studies of nut consumption, primarily focused on the 

effects on cardiovascular disease risk factors and inflammatory markers, have observed 

minimal or no effect on body weight despite the potential additional energy intake 

contributed by the addition of nuts (including walnuts) to the diet [22, 23]. The specific 

effects of nut consumption in the context of a weight loss intervention have been examined 

in a few previously-published studies [24-28], which have tested the effects of almonds, 

pistachios and peanuts and have had mixed results. Also, a Mediterranean diet (which 

includes walnuts as one component of this dietary pattern) has been shown to promote 

weight loss in addition to favorable effects on lipids, fasting glucose and insulin levels [29, 

30].

This study was designed to examine the effect of three dietary approaches on weight loss, 

metabolic factors, and hormonal and inflammatory markers in overweight and obese women 

stratified by insulin resistance status, within a 1-year behavioral weight loss intervention. 

The diets compared were a lower fat, higher carbohydrate diet; a lower carbohydrate, higher 

fat diet; and a walnut-rich, higher fat, lower carbohydrate diet. Differential weight loss and 

metabolic response to variable macronutrient content of the diet is highly relevant to breast 

cancer given that these metabolic and hormonal factors may indeed explain the link between 

obesity and breast cancer risk and progression.

2. Methods

2.1. Study Population

The overall rationale and context of this randomized controlled trial has been published 

previously [10], and the plasma lipid responses at the 6-month interim follow-up time point 

have been previously reported [31]. As previously described [31], study participants were 

nondiabetic overweight and obese women. The UCSD institutional review board approved 

the study protocol, and all participants provided written informed consent.

Participants were randomly assigned to one of three study arms: lower fat (20% energy), 

higher carbohydrate (65% energy) diet; lower carbohydrate (45% energy), higher fat (35% 

energy) diet; or walnut-rich (18% energy), higher fat (35% energy), lower carbohydrate 

(45% energy) diet. The randomization used a sequence generated by the study statistician, 

stratified by menopausal status (older/younger than 55 years as a proxy) and insulin 

resistance status, which was calculated from the homeostasis model assessment - insulin 

resistance (HOMA-IR) index ([fasting glucose, mmol/L] × [insulin, mIU /L]/22.5) with 

HOMA-IR >3.0 considered indicative of insulin resistance [28]. Anthropometric 

measurements and a fasting (>6 hours) blood sample collection were conducted at clinic 

visits at baseline and 6 and 12 months.
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2.2 Intervention

Details about the diet prescription and intervention have been previously published [31]. 

Briefly, the overall goal of the dietary guidance was to promote a 500-1000 kcal/day deficit 

relative to expenditure. Participants assigned to the walnut-rich diet study group were 

instructed to consume an average of 42 g (1.5 oz) walnuts per day, within their reduced-

energy diet. All participants were also encouraged to aim for an average of at least 60 

minutes/day of purposeful exercise at a moderate level of intensity.

2.3. Measurements

At baseline and follow-up clinic visits, weight, height (baseline only), and waist 

circumference were measured and questionnaires were collected. The 3-minute step test, 

which has high reliability and is sensitive to change [33], measured heart rate during the first 

30 seconds of recovery from stepping, and was used to assess aerobic fitness. Self-reported 

physical activity data were collected using the Global Physical Activity Questionnaire [34].

2.4. Laboratory Measures

The Kodak Ektachem Analyzer system (Johnson & Johnson Clinical Diagnostics, Rochester, 

NY, USA) was used to measure glucose, total cholesterol, triglycerides, and high-density 

lipoprotein cholesterol (HDL-C) with enzymatic methods, and low-density lipoprotein 

cholesterol (LDL-C) values were calculated [35]. Commercially prepared quality control 

samples, and laboratory participation in the College of American Pathologists Quality 

Assurance Program, was utilized to monitor accuracy and precision. The inter-batch and 

intra-batch CV for these analytes ranged from 0 to 8%. Insulin was measured by Arup 

Laboratories (Salt Lake City, UT, USA) using the ADVIA Centaur assay, a double antibody 

immunoassay with chemiluminescent detection. The inter-batch and intra-batch CV was 

3.3% and 2.3%, respectively.

