
RESISTANCE TRAINING AND MEASURES OF
INFLAMMATION IN RELATION TO BONE MINERAL

DENSITY IN POSTMENOPAUSAL WOMEN

Item Type text; Electronic Dissertation

Authors Stanescu, Claudia Ioana

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:16:36

Link to Item http://hdl.handle.net/10150/194839

http://hdl.handle.net/10150/194839


1

RESISTANCE TRAINING AND MEASURES OF INFLAMMATION IN RELATION 
TO BONE MINERAL DENSITY IN POSTMENOPAUSAL WOMEN

by

Claudia I. Stanescu

_____________________

A Dissertation Submitted to the Faculty of the

GRADUATE INTERDISCIPLINARY PROGRAM

IN PHYSIOLOGICAL SCIENCES

In Partial Fulfillment of the Requirements
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

2005



2

THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

As members of the Dissertation Committee, we certify that we have read the dissertation 

prepared by Claudia I. Stanescu

entitled Resistance training and measures of inflammation in relation to bone mineral density 
in postmenopausal women

and recommend that it be accepted as fulfilling the dissertation requirement for the 

Degree of Doctor of Philosophy

_______________________________________________________________________ Date: May 9th, 2005
Timothy G. Lohman, Ph.D.

_______________________________________________________________________ Date: May 9th, 2005
Scott B. Going, Ph.D.

_______________________________________________________________________ Date: May 9th, 2005
Daniel P. Williams, Ph.D.

_______________________________________________________________________ Date: May 9th, 2005
Erik Henriksen, Ph.D.

_______________________________________________________________________ Date: May 9th, 2005
Cynthia Thomson, Ph.D.

Final approval and acceptance of this dissertation is contingent upon the candidate’s 
submission of the final copies of the dissertation to the Graduate College.  

I hereby certify that I have read this dissertation prepared under my direction and recommend 
that it be accepted as fulfilling the dissertation requirement.

________________________________________________ Date: May 9th, 2005
Dissertation Director:  Timothy G. Lohman, Ph.D.



3

STATEMENT BY THE AUTHOR

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library.

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgement of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when in 
his or her judgment the proposed use of the material is in the interests of scholarship. In 
all other instances, however, permission must be obtained from the author.

SIGNED:  Claudia I. Stanescu



4

AKNOWLEDGEMENTS

This intervention is a part of a large intervention trial designed to examine the effects 
of resistance training on bone mineral density in postmenopausal women. The present study 
added circulating interleukin-6, C-reactive protein and creatine kinase to existing measures 
from the Bone Estrogen Strength Training (BEST) study. I would like to acknowledge all 
investigators including Drs. Timothy G. Lohman, Scott B. Going, and Linda B. Houtkooper, 
the BEST staff and the BEST participants for their hard work and dedication to this study. 
This work was supported by an NIH grant (NIH AR 39559) and by the Mazees Fellowship
from the National Osteoporosis Foundation. It is not possible to acknowledge everyone who 
contributed to this dissertation, but the following is a partial list of the individuals that 
deserve special mention: 

Timothy G. Lohman, Ph.D. whose support, wisdom and patient guidance have made this 
project possible. He has been an amazing mentor and a role model in both professional and 
personal life. 

Daniel P. Williams, Ph.D. for being a patient teacher and a great critical thinker. His 
expertise and willingness to share his knowledge have been invaluable. I would like to 
acknowledge his generosity in allowing me to use his laboratory and equipment for the 
interleukin-6 and creatine kinase experiments.

Scott G. Going, Ph.D. for his constant support and encouragement and for being a great 
critical thinker.

Ellen Cussler, M.S. for her patience and her expertise in statistics.

Jennifer A. Wright, M.S. for her support and friendship. Jennifer made a significant 
contribution to the interleukin-6 experiments and was involved in editing this dissertation. 

Lauren A. Weiss, M.S. for her substantial contribution to the C-reactive protein data 
collection



5

DEDICATION

“I dedicate this work to my husband, Teodor Irimia, for his love and support throughout 

graduate school”



6

TABLE OF CONTENTS
Page

LIST OF ILLUSTRATIONS….………………………………………………… 9

LIST OF TABLES………………………………………………………………. 10

ABSTRACT………..……………………………………………….…………… 11

CHAPTER 1: ……..…………………………………………………………….. 13
INTRODUCTION.……………………………………………………… 13
EXPLANATION OF THE PROBLEM AND ITS CONTEXT..……….. 13
GENERAL STUDY AIMS.……………………………………………... 17
SIGNIFICANCE……………………………………………………….... 18
REVIEW OF LITERATURE…………………………………………… 21

Inflammation, cardiovascular disease and osteoporosis…………. 21
Interleukin-6 structure and function…….……….………………. 23
Clinical interpretation of IL-6 values…………………...……….. 24
C-reactive protein structure and function……..…………………. 25
Clinical interpretation of C-reactive protein values…….……….. 26
Interleukin-6, C-reactive protein and hormone therapy………..... 27
Interleukin-6, C-reactive protein and body composition………… 28
IL-6, CRP and body fat distribution…………………………….. 29
Creatine kinase, muscle damage and clinical interpretation…….. 30
Effect of exercise on Interleukin-6, C-reactive protein and 
Creatine Kinase………………………………………………..…. 32

Introduction………………………………………………. 32
Interleukin-6, C-reactive protein, exercise and 
coronary artery disease…………….……………….……. 33
Interleukin-6, C-reactive protein – Acute exercise……..... 33
Interkeukin-6, C-reactive protein – Chronic exercise…….. 34
Creatine Kinase – Acute exercise………………………… 36
Creatine Kinase – Chronic Exercise…………………….. 37
Interleukin-6, C-reactive protein, and Creatine Kinase
 interactions with exercise………………………..………. 38

Interleukin-6, C-reactive protein and bone mineral density……… 39
Creatine Kinase and bone mineral density………………………. 41
Bone responders and non-responders to resistance training…….. 42

EXPLANATION OF DISSERTATION FORMAT……………………… 42

CHAPTER 2: PRESENT STUDY……………………………………………… 43
INTRODUCTION………………………………………………………... 43
METHODS……………………………………………………………….. 43

Study design and population……………………………………… 43
Exercise intervention……………………………………………... 46
Strength and fitness assessment………………………………….. 47



7

TABLE OF CONTENTS - CONTINUED
Page

Body composition assessment……………………………………. 48
Bone mineral density assessment………………………………… 48
Blood analyses…………………………………………………… 49

Interleukin-6 measurement………………………………. 50
C-reactive protein measurement…………………………. 50
Creatine Kinase measurement……………………………. 51
Estrone and Estradiol measurement……………………… 51

MAIN FINDINGS……………………………………………………….. 52
First Manuscript………………………………………………….. 52
Second Manuscript……………………………………………….. 53
Third Manuscript………………………………………………… 53

CONCLUSIONS…………………………………………………………. 54
LIMITATIONS………………………………………………………….. 55

REFERENCES…………………………………………………..……………… 56

APPENDIX A: 
Body Composition, Hormone Therapy, and Circulating Interleukin-6 and 
C-Reactive Protein Levels in Postmenopausal women………………………….. 72

ABSTRACT……………………………………………………………… 73
INTRODUCTION.………………………………………………………. 74
METHODS……………………………………………………………… 77

Study Design and Population…………………………………….. 77
Hormone Therapy and Anti-inflammatory medications………… 78
Anthropometry and Body Composition…………………………. 79
Blood Analyses………………………………………………….. 79

Interleukin-6 measurement………………………………. 80
C-reactive protein measurement…………………………. 80
Estrone and Estadiol measurement………………………. 81

Data Analyses……………………………………………………. 81
RESULTS…..…………………………………………………………….. 82
DISCUSSION…..………………………………………………………… 85
REFERENCES….………………………………………………………… 92
TABLES AND FIGURES.……………………………………………….. 101

APPENDIX B:
Effects of Resistance Training and Body Composition Changes on Interleukin-6 
and C-Reactive Protein in Postmenopausal Women: the Bone Estrogen Strength 
Training (BEST) Study……………………………………………………….…… 108

ABSTRACT….…………………………………………………………… 109
INTRODUCTION....……………………………………………………… 110
METHODS….…………………………………………………………… 112

Study Design and Population……………………………………. 112



8

TABLE OF CONTENTS - CONTINUED
Page

Exercise Intervention…………………………………………….. 113
Strength and Fitness Assessment..……………………………….. 114
Hormone Therapy and Anti-Inflammatory Medications………… 115
Body Composition……………………………………………….. 115
Blood Analyses…………………………………………………… 116

Interleukin-6 measurement………………………………. 116
C-reactive protein measurement…………………………. 117
Creatine Kinase measurement……………………………. 117

Data Analyses…………………………………………………….. 118
RESULTS….……………………………………………………………… 120
DISCUSSION…………………………………………………………….. 122
REFERENCES……………………………………………………………. 128
TABLES AND FIGURES…………………………………………………. 133

APPENDIX C:
Effects of Interleukin-6, C-Reactive Protein and Creatine Kinase on Bone Mineral
Density in Postmenopausal Women……………………………………………….. 141

ABSTRACT………………………………………………………………. 142
INTRODUCTION………………………………………………………… 143
METHODS………………………………………………………………... 146

Study Design and Population……………………………………… 146
Exercise Program………………………………………………….. 147
Bone Mineral Density Assessment………………………………… 149
Body Composition Assessment…………………………………… 150
Blood Analyses……………………………………………………. 150

Interleukin-6 measurement………………………………… 151
C-reactive protein measurement…………………………… 151
Creatine Kinase measurement…………………………….. 152

Data Analysis……………………………………………………… 152
RESULTS…………………………………………………………………. 154

Baseline BMD and Baseline IL-6, CRP, CK.……………………. 155
Change in BMD and Change in IL-6, CRP, CK…………………. 155
Inter-subject Variability in BMD Response……………………… 157

DISCUSSION….…………………………………………………………. 157
REFERENCES...…………………………………………………………. 162
TABLES AND FIGURES…………………………………………………. 167

APPENDIX D:
Data distribution for change in C-reactive protein………………………………… 175



9

LIST OF ILLUSTRATIONS
Page

APPENDIX A:

Figure 1: Baseline C-reactive protein by HT type adjusted for age, 
body composition and anti-inflammatory medication use.……….. 107

APPENDIX B:

Figure 1: Adjusted mean changes in serum C-reactive protein and 
serum Interleukin-6 after one year of resistance training………… 136

Figure 2: One year serum C-reactive protein and Interleukin-6 values 
versus the number of days since the last acute exercise session… 137

Figure 3: Change in serum C-reactive protein and Interleukin-6 based 
on the number of days since the last exercise session…………… 138

APPENDIX C:

Figure 1: Twelve-month change in femur trochanter BMD stratified by 
HT use showing inter-individual variability in BMD response 
to resistance training………………………………………………. 173

Figure 2: Twelve-month change in lumbar spine BMD stratified by HT 
use showing inter-individual variability in BMD response to 
resistance training…………………………………………………. 174

APPENDIX D:

Data distribution for change in C-reactive protein……………….……………….. 175



10

LIST OF TABLES
Page

APPENDIX A:

Table 1: Subject characteristics by HT type……………………………….. 101
Table 2: Correlations of IL-6 and CRP with body weight, body mass 

index and body composition variables by HT…………………….. 102
Table 3: Correlations among body weight, body mass index and body 

composition variables……………………………………………… 103
Table 4: Multiple regression analysis of serum IL-6 from age, 

anti-inflammatory medication use, lean soft tissue, abdominal 
fat mass by HT use………………………………………………… 104

Table 5: Multiple regression analysis of serum CRP accounting for age,
anti-inflammatory medication use, lean soft tissue, total fat mass
and abdominal fat mass……………………………………………. 105

Table 6: Multiple regression analysis of serum CRP from age, IL-6, 
anti-inflammatory medication use, lean soft tissue, total fat mass
and abdominal fat mass by HT use…………………………………106

APPENDIX B:

Table 1: Selected baseline characteristics of postmenopausal women by 
use of oral hormone therapy……………………………………… 133

Table 2: One year mean changes in body composition……………………. 134
Table 3: One year resistance-training changes in circulating markers

of inflammation and muscle damage in postmenopausal women…. 135
Table 4: Associations between 12 month change in IL-6 and change in

fat mass…………………………………………………………….. 139
Table 5: Associations between 12 month change in CRP and change in

fat mass……………………………………………………………. 140

APPENDIX C:

Table 1: Selected baseline characteristics of postmenopausal women……… 167
Table 2: Baseline correlations of IL-6, CRP and CK with baseline total 

and regional BMD, strength and body composition……………….. 168
Table 3: Baseline BMD multiple regression analysis from IL-6,

CRP, CK accounting for age, lean soft tissue, baseline fat…………169
Table 4: Correlations of one year change in IL-6, CRP and CK with

change in BMD, strength and total weight lifted…………………. 170
Table 5: Change in BMD predicted from change in IL-6, CRP and CK

in subjects assigned to exercise…………………………………… 171
Table 6: Change in BMD multiple regression analysis before and after

adding inflammation markers in subjects assigned to exercise…… 172



11

ABSTRACT

The purpose of this study was to determine the role of body composition and fat 

distribution on C-reactive protein (CRP) and interleukin-6 (IL-6); determine the differences 

in CRP and IL-6 among HT users and non-users; determine the effect of 12-months of 

resistance training and resulting body composition changes on IL-6 and CRP; determine the 

relationship between BMD and IL-6, CRP and creatine kinase (CK).

Sedentary women (N=208, age 44-66, 3-10 years postmenopausal) taking HT 

(N=106) or not taking HT (N=102) were randomly assigned to resistance training: HT-

exercise (N=55), HT-no exercise (N=45), no HT-exercise (N=53), and no HT-no exercise 

(N=49).  The program included three weekly 60-75 minute sessions of 8 exercises performed 

in 2 sets of 6-8 repetitions at 70-80% of 1RM.  Total fat mass (TFM), lean soft tissue mass 

(LSTM) and BMD were assessed by dual-energy X-ray absorptiometry (DXA).  Abdominal 

fat mass (AFM) was assessed using DXA region of interest. For each subject, baseline and 1-

year IL-6, CRP and CK were measured. 

High TFM, high IL-6 and HT use were independently associated with high CRP 

levels. A stronger relationship between IL-6 and AFM compared to TFM was found in HT 

users. High TFM and LSTM were significantly related to higher IL-6 levels.  A stronger 

relationship between CRP and AFM compared to TFM was found in HT non-users. CRP was 

higher in HT users (5.47±5.40 mg/L) compared to non-users (2.70±3.05 mg/L) and was 

higher in oral (5.76±5.29 mg/L opposed; 6.14±5.97 mg/L unopposed) compared to 

transdermal HT users (2.65±4.44 mg/L). CRP increased slightly (p=0.077) in exercisers (0.54 

± 0.34 mg/L) not taking HT compared to controls (-0.39 ± 0.35 mg/L). Reductions in TFM
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were associated with reductions in IL-6 and CRP in HT users. CK was positively associated 

to all BMD sites at baseline. IL-6 change was positively associated with change in femur 

neck BMD. CRP change was inversely correlated with change in lumbar spine BMD. CK 

change was directly related to change in total body and femur trochanter BMD. 

In conclusion, reductions in TFM were accompanied by reductions in IL-6 and CRP; 

AFM was more strongly correlated with inflammation than TFM; 12-months of resistance 

training did not decrease IL-6 or CRP; IL-6 and CK were positively related to BMD, and 

CRP was inversely associated with BMD.
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CHAPTER 1

INTRODUCTION

This study is a part of a large intervention trial designed to examine the effects of 

resistance training on bone mineral density in postmenopausal women. The present study 

added measurements of circulating interleukin-6, C-reactive protein and creatine kinase at 

baseline and 12-months to existing measures from the Bone Estrogen Strength Training 

(BEST) study. The author of this dissertation also contributed to the main intervention trial 

by performing anthropometry and blood pressure measurements for a period of 18 months.

EXPLANATION OF PROBLEM AND ITS CONTEXT

The first manuscript examined the cross sectional relationship between baseline 

inflammatory markers, IL-6 and CRP, and baseline measures of body composition. Cross 

sectional studies have reported a positive relationship between IL-6, CRP and measures of 

body fatness and found strong correlations between elevated IL-6 and high BMI 90, 91, 120, 138, 

total fat mass 90, 91, 138 and waist circumference120. Similar relationships have been 

demonstrated for elevated CRP and high BMI49, 74, 120, total fat mass74 and waist 

circumference49, 73, 74, 120.  Recently, the respective contributions of visceral fat mass versus 

total fat mass to inflammatory markers have been disputed. Visceral (intra-abdominal) fat, 

independent of total fat mass, has been associated with increased risk for cardiovascular 

disease35, 72, 115, 119, thus it is expected that inflammatory markers associated with 

cardiovascular disease would exhibit a similar relationship to visceral fat. However, studies 

to date have reported mixed results. Some investigators found that visceral fat was 
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independently associated with IL-6106 or CRP126 but either did not measure both markers106

or did not find an association between IL-6 and visceral fat mass126 .  Thus, the relationship 

between IL-6, CRP and measures of visceral fat mass requires further investigation. 

The effect of HT type on inflammatory markers was also examined at baseline and 

reported in the first manuscript. The effect of HT on IL-6 and CRP appears to be dependent 

on the type of hormone therapy (unopposed or opposed estrogen) and the method of HT 

administration (oral versus transdermal). Oral HT use is associated with higher CRP levels 

compared to transdermal HT use32, 42, 89, 113, 149, 157, 161. However, reports on the effect of HT 

method on circulating IL-6 levels have been conflicting. The effect of oral opposed versus 

oral unopposed HT on IL-6 and CRP has also been disputed. Some studies reported greater 

CRP values in women taking unopposed HT (estrogen only) compared to women taking 

opposed HT (estrogen and progesterone). However, others found no significant differences 

between the two methods of oral HT. Our study examined IL-6 and CRP levels in women 

taking unopposed oral HT, opposed oral HT and transdermal HT and compared them to 

women not taking any form of HT. 

The relationships between markers of inflammation to body composition and fat 

distribution were examined separately in HT users and non-users to determine differences 

between these two populations of women.  Postmenopausal women taking HT experience an 

increase in lean body mass and a decrease in total fat mass and abdominal fat mass8, 15, 136

while women not taking HT experience an increase in total and abdominal fat mass 

compared to premenopausal women75.  The menopausal related changes in body composition 

and fat distribution may affect circulating inflammatory markers8, 15, 136 because IL-6 is 

produced in part by adipose tissue91. Thus, it is possible that the effects of HT on 
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inflammatory markers are mediated by changes in body composition that occur as a result of 

HT use and these changes may in turn affect CVD risk. Oral HT use increases hepatic CRP 

expression, which could amplify systemic inflammation by activating the complement 

pathway. In contrast, HT related changes in body composition could partially ameliorate 

systemic inflammation. Few studies have examined the relationships among inflammatory 

markers, body composition, and fat distribution in HT users compared to non-users.

The second manuscript examined the effect of a 12-month resistance-training 

program on IL-6 and CRP accounting for changes in body composition.  Most longitudinal 

studies measured the effect of endurance training, rather than resistance training, on 

inflammatory markers and found a decrease in IL-63, 159 and CRP82, 88, 133, 154, 159 after training.  

A few studies examined the effect of resistance training on inflammatory markers and 

reported no change in IL-620, 70, 116 in elderly men and women. There is very little evidence 

on the effect of resistance training on CRP.  One cross sectional study110 demonstrated an 

inverse association between reported physical activity and circulating CRP levels in a large 

cohort of men and women (>18 years old), but found no difference based on type of exercise 

(endurance exercise versus weight lifting). One longitudinal weight loss study97 that tested 

the effects of diet, exercise and the interaction of diet and exercise in modulating IL-6 and 

CRP levels in older overweight, sedentary men and women reported no exercise-related 

changes is IL-6 and CRP levels.  This is the only study examining inflammatory markers that 

included resistance training in their exercise intervention. Thus, the effects of resistance 

exercise on systemic inflammation need to be investigated further because resistance training 

is recommended for prevention of osteoporosis in women, for prevention of sarcopenia and 

for improved muscle strength and function in the elderly39, 116, 144. In addition, it is not well 
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known whether exercise can reduce inflammation independent of body fat loss. This 

manuscript examined the whether the effect of resistance training on inflammatory markers 

was independent of changes in body fat.

Recently, it has been reported that changes in inflammatory markers in response to 

exercise training are dependent on changes in body composition that usually occur as a result 

of exercise80, 109, 117.  Data from two studies45, 71 suggest that exercise-related differences in 

CRP are independent of differences in BMI.  It is not yet clear whether exercise reduces age-

related increases in inflammatory markers independent of exercise-induced decreases in body 

fat. 

The third manuscript examined the relationship between inflammatory markers and 

total and regional BMD accounting for changes in body composition. IL-6 produced in the 

bone microenvironment is a critical factor that promotes bone remodeling by regulating the 

differentiation and activation of osteoclasts37, 38, 59, 77. A number of studies examined the 

relationship between IL-6 and BMD, but the results have been conflicting1, 127, 128. IL-6 plays 

an important role in mediating inflammation and is the primary stimulant of hepatic C-

reactive protein (CRP) production13, 14.  However, little information is available regarding the 

relationship between CRP and bone and the relationship between IL-6 and CRP in 

influencing bone loss in postmenopausal women. Studies in women with rheumatoid 

arthritis33, 34, 47, 58, Crohn’s disease60, 143 or cystic fibrosis50, 51 reported that elevated CRP 

levels were associated with greater degrees of bone loss. In addition, excess body fat has 

been shown to increase both IL-6 and CRP14, whereas estrogen may up-regulate hepatic CRP 

expression by other mechanisms without necessarily increasing IL-629, 151.  Currently, it is not 

known if CRP is associated with BMD the same way as IL-6 and whether CRP is 
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independently associated with BMD or dependent on other variables that influence bone like 

resistance training, body composition and hormone therapy (HT).  

Resistance training has been shown to be effective in maintenance or gain of bone 

mineral density (BMD) in postmenopausal women46, 69, 99, 155. The problem addressed by few 

investigators, however, is the great inter-subject variability in response to resistance training 

with some subjects that respond to resistance training by increasing their BMD (responders) 

and others that do not respond to resistance training and experience bone loss (non-

responders). Many factors may contribute to these differences in response. Our purpose was 

to determine whether training related changes in inflammatory markers (IL-6, CRP) may 

explain some of the considerable inter-individual variability in the bone response to 

resistance training.

GENERAL STUDY AIMS

The present study was designed to test the hypothesis that low grade chronic 

inflammation would decrease in response to resistance training and the decrease in 

inflammation after 12 months of exercise would lead to increased bone mineral density in 

postmenopausal women using or not using hormone therapy. The study included both cross 

sectional and 12 month longitudinal data. Measurements of serum levels of interleukin-6 (IL-

6) and C-reactive protein (CRP) were made at baseline and 12 months to quantify systemic

inflammation. Statistical analyses were performed to determine the role of resistance training 

on these markers accounting for changes in body composition and the role of inflammation 

on bone density. The cross sectional part of the study was designed to determine the role of 
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body composition and fat distribution on inflammatory biomarkers, IL-6 and CRP, and to 

determine the differences in IL-6 and CRP among hormone therapy (HT) users and non-

users. The longitudinal portion of the study had three specific aims. The first aim was to 

determine the effect of 12 months of resistance training and resulting body composition 

changes on changes in circulating IL-6 and CRP in postmenopausal women. The second aim 

was to determine the relationship between total and regional bone mineral density (BMD) 

and markers of inflammation after 12 months of resistance training in subjects using or not 

using HT. The third aim of this study was to determine whether the inter-subject variability 

in BMD response to resistance training could be explained by varying levels of inflammatory 

markers in the women that participated in resistance training. In addition to the 

measurements of inflammatory markers, creatine kinase (CK) was measured to clarify 

whether the last exercise bout prior to the 12-month blood draw affected measurements of 

circulating IL-6 and CRP levels. 

SIGNIFICANCE

This dissertation includes longitudinal data from the BEST study, a one-year exercise 

intervention study in postmenopausal women designed to assess the effect of resistance 

training on BMD. This project measured markers of inflammation, IL-6 and CRP, in order to 

determine cross sectional and longitudinal relationships between these markers and measures 

of body composition and bone mineral density changes in response to one year of resistance 

training. The effects of HT use on IL-6 and CRP were also measured to determine 

differences in IL-6 and CRP between different HT types. Recent studies reported greater 

CRP values in women taking HT but very few examined the relationship between IL-6 and 
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HT use. In addition, oral HT but not transdermal HT use has been reported to increase CRP 

levels because of the proposed hepatic first pass effect of oral HT on increased CRP 

expression. The effect of oral HT on IL-6 is not yet clear and there is a lack of data on the 

effect of transdermal HT on IL-6 levels. 

