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Abstract  

 

Purpose: Fragility fractures, especially of the hip, cause substantial excess mortality and 

impairment in health-related quality of life (HRQoL). This systematic review and meta-analysis 

aimed to investigate the association between socio-economic status (SES) and post-fracture 

mortality and HRQoL. 

Methods: PubMed, EMBASE and CINAHL databases were searched from inception to the last 

week of November 2018 for studies reporting an association between SES and post-fracture 

mortality and/or HRQoL among people aged ≥50 years. Risk ratios (RRs) were meta-analysed 

using a standard inverse-variance-weighted random effects model. Studies using individual-

level and area-based SES measures were analysed separately. 

Results: A total of 24 studies from 15 different countries and involving more than one million 

patients with hip fractures were included. The overall risk of mortality within one year post hip 

fracture in individuals with low SES was 24% higher than in individuals with high SES (RR 

1.24, 95%CI: 1.19 to 1.29) for individual-level SES measures, and 14% (RR 1.14, 95% CI: 

1.09 to 1.19) for area-based SES measures. The quality of the evidence for the outcome 

mortality was moderate. Using individual SES measures, we estimated the excess HRQoL loss 

to be 5% (95% CI -1 to 10%) among hip fracture patients with low SES compared with high 

SES. 

Conclusions: We found a consistently increased risk of post hip-fracture mortality with low 

SES across SES measures and across countries with different political structures and different 

health and social care infrastructures. The impact of SES on post-fracture HRQoL remains 

uncertain due to sparse and low-quality evidence. 

 

Keywords: Fractures, Socio-economic status, inequality, mortality, Health Related Quality of 

Life. 

 

Mini abstract 

Individuals with low socio-economic status (SES) have a higher risk of dying following hip 

fracture compared to individuals with high SES. Evidence on social inequalities in non-hip 

fractures is lacking as well as evidence on the impact of SES on health-related quality of life 

post fracture. 
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Background 

Fragility fractures, especially of the hip and vertebrae, constitute a major and growing public 

health problem across the world [1]. Approximately one in three women and one in five men 

over 50 years of age will suffer an osteoporosis-related fracture in their lifetime [1]. Mortality 

rates among older people with hip fracture range between 14-36% within one year of the 

injury, and the risk of dying is increased up to eight-fold within the first three months after 

fracture [2, 3]. This excess mortality risk wanes over time but never returns to the rate of 

age-matched controls [3]. Survivors of fragility fractures suffer temporary or permanent 

disabilities such as pain, decreased mobility and increased dependency on others, potentially 

imposing important limitations on their health-related quality of life (HRQoL) [4, 5]. In the 

acute fracture period, the mean decline in HRQoL is estimated to be 51% across skeletal sites 

of fractures, ranging from 70% post hip fracture to 36% post wrist fracture [6]. One year post 

fracture, the decline in HRQoL is estimated to be 22-42% for patients with hip fractures and 

20% for patients with vertebral fractures; thus, the burden imposed by fragility fractures is 

substantial [6-8]. The economic costs caused by fragility fractures are estimated to be EUR 37 

billion annually in Europe alone. Due to increasing longevity with an associated increase in the 

incidence of most fracture types, these costs are expected to have increased by 25% by 2025 

[1]. Better understanding of factors leading to excess mortality and loss of HRQoL is important 

to inform future health policy aimed at reducing the health and social care costs and suffering 

associated with fragility fractures. 

 Inequalities in mortality and HRQoL between individuals with lower and higher 

socio-economic status (SES), as indicated by educational level, occupation, income or 

cohabiting status, are a persistent challenge for health policy [9, 10]. Studies conducted 

around the world consistently show that lower SES is associated with increased morbidity from 

most diseases, lower HRQoL, lower life expectancy and increased all-cause mortality 

throughout life [9, 10]. Despite this well-established socio-economic gradient on mortality and 

loss of HRQoL, evidence for an association between SES and outcomes following fragility 
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fractures remains unclear. Studies investigating these associations generate diverging results 

[11-16]. These inconsistencies may be due to the use of different measures of SES across 

studies (e.g. education, income, occupation or cohabiting status) and differences in study size, 

duration of follow-up or methodological quality. Thus, a systematic review and meta-analysis 

combining data from the available evidence is appropriate for establishing the impact of SES 

on post-fracture mortality and HRQoL. 

