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Abstract

Lifestyle interventions may reduce inflammation and lower breast cancer (BrCa) risk. This 

randomized trial assessed the impact of the Sistas Inspiring Sistas Through Activity and Support 

(SISTAS) study on plasma C-reactive protein (CRP), interleukin-6 (IL-6) and Dietary 

Inflammatory Index (DII).

This unblinded, dietary and physical activity trial was implemented in 337 obese (body mass index 

[BMI] ≥30 kg/m2) African American (AA) women recruited between 2011 and 2015 in South 

Carolina through a community-based participatory approach with measurements at baseline, 3 

months, and 12 months. Participants were randomized into either intervention (n=176) or wait-list 

control group (n=161). Linear mixed-effect models were used for analyses of CRP and IL-6.
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Baseline CRP was significantly higher in those with greater obesity, body fat percentage, and 

waist circumference (all p-values <0.01). No difference was observed between groups for CRP or 

IL-6 at 3 or 12 months; however, improvements in diet were observed in the intervention group 

compared to the control group (p-value=0.02) at 3 months but were not sustained at 12 months.

Although the intervention was not successful at reducing levels of CRP or IL-6, a significant 

decrease was observed in DII score for the intervention group, indicating short-term positive 

dietary change.

—Clinical Trial Number: NCT02144571.

Trial Status: Completed.
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Introduction:

Breast cancer (BrCa) is the most frequently diagnosed cancer among women in the United 

States (US), as well as in South Carolina (SC), where it accounts for 32% of all cancer cases 

in women (Siegel, Miller, and Jemal 2016). In the US overall, European-American (EA) and 

African-American (AA) women have approximately equal incidence rates of BrCa, but AAs 

have both higher mortality rates and shorter 5-year-survival (Siegel, Miller, and Jemal 2016). 

In SC, EA women have higher BrCa incidence rates (129.8/100,000 compared to 

111.6/100,000 for AAs), whereas BrCa mortality is 1.5-times higher in AA women (Adams 

et al. 2006).

Factors that increase BrCa risk include reproductive factors, such as age at first pregnancy, 

total number of pregnancies, and lactation history; older age; family history of BrCa 

(primarily for premenopausal BrCa); obesity; and lifestyle factors, including diets high in 

omega-6 polyunsaturated fatty acids and low levels of physical activity (PA) (Adams et al. 

2006). It is probable that the role of diet in BrCa works at least partially through its effect on 

inflammation (Kuczmarski et al. 2013). It is well-established that inflammation has a role in 

the initiation of cancer and is a key factor in tumor progression (Coussens and Werb 2002). 

Chronic inflammatory conditions predispose to cancers (An and Kulkarni 2015). Obesity, 

which has higher prevalence rates among AA women, is acknowledged as a metabolically-

induced chronic state of inflammation, which is linked with a general increase in cancer 

incidence (An and Kulkarni 2015). In the United States, about 60% of AA women are obese 

compared with about 30% of non-Hispanic European American (Dietze, Chavez, and 

Seewaldt 2018). AA women also have a high incidence of insulin resistance and 

premenopausal triple negative breast cancer (TNBC). Some studies have shown associations 

among obesity, insulin signalling, and aggressive subtypes of TNBC. (Dietze, Chavez, and 

Seewaldt 2018). Obesity promotes tissue inflammation, which in turn leads to high levels of 

inflammatory markers (e.g., IL-6, IL-8, TNF-α, and leptin). The process of signalling for 

some of these inflammatory markers (e.g., IL-6 and IL-8) in turn initiates STAT3, NF-κB, 

and EZH2 signalling and predicts poor prognosis in women with TNBC (Dietze, Chavez, 

and Seewaldt 2018).
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Diet and PA can play a key role in reducing inflammation and lowering cancer risk; indeed, 

higher levels of PA and fruit and vegetable intake, both of which contribute to lower levels 

of systemic inflammation, have been shown to reduce the risk of BrCa, particularly among 

AA women (Shivappa et al. 2017), Recent work has shown that the Dietary Inflammatory 

Index (DII®) is a reliable measure of the inflammatory potential of an individual’s diet and 

is a good predictor of risk for breast and endometrial cancers (Shivappa et al. 2017, Shivappa 

et al. 2016).

