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Preface 

 

The work went largely in accordance with the plan that I had set up. I spent the first part 

of the time (spring 2013) to read up on the subject and articles that dealt with the work I 

was going to write about. During the spring I began to write this report. After graduating 

in 2013 and the following summer I started getting results and could, in cooperation 

with my supervisor and co-supervisor, Åshild Bjørnerem and Luai Ahmed respectively, 

begin to interpret them. I spent the rest of the summer and autumn of 2013 to complete 

the report. During this process I was under the close supervision of my supervisor who 

showed me how to interpret the results in a critical way. 

The only deviation from the original plan was that I used data from Tromsø 5 instead of 

Tromsø 4 as the data from the Tromsø 5 was more complete for my purposes.  

I want to extend my gratitude to my supervisor Luah Ahmed for doing the statistical 

work, the Tromsø Study for providing data and especially I want to thank my supervisor 

Åshild Bjørnerem for the tremendous amount of help and support she has given me. 
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     Abstract 

 

Background:  

Low grade inflammation is associated with fractures, while the relationship between 

inflammation and bone mineral density (BMD) is less clear. Moreover, eventual gender 

differences in the sensitivity to inflammation are still poorly elucidated. We therefore 

tested the hypothesis that high-sensitivity C-reactive protein (CRP) is an independent 

risk factor for non-vertebral fractures, and that CRP is associated with BMD, in both 

genders.  

 

Method:  

We included 1902 women and 1648 men aged 55 and 74 years, who had CRP measured 

at baseline in the Tromsø Study, Norway in 2001. All non-vertebral fractures were 

registered from X-ray archives at the University Hospital of North Norway during an 

average of 7.2 years follow-up. Cox’s proportional hazard models were used for fracture 

prediction by CRP and linear regression analyses for its association with BMD, and 

adjusted for other risk factors. 

   

Results:  

During 25 595 person-years, 366 (19%) women and 126 (8%) men suffered non-

vertebral fractures. Each standard deviation (SD) increase in log CRP increased the risk 

for non-vertebral fracture by 13% in women and 22% in men (hazard ratios (HRs) 1.13; 

95% confidence interval (CI) 1.03-1.26, p = 0.026 and 1.22; 95% CI 1.00-1.48, p = 

0.046, respectively). Those with CRP in the upper tertile, exhibited a 39% and 80% 

higher risk for fracture than those in the lowest tertile in women and men, respectively 

(HRs 1.39; 95% CI 1.06-1.83, p = 0.017 and 1.80 95% CI 1.10-2.94, p = 0.019). Higher 

levels of CRP were associated with lower BMD in men, not in women. 

 

Conclusion:  

CRP is an independent risk factor for non-vertebral fractures in both genders. As the 

association between CRP and BMD showed conflicting results, we infer that 

inflammation may influence fracture risk differently in women than men via factors 

beyond what is explained by the association between CRP and BMD. 



1 

 

Introduction 

Bone fragility is a public health problem due to the accompanying increased morbidity, 

mortality, and financial costs resulting from fractures, in particular, non-vertebral and 

hip fractures.
(1,2)

 In women and men aged 50 years, the remaining lifetime risk for 

fragility fractures is 46% and 22%, respectively.
(3)

 To reduce the burden of fragility 

fracture, a better understanding of the pathogenesis and mechanisms that influence on 

bone loss and result in fracture is needed. 

     Chronic inflammation is associated with a range of diseases such as rheumatoid 

arthritis and other autoimmune diseases,
(4)

 cardiovascular diseases
(5,6)

 and diabetes 

mellitus.
(7)

 There is an increasing body of evidence indicating that chronic diseases are 

associated with fragility fractures and that chronic inflammation is associated with 

fragility fractures even in the absence of disease.
(8-10)

 Systemic diseases, such as 

rheumatoid arthritis, inflammatory bowel disease and systemic lupus erythematosus are 

associated with bone loss.
(4,8,9) 