 This systematic review and meta-analysis aimed to investigate the association 

between measures of SES and post-fracture outcomes across the world. Specifically, we 

wanted to test the following hypotheses: 1) relative post-fracture mortality is higher among 

individuals with low SES than among individuals with high SES (irrespective of the SES 

measure used), and 2) reductions in HRQoL following a fragility fracture are greater among 

individuals with low SES than among individuals with high SES (irrespective of the SES 

measure used). 

 

Methods 

This systematic review and meta-analysis was conducted in accordance with the Preferred 

Reporting Items for Systematic review and Meta-Analysis (PRISMA)[17] statement. The review 

was conducted according to a predefined protocol registered at the International Prospective 

Register of Systematic Reviews (PROSPERO: CRD42018118211). 

 

Literature search 

The PubMed, EMBASE and CINAHL databases were searched from inception to the first week of 

July 2018 using the following terms: (“Bone fracture” OR “Minimal trauma fracture” OR 

“Fragility fracture” OR “Osteoporotic fracture”) AND (“Socioeconomic factors” OR 

“Socioeconomic status” OR “Social class” OR Inequality OR Education OR Income OR “Marital 

status” OR Residence OR Occupation). The literature search strategy was developed in 

collaboration with a research librarian using medical subject headings (MeSH) and text words 
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related to fractures and SES. The search strategy developed for the PubMed database was 

adapted to the syntax and subject headings of the Embase and CINAHL databases. 

The search strategy was validated to make sure that the strategy retrieved a high 

proportion of eligible studies found through any means (see supplementary file S1). The 

search was updated in the last week of November 2018 to ensure that more recently published 

studies were included. The reference lists of eligible studies were reviewed to ensure literature 

saturation. 

 

Study selection 

All records retrieved from the literature search were uploaded to the Covidence platform, an 

Internet-based software program that streamlines the production of systematic reviews. Titles 

and abstracts yielded by the search were independently screened by two of the review authors 

(GV and SP) according to the listed eligibility criteria. Studies that were clearly not relevant 

were excluded directly. Full manuscripts were obtained for all papers appearing to meet the 

inclusion criteria. Inclusion of a study was agreed by consensus and, if necessary, through 

discussion with a third co-author (KF). Reasons for excluding studies (full-text) were recorded.  

 

Study eligibility 

Studies were eligible for inclusion if they met the following criteria: cohort, case-control or 

cross-sectional studies investigating the association between SES and mortality or SES and 

HRQoL following a fragility fracture in men and/or women aged ≥ 50 years. Case series 

including fewer than 50 individuals were not considered eligible. Abstracts and unpublished 

studies were not eligible for inclusion. A fragility fracture was defined as a fracture associated 

with minimal trauma. Minimal trauma includes fractures resulting from unintentional contact 

with the ground where a person falls from standing height or less, including falls going upstairs 

or falls onto furniture. Fractures sustained due to traffic accidents or violence were considered 

high trauma, and such studies were excluded. Studies of pathological fractures (arising from 

benign and malignant bone tumors, infections, bone cysts or monogenic bone disorders) were 
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also excluded along with studies of fractures of the finger phalanges or thumb, toe phalanges 

and head or skull since these fracture types are not considered typical fragility fractures. 

 

Socio-economic status 

Current literature deploys a plethora of variables to measure SES [14]. These measures can be 

divided into individual-based measures and area-based measures. The most frequently used 

individual-based measures are education, income and occupation [18]. Area-based measures, 

also known as census measures, are designed to assess area-based levels of deprivation to 

allow socio-economic evaluation of local and national populations [19]. They can consist of one 

single measure, e.g. mean family income in the area, or a composite SES measure where 

different domains (e.g. income, employment, health, education, housing and crime) are 

combined into an Index of Multiple Deprivation [20]. In this systematic review and meta-

analysis, we aimed to capture and synthesize results from both individual-based and area-

based SES studies. The analyses are presented separately according to SES type, allowing 

identification of differences in risk estimates between the different types of SES measures. 

 

Outcomes 

Outcomes of interest were all-cause mortality and HRQoL following a fragility fracture. Both 

generic and disease-specific HRQoL measurement tools were eligible for inclusion. However, 

HRQoL had to be measured using a validated instrument such as SF36, SF12, EQ-5D or the 

Quality of Life Questionnaire of the European Foundation for Osteoporosis. In order to ensure 

that the outcome (mortality or HRQoL) was related to the fracture, only studies reporting the 

post-fracture outcome within the first year were included. 

