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Abstract

Purpose—We compared the effects of a eucaloric moderate-fat diet (18% protein, 36% fat, 46%
carbohydrate), a eucaloric low-fat high-carbohydrate diet (18% protein, 18% fat, and 64%
carbohydrate), and a low-calorie (33% reduced) low-fat high-carbohydrate diet on biomarkers of
systemic inflammation.

Methods—We randomly assigned 102 participants (age 21-76 y, BMI 19.2-35.5 kg/m?) to the
three different diets for six weeks in a parallel design intervention trial. All foods were provided.
Ninety-three participants completed all study procedures; 92 were included in the analyses.
Endpoints included plasma C-reactive protein (CRP), interleukin-6 (IL-6), soluble tumor necrosis
factor receptors | & Il (STNFRI&II), and adiponectin.

Results—In the unadjusted primary analyses, none of the endpoints were differentially affected
by the dietary interventions despite the significantly greater reductions in body weight and fat
mass in participants consuming the low-calorie low-fat diet compared to the eucaloric diets
(p<0.001). When including weight change in the model in secondary analysis, adiponectin tended
to be increased with weight loss (time x weight change interaction, p=0.051). Adjusted for weight
change, adiponectin was reduced in the groups consuming the low-fat diets relative to the
moderate-fat diet (p=0.008). No effect of the intervention diets or weight loss on CRP, I1L-6 or
STNFR I & Il was seen in these secondary analyses.

Conclusions—In relatively healthy adults, moderate weight loss had minimal effects on
systemic inflammation, and raised plasma adiponectin only modestly. A lower dietary fat and
higher carbohydrate content had little impact on measures of systemic inflammation, but reduced
adiponectin concentrations compared to a moderate-fat diet. The latter may be of concern given
the consistent and strong inverse association of plasma adiponectin with many chronic diseases.
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Introduction

Chronic systemic and adipose tissue inflammation are considered major etiologic factors in
many chronic diseases, including type 2 diabetes, cardiovascular disease, chronic kidney
disease, and many types of cancer. Specifically, circulating markers of inflammation such as
C-reactive protein (CRP), interleukin-6 (IL-6), and the soluble tumor necrosis factor
receptors | & Il (STNFRI&II) are consistently associated with the risk of type 2 diabetes,
cardiovascular disease, and cancer [1-6]. The adipocyte-derived hormone, adiponectin, has
anti-inflammatory and insulin-sensitizing effects [7-9]. Plasma adiponectin concentration is
inversely associated with adiposity [9]. This is due to the fact that obesity is associated with
low-grade chronic adipose tissue inflammation, which in turn suppresses adipocyte
adiponectin secretion [9]. Thus, reduced levels of plasma adiponectin may be considered a
biomarker for adipose tissue inflammation. Plasma adiponectin concentration is inversely
associated with the risk of type 2 diabetes, coronary heart disease, and hypertension [10-12],
as well as a variety of cancers in observational studies [13]. In a mouse model of obesity,
moderately increasing the circulating adiponectin concentration by overexpression
completely prevented the development of diabetes as the mice became obese [14].

To this date, the major causes and contributing factors of chronic inflammation have
remained largely elusive. Because an association between obesity and adipose tissue
inflammation with systemic inflammation and hypoadiponectinemia is well established [15],
it seems plausible to hypothesize that caloric excess and/or increased fat mass play major
roles in the etiology of chronic inflammatory processes. Similarly, because chronic adipose
tissue inflammation was first described in high-fat diet-fed mouse models of obesity [16—
18], and because fatty acids trigger inflammatory activation in macrophages in cell culture
[19], it is commonly assumed that dietary fat may be a major contributor to chronic adipose
tissue and systemic inflammation. Consistent evidence shows that substantial weight loss
following bariatric surgery or intensive lifestyle modifications reduces the plasma
concentrations of biomarkers of inflammation and increases plasma adiponectin [20-25].
However, data on the effect of a more modest medium-term caloric deficit on measures of
systemic inflammation and adiponectin concentrations are less consistent and therefore
largely inconclusive. Similarly, the effect of macronutrient composition per se on measures
of systemic inflammation and adiponectin concentrations in fasting plasma has remained
largely unclear. This is because diets differing in their macronutrient composition commonly
have differential impacts on body weight, making it difficult to assess whether any
differential impact of such diets on biomarkers of chronic disease risk is due to differences
in macronutrient composition or differences in weight loss. For example, Belza et al. [20]
reported no impact of a low-calorie low-fat weight loss diet on adiponectin concentrations,
while Kasim-Karakas and colleagues show a reduction in plasma adiponectin on a eucaloric
low-fat diet, while consumption of that same diet ad libitum led to weight loss and an
increase in adiponectin [21]. While this could be interpreted to suggest that weight loss
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increases and low fat intake decreases plasma adiponectin, the study by Kasim-Karakas et
al. suffered from the fact that diets were administered sequentially without a control group.
It has therefore remained unclear whether the effects of their dietary intervention may be
due to hidden time effects. A recent review therefore concluded that data on the effect of
macronutrient composition on plasma adiponectin concentrations are largely inconclusive
[24]. The data for measures of low-grade systemic inflammation such as CRP are similarly
inconclusive, again largely due to the difficulty in disentangling the relative effects of
changes in macronutrient composition and energy balance on the concentrations of the
plasma biomarkers.