 Each factor that contributes to bone loss expresses its 

effect through the final common pathway of bone modeling and remodeling, and bone 

loss is caused by the negative balance between bone formation and bone resorption 

within each of the bone multicellular units (BMU).
(11) 

 It has been established through in 

vitro experiments and rodent studies that inflammation plays a vital part in this 

remodeling process that is contributing to an increased bone resorption and in some 

cases inhibiting bone formation.
(12-15)

  

     In studies of low grade inflammation, higher levels of high-sensitivity C-reactive 

protein (CRP) are associated with an increased risk of fracture.
(10,16-23)

 Some studies 

were relatively small,
(10,20)

 while one huge study of more than 18000 participants 

included only hospitalized fracture cases.
(18)

 None of these previous studies have 

reported an effect of CRP on risk for fracture in women and in men in gender-stratified 

analyses. However, the association between levels of CRP and bone mineral density 

(BMD) is conflicting.
(16,21,24,25)

 A recent study showed that CRP was not associated with 

femoral neck and lumbar spine BMD, but inversely associated with bone strength index, 

which partially explained the increased fracture risk that was associated with 

inflammation.
(17)

 We hypothesized that higher levels of CRP increase the risk of non-

vertebral fracture in Tromsø, a population with a high incidence of fracture, and we 

aimed to test whether CRP is an independent risk factor for non-vertebral fractures, and 

whether CRP is associated with BMD, in both genders.  
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Materials and Methods 

Participants 

The Tromsø Study is a population-based, prospective study of various health issues and 

chronic diseases, and is a resource for the surveillance of disease risk factors. It consists 

of six surveys referred to as Tromsø 1-6, which have been conducted in Tromsø from 

1974 to 2008.
(26)

 At the fifth survey (Tromsø 5) in 2001-2002 a total of 10 353 women 

and men aged 32-74 years were invited and 8130 (79%) participated. For this current 

study, we selected those 4225 participants (2581 women and 1707 men) aged 55 and 74 

years who had a valid CRP measurement at baseline in Tromsø 5 and no pathological 

fracture during follow-up. We excluded 675 subjects on medical treatment 

(corticosteroids (n = 75), bisphosphonates for osteoporosis (n = 207), aromatase 

inhibitors for breast cancer (n = 13) and hormone replacement therapy (n = 380). This 

left 3550 participants included in the analyses (1902 women and 1648 men). The 

Tromsø Study was approved by the Data Inspectorate of Norway and the Regional 

Committee of Medical and Health Research Ethics, North Norway. All participants gave 

written informed consent. 

 

Variables 

At baseline, two self-administered questionnaires were filled in, which included 

information on self-perceived health, chronic diseases, such as diabetes, cardiovascular 

diseases, asthma and cancer, and current use of medications, calcium and vitamin D 

supplementation, current smoking and level of physical activity. A physical activity 

score was made by adding the hours/week of moderate and hard leisure time physical 

activity, giving the hours with hard activity double weight: score = moderate + 2hard. 

Participants were also asked to write a list of brand names of medicines used on a 

regular basis. The questionnaire information was checked by health personnel at the 

study site. The data collection is described in detail elsewhere.
(26)

 An English translation 

of the questionnaires is available at the Tromsø Study homepage.
(27)

 

     Baseline height and weight were measured in light clothing without shoes, and body 

mass index (BMI) was calculated as weight divided by the square of height (kg/m²). 

BMD was measured at the total hip and femoral neck by Dual-energy X-ray 
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Absorptiometry (DXA, GE Lunar Prodigy; Lunar Corporation, Madison, WI, USA).
(28)

 

The coefficients of variation (CV) were 1.2% and 1.7% for the total hip and femoral 

neck, respectively; details of the measurement methods, the strict quality control 

procedures for densitometry, and long-term performance of the densitometers are 

described previously.
(28)

 CRP was measured by a particle-enhanced 

immunoturbidimetric assay from Roche Diagnostics, with a detection limit of 0.12 mg/l 

and the CV was 1.4%. Blood samples were analyzed at the Department of Clinical 

Chemistry, University Hospital of North Norway, Tromsø.     