 

Data extraction and management 

Data from the eligible studies were extracted independently by two authors (GV and SP) using 

a standardised data extraction form. Pilot calibration exercises were conducted to ensure 

consistency across the two assessors. Data describing characteristics of the study population 
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were extracted. Disagreement between data assessors was resolved by consensus and/or by 

consulting a third author. 

 Relative measures in the form of relative risk (RR) and hazard ratios (HR) were 

treated as equivalent measures of risk ratios (i.e. having the same clinical interpretation). 

Adjusted odds ratios (ORs) derived from logistic regression are, if mistakenly interpreted as a 

risk, known to over-estimate a risk association, especially when the outcome is common 

(>10%). Thus, in order to provide a measure that more accurately reflected the concept of RR, 

we converted risk estimates in the form of ORs to RRs using the following formula: 𝑅𝑅 =

𝑂𝑅

(1−𝑃0) + (𝑃0 x OR)
 as suggested by Zhang and Yu [21]; P0 indicates the incidence of the outcome of 

interest in the non-exposed group. The corresponding standard errors were derived from the 

CIs reported in each study. 

 In cases where only unadjusted associations in the form of proportions were 

presented in a study, the RR was calculated manually as the ratio between the proportions. 

The RR estimates from individual studies were transformed to their natural logarithms (as for 

the standard errors). To enhance comparability between the studies, all ratios were re-

calculated so that the mortality rate of the lowest was divided by the rate of the highest socio-

economic level (i.e. using the highest as reference category). HRQoL data were extracted and 

recalculated as the relative difference in HRQoL between the lowest and the highest SES 

groups. If regression models in the individual papers contained multiple individual SES 

measures, only one measure was included, using the following hierarchy of SES measures, as 

previously applied by Lundquist et al. (see Box 1): education was prioritized over income, 

income over occupation, and occupation over cohabiting status [22]. This approach was 

applied in order to obtain a global estimation across all independent measures of SES without 

including the same participants more than once in the meta-analysis (i.e. avoid double 

counting leading to an inflated precision). Cohabiting status and marital status were considered 

the same SES measure and were referred to as cohabiting status in the analysis. Studies of 

area-based SES measures were divided into those that used multiple deprivation and those 
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that used area income. When data were available in different formats, data from 'fully 

adjusted' analyses were prioritized for inclusion. However, where data were presented both 

with and without adjustment for another measurement of SES (e.g. educational level adjusted 

for income), data without adjustment for other SES measures were prioritized to avoid over-

adjustment. 

 

Data synthesis 

Study results were combined using a standard inverse variance random-effects model [23]. 

Separate forest plots summarized data from individual-based and area-based SES studies. 

Results in each forest plot were stratified by type of SES measure. A pre-planned stratified 

analysis of follow-up period split studies into those reporting short-term mortality (follow-up 

≤30 days post fracture) and those reporting longer-term mortality (follow-up=1 year). 

Heterogeneity across studies was assessed using the Q-test and the inconsistency (I2) index 

[24]: I2 represents the percentage of total variation across studies attributable to 

heterogeneity rather than (statistical) chance. Publication bias was explored via funnel plots. 

In cases where inconsistency across studies appeared to be a potential caveat (I2 > 50%), the 

robustness of results from the “random effects” model was checked against a “fixed effects” 

model; i.e. the 95% confidence interval (CI) from the random effects model was considered 

robust if the point estimate for “fixed effects” was within the confidence interval of “random 

effects”. The risk of “small study” bias was considered likely if the fixed effects point estimate 

was outside the random effects 95%CI, with the level of evidence rated down for inconsistency 

as a consequence. Meta-analyses were performed using Review Manager developed and 

provided by the Cochrane Collaboration. 

 

Risk of bias and Certainty of the evidence 

Risk of bias was assessed by two reviewers (GV and SP) using the Quality in Prognosis Studies 

(QUIPS) tool, which rates studies within six domains: (1) study participation, (2) study 

attrition, (3) prognostic factor measurement, (4) outcome measurement, (5) confounding 
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measurement and (6) statistical analysis and reporting [25]. The overall risk of bias for each of 

the studies was judged as: (1) low - low risk of bias in all key domains, (2) unclear - unclear 

risk of bias for one or more key domains, and (3) high - high risk of bias for one or more key 

domains. Disagreement between the two assessors was resolved by consensus. The certainty 

of the evidence was assessed using the GRADE approach for prognostic factor research [26] 

which evaluates the certainty of evidence according to six potentially negative factors (phase 

of investigation, study limitations, inconsistency, indirectness, impression and publication bias) 

and two potentially positive factors (moderate [clearly RR>2] or large [clearly RR>5] effect 

size or exposure gradient [i.e. consistent dose-response relationship]) [26]. 

