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Abstract
Summary Soluble CD14 (sCD14) is an inflammatory marker
associated with osteoclasts. Using Cox proportional hazards
models, we found a positive association between plasma
levels of sCD14 and risk of incident fracture among participants in the Cardiovascular Health Study. sCD14 may be useful in identifying those at risk for fracture.
Introduction Soluble CD14, a proinflammatory cytokine, is
primarily derived from macrophages/monocytes that can differentiate into osteoclasts. The purpose of this study was to
examine the relationship between sCD14 levels and osteoporotic fractures.
Methods In the Cardiovascular Health Study, 5462 men and
women had sCD14 levels measured at baseline. Incident hip
fractures (median follow-up time 12.5 years) and incident
composite fractures (defined as the first hip, pelvis, humerus,
or distal radius fracture, median follow-up 8.6 years) were
identified from hospital discharge summaries and/or Medicare

claims data. Cox proportional hazards models were used to
model the association between sCD14 levels and time to incident hip or composite fracture, overall and as a function of
race and gender.
Results In unadjusted models, there was a positive association
between sCD14 levels (per 1 standard deviation increase, i.e.,
361.6 ng/mL) and incident hip (HR, 1.26; 95 % CI, 1.17, 1.36)
and composite (HR, 1.20; 95 % CI, 1.12, 1.28) fractures.
When models were fully adjusted for demographics, lifestyle
factors, and medication use, these associations were no longer
significant. However, in whites, the association of sCD14
levels with hip fractures remained significant in fully adjusted
models (HR, 1.11; 95 % CI, 1.01–1.23). Associations of
sCD14 levels with hip and composite fracture did not differ
between men and women.
Conclusions In this large cohort of community-dwelling older
adults, higher sCD14 levels were associated with an increased
risk of incident hip fractures in whites.
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and biannually thereafter. The institutional review board at
each site approved the study methods, and all participants
gave written informed consent.

Introduction

sCD14 measurement

Several studies have demonstrated a link between increased
levels of proinflammatory cytokines (e.g., interleukin-6 (IL-6)
[1, 2], tumor necrosis factor-α (TNF-α)) [1], C-reactive protein (CRP) [1, 3]) and hip fracture risk. However, these associations may differ by race, as African-Americans have higher
levels of IL-6 [4–8] and CRP [5, 8, 9] but lower fracture risk
[10–12]. Soluble CD14 (sCD14), a coreceptor for bacterial
lipopolysaccharide, is a proinflammatory cytokine that may
be more directly connected to bone health. In humans, it is
produced by both hepatocytes [13] and proteolytic cleavage of
membrane-bound CD14 [14] on monocytes and macrophages, which are precursors to mature osteoclasts [15–17].
sCD14 acts as an acute phase reactant [18] and regulates Tlymphocyte activation and function [19] with decreases in
interleukin -4 (IL-4) and interferon gamma production. Elevations in acute phase reactants [20] and lower levels of interferon gamma and IL-4 are associated with osteoporosis [19].
To our knowledge, no prior study has examined the relationship of sCD14 with osteoporotic fractures. We hypothesized that there would be a positive association between plasma sCD14 levels and incident fractures. Since AfricanAmericans have higher levels of the inflammatory markers
IL-6 and CRP than whites, yet a lower risk of fractures than
whites, we decided a priori to further examine the impact of
race on our outcomes.

sCD14 levels were measured at the baseline visit. All CHS
participants with an sCD14 measurement (n=5462) were eligible for inclusion into this study. Blood samples were drawn
on the morning of enrollment after an overnight fast. Plasma
samples were stored at −70 °C, then thawed, and sCD14 levels
were measured with a commercial enzyme-linked immunosorbent assay (ELISA, R&D Systems, Minneapolis, MN)
[22]. The inter-assay coefficients of variation ranged from
5.32 to 12.36 % [22].