We conducted a secondary analysis based on samples available from the Fatty Acids Marker
Evaluation (FAME) Study, a study designed to evaluate the potential of using blood fatty
acids as biomarkers of dietary fat intake. Relatively healthy normal weight to moderately
obese men and women were randomly assigned to consume controlled diets that differed
with regard to their fat content (18% vs. 36% of total energy intake, with reciprocal
differences in carbohydrate content) and their energy content (eucaloric vs. 33% energy
reduced) [26]. The objective of the work presented here was to assess the effects of these
diets on biomarkers of systemic inflammation, which included the key insulin-sensitizing
and anti-inflammatory adipokine, adiponectin.

Materials and Methods

Study participants

Participants were men (21-79 years old) and pre-menopausal women (21-44 years old).
Exclusion criteria were any medical condition that required dietary modification (e.g.
diabetes, renal disease, and hypercholesterolemia), regular consumption of the main meal
outside the home more than twice per week, unsatisfactory completion of food records prior
to randomization, unintended weight loss of more than 10% of usual body weight over the
past six months, alcohol intake more than 3 standard drinks per day or more than 30 grams
of alcohol per day, use of a nutritional supplement containing fatty acids, changes in thyroid
medication over the past 6 months or recent diagnosis of thyroid dysfunction, possibility of
becoming pregnant during the duration of the study, not having regular menstrual cycles,
and body mass index (BMI) = 35.

Study design

The FAME Study was a randomized, controlled, dietary intervention trial conducted at the
Fred Hutchinson Cancer Research Center (FHCRC) and the University of Washington
between September 1997 and April 2000. Participants were recruited from the Seattle area
by targeted mailings, flyers and advertisements. Potential participants were screened and
attended group and individual meetings at FHCRC. Those interested in and eligible for the
study attended a baseline clinic visit (visit A) after an overnight fast of at least 12 hours. The
baseline visit included a blood draw, assessment of body height and weight, and a dual-
energy X-ray absorptiometry (DEXA) scan to assess body fat mass. Participants were then
randomly assigned to consume one of 3 controlled diets for 6 weeks. Participants returned
for clinic visits every two weeks after the commencement of the study diets. At the last
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clinic visit (visit D; the end of the six-week dietary period), procedures were performed as
described above for the baseline visit. Study protocols were approved by the Institutional
Review Boards of both institutions and all participants provided written, informed consent.

Participants completed two 4-day food records before the baseline clinic visit to estimate
their habitual energy intake. We used these data to estimate each participant’s energy needs
during the feeding study. We designed 3 diets: a eucaloric moderate-fat diet, a eucaloric
low-fat diet, and that same low-fat diet with a 33% caloric deficit (“low-calorie low-fat
diet”). The eucaloric moderate-fat diet provided 36% of energy in the form of fat and 46%
of energy in the form of carbohydrate. The two low-fat diets provided 18% of energy in the
form of fat, and 64% of energy in the form of carbohydrate. Protein content was
standardized across diets at 18% of total energy intake. At 2000 kcal per day, the low-fat
diet contained 61g added sugars and 289 dietary fiber including 8g soluble fiber; at 2000
kcal per day, the moderate-fat diet contained 38g added sugars and 20g dietary fiber
including 6g soluble fiber. We developed a 5-day cycle menu each for the moderate- and
low-fat diets using the Diet Planner software, which used the USDA Standard Reference
Database. A day’s dietary intake consisted of three meals and a snack. All study foods were
prepared in advance at the Nutrition Research Kitchen at the University of Washington
Clinical Research Center. Within each diet group, each day was matched for macronutrients
(protein, carbohydrate, and fat), fatty acid composition, cholesterol, and dietary fiber. We
supplied the diets at 13 different calorie levels, from 1200 kcal to 3600 kcal per day, in 200
kcal increments. In addition to weight measurements at the clinic visits, participants were
also weighed in the kitchen when they picked up food twice a week. Energy intake was
adjusted every 2 weeks to maintain baseline weight of participants in the 2 eucaloric arms.
Any unconsumed food was returned to the Nutrition Research Kitchen where staff weighed
and recorded the amount of remaining food. Actual intakes were calculated with Diet
Planner software and summarized in Table 1.