       All non-vertebral fractures were registered from the X-ray archives of the 

University Hospital of North Norway in Tromsø, between their participations in Tromsø 

5 in 2001-2002 and January 1 2010.
(29,30)

 All fractures are registered here, because this 

is the only X-ray service in the city or within 250 km. The only exception would be 

fractures occurring while traveling with no control X-ray after returning home. The 

validation of the fracture registration has previously been reported.
(31)

 Follow-up time 

was assigned from baseline to the first fracture, death, migration, or to the end of 

follow-up January 1 2010. In this study we included the first fracture, which we defined 

as any non-vertebral fracture (except finger, toes, and face and skull). Vertebral fractures 

are not included in this register.        

Statistical analyses           

Naturally log-transformation corrected for skewed distribution of CRP. Analysis of 

variance (ANOVA) was used to compare groups, and linear regression analyses for p for 

trend. Cox’s proportional hazards regression models were used to estimate hazard ratios 

(HRs) (the ratio between the chance of a certain outcome in a population and the same 

outcome in a control population) for fracture with 95% confidence interval (CI). The 

proportionality assumptions of the models were verified. The HRs were adjusted for 

age, BMI, height, current smoking, physical activity, self-reported history of a chronic 

disease (diabetes, cardiovascular diseases, asthma and cancer) and use of medications 

and supplementation (insulin, statins, painkiller, calcium and vitamin D) known to be 

associated with fracture risk.
(32,33)

 Linear regression analyses were used for testing of 

the association between BMD and CRP. In order to perform direct comparison, we 

present standardized regression coefficients, which are standard deviation (SD) change 

in BMD per SD change in log CRP. The SAS Software package, v9.2 (SAS Institute 
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Inc., Cary, NC, USA) and STATA 12.0 (StataCorp, College Station, TX, USA) were 

used for statistical analyses. 

 

Results 

Characteristics and fracture rates in women and men 

In women and men, the mean baseline age was 64.8 years (SD 5.3) and 65.8 years (SD 

4.9), median CRP was 1.48 mg/L (range 0.17-86.4) and 1.63 mg/L (range 0.22-116.9), 

respectively. Women and men with higher levels of CRP had higher BMI, larger proportion 

of chronic diseases, and lower levels of physical activity, while men, not women with high 

CRP, were older, (all p for trend < 0,001, Table 1). The fracture rates in the lowest, middle 

and upper tertiles of CRP were 27.2 (95% CI 22.8-32.4), 24.8 (20.6-29.8) and 29.3 (24.7-

34.8), p for trend = 0.592 in women, and 8.6 (6.2-11.9), 8.9 (6.4-12.3) and 14.1 (10.8-

18.4), p for trend = 0,039 in men, respectively.  

 

CRP and risk for non-vertebral fracture 

During 25 595 person-years and an average of 7.2 years follow-up, 366 (19%) of 1902 

women and 126 (8%) of 1648 men suffered at least one incident non-vertebral fracture. In 

women, each SD higher levels of log CRP increased the risk for non-vertebral fracture by 

11% after adjustment for age and total hip BMD (HR 1.11; 95% CI 1.00-1.23, p = 0.053, 

Table 2). After further adjustment for height, BMI, previous fracture and self-reported 

chronic diseases the fracture risk increased by 13% (HR 1.13; 95% CI 1.02-1.26, p = 

0.026). In men, each SD higher levels of log CRP increased the risk for non-vertebral 

fracture by 25% after adjustment for age and total hip BMD (HR 1.25; 95% CI 1.04-1.50, 

p = 0.018, Table 2). After further adjustment for height, BMI, previous fracture, self-

reported and chronic diseases, the fracture risk increased by 22% (HR 1.22; 95% CI 1.00-