Methods
Subjects
The Cardiovascular Health Study [21] is a longitudinal,
community-based study of older men and women (age
≥65 years) designed to determine the factors that predict development and progression of cardiovascular disease. The
main cohort of 5201 participants was enrolled between 10
June 1989 and 30 May 1990. To increase minority representation, an additional 687 participants, predominantly AfricanAmerican, were recruited from 17 November 1992 through 11
June 1993. Participants were excluded if they were institutionalized, required a proxy, were unable to complete informed
consent, were planning to move out of the area within 3 years
of recruitment, required a wheelchair at home, were receiving
hospice care, or were undergoing radiation or chemotherapy
for cancer. In-person examinations were performed annually
from 1989 to 1999 and again in 2005 to 2006. Telephone
interviews were conducted semiannually from 1989 to 1999

Fracture ascertainment
The primary outcome for this study was incident hip fractures.
Incident hip fractures were defined by a hospital discharge
International Classification of Diseases, Ninth Revision
(ICD-9), code of 820.xx. CHS prospectively gathered all hospitalization data, including discharge summaries, from participants every 6 months. To ensure completeness of hospitalization records, data were checked against Medicare claims
data to identify any hospitalizations not reported by participants. Follow-up for incident hip fracture occurred until a hip
fracture event, death, loss to follow-up, or until 31 December
2011. Hip fractures caused by motor vehicle accidents or severe injury were excluded.
The secondary outcome, incident composite fracture,
was identified from a merged CHS-CMS dataset based
on hospitalization discharge ICD-9 codes for fractures of
the hip (820.xx), pelvis (808.xx), humerus (812.xx), or
distal forearm (813.4 or 813.5) and inpatient, outpatient,
or physician service claims. Qualifying fractures identified from hospital discharge codes or other inpatient
claims only required one of these ICD-9 diagnosis codes,
while fractures identified from outpatient or physician
claims also required a corresponding Current Procedural
Terminology (CPT) procedure code consistent with treatment of this fracture type. Follow-up for incident composite fracture occurred until a composite fracture event,
death, loss to follow-up, or until 30 July 2009. Followup for incident composite fractures was available for each
participant in the composite fracture cohort only during
the time in which the participant was enrolled within
fee-for-service Medicare.
Covariates
We included as covariates factors associated with sCD14
levels or with osteoporosis. sCD14 levels are known to vary
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by age [22, 23], gender [22], race [22], BMI [24, 25], insulin
levels and insulin sensitivity [26], smoking status [27], alcohol
intake [28], and kidney function [29], all of which also are
related to BMD and/or fracture risk. Walking pace (miles per
hour (mph)) was included as a measure of physical activity
[30]. Use of calcium supplements [31, 32] and health status
[33] (excellent/very good/good/fair/poor), were also included.
Additionally, the use of estrogen [34] and other medications
known to modify bone mineral density or fracture risk (statins
[35], loop diuretics [36], thiazides [37], thyroid hormones
[38]), and corticosteroids [39]) were included. Participants
who were using bisphosphonates or selective estrogen receptor modulators (SERMs) were excluded.
Statistical analysis
We compared baseline characteristics between CHS participants versus without sCD14 measures using t tests for
continuous variables and chi-square tests for categorical
variables. In participants with available sCD14 measures,
we described and compared baseline participant characteristics across sCD14 quartiles using linear trend tests
for continuous variables and chi-square tests for categorical variables.
Time to hip fracture was calculated as the interval from
baseline visit to the earliest date of first incident hip fracture,
death, loss to follow-up, or end of follow-up on 31 December
2011. Time to composite fracture was calculated as the interval from baseline to the earliest date of first incident composite
fracture (i.e., hip, pelvis, humerus, or distal forearm), death,
loss to follow-up, or end of follow-up on 30 July 2009, during
fee-for-service Medicare enrollment.
Kaplan-Meier curves were generated to describe the association between sCD14 quartiles and time to incident hip and
composite fracture. Log-rank tests were used to compare the
curves across sCD14 quartiles.
For each of the two fracture outcomes, we used Cox proportional hazards models to estimate the hazard ratio (HR) of
incident fracture, as associated with 1 standard deviation (SD)
increase in sCD14 level (361.6 ng/mL). To examine the linearity of sCD14 in Cox regression, we used restricted cubic
splines in Generalized Additive Modeling. We evaluated the
validity of the proportional hazards assumption graphically
and numerically using Schoenfeld residuals and found no
meaningful departures.
Models were adjusted as follows: model 1, unadjusted; model 2, demographic variables (age, gender, race,
BMI); model 3, factors in model 2 and smoking status
(current versus former/never), alcohol use (for female
≥7 drinks/week, for male ≥14 drinks/week), presence
of diabetes, estrogen use, and medication use (statins,
loop diuretics, thiazides, thyroid hormones), and
creatinine-based eGFR.