Most longitudinal studies to date that examined the effect of exercise on inflammation 

used endurance training, rather than resistance training, in their intervention. There is a lack 

of data on the effect of resistance training on inflammatory markers. Thus, our study makes 

an important contribution to the literature by examining exercise effects in postmenopausal 

women. Postmenopausal women in particular, are of great interest, because their risk for 

cardiovascular disease and osteoporosis is increased compared to premenopausal women. 

Resistance training is often recommended for prevention of osteoporosis in this population, 

thus it was important to determine how this type of exercise affects their CVD risk by 

examining markers of inflammation. Markers of inflammation, indirect measures of CVD,

have been shown to be strong predictors of CVD risk. Endurance training studies have also 

reported that the exercise effects on inflammatory markers may be mediated by changes in 

body composition that occur as a result of exercise. The present study measured changes in 

body composition and tested whether the changes in inflammatory markers in response to 

one year of resistance training were independent of changes in body composition.  

In addition to examining the change in inflammatory markers, we also studied the 

association of changes in IL-6 and CRP with changes in bone density. The relationship of IL-

6 to bone density in postmenopausal women has been reported by a few studies but the 

relationship of CRP to BMD has not been studied in healthy postmenopausal women. 

Although IL-6 stimulates hepatic CRP production, it is not known if CRP is independently 
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associated with BMD. Our study also includes an analysis of inter-subject variability in bone 

response to resistance training. Within the exercise group, there was a great range of 

responses including some women who gained bone density (responders) while some women 

lost bone density (non-responders) despite a high intensity resistance-training program. In 

this study we examined whether inflammatory markers account for some of the observed 

variability in bone response to resistance training. 
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REVIEW OF LITERATURE

Inflammation, cardiovascular disease and osteoporosis

Cardiovascular disease (CVD) and osteoporosis are major public health problems for 

women. CVD is the leading cause of death in women of all races25 and osteoporosis that 

leads to fractures is a major cause of disability among people 65 years or older24.  In the U.S. 

there are 1.5 million fractures in women annually4, 23, 85 and women sustain 75-80% of all hip 

fractures24.  Thus, women face a significant risk for both CVD and osteoporosis compared to 

men. In addition, bone loss that can lead to osteoporosis and fractures, accelerates after 

menopause, particularly in the first five years following cessation of menstruation23, 85. The 

prevalence of CVD also increases after menopause, increasing from 48% between ages 55-64 

to 65% in women aged 65-74 and 79% in women over the age of 745. Thus, postmenopausal 

women face a greater risk of CVD and osteoporosis compared to premenopausal women.

Many major CVD risk factors such a smoking, obesity, and inactivity are well known. 

However, more recently inflammatory markers have been added to the risk profile and 

potentially explain much of the link between obesity, physical inactivity and cardiovascular 

disease122. This relationship may be particularly important in postmenopausal women who 

experience a sharp increase in CVD risk after menopause. Postmenopausal women also 

increase abdominal fat deposition and demonstrate increased systemic inflammation 

compared to premenopausal women62, 75.

Systemic inflammation refers to a set of reactions that occur after most tissue injuries 

or infections. During infections, systemic inflammation increases to a great extent and helps 

in the defense against pathogens. However, in the absence of infection or tissue injury, the 
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inappropriate activation of inflammatory responses has been associated with 

atherothrombosis, type-2 diabetes mellitus, and osteoporosis. Chronic low grade systemic 

inflammation refers the slight elevation in inflammatory markers that occurs chronically in 

the absence of infection or injury. 

The characterization of CVD as an inflammatory disease includes pro-inflammatory 

cytokines interleukin-6 (IL-6) and the acute phase protein C-reactive protein (CRP). In a 

recent study, Ridker et al121 demonstrated that CRP is a strong predictor of future 

cardiovascular events in currently healthy women and is independent of traditional CVD risk 

factors. IL-6 has also been shown to predict future myocardial infarctions but was not as 

strong a predictor of CVD as CRP16, 18, 122. In addition, CRP has been reported to be involved 

in the initiation of plaque formation146, 160 and in foam cell formation160 that can lead to

progression of atherosclerosis. Additionally, CRP has been linked to plaque destabilization 

and rupture that can lead to acute coronary events.

Recently, osteoporosis has been described as an inflammatory disease because 

proinflammatory cytokines are believed to play an important role in the pathogenesis of the 

disease. Cytokines are local intracellular mediators that are produced in the bone 

microenvironment and may influence bone remodeling by regulating the differentiation as 

well as activity of osteoclasts and osteoblasts38, 59, 77, 127. The decline in ovarian function with 

menopause is associated with spontaneous increases in proinflammatory cytokines. 

Experimental and clinical studies support a link between the increased state of 

proinflammatory cytokine activity and postmenopausal bone loss108.

In order to better understand the relationship between systemic inflammation and the 

risk for cardiovascular disease and osteoporosis, CRP and IL-6 were measured in 
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postmenopausal women that participated in the Bone Estrogen Strength Training (BEST) 

study. Resistance training and hormone therapy (HT) have been recommended for prevention 

and treatment of osteoporosis144. Recently, the Women’s Health Initiative reported an 

increased risk of cardiovascular events including coronary events81, stoke153 and progression 

of peripheral disease56 in women undergoing HT. These findings lead to cessation of the 

Estrogen plus Progestin and Estrogen only treatment trials11, 55. Thus, the goal of the present 

study was to determine the relationship between inflammatory markers, IL-6 and CRP, and 

HT; the effect of resistance training on inflammatory markers and the relationship between 

changes in inflammatory markers and change in BMD after 12 months of resistance training.

Interleukin-6 structure and function

Interleukin-6 (IL-6) is a multifunctional cytokine that activates target genes involved 

in differentiation, survival, apoptosis and proliferation 147. IL-6 has important functions in 

hematopoiesis, and in the innate immunological response to injury, infection and malignant

neoplasia52 107. IL-6 binds to a plasma membrane receptor complex containing the signal 

transducing receptor chain gp130 (glycoprotein 130). Binding of IL-6 to its membrane-bound 

receptor leads to activation of JAK (Janus Kinase) and MAPK (mitogen activated protein 

kinase) cascade that leads to activation of transcription factors52. Due to its multifunctional 

characteristics, dysregulation of IL-6 has been implicated in the pathology of many diseases 

including atherothrombosis, type-2 diabetes mellitus, and osteoporosis131. 

IL-6 has been classified as both a pro- and anti-inflammatory cytokine, but the recent 

view is that IL-6 has primarily anti-inflammatory effects. IL-6 is produced in response to 

stimulation by IL-1 which in turn is elevated in the presence of tumor necrosis factor α
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(TNF-α ).  IL-6 directly inhibits the expression of TNF-α and IL-1104. IL-6 is a potent inducer 

of IL-1 receptor antagonist (IL-1ra) which blocks IL-1 receptors and exerts anti-

inflammatory activity by preventing signal transduction of the pro-inflammatory IL-1104.  IL-

6 is a known stimulator of acute phase proteins including C-reactive protein production by 

the liver and has been shown to be the principal inducer of the CRP gene148. IL-6 is produced 

locally in response to tissue injury or inflammation and is the primary link between the local 

inflammatory response and the systemic acute phase response104.  Normally, the acute phase 

response helps to fight infection or heal injury but when subclinical systemic inflammation 

becomes chronic, it may result in vascular endothelial damage. 

IL-6 is produced by many different cells but the primary sources of IL-6 are 

stimulated monocytes/macrophages, fibroblasts and vascular endothelial cells6. Other cells 

that express IL-6 include leukocytes, keratinocytes, osteoblasts, smooth muscle cells6, 

skeletal muscle cells93, and adipose tissue91.

Clinical interpretation of Interleukin-6 values

IL-6 has been reported to increase after acute myocardial infarction due to 

accumulation of leukocytes and monocytes in the infarcted area57. However, IL-6 is not 

usually used clinically for diagnosis of myocardial infarctions because it is not specific to the 

myocardium and may be affected by complications due to infections57. The study by Ikeda57

reported that peak IL-6 values were reached 2 days after an acute myocardial infarction, 

following an observed peak increase in CK values. 
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C-reactive protein structure and function

C-reactive protein is a pentamer composed of five identical nonglycosylated polypeptide 

subunits, each containing 206 amino acid residues107. CRP is an acute phase plasma protein 

that increases in concentration in response to infection and tissue injury148. During the acute 

phase response a number of proteins including CRP are synthesized and secreted under the 

control of cytokines produced at the site of pathology. Tissue injury stimulates release of 

local cytokines like TNFα, and IL-1 which stimulate systemic release of IL-6. IL-6 is the 

major cytokine that travels to the liver and induces synthesis of CRP from the hepatocyte. IL-

6 is the principal inducer of the CRP gene by stimulating transcription in the hepatocyte. 

During the acute phase response, CRP levels can increase up to 1000 fold within 24-48 

hours148. The role of CRP during the acute phase response is to opsonize bacteria and 

damaged tissue cells and initiate the classical complement pathway that can lead to formation 

of the membrane attack complex and cytolysis of the pathogen or damaged tissue cell 148. 

CRP binds to phosphocholine, a constituent of many bacterial and fungal polysaccharides 

and most biological membranes. Once CRP binds to phosphocholine on the damaged cell, 

complement protein 1 (Cq1) is activated which leads to activation of the classical 

complement pathway. The CRP-ligand complex can activate the classical complement 

pathway to the same extent as an antibody-antigen complex148. 

In addition to its role in immunity, CRP has been demonstrated to be a predictor of 

future atherothrombotic events including coronary events, stroke and progression of 

peripheral disease17. CRP is an independent predictor from blood lipid levels and has been 

shown to improve prediction models when included in conjunction with lipid levels66. The 

Women’s Health Study found that 77% of cardiovascular events occurred in women with
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low density lipoprotein (LDL) cholesterol levels <160 mg/L17. The Framingham Heart Study 

found that 33% of patients with coronary artery disease had total cholesterol levels <200 

mg/L. Blake and Ridker17 reported that elevated CRP levels may help identify subjects with 

excess cardiovascular disease risk who have normal LDL and/or total cholesterol levels.  

More recent studies have found that CRP may be not only be a predictor of CVD but also an 

enhancer of the process of plaque formation. In animal models and cell cultures, CRP 

induced transcription of NF-kB, chemokines and adhesion molecules, factors that are 

involved in initiation of the plaque formation process146, 160. CRP has also been shown to be 

important in the process of foam cell formation by facilitating the uptake of LDL by 

macrophages160. Thus, CRP plays an important role in innate immunity but a harmful role in 

cardiovascular disease by possibly enhancing the initiation and progression of atherosclerosis

and the weakening of the plaque fibrous cap, which can lead to plaque rupture and acute 

thrombotic events. 

Clinical interpretation of C-reactive protein values

According to the American Heart Association and the Centers for Disease Control, 

interpretation of CRP values should be as follows: values <1.0 mg/L are indicative of low 

cardiovascular disease risk; values between 1.0-3.0 mg/L are indicative of moderate 

cardiovascular disease risk; and values >3.0 mg/L are indicative of high cardiovascular 

disease risk. CRP values greater than 10.0 mg/L are consistent with an acute phase response 

and may not be an accurate predictor of cardiovascular disease risk. When CRP levels are 

above 10.0 mg/L, it is recommended that the patient have their CRP values re-tested one 

week later to obtain a baseline CRP value. The CRP value in the absence of an acute phase 
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response can be used as a predictor of cardiovascular disease risk because it signifies chronic 

sub-clinical inflammation that is highly correlated with the extent of atherosclerosis107. 

Interleukin-6, C-reactive protein and hormone therapy

Conflicting results have been reported on the effect of hormone therapy (HT) on 

inflammatory markers. The effect of HT on IL-6 and CRP appears to be dependent on the 

type of hormone therapy (unopposed or opposed estrogen) and the method of HT 

administration (oral versus transdermal). A prospective analysis from the Women’s Health 

Initiative (WHI)112 found no association between HT use and IL-6 levels. These results have 

been supported by other studies67, 79, 114 however, three studies19, 54, 150 found an increase in 

circulating IL-6 levels in response to oral HT use while two studies128, 130 found that IL-6 

decreased after oral HT.  These conflicting results might be due to differences in study 

populations, sample sizes, HT formulations, HT doses or routes of HT administrations (oral 

vs. transdermal). Although two studies on the effect of transdermal HT on circulating IL-6 

levels found that IL-6 was not affected by transdermal HT use149, 161, it is not clear to what 

extent previous findings have been affected by the inclusion of both oral and transdermal HT 

users in the same group.

Findings on the effect of oral HT on CRP levels have been more consistent.  

Numerous studies reported that HT users had higher circulating CRP levels compared to non -

users44, 54, 78, 79, 114, 150, 152, 158 and that oral HT use was associated with higher CRP levels 

compared to transdermal HT use32, 42, 89, 113, 149, 157, 161. The Women’s Health Study, a large 

cohort study of postmenopausal women found that median CRP levels were twice as high in 
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women undergoing oral HT compared to controls68, suggesting that HT could potentially 

increase CVD risk. In a clinical trial by Cushman et al30 it was reported that oral HT had a 

pro-inflammatory effect by increasing serum CRP in postmenopausal women. The WHI 

found an increase risk of atherothrombotic events in women assigned to the oral Estrogen 

plus Progestin and the oral Estrogen only treatment arms. Although the WHI did not report 

inflammatory markers, these findings suggest that oral HT may precipitate acute 

atherothrombotic events by increasing CRP levels in older postmenopausal women with 

subclinical CVD30, 31, 123, 145.  In addition to the effects of HT on inflammatory markers, HT 

has also been shown to modify body composition. Studies reported an increase in lean body 

mass and a decrease in fat mass after HT use. These changes in body composition may affect 

circulating inflammatory markers8, 15, 136 because IL-6 is produced in part by adipose tissue91. 

Thus, it is possible that the effects of HT on inflammatory markers are mediated by changes 

in body composition that occur as a result of HT use and these changes may affect CVD risk. 

Interleukin-6, C-reactive protein and body composition

As mentioned above, CRP is an acute phase protein synthesized in the liver under the 

primary control of IL-653, 103.  Since about 30% of circulating IL-6 is produced by adipose 

tissue91 it is not surprising that the obese have higher plasma IL-664, 65 and higher serum CRP 

levels65 than lean individuals. In addition, strong correlations between elevated IL-6 and high 

BMI90, 91, 120, 138, total fat mass90, 91, 138 and waist circumference120 have been found. Similar 

relationships have been demonstrated for elevated CRP and high BMI49, 74, 120, total fat 

mass74 and waist circumference49, 73, 74, 120. 
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In addition to cross sectional associations between markers of inflammation and 

measures of body fatness, weight loss studies have reported that reductions in body weight 

are accompanied by reductions in circulating IL-6 and CRP levels in postmenopausal 

women125, 140. Most weight loss studies, whether they included caloric restriction alone12, 125

or caloric restriction coupled with increased caloric expenditure report reductions in 

circulating inflammatory markers after weight loss. These findings are consistent with the 

interpretation that diet and exercise-related reductions in fat cell size may reduce fat cell 

production of IL-6, thereby reducing circulating IL-6 levels which serve as the primary 

stimulator of hepatic CRP production. Thus, diet and exercise-related reductions in 

circulating CRP levels are likely mediated by diet and exercise-related reductions in IL-6 

levels.

Interleukin-6, C-reactive protein and body fat distribution

Visceral (intra-abdominal) fat, independent of total fat mass, has been associated with 

increased risk for cardiovascular disease35, 72, 115, 119. Postmenopausal women experience an 

increase in intra-abdominal fat deposition compared to premenopausal women75, thereby

increasing their risk for type-2 diabetes mellitus and CVD. The intra-abdominal fat-related

increases in type-2 diabetes mellitus and CVD risk may, at least in part, be explained by the 

greater production of IL-6 in intra-abdominal as compared to subcutaneous fat cells. 

However, the respective contribution of visceral fat versus total fat to inflammatory markers 

has been disputed. Pedersen106 studied the role of relative trunk fat mass (trunk fat mass 

divided by total fat mass) on plasma IL-6 in elderly men and women and found that relative 

trunk fat was associated with plasma IL-6 after adjusting for age and gender. Saijo et al126
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also reported that CRP was more strongly associated with measures of visceral obesity (waist 

circumference and visceral adipose tissue accumulation from CT) than with BMI and total fat 

mass, but found no association between IL-6 and obesity or between IL-6 and CRP in this 

population of Japanese men and women126. 

The role of HT in modulating changes in body composition and body fat distribution 

may affect circulating IL-6 and CRP levels in postmenopausal women. Recent studies have 

demonstrated that HT leads to changes in body composition and in body fat distribution. 

Postmenopausal women taking HT experience an increase in lean body mass and a decrease 

in total fat mass and abdominal fat mass8, 15, 136 while women not taking HT experience an 

increase in total and abdominal fat mass compared to premenopausal women75.  In a placebo-

controlled crossover study, healthy postmenopausal women on oral opposed HT, experienced 

a decrease in total fat mass and abdominal fat mass and an increase in lean body mass 

measured by DXA after only 3 months of hormone therapy136. 

Creatine kinase, muscle damage and clinical interpretation of values

Creatine kinase (CK) is an enzyme that plays a key role in cellular energetics9. CK 

catalyzes the transfer of high energy phosphate between creatine phosphate and ADP to 

synthesize ATP and creatine9. There are three different isoforms of this enzyme based on the 

protein subunits (M or B) it contains: 1) CK-MM is produced primarily by skeletal muscle; 

2) CK-MB is produced primarily by cardiac muscle; and lastly 3) CK-BB is produced 

primarily by brain and smooth muscle (and will not be discussed in this dissertation). In 

adults, 99% of CK activity in skeletal muscle is from CK- MM. CK-MM also accounts for 

70-85% of total CK activity in cardiac muscle. CK-MB accounts for 15-30% of total CK 
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activity in cardiac muscle and 1% of total activity in skeletal muscle. The molecular structure 

of these large proteins (CK-MM, CK-MB) prevents them from being released from tissues 

into the circulation unless muscle membrane damage occurs. The presence of greater 

concentrations of these molecules in circulation is used to diagnose and evaluate muscle 

damage129. CK levels can be grossly elevated (3000-3500 U/L) in muscular disorders like 

Duchene muscular dystrophy or inflammatory myopathies84. In addition, acute myocardial 

infarctions are usually diagnosed based on a rise in serum CK activity in addition to 

persistent chest pain and electrocardiogram ST segment changes. Because total CK is not 

specific to the myocardium, CK-MB is usually measured and reported as a ratio of CK-MB 

to total CK to avoid misdiagnosis due to skeletal muscle damage.  A ratio of CK-MB to CK 

that is greater than 5% is indicative of a myocardial infarction but can still be misleading if a 

patient was involved in extremely strenuous exercise (i.e. marathon). However, in healthy 

individuals free of muscular disorders and cardiovascular disease, total CK has been used as 

an indirect marker of skeletal muscle damage after acute exercise63. 

CK activity is higher in men than women at rest and after bicycle exercise63. In 

females, total CK values range between 10-79 units per liter (U/L) compared to 17-148 U/L 

in males. This has been attributed to differences in estrogen levels between men and women

and to sex-related differences in skeletal muscle mass.  In addition, total creatine kinase 

levels were studied in premenarchal and postmenarchal teenagers, mature premeopausal 

women, pregnant women (in the first 16 weeks) and postmenopausal women22 to determine 

differences in CK in women with different estrogen levels. CK levels were highest in 

premenarchal teenagers and became progressively lower in postmenarchal teenagers, mature 

premeopausal women and pregnant women. CK levels were higher in postmenopausal 
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compared to premenopausal and postmenarchal teenagers but were lower compared to 

premenarchal teenagers. This study suggests that estrogen may play a protective role in 

membrane stability and may lead to decreased serum CK levels. The fact that CK levels were 

lower in postmenopausal women compared to premenarchal teenagers may be due to higher 

estrogen levels in some of the postmenopausal women who may have been using HT22.  

Unfortunately, circulating estrogen levels were not measured and HT use was not reported in 

this study22. 

Effect of Exercise on Interleukin-6, C-Reactive Protein and Creatine Kinase

Introduction

The effect of exercise on IL-6, CRP and CK is described separately for acute exercise 

and for chronic exercise. Acute exercise was defined as one exercise bout in which 

measurements were made before and after the exercise session and at different intervals after 

the cessation of exercise. Chronic exercise was defined as numerous exercise bouts that occur 

over a more prolonged period of exercise training. Under the chronic exercise effects 

subheading, I will include studies that examined cross sectional differences in biomarkers 

between habitual exercisers and non-exercisers and longitudinal studies that examined 

differences in biomarkers post-training as compared to pre-training. The effect of acute 

exercise on skeletal muscle damage and on the ensuing inflammatory response to exercise is 

important for determining whether chronic, training-related adaptations in basal CK, IL-6 

and CRP are possible. Alternatively, if the time between the last exercise training bout and 

the final blood draw is insufficient, then any apparent training-related changes may be caused 

by the transient effects of the last bout of exercise. Because this study was a retrospective 
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analysis on stored serum samples from the BEST study, the period of time between the last 

exercise session and the 12-month blood draw was not controlled. Thus, we assessed whether 

the magnitude of the 12-month changes in CK, IL-6 and CRP were affected by the number of 

days between the most recent bout of exercise and the final blood draw.

Interleukin-6, C-reactive protein, exercise and coronary artery disease

Exercise has been associated with a reduced risk of coronary artery disease (CAD)111. 

However, the mechanisms underlying this association are unclear. Because CAD is 

increasingly seen as an inflammatory process124, it is possible that physical activity reduces 

the risk of CAD by reducing or preventing inflammation. In CAD, pro-inflammatory 

cytokines like interleukin-6 (IL-6) respond to vascular injury by stimulating an acute phase 

response by the liver that leads to an increase in circulating concentrations of C-reactive 

protein (CRP). Today, CRP is recognized as an important marker and amplifier of vascular 

inflammation156. 

Interleukin-6, C-reactive protein – Acute exercise

Studies have shown that IL-6 peaks immediately after exercise87, 92, 100, 105 and returns 

to pre-exercise levels when measured at 24 hours post-exercise87. However, the exact time 

course of IL-6 change after one acute bout of exercise is dependent on the type of exercise, 

the intensity and the duration of exercise. One study reported that IL-6 levels peaked at 24 

hours post-exercise after resistance training consisting of 4 sets of 12 repetitions of the 

eccentric phase of bench press and leg curl at 100% of one repetition maximum134. IL-6 

values remained elevated above pre-exercise levels until 72 hours after exercise. This 
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study134 included a small sample (N=6) of college age males but it is one of the few studies 

that measured multiple time points after exercise to determine the time course of IL-6 after a 

single bout of resistance exercise. 

Data on the time course of CRP change after one bout of exercise is sparse. A few 

studies36, 87, 132 reported that CRP was still elevated above pre-exercise levels 24 hours after 

an endurance exercise session.  One study36 reported that CRP levels were significantly 

elevated at 24 hours after a 5 km run, and returned to pre-exercise levels at 48 hours after the 

run. The time course of CRP change after acute resistance training exercise is not currently 

known. 

Interleukin-6, C-reactive protein – Chronic exercise

At present, there is evidence from cross-sectional studies, which suggests an inverse 

relationship between markers of inflammation (IL-6, CRP) and reported physical       

activity2, 7, 40, 45, 109, 118, 137, 139. These studies included middle-aged and older men and women. 

Two studies reported that the association between higher physical activity levels and lower

IL-6 and CRP levels was no longer significant after adjusting for body mass index (BMI)45, 

109. 

Some reports suggest that exercise related changes in inflammatory markers are 

dependent on changes in body composition80, 109, 117. For instance, Manns et al80 reported that 

physical activity related differences in CRP were dependent on the lower amounts of body fat

among their more active postmenopausal women. Another cross sectional study117 reported

that lower body mass index (BMI) and not physical activity was associated with circulating 

CRP. By contrast, data from a two  studies45, 71 suggest that exercise-related differences in 
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CRP are independent of differences in BMI .  It is not yet clear whether exercise is capable of 

reducing circulating inflammatory markers independent of its contribution to weight and/or 

body fat control. 

