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Abstract

Several in vitro and animal studies have showed that inflammatory markers play a role in bone 

remodeling and pathogenesis of osteoporosis. Additionally, some human longitudinal studies 

showed suggestive associations between elevated inflammatory markers and increased risk of non-

traumatic fractures. We examined several inflammatory markers and multiple fracture types in a 

single study of older individuals with extensive follow-up. We assessed the association of four 

inflammatory markers with the risk of incident hip fractures among 5,265 participants of the 

Cardiovascular Health Study (CHS) and a composite endpoint of incident fractures of the hip, 

pelvis, humerus, or proximal forearm in 4,477 participants. Among CHS participants followed 

between 1992 and 2009, we observed 480 incident hip fractures during a median follow-up of 11 

years. In the composite fracture analysis cohort of 4,477 participants, we observed 711 fractures 

during a median follow-up of 7 years. Adjusted hazard ratios (HRs) and 95% confidence intervals 

(CIs) for hip fracture associated with doubling of IL-6 were HR 1.15 (95%CI 1.02–1.30) overall 

and HR 1.17 (95%CI 1.01–1.35) in women. We also observed a positive association between each 

unit increase in white blood cell (WBC) count and risk of hip fracture: HR 1.04 (95%CI 1.01–

1.06) overall and HR 1.06 (95%CI 0.95–1.20) in women. We observed no significant associations 

between any of the four inflammatory markers and a composite fracture endpoint. Our findings 

suggest that chronic inflammatory and immune processes may be related to higher rates of 

incident hip fractures.

Keywords

cytokines; general population studies; fracture risk assessment; osteoimmunology

Introduction

Osteoporotic fractures are a serious public health issue with devastating consequences.(1) In 

2005, more than 2 million fractures were reported in the U.S. By 2025, annual fractures are 

projected to increase by 50% to more than 3 million fractures.(2) The effect of fractures on 

survival varies by fracture type, with hip fractures being the most serious.(1) Hip fractures 

have been associated with 10–20% excess mortality in the first year after fracture.(3)

The inflammation of aging hypothesis implies that aging is a result of tissue damage due to 

chronic activation of inflammatory processes.(4) Increased levels of pro-inflammatory 

markers have been associated with higher risk of morbidity and mortality,(5–8) decreases in 

bone mineral density (BMD), and increased risk of fractures.(9–12) Additionally, in several 

in vitro and animal studies, pro-inflammatory markers have been shown to play a role in 

bone remodeling and pathogenesis of osteoporosis. In human longitudinal studies, the 

association between inflammatory markers and hip fractures has been generally consistent, 
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although associations often fail to reach statistical significance. Although the type of marker 

may vary across different studies, most studies showed that elevated inflammatory markers 

are associated with increased risk of non-traumatic fractures. For example, the Study of 

Osteoporotic Fractures (SOF) showed that women in the highest quartile (Q4) of 

interleukin-6 (IL-6) had a significantly higher risk of hip fractures compared to women in 

the lower three quartiles (Q123), hazard ratio (HR) 1.64 (95% confidence interval [CI] 1.09–

2.48).(13) In the same study, the association between IL-6 soluble receptor (IL-6 SR) and 

incident hip fractures was HR 1.43 (95%CI 0.95–2.14) for women in Q4 compared to 

women in Q123. In the Women’s Health Initiative (WHI) study, the association between 

IL-6 SR and incident hip fractures was RR 1.43 (95%CI 0.98–2.07).(11) Similarly, in the 

Health Aging and Body Composition (ABC) study, the association between IL-6 SR and 

non-traumatic fractures was RR 1.33 (95%CI 0.9–1.96) for participants in Q4 compared to 

participants in Q123.(14) Also, the Health ABC study showed that the relative risk of non-

traumatic fractures for participants in Q4 of C-reactive protein (CRP) was 1.34 (95%CI 

0.99–1.82) when compared to participants in Q123 of CRP.(14) Moreover, in the 

Osteoporotic Fractures in Men (MrOS) study, the association between IL-6 and fractures 

was HR 1.03 (0.73–1.44) and for IL-6SR and fractures was HR 1.12 (0.81–1.56) for men in 

Q4 compared to men in Q1.(15) In the same study, the association between CPR and 

fractures HR 1.03 (0.73–1.45) for men in Q4 compared to men in Q1. These associations 

would indicate a meaningful association between these biomarkers and fracture events, if 

they could be replicated in a setting with sufficient events to achieve statistical significance.