Serum estradiol was measured at the Endocrine Research Laboratory at the University of 

Southern California (Los Angeles, CA, USA) by radioimmunoassay after organic solvent 

extraction and celite column-chromatography; procedural losses were monitored by addition 

of tritiated standard to each sample prior to the extraction [36]. The assay sensitivity is 2 

pg/ml, and the interassay CVs are 11%, 13% and 12% at 15, 36 and 101 pg/mL, 

respectively. Follicle stimulating hormone (FSH, baseline only) and serum SHBG were 

measured by Arup Laboratories (Salt Lake City, UT, USA) using chemiluminescent 

sandwich techniques, and results are determined via a calibration curve which is instrument-

specifically generated. The inter-batch and intra-batch CVs were 3.2% and 0.6% for FSH, 

and for SHBG, 1.7% and 0.6%, respectively. High-sensitivity C-reactive protein (CRP) and 

interleukin-6 (IL-6) were measured at the Laboratory for Clinical Biochemistry Research, 

University of Vermont (Colchester, VT, USA). CRP was assayed using a polystyrene-

enhanced turbidimetric in vitro immunoassay, and the inter-assay CV range was 2.1-5.7%. 

IL-6 was measured using a solid phase quantitative sandwich ELISA technique (R & D 

Systems, Inc., Minneapolis, MN, USA). The method inter-assay CV is 9%.

Red blood cell (RBC) fatty acids were measured using gas liquid chromatography 

methodology (Wake Forest School of Medicine Lipid and Lipoprotein Analytic Laboratory 
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(Winston-Salem, NC, USA). We present the percent of total fatty acids attributable to the 

fatty acid of interest. The inter-batch and intra-batch CV were 6.0% and 5.5% for linoleic, 

and for linolenic 15.3% and 9.8%, respectively.

2.5. Statistical Analysis

Study outcomes (weight, percent weight loss, metabolic factors and biomarkers) were 

examined in longitudinal mixed effects models that assumed unstructured covariance. 

Predictors (diet group assignment, study time, baseline insulin resistance status) were 

modeled as fixed effects, and a random cluster term accounted for cluster-specific effects of 

the behavioral intervention meeting groups. Two-way interactions (e.g., diet by time, diet by 

insulin resistance status) and the three-way interaction (diet by time by insulin resistance 

status) were also included as predictors in the models. Contrasts between outcomes for diets 

at each study time point, and between time points within each study diet group, were also 

examined in the models.

Triglycerides, CRP, insulin, and estradiol were log transformed in analysis to control for 

skew in their distributions, but untransformed means are presented for clarity. One subject 

whose IL-6 values were extremely high at follow-up was excluded from analysis of IL-6. 

Estradiol is presented stratified by menopausal status, with postmenopausal status defined as 

FSH >20 IU/L, which was usually consistent with self-reported menopausal status.

Any analyte for which a significant main effect for insulin resistance status was observed is 

presented also by strata of insulin resistance status. Contrasts estimated the effects of each 

diet on insulin sensitive and insulin resistant subjects at follow-up. Change in insulin 

resistance status was tested with chi-square tests. As an exploratory analysis, we examined 

the relationship between baseline weight and baseline estradiol levels in postmenopausal 

women using a regression model. Alpha for type 1 error was set at 0.05. All analyses were 

conducted in SAS version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

Characteristics of the study participants at enrollment are presented in Table 1. Weekly 

minutes of moderate/vigorous physical activity were similar and recovery heart rate 

improved in all diet study groups over the study, and there were no differences between 

groups (data not shown).