1.48, p = 0.046). Those with CRP in the upper tertile exhibited 39% higher risk for fracture 

than those in the lowest tertile of CRP in women (HR 1.39, 95% Cl 1.06-1.83, p = 0.017), 

and 80% higher risk for fracture in men (HR 1.80 95% Cl 1.10-2.94, p = 0.019, Table 3) 

after accounting for BMD and other risk factors.  Additional adjustment for use of 

medication, physical therapy and smoking made no substantial change in the result in both 

genders. 
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CRP and BMD 

In women, each SD higher levels of log CRP was associated with 0.16 SD and 0.12 SD 

higher BMD at the total hip and femoral neck after age adjustment and before (p < 0.001), 

but not after adjustment for BMI (p = 0.281 and p = 0.387, respectively, Table 4). In men, 

log CRP was not associated with BMD in age adjusted models (p = 0.609 and p = 0.259, 

respectively), however, after adjustment for BMI each SD higher levels of log CRP was 

associated with 0.08 SD and 0.09 SD lower BMD at the total hip and femoral neck (p = 

0.001). Additional adjustment for comorbidity and other covariates made no substantial 

change in the result in both genders.     

 

Discussion 

We report that higher levels of CRP are associated with non-vertebral fractures after 

accounting for BMD in women and men in gender-stratified analyses. In men, not in 

women, increasing CRP was associated with BMD. Thus, our results are confirming 

previous reports of a relationship between CRP and fracture risk, and also confirming 

the conflicting results for association between CRP and BMD.  

     The European Prospective Investigation into Cancer Norfolk reported an U shaped 

association between CRP levels and risk of fracture with the lowest risk in the 

intermediate range, and increased risk of fracture observed in the lower end and upper 

levels of CRP.
(18)

 That huge study included 18 586 women and men of which 792 

suffered fractures during a median follow-up of about 15 years. However, only 

hospitalized fractures were registered, as they did not screen the whole population. They 

reported U-shaped associations in both genders, albeit the associations were  non-

significant.
(18)

 In our current study, there was a similar but non-significant U-shaped 

association. 

     Nakamura et al. reported an increased risk for vertebral and hip fracture in 751 

elderly Japanese women above 69 years of age by higher levels of CRP.
(16)

 Rolland et 

al. reported that men with the highest levels of CRP had higher odds for prevalent 

fracture than men with lower levels of CRP, but CRP levels were not associated with 

BMD at any site.
(21) 

An interesting finding in that study was that higher CRP levels were 

associated with lower trabecular BMD, lower trabecular number and larger trabecular 

separation at the distal radius. However, the association between CRP and fracture 

remained unchanged after accounting for the trabecular microarchitecture.
(21)
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     Among 906 women and men between 40 and 79 years of age in the Bruneck study, 

higher levels of CRP were associated with a higher risk for fracture independent of 

BMD, bone turnover markers and chronic diseases.
(10)

 Pasco et al. reported in their 

prospective study on 444 white women above 65 years an increased risk for fracture by 

increasing CRP, with minimal changes in results after accounting for bone turnover, 

lifestyle factors, medication and comorbidity.
(20)

 In addition, they reported no 

association between CRP and BMD in those women.
(20)

 Cauley et al. showed in their 

prospective study of 2681 women and men during 5.8 years a marginal association 

between CRP and fracture risk after adjusting for multiple variables.
(19)

 They further 

reported the highest risk for fracture in subjects who had high levels of three or more 

inflammation markers in comparison with subjects with no elevated markers.
(19)

  

     Eriksson et al. reported in a prospective study of 2910 elderly men that higher levels 

of CRP increased the risk for fracture, and these fractures were mainly vertebral, and the 

effect of CRP was independent of BMD and other risk factors.
(23)

 In that study CRP was 

not significant associated with hip fracture or non-vertebral fragility fracture. Similarly, 

Oei et al. reported that CRP was most strongly associated with fracture of the spine, also 

significantly associated with hip fracture, but not with wrist fractures in a cohort of 

6386 women and man with 1561 fractures in the Rotterdam Study.
(22)

 CRP was not 

significantly associated with BMD in both studies.
(22,23)

  

     In cross-sectional and prospective studies, higher CRP is reported associated with a 

lower BMD and increased bone loss at both hip and spine.
(24,25)