A frequent problem among diet and PA interventions is sustainability, with behavioral 

changes during the study period often not translating into long-term successes (Greaves et al. 

2011). Health interventions that use community involvement, as well as those that are 

implemented within a group setting, may help create lasting lifestyle changes (Cowart et al. 

2010) through a variety of proposed mechanisms, including group and environmental 

support. The Sistas Inspiring Sistas Through Activity and Support (SISTAS) study was a 

community-developed and community-implemented dietary and PA intervention for AA 

women (Adams et al. 2015, Malcolm Bevel et al. 2018). The purpose of this investigation 

was to assess the impact of the SISTAS study on two biological markers of chronic 

inflammation: plasma C-reactive protein (CRP) and interleukin-6 (IL-6). CRP was selected 

as serological marker of inflammation in this study was because of its previous use as a 

marker of inflammation in cancer risk research (Gunter et al. 2006). It is an acute-phase 

protein produced primarily by the liver in response to stimulation by IL-6 and correlates 

with the magnitude and severity of inflammation (Gabay and Kushner 1999). Plasma 

cytokine IL-6 was examined because increase in IL-6 has been reported to be correlated with 

disease status among cancer patients and because of its role along the signalling pathway of 

CRP (Chung and Chang 2003).

Methods

The SISTAS study was a randomized, wait-list control, dietary and PA intervention 

implemented among obese (body mass index [BMI] ≥30 kg/m2) AA women. All protocols 

and consent forms were approved by the Institutional Review Board at the University of 

South Carolina, and all participants provided written informed consent. This Clinical trial 

was registered at ClinicalTrials.gov (NCT02144571), and the status is completed. The name 

of the trial registration is Sistas Inspiring Sistas Through Activity and Support. No adverse 

effects were reported by participants in this trial.

Recruitment

The SISTAS study was marketed to the general AA community in multiple ways, including 

flyers posted throughout the community (physician offices, hospitals, etc.), brochures at 

stores and other places of business that AA women visit frequently, church bulletins and 

announcements, Facebook™, employee listservs, and, for later waves, word of mouth of 

participants in previous waves. The study period was July 2011 to February 2015. To qualify 

for inclusion, participants had to: self-identify as AA; be ≥30 years of age; be obese (BMI 

>30 kg/m2, calculated from self-reported height and weight); be willing to be randomized to 

the intervention or control group; not have a previous cancer diagnosis, have no 
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inflammatory-related conditions; and have stable hormone replacement therapy usage. BMI 

was later confirmed at baseline using digital scale and stadiometer measurements.

A total of 746 potential participants were screened for eligibility, 545 were eligible, and 337 

were recruited [See Figure 1 for the CONSORT diagram]. The trial was not blinded but all 

assessments were conducted by staff without access to or knowledge of the treatment 

Access® 2010 database.

Additional details about recruitment can be found elsewhere (Adams et al. 2015). The 

numbers of participants that were analyzed were 176 in the intervention group and 161 in 

the control group.

Intervention design

The SISTAS study was developed as a year-long dietary and PA intervention using 

community-based participatory approaches for engaging AA leaders and community 

members as partners in the intervention design (Babatunde et al. 2016, Hebert et al. 2013). 

The intervention consisted of three months of weekly classes (two hours per week), followed 

by nine months of monthly ‘booster’ sessions (two hours per month). The dietary targets for 

the intervention were increasing the consumption of whole foods (fruits and vegetables, 

legumes, and whole grains) and decreasing the consumption of calorically dense, high-fat 

(especially saturated and trans-fat) foods. More specifically, attention was focused on 

reduced consumption of high-fat pro-inflammatory foods (especially fast foods containing 

omega-6 polyunsaturated fatty acids and saturated fatty acids) and increasing consumption 

of anti-inflammatory foods, such as beans, brassica vegetables, and whole grains. The 

curriculum consisted of classes focusing on hands-on healthy cooking experiences, along 

with PA and stress reduction exercises.

The PA targets for this intervention were consistent with previously released PA 

recommendations for adults (Haskell et al. 2007). Participants were encouraged to obtain at 

least 30 minutes of moderate-intensity PA (equivalent to brisk walking) on at least five days 

of the week and engage in at least two sessions of strength training each week. To ensure 

safety, participants were instructed to progress gradually in increasing the intensity and 

duration of PA. The control arm did not attend any classes but received biweekly 

correspondence of small participation gifts for the first three months and monthly materials 

for the following nine months.