Interactions with race and gender were explored, and
stratified analyses were performed. Insulin and insulin
sensitivity also may affect sCD14 levels [26]. Additionally, the activity of sCD14 concentrations as an acute phase
reactant differs in diabetic and nondiabetic subjects [40];
thus, we also performed post hoc analyses separately evaluating the association of sCD14 in participants with and
without diabetes.
All analyses were conducted using R statistical analysis
program [41].

Results
CHS cohorts 1 (enrolled in year 1989/1990) and 2 (enrolled in
year 1992/1993) included 5888 total individuals. Of the 5888
CHS participants, 5462 (92.8 %) had sCD14 measurements
on plasma obtained at baseline and provided hip fracture data.
Among those with sCD14 measurements available, there were
4643 whites (85.0 %) and 819 African-Americans (15.0 %).
Characteristics of individuals with and without sCD14 measurements are presented in the Appendix. Subjects who did
not have sCD14 measurement at baseline were more likely to
be African-American, have a greater BMI, and worse kidney
function than those who did have an sCD14 measurement. Of
the 5888 CHS participants, 4728 (80.3 %) were enrolled in
CMS and provided composite fracture data (Fig. 1). Those not
enrolled in CMS were more likely to be male, African-American, not use alcohol, and, among women, were more likely to
have used estrogen (data not shown). There were no significant differences in the mean serum sCD14 measurements (p=
0.26) or incidence of hip fractures (p=0.70) between those
enrolled and not enrolled in CMS.
CHS Cohorts 1 and 2 (n=5,888)

Subjects with sCD14
measurements
available (n=5,462)

Incident hip fracture
risk
Cox regression models

(n=5,462)

Incident composite fracture
risk
Cox regression models
(subjects enrolled in fee-forservice Medicare)
(n=4,728)

Fig. 1 Flow diagram of study population
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Baseline characteristics of the cohort with measured
sCD14 levels, stratified by increasing quartiles of sCD14
levels, are shown in Table 1. There were significant differences in all demographic categories (age, gender, race, BMI)
as well in health status, walking pace, alcohol use (yes or no),
smoking status (yes or no), creatinine and GFR levels, presence of diabetes, estrogen use, and corticosteroid use across
the quartiles of sCD14 levels. The highest quartile of sCD14
had the following characteristics: older age, more females,
fewer African-Americans, lower BMI, a higher frequency of
individuals reporting Bfair^ or Bpoor^ health, fewer individuals that could walk 3 mph or faster, more current smokers,
higher creatinine/lower GFR, more participants with diabetes,
less estrogen use, but more frequent use of corticosteroids and
calcium supplements. White females had the highest levels of
Table 1

sCD14, followed by White males, African-American females,
and African-American males (Fig. 2). After adjusting for race,
sCD14 levels in men were lower than in women by an average
of 113. 5 ng/mL (95 % confidence interval (CI) [−132.5,
−94.5], p<0.01) (Fig. 2).
Incident hip fractures were identified in 672 (12.3 %) of the
5462 subjects with available sCD14 levels. Incident composite
fractures occurred in 940 of the 4728 (19.9 %) subjects with data
available for this outcome. Overall, there was a positive relationship between increasing sCD14 levels (per 1 SD) and hazard for
incident fracture (log-rank test p value <0.01, Fig. 3). The unadjusted HR for hip fracture per 1‐SD increment increase in sCD14
levels was 1.26 (95 % CI, [1.17, 1.36]); in minimally adjusted
models, the HR was 1.12 (95 % CI [1.03, 1.22], Table 2). Similarly, the unadjusted HR for composite fracture risk per 1‐SD

Baseline characteristics of study population by quartiles of sCD14 levels

Characteristic

Overall
(n=5462)

sCD14 quartiles

p value

Q1 (n=1366,
0–1402 ng/mL)

Q2 (n=1365, 1403–
1598 ng/mL)

Q3 (n=1365, 1599–
1829 ng/mL)

Q4 (n=1366,
1830–4030 ng/mL)

Age (years, mean±SD)
Male, n (%)
African-American, n (%)
BMI (kg/m2, mean±SD)