Most longitudinal studies that examined the effect of exercise on inflammatory 

markers focused on endurance training, rather than resistance training. A number of 

longitudinal studies that measured the effect of endurance training on inflammatory markers 

reported reductions in IL-6159 and CRP133, 154, 159 after training.  However, these studies 

included diet and exercise in their intervention154, 159, were of short duration154 or did not 

account for changes in body composition133. Therefore, despite the presence of experimental 

evidence supporting endurance training-related reductions in IL-6 and CRP133, 154, 159, it is not 

yet known whether exercise, per se, may reduce systemic inflammation independent of 

weight and/or body fat loss, which can also be achieved by diet.

Studies that examined the effect of resistance training on inflammatory markers 

reported no change in IL-620, 70, 116 in elderly men and women. By contrast, Greiwe48 studied 

the effect of 3 months of resistance training on TNFalpha, a known stimulator of IL-6, and 

found a decrease in TNFalpha after resistance training in frail elderly men and women. An 

interesting study on the effect of testosterone replacement and resistance training in elderly 

men found that subjects who were not involved in resistance training had lower IL-6 values 

after 12 weeks compared to subjects who performed resistance training regardless of their 

testosterone replacement status70. 

There are few studies that have examined the relationship between resistance training 

and circulating CRP levels.  Pitsavos 110 demonstrated an inverse association between 

reported physical activity and circulating CRP levels in a large cohort of men and women 
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(>18 years old), but found no difference based on type of exercise (endurance exercise versus 

weight lifting). One longitudinal weight loss study 97 that tested the effects of diet, exercise 

and the interaction of diet and exercise in modulating IL-6 and CRP levels in overweight, 

sedentary men and women (>60 years) reported that IL-6 and CRP values were not affected 

by exercise. Thus, the effects of resistance exercise on systemic inflammation need to be 

investigated further because resistance training is recommended for prevention of 

osteoporosis in women, for prevention of sarcopenia and for improved muscle strength and 

function in the elderly 39, 116, 144. The present study will also test whether the changes in 

inflammatory markers that take place after 12 months of resistance training are independent 

of changes in body composition. 

Creatine kinase - Acute exercise

CK levels peak between 8 and 24 hours after an acute bout of exercise 21, 98, 142. One 

study that measured CK levels in postmenopausal women after one bout of isometric 

exercise consisting of 40 maximal effort repetitions reported that CK values (75 ± 20 U/L) 

peaked at 24 hours post-exercise. CK levels declined at 48 and 72 hours but remained 

elevated above pre-exercise levels at 72 hours post-exercise. The effect of acute exercise on 

CK levels is dependent on the type of muscle contraction (concentric, isometric or eccentric) 

and the intensity and duration of the exercise. In addition, the effect of exercise on CK levels 

is greater when the exercise performed is novel 27 because it can cause more muscle damage 

compared to routine exercise to which the subject has adapted 27. Some studies reported a 

greater inflammatory response to muscle damaging eccentric exercise than to concentric 

exercise 28, 104 and to high intensity than to low intensity exercise 28, 101, 104. Newham et al 95
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designed a stepping exercise in which one leg always stepped eccentrically and the other leg 

always stepped concentrically. In this study, subjects reported pain and soreness in the 

eccentric leg but not in the concentric leg. In addition, eccentric exercise resulted in 

disruption of sarcomere architecture and alterations in membrane permeability resulting in 

CK efflux from the muscle cell 96. A recent study that measured CK levels in collegiate 

athletes found that CK levels were higher after weight training compared to running 

exercise141.

Increases in both exercise duration and intensity increase post-exercise CK values,

but intensity seems to be more important than duration. Tiidus and Ianuzzo 142 reported that a

high-intensity short-duration bout of exercise increases CK levels more than a low-intensity, 

long-duration bout of exercise at a constant amount of total work. However, extremely long 

bouts of low-to-moderate intensity exercise can also increase post-exercise circulating CK 

levels142. 

Creatine kinase - Chronic exercise

Information about CK levels after training is not available. Based on results from 

acute exercise studies, it can be speculated that CK levels during a regular training regimen 

would be elevated since it has been reported that CK values were still elevated above pre-

exercise levels at 72 hours post-exercise 21. It has been reported that repeated bouts of the 

same exercise lead to a lessening of the CK response recorded after the first exercise 

bout 27, 94.  
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Interleukin-6, C-reactive protein, and Creatine Kinase interactions with exercise

In our study we measured IL-6 and CRP to determine chronic changes in these 

markers that occur with training. However, this was a retrospective analysis on stored serum 

samples from the BEST study, thus the period of time between the last exercise session and 

the 12-month blood draw was not controlled. This presented a problem because IL-6 and 

CRP levels can become elevated acutely in response to one bout of exercise. If IL-6 and CRP 

levels were increased because of the last exercise session, we would not be able to detect 

chronic (training related) changes in these markers. 

As mentioned above, studies have shown that IL-6 peaks immediately after 

exercise 87, 92, 100, 105 and returns to pre-exercise levels when measured at 24 hours post-

exercise 87. However, one study reported that IL-6 levels peaked at 24 hours after one 

resistance training session 134. IL-6 values remained elevated above pre-exercise levels for 72 

hours after exercise. This study 134 included a small sample (N=6) of college age males rather 

than postmenopausal women and it is the only study the examined the acute exercise effect 

of resistance training. Thus, it is difficult to determine whether these results apply to 

postmenopausal women and whether the same time course would be seen for lower intensity 

exercise.

Studies that determined the time course of CRP change after one bout of exercise are 

sparse. One study 87 measured CRP before and after one bout of anaerobic cycling and again 

at 24 hours post exercise and found that CRP was still elevated above resting levels at 24 

hours post exercise. However, this study did not measure CRP levels at earlier or later time 

points to determine peak CRP timing. One study 36 reported that CRP levels were not 

elevated at 3 hours after a 5-km run, were significantly elevated at 24 hours and returned to 
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pre-exercise levels at 48 hours post-exercise. However, the time course of CRP change after 

one session of resistance training is not yet known. 

Subsequently, we did not know how long it would take for IL-6 or CRP levels to 

return to rest or for the acute effects of exercise to wear off.  In order to sort out chronic 

versus acute IL-6 and CRP increases after exercise, we measured plasma CK levels to 

determine whether there was a consistent or individualized trend towards increasing muscle 

damage with the 12-months of progressive intensity resistance training. Buckley-Bleiler 

et al 21 measured circulating CK before exercise and at 6, 24, 48 and 72 hours after a bout of 

isometric exercise and found that CK peaked at 24 hours post exercise. Because the time 

course of CK change after acute exercise is better established, we measured this enzyme to 

determine whether our IL-6 and CRP results were being affected by the last acute exercise 

bout. 

Interleukin-6, C-reactive protein and bone mineral density

Osteoporosis has been described as an inflammatory disease because pro-inflammatory 

cytokines, like IL-6, are believed to play an important role in the pathogenesis of the disease. 

IL-6 produced in the bone microenvironment is a critical factor to promote bone remodeling 

by regulating the differentiation and activation of osteoclasts 37, 38, 59, 77. Parathyroid hormone 

(PTH) stimulates IL-6 production by the osteoblast while estrogen has been shown to block 

IL-6 production by inhibiting the effects of PTH 38, 77. After menopause, when estrogen 

levels decline, the effects of PTH are unopposed and IL-6 levels increase 38. Circulating IL-6 

concentrations also rise with age 61, 83.  In addition, the decline in ovarian function after 

menopause has been associated with increased serum IL-6 production that is associated with 



40

increased bone resorption and bone loss 128. One study 128 found that elevated circulating IL-

6 predicted femoral bone loss in early postmenopausal women. A similar relationship was 

found for the effect of serum IL-6 on vertebral bone loss but the association was less 

consistent 128. The relationship between IL-6 and bone loss was not significant in women that 

were past the first decade of menopause. This observational study 128 did not include women 

on HT in their longitudinal analysis due to small sample size and did not test the role of 

exercise in modulating the relationship between IL-6 and bone loss. In a  cross sectional 

study, Papadopoulos et al 102 found significant inverse correlations between IL-6 and lumbar 

spine and femur neck BMD but not femur trochanter BMD in a small sample (N=24) of 

postmenopausal women. Cross sectional relationships between BMD and inflammatory 

markers are not sufficient to determine causal relationships. Longitudinal studies, like the one 

herein, are needed to understand whether IL-6 changes are related to changes in BMD.  In 

addition, the role of these markers in modulating BMD was studied because circulating 

markers may not reflect local changes within the bone microenvironment. Relationships 

between IL-6 and regional BMD may also differ by site possibly due to differences in 

proportion of trabecular and cortical bone. Trabecular bone is more metabolically active and 

sites that are rich in trabecular bone (i.e. lumbar spine) may be more strongly related to 

changes in circulating inflammatory markers. 

As mentioned earlier, IL-6 plays an important role in mediating inflammation and is the 

primary stimulant of hepatic CRP production 13, 14.  Estrogen has been shown to up-regulate 

hepatic CRP production 29.  However, little information is available regarding the 

relationship between CRP and bone and the relationship between IL-6 and CRP in 

influencing bone loss in postmenopausal women. Studies in women with rheumatoid 
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arthritis 33, 34, 47, 58, Crohn’s disease 60, 143 or cystic fibrosis 50, 51 found an adverse association 

between elevated CRP and bone loss.  In addition, excess body fat has been shown to 

increase both IL-6 and CRP 14, whereas estrogen may up-regulate hepatic CRP expression by 

other mechanisms without necessarily increasing IL-6 29, 151.  Perhaps this is one reason why 

HT increased coronary artery disease risk yet reduced fracture risk in the Women’s Health 

Initiative 10. For instance, if IL-6, but not CRP is the true stimulator of osteoclastic activity, 

then the benefits of exogenous estrogen (HT) on reducing osteoclastic activity may be 

unopposed because HT selectively increases CRP but may not change IL-6.  By contrast, in 

the vasculature, CRP increases a number of factors that contribute to atherogenesis and 

thrombosis. Currently, it is not known if CRP is associated with BMD the same way as IL6 

and whether CRP is independently associated with BMD or dependent on other variables that

influence bone like resistance training, body composition and HT.

 Creatine kinase and bone mineral density

Evidence of the role of CK in bone metabolism is sparse. CK may be involved in 

energy metabolism in the osteoblast during periods of bone mineralization 43. There is also 

some evidence from human bone-derived cell cultures that CK activity is stimulated by 

estrogen 41. In addition, a study measuring CK activity in rat bone found that CK activity was 

stimulated by 17-beta-estradiol in a dose and time dependent manner 135. However, the role 

of estrogen on CK activity in bone and the relationship between BMD and circulating CK in 

human subjects is not known. 
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Bone responders and non-responders to resistance training

Resistance training has been shown to be effective in maintenance or gain of bone 

mineral density (BMD) in postmenopausal women 46, 69, 99, 155. The problem addressed by few 

investigators, however, is that there is great inter-subject variability in response to resistance 

training with some subjects that respond to resistance training by increasing their BMD 

(responders) and others that do not respond to resistance training and experience bone loss 

(non-responders) despite exercising at high intensities. Many factors including genetic 

polymorphisms 37, local and circulating factors may be responsible for the differences in 

response to resistance training. It is possible that elevated inflammatory markers (IL-6, CRP) 

after menopause may attenuate the response to resistance training and may explain part of the 

variability in BMD response to resistance training.

EXPLANATION OF DISSERTATION FORMAT

The present dissertation was prepared in manuscript format. Chapter 2, entitled 

“Present Study” summarizes the methods, results and conclusions of the three manuscripts 

included in Appendices A, B and C. As mentioned in the acknowledgements, the present 

project is a part of a large intervention trial involving many investigators and research staff 

members. My original contribution to the three manuscripts included in this dissertation was 

the measurements of interleukin-6, C-reactive protein and creatine kinase. The C-reactive 

protein measurement was accomplished in collaboration with another graduate student, 

Lauren A. Weiss. My original contribution also includes the statistical analyses to determine 

the 12-month changes in IL-6 and CRP and the relationships between IL-6, CRP, and CK 

and baseline and 12-month changes in other variables measured in the BEST study with 

emphasis on body composition and bone mineral density changes.
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CHAPTER 2: PRESENT STUDY

INTRODUCTION

The methods, results and conclusions of the present study are presented in the three 

manuscripts which comprise Appendices A, B and C of this dissertation. The methods, most 

important findings and the conclusions are summarized below. The cross-sectional aims of 

this project are assessed in the first manuscript using the largest sample size that included all 

hormone therapy types (Appendix A). The longitudinal aims of the project are presented in 

the last two manuscripts. Manuscript two is focused on the effect of 12-months of resistance 

training on inflammatory markers, interleukin-6 and C-reactive protein accounting for 

changes in body composition (Appendix B). The third manuscript assessed the role of 

inflammation in mediating changes in bone mineral density in postmenopausal women 

randomized to resistance training (Appendix C). Manuscript three also presents the role of 

inflammation on inter-subject variability in bone density response to resistance training 

(Appendix C). 

METHODS

Study Design and Population

Subjects that completed the first year of the Bone Estrogen Strength Training (BEST) 

trial were included in this study. A total of 266 subjects completed the first year of the BEST 

study 46. From this, 28 women were missing blood samples and 30 women were excluded for 

the following reasons: 1) beginning the exercise program prior to the first blood draw (N=4); 

2) missing data (N=15); 3) outliers for CRP or IL-6 (N=5) defined as values greater than 3 
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standard deviations above the mean at baseline or 1-year (subjects with elevated values at 

both baseline and 1-year were not excluded);  4) rheumatoid arthritis with elevated baseline 

CRP value at 20.28 mg/L (N=1); and 5) subjects taking various oral therapies other than 

estrogen only or estrogen plus progestin (N=5). The cross sectional portion of this 

dissertation (manuscript 1, Appendix A) included 208 subjects. The longitudinal portion of 

this dissertation (manuscripts 2 and 3, Appendices B and C) included 202 subjects. Subjects 

taking oral HT therapies other than opposed and unopposed estrogen (N=5) were not 

excluded from the longitudinal design. However, transdermal HT users (N=11) were 

excluded from the longitudinal portion of this investigation. Sedentary women (<120 min of 

regular weight-bearing exercise per week for at least one year), who were 3-10 years 

postmenopausal (aged 44-66 years), by both surgical and natural menopause, with a body 

mass index (BMI) between 19.0 kg/m2 and 32.9 kg/m2, and no weight gain or loss greater 

than 13.6 kg (30 lbs) in the previous year were included in this study. Included subjects had 

no history of osteoporotic fractures, had initial lumbar spine and hip (femur neck and 

trochanter) BMD greater than T-score of -3.0 and were not using medications that alter 

BMD. 

The design was a stratified 2x2 factorial plan with HT and exercise. Subjects who 

were taking oral HT or not taking oral HT prior to entry into this study were randomized to 

exercise or control creating 4 intervention groups: 1) HT and exercise (HT-EX, N=55); 2) 

HT and no exercise (HT-NEX, N=45); 3) no HT and exercise (NHT-EX, N=53); and 4) no 

HT and no exercise (NHT-NEX, N=49).   Hormone therapy method was determined by the 

subjects’ physicians prior to the study and recorded in the medical history questionnaire. All 

forms of oral HT were accepted but not all HT users were included in all manuscripts 
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presented herein. Among HT users, 61 were taking estrogen plus progesterone, 34 were 

taking unopposed estrogen, 5 were taking other therapies (progesterone N=2; estrogen plus 

testosterone N=1; estrogen plus testosterone plus progesterone N=2).

Anti-inflammatory medication use was determined from medical questionnaires and 

included use of statins and regular use of aspirin, ibuprofen, acetaminophen, naproxen 

sodium and other non-steroidal anti-inflammatory medications.  Ten subjects from the HT 

group and nine subjects from the no HT group were using anti-inflammatory medications. 

All participants received 800 mg per day of elemental calcium in the form of calcium citrate 

(Citracal®, Mission Pharmacal, San Antonio, TX).

All prospective subjects were screened to ensure that their age, health, physical 

activity status, availability, medication and medical history were appropriate for the study. A 

physical exam was performed on women who appeared to be good candidates. Women who 

were participating in the Tamoxifen Trial or in the Women’s Health Initiative were excluded 

from the study. All subjects underwent a stress test to detect cardiac abnormalities and were 

excluded if unhealthy. Additional exclusion criteria included smoking, cancer or treatment 

for cancer with either radiation or chemotherapy and a regular physical activity program 

within one year of the study.  All subjects gave informed consent to participate in the study. 

The protocol was approved by the University of Arizona Human Subjects Committee 

(Appendix D).

The first manuscript includes 208 women for which all measurements were 

performed (Appendix A). In the second (Appendix B) and third manuscripts (Appendix C) 

202 women were included. Based on findings from manuscript one, women undergoing 

transdermal hormone therapy were excluded from the longitudinal sample because their 
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inflammation markers were significantly lower compared to women taking oral hormone 

therapy and women not using HT. 

Exercise intervention

The exercise program was designed to maintain or increase bone mineral density 

(BMD). Subjects exercised three days per week, on non-consecutive days, in one of four 

community facilities under the supervision of on-site trainers for one year. Exercise intensity 

increased gradually over the duration of the program. Sessions lasted about 60-75 minutes 

and included stretching, balance, and weightlifting activities for warm up, a weightlifting 

program, a weight bearing circuit (e.g., walk/jog, skipping, hopping), and stair-climbing/step 

boxes with weighted vests. Exercise frequency and duration, loads, sets and repetitions, and 

steps with weighted vests were recorded in exercise logs, which were monitored regularly by 

on-site trainers. 

The weightlifting program included a variety of large muscle exercises to stress the 

skeleton in different directions, and stimulate bone growth. Weightlifting was done using free 

weights and machines. Exercises included leg press, hack squats or Smith squats, lat pull 

down, lateral rows, back extension, right and left unilateral military press, and rotary torso. 

Initially, one set of 6-8 repetitions of each exercise was performed, increasing gradually to 

three sets. Training intensity was increased progressively to 70-80% of the subjects’ maximal 

lifting capacity (based on 1 repetition maximum = 1RM) for each exercise. The maximum 

lifting capacity was assessed every 6-8 weeks of training and the training load adjusted to 

maintain relative intensity.  
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Endurance exercise included progressive weight-bearing movement and stepping/stair 

climbing totaling 15 to 25 minutes. For the progressive weight-bearing movement, 

participants either walked while wearing a vest that contained added weights or completed a 

locomotor circuit that included skipping, jogging, hopping and jumping. Weight vests were 

not worn during the circuit.  These exercises were performed at 60% of maximal heart rate. 

The stair-climbing movement began with 120 stairs/steps (8 inches) per session and 

progressed to 300 stairs/steps per session while wearing 10-28 lb in a weighted vest. Loads 

during stair climbing/steps were increased monthly by 1-3 lb. A more detailed description of 

the exercise program has been previously reported 46, 86.

Strength and fitness assessment

Dynamic muscle strength was evaluated with the 1RM method for leg press, lat pull 

down, lateral row, right and left unilateral military press and back extension. The strength 

values reported represent the sum of all individual 1RM measurements in kilograms. 

Strength measurements were recorded at baseline and 1-year in the exercise group. 

Oxygen consumption (VO2) was measured using a Modified Balke protocol at 

baseline and one year. The Modified Balke protocol is a variable grade, walking treadmill 

test with each stage lasting one minute. The speed was constant at 3.3 mph from minute 1 to 

minute 14. The speed then increased by 0.4 mph each minute until the end of the test. The 

treadmill grade was increased by 2% from minute 2 to minute 14, by 1% during minute 14 

(from 24% to 25%) and remained constant for the duration of the test. Subjects were 

instructed to walk until voluntary exhaustion. Maximal oxygen consumption was based on 

reaching two of following three criteria: 1) plateau in VO2 (increases no greater than 200 ml 
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with an increase in power; 2) respiratory exchange ratio >1.1; or 3) heart rate greater than the 

predicted maximum. VO2max was reached by 48% of subjects tested. VO2peak was 

recorded in 52% of the subjects tested. VO2 values reported herein include both peak and 

max values.

Body composition assessment

Body weight was measured in duplicate to the nearest 0.1 kg using a calibrated scale 

(SECA, model 770, Hamburg, Germany). Height was recorded in duplicate to the nearest 

0.1cm using a Schorr wall mounted stadiometer. Total body and regional body composition 

were measured by dual X-ray absorptiometry (DXA) using the Lunar Radiation Corporation, 

model DPX-L whole body scanner. Total fat mass, abdominal fat mass and lean soft tissue 

mass were analyzed as absolute amounts (kg) by Lunar software (v1.3y). Abdominal fat 

mass was determined by adjusting the DXA region of interest on whole body scans to the L1-

L2 intervertebral space superiorly and the iliac crest inferiorly. Abdominal fat analysis from 

DXA was performed by trained technicians to minimize error. Waist circumference was 

measured at the smallest horizontal circumference in the area between the ribs and iliac crest 

using a standard tape measure 76.

Bone mineral density assessment

Total body, hip (femur neck and trochanter), and lumbar spine bone mineral density 

were measured by dual energy x-ray absorptiometry (DXA) using Lunar Radiation 

Corporation, model DPX-L whole body scanner. The dual x-ray technique involves 

collimated (4mm beam), dual energy (40 and 70 KeV) beam of x-ray radiation, which is 
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passed at uniform speed across the region of interest. The Lunar DPX Bone Mineral 

Analyzer uses a constant potential x-ray source at 12.5 fJ and a k-edge filter (cerium) to 

achieve a congruent beam of stable dual-energy radiation. The use of two energies minimizes 

errors that result from irregular body contour and soft tissue heterogeneity. Scan speed for 

total body scans was set at 8 cm/s.  The radiation dose for a total body scan measured by 

thermoluminescent density is 0.1 mGy (.010 mrem) when scan speed is set at 8 cm/s. Total 

body scans were analyzed to obtain estimates of regional BMD including arms, legs, trunk, 

ribs, pelvis, and spine BMD. Separate measurements of lumbar spine (both AP and lateral 

scans) and proximal femur BMD were also obtained from DXA. The precision of total body 

BMD by DXA is approximately 0.5%, while the precision of spine and femur scans is 

approximately 1.2-1.5%. 

The performance of the scanner was monitored by daily calibration with calibration 

phantoms simulating bone supplied by Lunar Radiation Corporation, Madison, WI. Subject 

position for all scans was standardized 26. Initial scan analysis including the placement of 

baselines distinguishing bone and soft tissue, edge detection, and regional demarcations for 

all sites was done by computer algorithms (version 3.4; Lunar Radiation Corporation). All 

scans were visually inspected and adjustments were made as necessary. 

Blood analyses 

All blood draws were made in the morning after an overnight (12-hour) fast. Subjects 

were instructed not to take any medications, including HT and supplements the morning of 

the blood draw. Blood specimens were collected at the laboratory between 0600 and 0900 h. 
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Samples were centrifuged and were aliquotted into cryovials and transferred into storage at 

–80 oC for subsequent analyses. 

Interleukin-6 measurement

Fasting Interleukin-6 (IL-6) was measured in duplicate with a highly sensitive 

enzyme-linked immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN). The 

detectable range for serum IL-6 was 0.45 – 9.96 pg/ml. Serum or plasma samples were used 

to assess circulating IL-6. Absorbance was measured by spectrophotometry (Finstruments 

Multiskan 347 Microplate Reader, Vienna, VA) using dual wavelength readings. The inter-

assay coefficient of variation was 7.2% for the low control, 4.9% for the medium control, and 

5.4% for the high control. 