Measurements

All participants were assessed at baseline, three months, and 12 months. Assessments were 

conducted at the same locations where the intervention classes were held. Body habitus 

measurements (height, weight, body composition, waist and hip circumference), and blood 

samples were taken at all three time points by trained staff. Weight and fat mass were 

measured using a Tanita® TBF 300As electronic scale precise to 0.1 kg and 0.1% fat, 

respectively. Height was measured using a stadiometer, and waist and hip circumference 

were measured using a Gulick™ measuring tape. BMI was computed as weight (kg)/(height, 

m)2, and waist-to-hip ratio (WHR) was also computed. Additionally, participants completed 

detailed questionnaires ascertaining information on basic demographics, medical history, 
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self-efficacy for diet and exercise, perceived discrimination, perceived stress, social support, 

and quality of life (Franklin et al. 2007). Within two weeks of this visit, participants also 

completed a telephone-administered dietary and PA 24-hour recall (24HR).

Estimates of energy, nutrient, and food group intakes were derived from the 24HR, 

considered an imperfect “gold standard” for estimating dietary intake (Kristal AR 2001) in a 

nutrition intervention to calculate group-level mean dietary intake (Willett) and centiles of 

the distribution using standard statistical techniques (Hebert et al. 2000). The Nutrient Data 

System for Research software (NDSR; current version), licensed by the Nutrition 

Coordinating Center (NCC) at the University of Minnesota (Minneapolis, Minnesota), was 

used to conduct the dietary interviews. In this study, the 24HRs were collected by a team of 

experienced (>6 years using NDSR) registered dietitians specifically trained in using the 

NCC protocol. This protocol employs the multi-pass approach that uses prompting to reduce 

omissions and standardizes the interview methodology across interviewers (Dwyer et al. 

2001). Calculation of the DII has been described previously (Shivappa et al. 2014). More 

positive DII scores represent more pro-inflammatory diets; more negative values indicate 

more anti-inflammatory diets (Shivappa et al. 2014).

Physical activity data was obtained using a previous-day recall (PDR) A previous-day recall 

(PDR) was used to collect information on physical activity. This instrument has been 

validated as a measure of physical activity and sedentary behaviors. (Matthews et al. 2013) 

PDR interviews were conducted by the same dietitians who conducted the 24HR dietary 

recall and who were trained to complete the PDR using a standardized protocol. Interviewers 

led participants chronologically through the previous day (midnight to midnight) using a 

semi-structured interview. These data were summed across all individual sedentary and 

active behaviours that were reported based on estimates of the duration of the activity. Time 

spent in each type activity was also summarized into light intensity (1.5 to less than 3 

METs), moderate intensity (3 to less than 6 METs), and vigorous intensity (6+ METs). 

(Bassuk and Manson)

Blood Processing and Assays

All blood samples collected were assayed for CRP and high-sensitivity IL-6. Peripheral 

whole blood samples were collected in EDTA and centrifuged for 15 minutes at 1,000g 

immediately following collection. Samples were then aliquoted, put on liquid nitrogen, and 

stored at −80ºC until analysis. Samples were analyzed using ELISA kits (R & D systems, 

Minneapolis, MN). The minimal detectable dose in the ELISA kits ranges from 0.005 to 

0.022 ng/mL for CRP and 0.016 to 0.110 pg/mL for IL-.6.

Data Analysis

All questionnaire-derived data were collected via an optically scannable form developed in 

Teleform™. Questionnaires were visually verified at the assessment sessions and then 

scanned by study personnel using the Teleform™ software. All data files were output to an 

ASCII file format that was then imported into SAS® v9.4 for data cleaning and creation of 

the primary analytic dataset.
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All analyses were run using SAS® v9.4 (Cary, NC). Summary descriptive statistics were 

created for all relevant variables, including means and frequency tables. Comparisons were 

made using t-tests or chi-square tests, as appropriate. A linear, mixed-effects model (Proc 

Mixed in SAS) was used to model the effect of the intervention assignment on biomarker 

levels after adjusting for the baseline level of the biomarker. Initial analyses used an intent-

to-treat approach and included all participants enrolled and randomized into the study. 