72.8±5.6
2315 (42.4)
819 (15)
5446, 26.6±4.7

72.3±5.2
720 (52.7)
352 (25.8)
1360, 27.2±4.7

72.4±5.4
639 (46.8)
183 (13.4)
1360 26.8±4.6

72.8±5.6
512 (37.5)
150 (11.0)
1365, 26.6±4.7

73.8±6.0
444 (32.5)
134 (9.8)
1361, 26.0±4.7

<0.01
<0.01
<0.01
<0.01

Health status
Excellent

n=5451
740 (13.6)

n=1364
218 (16.0)

n=1361
205 (15.1)

n=1364
170 (12.5)

n=1362
147 (10.8)

<0.01

Very good
Fair
Poor
Walking pace (mph)
1

1333 (24.5)
1146 (21.0)
215 (3.9)
n=5375
175 (3.3)

354 (26.0)
254 (18.6)
35 (2.6)
n=1348
36 (2.7)

333 (24.5)
259 (19.0)
39 (2.9)
n=1348
38 (2.8)

353 (25.9)
293 (21.5)
49 (3.6)
n=1340
39 (2.9)

293 (21.5)
340 (25.0)
92 (6.8)
n=1339
62 (1.6)

2
3
4
5
Alcohol use, n (%)
0
1–7
>7
Smoking status, n (%)
Current
Former

1458 (27.1)
2278 (42.4)
1256 (23.4)
208 (3.9)
n=5441
2701 (49.6)
2068 (38.0)
672 (12.4)
n=5456
660 (12.1)
2267 (41.6)

318 (23.6)
581 (43.1)
349 (25.9)
64 (4.7)
n=1364
639 (46.8)
572 (41.9)
153 (11.2)
n=1362
132 (9.7)
591 (43.4)

348 (25.8)
588 (43.6)
308 (22.8)
66 (4.9)
n=1360
671 (49.3)
513 (37.7)
176 (12.9)
n=1363.
143 (10.5)
592 (43.4)

371 (27.7)
562 (41.9)
323 (24.1)
45 (3.4)
n=1358
664 (48.9)
513 (37.8)
181 (13.3)
n=1365
182 (13.3)
574 (42.1)

421 (31.4)
547 (40.9)
276 (20.6)
33 (2.5)
n=1359
727 (53.5)
470 (34.6)
162 (11.9)
n=1366
203 (14.9)
510 (37.3)

Never
Creatinine (mg/dl, mean±SD)
GFR (mL/min, mean±SD)
Diabetes present, n (%)
Estrogen use present, n (%)
Corticosteroid use present, n (%)
Calcium supplement use, n (%)
Hip fracture, n (%)

2529 (46.4)
1.06±0.40
63.9±16.2
881 (16.2)
374 (11.9)
109 (2.0)
1061 (19.4)
672 (12.3)

639(46.9)
1.03±0.26
66.5±14.6
183 (13.4)
142 (22.0)
18 (1.3)
242 (17.7)
147 (10.8)

628 (46.1)
1.03±0.28
65.9±14.9
208 (15.3)
91 (12.6)
22 (1.6)
240 (17.6)
164 (12.0)

609 (44.6)
1.05±0.31
63.5±15.6
204 (15.0)
79 (9.3)
29 (2.1)
288 (21.1)
168 (12.3)

653 (47.8)
1.15±0.64
59.7±18.4
286 (21.0)
62 (6.7)
40 (2.9)
291 (21.3)
193 (14.1)

<0.01

<0.01

<0.01

<0.01
<0.01
<0.01
<0.01
0.02
0.01
0.06
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Fig. 2 Box plots of soluble CD14 levels by race and gender. From the
top of the figure, the dashed lines denote the 99th, 75th, 50th, 25th, and
the 1st percentiles, respectively. F=female, M=male, AA=AfricanAmerican

sCD14 level was 1.20 (95 % CI [1.12, 1.28]); in minimally
adjusted models, the HR was 1.076 (95 % CI [1.004, 1.154],
Table 3). However, in fully adjusted models, all of these associations were no longer statistically significant (Tables 2 and 3).
For incident hip fractures, there was evidence of a possible interaction for race (p=0.08). Although in whites, HRs for hip
fracture per 1-SD increment increase in sCD14 were significantly higher in unadjusted (HR 1.24, 95 % CI [1.14, 1.35]), minimally adjusted (HR 1.13, 95 % CI [1.04, 1.23]), and fully adjusted models (HR 1.11, 95 % CI [1.01, 1.23]) (Table 2); there
was no association between sCD14 levels and incident hip fractures in African-Americans in any model (Table 2). No