C-reactive protein measurement 

Fasting serum C-reactive protein (CRP) was measured in duplicate with a highly 

sensitive enzyme-linked immunosorbent assay (ELISA) (Diagnostic Systems Laboratories, 

Webster, TX). The manufacturer recommended serum dilution protocol (1:500) could not 

detect values <5 mg/L, therefore, we modified the dilution protocol according to a previously 

described method 80. In brief, serum samples were initially diluted at 1:50, which resulted in 

detectable serum CRP values ranging from 0.5 to 25 mg/L.  Any serum sample that was 

above the initial detectable range was reanalyzed with a serum dilution of 1:500, which 

resulted in a detectable range of 5 to 250 mg/L.  By contrast, samples that fell below the 

initial detectable range were reanalyzed with a serum dilution of 1:5, which resulted in a 

detectable range of 0.05 to 2.5 mg/L.  Absorbance was measured by spectrophotometry 

(Finstruments Multiskan Microplate Reader, Vienna, VA). The inter-assay coefficient of 

variation was 2.7% for the low control and 6.2% for the high control. 
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Creatine Kinase measurement

Because days from the last exercise session until blood collection at one year were 

not controlled, we measured fasting plasma creatine kinase (CK) using a UV- rate 

quantitative procedure (Stanbio Laboratory, Boerne, TX) to estimate muscle damage related 

to our exercise program. This assay measured non-specific CK because in our population, 

subjects with heart disease were excluded from the study.  Absorbance was measured at 60-

second intervals four times, yielding a total of 3 absorbance change measurements. Samples 

were incubated in a separate water bath (37C) between readings. The change in absorbance 

was constant and was used to calculate CK concentration in U/L.  All values fell within the 

expected range (25-192 U/L). Deionized water was used to zero the spectrophotometer 

(CECIL CE 2041 UV/Visible Spectrophotometer, Cambridge, England) before each 

measurement. A normal control (Ser-T-Fy I, Stanbio Laboratories, Boerne, TX) with an 

expected range of 125-187 U/L and an abnormal control (Ser-T-Fy II, Stanbio Laboratories, 

Boerne, TX) with an expected range of 520-780 U/L were tested at the beginning and at the 

end of each assay. The inter-assay coefficient of variation was 12.7% for the normal control 

and 4.6% for the abnormal control. 

Estrone and Estradiol measurements

Serum estrone and estradiol were measured by double-antibody radioimmunoassay 

(Diagnostic Systems Laboratory; Webster, TX) to compare steroid levels between groups and 

to monitor HT compliance. The inter-assay coefficient of variation was less than 10%. 
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MAIN FINDINGS

First manuscript

The association between IL-6 and CRP and measures of body fatness and fat 

distribution were examined in the first manuscript. In addition, circulating IL-6 and CRP 

levels were compared between different HT groups (Appendix A). A positive correlation was 

found between IL-6 and CRP (r=0.45, p<0.01). IL-6 and CRP were also positively correlated 

with measures of body composition (r range: 0.20 – 0.52).   Low lean soft tissue mass and 

high abdominal fat mass were independent predictors of high serum IL-6 levels after 

accounting for age, and anti-inflammatory medication use. HT use and high total fat mass 

were significantly related to serum CRP and were independent of age, anti-inflammatory 

medication use, and lean soft tissue mass.  Abdominal fat mass was more strongly associated 

with CRP and IL-6 than total fat mass in our population.  

Mean serum IL-6 levels were not significantly different between HT groups or 

compared to HT non-users (1.27 ± 0.70 pg/ml). No significant differences in IL-6 were found 

when oral HT was compared to transdermal HT (1.28 ± 0.61 pg/ml) and when opposed oral 

(1.55 ± 1.04 pg/ml) was compared to unopposed oral HT (1.55 ± 1.61 pg/ml). There were no 

significant differences in adjusted serum CRP levels between unopposed (6.72 mg/L) and 

opposed oral HT (6.17 mg/L). Serum CRP levels were significantly higher in oral HT users 

compared to non-users and transdermal HT users.  Within the HT group, we found that 

transdermal HT users (2.65 ±4.44 mg/L) had similar serum CRP values with HT non-users.  

However, when CRP means were adjusted for age, anti-inflammatory medication use, body 

composition and duration of HT use, transdermal HT users (1.44 mg/L) had significantly 

lower (p=0.033) CRP means than non-users (3.01 mg/L). 
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Second manuscript

The effects of resistance training and changes in body composition on IL-6 and CRP 

were examined in the second manuscript (Appendix B). This study found that resistance 

training did not decrease IL-6 or CRP. Small non-significant increases in CRP after 12 

months of resistance training were observed in HT non-users. Reductions in total body fat

were associated with reductions in IL-6 and CRP independent of exercise status in HT users. 

In addition, change in fat mass was not significantly associated with CRP after adjusting for 

changes in IL-6.  We conclude that changes in IL-6 and CRP in response to resistance 

training are mainly associated with body composition changes rather than resistance training 

itself. 

A 12-month resistance-training program did not significantly affect circulating CK 

values. CK measurements were also made to determine whether the last exercise session in 

the intervention affected the IL-6 and CRP measurements taken at 12 months. We found no 

association between CK levels at 12 months and the time between the last exercise session 

and the blood draw. We also found no association between the time from the last exercise 

session until the blood draw and measures of IL-6 and CRP at 12 months and change in IL-6 

and CRP from baseline to 12 months. 

Third manuscript

The third manuscript examined the relationship between bone mineral density (BMD) 

and IL-6, CRP and CK (Appendix C).  In addition, the role of IL-6, CRP and CK on the 

variability in the bone response to strength training was examined. We found a positive 

association between baseline CK and baseline BMD in HT users, but not in HT non-users. 
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Baseline inflammatory markers were not associated with baseline BMD.  Twelve-month 

increase in IL-6 was positively associated with bone loss at the femur neck. CRP change was 

inversely correlated with lumbar spine BMD and CK change was positively associated with 

femur trochanter and total body BMD change. Inter-subject variability in BMD response to 

resistance training was partially explained by change in inflammatory markers and creatine 

kinase.  Subjects that gained bone at different sites also increased IL- 6, decreased CRP and 

increased CK. 

CONCLUSIONS

This study examined the association between inflammatory markers and body 

composition, resistance training and bone mineral density in postmenopausal women using or 

not using hormone therapy. We found that IL-6 and CRP were associated with increased 

body fatness. IL-6 was also inversely associated with lean soft tissue mass. Abdominal fat 

mass was more strongly associated with inflammation compared to measures of total body 

fat. Oral HT use was consistent with higher CRP levels but had no effect on IL-6 levels. 

Elevated CRP levels were not found in transdermal HT users.  IL-6 and CRP levels did not 

significantly change after 12 months of resistance training. Changes in body fatness were

associated with changes in IL-6 and CRP over the 12-month intervention study. Increased 

circulating IL-6 was associated with increase femur neck BMD and increased circulating 

CRP was related to decreased lumbar spine BMD. Circulating CK was associated with higher 

BMD at all bone sites. In conclusion, the relationship between inflammatory markers and 

measures of body composition, and bone mineral density in postmenopausal women after 12 
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months of resistance training is complex with differential effects of HT and body 

composition on IL-6 and CRP.

LIMITATIONS

The main limitation of this study was that the time from the last exercise bout to the 

blood draw was not controlled. This was only problematic for the 12 month measurements 

but not for baseline because subjects began exercising after their baseline blood draw. If 

subjects had their blood draw too soon after they exercised it is possible that the results we 

obtained could be falsely elevated by the acute exercise effect. In order to determine if the 

last bout of exercise affected our measurements, we performed statistical analyses and 

compared subjects who had their blood draw 1-2 days after the last exercise bout to subjects 

who had their blood draw later (3-6 days after or 7-29 days after the last exercise bout). 

Multiple regression analyses of IL-6, CRP and CK change after one year using the number of 

days since the last exercise bout as a covariate were also performed to determine whether 

these changes were due to an acute exercise effect. All analyses based on the number of days 

since the last exercise bout, were not significant. Thus, we concluded that the results of our 

study reflected the chronic nature of 12-month resistance training program.

Another limitation of this investigation was the slightly leptokurtic distribution of 

CRP change data (Appendix E). Mathematical transformations did not normalize the 

distribution of the CRP change data, thus untransformed CRP change data was used in 

parametric statistical analyses. This study also included a small sample size for transdermal 

HT users (N=11) when compared to oral HT users (N=96) and single time-point IL-6, CRP 

and CK measurements at baseline and one year. 
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ABSTRACT

The purpose of this study was to determine the association of body composition and 

fat distribution on inflammatory biomarkers interleukin-6 (IL-6) and C-reactive protein 

(CRP) and to describe IL-6 and CRP levels among hormone therapy (HT) users and non-

users. Methods: The study included 208 healthy sedentary postmenopausal women (age 44-

66), between 3 and 10 years postmenopausal, who were using HT (N=106) or not using HT 

(N=102). Within the HT group, 61 women were taking opposed oral HT (estrogen + 

progesterone), 34 were taking unopposed oral HT (estrogen only), and 11 were using 

transdermal HT. Body composition was measured by dual X-ray absorptiometry (DXA) and 

fat distribution was measured using DXA region of interest measurements. Circulating IL-6 

and CRP levels were measured by high sensitivity ELISA. Results: High total fat and low 

lean soft tissue mass were significantly related to higher IL-6 levels. When analyzed 

separately, lean soft tissue mass was associated with serum IL-6 in HT users but not in non-

users; total fat mass was more strongly related to IL-6 in the HT users compared to non-

users. A stronger relationship between serum IL-6 and abdominal fat mass compared to total 

fat mass or BMI was found in HT users, after accounting for age, anti-inflammatory 

medication use, and lean soft tissue mass. High total fat mass, high IL-6 levels and HT use 

were independently associated with high serum CRP levels using multiple regression 

analysis. There was a stronger relationship between serum CRP and abdominal fat mass 

compared to total fat mass or BMI in HT non-users after accounting for age, anti-

inflammatory medication use, and lean soft tissue mass. Serum CRP was higher in HT users 

(5.47±5.40 mg/L) compared to non-users (2.70±3.05 mg/L) and was significantly higher in 

oral HT users (5.76±5.29 mg/L opposed oral; 6.14±5.97 mg/L unopposed oral) compared to 
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transdermal HT users (2.65±4.44 mg/L). Transdermal HT users had lower CRP values 

compared to non-users. IL-6 was not associated with HT use. Conclusion: All indices of fat 

mass were associated with higher IL-6 and CRP levels regardless of HT use. Lower lean soft 

tissue mass was associated with higher IL-6 in HT users. Abdominal fat mass was more 

strongly related to IL-6 and CRP than total fat mass or BMI.  IL-6 levels did not differ by HT 

type but CRP values were higher in oral HT users compared to transdermal HT users and 

non-users.

INTRODUCTION

Several CVD risk factors such as smoking, obesity, and inactivity have been 

described in the scientific literature. However, more recently inflammatory markers have 

been added to the CVD risk profile and potentially may explain much of the association 

between obesity, physical inactivity and cardiovascular disease. This relationship may be 

particularly important in postmenopausal women who experience a sharp increase in CVD 

risk after menopause, potentially related to an increase in abdominal fat deposition and a 

demonstrated increase in inflammatory biomarkers compared to premenopausal women 25, 33.

The characterization of CVD as an inflammatory disease includes the identification of 

pro-inflammatory response as the cytokine interleukin-6 (IL-6) and the acute phase protein 

C-reactive protein (CRP). IL-6 has been shown to predict future myocardial infarctions and,

although not as strong as CRP 4, 5, 55, elevated IL-6 levels have also been associated with 

increased mortality in elderly men and women 56, 57.  In a recent study, Ridker et al 54

demonstrated that CRP is a strong predictor of future cardiovascular events in currently 

healthy women, independent of traditional CVD risk factors. 
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Sustained subclinical inflammation characterized by elevated IL-6 and CRP levels in 

postmenopausal women has been related to decreased lean mass and increased fat mass 45, 65. 

A recent study 45 found that high IL-6 was a significant predictor of loss in fat free mass 

(calculated from bioelectrical impedance) in older women 45. Another recent study (Health 

ABC) found that higher circulating IL-6 and TNFalpha are associated with lower muscle 

mass and lower muscle strength 65. Since about 30% of circulating IL-6 is produced by 

adipose tissue 40 it is not surprising that the obese have higher circulating IL-6 26, 27 and 

higher CRP levels 27 than lean individuals.  In addition, strong correlations between elevated 

IL-6 and high BMI 39, 40, 53, 63, total fat mass 39, 40, 63 and waist circumference 53 have been 

recorded. CRP is an acute phase protein synthesized in the liver under the primary control of 

IL-6 22, 43. Thus, similar relationships have been demonstrated for elevated CRP and high 

BMI 20, 32, 53, total fat mass 32 and waist circumference 20, 31, 32, 53.  

Recently, the respective contributions of visceral fat mass versus total fat mass to 

inflammatory markers have been disputed. Visceral (intra-abdominal) fat, independent of 

total fat mass, has been associated with increased risk for cardiovascular disease 11, 30, 51, 52, 

thus it is expected that inflammatory markers associated with cardiovascular disease would 

exhibit a similar relationship. Pedersen 46 studied the role of trunk fat mass on plasma IL-6 in 

20 elderly men and women and found that trunk fat mass was associated with higher plasma 

IL-6 after adjusting for age and gender.  Saijo et al 58 reported that CRP was more strongly 

associated with measures of visceral obesity (waist circumference and visceral adipose tissue 

accumulation from CT) than with BMI and total fat mass, but found no association between 

IL-6 and obesity or between IL-6 and CRP in healthy Japanese men and women 58.  The lack 

of association between IL-6 and CRP and between IL-6 and fat mass in this population is 
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surprising 58.  More studies are needed to determine the relationship between IL-6 and CRP 

and measures of fatness in postmenopausal women. 

Finally, we should consider the potential contribution of HT to CVD risk in 

postmenopausal women and its relationship to markers of CVD risk.  Postmenopausal 

women taking HT experience an increase in lean body mass and a decrease in total fat mass 

and abdominal fat  mass 1, 3, 62 while women not taking HT experience an increase in total 

and abdominal fat mass compared to premenopausal women 33.  In addition, findings of 

elevated CRP in HT users compared to non-users 17, 23, 35, 36, 50, 67, 68, 70 support a possible 

negative influence of HT on CVD risk. The effect of HT on IL-6 and CRP appears to be 

dependent on the type of hormone therapy (unopposed or opposed estrogen) and the method 

of HT administration (oral versus transdermal). Oral HT use is associated with higher CRP 

levels compared to transdermal HT use 10, 16, 38, 49, 66, 69, 71. However, reports on the effect of 

HT use on circulating IL-6 levels have been conflicting.  A prospective analysis from the 

Women’s Health Initiative 48 found no association between HT use and IL-6 levels. These 

results have been supported by other    studies 28, 36, 50; however, three studies 6, 23, 67 found an 

increase in circulating IL-6 levels in response to oral HT use while two studies 59, 60 found 

that IL-6 decreased after oral HT.   Differences in the relationship between IL-6 and HT use 

may be related to differences in HT type, population and sample size.

The purpose of our study was to determine the association between body composition 

and circulating IL-6 and CRP levels in postmenopausal women who used HT or did not use 

HT. We also sought to determine whether measures of central fatness (trunk fat mass, 

abdominal fat mass, waist circumference) are more closely associated with IL-6 and CRP 

than total fat mass. We hypothesize that abdominal fat mass, rather than total fat mass, is 
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more closely associated with IL-6 and CRP levels in postmenopausal women. In addition, we 

will determine the differences in IL-6 and CRP levels between HT users and non-users in our 

population and compare IL-6 and CRP values among different HT methods. We hypothesize 

that 1) oral HT users will have higher circulating CRP levels compared to transdermal HT 

users; 2) oral HT users will have similar IL-6 levels compared to transdermal HT users; 3) 

IL-6 and CRP levels in women using opposed oral HT will be similar to levels in women 

using unopposed oral HT. 

METHODS

Study Design and Population

Subjects who completed the first year of the Bone Estrogen Strength Training (BEST) 

study were included in this study. A total of 266 subjects completed the first year of the 

BEST study 18. From this sample 238 blood samples remained at the time of analysis. In 

addition, 30 women were excluded for the following reasons: 1) beginning the exercise 

program prior to the first blood draw (N=4); 2) missing data (N=15);  3) outliers for IL-6 or 

CRP (N=5) defined as values greater than 3 standard deviations above the mean at baseline 

or 1-year (subjects with elevated values at both baseline and 1-year were not excluded);  4) 

rheumatoid arthritis with elevated baseline CRP value at 20.28 mg/L (N=1); and 5) subjects 

taking various oral therapies other than estrogen only or estrogen plus progestin (N=5).  

Subjects were HT users (N=106) or non-users (N=102) prior to entry into this study. This 

report includes a cross-sectional analysis of baseline data from the BEST study. Previously 

sedentary women (less than 120 min of regular weight-bearing exercise per week for at least 

one year), aged 44-66 years who were 3-10 years postmenopausal determined by self-report, 
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including both surgical and natural menopause, with a body mass index (BMI) between 19.0 

kg/m2 and 32.9 kg/m2, and who reported no weight gain or loss greater than 13.6 kg (30 lbs) 

in the previous year were included in this study. Before enrollment, all prospective subjects 

were screened to ensure that their age, health, physical activity status, availability, 

medication and medical history were appropriate for the study. Informed consent was 

obtained and a physical exam was performed on women who met study eligibility criteria. 

All eligible subjects underwent a stress test to detect cardiac abnormalities prior to 

enrollment. Additional exclusion criteria included current or history of smoking, history of 

cancer with the past 5 years and reported participation in regular physical activity within one 

year of study entry.  More detailed recruitment and entry criteria have been previously     

reported 18. The BEST study was reviewed and approved by the Human Subject Committee 

at the University of Arizona.

Hormone therapy and anti-inflammatory medications

Hormone therapy method was determined by the subjects’ physicians prior to the 

study. All forms of HT were accepted. Among HT users, 61 were taking oral estrogen plus 

progesterone, 34 were taking unopposed oral estrogen, and 11 were on transdermal therapies 

(4 subjects on estrogen patch and 7 subjects on estrogen patch plus oral progesterone). Anti-

inflammatory medication use was determined from self-report medical history 

questionnaires.  Ten subjects from the HT group and nine subjects from the no HT group 

were regular users of anti-inflammatory medications including use of statins and regular use 

of aspirin, ibuprofen, acetaminophen, naproxen sodium and other non-steroidal anti-

inflammatory medications.  
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Anthropometry and body composition

Body weight was measured in duplicate to the nearest 0.1 kg using a calibrated scale 

(SECA, model 770, Hamburg, Germany). Height was recorded in duplicate to the nearest 

0.1cm using a Schorr wall mounted stadiometer. Total body and regional body composition 

were measured by dual X-ray absorptiometry (DXA) using the Lunar Radiation Corporation, 

model DPX-L whole body scanner. Total fat mass, abdominal fat mass and lean soft tissue 

mass were analyzed as absolute amounts (kg) by Lunar software (v1.3y). Abdominal fat 

mass was determined by adjusting the DXA region of interest on whole body scans to the L1-

L2 intervertebral space superiorly and the iliac crest inferiorly. Abdominal fat analysis from 

DXA was performed by trained technicians to minimize error. Waist circumference was 

measured at the smallest horizontal circumference in the area between the ribs and iliac crest 

using a standard anthropometric tape measure 34.

Blood analyses 

All blood draws were made in the morning after an overnight (12-hour) fast. Subjects 

were instructed to refrain from any medications, including HT, supplements or calcium, the 

morning of the blood draw. Blood specimens were collected at the laboratory between 0600 

and 0900 h. Samples were centrifuged and plasma and serum samples were aliquotted into 

cryovials and transferred into storage at –80 oC for subsequent analyses. 
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Interleukin-6 measurement

Fasting Interleukin-6 (IL-6) was measured in duplicate with a highly sensitive 

enzyme-linked immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN). The 

detectable range for serum IL-6 was 0.45 – 9.96 pg/ml. Serum or plasma samples were used 

to assess circulating IL-6. Absorbance was measured by spectrophotometry (Finstruments 

Multiskan 347 Microplate Reader, Vienna, VA) using dual wavelength readings. The inter-

assay coefficient of variation was 7.2% for the low control, 4.9% for the medium control, and 

5.4% for the high control. 

C-reactive protein measurement 

Fasting serum C-reactive protein (CRP) was measured in duplicate with a highly 

sensitive enzyme-linked immunosorbent assay (ELISA) (Diagnostic Systems Laboratories, 

Webster, TX). The manufacturer recommended serum dilution protocol (1:500) could not 

detect values <5 mg/L, therefore, we modified the dilution protocol according to a previously 

described method 37. In brief, serum samples were initially diluted at 1:50 which resulted in 

detectable serum CRP values ranging from 0.5 to 25 mg/L.  Any serum sample that was 

above the initial detectable range was reanalyzed with a serum dilution of 1:500, which 

resulted in a detectable range of 5 to 250 mg/L.  By contrast, samples that fell below the 

initial detectable range were reanalyzed with a serum dilution of 1:5, which resulted in a 

detectable range of 0.05 to 2.5 mg/L.  Absorbance was measured by spectrophotometry 

(Finstruments Multiskan Microplate Reader, Vienna,VA)The inter-assay coefficient of 

variation was 2.7% for the low control and 6.2% for the high control. 
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Estradiol and Estrone measurement

Serum estrone and estradiol were measured by double-antibody radioimmunoassay 

(Diagnostic Systems Laboratory; Webster, TX) to compare steroid levels between groups and 

to monitor HT compliance. The inter-assay coefficient of variation was less than 10%. 

Data analyses

SPSS (Chicago, IL) v. 12.0 was used for all data analyses. Descriptive statistics were 

used to assess the distribution of study outcomes. Because the distributions of IL-6 and CRP 

were skewed and kurtotic, we used an arc tangent transformation to normalize the IL-6 

distribution, and we used a base-10 logarithmic transformation to normalize the CRP 

distribution. Transformed IL-6 and CRP data were used for all statistical hypothesis testing.

However, untransformed means and standard deviations are presented herein for ease of 

interpretation. 

One way ANOVA was used to test for differences in subject characteristics between 

HT users as a whole group and by HT type compared to HT non-users. Bivariate correlations 

were performed to determine the relationships between IL-6, CRP and body composition 

variables. Multiple linear regression analyses were also used to determine whether total body 

fat mass, trunk fat mass, abdominal fat mass or waist circumference were stronger predictors 

of IL-6 and/or CRP using partial correlations and collinearity analyses. Covariates included 

in regression analysis included age, fat mass, lean soft tissue and HT use. Multiple linear 

regression analysis was used to determine whether the association between higher circulating 

CRP levels in HT users was independent of circulating IL-6 levels and total fat mass. 

Orthogonal HT contrasts, weighted for the differences in sample size, were used in multiple 
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regression analysis to determine CRP values for opposed oral HT, unopposed oral HT and 

transdermal HT groups compared to HT non-users. Adjusted CRP means by HT type were 

calculated from regression analysis to account for age, anti-inflammatory medication use, 

duration of HT use, lean soft tissue, and total fat mass. A Scheffe test for analysis of variance 

was used to determine whether CRP adjusted means for oral HT were significantly different 

from transdermal HT, and to determine whether opposed oral HT means were significantly 

different from unopposed oral HT. The Scheffe test is a stringent analysis of variance with a 

lower probability of type I error. Multiple regression analyses were performed in the whole 

group (N=208) accounting for HT use and then separately for HT users and non-users to 

determine whether relationships differed by HT use. 

RESULTS

Table 1 presents subject characteristics in HT users as a group and by HT type 

compared to HT non-users. Age and time since menopause were significantly lower in the 

oral opposed HT group (54.7±4.1 years; 4.4±1.9 years, respectively) compared to no HT 

(56.7±5.0 years; 6.7±3.2 years, respectively). Age was also lower in unopposed HT users 

(54.52 ± 3.87 years) compared to no HT.  BMI, body weight, body composition measures, 

absolute peak VO2 and anti-inflammatory medication use were similar among HT users and 

non-users. Serum estrone and serum estradiol were significantly higher in the oral opposed 

(150.1±118.1; 64.3±46.4, respectively) and oral unopposed HT groups (137.6±174.0; 

57.4±55.4, respectively) compared to no HT.  Transdermal HT serum estrone and serum 

estradiol levels were not statistically different (126.4±240.9; 61.3±72.2, respectively) from 

no HT (19.3±12.7; 16.4±29.6; respectively).  Unadjusted serum IL-6 was not significantly 
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different in HT users compared to non-users. However, the variance was higher in HT users 

compared to non-users.  The unadjusted mean serum CRP was significantly higher for oral 

opposed (5.76±5.29 mg/L) and oral unopposed HT groups (6.14±5.97 mg/L) compared to 

HT non-users (2.70±3.05 mg/L). Transdermal HT users (2.65 ± 4.44 mg/L) had similar 

unadjusted CRP values compared to non-users. 

Correlations between IL-6 and CRP and body composition measurements are 

presented in table 2. A positive correlation was found between IL- 6 and CRP (r=0.45, 

p<0.01). IL-6 and CRP were also positively correlated with measures of body composition (r 

range: 0.20 – 0.52) (table 2).   In general, HT users had slightly stronger correlations between 

IL-6 and CRP and measures of body fatness. All measures of body fatness (table 3) were 

highly related to each other (r range 0.84-0.96); however, measures of fatness were only 

moderately related to lean soft tissue mass (r range 0.47-0.62).