For prognostic factor research evidence, the phase of investigation determines the 

starting point for the quality of evidence: high-quality evidence is derived from phase 3 and 

phase 2 studies which are cohort studies seeking to generate understanding of the underlying 

processes for the prognosis or confirm independent associations between the prognostic factor 

and the outcome. Phase 1 studies, which are predictive modelling or explanatory studies, 

generate a hypothesis and provide moderate-quality evidence [26]. 

 

Results 

Literature search  

As illustrated in Figure 1, the database searches yielded 7,086 potential references. Seven 

additional references were identified through other sources. After removing duplicates, 5,235 

references remained. These references were screened for eligibility and 5,160 records were 

excluded, the most frequent reason being studies not addressing SES. The remaining 75 

studies were read in full text; of these, 46 were excluded because they did not fulfil the 

inclusion criteria or because of cohort overlap. In addition, five studies were excluded because 

they did not report outcome within one year of fracture. A full list of excluded studies and 

exclusion criteria is available (see supplementary file S2). 
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Despite the aim of this review was to include all types of fragility fractures, all of 

the eligible studies - except one - were restricted to patients with hip fractures. Of the 24 

eligible papers included in the quantitative synthesis, 20 reported post hip-fracture mortality 

as an outcome and four reported post hip-fracture HRQoL. In addition, one of the HRQoL 

studies reported outcome on individuals with other fractures than hip (e.g. wrist, vertebral, 

humerus and ankle) [6]. The included studies were published between 1994 and 2018, with 

most (≈80%) being published since 2010. More than one million fracture patients were 

included in the analysis. Fifteen different countries were represented, the vast majority of 

which were high-income countries (22/24 [92%]). None of the studies were from low-income 

countries. The mean overall 1-year mortality was 20%, with reports ranging from 7% to 35%. 

Table 1 provides details of the included studies. 

 

Risk of bias 

The risk of bias within studies was assessed using QUIPS (see supplementary figure S1). 

Seven studies (29%) were judged ‘low risk’, 12 (50%) were judged ‘unclear risk’, and five 

(21%) were considered to have a ‘high risk’ of bias. The domains "study confounding" and 

"statistical analysis and reporting" carried the highest risk of bias with six (25%) of the studies 

having high risk of bias in both of these domains. This high risk of bias was attributed primarily 

to lack of information on variables included in the multivariable analysis and the high risk of 

selective reporting of results. 

 

Socio-economic status and post-hip fracture mortality 

The overall results for the association between SES and post-hip fracture mortality are 

presented in Figure 2. Figure 2A illustrates the pooled risk estimates stratified by individual-

based measures of SES. Nine studies assessing education were combined, generating a risk 

ratio of 1.21 (95% CI: 1.15 to 1.26) in individuals with the lowest SES versus the highest SES. 
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The meta-analysis combining the two eligible studies of income generated a risk ratio of 1.26 

(95% CI: 1.19 to 1.33). For the SES measures of employment, one study was eligible; it had a 

risk ratio of 1.39 (95% CI: 1.19 to 1.62). 

Combining two studies of cohabiting status yielded a risk ratio of 2.13 (95% CI: 

1.13 to 4.01). Combining effect estimates from studies of education, income, employment and 

cohabiting status produced a risk ratio of 1.24 (95% CI: 1.19 to 1.29). Results remained 

unchanged when analyses were restricted to prognostic level 2 and 3 studies (high level 

studies) and to studies with low risk of bias. 

 Results concerning area-based SES measures are presented in Figure 2B. 

Combining results from five studies reporting on Index of Multiple Deprivation (IMD) generated 

a risk ratio of 1.11 (95% CI: 1.09 to 1.12) for death in individuals living in areas with high 

levels of deprivation compared to those living in areas with low deprivation. Two studies 

reported on family area income, giving a combined risk ratio of 1.19 (95% CI: 1.13 to 1.26). 

Combining the risk ratios from IMD and Family Area Income returned a risk ratio of 1.14 (95% 

CI: 1.09 to 1.19). Risk estimates were altered neither by sensitivity analysis restricted to 

prognostic level 2 or 3 studies nor by analysis restricted to low risk of bias studies. 