 Other studies showed 

that BMD did not decrease by higher CRP levels.
(16,21)

  and two of them even reported a 

lower BMD with a lower CRP.
(16,17)

 In addition, prospective studies have reported no 

association between CRP and BMD in those women.
(10,19,20,22,23)

 In the current study, 

higher CRP was associated with lower BMD in men not in women, in line with the 

previous conflicting results. An interesting finding was that after adjustment for BMI, a 

positive association between CRP and BMD changed to a non-significant negative 

association in women, which is similar as reported by ishii et al.
(17)

 In contrast, this 

association changed from non-significant to a significant inverse association in men, in 

the current study. These changes were not explained by interaction between CRP and 

BMI and may need further investigation. 

     The uncertainties pertaining to associations between CRP and BMD suggest that 

CRP may modulate fractures risks through mechanisms other than by producing bone 

loss. One recent interesting study by Ishii et al. showed that compressive strength and 
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bending strength indices at the femoral neck were inversely associated with CRP.
(17)

 The 

calculation of these strength estimates were based on bone size and body size and 

proportions, known to be important for bone strength independent of BMD.
(17) 

After 

accounting for these strength indices, the association between CRP and fracture risk was 

attenuated, and could partially explain the increased risk of fracture related to 

inflammation.
(17)

 Another mechanism was suggested by Ding et al. who reported that a 

higher IL-6 was associated with a lower BMD after adjusted for other inflammatory 

markers such as TNF-a and CRP.
(25) 

Kim et al. observed that higher CRP levels were 

associated with increased BTM (bone turnover rates) using bone specific alkaline 

phosphatase, suggesting that reduced BMD values may be associated with subclinical 

inflammation.
(34) 

In contrast, Schett et al. reported higher BTM by increasing CRP,
(10)

 

while Rolland et al reported no association between BTM and CRP.
(21)

 In addition, local 

rather than circulating inflammation markers may regulate bone remodeling via 

autocrine or paracrine mechanisms.
(25)

 

     Our large population based study, which was based on a validated fracture registry, 

has several limitations. We did not include vertebral fractures in the registry. Cytokines 

and bone remodeling markers were not available, so we could not study whether the 

association between fracture risk and CRP was mediated via these factors as reported by 

others.
(19,35)

 Finally we did not have statistical power to study the association between 

CRP and different types of fracture.   

     In summary this study adds to the growing evidence that chronic inflammation 

increase fracture risk in both genders. The association between CRP and BMD, however 

remains less clear and the divergent results in the two genders recorded in this study 

suggests that other mechanisms unrelated to bone mass may be involved and need to be 

further explored. 
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Tables and Figure 

Table 1. Baseline characteristics and non-vertebral fracture rate (95% CI) by CRP tertiles: The 

Tromsø Study. 