In multiple regression analysis for serum IL-6, low lean soft tissue mass and high 

abdominal fat mass were independent predictors of high serum IL-6 levels when accounting 

for age, anti-inflammatory medication use in HT users (table 4).  Abdominal fat mass but not 

lean soft tissue mass was a significant predictor of IL-6 in HT non-users. In addition, 

abdominal fat was twice as strong in predicting IL-6 in HT users compared to non-users. 

When BMI, trunk fat mass, abdominal fat mass or waist circumference were substituted in 

the model, the prediction value of the model was not improved (data not shown). All indices 

of body fatness were significantly associated with serum IL-6 but the model that included 

abdominal fat mass accounted for more variance (19.5% versus 15.5%-17.3% for other 

measures of fat). 
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In multiple regression analysis, HT use and high total fat mass were significantly 

related to serum CRP independent of other covariates including age, anti-inflammatory 

medication use, and lean soft tissue mass.  When BMI, trunk fat mass, abdominal fat mass or 

waist circumference were substituted for total fat mass in the above model, the prediction 

value of the model did not change and all indices of body fatness were significantly related to 

serum CRP (data not shown). However, when abdominal fat and total fat were both included 

in the above regression model, total fat mass was no longer significantly associated with 

serum CRP but abdominal fat remained marginally significant in HT non-users compared to 

HT users (table 5). In addition, partial correlations from the regression model revealed that 

abdominal fat mass (r=0.150) was more strongly associated with CRP than total fat mass 

(r=0.079).  

When IL-6 was added in the serum CRP prediction model, high serum IL-6 was 

independently associated with high serum CRP and the model accounted for more of the 

variance in CRP values compared to the model that did not include IL-6 (table 6). Within HT 

groups, abdominal fat mass remained more strongly related to CRP than total fat mass in HT 

non-users compared to HT users. 

In our study, there were 102 subjects who were not using HT and 106 subjects who 

were using HT.  Within the HT group, 34 women were using oral unopposed estrogen, 61 

were using oral opposed estrogen, and 11 were using transdermal HT. Within type of HT use, 

we found that transdermal HT users (2.65 ±4.44 mg/L) had similar serum CRP values with 

HT non-users.  However, when CRP means were adjusted for age, anti-inflammatory 

medication use, body composition and duration of HT use, transdermal HT users (1.44 mg/L) 

had significantly lower (p=0.033) CRP means than non-users (3.01 mg/L). There were no 
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significant differences in adjusted serum CRP levels between unopposed (6.72 mg/L) and 

opposed oral HT (6.17 mg/L) (figure 1). Serum CRP levels were significantly higher in oral 

HT users compared to non-users and transdermal HT users. Adjusted and unadjusted mean 

serum IL-6 levels were not significantly different between HT groups or compared to HT 

non-users. No significant differences in IL-6 were found when oral HT was compared to 

transdermal HT and when opposed oral was compared to unopposed oral HT.  

DISCUSSION

In this study, we found that IL-6 and CRP were significantly correlated to each other and 

to measures of body fatness. Abdominal fat mass was more strongly associated with IL-6 and 

CRP than total fat mass in HT non-users; this relationship remained significant when IL-6 

was added into the CRP regression model. We also found that low lean soft tissue and high 

total fat mass were independently associated to serum IL-6 in HT users. IL-6 values were not 

significantly different among the different HT methods or when compared to no HT use. Oral 

HT users had significantly higher CRP values compared to non-users and to transdermal HT 

users. We found no differences in CRP values between opposed and unopposed oral HT.

The relationship between fat mass and high circulating IL-6 and CRP levels has been 

reported by numerous cross sectional studies.  Studies have reported a strong relationship 

between elevated IL-6 and high BMI 39, 40, 53, 63, total fat mass 39, 40, 63 and waist circumference 

53. Significant correlations were also found between elevated CRP and high BMI 2, 13, 20, 32, 42, 

53, total fat mass 32, 42 and waist circumference 13, 20, 31, 32, 42, 53.  

Visceral fat has been related to various morbidities independent of total fat mass or BMI.  

Fried et al 15 reported that omental adipose tissue released 2-3 times more IL-6 than 
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subcutaneous adipose tissue, demonstrating that measurement of visceral adipose tissue is 

important in determining risk of disease.  A recent report 58 studied the relationship between 

total fatness and visceral obesity measures including waist circumference, waist to hip ratio 

and visceral adipose tissue accumulation measured by computed tomography and found that 

CRP was more strongly associated with waist circumference, waist-to-hip ratio and visceral 

adipose tissue than total fat mass and BMI.  In a South Asian population, Farouhi et al 14

found that CRP was associated with waist circumference and visceral fat area after 

accounting for BMI or percent body fat. Although we did not directly measure visceral fat, 

these findings are in agreement with our borderline significant finding that abdominal fat 

mass is more strongly associated with CRP than total fat mass or BMI in the no HT group.  

In contrast, Sites et al 61 found that total fat was more strongly associated with IL-6 and CRP 

than intraabdominal fat in a cross sectional study that included 44 postmenopausal women.

A limitation of our study was our use of DXA region of interest measurements of the 

abdominal fat to estimate visceral fat mass. Although DXA includes both visceral and 

subcutaneous fat in the abdominal fat measurement, this measurement is highly correlated 

with visceral adipose tissue from Magnetic Resonance Imaging (MRI) 44.  DXA 

measurements of abdominal fat (L2-upper iliac) were highly correlated (r=0.84) with visceral 

adipose tissue measurements from MRI 44 and highly correlated (r=0.99) with abdominal 

computed tomography scans 24. Measurements of trunk fat mass (r=0.83) and abdominal fat 

mass (L2-illiac crest) (r=0.84) were more strongly correlated with MRI visceral abdominal 

tissue than waist circumference (r= 0.77) 44. In addition, Svendsen et al 64 found that DXA 

measures of abdominal fat were strongly correlated with measures of abdominal fat from 

computed tomography (r=0.9) in postmenopausal women. 
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We found that for women taking HT, measures of fat and lean soft tissue were more 

strongly related to circulating IL-6 levels than for women not taking HT. The regression 

coefficients for fat mass and lean soft tissue were twice as high for HT users compared to 

non-users.  The reasons for the differences between HT users and non-users are unclear and 

require further investigation but may relate to differences between these two groups. The HT 

users were younger (table 1) than the HT non-users and the variance of IL-6 about the mean 

was considerably higher in HT users compared to non-users.  This greater variance may 

reflect the different HT methods used in our study.  Nevertheless, the association between 

high circulating IL-6 levels and increased fat mass and lower lean soft tissue is consistent 

with current theories of sarcopenia 41, 45, 56; i.e., increased fat mass, and especially visceral fat 

mass, may lead to increased IL-6 production that subsequently leads to loss of lean soft 

tissue. More studies are required to better define the relationship between lean soft tissue and

inflammatory markers. 

We found that high abdominal fat mass was related to high serum CRP in HT non-

users but not in HT users. Green et al 19 studied postmenopausal women from the 

HERITAGE family study to determine differences in total fat mass and fat distribution 

between HT users and non-users. Postmenopausal women taking HT tended to have lower 

abdominal visceral fat compared to women not taking HT but the difference was no longer 

significant when the model was adjusted for total fat mass. We did not observe this 

relationship between HT use and abdominal fat mass in our population. By contrast, we 

found that CRP was higher in the HT users compared to non-users, thus HT related 

differences in visceral fat could not explain this relationship. If IL-6 produced from 

adipocytes, stimulates hepatic CRP production it would be expected that CRP would be 
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related to abdominal fat mass in HT non-users. However, in HT users, hepatic CRP 

production is stimulated by two different pathways. As mentioned earlier, oral HT stimulates 

hepatic CRP production in addition to the stimulation of CRP production by IL-6 acting on 

the liver. Thus, our finding that abdominal fat mass was not related to CRP in HT users 

suggests that oral HT plays a more dominant role than IL-6 from adipose tissue.

In the present study, HT use was significantly associated with high CRP levels. As 

hypothesized, HT users had higher circulating CRP levels compared to non-users which is in 

agreement with earlier reports 17, 23, 35, 36, 50, 67, 68, 70.  Similar to previous reports oral HT use 

was associated with higher CRP levels when compared to transdermal HT use 10, 16, 38, 49, 66, 69, 

71.  Transdermal HT use was associated with slightly lower CRP values compared to no HT 

use. This finding is supported by another study 38 that reported a 35% decrease in median 

CRP values for transdermal HT users compared to non-users. Since different CRP levels 

were found in transdermal HT users versus oral HT users, future studies measuring 

inflammatory markers, should consider method of HT delivery. Transdermal HT users 

should not be combined with oral HT users when making comparisons to HT non-users. 

Transdermal HT administration seems to have a different effect on circulating CRP levels 

compared to oral HT.

Oral HT use was significantly related to higher CRP levels independent of total fat 

mass, lean soft tissue mass, anti-inflammatory medication use, age and duration of HT use. 

Different oral HT methods (opposed versus unopposed estrogen) were similarly associated 

with higher serum CRP which is in agreement with other studies 6, 9, 16. In addition, results 

from the Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial reported that all HT 

groups had increased CRP levels compared to no HT and found no difference between 
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opposed and unopposed oral HT 8. Another report by Lamon-Fava et al 29 supports our 

finding that circulating CRP levels were similar among opposed and unopposed oral HT 

users. By contrast, Manns et al 37 found significantly higher CRP values in unopposed HT 

users (N=32) compared to opposed HT users (N=51) in postmenopausal women but the 

unopposed HT users were older and had higher fat mass which could explain the 

contradictory findings. Post et al 47 also reported a larger increase in serum CRP in 

unopposed compared to opposed oral HT but the unopposed group started with significantly 

lower CRP values at baseline. After accounting for baseline values there were no significant 

differences between groups. 

IL-6 was independently associated with serum CRP in multiple regression analyses 

when we accounted for HT use, age, total fat mass and lean soft tissue mass.   We found that 

HT use was not associated with serum IL-6 levels, regardless of HT method which may be 

due to the higher IL-6 variance in HT users.  The mean serum IL-6 was not significantly 

different between HT users and non-users, however, IL-6 mean and standard deviation were 

higher in HT users. Previous reports on the effect of HT use on serum IL-6 have been 

conflicting.  A number of studies 28, 36, 50 are in agreement with our reported results of an 

increase in circulating CRP levels but no change in IL-6 levels in response to oral HT.  A 

prospective analysis from the Women’s Health Initiative 48 found that current HT use was 

associated with significantly higher CRP levels but there was no association between HT use 

and IL-6 levels.  In contrast, others 6, 23, 67 found an increase in circulating CRP, as well as IL-

6, in response to oral HT use. One study 60 found that CRP increased but IL-6 decreased 

slightly after oral HT and Straub et al 63 found that HT use was associated with lower IL-6 

levels using a cross-sectional design. Conflicting findings on the effect of HT use on 
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circulating IL-6 levels may be related to differences in populations, sample size and duration 

of HT use.  

Studies that examined the effect of HT on CRP and other pro-inflammatory markers 

found that CRP increased in HT users independently of other markers of inflammation 28, 36, 

50, 71 and that this might be explained by a first pass of HT through the liver with oral HT 

administration 60. This hypothesis is supported by our finding that transdermal HT was not 

associated with high CRP levels. We found that the adjusted mean for CRP was significantly 

lower for transdermal HT users compared to non-users and oral HT users. Lower CRP values 

in transdermal HT users compared to non-users were also reported by Modena et al 38 who 

found that median CRP values decreased by 35% in transdermal HT users compared to non-

users. One study reported an increase in CRP after transdermal HT 7. However, this study 

tested the effect of unopposed transdermal estrogen in contrast to our study that included all 

forms of transdermal HT.  Most studies to date have reported no change in CRP after 

transdermal HT 12, 16, 49, 66, 69, 71. In our study, HT was not associated with IL-6 regardless of 

method of administration (oral versus transdermal). Two other studies 66, 71 also reported no 

change in IL-6 in transdermal HT users when compared to non-users.

This report used a cross sectional approach to present the baseline data from the 

BEST study. Although HT use and method of delivery were self-selected, this improved the 

external validity since it better represented the population. Because our study was not 

designed to test the method of HT delivery, we had a limited sample size for transdermal HT 

and unopposed oral HT use. Another limitation of our study was that IL-6 and CRP 

measurements were performed on a single time point rather than using repeated measures.  

Nutritional intake may have potentially affected inflammation markers and be a limitation; 
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however, there were no significant differences in energy intake, protein intake, calcium and 

iron intake between HT users and non-users in this study, as demonstrated in a previous 

report 21.

In conclusion, our study found that all indices of fat mass were associated with higher IL-

6 and CRP levels. Abdominal fat mass was more strongly associated with elevated IL-6 and 

CRP levels independent of total fat mass or BMI.  High fat mass and low lean soft tissue 

were independently associated with elevated IL-6 levels. Further investigations, including 

randomized controlled trials, are needed to determine the effect of body composition 

modulation on inflammatory markers. In this study, we also found that serum CRP values 

were higher in oral HT users compared to transdermal HT users and HT non-users but IL-6 

levels were not significantly different between different HT methods.  IL-6 and CRP levels 

were similar in opposed and unopposed oral HT users.
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Table 1:  Subject characteristics by HT type. 
Variable No HT

 (N=102)
All HT types 

(N=106)
Opposed Oral 

HT (N=61)
Unopposed 

Oral HT (N=34)
Transdermal 
HT (N=11)

Mean SD Mean SD Mean SD Mean SD Mean SD

Age (yrs) 56.73 4.97 54.81* 4.10 54.75* 4.05 54.52* 3.87 56.08 5.16

Time since 
menopause 
(yrs) 

6.68 3.17 4.99* 2.65 4.41* 1.94 5.94 3.36 5.24 2.90

Duration of 
HT use (yrs)

0 0 2.79* 1.11 2.85* 0.99 2.81* 1.21 2.45* 1.43

BMI (kg/m2) 25.54 3.51 25.19 4.02 25.31 4.13 25.15 3.94 24.66 3.95

Body weight 
(kg)

68.05 10.79 67.03 11.16 67.24 11.18 67.49 11.98 64.46 8.65

Lean soft 
tissue (kg)

38.45 4.27 38.26 4.32 38.31 4.27 38.60 4.63 36.92 3.65

Total fat mass 
(kg)

26.38 7.87 25.58 8.09 25.74 8.15 25.70 8.50 24.28 6.99

Trunk fat 
mass (kg)

12.48 4.09 12.01 4.26 12.23 4.39 11.94 4.36 11.04 3.36

Abdominal 
fat mass (kg)

2.82 1.10 2.73 1.21 2.83 1.29 2.67 1.14 2.32 0.93

Waist 
circumference 
(cm)

80.99 9.72 79.94 9.31 80.62 9.61 79.57 8.82 77.30 9.43

Peak VO2 
(mL/kg min)

27.49 6.09 29.01 6.88 29.06 7.45 28.58 6.58 30.27 3.44

Anti-
inflammatory 
medications 
(%)

9 
(8.8%)

10
(9.0%)

8
(13 %)

1 
(2.9%)

1 
(9.1%)

Estradiol 
(pg/ml) 

16.37 29.61 61.79* 51.99 64.34* 46.35 57.44* 55.36 61.32 72.22

Estrone 
(pg/ml)

19.30 12.72 143.59* 152.19 150.13* 118.08 137.61* 174.00 126.37 240.85

IL-6 (pg/ml) 1.27 0.72 1.52 1.21 1.55 1.04 1.55 1.61 1.28 0.61

CRP (mg/L) 2.70 3.05 5.56* 5.48 5.76* 5.29 6.14* 5.97 2.65 4.44

* mean values significantly different (p<0.05) compared to HT non-users
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Table 2: Correlations of IL-6 and CRP with body weight, body mass index and body 
composition variables by HT use

CRPa IL-6b Body 
weight

Body 
mass 
index

Lean 
soft 

tissue

Body 
fat 

mass

Trunk 
fat 

mass

Abdominal 
fat mass

Waist 
circumference

IL-6 
(pg/ml)
All HT 
types

0.49*
*

0.39** 0.42** 0.12 0.48** 0.49** 0.52** 0.46**

No HT 0.40*
*

0.20* 0.24* -0.01 0.27** 0.24* 0.27** 0.24*

CRP 
(mg/L)
All HT 
types

0.49** 0.41** 0.42** 0.20* 0.46** 0.45** 0.43** 0.39**

No HT 0.40** 0.38** 0.40** 0.14 0.44** 0.46** 0.43** 0.41**

* p<0.05; ** p<0.01
alog transformed
barc tangent transformed



103

Table 3: Correlations among body weight, body mass index and body composition variables.

Trunk fat 
mass

Abdominal 
fat mass

Waist 
circumference

Lean soft 
tissue

Body 
mass 
index

Body 
weight

Total fat mass 0.95** 0.90** 0.85** 0.53** 0.91** 0.94**

Trunk fat mass 0.96** 0.91** 0.52** 0.89** 0.90**

Abdominal fat 
mass

0.90** 0.47** 0.88** 0.84**

Waist 
circumference

0.62** 0.87** 0.87**

Lean soft 
tissue

0.53** 0.78**

Body mass 
index

0.87**

**p<0.01
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Table 4: Multiple regression analysis of serum IL-6 (arc tangent transformed) from age, anti-
inflammatory medication use, lean soft tissue, abdominal fat mass by HT use.

All HT types No HT
Variable Std. Beta p-value Std. Beta p-value
Age 0.073 0.393 0.129 0.203
Anti-inflammatory 
medication use

-0.084 0.318 0.036 0.725

Lean soft tissue mass -0.242 0.015 -0.153 0.167
Abdominal fat mass 0.643 <0.001 0.313 0.005
HT: Adj. R2 =0.294, SEE =0.208
No HT: Adj. R2 =0.074, SEE = 0.201
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Table 5: Multiple regression analyses of serum CRP (log transformed) accounting for age, 
anti-inflammatory medication use, lean soft tissue mass, total fat mass and abdominal fat 
mass.

All HT types No HT
Variable Std. Beta p-value Std. Beta p-value
Age -0.091 0.329 -0.048 0.625
Anti-inflammatory medication 
use

0.111 0.222 -0.097 0.329

Lean soft tissue mass -0.104 0.355 -0.029 0.788
Total fat mass 0.398 0.114 0.047 0.821
Abdominal fat mass 0.124 0.595 0.403 0.054
HT: Adj. R2 = 0.186, SEE =0.435, Collinearity VIF total fat =4.70, abdominal fat =4.71
No HT: Adj. R2 =0.150, SEE = 0.411, Collinearity VIF total fat =7.86, abdominal fat =6.81
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Table 6: Multiple regression analysis of serum CRP from age, IL-6, anti-inflammatory 
medication use, lean soft tissue, total fat mass and abdominal fat mass by HT use.

All HT types No HT
Variable Std. Beta p-value Std. Beta p-value
Age -0.114 0.193 -0.103 0.267
IL-6 0.405 <0.001 0.373 <0.001
Anti-inflammatory medication 
use

0.146 0.087 -0.104 0.262

Lean soft tissue mass 0.008 0.938 0.033 0.741
Total fat mass 0.304 0.195 -0.030 0.876
Abdominal fat mass -0.059 0.789 0.353 0.069
HT: Adj. R2 =0.295, SEE = 0.405
No HT: Adj. R2 =0.270, SEE = 0.381
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Figure 1: Baseline CRP by HT type adjusted for age, body composition and anti-
inflammatory medication use*
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ABSTRACT

The purpose of this study was to determine the effect of one year of resistance 

training and resulting body composition changes on inflammatory response as demonstrated 

by circulating interleukin- 6 (IL-6) and C-reactive protein (CRP) levels in postmenopausal 

women. Methods: Hormone therapy (HT) users (N=100) and non-users (N=102) were 

randomly assigned to a resistance training exercise program or to no exercise: HT-exercise 

(HT-EX, N=55), HT-no exercise (HT-NEX, N=45), no HT-exercise (NHT-EX, N=53), and 

no HT-no exercise (NHT-NEX, N=49).  The exercise program included three 60-75 minute 

sessions per week wherein 8 different exercises were performed in 2 sets of 6 to 8 repetitions 

at 70-80% of 1RM.  For each subject, baseline and 1-year IL-6 and CRP were measured 

using a high-sensitivity, enzyme-linked immunosorbent assay. Creatine kinase (CK) was 

measured using a UV-rate quantitative procedure. Total and abdominal fat mass and lean soft 

tissue mass were assessed by dual-energy X-ray absorptiometry (DXA).  ANCOVA was 

used to predict the one-year changes in IL-6 and CRP from the effects of resistance training 

in HT users and non-users while controlling for such potential confounders as age, baseline 

IL-6 or CRP value, change in fat mass, and change in medication use. Results: Exercisers 

increased lean soft tissue mass (HT-EX = 0.64 ± 1.08 kg, HT-NEX = 0.21 ± 1.39 kg, p = 

0.089; NHT-EX = 0.89 ± 0.96 kg, NHT-NEX = -0.22 ± 1.07 kg, p<0.001) and experienced a 

48.2% increase in strength after one year of resistance training. Circulating IL-6 levels were 

not influenced by one year of exercise. Serum CRP increased slightly (p=0.077) in exercisers 

(0.54 ± 0.34 mg/L) not taking HT as compared to controls (-0.39 ± 0.35 mg/L). This 

relationship was not observed in HT users. Reductions in total body fat were associated with 

reductions in IL-6 in HT users but not in HT non-users. Reductions in total body fat were 
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associated with reductions in CRP in women using HT.  However, this association was not 

significant after adding IL-6 change in the statistical model for change in CRP. Conclusion:

This study found that resistance training does not decrease IL-6 or CRP in postmenopausal 

women but may slightly increase CRP in women not using HT. Reductions in total body fat 

were also strongly associated with reductions in IL-6 and CRP independent of exercise 

status. 

INTRODUCTION

Exercise has been associated with a reduced risk of coronary artery disease (CAD) 31. 

The mechanisms underlying this association remain unclear. Because CAD is increasingly 

seen as an inflammatory process 36, it is possible that physical activity reduces the risk of 

CAD by reducing or preventing inflammation. In CAD, pro-inflammatory cytokines such as 

interleukin-6 (IL-6) respond to vascular injury by stimulating an acute phase response by the 

liver that leads to an increase in circulating concentrations of C-reactive protein (CRP). 

Today, CRP is recognized as an important biomarker and amplifier of vascular inflammation 

43. At present, there is evidence from a number of longitudinal studies that assessed the effect 

of endurance training on inflammatory markers and found a decrease in IL-6 1, 44 and CRP 16, 

20, 37, 42, 44 after training.  However, there are fewer studies that have examined the effect of 

resistance training, rather than endurance training, on IL-6 and CRP levels. Most studies that 

have examined the effect of resistance training on these inflammatory markers reported no 

change in IL-6 in elderly men and women 3, 12, 24, 32.  By contrast, Greiwe et al 10 studied the 

effect of 3 months of resistance training on TNFalpha, a known stimulator of IL-6, and found 

a decrease in TNFalpha after resistance training in frail elderly men and women.  Data on the 
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effect of resistance training on circulating CRP are sparse.  One longitudinal weight loss 

study 24 that tested the effects of diet, exercise and the interaction of diet and exercise in 

modulating IL-6 and CRP levels in overweight and obese, sedentary men and women (>60 

years, N=316) reported that exercise did not have a significant effect on IL-6 and CRP 

values. The exercise intervention in this study 24 included resistance training.  The effects of 

resistance exercise on systemic inflammation warrant further investigation especially in light 

of current recommendations for resistance training to prevent osteoporosis in women 41 and 

for improved muscle strength and function in the elderly 7, 32. 

Recently, it has been proposed that exercise related changes in inflammatory markers 

are dependent on changes in body composition 15, 29, 33.  Endurance training as well as 

strength training have been demonstrated to reduce body fat 11, 40, thus it is possible that 

reductions in inflammatory markers, like IL-6 that is produced from adipose tissue 23, may be 

due to reductions in fat mass and not to an exercise training effect per se.  Data from two 

studies 8, 13 suggest that exercise-related differences in CRP are independent of differences in 

BMI. However, these studies examined self-reported physical activity or fitness as a measure 

of exercise participation in a cross-sectional design. At present, it is not clear whether 

exercise reduces age-related increases in inflammatory markers 17 independent of exercise-

induced decreases in body fat. A further complication in postmenopausal women is the 

unknown role of HT use in the relationship between resistance training-related reductions in 

body fat and changes in inflammatory markers. 