3.1. Weight Loss

Weight data were available for 214 (87%) of the women at 12 months (Figure 1). As shown 

in Figure 2, each of the three diet groups demonstrated significant weight loss at follow-up 

time points (P < 0.001 for each time effect compared with baseline). There was a marginally 

significant diet × time interaction at 12 months for the lower fat vs. lower carbohydrate 

groups at 12 months (P = 0.06), with a 2.3 kg greater average weight loss in the lower fat vs. 

lower carbohydrate group. Percent loss at 12 months was 9.2 (1.1)% in lower fat, 6.5 (0.9)% 

in lower carbohydrate, and 8.2 (1.0)% in walnut-rich diet groups, with P < 0.001 for time 

effect but no difference between groups.
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Insulin resistance status was significantly associated with weight (likelihood ratio P < 0.001 

for models with vs. without insulin resistance status); insulin resistant study participants 

were a mean of 5.4 kg heavier than insulin sensitive subjects at study entry (P = 0.03). The 

diet × time × insulin resistance status interaction was marginally statistically significant for 

the walnut-rich vs. lower carbohydrate groups in the model for weight change (P = 0.06), 

suggesting differential diet-related weight loss by insulin resistance status. Insulin resistant 

women did not show diet-related differential weight loss (Table 2). At 12 months, among 

insulin sensitive subjects, differences between the lower carbohydrate group were -3.6 kg for 

lower fat diet group subjects (P = 0.06), and -4.0 kg for walnut-rich diet group subjects (P = 

0.04).

3.2. Metabolic Factors and Biomarkers

None of the cardiometabolic factors and biomarkers differed between diet arms at study 

entry and we therefore present baseline data aggregated across the three diet arms in Tables 

3 and 4 (full subgroup data are available as Supplementary material). Insulin levels were 

significantly lower at 12 months in the lower fat group, compared with baseline (P < 0.05). 

At study end, 30% of subjects categorized as insulin resistant at baseline no longer met the 

HOMA-IR criteria for being insulin resistant. Triglycerides and CRP decreased from 

baseline at study end in all three groups (P < 0.03). Although HDL-C decreased at 6 months 

in lower fat diet group subjects (data not shown) as previously reported [31], HDL-C had 

increased from baseline in each of the diet arms at study end (Table 3). LDL-C decreased 

significantly at 12 months in the walnut-rich group (P < 0.01). IL-6 decreased from baseline 

to 12 months in each of the diet groups (P < 0.001).

SHBG increased significantly from baseline within each of the three diet groups except in 

lower carbohydrate diet subjects at 12 months (P < 0.01). Estradiol did not change with 

weight loss in postmenopausal women, although it was significantly associated with baseline 

weight (P = 0.01) in an exploratory regression model. In premenopausal women, a small 

decrease in estradiol was observed at 12 months (P = 0.03 time effect in a mixed model).

At 12 months, linoleic acid was significantly lower than at baseline (P < 0.001), and the 

walnut-rich diet group subjects had higher levels than those in the other diet groups (diet by 

time effect, P = 0.04). Alpha-linolenic acid, on the other hand, increased significantly from 

baseline at follow-up, and those in the walnut-rich diet group had a higher level than those in 

the reference lower carbohydrate diet group (P < 0.001 for diet effect, P < 0.001 for time 

effect, P < 0.01 for diet by time interaction). Significant group by time interactions were 

observed for linoleic acid, alpha-linolenic acid and HDL-C but not for any of the other 

analytes.

Some of the analytes differed by insulin resistance status (significant main effect P < 0.001 

for insulin, triglycerides and SHBG; P < 0.01 for HDL-C and CRP; P < 0.05 for IL-6 and 

gamma-tocopherol) and these data are presented in Table 4. Insulin, triglycerides, CRP, and 

IL-6 were higher in insulin resistant than in insulin sensitive women, whereas HDL-C and 

SHBG were lower in insulin resistant women than in insulin sensitive women. No significant 

3-way interactions were observed for lipids, inflammatory markers or SHBG, but there was 

a significant 3-way interaction (diet by time by insulin resistance status) for insulin level.
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4. Discussion