Laboratory methods

EDTA plasma samples, stored at —80°C since collection, from baseline (visit A) and the last
clinic visit (visit D) were used for lab measurements in the current study. Concentrations of
IL-6 (Human IL-6 Quantikine HS, R&D Systems), leptin (Human leptin, Millipore), and
total adiponectin (Total Adiponectin, Alpco) were assayed by ELISA. Intra-assay
coefficients of variation (CV) were 3.2%, 3.9% and 1.6%, and inter-assay CVs were 7.6%,
16.1%, and 2.72% for IL-6, leptin, and adiponectin, respectively. Plasma concentrations of
STNFRI and sTNFRII were measured using the MILLIPLEX MAP Human Soluble
Cytokine Receptor Panel (Millipore). Intra-assay CVs were 2.8% and 3.1%, and inter-assay
CVs were 6.2% and 2.0% for sTNFRI and sTNFRII, respectively. Plasma CRP
concentrations were measured using the High-Sensitive CRP reagent (Kamiya Biochemical
Company) on a Roche Cobas Mira Plus chemistry analyzer. The limit of quantification for
this assay in our lab was 0.15 mg/L. Intra- and inter-assay CVs were 1.8% and 3.2%,
respectively. All samples were run in duplicate and samples from the same individual were
run in the same batch.
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Statistical analyses

Results

All statistical analyses were conducted with SPSS for Macintosh (version 20, IBM
Corporation, Armonk, NY). Normal distribution of variables, or of residuals from repeated
measures analysis of variance (RM-ANOVA) or multiple linear regression analyses, was
confirmed by checking histograms and normal plots, and by conducting Shapiro-Wilk tests.
Variables that were not consistent with a normal distribution (age, leptin, CRP, and IL-6)
were log-transformed prior to statistical analyses. Baseline characteristics of the three diet
groups were compared using one-way ANOVA. Whenever a measurement for an analyte
fell below the limit of quantification for that assay, which was the case for plasma fasting
leptin concentrations for several men, we used 50% of the lower limit of quantification as
the best estimate of that value at that time point. In the primary analyses, changes in body
weight, body fat mass, and plasma fasting concentrations of leptin, CRP, IL-6, total
adiponectin, STNFRI and sTNFRII were compared by RM-ANOVA, with the two time
points (baseline and last clinic visits) as the two levels of the within-subjects factor (time)
and diet group (eucaloric moderate-fat vs. eucaloric low-fat vs. low-calorie low-fat) as a
between-subjects factor. In secondary analyses, we adjusted for the change in weight as well
as the change in fat mass between baseline and last visits. For those outcome variables for
which the RM-ANOVA indicated differential changes in the three diet groups (i.e., a “time
x diet group” interaction) or changes dependent on weight change (i.e., a “time x weight
change” interaction), we conducted post hoc independent samples t-tests and multiple linear
regression analyses to assess the strength and direction of the observed interactions. For the
independent samples t-test, we compared the changes between baseline and the last visit in
the variable of interest between the three diets, with p-values adjusted for multiple testing
using Bonferroni correction. In the regression analyses, the change in the outcome variable
between baseline and the last visit was the dependent variable, and low-fat diet (yes/no) and
weight change, were included as independent variables. These analyses allowed us to
ascertain whether any time x diet group interaction could be explained by randomization to
the low-fat as opposed to the moderate-fat diet, and by changes in body weight (which
included changes in body weight in the low-calorie diet arm as well as random variations in
body weight that occurred in the eucaloric diet arms). We also repeated all RM-ANOVA
with additional adjustment for baseline fat mass (% of total) and gender to examine whether
the response to the diets may have differed between men and women or may have depended
on adiposity, and whether adiposity itself predicted changes in the endpoints over time. The
level of significance was set to p<0.05 for all analyses.