A stratified analysis exploring socio-economic differences in post-hip fracture 

mortality depending on follow-up period (≤30 days vs. 12 months) found no evidence of 

differences in associations for short-term vs. longer-term mortality for individual-based SES 

measures (≤30 days RR: 1.30 (95% CI: 0.95 to 1.77) vs. 12 months RR: 1.24 (95% CI: 1.18 

to 1.30)) or for area-based measures (≤30 days RR: 1.16 (95% CI: 1.13 to 1.20) vs. 1-year 

RR: 1.14 (1.09 to 1.20)). For further details, see supplementary figure S2A and S2B. 

 

Socio-economic status and post-fracture health-related quality of life 

A total of four studies reported post-fracture HRQoL. Three of the studies estimated HRQoL 

using the EuroQoL EQ-5D-3 L questionnaire [6, 7, 37] and one study used the SF-12 Health 

Survey[38]. The results of the association between changes in HRQoL post-hip fracture in 

patients with low compared with patients with high SES are presented in Figure 3. Based on 
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the three studies reporting the effects of education, the estimated additional loss of HRQoL 

was 8% (95% CI: 4%-12%) higher among hip fracture patients with low SES than among 

patients with high SES. The one study reporting cohabiting status reported a 1% (95% CI: -

7% to 4 %) lower reduction in HRQoL in patients with low SES compared with patients with 

high SES. The estimate for the overall additional loss combining results from education and 

cohabiting status was 5% (95% CI: -1% to 10%). For non-hip fractures, no differences in 

HRQoL loss was observed when primary education was compared with secondary education 

[6]. A significant difference in HRQoL loss was reported only in patients with vertebral 

fractures when post-secondary education was compared with secondary education, implying 

that more highly educated people with vertebral fractures experienced a lower decline in 

HRQoL following a vertebral fracture [6] (results not presented). 

 

Quality of the evidence (GRADE)  

The quality of the evidence for the association between SES and fragility fracture outcomes 

was assessed using the GRADE approach [26]. The findings are summarised in Table 2. For 

mortality, the quality was initially high because a substantial amount of evidence (6/14 [43%]) 

came from phase 2 or 3 (high level) prognostic studies. This quality was down rated due to 

serious risk of bias as five of thirteen studies were judged to have unclear risk of bias, and 

three studies were judged to have high risk of bias. Heterogeneity was very low (I2=10 %), 

implying that between-study inconsistency was not an issue. Publication bias was explored 

using funnel plots, and no obvious asymmetry was found. The quality of evidence for the 

individual SES measures was moderate, implying that we are moderately confident in the 

effect estimate. 

 For the area-based risk estimates, the quality of evidence was initially high as the 

majority (6/7 [86%]) came from high-level prognostic studies. The quality of evidence was 

rated down due to serious risk of bias, as 4/7 (57%) of studies were "unclear risk” studies. 

Heterogeneity corresponded to an I2 of 52%; however, the point estimate for “fixed effects” 

(1.12) was within the confidence interval of “random effects" (95% CI: 1.09-1.19); thus, we 
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did not rate down for inconsistency. Publication bias was not detected by funnel plot. 

Consequently, the quality of the evidence for the area-based risk estimates was moderate. 

 The quality of the evidence for the association between SES and post fracture 

HRQoL was initially moderate as all the evidence came from phase 1 prognostic level studies 

(low level). These four studies had high or unclear risk of bias, leading to downgrading due to 

serious risk of bias. The quality level was further rated down due to high risk of publication 

bias. Consequently, the certainty of the estimates for the association between SES and HRQoL 

following a fragility fracture was very low. 

 

Discussion 

Main findings  

This review aimed to explore the effects of socio-economic inequalities on mortality and loss of 

HRQoL following fragility fractures. All data from the included studies on mortality outcomes 

concerned patients with hip fractures, so results are generalizable only to this context. Pooling 

results from SES measured by education, income, occupation and cohabiting status showed 

that post-hip fracture mortality risk was 24% higher among people with low SES than among 

those with high SES. Results from the meta-analysis stratified by types of SES measure were 

consistent across all individual-based SES measures. Pooling results from studies using area-

based SES measures, we found that living in the most deprived areas was associated with a 