Findings from this study provide some support for differential effects of diet composition on 

weight loss and metabolic and hormonal factors depending on insulin resistance status. At 

12 months, insulin sensitive women lost more weight if assigned to the walnut-rich vs. lower 

carbohydrate diet group. However, insulin resistant women did not show diet-related 

differential weight loss at follow-up. Study participants in each of the study arms (lower fat, 

lower carbohydrate, and walnut-rich diet) demonstrated significant weight loss at 12 months, 

and the overall degree of weight reduction achieved (∼8% of initial weight) has been shown 

to reduce risk of diabetes and cardiovascular disease risk factors in previous large 

randomized studies [37, 38].

Results from this study may be compared to two previous reports in which weight loss in 

response to lower fat vs. lower carbohydrate diets were examined along with indicators of 

insulin sensitivity, although there are differences in study duration and target samples. In a 4-

month diet intervention study [18], obese nondiabetic insulin sensitive women (defined as 

fasting insulin <10 μmL) lost more weight on a lower fat (20% energy), higher carbohydrate 

(60% energy) diet than on a lower carbohydrate (40% energy), higher fat (40% energy) diet, 

and insulin resistant women (defined as fasting insulin >15 μmL) lost more weight on the 

lower carbohydrate vs. lower fat diet. In a 6-month diet intervention study [19], individuals 

exhibiting greater insulin secretion in response to an oral glucose load lost more weight 

when assigned to a lower carbohydrate (40% energy), higher fat (30% energy) vs. higher 

carbohydrate (60% energy), lower fat (20% energy) diet. However, those investigators did 

not find differential weight loss when HOMA-IR (rather than post-glucose load insulin 

secretion) was used to categorize insulin resistance status, and no differences in weight loss 

across these two diet arms were observed in individuals exhibiting lower insulin secretion in 

response to a glucose load. Taken together, current evidence thus suggests that differential 

degree of weight loss in response to higher vs. lower carbohydrate diets depending on 

insulin resistance status may be evident in the initial period of diet modification and weight 

loss. In the long term (e.g., greater than 6 months) and with continued energy restriction and 

weight reduction (which is associated with improved insulin sensitivity), dietary 

macronutrient composition is not an important determinant of weight loss in women with 

differing initial insulin resistance status.

Overall weight loss was generally similar across the diet groups, although the walnut-rich 

diet was associated with greater weight loss at 12 months than a lower carbohydrate, higher 

fat diet with similar levels of total fat and carbohydrate. The specific effects of nut 

consumption in the context of a weight loss intervention have been examined in a few 

previously-published randomized studies and have had mixed results. Wein et al. [24] found 

a formula-based low-calorie diet enriched with 84 g/day almonds (vs. isocaloric with 

carbohydrate replacement) to promote a greater reduction in weight and BMI (18% vs. 11%) 

in a 12-week weight reduction program involving 65 overweight or obese adults. In another 

study, the effect of a higher-fat reduced-energy diet with 16% energy from peanuts 

(approximately 38 g/day) compared to an isocaloric higher-carbohydrate diet for 6 weeks 

followed by a 4-week weight maintenance phase was examined [25]. Weight loss was 

similar in the two diet arms, although the peanut-containing arm had more favorable effects 
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on cardiovascular disease risk factors. Participants in another study were prescribed an 

isocaloric reduced-energy diet that included a daily afternoon snack of 53 g pistachios or 56 

g pretzels in a 12-week weight loss intervention [26]. There was a trend but not a significant 

difference in weight change, although the pistachio group did exhibit a significantly greater 

reduction in BMI and plasma triglyceride concentration. The two most recently published 

studies involving almonds in the context of a weight loss intervention report divergent 

results. Foster et al. [27] compared a reduced-energy almond-enriched diet (56 g/day) with a 

reduced-energy nut-free diet in 123 overweight and obese adults in the context of an 18-

month group-based behavioral weight loss program. Participants in the almond-enriched 

study arm lost less weight than the nut-free group at 6 months (5.5 vs. 7.4%) and there were 

no differences at 18 months. Abazarfard et al. [28] similarly compared a reduced-energy 

almond-enriched diet (50 g/day) to an isocaloric reduced-energy nut-free diet in 108 

overweight and obese women and found greater weight loss in the almond-enriched group 

compared to the nut-free group (3.68 vs. 1.27 kg, respectively) at 3 months.