Additional analyses examined intervention fidelity using dietary and anthropometric 

measures (weight, BMI, body fat percentage, waist-to-hip ratio, DII).

The main purpose of these intent-to-treat analyses was to determine the effect of the SISTAS 

intervention on CRP and IL-6 levels. In the analyses that we present in the tables, the main 

factor that we adjusted for in our analyses was age at baseline due to the high correlation 

with level of inflammatory markers. One participant refused to report her age and was 

excluded from all analyses; otherwise, we had complete follow-up data for all participants 

who came back for 3-month and 12-month assessments. We therefore used a listwise 

deletion method (complete case analyses). As this was an intent-to-treat analysis, no other 

confounding variables were included in our models.

Of those randomized to receive the intervention (n=176), 60% of participants attended 50% 

or more of the intervention classes (>5 classes). We ran sensitivity analyses to assess the 

effect that the attendance in classes had on the value of the two main outcomes, i.e., CRP 

and IL-6 among the intervention group and found no statistically significant relationship 

between either CRP or IL-6 level (at the 3-month assessment) and attendance in classes (p=

−0.168 and 0.09, respectively).

Results

A total of 337 participants were randomized; intervention group (176) and control group 

(161). At three months follow-up, there were 136 (77%) and 99 (61%) participants retained 

in the intervention and control groups respectively. At 12 months follow-up, there were 108 

(61%) and 92 (57%) participants retained in the intervention and control groups respectively.

Overall, no significant differences in demographic and lifestyle characteristics were 

observed between those randomized to the intervention versus the control arm with the 

exception of BMI (Table 1). As the overall mean level of inflammatory markers for our 

population was especially high in comparison to other reported findings (Ahonen et al. 2012, 

Bellia et al. 2013, Fonseca and Izar 2016, Gode et al. 2011, Imayama et al. 2012, Kubota et 

al. 2010, Sarac et al. 2007, Tsai et al. 2012), we further explored baseline differences in the 

inflammatory markers by anthropometric and dietary factors (Table 2). Mean CRP was 

significantly higher in those with greater obesity as measured by BMI, body fat percentage, 

and waist circumference (all p-values <0.01). No significant differences were noted in mean 

baseline IL-6 levels by body size or DII score (Table 2).

No significant differences were noted for CRP or IL-6 by treatment arm at either 3 or 12 

months; however, the intervention group did demonstrate significant changes in measures of 

intervention (Table 3). At three months, the intervention group had significantly lower (i.e., 
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more anti-inflammatory) DII scores (−0.14 vs 0.85, p-value=0.02) compared to the control 

arm; however, this difference was not sustained at 12 months (Table 3). WHR was 

marginally significantly lower in the intervention group at three months (0.86 vs. 0.88, p-

value=0.09), but this difference was not sustained at 12 months.

Discussion

Although mean baseline inflammatory markers of our participants provide evidence for a 

population with some of the highest levels of chronic inflammation yet observed(Ahonen et 

al. 2012, Bellia et al. 2013, Fonseca and Izar 2016), our intervention was not successful at 

reducing levels of CRP or IL-6 through PA and dietary changes. Interestingly, DII scores 

were significantly decreased in the intervention group at three months, relative to the control 

group, an indicator of positive dietary behavior change, but this difference was not sustained 

at 12 months.

All results presented here describe the intent-to-treat analysis of all participants who were 

randomized and for whom we had complete data. Upon closer inspection, we found 

evidence for significant contamination among our control group; indeed, we observed a 

higher frequency of any weight loss during the study period in our control group compared 

to the intervention arm (59.5% vs 49.1%) (Hébert et al. 2016). Although participants 

specifically consented to being randomized, and those randomized to the comparison group 

were offered the intervention upon completion of the follow-up period, our data suggest that 

ultimately these women who volunteered for a dietary and PA behavioral trial were 

motivated to make immediate changes and were unwilling to wait, consistent with prior 

observations (Hébert et al. 2016). This is understandable, given that the psychological 

literature supports that readiness to change is high in volunteers for this type of study 

(Jordan et al. 2013). This observation also suggests that randomized controlled trial designs 

(stipulated by the funding agency) are not ideal for community-based participatory research-

developed trials such as this in which community partners and potential participants are 

engaged about making positive lifestyle changes. Although randomized controlled trials are 

cited as the “gold standard” for rigorous scientific methodology, this certainly highlights the 

weaknesses of this design for this type of behavior change (Adams et al. 2015).