Exploring the relationship between inflammation and fractures in the Cardiovascular Health 

Study (CHS) allows for the examination of this association in a larger cohort of older 

individuals with extensive follow-up. Additionally, our study offers the opportunity to assess 

multiple inflammatory markers and multiple fracture types in a single study. Moreover, 

inflammatory markers have high within-person variability over time, and a single 

measurement may be influenced by short-term changes in biomarker levels due to recent 

activity (e.g., exercise).(16) While studies of biomarker variability suggest that the exposure 

measurement error for some measures is within acceptable levels, examining a larger sample 

improves estimation of associations.(17) Most crucially, the current studies in the literature 

are limited in statistical power due to the number of endpoints, resulting in estimates of 

association that are suggestive but often fail to achieve statistical significance. The use of 

CHS allows us to make much stronger claims about these associations due to the large 

number of events during the CHS follow-up and therefore greatly improve the estimate of 

the longitudinal association between chronic inflammation and osteoporotic fractures.

Materials and Methods

Study Population

CHS is a population-based, multicenter prospective cohort study of cardiovascular risk 

factors in community-dwelling adults aged 65 years and older.(18) The CHS cohort enrolled 

5,201 participants in 1989–1990 and an additional 687 African-American participants in 

1992–1993. The participants comprised a random sample of Medicare-eligible individuals 

from four U.S. communities: Forsyth County, North Carolina; Sacramento County, 
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California; Washington County, Maryland; and Allegheny County, Pennsylvania. Those 

eligible to participate met the following inclusion criteria: 1) ≥ 65 years old, 2) non-

institutionalized, 3) expected to remain in the area for at least 3 years, and 4) able to give 

informed consent with no need for a proxy respondent. Participants follow-up was 

conducted every 6 months for the first 10 years (in-clinic examinations alternating with 

phone interviews) and every 6 months thereafter (phone interviews). The CHS design and 

recruitment details are described elsewhere (19).

For the analyses assessing the association between inflammatory markers and incident hip 

fractures (i.e., hip fracture analysis cohort), we included all CHS participants from the 1992–

1993 study visit (analytic baseline year). At that time, 353 of the original 5,888 participants 

had died, and 270 had no clinic visits (Figure 1), leaving 5,265 participants for analysis.

For the analyses assessing the association between inflammatory markers and hip, pelvis, 

humerus, or distal forearm fractures (i.e., composite fracture analysis cohort), we limited 

analyses to participants who were enrolled in fee-for-service (FFS) Medicare (Centers for 

Medicare & Medicaid Services [CMS]) any time after the 1992–1993 study visit and did not 

have a CMS documented hip, pelvis, humerus, or distal forearm fracture between the 1989–

1990 baseline study visit and the 1992–1993 study visit. The total number of participants in 

composite fracture analysis cohort was 4,477.

Measurements

Inflammatory Markers—Levels of IL-6, CRP, white blood cell (WBC) count, and 

fibrinogen were measured using blood specimens collected at the 1992–1993 study visit and 

stored at −70°C. Details of blood collection, laboratory procedures, and measurements of 

inflammatory markers in CHS have been previously described in detail.(20) Briefly, 

participants underwent phlebotomy after an 8–12-hour fast. Blood samples were collected in 

EDTA tubes and sent to clinical laboratories near the field centers for WBC measurements. 

For all other measures, frozen aliquots were shipped on dry ice to the Central Blood 

Analysis Laboratory (CBAL), following standardized procedures.

IL-6 levels were measured by ultrasensitive enzyme-linked immunosorbent assay 

(Quantikine HS Human IL-6 Immunoassay; R&D Systems, Minneapolis, Minn). The 

analytical coefficient of variation for this assay was 6.3%.(21, 22) CRP was measured with a 

high-sensitivity enzyme-linked immunosorbent assay using purified protein and polyclonal 

anticlonal anti-CRP antibodies (Calbiochem, La Jolla, California).(21, 22) The interassay 

coefficient of variation was 5.50%. Fibrinogen levels were measured using a semiautomated 

modified clot-rate method with a BBL Fibrometer (Becton Dickinson and Company, 

Bedford, Mass).(20, 22, 23) The mean monthly coefficient of variation for the fibrinogen 

assay was 3.09%. WBC counts were evaluated at each of the four local CHS laboratories 

using automated counters (Coulter Stack S cell counter; Beckman Coulter Inc, Fullerton, 