We enrolled 102 subjects into this randomized controlled feeding study. Of these, nine
(three from each diet group) failed to complete the entire study for the following reasons:
two left the Seattle area unexpectedly, three discontinued the study for personal reasons, and
four dropped out because they did not like the study diet. Ninety-three participants, 45
women and 48 men, completed the entire dietary study and all clinic visits. One male
participant had high baseline CRP concentration (>10 mg/L) indicative of an active infection
or inflammatory process more severe than the low-grade inflammation of interest here, and
was therefore excluded from the analysis. Of the remaining 92 participants, age ranged from
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21 to 76 years, and their body mass index (BMI) from 19.2 to 35.5 kg/m2. At baseline,
subjects randomized to the three diet arms did not differ with regard to age, gender
distribution, weight or any of the biomarkers measured in this study (Table 2). Baseline fat
mass tended to be different between the three diet groups in women (p=0.088), but not in
men.

The study was designed to compare eucaloric moderate-fat and low-fat diets with each

other, and with a low-calorie low-fat diet. RM-ANOVA showed differences in weight
change overall (p<0.001, Table 3). Post hoc independent samples t-tests showed no
statistically significant difference in weight change between the eucaloric moderate-fat and
the eucaloric low-fat diet (p=0.671). As expected, the weight change was greater in the low-
calorie low-fat diet (—4.4 = 1.9 kg) than in the eucaloric low-fat diet (0.7 + 1.4 kg,
p<0.001) or the eucaloric moderate-fat diet (—0.90 + 1.60 kg, p<0.001). While the weight
change in the two eucaloric groups was modest, it was subject to substantial inter-individual
variation in all three groups (Figure 1). Changes in body fat mass paralleled those in body
weight, with statistically significant differences between both eucaloric diets and the low-
calorie low-fat diet (p<0.001 for both comparisons), but no statistically significant difference
between the two eucaloric diets (p=0.157). Similar to body weight, we observed substantial
inter-individual variation in the changes in fat mass in all three diet arms (data not shown).
Interestingly, the diet group affiliation explained only 38% of the variation in weight
change, and only 22% of the variation in fat mass change throughout the study. We therefore
decided to conduct secondary analyses for all endpoints that included additional adjustment
for the change in body weight or fat mass to determine whether a change in adiposity
predicted changes in endpoints over time, and whether a differential effect of the moderate-
vs. low-fat diet may become apparent after adjustment for changes in adiposity.

As expected in a study population losing weight and fat mass (Table 3), plasma fasting
leptin concentrations decreased substantially over time, with statistically significant
differences between the diet groups (time x diet group interaction, p<0.001, Table 3). As
with body weight and fat mass, the change in plasma leptin was not statistically different
between the two eucaloric diet groups in post hoc t-tests (p=0.431), while plasma leptin was
reduced to a statistically significantly greater degree in the low-calorie low-fat group as
compared to the eucaloric diet groups (p<0.001). When adjusting the overall RM-ANOVA
for the change in either body weight or fat mass, the time x diet group interaction became
non-significant (p=0.675 (Online Resource 1) and p=0.113 (not shown), respectively), while
the interaction between time and the change in body weight (p<0.001) or the change in fat
mass (p<0.001) was highly significant.

While CRP was reduced overall (p=0.025 in overall RM-ANOVA time effect, Table 3), the
changes between the three diet groups were not significantly different (p=0.175 for the time
x diet group interaction). In secondary analyses, we observed a trend towards a time x
weight change interaction (p=0.060) for the changes in fasting plasma CRP concentrations
(Online Resource 1). However, there was no trend towards a time x fat mass change
interaction (p=0.109), and no trend was apparent for a consistent reduction in fasting CRP in
the low-calorie group (Online Resource 2a), or with weight change (Online Resource 2b) or
change in fat mass (Online Resource 2c). Further, multiple linear regression analyses did not
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reveal any statistically significant associations between the change in plasma CRP
(computed as the difference between the log-transformed CRP data at baseline and follow-
up) and the change in body weight (3=0.023, 95% CI: -0.009, 0.055, p=0.165), in a model
adjusted for type of diet (low-fat diet yes/no). Consistent with the primary analysis (RM-
ANOVA), type of diet (low-fat diet yes/no) was also not associated with the change in
plasma CRP concentrations (p=—0.109, 95% CI: —-0.272, 0.054, p=0.187) in this regression
model, after adjustment for weight change. The other markers of chronic systemic
inflammation, IL-6, sSTNFRI and sTNFRII, did not change during this intervention study;
and the type of diet consumed had no statistically significant effect on any of these
endpoints (Table 3). In secondary analyses, we also did not observe an effect of change in
weight or fat mass on any of these endpoints (Online Resource 1).