The participants’ neighborhood environments may have influenced the impact of our 

intervention. Although previous studies in a systematic review reported mixed results, 

physical environments that support healthy lifestyles, including access to healthy foods, 

neighborhood safety, and neighborhood walkability, are facilitators of or barriers to adopting 

healthy behaviors (Caspi et al. 2012). In a post-hoc analyses, the impact of the SISTAS 

intervention on dietary intake differed by the food access level of the participant’s residential 

area.(Choi et al. 2014) Participants living in areas with limited access to healthy foods and 

resources for engaging in PA may have found it difficult to make the behavior changes 

learned through the intervention. Similarly, for those participants making behavior changes, 

it could be more challenging to maintain these healthier behaviors without a supportive 

environment (Services 2001). Understanding the complex interaction between the 

intervention and the neighborhood environments of participants in both the intervention and 
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control arms will be helpful in considering the design and tailoring of interventions in the 

future.

Our findings should be interpreted within the context of several study limitations. First, we 

were only able to assess two biomarkers of inflammation. Although the biomarkers chosen 

are those with the largest body of literature supporting their importance in carcinogenic 

pathways (Ahonen et al. 2012), they by no means represent a comprehensive evaluation of 

inflammation. Second, our study assessed plasma levels of inflammation, which may not 

always reflect underlying gene expression changes at the cellular level. In addition, given 

that CRP levels were already high in our population of AA women, our results may not be 

generalizable to women of other racial minorities. Another limitation was the convenience 

nature of our sampling, which may have reduced the representativeness of the sample and 

thus the generalizability of results.

Additionally, because we recruited 337 out of the 548 eligible participants and because only 

60% of participants attended at least 50% of the classes, participation bias potentially 

affected the results from this study. We are unable to speculate about the eligible 211 

participants that were not randomized. The predominant reason for not randomizing an 

eligible participant (who indicated verbal agreement to the study) was not that the 

participant did not attend the baseline assessment. We implemented numerous strategies to 

maximize attendance including increasing the frequency and timing of telephone reminders, 

mailing reminder postcards, emphasizing monetary incentives, and having our community 

staff make frequent announcements and conversations with potential participants of 

upcoming ‘clinics’ (assessment visits).

Unfortunately, we did not have any demographic information about them (our only contact 

with them was via phone or brief visits during a health fair) to run a sensitivity analysis to 

see if this may have played a role in biasing the findings from this study. Finally, we had 

indirect evidence of a lack of compliance to treatment assignment in the control group (we 

found significant weight loss in more than 50% of our control group). This misclassification 

would most likely bias our findings toward the null.

Despite its weaknesses, our study had several strengths to consider. Our study was 

conducted among a racially under-represented and geographically diverse group of 

overweight, AA women who demonstrated significant biological need for intervention to 

improve health outcomes. Furthermore, this study represented a community-driven health 

initiative with some of the highest recruitment rates noted in the literature, i.e., 84% were 

enrolled into the study out of the potential participants assessed for eligibility in the first 

three waves (Adams et al. 2015, Greiner et al. 2014, Heiney et al. 2006b). This recruitment 

rate dropped somewhat as the trial progressed, most likely due to a move from the rural to 

the more urban area. We hypothesized that word of mouth and a relationship with the 

intervention staff (who resided in the rural area) greatly enhanced our recruitment in that 

area. Nevertheless, our overall recruitment rate of 62% represents a significant improvement 

over traditional clinical trial participation (Heiney et al. 2006a). Finally, the prospective 

cohort study design and standard evaluation protocols ensured the least amount of bias 

possible in study estimates.
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Overall, we found that DII scores significantly decreased at three months, an indicator of 

positive dietary behavior change, but was not sustained at the 12-month assessment. What 

remains unknown is whether the primary outcomes would have been different if significant 

contamination in the control group, as evidenced by a higher frequency of any weight loss 

during the study, had not occurred. We also do not know what motivated the control group 

participants to lose weight, despite not receiving the intervention, compared with the 

intervention group. The baseline values of the inflammatory markers in this sample were 

markedly higher than those evidenced in most other study populations. We hypothesize that 

this may provide evidence for underlying biologic pathways leading to increased incidences 

of diabetes, cardiovascular disease, and other chronic diseases noted among this population 

in comparison to other racial groups. Also, physical activity was self-reported by the 

subjects which is a relatively unobjective measure. Finally, the complex interaction between 

the intervention and the neighborhood environments of participants in both the intervention 

and control arms is relatively unexplored in this cohort and could have influenced the study 

findings.