14% higher risk of post-hip fracture mortality than living in the least deprived areas. Overall, 

the quality of evidence for the mortality outcome was judged to be moderate. Thus, we 

conclude that post-hip fracture mortality is higher among individuals with low SES than among 

individuals with high SES. By contrast, given the limited and low-quality evidence base, 

conclusions regarding post-fracture changes in HRQoL are less certain. However, the few 

studies reporting education as a risk factor for loss of HRQoL post fracture do suggest a 

negative impact of SES on HRQoL, which requires further investigation. 
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Methodological strengths and limitations 

To our knowledge, this study is the first to synthesize and quantitatively present data on social 

inequalities in association with fragility fracture outcomes across multiple countries and types 

of SES measure. This review followed a rigorous protocol (registered in PROSPERO) that 

prespecified outcomes of interest and analyses. Protocol adherence strengthens the credibility 

of this synthesis. Our findings are reported in accordance with the PRISMA statement [17]; 

evidence quality was thoroughly assessed using the adapted GRADE approach for prognostic 

factor research which ensures transparency in reporting [26]. This review synthesized both 

individual-based and area-based SES measures, which each have strengths and limitations 

[41]. The former measures assume homogeneity between individuals in a given region and 

minimise distinctions between households or individuals within the household [41]. On the 

other hand, individual-based measures provide SES information at an individual level and are 

considered to carry a lower risk of misclassification bias than area-based measures [14]. 

However, in most countries, national individual-level data are not available or are incomplete, 

leaving area-based measures as the only option for providing evidence of the impact of socio-

economic inequality. 

 Some limitations should be mentioned. First, the initial literature search was 

restricted to studies published in English or Scandinavian languages, which carries a risk that 

relevant evidence could be missed. We therefore repeated the search without language 

restrictions to make sure that no studies had been excluded due to language issues. Second, 

all studies except one related to hip fractures, so results are generalizable only to this context. 

 

Interpretation of results 

This review demonstrates a consistent increase in post-hip fracture mortality with low SES 

across different measures of SES and across a range of studies from high-income and middle-

income countries with different political structures and different health and social care resource 

infrastructures. Importantly, the pooled results were robust across all measures of SES. 

However, the association between SES and post-hip fracture mortality was stronger for the 
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individual-based measures (RR 1.24) than for the area-based measures (RR 1.14). Given that 

area-based SES measures are considered to carry a higher risk of misclassification bias than 

individual-based measures, this difference in the strength of associations is most likely 

explained by non-differential misclassification associated with the use of census data, resulting 

in bias toward the null. This implies that use of census data in general may underestimate the 

socio-economic gradient in mortality. 

 Combining data that originate from different countries enables comparison of 

socio-economic disparities in post-hip fracture mortality across countries. We were not 

surprised to find that Nordic countries, namely Denmark and Norway, which are well known for 

their egalitarian policies and generous welfare arrangements, were represented among the 

studies with substantial inequality. Indeed, in these countries, inequalities are well established 

which in the inequality research literature is referred to as the Nordic Paradox [9]. According to 

Mackenbach et al., this paradox may be explained by trends in social stratification and social 

mobility due to early modernisation in the Nordic countries [9]. Due to the rise in the service 

economy and the expansion of higher education, the proportion of individuals in routine or 

manual occupations or with limited education has decreased considerably. Mackenbach argues 

that compared to previous generations, this smaller group is likely to be more disadvantaged 

socially and have more unfavourable individual characteristics [9]. Furthermore, in recent 

generations, individuals with higher education are more advantaged than those in previous 

generations; they increasingly tend to cohabit with each other and so accumulate advantage 

within couples and families [9]. It is further thought that prevention and treatment 

interventions generally have better reach and greater effectiveness among more highly 

educated individuals, who find it easier to access and utilize care and have better adherence to 

treatment despite a lower prevalence of co-morbidity. In many areas, health improvements in 

the Nordic countries have been greater than those of other European countries because of 

their better resourced health care or public healthcare systems or because of autonomous 

behavioural trends. This not only means faster improvements but also more scope for 

inequalities in health improvement [9]. 
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In the larger studies included in this review with > 1,000 hip fracture cases, only 

studies from Sweden and from Italy, were unable to demonstrate an association between SES 

and adverse patient outcome. This concurs with Mackenbach et al.’s argument that the Nordic 