 CRP tertiles P 

Women n = 640 n = 630 n = 632  

CRP (mg/L), range 0.17-0.98 0.99-2.37 2.39-86.4  

CRP (mg/L) 0.61 ± 0.22 1.56 ± 0.40 7.10 ± 9.41 < 0.001 

Age (years) 64.5 ± 5.2 64.8 ± 5.3 65.1 ± 5.3    0.061 

BMI (kg/m
2
) 25.0 ± 3.5 27.7 ± 4.3 29.3 ± 5.3 < 0.001 

Height (cm) 161.8 ± 6.0 161.6 ± 6.0 161.2 ± 6.0    0.222 

Weight (kg) 65.1 ± 9.7 72.0 ± 12.3 75.8 ± 14.1 < 0.001 

Total hip BMD (g/cm
2
)
*
 0.87 ± 0.12 0.90 ± 0.13 0.92 ± 0.14 < 0.001 

Femoral neck BMD (g/cm
2
)
*
 0.81 ± 0.11 0.84 ± 0.11 0.85 ± 0.12 < 0.001 

Physical activity score 3.7 ± 2.3 3.3 ± 2.1 3.2 ± 2.2 < 0.001 

Current smoking, n (%) 158 (24.7) 142 (22.5) 183 (29.0)    0.082 

Poor self-perceived health, n (%) 246 (39.3) 247 (39.7) 298 (48.4)    0.001 

Self-reported chronic disease, n (%) 133 (20.8) 153 (24.3) 182 (28.8)    0.001 

Medications/supplements     

Insulin, n (%) 3 (0.5) 7 (1.1) 12 (1.9)    0.021 

Painkillers, n (%) 118 (18.4) 117 (18.6) 163 (25.8)    0.001 

Statins, n (%) 85 (13.3) 76 (12.1) 66 (10.4)    0.119 

Calcium and/or vitamin D, n (%) 183 (28.6) 195 (31.0) 177 (28.0)    0.821 

Incident of fracture, n (%) 124 (19.4) 112 (17.8) 130 (20.6)    0.592 

Fracture rate/1000 person year (95 % CI)     27.2 (23-32)   24.8 (21-30) 29.3 (25-35)  

     

Men  n = 553 n = 546 n = 549  

CRP (mg/L), range  0.22-1.07 1.08-2.39 2.4-116.9  

CRP (mg/L)  0.68 ± 0.23 1.66 ± 0.38 7.32 ± 9.70 < 0.001 

Log-CRP mean ± SD -0.45 ±0.38 0.48 ± 0.23 1.65 ± 0.71 < 0.001 

Age (years) 65.2 ± 4.9 66.2 ± 4.8 66.1 ± 5.1    0.001 

Body mass index (kg/m
2
) 26.2 ± 3.3 27.2 ± 3.5 27.7 ± 3.5 < 0.001 

Height (cm) 175.1 ± 6.7 174.7 ± 6.6 174.4 ± 6.4    0.164 

Weight (kg) 80.2 ± 12.0 82.7 ± 12.5 84.0 ± 12.2 < 0.001 

Total hip BMD (g/cm
2
)
*
 1.03 ± 0.14 1.01 ± 0.14 1.02 ± 0.14    0.215 

Femoral neck BMD (g/cm
2
)
*
 0.94 ± 0.13 0.92 ± 0.13 0.93 ± 0.13    0.043 

Physical activity score 4.5 ± 2.4 4.0 ± 2.4 3.8 ± 2.5 < 0.001 

Current smoking, n (%) 103 (18.6) 143 (26.2) 200 (36.4) < 0.001 

Poor self-perceived health, n (%) 168 (30.6) 194 (36.1) 224 (41.6) < 0.001 

Self-reported chronic disease, n (%) 156 (28.2) 190 (34.8) 210 (38.3) < 0.001 

Medications/supplements     

Insulin, n (%) 6 (1.1) 8 (1.5) 13 (2.4)    0.098 

Painkillers, n (%) 47 (8.5) 50 (9.2) 65 (11.8)    0.063 

Statins, n (%) 100 (18.1) 89 (16.3) 90 (16.4)    0.454 

Calcium/vitamin D, n (%) 96 (17.4) 98 (18.0) 88 (16.0)    0.559 

Incident of fracture, n (%) 36 (6.5) 36 (6.7) 54 (9.8)    0.039 

Fracture rate/1000 person-year (95 % CI) 8.6 (6.2-12) 8.9 (6.4-12) 14.1 (11-18)  
Values are given as mean ± SD, n (%) and the fracture rates with 95 % confidence interval (CI).  

P values are p for trend for continuous variables, and Pearson’s chi-squared test for categorical variables. 
*
Total hip bone mineral density (BMD) and femoral neck BMD were available in 1698 women and 1410men. 

A physical activity score was made by adding the hours/week of moderate and hard leisure time physical 

activity; score = moderate + 2hard. CRP = high sensitivity C-reactive protein, SD = Standard deviation. 
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Table 2: Hazard ratio (HR) (95 % CI) for non-vertebral fracture per 1 standard deviation 

higher levels of log high sensitivity C-reactive protein in women and men: The Tromsø 

Study 

 

 Women Men 

N Fx HR (95% CI) p value N Fx HR (95% CI) p value 

Model 1 1902 366 1.03 (0.93-1.14) 0.573 1648 126 1.18 (1.00-1.39) 0.056 

Model 2 1698 331 1.11 (1.00-1.23) 0.053 1410 102 1.25 (1.04-1.50) 0.018 

Model 3 1690 330 1.13 (1.02-1.26) 0.026 1405 102 1.22 (1.00-1.48) 0.046 
Model 1 adjusted for age. 