For fasting total adiponectin concentrations, RM-ANOVA showed a trend for a time x diet
group interaction (p=0.085, Table 3). Adjustment for weight change in secondary analyses
strengthened the time x diet group interaction (p=0.021, Online Resource 1), and indicated a
trend towards a time x weight change interaction (p=0.051, Online Resource 1). Because the
time x diet group interaction became significant only after adjusting for weight change, we
conducted post hoc multiple linear regression analyses that included as covariates weight
change and whether the diet was low-fat (yes/no). These analyses revealed that
randomization to the low-fat diet compared to the moderate-fat diet led to a reduction in
fasting total adiponectin concentrations by 597 ng/mL (9.4%, p=0.008), while weight loss of
1 kg led to an increase in fasting total adiponectin concentrations by 82 ng/mL (p=0.065,
Table 4).

Inclusion of baseline fat mass (in % of total body mass) and gender into the RM-ANOVA in
addition to the change in body weight did not alter any of the findings.

Discussion

In this randomized controlled intervention trial, we found no differential impact of eucaloric
moderate-fat, eucaloric low-fat, and low-calorie low-fat diets on measures of systemic
inflammation. However, we found the anticipated modest impact of weight loss on plasma
adiponectin concentrations. Further, plasma adiponectin concentrations were reduced by a
low-fat compared to a moderate-fat diet when adjusting for weight change. The magnitude
of that effect of ~10% of baseline adiponectin concentrations was sizeable and almost
certainly clinically meaningful. On the other hand, it needs to be considered that the low-fat
diet tested here was very low in fat, at 18% of total energy intake. Free-living individuals
rarely consume such a low percentage of their energy as fat. It could also be argued that
calorie intake was controlled, not ad libitum, and that consumption of a very low-fat diet ad
libitum may lower energy intake, which in turn could alleviate any reductions in plasma
adiponectin triggered by a lower dietary fat intake. However, it is important to note that
adiponectin concentrations were reduced substantially even in the low-fat diet arm in which
energy intake was reduced by 33% over 6 weeks. It seems unlikely that any diet would
induce such a substantial caloric deficit over 6 weeks when consumed to satiety (ad libitum).
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For CRP, although the RM-ANOVA in secondary analyses which included adjustment for
weight change suggested a trend for reduced CRP concentrations with weight loss
(p=0.060), no trend was apparent in linear regression analyses or in studying the changes in
CRP in the three diet groups, or with weight loss (Online Resource 2a—c). Thus, it seems
justified to conclude that the modest weight loss in this 6-week dietary intervention did not
appreciably affect fasting plasma CRP concentrations, which is consistent with the literature.
Belza et al. observed that a medium-term (8 week) very low calorie diet (~800 kcal/d) based
on a low-fat formula drink led to substantial weight loss of ~13%, but had no significant
impact on fasting plasma CRP concentrations [20]. In that study, significant reductions in
CRP were seen only after a 4-week weight maintenance period and a second very low
calorie diet-induced weight loss period of 4 weeks. These data suggest that changes in
plasma CRP with weight loss either take more time than the initial 8 weeks, require the
establishment of a new steady state body weight as the authors hypothesize, or that the
weight loss needs to be more substantial than the 13% observed in the initial weight loss
period. Other studies in this area suggest that the duration of the intervention period may be
an important factor. For example, participants in two different studies reduced their plasma
CRP concentrations by 22% and 25%, respectively, on weight loss that averaged only 6-8%
on ad libitum diets over 6 and 8 months, respectively [21, 22]. Taken together, these data
suggest that longer-term dietary interventions that lead to weight loss of at least 6-8%
significantly reduce plasma CRP concentrations. Our relative lack of effect of the low-
calorie diet or weight loss in general may have been due to the relatively short-term nature
of our study (6 weeks) or due to the, on average, lower weight loss of only ~3% compared to
the studies discussed above. Similarly, our lack of effect of calorie reduction or weight
change on plasma IL-6 may have been due to the relatively short duration of our study, or
the modest weight loss achieved. As for CRP, changes in IL-6 appear to require more
substantial weight loss and/or longer-term caloric deficits [20]. The modest effect of weight
change on plasma total adiponectin observed in this study is also consistent with the
literature. A recent review found that consistently, significant increases in plasma
adiponectin require substantial weight loss of ~7% [24]. While we observed a trend for a
time x weight change interaction, confirming that body weight is an important factor in
determining plasma adiponectin concentrations, the effect size was very modest, again likely
related to the more modest average weight loss in this study compared to previous longer-
term studies.