Paradox does not apply in Sweden. The low inequality in mortality in Sweden may be explained 

by the fact that Sweden has the lowest prevalence of poverty (and smoking) among the Nordic 

countries. Especially the low prevalence of smoking among men with little or no education may 

partly explain the smaller inequalities in mortalities in Sweden[9]. Southern European 

countries are known to have low levels of health inequality in mortality as well[9]. The Italian 

studies by Petrelli et al., Colais et al. and Catronuevo et al. all found no evidence of association 

between SES and mortality at 30 days; however, after extending follow up to 1 year, Petrelli et 

al. were able to demonstrate inequalities in mortality. The low inequality in Southern Europe is 

consistent with the Nordic paradox [9] because later modernisation in southern European 

countries resulted in a birth cohort still represented in current older generations who have 

relatively limited educational attainment, but are sufficiently numerous to avoid social 

marginalisation. Furthermore, variation in smoking habits and diet is small in these countries, 

which limits inequalities in associated all-cause mortality [9, 42]. These factors combined with 

relatively good access to health care for patients with low socio-economic status may explain 

the limited inequalities in early post-hip fracture mortality in Italian studies. 

 

Implication for policy and practice 

Overall, in high-income populations, health inequalities are substantial. These inequalities are 

usually reflected in a between 4.5 and 10 years average life expectancy difference and a 

between 10 and 20 years disability-free life expectancy difference between those who are least 

and those who are most deprived [9, 43]. Thus, we were not surprised to find higher mortality 

among hip fracture patients with low SES than among patients with high SES. However, the 

excess post-hip fracture mortality of 24% among patients with low SES was remarkably high. 

Authors of a large nationwide register study included in the meta-analysis reported 30-50 

excess deaths per 10,000 person-years among low compared with high SES hip fracture 
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patients, contrasting with a general population rate of 8 to 12 deaths per 10,000 person-years 

[15]. This discrepancy highlights the socio-economic gradient in post-fracture mortality.  

Preventive strategies aiming to reduce socio-economic inequalities have the 

potential of impacting overall post-hip fracture mortality. Socio-economic inequalities in post-

hip fracture mortality may be explained partly by a healthier pre-fracture lifestyle in those with 

higher SES (better diet, more exercise and lower tobacco and alcohol consumption), reducing 

risk of comorbidities [44]. Greater comorbidity leads to vulnerability following a hip fracture. 

Several of the large registry-based studies included in our analysis adjusted for comorbidity 

differences between SES groups. One could therefore argue that comorbidity is not likely to 

explain the differences we identified in mortality. However, since registers very seldom capture 

all data (e.g. smoking and alcohol intake), residual confounding is likely. A second factor that 

may explain inequalities in post-hip fracture mortality are SES-driven differences in access to 

and quality of post-fracture care. Only a few studies have addressed this; in Italy, Petrelli et al. 

reported that lower SES was associated with higher risk of delayed surgery [16]. Similarly, in 

the US, patients on Medicaid have been reported to be at increased risk of delayed hip fracture 

surgery compared with Medicare-insured patients [31]. By contrast, in Denmark, Kristensen et 

al. specifically excluded differences in quality of in-hospital care, time to surgery and length of 

hospital stay as explanations for the socio-economic gradient in mortality [14]. Vestergaard et 

al. demonstrated that the post-fracture conditions related to the trauma rather than the pre-

fracture co-morbidity status predict mortality post fracture. Their registry study identified 

infection and deterioration in chronic lung diseases as the most common causes of death [45]. 

Bearing in mind that prevention and treatment interventions are generally more effective 

among individuals with higher SES, these findings may suggest that care differentiated to 

meet individual need can provide a basis for policy and practice that reduces social inequalities 

in post-fracture outcomes. 
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Future research 

We found evidence of substantial socio-economic inequalities in post-hip fracture mortality 

risk. In order to develop and implement preventive strategies aimed at reducing these socio-

economic inequalities, an understanding of the underlying determinants of social inequalities is 

needed. The potential for post-fracture care differentiated to meet individual needs should be 

carefully explored. This review has highlighted a gap in the literature regarding the impact of 

social inequality on change in HRQoL following fragility fracture that requires further 

investigation. Future HRQoL studies should include measures of SES in order to determine the 

impact of SES on HRQoL. Our review also highlighted an almost complete lack of data on 

fracture types other than the hip. It is especially striking that only one of the included studies 

included patients with vertebral fractures, despite this being one of the most common and 

deleterious osteoporotic fracture types. Furthermore, given that the proportion of the world’s 

population living with fracture burdens in low-income countries is increasing, the complete 

absence of data from low income countries should be addressed in the future.  