Calif; or the SysmexNE8000 counter; Toa Electronics Inc, South San Francisco, Calif).(18, 

22)

Incident Fractures—The primary outcome was incident hip fracture, identified by the 

International Classification of Diseases, Ninth Revision (ICD-9) codes (820.xx, where x is 
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any digit) from hospitalization records. Hip fracture data were obtained through participant 

reports and confirmed by the hospital discharge diagnosis codes. All hospitalization data, 

including discharge summaries, were collected prospectively every six months. To ensure 

completeness of hospitalization records, CHS data were checked against Medicare claims 

data to identify any hospitalizations unreported by the participants. We excluded admissions 

for pathologic fractures (ICD-9 code 773.1x) and motor vehicle accidents (E810.xx- 

E825.xx). We followed participants until incident hip fracture, death, loss to follow-up, or 

December 31, 2010.

The secondary outcome was a composite of incident fracture of the hip, pelvis, humerus, and 

distal forearm (time to the first of any of the four types of fractures). We ascertained 

composite fractures from a merged CHS-Medicare dataset, based on inpatient, outpatient, 

and physician services claims.(24–26) Composite fracture ICD-9 codes included hip 

(820.xx), pelvis (808.xx), humerus (812.xx), and distal forearm (813.4 or 813.5). Fracture 

inpatient claims required one ICD-9 code, while fractures identified by outpatient claims 

required an additional Current Procedural Terminology (CPT) procedure code for the 

corresponding fracture type (Appendix Table 1). We required concomitant CPT codes for 

outpatient claims for fractures to minimize misclassification from rule-out diagnoses, as 

defined by previously validated algorithms.(24, 26) We followed participants until incident 

composite fracture, death, loss to follow-up, or July 30, 2009. If participants left FFS 

Medicare, we censored them from analyses.

Other Measurements—Demographic characteristics (age, sex, race), physical activity 

(total kcal/week) derived from the Modified Minnesota Leisure Time Questionnaire, 

smoking status (current, former, never), alcohol consumption (nondrinker, 1–7 drinks/week, 

or ≥7 drinks/week), impairment in instrumental activities of daily living (IADLs), and health 

status (excellent/very good, good, or fair/poor) were obtained by standardized questionnaires 

at the time of the 1992–1993 study visit. Other variables included medical history (self-

reported number of falls in the past year, physician-diagnosed osteoporosis, heart failure, 

and centrally adjudicated coronary heart disease). Clinic visits also included measurements 

of height and weight (used for calculating body mass index [BMI, kg/m2]), depression 

scores (modified version of the Centers for Epidemiologic Studies Depression [CES-D] 

scale score)(27), cognitive function scores (Modified Mini-Mental State Examination, 

3MSE),(28) and physical performance (computed from the time to complete a 15 foot walk 

test). We defined diabetes as fasting plasma glucose level ≥ 126 mg/dl, random plasma 

glucose ≥ 200 mg/dl, or the use of any diabetes medications. Laboratory measures included 

serum cystatin-derived estimated glomerular filtration rate (eGFRcys), serum albumin, and 

thyroid stimulating hormone (TSH). Total hip, femoral neck and lumbar spine areal BMD 

were measured in 1,591 participants at two clinic sites (Pittsburgh, Pennsylvania and 

Sacramento, California). Complete information on prescription and non-prescription 

medications was obtained at the 1992–1993 study visit by a previously validated medication 

inventory approach. Assessment of current medications included the following categories 

(yes/no): thiazides, estrogen, thyroid medications, psychotropic medications (i.e., tri or tetra 

cyclic antidepressants, non-tricyclic antidepressants, antipsychotics, or benzodiazepines), 

oral corticosteroids, osteoporosis medications (i.e., calcium, vitamin D, bisphosphonates). 
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For chronic medication ascertainment, the medication inventory approach has been 

demonstrated as more reliable than recall methods.21

Statistical Analysis

We compared the baseline characteristics of the CHS participants with and without data for 

inflammatory markers, and of the participants with and without Medicare data using the t-

test for continuous variables and chi-square for categorical variables. Among participants 

with data for inflammatory markers, we compared baseline characteristics by Q123 and Q4 

of IL-6 based on literature review a priori. We graphically examined the distribution of 

inflammatory markers. IL-6 and CRP values were skewed and were log base 2 transformed 

so that those biomarkers could be interpreted as risk per each doubling.