0.90
0.85
0.80
0.75

Proportion without fracture

0.95

1.00

sCD14

0.70

Q1
Q2
Q3
Q4
0

5

10

15

20

Time in years

Fig. 3 Kaplan-Meier curves for time to hip fracture by quartile of sCD14

significant interactions for race (p=0.92) or diabetes status (p=
0.97) were present in the composite fracture analysis, and no
significant interactions were present for gender for either fracture
outcome (p≥0.53).
In a post hoc analysis, there was also was a suggestion of an
interaction (p=0.08) for the presence of diabetes. In participants without diabetes, there was a positive association of
incident hip fractures per 1-SD increment increase in sCD14
in unadjusted (HR 1.30, 95 % CI [1.20, 1.40]) and fully adjusted models (HR 1.13, 95 % CI [1.02,1.25]) (Appendix
Table 5). In subjects with diabetes, there was no association
of sCD14 levels with incident hip fractures in any model
(Appendix Table 5). No significant interactions were present
for diabetes status in the composite fracture analysis (p=0.97).
In the fully adjusted models for hip fracture, there was little
to no attenuation of the HRs for each covariate when including
and excluding sCD14 levels (Appendix, Table 6).

Discussion
In this cohort of older, community-dwelling men and women,
increased sCD14 levels were associated with a heightened risk
of incident hip fractures among White individuals. Though the
sCD14-hip fracture associations did not differ by gender, they
appeared significantly stronger in nondiabetic than in diabetic
individuals in post hoc analyses.
There is limited prior data on sCD14 and bone metabolism.
Prior animal and human data have suggested a potentially important link between CD14+ cells and bone mass. Mice with an
inactivating mutation to the CD14 gene have a phenotype of
increased bone mineral content [42]. In humans, CD14 mRNA
expression is upregulated in osteoporotic bones compared to
normal bones [43]. Circulating CD14+ cells are increased in
those with osteoporosis compared with healthy controls [44].
In a 3-month study, the bisphosphonate risedronate reduced
levels of circulating CD14+ cells in women with osteoporosis
[45]. The current study adds to our understanding of sCD14
biology in a population of older, community-dwelling adults.
Our finding that White females had the highest levels of
sCD14, followed by White males, African-American females,
and lastly, African-American males, confirms the results of a
previous study conducted in CHS [22]. Additionally, our findings that higher sCD14 levels are associated with older age [22],
lower BMI [24, 25], smoking [27], alcohol use [28], poorer
kidney function [29], and diabetes [26] are in agreement with
published reports in other patient populations. To our knowledge, we are the first to report that high levels of sCD14 are
associated with less estrogen use, although this finding is not
surprising, since higher sCD14 levels are seen with rising age,
and older females are less likely to use estrogen than younger
females [46]. Similarly, this is the first report of a higher frequency of corticosteroid use among those with the highest sCD14
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Table 2

Hazard ratios for incident hip fractures

Hip fractures
Overall HR
(95 % CI)

Whites HR
(95 % CI)

African-American HR
(95 % CI)

Males HR
(95 % CI)

Females HR
(95 % CI)

Model 1 (unadjusted)

1.26 (1.17, 1.36)

1.24 (1.14, 1.35)

1.17 (0.91, 1.50)

1.26 (1.09, 1.47)

1.21 (1.10, 1.32)

Model 2 (minimally adjusted)

1.12 (1.03, 1.22)

1.13 (1.04, 1.23)

1.04 (0.79, 1.37)

1.20 (1.02, 1.41)

1.09 (0.99, 1.20)

Model 3 (fully adjusted)

1.08 (0.99, 1.19)

1.11 (1.01, 1.23)

0.81 (0.55, 1.18)

1.14 (0.94, 1.38)