The purpose of this study was to determine the effect of one year of resistance 

training and resulting body composition changes on changes in circulating IL- 6 and CRP 

levels in postmenopausal women that were using or not using HT. We hypothesized that one 
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year of resistance training would lead to a significant decrease in IL-6 and CRP values 

independent of changes in body composition. 

METHODS

Study Design and Population

Subjects that completed the first year of the Bone Estrogen Strength Training (BEST) 

trial were included in this study. A total of 266 subjects completed the first year of the BEST 

study 9. From this sample 238 blood samples remained at the time of analysis. In addition, 36 

women were excluded for the following reasons: 1) beginning the exercise program prior to 

the first blood draw (N=4); 2) missing data (N=15);  3) outliers for CRP or IL-6 (N=5) 

defined as values greater than 3 standard deviations above the mean at baseline or 1-year 

(subjects with elevated values at both baseline and 1-year were not excluded);  4) having 

rheumatoid arthritis with elevated baseline CRP value (N=1); 5) using transdermal HT 

(N=11).  Sedentary women (<120 min of regular weight-bearing exercise per week for at 

least one year), who were 3-10.9 years postmenopausal (aged 44-65 years), by either surgical 

or natural menopause, with a body mass index (BMI) between 19.0 kg/m2 and 32.9 kg/m2, 

and no weight gain or loss greater than 13.6 kg (30 lbs) in the previous year were included in 

this study.

Subjects who were taking oral HT (N=100) or not taking oral HT (N=102) for 12 

months prior to entry into this study were block randomized to exercise or control creating 4 

intervention groups: 1) HT and exercise (HT-EX, N=55); 2) HT and no exercise (HT-NEX, 

N=45); 3) no HT and exercise (NHT-EX, N=53); and 4) no HT and no exercise (NHT-NEX, 

N=49). All prospective subjects were screened to ensure that their age, health, physical 
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activity status, availability, medication and medical history were appropriate for the study. 

Informed consent was obtained and a physical exam was performed on women who appeared 

to be good candidates. All subjects underwent a stress test to detect the presence of cardiac 

abnormalities; abnormal results were an exclusion criteria for this study. Additional 

exclusion criteria included current smoking, cancer or history of cancer in the last 5 years 

excluding non-melanoma skin cancers and reported participation in a regular physical 

activity program within one year of the study. More detailed recruitment and entry criteria 

have been previously reported 9.

Exercise Intervention

The exercise program used in this study was designed to maintain or increase bone 

mineral density (BMD). Subjects exercised three days per week, on non-consecutive days, in 

one of four community facilities under the supervision of study on-site trainers for 12 

months. Exercise intensity increased gradually over the duration of the program. Sessions 

lasted about 60-75 minutes and included stretching, balance, and weightlifting activities for 

warm up, a weightlifting program, a weight bearing circuit (e.g., walk/jog, skipping, 

hopping), and stair-climbing/step boxes with weighted vests. Exercise frequency and 

duration, loads, sets and repetitions, and steps with weighted vests were recorded by study 

participants in exercise logs, and were monitored regularly by on-site trainers. The 

weightlifting program included a variety of large muscle exercises to stress the skeleton in 

different directions, and stimulate bone growth. Weightlifting was done using free weights 

and machines. Initially, one set of 6-8 repetitions of each exercise was performed, increasing 

gradually to three sets. Training intensity was increased progressively to 70-80% of the 
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subjects’ maximal lifting capacity (based on 1 repetition maximum = 1RM) for each 

exercise. The 1RM was assessed every 6-8 weeks of training and the training load adjusted to 

maintain relative intensity. Endurance exercise included progressive weight-bearing 

movement and stepping/stair climbing totaling 15 to 25 minutes. For the progressive weight-

bearing movement, participants walked while wearing a vest that contained added weights 

and completed a locomotor circuit that included skipping, jogging, hopping and jumping. 

Weight vests were not worn during the circuit.  These exercises were performed at 70% to 

80% of maximal heart rate. A more detailed description of the exercise program has been 

previously reported 18.

Strength and fitness assessment

Dynamic muscle strength was evaluated using the 1RM method for leg press, lat pull 

down, row, right and left unilateral military press and back extension. The strength values 

reported represent the sum of all individual 1RM measurements in kilograms. Strength 

measurements were recorded at baseline and 1-year in the exercise group. 

Oxygen consumption (VO2) was measured using a Modified Balke protocol at 

baseline and one year. The Modified Balke protocol is a variable grade, walking treadmill 

test with each stage lasting one minute. The speed was constant at 3.3 mph from minute 1 to 

minute 14. The speed then increased by 0.4 mph each minute until the end of the test. The 

treadmill grade was increased by 2% from minute 2 to minute 14, by 1% during minute 14 

(from 24% to 25%) and remained constant for the duration of the test. Subjects were 

instructed to walk until voluntary exhaustion. Maximal oxygen consumption was based on 
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reaching two of following three criteria: 1) plateau in VO2 (increases no greater than 200 ml 

with an increase in power; 2) respiratory exchange ratio >1.1; or 3) heart rate greater than the 

predicted maximum. VO2max was reached by 48% of subjects tested. VO2peak was 

recorded in 52% of the subjects tested. VO2 values presented include both peak and max 

values.

Hormone therapy and anti-inflammatory medications

Type and dose of hormone therapy was prescribed by the subjects’ physicians prior to 

the study and recorded in the medical history questionnaire. All forms of oral HT were 

accepted. Among HT users, 61 were taking oral estrogen plus progesterone, 34 were taking 

unopposed oral estrogen, and 5 were taking other oral therapies (oral progesterone N=2;

estrogen plus testosterone N=1; estrogen plus testosterone plus progesterone N=2). Anti-

inflammatory medication use was determined from medical questionnaires and included use 

of statins and regular use of aspirin, ibuprofen, acetaminophen, naproxen sodium and other 

non-steroidal anti-inflammatory medications (Table 1).

Body composition

Body weight was measured in duplicate to the nearest 0.1 kg using a calibrated scale 

(SECA, model 770, Hamburg, Germany). Height was recorded in duplicate to the nearest 

0.1cm using a Schorr wall mounted stadiometer. Total body and regional body composition 

were measured by dual X-ray absorptiometry (DXA) using the Lunar Radiation Corporation, 

model DPX-L whole body scanner. Total fat mass, abdominal fat mass and lean soft tissue 

mass were analyzed as absolute amounts (kg) by Lunar software (v1.3y). Abdominal fat 
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mass was determined by adjusting the DXA region of interest on whole body scans to the L1-

L2 intervertebral space superiorly and the iliac crest inferiorly. Abdominal fat analysis from 

DXA was performed by trained technicians to minimize error. Waist circumference was 

measured at the smallest horizontal circumference in the area between the ribs and iliac crest 

using a standard tape measure 14.

Blood analyses 

All blood samples were collected in the morning after an overnight (12-hour) fast. 

Subjects were instructed to refrain from medications, including HT, supplements or calcium, 

the morning of the blood draw. Blood specimens were collected at the laboratory between 

0600 and 0900 h. Samples were centrifuged and plasma and serum samples were aliquotted 

into cryovials and transferred into storage at –80 oC for subsequent analyses. 

Interleukin-6 measurement

Fasting IL-6 level was measured in duplicate using a highly sensitive enzyme-linked 

immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN). The detectable range for 

serum IL-6 was 0.45 – 9.96 pg/ml.  Serum or plasma samples were used to assess circulating 

IL-6. Absorbance was measured by spectrophotometry (Finstruments Multiskan 347 

Microplate Reader, Vienna, VA) using dual wavelength readings. The inter-assay coefficient 

of variation was 7.2% for the low control, 4.9% for the medium control, and 5.4% for the 

high control. 
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C-reactive protein measurement 

Fasting serum CRP was measured in duplicate with a high sensitivity enzyme-linked 

immunosorbent assay (ELISA) (Diagnostic Systems Laboratories, Webster, TX). The 

manufacturer recommended serum dilution protocol (1:500) could not detect values <5 mg/L, 

therefore, the dilution protocol was modified according to a previously described method15. 

In brief, serum samples were initially diluted at 1:50 which resulted in detectable serum CRP 

values ranging from 0.5 to 25 mg/L.  Any serum sample that was above the initial detectable 

range was reanalyzed with a serum dilution of 1:500, which resulted in a detectable range of 

5 to 250 mg/L.  By contrast, samples that fell below the initial detectable range were 

reanalyzed with a serum dilution of 1:5, which resulted in a detectable range of 0.05 to 2.5 

mg/L.  Absorbance was measured by spectrophotometry (Finstruments Multiskan Microplate 

Reader, Vienna, VA). The inter-assay coefficient of variation was 2.7% for the low control 

and 6.2% for the high control. 

Creatine Kinase measurement

Because days from the last exercise session until blood collection at 12 months were

not controlled, we measured fasting plasma creatine kinase (CK) using a UV-rate 

quantitative procedure (Stanbio Laboratory, Boerne, TX) to estimate muscle damage related 

to our exercise program. This assay measured non-specific CK because in our population, 

subjects with heart disease were excluded from the study. CK values were obtained for 

baseline and 12 months. Absorbance was measured at 60-second intervals four times, 

yielding a total of 3 absorbance change measurements. Samples were incubated in a separate 

water bath (37ºC) between readings. The change in absorbance was constant and was used to 
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calculate CK concentration in U/L.  All values fell within the expected range (25-192 U/L). 

Deionized water was used to zero the spectrophotometer (CECIL CE 2041 UV/Visible 

Spectrophotometer, Cambridge, England) before each measurement. A normal control (Ser-

T-Fy I, Stanbio Laboratories, Boerne, TX) with an expected range of 125-187 U/L and an 

abnormal control (Ser-T-Fy II, Stanbio Laboratories, Boerne, TX) with an expected range of 

520-780 U/L were tested at the beginning and at the end of each assay. The inter-assay 

coefficient of variation was 12.7% for the normal control and 4.6% for the abnormal control. 

Data analyses

SPSS (version 12.0, Chicago, IL) was used for all data analyses. Descriptive statistics 

were examined to assess the distributions of IL-6, CRP and CK data. Because the 

distributions of the baseline and the 12-month values for IL-6, CRP and CK were skewed and 

leptokurtic, we used an arc tangent transformation to normalize the IL-6 values, and we log 

(base10)-transformed the CRP and CK values.  The 12-month change in serum CRP was 

leptokurtic, and no mathematical transformation normalized the distribution of these data.

Because we used the untransformed values for the 12-month change in CRP, these data must 

be interpreted cautiously.  The descriptive data (table 1) are untransformed means and 

standard deviations for all of the reported variables.  With the exception of the 12-month 

change in CRP, the entire statistical hypothesis testing of IL-6 and CK used the transformed 

and normalized data.

Statistical analyses were performed separately for HT users and non-users because 

HT was not randomly assigned. Independent t-tests were used to determine the differences in 

baseline characteristics among exercisers and non-exercisers within the HT and no HT 
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groups. Paired t-tests were used to test whether 12 month values for IL-6 and CRP were 

significantly different from baseline. Mean changes in body composition between exercisers 

and non-exercisers within HT groups were determined using independent t-tests.  Multiple 

linear regression analysis was used to determine partial correlations for change in IL-6 in 

relationship to change in total fat mass or change in abdominal fat mass accounting for age, 

change in lean soft tissue mass, change in medication use and baseline IL-6 value. Multiple 

linear regression analysis was also used to determine resistance training-related changes in 

circulating markers of skeletal muscle damage and systemic inflammation accounting for 

age, change in total fat mass, change in lean soft tissue mass, change in medication use and 

baseline values for IL-6, CRP or CK.  Partial correlations for change in serum CRP and 

change in total fat mass or abdominal fat mass accounting for age, resistance training 

exercise, change in lean soft tissue mass, change in anti-inflammatory medication use and 

baseline CRP value were obtained from multiple linear regression analyses. Change in IL-6 

was added to statistical models for change in CRP to determine whether reductions in fat 

mass and reductions in CRP were explained by reductions in IL-6. 

Differences in acute exercise effects on 12 month IL-6, CRP and CK values and 

change in IL-6, CRP and CK values were determined using independent t-tests. One-year and 

change in IL-6, CRP and CK values were compared among exercisers based on the number 

of days from their last exercise session to their blood draw. Multiple linear regression 

analysis was also used to test whether the number of days from the last exercise session prior 

to the blood draw was related to the one-year values or the change in IL-6, CRP and CK 

values. This analysis was performed to examine whether the changes observed from baseline 
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to one year were affected by the last exercise session and to confirm that the reported results 

were associated with chronic and not acute changes. 

RESULTS

Table 1 presents baseline subject characteristics for exercisers and non-exercisers 

within HT groups. Among women not using HT, baseline VO2 was significantly higher in 

exercisers compared to non-exercisers. Age and time since menopause were higher in non-

exercisers compared to exercisers not taking HT (2.0 years and 1.8 years, respectively); 

however, this did not reach statistical significance. There were no significant differences in 

body composition among exercisers and non-exercisers within HT groups at baseline. 

One-year changes in body composition by exercise within HT groups are presented in 

Table 2. Lean soft tissue mass increased significantly from baseline to one year in the 

exercise group regardless of HT use. Lean soft tissue mass increased  significantly more in 

exercisers not using HT compared to non-exercisers not using HT (p<0.05). This relationship 

was not significant (p=0.089) in HT users. Changes in measures of body fat, body weight and 

BMI did not differ significantly between exercisers and non-exercisers within HT groups. 

While strength increased after one year of resistance training (Baseline: 265.2 ± 41.9 

kg; 12-months: 393.0 ± 61.2 kg, p<0.001), VO2 did not significantly increase from baseline 

(1.97 L/min; 29.8 ± 6.6 ml/kg/min) to 12 months (2.05 L/min; 30.9 ± 6.7 ml/kg/min) in the 

exercise group. However, treadmill time increased significantly from baseline (7.82 min) to 

12 months (8.49 min) in the exercise group. The change in VO2 was not significantly 

different between exercisers and controls (data not shown). 
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Table 3 includes one-year changes in IL6, CRP and CK across treatment groups.   IL-

6 and CRP did not significantly decrease after one year of exercise. The change in IL-6 

(Figure 1) and the change in CK levels were not associated with exercise participation or HT 

use. The association between change in CRP and exercise was borderline significantly 

related (p=0.077) to exercise in HT non-users, but not in HT users. Exercisers not using HT 

experienced a small increase in serum CRP after one year of resistance training, while non-

exercisers not using HT experienced a slight decrease in CRP after one year (Figure 1). 

Twelve-month IL- 6, CRP and CK (Figure 2) and change in IL-6, CRP and CK (Figure 3) 

were not associated with the number of days from the last exercise session until the blood 

draw.

Reductions in total fat mass were significantly associated with one year reductions in 

IL-6 (Table 4) and one year reductions in CRP (Table 5) independent of exercise in HT users 

but not in non-users, after accounting for age, change in lean soft tissue, change in 

medication use and baseline IL-6 or CRP value.  Abdominal fat mass change (partial 

correlation = 0.25) was also significantly associated with change in IL-6 in HT users when 

substituted for total fat mass change in the model (partial correlation = 0.23) (table 4). In 

contrast, change in abdominal fat mass was less strongly associated (partial correlation = 

0.20) with change in serum CRP in HT users and non-users than change in total fat mass 

(partial correlation = 0.22) (table 5).  In addition, when IL-6 change was added to the 

regression analysis, change in total fat mass or abdominal fat mass was no longer 

significantly associated with change in CRP (table 5).
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DISCUSSION

Circulating IL-6 and CRP levels were not significantly decreased after a one year 

exercise program emphasizing resistance training in postmenopausal women. Although we 

found no exercise related decreases in IL-6 or CRP, reductions in total fat mass were 

associated with reductions in circulating IL-6 and CRP levels. Thus, changes in these 

inflammatory markers were dependent on changes in body fat and independent of exercise 

training in our population. 

Circulating IL-6 levels did not change after one year of resistance training regardless 

of HT use and independent of changes in body composition.  Increased physical activity 

assessed via questionnaires has been shown to be inversely associated with plasma levels of 

IL-6 29. When data were adjusted for BMI these associations were no longer significant 

suggesting that these associations can be partially explained with a lower degree of obesity in 

physically active subjects 29. Most studies have addressed the acute changes in IL-6 in 

response to one exercise bout rather than the effect of longer term training. A study of the 

effect of testosterone replacement and resistance training in elderly men found that subjects 

who were not involved in resistance training had lower IL-6 values after 12 weeks compared 

to subjects who performed resistance training regardless of their testosterone replacement 

status 12. Other studies 3, 24, 32 that have examined the effect of resistance training on serum 

IL-6 have found that IL-6 levels did not change after training. These studies enrolled small 

samples and focused on elderly mixed-gender populations rather than solely postmenopausal 

women. 

Serum CRP levels increased slightly but non-significantly after one year of resistance 

training in postmenopausal women not using HT.  This effect was not observed in HT users. 



123

Data from longitudinal studies that have investigated the change in CRP in response to 

resistance training in postmenopausal women is sparse. One longitudinal weight loss study 24

that tested the effects of diet, exercise (including resistance training) and the interaction of 

diet and exercise in modulating CRP levels in overweight and obese, sedentary men and 

women (>60 years, N=316) reported that exercise did not have a significant effect on CRP 

values. Another study 30 that examined the relationship between overall physical activity and 

CRP in a large cohort of men and women (>18 years), reported an inverse association 

between physical activity and circulating CRP levels, but found no differences based on type 

of exercise (endurance exercise versus weight lifting).  CRP has been described as an 

independent predictor of cardiovascular disease risk 35, thus our finding that resistance 

training did not decrease CRP suggests that resistance training may be less beneficial to 

preventing cardiovascular disease than endurance training among postmenopausal women. 

We did not find a significant effect of exercise on IL-6 or CRP levels. However, there was a 

small and non-significant increase in CRP values in exercisers not using HT. Unfavorable 

effects of resistance training on CVD risk have been reported by Miyachi et al21 who found a 

decrease in carotid arterial compliance and an increase in beta-stiffness index in healthy 

young men after 4 months of resistance training. These effects were completely reversed 

after a four month detraining period. The population and outcomes of this study were very 

different from our study. However, this study 21 raises the possibility that measures of 

inflammation and possibly cardiovascular disease risk could differ between resistance 

training and endurance training. 

Most studies to date have examined endurance exercise rather than resistance exercise 

and found decreases in circulating CRP levels 37, 42, 44 in response to endurance training. 
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Although our program included a small endurance component, there were no significant 

changes in VO2 after 12 months of training. We found a significant increase in treadmill time 

in the exercise group. Since other studies have shown endurance training to be protective 

against CVD, our program did not compare resistance to endurance training but instead 

emphasized progressive intensity resistance training that lead to large increases in muscle 

strength. It is possible that the high intensity of this program led to more exercise induced 

muscle damage and a greater inflammatory response compared to endurance training 

programs. Some studies reported a greater inflammatory response to muscle damaging 

eccentric exercise than to concentric exercise 4, 27 and to high intensity than to low intensity 

exercise 4, 26, 27.  Thomas et al 39 demonstrated that weight lifting leads to greater muscle 

damage (assessed by creatine kinase) than running exercise of the same duration in young 

male and female collegiate athletes. In that study 39 the change in IL-6 was measured after 3 

acute exercise sessions that were part of an 8-10 week training program. Interestingly, the 

change in IL-6 (pre-exercise to post-exercise) was diminished from session 1 to session 3 of 

running exercise while it was enhanced from session 1 to session 3 of weight lifting exercise. 

These results suggest that inflammatory markers respond differently to resistance training 

than to endurance training. 

We also found that reductions in total fat mass after one year of resistance training 

were associated with reductions in IL-6 and CRP independent of exercise status in HT users. 

Strong correlations between elevated IL-6 and high BMI 22, 23, 34, 38 and high total fat mass 22, 

23, 38 have been reported.  In agreement with our findings, in weight loss studies 2, 6 a decrease 

in IL-6 and CRP after weight loss in obese women has been reported. Additionally, two cross 

sectional studies have found that physical activity related differences in CRP were dependent 
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on reductions in body fat 15 in postmenopausal women or dependent on reductions in BMI 33

in healthy men and women (20-70 years old).  In contrast, cross sectional data from LaMonte 

et    al 13 found that exercise-related differences in CRP were independent of differences in 

BMI in postmenopausal women of different ethnicities.  This evidence suggests that there 

might be another mechanism that is independent from exercise related changes in body 

composition that would lead to decreases in IL-6 and CRP as a result of training. However, 

the results of our exercise intervention study do not support the existence of a pathway 

unrelated to body composition by which exercise decreases IL-6 or CRP levels in 

postmenopausal women.

When change in IL-6 was added to the statistical model predicting change in CRP, 

change in fat mass was no longer significantly associated with change in CRP. This analysis 

suggests that the associations between reductions in fat mass and reductions in CRP are 

largely explained by reductions in IL-6, as the change in fat mass is not significantly 

associated with changes in CRP after adjusting for changes in IL-6. However, because 

changes in IL-6 remained associated with CRP after adjusting for changes in fat mass, it 

suggests that both adipose tissue-derived and non-adipose tissue-derived sources of IL-6 are 

important mediators of the hepatic acute phase response.

The positive relationship between fat mass and IL-6 and fat mass and CRP was only 

significant in the HT users. HT users had higher circulating CRP levels at baseline; thus, it is 

possible that they had a greater capacity for reducing CRP levels via small reductions in fat 

mass. The relationship between fat mass and IL-6 cannot be explained by differences in 

baseline IL-6 values because there were no significant differences in IL-6 values between HT 

users and non-users at baseline. However, the HT users had substantially greater variance in 
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IL-6 values at baseline compared to HT non-users. In addition, non-adipose tissue sources of 

IL-6 could have affected the relationship between 

A potential limitation of our study is that the time from the last exercise bout to the 

blood draw was not controlled. One-year blood draws were taken as soon as 24 hours after 

the last exercise bout for women who were in the exercise group. A total of 40 women out of 

108 exercisers had their blood drawn 1-2 days after their last exercise session (1 day N=22, 2 

days N=18). It is not likely that this affected IL-6 levels since studies have shown that IL-6 

peaks immediately after exercise 25, 28 and returns to pre-exercise levels when measured at 24 

hours post-exercise 19. However, two studies 5, 19 reported that CRP was still elevated above 

pre-exercise levels 24 hours after an exercise session.  Thus, it is possible that the last 

exercise session affected our one-year CRP values. In order to determine whether our results 

were due to an acute exercise effect, we tested the 12 month CRP and IL-6 values and the 

change in CRP and IL-6 values based on the days from the last exercise session until the 

blood draw and found no differences among women who exercised closer to the blood draw 

(1-2 days) compared to other exercisers. In addition, we measured creatine kinase (CK), a 

marker of muscle damage, to determine whether or not an acute response to exercise 

influenced our exercise intervention (chronic) results; we found no differences in CK values 

based on the days since the last exercise session. The number of days since the last exercise 

session was also used as a covariate in multiple regression models for IL-6 and CRP change 

and was not a significant predictor of change in these variables. Future studies are needed to 

determine how rapidly IL-6 and CRP values return to basal levels after one acute bout of 

resistance exercise. 
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Another potential limitation of our study was that change in CRP from baseline to one 

year was not normally distributed and mathematical transformations of the data did not 

normalize the distribution. This limitation of our statistical models must be considered when 

interpreting our results because the leptokurtic distribution of CRP change data could have 

slightly inflated type I error.