For each fracture outcome (i.e., hip and composite), we used Kaplan-Meier curves to 

describe the association between high versus low levels of inflammatory markers (Q4 vs. 

Q123) and time to incident fracture. Curves were compared with a log rank test. We used 

Cox proportional hazards models to estimate HR (95%CI) of incident fractures associated 

with doubling in IL-6 and CRP, and with a unit increase in WBC and fibrinogen. We used 

three nested adjustment models. In model 1, we adjusted for age, sex, race, and study clinic 

site. In model 2, we added anthropometric and behavioral characteristics as possible 

confounders (BMI, alcohol consumption, and smoking history). In the full model 3, our 

primary model, we added the following baseline covariates: medical history (diabetes, 

adjudicated coronary heart disease, and heart failure), medications (thiazides, estrogen, 

thyroid medications, psychotropic medications, oral corticosteroids, and osteoporosis 

medications), any fall in the past year, 15 foot walk time, self-reported general health, 

physical activity, IADLs, cognitive function score, depression score, and selected laboratory 

measures (eGFRcys, serum albumin, and TSH). We evaluated the validity of the proportional 

hazards assumption graphically and numerically using Schoenfeld residuals and found no 

meaningful departures. We incorporated sex in two ways, first by allowing sex-specific 

hazards and secondary by evaluating men and women separately.

We conducted analyses using R (R Development Core Team (2014)).

Results

Of the 5,265 CHS participants at year 1992–1993, 4,330 individuals (82%) had at least one 

inflammatory marker measured. At baseline, participants in Q123 of IL-6 were younger than 

those in Q4 of IL-6 (74.6 ±5.2 years vs. 76.5±5.6 years) (Table 1). Additionally, they were 

less likely to be males (39.6% vs. 48.3%) and black race (16.9% vs. 20.0%), had on average 

lower BMI and CESD, higher 3MSE scores, and were less likely to experience a fall in the 

past year than participants in Q4 of IL-6.

In the hip fracture analysis cohort, the median level for IL-6 was 2.79 pg/mL (interquartile 

range [IQR] 1.92–4.21), 2.66 mg/L for CRP (IQR 1.22–5.94), 321 mg/dL (IQR 284–365) 

for fibrinogen, and 6.1 × 103/mm3 (IQR 5.1–7.3) for WBC.
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Association of Inflammatory Markers and Incident Fractures

The median follow-up times for the hip fracture and composite fracture analysis cohorts 

were 11.2 years (IQR 6.2–16.9) and 6.6 years (IQR 3.5–12.4), respectively (Table 2). The 

follow-up time was shorter in the composite fracture analysis cohort because composite 

fractures were censored once the participants left FFS Medicare. Approximately 11% of 

participants developed a hip fracture and 19% developed a composite fracture during follow-

up.

In the hip fracture analysis cohort, doubling of IL-6 was associated with a significantly 

higher risk of incident hip fractures (unadjusted model HR 1.13, 95% CI 1.01–1.26; Table 

3). Results were essentially unchanged in the fully adjusted model (HR 1.15, 95% CI 1.02–

1.30). In analyses stratified by sex, the fully adjusted HR was 1.17 (95%CI 1.01–1.35) in 

women, whereas in men the HR was not significantly different from 1. In the composite 

fracture analysis cohort, there were no significant associations of IL-6 with incident 

composite fractures.

Doubling of CRP was not associated with a significantly higher risk of incident hip or 

composite fractures in any of the models (Table 4). Results were unchanged in the analyses 

stratified by sex.

In fully adjusted models, a unit increase in WBC was associated with a significantly higher 

risk of incident hip fracture overall (HR 1.04, 95%CI 1.01–1.06), and, in models stratified 

by sex, in women (HR 1.08, 95%CI 1.03–1.14) but not men. However, we found no 

significant associations between WBC and incident composite fractures.

In all models, the HR for hip and composite fracture per unit increase in fibrinogen was not 

significantly different from 1 (Supplementary Table 1).