As consumption of nuts is one characteristic of a Mediterranean dietary pattern, walnuts 

have been a component of two diets prescribed to test the effect of a Mediterranean diet on 

weight loss and selected lipid and metabolic factors. Although relevant, the greater 

complexity of these prescribed diets constrains comparisons with the present study, due to 

several differences in diet composition and foods prescribed. In a 2-year randomized 

controlled trial involving 322 obese subjects, Shai et al. [29] found that both a low 

carbohydrate diet and a Mediterranean diet promoted more weight loss, in addition to more 

favorable effects on lipids (with the low carbohydrate diet) and on glycemic control (with 

the Mediterranean diet), compared to a standard low fat diet. The Mediterranean diet in that 

study is described as being rich in vegetables and low in red meat, with poultry and fish 

replacing beef and lamb, in addition to 30-45 g of olive oil and a handful of nuts (5-7 nuts, 

<20 g) each day. In another study of the effect of a Mediterranean diet on weight loss, Austel 

et al. [30] found a diet that included canola oil, walnuts and walnut oil, in addition to two 

portion-controlled sweet snacks (chocolate, ice cream and cake) promoted more weight loss 

compared to a wait-list control group at 12 weeks (5.2 kg vs. 0.4 kg, respectively) in 212 

overweight or obese subjects.

Several mechanisms may explain why prescribing energy-dense walnuts is generally not 

associated with weight gain that might be expected in the previous studies and may also 

explain the weight loss observed in this study [22, 23, 39]. Nuts may promote satiety, which 

could modulate appetite and promote dietary compensation; e.g., total energy intake may be 

spontaneously reduced due to greater satiety and satiation association with nut consumption. 

Also, walnuts have recently been shown to contribute less metabolizable energy in the 

human biological system than is calculated by proximate analysis and standardized Atwater 

estimates [40]. Walnuts are rich in polyunsaturated fatty acids, and these have been 

suggested to improve weight reduction by influencing appetite and satiety perception [17]. 

Prescribing walnuts as a component of a weight loss diet intervention is associated with 

weight loss that is comparable to a standard lower fat diet (and better than a higher fat, lower 

carbohydrate diet without walnuts) in the context of a behavioral weight loss program.
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As we previously reported [31], lipid responses differed across the diet groups in the initial 

period of the weight loss intervention. At 12 months, however, improvements in lipid levels 

in the lower fat and lower carbohydrate diet groups closed the gap, as study participants in 

all groups had further weight loss and good weight loss maintenance over time. Changes in 

the RBC fatty acids of interest, linoleic acid and alpha-linolenic acid, indicate good 

adherence in the walnut-rich diet group, as observed in previous walnut feeding and walnut-

rich diet intervention studies [20, 41].

SHBG increased in association with weight loss, particularly in the lower fat and walnut-rich 

diet groups, which may be explained in part by reduced insulin levels with weight loss. As 

an important determinant of bioavailable estradiol, increased SHBG levels, regardless of 

change in total estradiol, suggest that the weight loss achieved by either a lower fat or 

walnut-rich diet may reduce breast cancer risk and progression.

Changes in body weight and selected metabolic factors in overweight breast cancer survivors 

in response to a lower fat vs. lower carbohydrate diet has been investigated in two previous 

weight loss interventions [42, 43]. Thomson et al. [42] found no differences in weight loss or 

changes in the total cholesterol/HDL-C ratio, insulin and HOMA-IR in response to a lower 

fat (25% energy), higher carbohydrate (60% energy) vs. lower carbohydrate (35% energy), 

higher fat (40% energy) diet, although triglycerides were significantly reduced only in the 

low carbohydrate diet group. Similarly, Thompson et al. [43] did not observe differential 

weight loss in response to a low fat (18% energy), high carbohydrate (64% energy) vs. a low 

carbohydrate (33% energy), high fat (48% energy) diet, although greater improvement in 

levels of triglycerides and HDL-C was observed in the low carbohydrate diet group. Insulin 

resistance status was not examined in either of these studies, and both were of shorter 

duration (6 months) and compared greater extremes of macronutrient composition than were 

tested in this study.