1.07 (0.96, 1.19)

levels, although levels of membrane-bound CD14 have been
reported to increase with corticosteroid use [47]. The observation of fewer individuals in the highest quartile of sCD14 able to
walk 3 mph or faster is consistent with prior reports of an association between higher physical activity levels and lower levels
of circulating CD14+ cells [48]. That higher sCD14 levels were
associated with an increased frequency of self-reported Bfair^ or
Bpoor^ health status is consistent with it being a marker of increased inflammation. The reasons why more frequent use of
calcium supplements were observed in the highest quartile of
sCD14 are not clear.
Increased sCD14 levels likely reflect bone resorption due to
its presence on cells of the osteoclast lineage. Bone turnover is
higher in whites than in African-Americans [49–51], and hip
fractures are associated with higher bone turnover [52, 53]. If
sCD14 was simply reflective of bone turnover, one would have
assumed, contrary to what we found, that the relationship between sCD14 and hip fractures would be independent of race or
diabetes status. Our findings suggest that sCD14 may reflect
more fundamental differences in bone health between AfricanAmericans and Caucasians other than bone turnover.
Diabetes is a risk factor for fracture [54, 55], and in our study,
the proportion of people with diabetes rose in each quartile of
sCD14 level. This finding is in accord with a previously published report finding that decreased insulin sensitivity was associated with higher sCD14 levels [26]. However, our post hoc
analyses indicated that sCD14 levels were only associated with
hip fractures in nondiabetic individuals. The reasons for the lack
of association in people with diabetes are not clear, but it is
possible that alterations in the bone microstructure of diabetic
individuals may play a more important role in hip fracture than
inflammation. In support of this, Yu et al. recently reported that
radial bone cortical porosity was significantly greater in AfricanAmerican women with diabetes compared to those without,
Table 3 Hazard ratios for
incident composite fractures

while areal and volumetric BMD was similar between the
groups [56]. The lack of an association between sCD14 levels
and hip fractures in those with diabetes is also consistent with a
report that sCD14 behaves as an acute phase reactant in nondiabetic, but not diabetic, subjects [40].
The results reported here have similarities to other studies
examining the role of inflammatory markers in nontraumatic
fracture risk. Specifically, one report found significant elevations in the relative risk (RR) for fragility fractures among
those with the highest serum levels of the soluble receptor
for IL-2 (RR 1.52, 95 % CI [1.04–2.21]), TNF soluble receptor 1 (RR 1.73, 95 % CI [1.18–2.55]), and TNF soluble receptor 2 (RR 1.48, 95 % CI [1.01–2.20]) [1]. Unlike the results
reported in the current study, the risks remained significantly
elevated when adjusting for race and diabetes status. In women in the Women’s Health Initiative, higher levels of three
cytokine-soluble receptors: interleukin-6 (IL-6), soluble receptor (SR), and TNF SR1 and SR2 were significantly associated with hip fractures [2].Others reported significantly elevated HRs for hip fractures among older White females with
the highest levels of IL-6 (HR 1.64, 95 % CI [1.09–2.48]) and
TNF soluble receptor 1 (HR 2.05, 95 % CI [1.35–3.12]) [57].
Interestingly, that report identified kidney function and BMD
as potential mediators of this effect [57], while in the current
study, including sCD14 did not significantly alter the HRs for
hip fracture when adjusting for kidney function (Appendix
Table 6). We did not include BMD in our models due the
unequal time gap between the blood collection for the
sCD14 measurement and the DEXA scan acquisition between
the two cohorts (5 years for cohort 1, 2 years for cohort 2).
This study has several strengths. Our study is the first to examine the association between the sCD14 inflammatory marker and incident fractures. The large sample sizes in this study
allow for a more precise estimate of the risk of fracture

Composite fractures

Model 1 (unadjusted)
Model 2 (minimally adjusted)
Model 3 (fully adjusted)

Overall HR (95 % CI)

Men HR (95 % CI)

Women HR (95 % CI)

1.20 (1.12, 1.28)
1.06 (0.99, 1.14)
1.06 (0.98, 1.15)

1.15 (1.00, 1.32)
1.10 (0.95, 1.27)
1.03 (0.87, 1.21)

1.14 (1.05, 1.23)
1.06 (0.98, 1.14)
1.06 (0.98, 1.16)
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associated with sCD14. We adjusted the analytic models with
a comprehensive set of potentially confounding variables.
This study also has several limitations. First, sCD14 levels
were not available in all CHS participants though the characteristics of those with and the <8 % without sCD14 measurements were similar. Importantly, hip fracture incidence was not
significantly different between those with and without sCD14
measurement. Second, data on composite fractures were only
available in the subset of CHS subjects enrolled in CMS (83 %
of the cohort); there was no difference in sCD14 levels (p=
0.26) or number of hip fractures (p=0.70) between those enrolled and those not enrolled in CMS. Third, because markers
of bone turnover were not measured in CHS, we could not
evaluate to what extent associations between sCD14 levels
and hip fracture may have been accounted for by levels of bone
resorption markers such as NTX. Fourth, CHS is an observational study, and although analyses accounted for multiple potential confounding variables, the possibility of residual confounding remains. Last, analyses examining the association of
sCD14 with hip fractures by diabetes status were post hoc, and
observed results could have been attributable to chance.
In conclusion, we found that increased sCD14 levels
were associated with a heightened risk of incident hip