The effect of macronutrient composition, particularly higher-fat vs. low-fat diets, on
measures of systemic inflammation and plasma adiponectin are much less consistent and
conclusive. In the study by Nicklas et al. discussed above, reductions in body weight and
plasma CRP concentrations were similar on four different weight loss-diets differing widely
in their macronutrient composition [22]. This is in contrast to a 12-week study by Ruth and
colleagues in which modest weight loss averaging ~6% over 12 weeks on either a low-fat or
a high-fat diet led to reductions in plasma CRP only in the high-fat diet group [27]. Of note,
the high-fat diet in that study also contained much more protein than the low-fat diet, and the
differences observed in plasma CRP may have been due to the differences in the intake of
protein or other associated, non-standardized dietary factors, rather than the differences in
fat and carbohydrate content. In another study, a low-fat diet reduced plasma CRP

Eur J Nutr. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

Page 9

concentrations after adjustment for changes in fat mass compared to a control group not
instructed to lower fat intake [28]. However, effects were seen only in a subgroup — women
suffering from metabolic syndrome — while no effects were seen in men or women without
metabolic syndrome. Our study clearly shows that in the context of eucaloric intake, the
dietary fat to carbohydrate ratio covering most common intakes for both macronutrient
levels has little impact on plasma CRP concentrations per se. With regard to the impact of
the dietary macronutrient composition on plasma adiponectin concentrations, the existing
data have also been inconsistent. For example, AlSaleh and colleagues reported that 24
weeks of dietary treatment with two different high-fat diets (differing in fat composition)
and one low-fat diet had no differential effect on plasma adiponectin concentrations [29]. In
contrast, in settings of both weight loss and weight stability, adiponectin concentrations
were higher after the consumption of a high-fat diet compared to a low-fat diet [27, 30].
These latter findings are consistent with our data showing a clear weight-change adjusted
reduction in plasma adiponectin concentrations by ~10% in participants consuming the low-
fat diet. Similarly, our data are largely consistent with those published by Kasim-Karakas
and colleagues [21]. In their study, plasma adiponectin decreased by 14% when healthy
postmenopausal women were switched from a eucaloric 35% fat diet to a eucaloric 15% fat
diet, but bounced back to baseline when participants consumed the 15% fat diet ad libitum,
which led to reduction in energy intake and body weight. A potential limitation of that study
was the fact that the three diets were administered sequentially, without a concurrent control
group; thus, any observed change may have been due to hidden time effects.

Low levels of circulating adiponectin are associated with a variety of diseases, such as type
2 diabetes and different types of cancer [12, 31]. Increased levels of adiponectin, on the
other hand, provide metabolic benefits. For example, mice constitutively overexpressing
adiponectin are protected against the negative metabolic effects of high-fat diets [32] and
modestly increased circulating adiponectin levels completely prevented the development of
diabetes in spite of massive obesity in mice [14]. Consistent with the mouse models, obese
yet metabolically healthy individuals who maintain insulin sensitivity and glucose tolerance
have favorable inflammation profiles including higher adiponectin and lower CRP
concentrations [33, 34]. Therefore, it may be of concern that a diet low in fat but high in
carbohydrate as tested in our study resulted in reduced circulating level of adiponectin.