Discussion

In this prospective population-based cohort of older adults, baseline levels of IL-6 and WBC 

were associated with higher incidence of hip fractures among women and the overall cohort 

during an 11.2-year follow-up period. These associations were evident after adjusting for a 

broad range of covariates. However, we found no association between any of the 

inflammatory markers and risk of composite fracture outcomes (hip, pelvis, humerus, and 

proximal forearm). In the composite fracture cohort, results were similar among men and 

women.

Although the role of the immune system in the pathophysiology of osteoporosis is 

increasingly recognized, assessing the relative significance of individual biomarkers is 

challenging.(11, 29) The role of IL-6 in bone metabolism is multifunctional.(14, 30) Most 

longitudinal studies have shown a positive association between IL-6/IL-6 SR and fractures, 

though the strength of these associations have varied considerably across studies. In the 

Health ABC study, the risk of fractures for participants in Q4 of IL-6 compared to 

participants in Q123 of IL-6 was HR 1.28 (95%CI 0.95–1.74).(14) In the SOF, women in Q4 

of IL-6 had a significantly higher risk of hip fractures compared to women in Q123, HR 1.64 
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(1.09–2.48).(13) Also, participants in Q4 of IL-6 SR had a higher risk of fractures than those 

in Q123 of IL-6 SR in the Health ABC study [(HR 1.33 (95%CI 0.90–1.96)].(14) Similarly, 

women in Q4 of IL-6 SR had a higher risk of hip fractures compared to those in Q123 of 

IL-6 SR in the WHI study (HR 1.43 , 95% CI 0.98–1.07)(11) and in the SOF study [HR 1.43 

(95%CI 0.95–2.14)].(13) Moreover, the association between IL-6 and fractures was HR 1.03 

(0.73–1.44) and for IL-6SR and fractures was HR 1.12 (0.81–1.56) for men in Q4 compared 

to men in Q1 in the MrOS study.(15)

CRP has been most studied with respect to risk of cardiovascular disease but evidence from 

prospective longitudinal studies examining whether CRP predicts fractures is limited. 

Additionally, CRP levels have been reported to be elevated among patients with fractures.

(31) The Health ABC study showed the relative risk of fracture for participants in Q4 of 

CRP was 1.34 (95%CI 0.99–1.82) when compared to Q123.(14) Also, the association 

between CPR and fractures HR 1.03 (0.73–1.45) for men in Q4 compared to men in Q1 in 

the MrOS study.(15)

This study had a number of strengths. It contained a large number of participants with 

extensive follow-up. Additionally, we assessed multiple inflammatory markers in association 

with incident fractures, the main clinical outcome of osteoporosis. We evaluated 

inflammatory markers as continuous variables, therefore decreasing the possibility of 

misclassification related to measurement error, as well as the bias related to the values close 

to the cut-off point. Also, we assessed multiple fracture types, ascertained from a merged 

CHS-Medicare dataset. Moreover, we adjusted for a comprehensive list of possible 

confounders. We used the validated medication inventory method, which is a more reliable 

method for obtaining medication information than self-report in epidemiologic studies.(32)

There were several limitations to this study. The composite fracture cohort follow-up was 

available only for the participants enrolled in FFS Medicare, so censoring could introduce 

bias. Although we were able to account for a large number of possible confounders, some of 

the variables were assessed by self-report, possibly introducing bias. Also, we measured 

cytokines in the circulation, while levels in the bone microenvironment may be more 

important. Similarly, the soluble receptors for inflammatory markers, whose levels appear to 

be more stable than the markers themselves, were not available in our study.(33) Previous 

studies suggest that increased levels of soluble receptors may represent a more prolonged 

inflammatory state.(34, 35) Therefore, it is possible that our findings are affected by 

transient changes and do not represent more severe or prolonged inflammation. Another 

limitation of our study is that BMD was only measured at two study sites. Thus, we were 

unable to account for its impact on observed associations between these cytokines and risk 

of incident fractures. A previous study found that BMD attenuated the association between 

inflammatory markers and incident fractures by 15%, suggesting a potential mediating role.