In conclusion, this study found that resistance training did not decrease either IL-6 or 

CRP. Reductions in total body fat were associated with reductions in IL-6 and CRP 

independent of exercise status in HT users. In addition, change in fat mass was not 

significantly associated with CRP after adjusting for changes in IL-6.  Future studies 

comparing the effect of resistance training to the effect of endurance training on chronic 

inflammation are needed to evaluate further the role of exercise on cardiovascular disease 

risk.  
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Table 1: Selected baseline characteristics of postmenopausal women by use of oral hormone 
therapy (HT)*   

HT
(N=100)

No HT
 (N=102)

Exercise
(N=55)

Mean ± SD

No Exercise
(N=45)

Mean ± SD
p-

value

Exercise
(N=53)

Mean ± SD

No Exercise
(N=49)

Mean ± SD
p-

value

Age (yrs) 55.0 ± 3.6 54.2 ± 4.3 0.305 55.8 ± 4.7 57.7 ± 5.1 0.054
Time since 
menopause (yrs)

4.8 ± 2.3 5.0 ± 3.0
0.810

6.1 ± 2.9 7.3 ± 3.4
0.066

Duration of HT use 
(yrs)

2.9 ± 1.1 2.8 ± 1.1
0.809

0 0
-

BMI (kg/m2) 25.3 ± 4.0 25.1 ± 4.3 0.825 25.7 ± 3.1 25.4 ± 4.0 0.659
Body weight (kg) 68.1 ± 13.0 66.7 ± 11.1 0.588 68.8 ± 10.3 67.3 ± 11.4 0.486
Lean soft tissue 
mass (kg)

38.7 ± 4.7 38.1 ± 4.3
0.470

38.7 ± 4.3 38.2 ± 4.2
0.608

Total fat mass (kg) 26.1 ± 9.0 25.4 ± 8.3 0.717 26.8 ± 7.1 26.0 ± 8.6 0.592
Abdominal fat 
mass (kg)

2.7 ± 1.3 2.8 ± 1.2
0.838

2.9 ± 1.1 2.8 ± 1.1
0.694

Absolute VO2 
(L/min)

1.95 ± 0.39 1.89 ± 0.41
0.466

1.97 ± 0.37 1.75 ± 0.42 0.014

Relative VO2 
(mL/kg min)

29.8 ± 7.0 28.5 ± 7.1
0.429

  28.9 ± 6.0 26.0 ± 5.9 0.033

Strength (kg) 260 ± 46 - 274 ± 41 - -
Anti-inflammatory 
medication (%)

3 (5.5%) 6 (13.3%)
0.171

4 (7.5%) 5 (10.2%)
0.636

Serum IL-6 
(pg/ml)

1.5 ± 1.4 1.5 ± 1.0
0.832

1.2 ± 0.7 1.3 ± 0.7
0.394

Serum CRP 
(mg/L)

5.1 ± 4.8 6.7 ± 6.1
0.175

2.6 ± 2.4 2.8 ± 3.6
0.575

Plasma CK (U/L) 61.4 ± 36.6 65.9 ± 35.2 0.522 86.0 ± 52.9 73.4 ± 42.0 0.184
* Women undergoing oral HT and women not undergoing oral HT were randomly assigned 
within groups to exercise or to no exercise groups.
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Table 2: One year mean changes in body composition.*

HT
 (N=100)

No HT
(N=102)

Exercise
(N=55)

Mean ± SD

No 
Exercise
(N=45)

Mean ± SD p-value

Exercise
(N=53)

Mean ± SD

No 
Exercise
(N=49)

Mean ± SD p-value

Body Weight (kg) 0.12 ± 2.64 0.03 ± 3.80 0.898 0.25 ± 2.48 -0.11 ± 3.30 0.529

BMI (kg/m2) 0.09 ± 1.05 0.09 ± 1.50 0.349 0.15 ± 1.02 0.03 ± 1.27 0.420

Total body fat mass
(kg)

-0.29 ± 2.64 -0.16 ± 3.37
0.831

-0.54 ± 2.57 0.11 ± 2.96
0.243

Abdominal fat mass 
(kg)

-0.02 ± 0.38 0.03 ± 0.45
0.542

-0.09 ± 0.38 -0.01 ± 0.37
0.314

Lean soft tissue 
mass (kg)

0.64 ± 1.08a 0.21 ± 1.39
0.089

0.89 ± 0.96a -0.22 ± 1.07 <0.001

* Adjustment for baseline value did not affect the mean changes in body composition.
a significantly different from baseline (p<0.05)
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Table 3: One year resistance training-related changes in circulating markers of skeletal 
muscle damage and systemic inflammation in postmenopausal women undergoing and not 
undergoing oral HT. Models were adjusted for age, change in total fat mass, change in lean 
soft tissue mass, change in medication use and baseline value.

HT
(N=100)

No HT
(N=102)

Variable
Exercise
(N=55)
Mean ± 

SD

No 
Exercise
(N=45)
Mean ± 

SD

Exercise 
p-value

Exercise
(N=53)
Mean ± 

SD

No 
Exercise
(N=49)
Mean ± 

SD

Exercise
p-value

IL-6 (pg/ml)
Unadjusted 0.01 ± 

1.09
0.12 ± 
0.89

0.416 0.25 ± 
1.01

0.19 ± 
0.78

0.811

Adjusted -0.01 0.14 0.234 0.31 0.12 0.739

CRP (mg/L)
Unadjusted -0.02 ± 

3.42
-0.13 ± 

3.15
0.874 0.52 ± 

2.59
-0.37 ± 

2.21
0.066

Adjusted -0.16 0.04 0.752 0.54 -0.39 0.077

CK (U/L)
Unadjusted 6.47 ± 

25.5
3.15 ± 
28.9

0.213 -1.43 ± 
35.7

3.30 ± 
44.0

0.999

Adjusted 5.79 3.99 0.336 1.70 -0.09 0.875



136

Figure 1: Adjusted mean changes in serum CRP and serum IL-6 
after one year of resistance training
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Figure 2: One year serum CRP and IL-6 values 
versus the number of days since the last acute 

exercise session
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Figure 3: Change in serum CRP and IL-6 based on the 
number of days since the last exercise session
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Table 4: Associations between 12 month change in plasma IL-6 and change in fat mass*

HT 
(N=100)

No HT
 (N=102)

Partial ra p-value Partial ra p-value
Model 1

Total fat mass change 0.23 0.027 0.10 0.336

Model 2
Abdominal fat mass 

change
0.25 0.020 -0.02 0.889

*model adjusted for age, resistance training exercise, change in lean soft tissue mass, change 
in medication use, and baseline IL-6 
aPartial r (correlation) from multiple linear regression analysis models
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Table 5: Associations between 12 month change in CRP and change in fat mass* 

HT
 (N=100)

No HT
 (N=102)

Partial ra p-value Partial ra p-value
Model 1

Total fat mass change 0.22 0.029 0.13 0.193

Model 2
Total fat mass change 0.17 0.100 0.10 0.325

Change in IL-6 0.19 0.067 0.35 0.001

Model 3
Abdominal fat mass 

change
0.20 0.068 -0.004 0.973

Model 4
Abdominal fat mass 

change
0.13 0.224 0.001 0.996

Change in IL6 0.24 0.024 0.39 <0.001
*Models adjusted for age, resistance training exercise, change in lean soft tissue mass, 
change in medication use, and baseline CRP
aPartial r (correlation) from multiple linear regression analysis models
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ABSTRACT

Osteoporosis has been recently described as an inflammatory disease because 

inflammatory markers have been associated with bone loss. The purpose of this study was to 

determine the relationship between regional and total bone mineral density (BMD) and 

markers of inflammation, interleukin-6 (IL-6) and C-reactive protein (CRP) and a marker of 

muscle damage, creatine kinase (CK) in postmenopausal women. A secondary purpose of 

this study was to determine the role of IL-6, CRP and CK on the variability in the bone 

response to strength training.  Methods: Hormone therapy (HT) users (N=100) and non-users 

(N=102) were randomly assigned to a resistance training exercise program or to no exercise: 

HT-exercise (HT-EX, N=55), HT-no exercise (HT-NEX, N=45), no HT-exercise (NHT-EX, 

N=53), and no HT-no exercise (NHT-NEX, N=49).  The exercise program included three 60-

75 minute sessions per week wherein 8 different exercises were performed in 2 sets of 6 to 8 

repetitions at 70-80% of 1RM.  For each subject, baseline and 1-year IL-6 and CRP were 

measured using a high-sensitivity, enzyme-linked immunosorbent assay.  Creatine kinase 

(CK) was measured using a UV-rate quantitative procedure. Total fat mass and lean soft 

tissue mass were assessed by dual-energy X-ray absorptiometry (DXA).  Multiple regression

analysis was used to determine the association between baseline IL-6, CRP, CK and baseline 

total and regional BMD in HT users and non-users while controlling for such potential 

confounders as age, and body composition. Multiple regression analysis was used to 

determine the relationship between change in IL-6, CRP, CK and change in BMD within HT 

groups accounting for age, baseline BMD and total weight lifted.  Results: Baseline IL-6 and 

CRP were not significantly associated with baseline BMD at any site in either HT users or 

non-users. Higher baseline CK levels were correlated with higher baseline BMD values at all 
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sites in HT users but not in HT non-users. Change in IL-6 was positively associated with 

change in femur neck BMD. Change in CRP was inversely correlated with change in lumbar 

spine BMD. Change in CK was directly related to change in total body and femur trochanter 

BMD. Subjects in the exercise group that gained the most BMD increased IL-6 (femur neck), 

decreased CRP (lumbar spine) and increased CK (total body and femur trochanter). 

Conclusion:  This study found mixed results on the association between markers of 

inflammation and BMD. Increased CRP levels were significantly associated with lumbar 

spine bone loss after one year of resistance training. However, we found an unexpected 

positive association between IL-6 change and femur neck BMD. 

INTRODUCTION

Osteoporosis is a major health concern for postmenopausal women due to the high 

morbidity and mortality associated with fractures. In the U.S. there are 1.5 million fractures 

annually 2, 8, 32. Bone loss that can lead to osteoporosis and fractures accelerates after 

menopause, particularly in the first five years following cessation of menstruation 8, 32. 

Consequently, postmenopausal women face a significant risk of osteoporosis and fractures 

compared to premenopausal women.

Recently, osteoporosis has been described as an inflammatory disease because pro-

inflammatory cytokines like interleukin 6 (IL-6), play an important role in the pathogenesis 

of the disease.  IL-6 produced in the bone microenvironment is a critical factor to promote 

bone remodeling by regulating the differentiation and activation of osteoclasts 14, 15, 22, 28. IL-6 

is produced by many different cells including stimulated monocytes/macrophages, 

osteoblasts 3, skeletal muscle cells 36, and adipose tissue cells 35.  Thus, circulating IL-6 may 
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come from many different sources and can be affected by infections, tissue injury and 

changes in body composition.  Serum IL-6 concentrations rise with age 31.  In addition, the 

decline in ovarian function after menopause has been associated with increased serum IL-6 

production that is associated with increased bone loss 39. One study that measured circulating 

IL-6 levels 39 found that women taking hormone therapy (HT) had lower IL-6 levels 

compared to HT non-users. In addition, increased circulating IL-6 predicted femoral bone 

loss in postmenopausal women not using HT 39. The relationship between IL-6 and bone loss 

was not significant in women that were past the first decade of menopause. This 

observational study 39 did not include women on HT in their longitudinal analysis and did not 

test the role of exercise in modulating the relationship between IL-6 and bone loss. 

IL-6 plays an important role in mediating inflammation and is the primary stimulant of 

hepatic C-reactive protein (CRP) production 5, 6.  Excess body fat has been shown to increase 

both IL-6 and CRP 6, whereas estrogen may up-regulate hepatic CRP expression without 

necessarily increasing IL-6 10, 42.  Although fat mass and HT use have been associated with 

higher bone density 17, 34, little information is available regarding the relationship between 

CRP and bone and the relationship between IL-6 and CRP in influencing bone loss in 

postmenopausal women. Studies in women with rheumatoid arthritis 11, 12, 18, 21, Crohn’s 

disease 23, 41 or cystic fibrosis 19, 20 found an adverse association between elevated CRP and 

bone loss but no such relationship has been reported in healthy postmenopausal women.  

Currently, it is not known if CRP is associated with BMD the same way as IL-6 and whether 

CRP is independently associated with BMD or dependent on other variables that influence 

bone like resistance training, body composition and hormone therapy (HT).  
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Creatine kinase (CK) is an enzyme that plays a key role in cellular energetics by 

catalyzing the transfer of high energy phosphate between creatine phosphate and ADP to 

synthesize ATP and creatine 4. The molecular structure of CK prevents it from being released 

from tissues into the circulation unless muscle membrane damage occurs 40. Thus, CK has 

been used as a marker of muscle damage. 

CK activity is higher in men than women at rest and after bicycle exercise 25. In 

addition, premenopausal women have lower circulating CK levels compared to 

postmenopausal women 7.  This suggests that estrogen may play a protective role in 

membrane stability that may decrease circulating CK levels. By contrast, one study examined 

the effect of low-dose and high-dose HT on circulating CK after eccentric exercise and found 

no differences in CK levels between low and high dose HT groups 13. However, the order of 

treatment conditions and the duration of wash out confounded the results of this study 13. The 

effect of resistance training on circulating CK levels and the effect of circulating CK levels 

on BMD are not known. In addition, the differences in response between HT users and non-

users need to be investigated.

Resistance training has been shown to be effective in maintenance or gain of bone 

mineral density (BMD) in postmenopausal women 17, 26, 37, 43. The problem addressed by few 

investigators, however, is that there is great inter-subject variability in response to resistance 

training with some subjects that respond to resistance training by increasing their BMD 

(responders) and others that do not respond to resistance training and experience bone loss 

(non-responders). It is possible that elevated inflammatory markers (IL-6, CRP) after 

menopause may attenuate the response to resistance training via increased osteoclastic 

activity.  
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The purpose of this study was to determine the relationship between regional and 

total bone mineral density and markers of inflammation (IL-6, CRP) and muscle damage 

(CK) at baseline and after one year of resistance training in postmenopausal women using or 

not using HT. We hypothesize that bone mineral density will be inversely related to IL-6 and 

CRP and directly related to CK. A secondary purpose of this study was to determine the role 

of inflammatory markers on the variability in the bone response to strength training. We

hypothesize that inter-individual variability in response to strength training will be explained 

in part by IL-6, CRP and CK. 

METHODS

Study Design and Population

Subjects that completed the first year of the Bone Estrogen Strength Training (BEST) 

trial were included in this study. A total of 266 subjects completed the first year of the BEST 

study 17. From this sample 238 blood samples remained at the time of analysis. In addition, 

36 women were excluded for the following reasons: 1) beginning the exercise program prior 

to the first blood draw (N=4); 2) missing data (N=15);  3) outliers for CRP or IL-6 (N=5);  4) 

rheumatoid arthritis with elevated baseline CRP value at 20.28 mg/L (N=1); 5) using 

transdermal HT because baseline CRP levels were lower than the CRP values for HT non-

users (N=11).  Sedentary women (<120 min of regular weight-bearing exercise per week for 

at least one year), who were 3-10 years postmenopausal (aged 44-66 years), by both surgical 

and natural menopause, with a body mass index (BMI) between 19.0 kg/m2 and 32.9 kg/m2, 

and no weight gain or loss greater than 13.6 kg (30 lbs) in the previous year were included in 
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this study. Included subjects had no history of osteoporotic fractures, had initial lumbar spine 

and hip (femur neck and trochanter) BMD greater than Z-score of -3.0 and were not using 

medications that alter BMD. Subjects who were taking oral HT (N=100) or not taking oral 

HT (N=102) prior to entry into this study were randomized to exercise or control creating 4 

intervention groups: 1) HT and exercise (HT-EX, N=55); 2) HT and no exercise (HT-NEX, 

N=45); 3) no HT and exercise (NHT-EX, N=53); and 4) no HT and no exercise (NHT-NEX, 

N=49).   Hormone therapy method was determined by the subjects’ physicians prior to the 

study and recorded in the medical history questionnaire. All forms of oral HT were accepted. 

Among oral HT users, 61 were taking estrogen plus progesterone, 34 were taking unopposed 

estrogen, and 5 were taking other therapies (progesterone N=2; estrogen plus testosterone 

N=1; estrogen plus testosterone plus progesterone N=2).  All prospective subjects were 

screened to ensure that their age, health, physical activity status, availability, medication and 

medical history were appropriate for the study. Informed consent was obtained and a physical 

exam was performed on women who appeared to be good candidates. Women who were 

participating in the Tamoxifen Trial or in the Women’s Health Initiative were excluded from 

the study. All subjects underwent a stress test to detect cardiac abnormalities and were 

excluded if unhealthy. Additional exclusion criteria included smoking, cancer or treatment 

for cancer with either radiation or chemotherapy and a regular physical activity program 

within one year of the study.  

Exercise program

The exercise program was designed to maintain or increase bone mineral density 

(BMD). Subjects exercised three days per week, on non-consecutive days, in one of four 
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community facilities under the supervision of on-site trainers for one year. Exercise intensity 

increased gradually over the duration of the program. Sessions lasted about 60-75 minutes 

and included stretching, balance, and weightlifting activities for warm up, a weightlifting 

program, a weight bearing circuit (e.g., walk/jog, skipping, hopping), and stair-climbing/step 

boxes with weighted vests. Exercise frequency and duration, loads, sets and repetitions, and 

steps with weighted vests were recorded in exercise logs, which were monitored regularly by 

on-site trainers. 

The weightlifting program included a variety of large muscle exercises to stress the 

skeleton in different directions, and stimulate bone growth. Weightlifting was done using free 

weights and machines. Exercises included leg press, hack squats or Smith squats, lat pull 

down, lateral rows, back extension, right and left unilateral military press, and rotary torso. 

Initially, one set of 6-8 repetitions of each exercise was performed, increasing gradually to 

three sets. Initial training intensity was 50% of Training intensity was increased 

progressively to 70-80% of the subjects’ maximal lifting capacity (based on 1 repetition 

maximum = 1RM) for each exercise. The maximum lifting capacity was assessed every 6-8 

weeks of training and the training load adjusted to maintain relative intensity.  

Endurance exercise included progressive weight-bearing movement and stepping/stair 

climbing totaling 15 to 25 minutes. For the progressive weight-bearing movement, 

participants either walked while wearing a vest that contained added weights or completed a 

locomotor circuit that included skipping, jogging, hopping and jumping. Weight vests were 

not worn during the circuit.  These exercises were performed at 60% of maximal heart rate. 

The stair-climbing movement began with 120 stairs/steps (8 inches) per session and 
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progressed to 300 stairs/steps per session while wearing 10-28 lb in a weighted vest. Loads 

during stair climbing/steps were increased monthly by 1-3 lb. A more detailed description of 

the exercise program has been previously reported 17, 33.

Bone mineral density assessment

Total body, hip (femur neck and trochanter), and lumbar spine bone mineral density 

were measured by dual energy x-ray absorptiometry (DXA) using Lunar Radiation 

Corporation, model DPX-L whole body scanner. The dual x-ray technique involves 

collimated (4mm beam), dual energy (40 and 70 KeV) beam of x-ray radiation which is 

passed at uniform speed across the region of interest. The Lunar DPX Bone Mineral 

Analyzer uses a constant potential x-ray source at 12.5 fJ and a k-edge filter (cerium) to 

achieve a congruent beam of stable dual-energy radiation. The use of two energies minimizes 

errors that result from irregular body contour and soft tissue heterogeneity. Scan speed for 

total body scans was set at 8 cm/s.  The radiation dose for a total body scan measured by 

thermoluminescent density is 0.1 mGy (.010 mrem) when scan speed is set at 8 cm/s. Total 

body scans were analyzed to obtain estimates of regional BMD including arms, legs, trunk, 

ribs, pelvis, and spine BMD. Separate measurements of lumbar spine (both AP and lateral 

scans) and proximal femur BMD were also obtained from DXA. The precision of total body 

BMD by DXA is approximately 0.5%, while the precision of spine and femur scans is 

approximately 1.2-1.5%.

The performance of the scanner was monitored by daily calibration with calibration 

phantoms simulating bone supplied by Lunar Radiation Corporation, Madison, WI. Subject 

position for all scans was standardized 9. Initial scan analysis including the placement of 



150

baselines distinguishing bone and soft tissue, edge detection, and regional demarcations for 

all sites was done by computer algorithms (version 3.4; Lunar Radiation Corporation). All 

scans were visually inspected and adjustments were made as necessary. 

Body composition assessment

Body weight was measured in duplicate to the nearest 0.1 kg using a calibrated scale 

(SECA, model 770, Hamburg, Germany). Height was recorded in duplicate to the nearest 

0.1cm using a Schorr wall mounted stadiometer. Total body and regional body composition 

were measured by dual X-ray absorptiometry (DXA) using the Lunar Radiation Corporation, 

model DPX-L whole body scanner. Total fat mass, abdominal fat mass and lean soft tissue 

mass were analyzed as absolute amounts (kg) by Lunar software (v1.3y). Abdominal fat 

mass was determined by adjusting the DXA region of interest on whole body scans to the L1-

L2 intervertebral space superiorly and the iliac crest inferiorly. Abdominal fat analysis from 

DXA was performed by trained technicians to minimize error. Waist circumference was 

measured at the smallest horizontal circumference in the area between the ribs and iliac crest 

using a standard tape measure 27.

Blood analyses 

All blood draws were made in the morning after an overnight (12-hour) fast. Subjects 

were instructed not to take any medications, including HT and supplements the morning of 

the blood draw. Blood specimens were collected at the laboratory between 0600 and 0900 h. 

Samples were centrifuged and were aliquotted into cryovials and transferred into storage at         

–80 oC for subsequent analyses. 
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Interleukin-6 measurement

Fasting IL-6 level was measured in duplicate using a highly sensitive enzyme-linked 

immunosorbent assay (ELISA) (R&D Systems, Minneapolis, MN). The detectable range for 

serum IL-6 was 0.45 – 9.96 pg/ml. Serum or plasma samples were used to assess circulating 

IL-6. Absorbance was measured by spectrophotometry (Finstruments Multiskan 347 

Microplate Reader, Vienna, VA) using dual wavelength readings. The inter-assay coefficient 

of variation was 7.2% for the low control, 4.9% for the medium control, and 5.4% for the 

high control. 

C-reactive protein measurement 

Fasting serum C-reactive protein (CRP) was measured in duplicate with a highly 

sensitive enzyme-linked immunosorbent assay (ELISA) (Diagnostic Systems Laboratories, 

Webster, TX). The manufacturer recommended serum dilution protocol (1:500) could not 

detect values <5 mg/L, therefore, we modified the dilution protocol according to a previously 

described method 30. In brief, serum samples were initially diluted at 1:50 which resulted in 

detectable serum CRP values ranging from 0.5 to 25 mg/L.  Any serum sample that was 

above the initial detectable range was reanalyzed with a serum dilution of 1:500, which 

resulted in a detectable range of 5 to 250 mg/L.  By contrast, samples that fell below the 

initial detectable range were reanalyzed with a serum dilution of 1:5, which resulted in a 

detectable range of 0.05 to 2.5 mg/L.  Absorbance was measured by spectrophotometry 

(Finstruments Multiskan Microplate Reader, Vienna, VA). The inter-assay coefficient of 

variation was 2.7% for the low control and 6.2% for the high control. 
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Creatine Kinase measurement

Because days from the last exercise session until blood collection at 12 months were 

not controlled, we measured fasting plasma creatine kinase (CK) using a UV-rate 

quantitative procedure (Stanbio Laboratory, Boerne, TX) to estimate muscle damage related 

to our exercise program. This assay measured non-specific CK because in our population, 

subjects with heart disease were excluded from the study. CK values were obtained for 

baseline and 12 months. Absorbance was measured at 60-second intervals four times, 

yielding a total of 3 absorbance change measurements. Samples were incubated in a separate 

water bath (37ºC) between readings. The change in absorbance was constant and was used to 

calculate CK concentration in U/L.  All values fell within the expected range (25-192 U/L). 

Deionized water was used to zero the spectrophotometer (CECIL CE 2041 UV/Visible 

Spectrophotometer, Cambridge, England) before each measurement. A normal control (Ser-

T-Fy I, Stanbio Laboratories, Boerne, TX) with an expected range of 125-187 U/L and an 

abnormal control (Ser-T-Fy II, Stanbio Laboratories, Boerne, TX) with an expected range of 

520-780 U/L were tested at the beginning and at the end of each assay. The inter-assay 

coefficient of variation was 12.7% for the normal control and 4.6% for the abnormal control. 

Data Analysis

SPSS (version 12.0, Chicago, IL) was used for all data analyses. Descriptive statistics 

were used to assess the distribution of IL-6, CRP and CK data. Because the distributions of 

the baseline and the 12-month values for IL-6, CRP and CK were skewed and leptokurtic, we 

used an arc tangent transformation to normalize the IL-6 values, and we log (base10)-

transformed the CRP and CK values.  The 12-month change in serum CRP was leptokurtic, 
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and no mathematical transformation normalized the distribution of these data.  Because we 

used the untransformed values for the 12-month change in CRP, these data must be 

interpreted cautiously.  The descriptive data (table 1) are untransformed means and standard 

deviations for all of the reported variables.  With the exception of the 12-month change in 

CRP, the entire statistical hypothesis testing of IL-6 and CK used the transformed and

normalized data.