The main strengths of our study were that it was a randomized controlled feeding trial in
which all food was provided to participants and, by controlled feeding trial standards, its
relatively large sample size. Ninety one percent of the 102 recruited participants completed
the study diets, with 31 persons in each study arm. The study design was well suited to
specifically compare moderate-fat vs. low-fat diets, as well as the impact of a moderate
caloric restriction imposed on top of the low-fat diet. Although there were differences in
carbohydrate quality between diets (i.e. the amount of fiber and added sugars were higher in
the low-fat diet than those in the moderate-fat diet of the same calorie), these differences are
viewed as a strength rather than a limitation because it mimics the carbohydrate type choices
that free-living individuals are likely to make when consuming moderate vs. low fat diets in
the real world. This study also had several limitations. Participants were on the study diets
for 6 weeks only, which may not have been long enough to observe changes in certain
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markers, as discussed above. However, numerous previous studies have shown significant
effects of dietary interventions lasting 2—6 weeks on the biomarkers measured here [35-44].
It is also possible that the observed decrease in plasma adiponectin on the low-fat diets may
be transient, which would become apparent only in a longer-term study. The variation of
biomarker concentrations at baseline among subjects was quite large; a cross-over design
study may have been more sensitive in detecting changes within each individual after
consuming the different diets. For the same reason, we may have had a better chance of
detecting significant changes in the biomarkers had the subject population been more
homogenous at baseline with regard to systemic inflammation or variables such as age or
BMI. Though some of our subjects were moderately obese, they were relatively healthy
individuals and concentrations of CRP and IL-6 were already low at baseline, potentially
limiting further reduction. It is also a possible limitation that we measured total plasma
adiponectin only, and not also the potentially more biologically relevant high molecular
weight adiponectin concentration; however, the two are highly correlated [45, 46]. In
addition, it is important to consider that because our subject population was relatively
healthy (i.e., we excluded subjects with certain obesity-associated health conditions such as
diabetes or renal disease), the results may not be generalizable to other populations,
including those with more profound chronic systemic inflammation or metabolic syndrome.

In conclusion, we found that in relatively healthy men and women, and after adjusting for
weight change experimentally and statistically, diets varying widely in fat and carbohydrate
content did not differ in their impact on biomarkers of chronic systemic inflammation
including CRP, IL-6, and STNF RI&II. It is also worth emphasizing that the modest weight
loss in the low-calorie group of about 6%, similar to what is commonly considered a
realistic clinical goal, did not affect these measures of systemic inflammation. In contrast,
plasma adiponectin concentrations were lowered substantially and to a clinically significant
degree by a low-fat high-carbohydrate diet compared to a moderate-fat diet. As adiponectin
is a key insulin-sensitizing and anti-inflammatory adipokine, its plasma concentrations may
reflect the pro- to anti-inflammatory balance in adipose tissue. Our findings may motivate
more research into the long-term consequences of the dietary macronutrient composition on
inflammatory processes in adipose tissue and downstream factors including insulin
sensitivity.
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Change in body weight in the three diet arms over the 6-week dietary period
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Composition of the study diets?

Table 1

Energy (kcal/d)

Protein (% of total energy)

Carbohydrate (% of total energy)

Fat (% of total energy)

Saturated fatty acids (% of total fat)
Monounsaturated fatty acids (% of total fat)
Polyunsaturated fatty acids (% of total fat)
Fiber (g/d)

Fiber (9/1,000 kcal)

Cholesterol (mg/d)

Cholesterol (mg/1,000 kcal)

Eucaloric moderat

(n=30) (n=31)
2,623 + 396 2,662 + 365
175+0.3 179+0.2
46.5+0.6 63.6 +0.6
36.0+04 18.5+0.6
33111 341+03
37.3+0.8 37.1+05
17.9+0.6 18.4+0.6
25437 31.1+4.6
9.7+0.3 11.7+05
376 =58 264 + 37
143+ 4 99+3

e-fat diet  Eucaloric low-fat diet

Low-calorie low-fat diet
(n=31)

1,881 + 341
17.7+04
63.9+0.8
184+0.6
34.0+0.6
37.2+0.7
184+0.8
22.7+3.9
121+0.6
183+ 35

97+5

a
Data are means + SD
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Table 4

Multiple linear regression on the change in fasting plasma total adiponectin concentrations (ng/mL) between
visits Aand D

Unstandardized  Standard error t p
coefficient se(B)
Constant -430 175
Low-fat diet (0=no, 1=yes) -597 221 -2.705 0.008
Body weight change (kg) -82 44 -1.872 0.065
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