(13)

In conclusion, we observed that higher baseline levels of IL-6 and WBC were associated 

with higher incidence of hip fractures among women and in the overall cohort of older 

adults. Our findings support the direction of the association between IL-6 and hip fractures 

in other longitudinal studies and have allowed us to generate a more precise and statistically 

Stojanović et al. Page 8

J Bone Miner Res. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



significant estimate of the IL-6 and fracture association. Although significant progress has 

been made in unraveling the complex role of the immune system in the pathophysiology of 

osteoporosis, the clinical implications of this relationship remain to be determined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Appendix Table 1

Fracture Type ICD-9 Codes CPT Procedure Codes

Hip 820.0–82.9 27125, 27130–27131, 27230–27248, 29010–29046, 29305–29365, 29505–29520, 
29799

Distal Forearm 813.4–813.5 24580–24588, 25600–25620, 29065–29085, 29105, 29125–29126, 29799

Humerus 812.0–812.5 23600–23630, 23665–23680, 24500–24588, 29035–29065, 29105, 29799

Pelvis 808.0–808.9 27120, 27122, 27130, 27131–27132, 27190–27192, 27200, 27210–27214, 27220–
27225

Inclusion

For inclusion, inpatient claims required a qualifying ICD-9 fracture diagnosis code and 

outpatient and physician claims required both a qualifying ICD-9 fracture diagnosis code 

and a corresponding CPT procedure code consistent with treatment of this fracture type.

Exclusion

Inpatient, outpatient and physician claims with codes consistent with care of old fractures or 

other bone diseases were excluded, including codes for late effects of fracture (ICD-9 

905.4), implant complication (ICD-9 996.4, 996.6, 996.7, E878.1), aseptic necrosis (ICD-9 

733.4), malunion of bone (ICD-9 733.8), other disorders of bone or cartilage (ICD-9 733.9), 

and fracture follow-up care (V540, V664, V674).
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Figure 1. 
Derivation of Study Analytic Cohort
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Table 1

Participant characteristics at baseline in 1992–1993 by IL-6 values

Participant Characteristic IL-6 Q123 IL-6 Q4

Demographics

   Age, years, mean (SD) 74.6 ± 5.2 75.6 ± 5.6 †

   Male sex, n (%) 1285 (39.6) 523 (48.3) †

   Black race, n (%) 549 (16.9) 217 (20.0) ‡

Alcohol use, drinks per week, n (%) 1.95 ± 5.0 2.5 ± 9.0 ‡

   0 1790 (55.2) 610 (56.5)

   1–7 1113 (34.3) 363 (33.6)

   >7 340 (10.5) 107 (9.9)

Smoking status

   Current 284 (8.9) 141 (13.2)

   Past 1374 (43.2) 515 (48.4)

   Never 1526 (47.9) 409 (38.4)

BMI, kg/m2, mean (SD) 26.5 ± 4.4 27.9 ± 5.6 †

Medical History, n (%)

   Diabetes 424 (13.1) 243 (22.5) †

   Coronary heart disease 631 (19.4) 312 (28.8) †

   Heart failure 132 (4.1) 129 (11.9) †

Medications, current use, n (%)

   Thiazides 519 (16.0) 211 (19.5) ‡

   Oral estrogens* 283 (14.4) 55 (9.8) ‡

   Thyroid medications 334 (10.3) 98 (9.0)

   Psychotropics 38 (1.2) 52 (4.8) †

   Oral corticosteroids 319 (9.8) 109 (10.1)

   Osteoporosis medications 651 (20.0) 138 (12.7) †

Any fall in the past year, n (%) 490 (15.1) 199 (18.5) ‡

Self-rated good health, n (%) 2623 (80.8) 790 (73.1) †

15 foot walk time, seconds, mean (SD) 5.4 ± 2.0 6.0 ± 4.0 †

IADL impairment, n (%) 268 (8.3) 168 (15.6) †

Depression score, CES-D, mean (SD) 5.2 ± 4.8 6.1 ± 5.1 †

Cognitive score, 3MSE, mean (SD) 90.5 ± 9.3 88.4 ±11.3 †

Laboratory Measures, mean (SD)

   Glucose, mg/dL 106.5 ± 34.7 113.8 ± 37.7 †

   Serum eGFRcys, mL/min/1.73 m2 72.1 ± 18.0 69.3 ± 20.5 †

   Serum albumin, g/dL 3.9 ± 0.3 3.9 ± 0.3 †

†
p < 0.001;
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‡
p < 0.05;

*
Reported for women only (n=2519);

BMI = body mass index; IADL = instrumental activities of daily living; 3MSE = modified mini-mental state exam; SBP=systolic blood pressure; 
DBP=diastolic blood pressure; eGFRcys = serum cystatin derived estimated glomerular filtration rate.
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Table 3