Independent t-tests were used to determine differences in baseline subject 

characteristics between the exercise and control groups within HT use groups. Bivariate 

correlations were used to assess the relationship between baseline BMD and baseline IL-6, 

CRP and CK and the relationship between 12-month change in BMD and change in IL-6, 

CRP and CK. Bivariate correlations were also used to determine correlations between 

markers of inflammation and muscle damage and measures of body composition and muscle 

strength.

Multiple linear regression analysis was used to determine the association between 

baseline BMD and baseline CRP, IL-6 and CK accounting for age and body composition in 

postmenopausal women using or not using HT (N=202).   Multiple linear regression analysis 

of 12-month change in BMD after one year of resistance training from change in IL-6, CRP 

and CK accounting for age, baseline BMD and total weight lifted was tested in the exercise 

group (N=108) to determine the association between these markers and change in BMD.  

Weight lifted (kg) in one year was calculated for each exercise and summed across different 

exercises to obtain the total weight lifted. 

Independent t-tests were used to determine the role of IL-6, CRP and CK in 

characterizing responders (top 25% BMD gainers from exercise group, N=27) and non-
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responders (bottom 25% BMD losers from exercise group, N=27) to resistance training. This 

analysis included both HT users and non-users. In order to determine the role of IL-6, CRP 

and CK on inter-individual variability in BMD response to resistance training, multiple linear 

regression models with or without these markers were compared to determine whether 

models including IL-6, CRP and CK accounted for more variability. Figures 1 and 2

represent inter-subject variability in BMD response to exercise (exercise group only) plotted 

separately for HT users and non-users.

RESULTS

Table 1 includes selected baseline characteristics for exercisers and non-exercisers 

within HT groups (N=202). Baseline lumbar spine BMD was significantly greater in controls 

compared to exercisers taking HT and in exercises compared to controls not taking HT. 

Large differences were found for serum estradiol and serum estrone between HT users and 

non-users. Smaller differences were found within HT groups (Table 1). Age and time since 

menopause were higher in non-exercisers not taking HT (2.0 years and 1.8 years, 

respectively). There were no differences in body composition among exercisers and non-

exercisers within HT groups at baseline. Baseline circulating IL-6 levels were similar in HT 

users and non-users. However, the HT group had greater variability in IL-6 values. 

Circulating CRP levels were higher in HT users compared to non-users. Baseline total CK 

levels were lower in HT users compared to non-users.
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Baseline BMD and baseline IL-6, CRP, CK

Baseline IL-6 and baseline CRP were not correlated with baseline BMD (Table 2). 

Baseline CK was positively correlated with baseline BMD at all sites (Table 2) in HT users 

but not in HT non-users. Although not significant, baseline CK was negatively correlated 

with baseline BMD in HT non-users.  In addition, baseline IL-6 and CRP were correlated 

with measures of body composition. Baseline CK was correlated with baseline lean soft 

tissue mass and with baseline strength (Table 2). 

In multiple regression models, baseline BMD was not significantly associated with 

baseline IL-6 or baseline CRP accounting for age, baseline lean soft tissue and baseline fat 

mass in HT users and non-u sers (Table 3). A trend towards an inverse relationship between 

baseline BMD and baseline CRP was observed at the femur neck (p=0.086) and femur 

trochanter (p=0.097) in HT non-users. Higher baseline BMD was significantly associated 

with higher baseline CK levels at all bone sites in HT users but not in HT non-users. 

Although not significant, there was a negative association between baseline CK and baseline 

BMD in HT non-users (Table 3). This multiple regression model also revealed that higher fat 

mass was associated with higher baseline femur trochanter, lumbar spine and total body 

BMD (Table 3) in HT non-users. Higher baseline lean soft tissue mass was significantly 

related to higher baseline femur trochanter and total body BMD. 

Change in BMD and change in IL-6, CRP, CK

Relationships between change in BMD in response to resistance training (Tables 4, 5, 

6) were examined in the exercise group (N=108). Change in IL-6 was positively correlated 

with change in femur neck BMD in HT users (R=0.27) and non-users (R=0.39). Change in 
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CRP was inversely correlated with change in lumbar spine (R= -0.34) in HT users but not in 

non-users. Change in CK was positively correlated with femur trochanter (R=0.35) and total 

body BMD in HT users (R=0.31) and with total body BMD in HT non-users (R=0.29) (Table 

4). Total weight lifted was inversely correlated with CRP change in HT users but was not 

correlated with change in IL-6 or change in CK. Measures of body composition were 

positively correlated with IL-6 and CRP change in HT users.

Table 5 includes two multiple regression analysis models. Model 1 predicted change 

in BMD from change in IL-6, CRP and CK accounting for age, HT status and baseline BMD. 

Model 2 accounted for change in lean soft tissue mass, change in fat mass and total weight 

lifted in addition to the variables included in model 1. Twelve-month change in total and 

regional BMD was positively associated with IL-6 and CK change and inversely associated 

with CRP change. An increase in IL-6 after 12 months of exercise was associated with 

increased BMD at the femur neck. The 12-month decrease in CRP was significantly 

associated with increased BMD at the lumbar spine (Model 1) but lost significance when 

body composition and total weight lifted were accounted for in the model (Model 2). 

Increased CK after one year of exercise was associated with increased femur trochanter and 

total body BMD in postmenopausal women undergoing one year of resistance training 

regardless of changes in body composition or total weight lifted. 

Multiple linear regression models for change in regional and total BMD change that 

included change in IL-6, CRP and CK are presented in table 6. Models including IL-6, CRP 

and CK accounted for more of the variance in BMD change at all sites (Table 6). 

Inflammation accounted for an additional 2.6% to 8.0% of the variance in change in BMD. 
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Inter-subject variability in BMD response to exercise

Inter-subject variability in BMD change in response to one year of resistance training 

within HT groups is presented in Figures 1 and 2.  These analyses included subjects assigned 

to the exercise group. Large differences in BMD response to resistance training were 

observed in HT users and non-users with responses that ranged from 8.9% loss in bone 

density at the femur neck to 12.7% gain in bone density at the femur trochanter. Independent 

t-tests of the change in IL-6, CRP and CK levels among subjects who gained BMD compared 

to subjects who lost BMD revealed that subjects who gained BMD at the femur neck had 

significantly greater one year increases in IL-6 (Gainers: 0.729 ± 1.338 pg/ml; Losers: -0.164 

± 0.450 pg/ml). Subjects with increased CK levels after one year increased femur trochanter 

BMD (Gainers: 13.55 ± 22.75 U/L; Losers: -7.69 ± 42.95 U/L) and total body BMD 

(Gainers: 9.03 ± 28.86 U/L; Losers: -5.49 ± 26.07 U/L). Subjects that gained BMD at the 

lumbar spine had significantly decreased CRP levels after one year of resistance training 

(BMD gainers: -0.913 ± 3.335 mg/L; BMD losers: 0.998 ± 3.160 mg/L). 

DISCUSSION

The relationship between BMD and markers of inflammation and muscle damage 

appears to be complex and potentially site- and marker-specific. We found that baseline IL-6 

and baseline CRP were not significantly associated with baseline BMD regardless of HT use 

status. Baseline CK was positively associated with all BMD sites in HT users but not in HT 

non-users. Twelve-month IL- 6 change was positively related to femur neck BMD change, 

while CRP change was inversely associated with lumbar spine BMD change. In addition, CK 

change was positively associated with femur trochanter and total body BMD change.  Our 
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study also found that differences between BMD responders and non-responders to resistance 

training were explained in part by differences in IL-6, CRP and CK.  Subjects that gained the 

most BMD at the femur neck had a 12-month increase in IL-6 levels, those that gained BMD 

at the femur trochanter and total body experienced an increase in CK levels and subjects that 

gained the most BMD at the lumbar spine experienced decreased CRP values after one year 

of resistance training compared to subjects that lost BMD at these sites. We found that IL-6, 

CRP and CK accounted for additional variance when added to multiple regression models.

Twelve-month increases in IL-6 levels were associated with greater BMD at the 

femur neck in our population.  We expected to find an inverse relationship between IL-6 

change and BMD change based on previous studies. A longitudinal observational study 39

found that high IL-6 levels predicted femoral bone loss in early postmenopausal women, a 

finding that is consistent with reports that IL-6 promotes bone remodeling by regulating the 

differentiation and activation of osteoclasts 14, 15, 22, 28.  A positive relationship between 

circulating IL-6 levels and slower bone loss was also reported in perimenopausal women 1. 

Similar to our study, the study by Abrahamsen et al 1 measured circulating IL-6 levels in HT 

users and non-users and found no association between baseline cytokine levels and baseline 

BMD.  However, similar to our study, increases in IL-6 levels were associated with lower 

bone loss rates, rather than higher bone loss, at the lumbar spine, femoral neck and ultradistal 

forearm but only the lumbar spine was significant.  

We found a significant inverse correlation between one year CRP change and lumbar 

spine BMD change. This relationship persisted in regression models with CRP change 

inversely associated with lumbar BMD independent of IL-6 change after accounting for age, 

baseline BMD, change in body composition, total weight lifted and HT use. Studies on 
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different disease states 18, 20, 21, 23, 41 found a similar relationship between CRP and BMD but 

it is not known to which extent this relationship is affected by each disease condition. 

Our findings of a positive correlation between IL-6 change and BMD change in HT 

users and non-users and an inverse correlation between CRP change and change in BMD 

were unexpected. Our hypothesis was that both IL-6 and CRP would be inversely related to 

BMD because IL-6 is the primary stimulant of CRP production 5, 6. However, these 

associations may be explained by the differing effects of HT use on circulating IL-6 and CRP 

levels. Oral HT, especially oral estrogen, has been demonstrated to up-regulate hepatic CRP 

production 10 without affecting IL-6 levels. In addition, HT has been shown to increase BMD 

in postmenopausal women 17, 34. Thus, the positive correlation between IL-6 change and 

BMD change was present in HT users and non-users because IL-6 was not affected by HT 

status. However, the relationship between CRP change and BMD change was present only in 

the HT group, the group that had higher baseline CRP values and a greater probability of 

reducing their CRP values over the 12 months intervention.

The relationship between circulating IL-6 and bone is complex because IL-6 is 

produced by many tissues including monocytes/macrophages, bone 3, skeletal muscle 36, and 

adipose  tissue 35 and measurements made in this study cannot discern between different 

sources of IL-6. For example, fat mass was positively correlated to bone density in this study 

24.  Adipose tissue has also been reported to produce about 30% of total circulating IL-6 35. 

Based on these two findings, it is possible that greater IL-6 levels may be indicative of 

greater fat mass which may then be positively related to BMD. Skeletal muscle IL-6 may 

also explain the positive relationship between IL-6 and BMD. 
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Discrepancies in the association of inflammation to different anatomical bone sites 

might be related to differences in cortical and trabecular content. Lumbar spine, with its high 

trabecular content, may respond differently to the effects of inflammatory markers compared 

to the femur neck that has a relatively higher cortical content 29, 38.

Baseline CK values were lower in women taking HT compared to women not taking 

HT. This finding is consistent with a study that measured total CK levels in women of 

different ages7. CK levels were highest in premenarchal teenagers and became progressively 

lower in postmenarchal teenagers, mature premeopausal women and pregnant women (within 

the first 16 weeks). CK levels were higher in postmenopausal compared to premenopausal 

and postmenarchal teenagers but were lower compared to premenarchal teenagers. These 

findings suggest that estrogen may play a protective role in membrane stability and may lead 

to decreased serum CK levels. 

Our finding that baseline CK was directly correlated with BMD at all bone sites is 

unique to this study. No studies to date have examined this relationship. In our study, we 

measured CK to determine whether our results for inflammatory markers were affected by 

the last acute bout of exercise. The relationship between CK and BMD was an ancillary 

finding.  Nonetheless, the fact that higher CK was related to higher BMD in HT users but not 

in non-users is consistent with findings from a study on human bone cell culture that found 

that CK activity was stimulated by estrogen 16. However, our study measured total circulating 

CK and did not account for different CK isoenzymes to determine the source of CK release. 

The relationship between CK change and BMD change was independent from lean soft tissue 

change, thus it is not likely that CK change was related to BMD simply because it was acting 

as a marker of lean mass change. Because our study excluded subjects with cardiovascular 
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disease, it is likely that greater CK levels were due to increased CK release from skeletal 

muscle due to muscle damage from resistance training. Further studies are needed to 

determine the relationship between CK and bone density.

In conclusion, we found a positive association between baseline CK and baseline 

BMD. Baseline inflammatory markers were not associated with baseline BMD.  Twelve-

month increase in IL-6 was positively associated with bone loss at the femur neck. CRP 

change was inversely correlated with lumbar spine BMD and CK change was positively 

associated with femur trochanter and total body BMD change. Inter-subject variability in 

BMD response to resistance training was partially explained by change in inflammatory 

markers and creatine kinase.  Subjects that gained bone at different sites also increased IL-6, 

decreased CRP and increased CK. More studies are needed to confirm the inverse 

relationship between CRP and BMD in healthy postmenopausal women and to determine the 

role of CK in bone metabolism. 
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Table 1: Selected baseline characteristics of postmenopausal women undergoing and not 
undergoing oral hormone therapy (HT)*   

HT
(N=100)

No HT
 (N=102)

Exercise
(N=55)

Mean ± SD

No 
Exercise
(N=45)

Mean ± SD p-value

Exercise
(N=53)

Mean ± SD

No Exercise
(N=49)

Mean ± SD
p-value

Age (yrs) 55.0 ± 3.6 54.2 ± 4.3 0.305 55.8 ± 4.7 57.7 ± 5.1 0.054
Time since 
menopause 
(yrs)

4.8 ± 2.3 5.0 ± 3.0
0.810

6.1 ± 2.9 7.3 ± 3.4
0.066

Duration of 
HT use (yrs)

2.9 ± 1.1 2.8 ± 1.1
0.809

0 0
-

BMI (kg/m2) 25.3 ± 4.0 25.1 ± 4.3 0.825 25.7 ± 3.1 25.4 ± 4.0 0.659
Body weight 
(kg)

68.1 ± 13.0 66.7 ± 11.1
0.588

68.8 ± 10.3 67.3 ± 11.4
0.486

Lean soft 
tissue mass 
(kg)

38.7 ± 4.7 38.1 ± 4.3
0.470

38.7 ± 4.3 38.2 ± 4.2
0.608

Total fat mass 
(kg)

26.1 ± 9.0 25.4 ± 8.3
0.717

26.8 ± 7.1 26.0 ± 8.6
0.592

Peak VO2 
(mL/kg min)

29.8 ± 7.0 28.5 ± 7.1
0.429

  28.9 ± 6.0 26.0 ± 5.9 0.033

Strength (kg)
259.7 ± 45.7 -

-
273.7 ± 41.1 -

-

Total weight 
lifted (kg)

251715 ± 
100021

- - 251003 ± 
95808

- -

Estrone 122 ± 106 172 ± 166 0.070 21.6 ± 15.4 16.8 ± 8.7 0.066
Estradiol 52.0 ± 34.1 71.3 ± 61.1 0.050 18.9 ± 35.5 13.7 ± 21.9 0.393
Femur neck 
BMD (g/cm2)

0.88 ± 0.13 0.88 ± 0.10
0.941

0.88 ± 0.14 0.84 ± 0.10
0.165

Femur 
trochanter 
BMD (g/cm2)

0.74 ± 0.12 0.76 ± 0.10
0.378

0.74 ± 0.12 0.72 ± 0.10
0.235

Lumbar spine 
BMD (g/cm2)

1.12 ± 0.14 1.17 ± 0.12 0.043 1.14 ± 0.18 1.07 ± 0.15 0.040

Total Body 
BMD (g/cm2)

1.11 ± 0.08 1.14 ± 0.07
0.109

1.11 ± 0.08 1.08 ± 0.09
0.069

Serum IL-6 
(pg/ml)

1.5 ± 1.4 1.5 ± 1.0
0.832

1.2 ± 0.7 1.3 ± 0.7
0.394

Serum CRP 
(mg/L)

5.1 ± 4.8 6.7 ± 6.1
0.175

2.6 ± 2.4 2.8 ± 3.6
0.575

Plasma CK 
(U/L)

61.4 ± 36.6 65.9 ± 35.2
0.522

86.0 ± 52.9 73.4 ± 42.0
0.184

* Women undergoing oral HT and women not undergoing oral HT were randomly assigned 
to exercise or to no exercise groups.
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Table 2: Baseline correlations of IL-6, CRP and CK with baseline total and regional BMD, 
baseline strength, and baseline body composition stratified by HT use (N=202)

Baseline CRP Baseline IL-6 Baseline CK 

HT

N=100

No HT

N=102

Total 
Sample 
N=202

HT

N=100

No HT

N=102

Total 
Sample 
N=202

HT

N=100

No HT

N=102

Total 
Sample 
N=202

Baseline 
BMD 
(g/cm2)

Femur 
Neck

0.08 -0.08 0.02 -0.01 0.03 0.01 0.27* -0.07 0.08

Femur 
Trochanter

0.16 -0.01 0.08 0.12 0.01 0.07 0.34* -0.03 0.13

Lumbar 
Spine

-0.01 -0.03 0.02 0.03 -0.02 0.01 0.26* -0.07 0.04

Total 
Body

0.02 0.06 0.06 0.01 -0.03 0.001 0.36* -0.06 0.10

Strength 
(kg)

0.27 0.09 0.12 0.10 -0.14 -0.02 0.39* 0.24 0.34*

Lean Soft 
Tissue 
Mass (kg)

0.17 0.14 0.15* 0.09 -0.01 0.05 0.24* 0.27* 0.25*

Total fat 
mass
 (kg)

0.45* 0.44* 0.40* 0.47* 0.27* 0.38* 0.06 0.08 0.08

*significant at p<0.05
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Table 3: Baseline BMD multiple regression analysis within HT groups using baseline CRP, 
baseline IL-6 and baseline CK and accounting for age, baseline lean soft tissue mass, 
baseline fat mass (N=202)

Femur Neck
BMD

Femur Trochanter
BMD

Lumbar Spine
BMD

Total Body
BMD

HT No HT HT No HT HT No HT HT No HT
Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Std. 
Beta 

(p-value)

Age -0.066
(0.500)

-0.253 
(0.010)

-0.003
(0.971)

-0.150
(0.096)

-0.166
(0.107)

-0.219
(0.027)

-0.139
(0.150)

-0.221
(0.021)

Baseline 
lean soft 
tissue

0.133
(0.296)

0.201
(0.074)

0.262
(0.025)

0.336
(0.002)

0.096
(0.464)

0.130
(0.257)

0.149
(0.230)

0.231
(0.038)

Baseline
fat mass

0.229
(0.119)

0.208
(0.084)

0.238
(0.074)

0.318
(0.005)

0.071
(0.640)

0.268
(0.029)

0.181
(0.206)

0.268
(0.024)

Baseline 
CRP

0.057
(0.628)

-0.191
(0.086)

0.059
(0.581)

-0.172
(0.097)

-0.058
(0.634)

-0.129
(0.254)

-0.026
(0.821)

-0.038
(0.729)

Baseline 
IL-6 

-0.150
(0.214)

0.113
(0.284)

-0.042
(0.701)

0.034
(0.726)

0.041
(0.742)

0.011
(0.921)

-0.058
(0.622)

-0.022
(0.830)

Baseline 
CK

0.230
(0.022)

-0.146
(0.147)

0.267
(0.004)

-0.131
(0.160)

0.240
(0.021)

-0.129
(0.208)

0.317
(0.001)

-0.155
(0.117)
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Table 4: Correlations of one year change in IL-6, CRP and CK with change in total and 
regional BMD, change in strength, total weight lifted, change in lean soft tissue mass and 
change in fat mass within HT groups in subjects assigned to exercise (N=108) 

CRP Change IL-6 Change CK Change

HT

N=100

No HT

N=102

Total 
Sample 
N=202

HT

N=100

No HT

N=102

Total 
Sample 
N=202

HT

N=100

No HT

N=102

Total 
Sample 
N=202

BMD 
Change
(g/cm2)

Femur 
Neck

0.05 0.06 0.05 0.27* 0.39* 0.31* 0.16 -0.13 0.01

Femur 
Trochanter

-0.16 -0.08 -0.11 0.04 -0.01 0.01 0.35* 0.24 0.30*

Lumbar 
Spine

-0.34* -0.08 -0.22* -0.16 0.08 -0.06 0.07 0.20 0.16

Total 
Body

-0.01 0.02 -0.003 -0.02 -0.18 -0.12 0.31* 0.29* 0.30*

Strength 
Change
(kg)

-0.09 -0.17 -0.12 0.20 -0.36* -0.06 -0.02 0.09 0.04

Total 
weight 
lifted
(kg)

-0.29* 0.18 -0.09 -0.01 -0.19 -0.09 0.12 0.07 0.10

Lean Soft 
Tissue 
Mass 
Change 
(kg)

0.15 0.17 0.16* 0.08 -0.08 0.01 -0.07 0.11 0.09

Total fat 
mass 
Change
 (kg)

0.23* 0.13 0.19* 0.28* 0.09 0.19* -0.02 0.01 -0.01

*significant at p<0.05
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Table 5: Change in total and regional BMD predicted from change in CRP, change in IL-6 
and change in CK in subjects assigned to exercise (N=108)

Femur Neck
BMD

Femur Trochanter
BMD

Lumbar Spine
BMD

Total Body
BMD

Beta (p-value) Beta (p-value) Beta (p-value) Beta (p-value)
Model 1a

Age -0.097 (0.307) -0.256 (0.007) 0.101 (0.298) 0.140 (0.142)

HT status 0.117 (0.218) 0.015 (0.875) 0.139 (0.154) 0.059 (0.534)

Baseline BMD -0.069 (0.472) 0.000 (0.999) 0.052 (0.589) -0.122 (0.202)

CRP Change -0.075 (0.453) -0.139 (0.159) -0.210 (0.042) 0.055 (0.584)

IL-6 change 0.355 (0.001) 0.126 (0.212) 0.037 (0.722) -0.148 (0.150)

CK change 0.015 (0.874) 0.299 (0.002) 0.144 (0.137) 0.280 (0.004)

Model 2b

Age -0.083 (0.407) -0.258 (0.009) 0.091 (0.373) 0.112 (0.257)

HT status 0.124 (0.201) 0.022 (0.816) 0.124 (0.208) 0.047 (0.627)

Baseline BMD -0.077 (0.442) -0.017 (0.855) 0.051 (0.608) -0.122 (0.206)

Change in lean 
soft tissue mass

0.073 (0.490) 0.067 (0.511) -0.124 (0.240) -0.127 (0.220)

Change in fat 
mass

0.025 (0.804) 0.022 (0.821) 0.010 (0.926) -0.049 (0.624)

Total weight 
lifted

-0.062 (0.552) 0.046 (0.651) 0.084 (0.431) 0.105 (0.313)

CRP change -0.087 (0.396) -0.143 (0.156) -0.195 (0.064) 0.077 (0.450)

IL-6 change 0.346 (0.002) 0.126 (0.221) 0.039 (0.710) -0.136 (0.192)

CK change 0.018 (0.853) 0.291 (0.002) 0.138 (0.162) 0.275 (0.005)

a accounting for age, HT status and baseline BMD
b accounting for age, HT status, baseline BMD, change in lean soft tissue, change in fat mass, 
and total weight lifted
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Table 6: Change in BMD multiple regression analysis before (model 1) and after (model 2) 
adding inflammation markers to the model accounting for age, HRT,  baseline BMD and 
total weight lifted in subjects assigned to exercise (N=108). 

Femur Neck
BMD

Femur 
Trochanter

BMD

Lumbar 
Spine
BMD

Total Body
BMD

Adjusted R2 Adjusted R2 Adjusted R2 Adjusted R2
Model 1
(no 
inflammation 
markers)

-0.011 0.022 0.008 0.011

Model 2
(including IL-6, 
CRP, CK)

0.061 0.102 0.034 0.081
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Twelve-month change in femur trochanter BMD
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Figure 1: Twelve-month change in femur trochanter BMD stratified by HT use 
showing inter-individual variability in BMD response to resistance training.
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Twelve-month change in lumbar spine BMD
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Twelve-month change in lumbar spine BMD
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Figure 2: Twelve-month change in lumbar spine BMD stratified by HT use 
showing inter-individual variability in BMD response to resistance training.

p-values from paired t-test
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APPENDIX D:

Data distribution for change in C-reactive protein (N=202)

Skewness = 0.03
Kurtosis = 3.88

-10.00 -5.00 0.00 5.00 10.00

0

10

20

30

40

50

60

M ean = 0.0129
Std. Dev . =  2.88648
N  = 202