Model 2 adjusted for age, total hip bone mineral density (BMD). 

Model 3 adjusted for age, total hip BMD, body mass index (BMI), height, previous fracture, and self-

reported diseases (myocardial infarction, angina pectoris, asthma, diabetes mellitus, cancer). 

N = number of subjects in the model, Fx = number of subjects with fracture, CI = confidence interval  

 

 

 

Table 3: Hazard ratios (HRs) (95% CI) for non-vertebral fracture by tertiles of high 

sensitivity C-reactive protein (CRP) in women and men: The Tromsø Study. 

 

   CRP tertiles 

   Lo

w 

Middle   Upper  

 N Fx Re

f 

HR (95% CI) p 

value 

HR (95% CI) p value 

Women 

Model 1 

       

1902 336 1.0 0.89 (0.69-1.15) 0.383 1.05 (0.82-1.34) 0.715 

Model 2 1698 331 1.0 1.01 (0.77-1.33) 0.928 1.32 (1.01-1.72) 0.039 

Model 3 1690 330 1.0 1.03 (0.77-1.34) 0.856 1.39 (1.06-1.83) 0.017 

        

Men  

Model 1 

       

1648 126 1.0 1.00 (0.63-1.59) 0.991 1.61 (1.06-2.46) 0.027 

Model 2 1410 102 1.0 1.09 (0.64-1.84) 0.762 1.93 (1.20-3.12) 0.007 

Model 3 1405 102 1.0 1.04 (0.61-1.78) 0.876 1.80 (1.10-2.94) 0.019 
Model 1 adjusted for age. 

Model 2 adjusted for age, total hip bone mineral density (BMD). 

Model 3 adjusted for age, total hip BMD, body mass index (BMI), height, previous fracture, and self-

reported diseases (myocardial infarction, angina pectoris, asthma, diabetes mellitus, cancer). 

N = number of subjects in the model, Fx = number of subjects with fracture, CI = confidence interval   
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Table 4: Association between bone mineral density (BMD) at the total hip and femoral 

neck with high sensitivity C-reactive protein (CRP) in women and men: The Tromsø 

Study 

 

 Total hip BMD (g/cm
2
)  Femoral neck BMD (g/cm

2
) 

 STB (95% CI) p value STB (95% CI) p value 

Women     

Model 1 0.164 (0.118, 0.211) < 0.001 0.121 (0.075, 0.167) < 0.001 

Model 2 -0.024 (-0.068, 0.020)    0.281 -0.021 (-0.067, 0.026)    0.387 

Model 3 -0.021 (-0.064, 0.022)    0.348 -0.017 (-0.062, 0.028)    0.447 

     

Men     

Model 1 -0.014 (-0.066, 0.039)    0.609 -0.030 (-0.081, 0.022)    0.259 

Model 2  -0.083 (-0.133; -0.033)    0.001  -0.085 (-0.136, -0.035)    0.001 

Model 3  -0.079 (-0.128, -0.029)    0.002  -0.078 (-0.128, -0.029)    0.002 
Model 1 adjusted for age. 

Model 2 adjusted for age and body mass index (BMI). 

Model 3 adjusted for age, BMI, height, history of previous fracture, and self-reported diseases (myocardial 

infarction, angina pectoris, asthma, diabetes mellitus, cancer). 

STB = standardized coefficient, CI = confidence interval 

 

 

 

 
Fig. 1: HR (hazard ratios) with 95% confidence interval (95% CI) for non-vertebral fracture by 

tertiles of high sensitivity C-reactive protein (hsCRP), as shown in model 4 in Table 3. 

 
 

 

 

 
 