Conclusion

In conclusion, we demonstrated a significant inflammation and obesity burden among AA 

women who were obese, which may well have long-term health implications. We had only 

limited success in modifying this profile to a more favorable state. Our study provides 

promising preliminary evidence that efforts aimed at individually tailoring interventions to 

each participant’s built environment characteristics may result in improved outcomes. As 

evidenced by contamination in our control arm, future work also should be focused on 

consideration of alternative intervention designs that do not minimize the enthusiasm of 

individuals who volunteer for research studies because they are interested in behavior 

change. This need is particularly acute in community-based participatory research studies.
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Figure 1: 
SISTAS CONSORT Diagram.
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Table 1.

Population and Lifestyle Characteristics at Baseline by Intervention Status, SISTAS, 2010–2015.

Characteristic Intervention Mean±SD
a
 or n (%) N=175 Control Mean±SD

a
 or n (%) N=161 p-value

Age (years) 50 ± 11 49 ± 11 0.70

Marital Status

Married or living with partner 69(51.11) 66(48.89) 0.91

Widowed 10(52.63) 9(47.37)

Divorced or separated 51(55.43) 41(44.57)

Single, never married 46(50.55) 45(49.45)

Educational Status

High school or less 31(44.29) 39(55.71) 0.21

Some college 80(56.74) 61(43.26)

Complete college 34(57.63) 25(42.37)

Postgraduate 31(46.27) 36(53.33)

Employment Status

Full-time 92(50.27) 91(49.73) 0.84

Part-time 22(57.89) 16(42.11)

Retired 28(45.90)

Not employed 28(51.85) 26(48.15)

Perceived Health

Excellent or very good 55(56.12) 43(34.21) 0.33

Good 97(52.72) 87(47.28)

Fair or poor 24(43.64) 31(56.36)

Smoking Status

Current or former 55(50.46) 54(49.54) 0.62

Never 121(53.30) 106(46.70)

Alcohol Use

Yes 121(54.02) 103(51.79) 0.31

No 54(48.21) 58(51.79)

Body Mass Index (kg/m2) 38.31±7.03 39.89(7.77) 0.05

Waist-to-Hip Ratio 0.88±0.07 0.88±0.09 0.89

Body Fat Percentage 45.67±5.81 46.70±5.39 0.09

C-Reactive Protein (mg/l) 9.84±23.34 8.68±8.13 0.55

Interleukin-6 (pg/ml) 7.10±33.04 3.94±5.30 0.22

a
SD-standard deviation
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Table 2.

Descriptive Statistics of Baseline Inflammatory Markers Stratified by Anthropometric and Dietary measures, 

SISTAS, 2010–2015.
a

CRP (mg/L)
a

IL-6 (pg/mL)
a

Mean±SD
a p-value Mean±SD

a p-value

BMI (kg/m2)

Low (25.0–37.5) 5.91±5.91 <0.01 9.97±48.41 0.54

High (37.6–70.0) 11.07±10.20 6.24±17.07

Body Fat Percentage (%)

Low (20.0–45.4) 5.91±5.46 <0.01 12.03±50.24 0.18

High (45.4–70.0) 11.07±10.20 3.96±3.50

Waist-to-Hip Ratio

Low (0.40–0.87) 8.30±8.71 0.80 11.03±49.21 0.36

High (0.88–1.10) 8.67±8.46 5.27±15.35

DII Score

Low (−6.0 – 0.4) 8.08±8.91 0.57 8.36±46.16 0.93

High (0.4 – 6.0) 8.90±8.23 7.85±22.61

Waist Circumference (inches)

Low (30.0–43.0) 6.57±7.41 <0.01 10.87±48.58 0.32

High (43.1–70.0) 10.82±9.39 4.74±5.23

a
WHR-waist-to-hip ratio; DII-Dietary Inflammatory Index; BMI-body mass index; CRP-C reactive protein; IL-6-Interleukin-6; SD-standard 

deviation.
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