At baseline, insulin resistant women had higher levels of several metabolic factors and 

biomarkers of relevance to risk for breast cancer, including insulin and inflammatory 

markers, and lower SHBG, compared to insulin sensitive women. The inflammatory markers 

were reduced in response to the weight loss intervention in all diet groups at study end. 

These findings suggest that weight loss itself, rather than diet composition, may be the most 

critical factor for reducing the chronic inflammation that has been suggested to be a key 

factor in promoting insulin resistance [9].

This study has several strengths. One strength is the low rate of drop-out and missing data, a 

recognized problem in the interpretation of results of many studies of diet and weight loss, 

which minimizes ambiguity in drawing inferences from this study. A limitation is that when 

participants were divided into individual diet groups and further stratified by insulin 

resistance status, statistical power to detect differences across these subgroups was reduced 

because of small subsamples. These results may not be generalizable to men, because the 

sample consisted of women. Another limitation is the lack of detailed information about 

dietary intake, and variability in adherence is likely because this was a free-living 

population. Differential adherence may contribute to differential response that was observed 
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across the study diet groups. However, the weight loss demonstrated by most study 

participants suggests that most were adhering to a reduced-energy diet.

In conclusion, findings from this study suggest that insulin resistance status may be 

associated with differential effects of macronutrient diet composition on weight loss and 

metabolic and hormonal factors. Prescribing walnuts is associated with weight loss that is 

comparable to a standard low fat diet in the context of a behavioral weight loss program. 

Weight loss itself, rather than diet composition, may be the most critical factor for reducing 

the chronic inflammation that has been suggested to be a key factor in promoting insulin 

resistance and thus increasing breast cancer risk and progression.

Supplementary Material
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n number

RBC red blood cell

SHBG sex hormone binding globulin

Rock et al. Page 13

Metabolism. Author manuscript; available in PMC 2018 February 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Flow chart of participants in the study.
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Fig. 2. 
Percent weight loss by diet group assignment. Values shown are means and standard errors.
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Table 1
Baseline characteristics of study participants (n = 245)

Variable Value

Age (years), mean (range) 50 (22-72)

Race/ethnicity, n (%)

 White non-Hispanic 181 (73.9)

 Hispanic 42 (17.1)

 African American 12 (4.9)

 Asian American 4 (1.6)

 Mixed or other 6 (2.5)

BMI, mean (range), (kg/m2) 33.5 (27-40)

Insulin resistance status, (n [%])

 Insulin sensitive 119 (48.6)

 Insulin resistant 126 (51.4)
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Table 3
Biomarker summary data (mean [SEM])

Biomarkers All Baseline (n = 
245)

Lower Fat Diet 12 
Months (n = 68)

Lower Carb Diet 12 
Months (n = 61)

Walnut-Rich Diet 12 
Months (n = 65)

% Insulin resistant 51.4 32.4* 39.3* 40.0*

Insulin (μIU/mL)a 14.5 (0.5) 12.2 (0.8)* 13.0 (1.0) 13.8 (1.2)

Glucose (mg/dL)b 97 (1) 92 (1)* 93 (2) 93 (1)*

HOMA-IR 4 (0.1) 3 (0.2)* 3 (0.3)* 3 (0.3)

HOMA-Beta 160 (6) 158 (9) 162 (10) 164 (10)