Incident hip and composite fracture risk associated with each doubling of IL-6 level, HR (95%CI) for 480 hip 

fractures and 711 composite fractures

IL-6*

Women Men Overall

Hip Fracture

   Unadjusted 1.12 (0.0.99–1.28) 1.23 (1.00–1.51) 1.13 (1.01–1.26)

   Model 1† 1.14 (1.00–1.30) 1.16 (0.94–1.43) 1.15 (1.03–1.28)

   Model 2‡ 1.21 (1.06–1.39) 1.18 (0.95–1.46) 1.20 (1.07–1.35)

   Model 3** 1.17 (1.01–1.35) 1.11 (0.89–1.39) 1.15 (1.02–1.30)

Composite Fracture

   Unadjusted 1.02 (0.92–1.13) 1.12 (0.93–1.34) 1.00 (0.91–1.10)

   Model 1† 1.03 (0.93–1.14) 1.05 (0.87–1.27) 1.03 (0.94–1.13)

   Model 2‡ 1.07 (0.96–1.20) 1.08 (0.89–1.31) 1.07 (0.97–1.18)

   Model 3** 1.06 (0.95–1.20) 1.08 (0.88–1.32) 1.06 (0.96–1.17)

Bold values are statically significant results.

HR = hazard ratio; CI = confidence intervals; BMI = body mass index; CHD = coronary heart disease; CHF = congestive heart failure; IADL = 
instrumental activities of daily living; MMSE = mini-mental status exam; eGFRcys = serum cystatin derived estimated glomerular filtration rate; 
TSH = thyroid stimulating hormone

*
Per doubling of IL-6 levels

†
Model 1 adjusted for age, race, study clinic site, and sex (in non- sex stratified models only)

‡
Model 2 additionally adjusts for alcohol consumption, smoking status, and BMI

**
Model 3 additionally adjusts for medical history (diabetes, CHD, HF), current medication use (thiazides, estrogen, thyroid medication, 

psychotropic medications, oral corticosteroids, osteoporosis medications), any fall in the past year, 15 foot walk time, self-reported general health, 
physical activity, IADL impairment, 3MS score, depression scale score, eGFRcys, serum albumin, and TSH.
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Table 4

Incident hip and composite fracture risk associated with each doubling of CRP level, HR (95%CI) for 514 hip 

fractures and 758 composite fractures

CRP*

Women Men Overall

Hip Fracture

   Model 1† 1.01 (0.94–1.08) 1.05 (0.94–1.16) 1.02 (0.96–1.08)

   Model 2‡ 1.06 (0.98–1.13) 1.08 (0.97–1.20) 1.06 (1.00–1.13)

   Model 3** 1.06 (0.99–1.14) 1.05 (0.94–1.18) 1.06 (1.00–1.13)

Composite Fracture

   Unadjusted 0.94 (0.89–0.99) 0.99 (0.91–1.09) 0.97 (0.93–1.01)

   Model 1† 0.98 (0.93–1.03) 1.02 (0.93–1.12) 0.99 (0.95–1.04)

   Model 2‡ 1.01 (0.95–1.07) 1.04 (0.95–1.15) 1.02 (0.97–1.07)

   Model 3** 1.02 (0.96–1.08) 1.06 (0.96–1.17) 1.03 (0.98–1.08)

CRP=C-reactive protein; HR = hazard ratio; CI = confidence intervals; BMI = body mass index; CHD = coronary heart disease; CHF = congestive 
heart failure; IADL = instrumental activities of daily living; MMSE = mini-mental status exam; eGFRcys = serum cystatin derived estimated 
glomerular filtration rate; TSH = thyroid stimulating hormone.

*
Per doubling of CRP levels

†
Model 1 adjusted for age, race, study clinic site, and sex (in non- sex stratified models only)

‡
Model 2 additionally adjusts for alcohol consumption, smoking status, and BMI

**
Model 3 additionally adjusts for medical history (diabetes, CHD, HF), current medication use (thiazides, estrogen, thyroid medication, 

psychotropic medications, oral corticosteroids, osteoporosis medications), any fall in the past year, 15 foot walk time, self-reported general health, 
physical activity, IADL impairment, 3MS score, depression scale score, eGFRcys, serum albumin, and TSH.
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