fractures among White individuals. Further, the association between sCD14 and hip fracture was stronger in
those without diabetes than in those with diabetes. More
research is needed to elucidate the role of sCD14 in
inflammation and bone metabolism; however, these
findings suggest that sCD14, alone or in combination
with other inflammatory markers, may help identify
those individuals most at risk of fracture.
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Appendix

Table 4 Characteristics of
subjects having and not having
sCD14 measurement

Characteristic

Total, n=5888

sCD14 Measurement

p value

Yes, n=5462

No, n=426

Age (years, mean±SD)
Male, n (%)

72.8±5.6
2495 (42.4))

72.8±5.6
2315 (42.4)

73.3±6.0
180 (42.3)

0.09
>0.99

African-American, n (%)
BMI (kg/m2, mean±SD)
Alcohol use, n (%)
0
1–7
>7
Smoking status, n (%)
Current
Former
Never
Creatinine (mg/dl, mean±SD)
GFR (mL/min, mean±SD)
Diabetes present, n (%)
Estrogen use present, n (%)
Hip fracture, n (%)

924 (15.7)
26.7±4.7
n=5864
2937 (50.1)
2215 (37.8)
712 (12.1)
n=5882
700 (11.9)
2444 (41.6)
2738 (46.5)
1.06±0.40
63.7±16.1
953 (16.4)
401 (11.8)
718 (12.2)

819 (15.0)
26.6±4.7
n=5441
2701 (49.6)
2068 (38.0)
672 (12.4)
n=5456
660 (12.1)
2267 (41.6)
2529 (46.4)
1.10±0.32
63.9±16.2
881 (16.2)
374 (11.9)
672 (12.3)

105 (24.6)
27.3±4.9
n=4239
236 (55.8)
147 (34.8)
40 (9.5)
n=426
40 (9.4)
177 (41.5)
209 (49.1)
1.06±0.40
60.9±15.5
72 (19.0)
27 (11.0)
46 (10.8)

<0.01
0.02
0.03

0.22

0.02
<0.01
0.17
0.74
0.40
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Table 5 Hazard ratios for hip
fracture in subjects with and
without diabetes

Hip fracture
Diabetes present HR (95 % CI)

Diabetes absent HR (95 % CI)

Model 1 (unadjusted)

1.07 (0.86, 1.32)

1.30 (1.20, 1.40)

Model 2 (minimally adjusted)

0.91 (0.71, 1.16)

1.14 (1.05, 1.25)

Model 3 (fully adjusted)

0.83 (0.62, 1.11)

1.13 (1.02, 1.25)

8.
Table 6 Fully adjusted Cox proportional hazard model regression
model for hip fractures with and without sCD14 included in the model
Model

9.

Hazard ratios (95 % CI)
Not including sCD14

Including sCD14

Male gender
Age

0.57 (0.47, 0.70)
1.11 (1.09, 1.13)

0.60 (0.49, 0.73)
1.11 (1.09, 1.13)

African-American race
BMI
Current smoker

0.44 (0.31, 0.61)
0.93 (0.91, 0.95)
1.30 (1.00, 1.69)

0.45 (0.32, 0.63)
0.94 (0.92, 0.96)
1.28 (0.99, 1.67)

Diabetes status (yes)
Thiazide

1.42 (1.10, 1.84)
1.09 (0.87, 1.42)

1.40 (1.08, 1.81)
1.08 (0.88, 1.34)

Estrogen use

0.88 (0.66, 1.19)

0.92 (0.68, 1.25)

13.

Statin
Loop diuretic
Thyroid

0.60 (0.30, 1.21)
1.19 (0.81, 1.74)
1.10 (0.84, 1.42)

0.61 (0.30, 1.22)
1.18 (0.81, 1.72)
1.10 (0.84, 1.42)

14.

Creatinine

1.00 (0.994, 1.01)

1.00 (1.00, 1.01)

10.

11.
12.

15.
16.
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