Triglycerides (mg/dL)c 124 (4) 116 (6)* 112 (7)* 101 (6)*

HDL cholesterol (mg/dL)d 59 (1) 63 (2)* 61 (2)* 67 (2)*

LDL cholesterol (mg/dL)d 122 (2) 114 (4) 115 (3)* 115 (4)*

CRP (μg/mL)e 4.86 (0.34) 3.95 (0.72)* 2.89 (0.49)* 2.94 (0.45)*

IL-6 (pg/mL) 2.62 (0.13) 1.49 (0.16)* 1.79 (0.36) * 1.50 (0.20)*

SHBG (nmol/L) 56 (2) 73 (5)* 64 (5) 69 (5)*

Estradiol (pg/mL)f

 Premenopausal (n = 100) 127 (8) 140 (25) 91 (16) 119 (23)

 Postmenopausal (n = 145 24 (2) 25 (8) 26 (7)* 27 (7)

Linoleic acid (%) 13.3 (0.2) 11.7 (0.2) * 12.0 (0.3) * 12.3 (0.3) *,**

α-Linolenic acid (%) 0.12 (0.005) 0.14 (0.01)* 0.15 (0.01) 0.22 (0.03)*,**

*
Time effect within diet compared with baseline (significant diet × time interaction), P < 0.05.

**
Diet effect compared with lower carbohydrate diet at a given time, P < 0.05.

a
Multiply by 6.945 to obtain pmol/L.

b
Multiply by 0.0555 to obtain mmol/L

c
Multiply by 0.0113 to obtain mmol/L.

d
Multiply by 0.0259 to obtain mmol/L.

e
Multiply by 9.524 to obtain nmol/L.

f
Multiply by 3.671 to obtain pmol/L. Postmenopausal was defined as FSH > 20 IU/L (and includes two subjects who reported themselves 

premenopausal at baseline)
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Table 4
Biomarkers stratified by insulin resistance status (mean [SEM]) for analytes that differed 
by insulin resistance status

Biomarkers All Insulin Sensitive 
at Baseline (n = 119)

Lower Fat Diet 12 
Months (n = 33)

Lower Carb Diet 12 
Months (n = 34)

Walnut-Rich Diet 12 
Months (n = 35)

Insulin Sensitive Subjects

Insulin (μIU/mL)a 8.9 (0.2) 9.5 (0.7) 10.5 (1.1)* 9.1 (0.6)

Triglycerides (mg/dL)b 101 (5) 103 (8) 99 (9) 84 (5)

HDL cholesterol (mg/dL)c 63 (1) 66 (3) 65 (3)* 71 (3)*

CRP (μg/mL)d 3.67 (0.36) 2.85 (0.57)* 2.92 (0.81) 2.95 (0.69)*

IL-6 (pg/mL) 2.30 (0.20) 1.23 (0.21)* 1.63 (0.35)*,** 1.58 (0.35)*

SHBG (nmol/L) 63 (3) 88 (7)* 71 (7) 80 (6)*

Insulin Resistant Subjects

Insulin (μIU/mL)a 19.8 (0.7) 14.7 (1.3)* 16.2 (1.4) 19.3 (2.0)

Triglycerides (mg/dL)b 145 (6) 129 (8) 129 (10) 122 (11)*

HDL cholesterol (mg/dL)c 55 (1) 60 (3)* 57 (3)* 61 (2)

CRP (μg/mL)d 6.00 (0.54) 5.00 (1.27)* 2.85 (0.42)* 2.92 (0.56)*

IL-6 (pg/mL) 2.93 (0.17) 1.73 (0.24)* 2.00 (1.68)* 1.50 (0.19)*

SHBG (nmol/L) 50 (3) 59 (5)* 54 (7) 57 (7)

*
Time effect within diet compared with baseline, P < 0.05.

**
One extreme outlier for IL-6 was excluded from the lower carbohydrate diet group data.

a
Multiply by 6.945 to obtain pmol/L.

b
Multiply by 0.0113 to obtain mmol/L.

c
Multiply by 0.0259 to obtain mmol/L.

d
Multiply by 9.524 to obtain nmol/L.
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