 

Funding 

The work was supported by the Danish Osteoporosis Society, the Department of Clinical 

Medicine, Aarhus University and by DEFACTUM, Central Denmark Region. The Parker Institute, 

Bispebjerg and Frederiksberg Hospital (Professor Christensen) were supported by a core grant 

from the Oak Foundation (OCAY-13-309). AB was funded by the UK Royal Osteoporosis 

Society. CLG was funded by Versus Arthritis (ref 20000). The funding parties had no influence 

on the design of the review or the interpretation of the results. 

 

Details of contributors  

All of the authors were responsible for the design and the search strategy. The literature 

search was conducted by GV with input from a research librarian with expertise in systematic 

searches. Selection, risk of bias assessment and data extraction were conducted independently 



 

19 

 

by GV and SP. GV and SP led the meta-analysis with supervision from RC. All authors were 

involved in grading the quality of evidence using the Grading of Recommendations 

Assessment, Development, and Evaluation (GRADE) approach. The initial draft of the 

manuscript was prepared by GV, and then circulated among all authors for critical revision. BL 

was the guarantor for the scientific integrity of the work. All authors have provided final 

approval of the version to be published. GV confirms that the material has not been published 

previously. 

 

Tables and Figures  

• Box 1: SES measurement tool 

• Figure 1: Flow diagram for study selection and exclusion 

• Table 1: Study characteristics of included studies 

• Figure 2: Forest plot of pooled risk estimates for mortality stratified by measure of SES 

• Figure 3: Forest plot of pooled risk estimates for changes in HRQoL stratified by 

individual-based measures of SES 

• Table 2: Summary of findings for the association between SES and post-fracture 

mortality and loss of health related quality of life  

Supplementary material 

• Supplementary file 1: Literature search 

• Supplementary file 2: List of excluded studies and the reason for exclusion 

• Supplementary figure 1: Risk of bias figure 

• Supplementary figure 2: Sub-group analysis 

 

References  

1. Hernlund E, Svedbom A, Ivergård M, Compston J, Cooper C, Stenmark J, McCloskey EV, 

Jönsson B, Kanis JA (2013) Osteoporosis in the European Union: medical management, 

epidemiology and economic burden : A report prepared in collaboration with the International 



 

20 

 

Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry 

Associations (EFPIA). Archives of Osteoporosis 8:1-115 DOI 10.1007/s11657-013-0136-1  

2. Klestil T, Roder C, Stotter C, Winkler B, Nehrer S, Lutz M, Klerings I, Wagner G, Gartlehner 

G, Nussbaumer-Streit B (2018) Impact of timing of surgery in elderly hip fracture patients: a 

systematic review and meta-analysis. Sci Rep 8:13933,018-32098-7  

3. Haentjens P, Magaziner J, Colon-Emeric CS, Vanderschueren D, Milisen K, Velkeniers B, 

Boonen S (2010) Meta-analysis: excess mortality after hip fracture among older women and 

men. Ann Intern Med 152:380-90  

4. Alexiou KI, Roushias A, Varitimidis SE, Malizos KN (2018) Quality of life and psychological 

consequences in elderly patients after a hip fracture: a review. Clin Interv Aging 13:143-50  

5. Peeters CM, Visser E, Van de Ree CL, Gosens T, Den Oudsten BL, De Vries J (2016) Quality 

of life after hip fracture in the elderly: A systematic literature review. Injury 47:1369-82  

6. Abimanyi-Ochom J, Watts JJ, Borgstrom F, Nicholson GC, Shore-Lorenti C, Stuart AL, Zhang 

Y, Iuliano S, Seeman E, Prince R, March L, Cross M, Winzenberg T, Laslett LL, Duque G, 

Ebeling PR, Sanders KM (2015) Changes in quality of life associated with fragility fractures: 

Australian arm of the International Cost and Utility Related to Osteoporotic Fractures Study 

(AusICUROS). Osteoporosis international : a journal established as result of cooperation 

between the European Foundation for Osteoporosis and the National Osteoporosis Foundation 

of the USA 26:1781-90  

7. Guirant L, Carlos F, Curiel D, Kanis JA, Borgstrom F, Svedbom A, Clark P (2018) Health-

related quality of life during the first year after a hip fracture: results of the Mexican arm of 

the International Cost and Utility Related to Osteoporotic Fractures Study (MexICUROS). 

Osteoporosis international : a journal established as result of cooperation between the 

European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA 

29:1147-54  

8. Jürisson M, Pisarev H, Kanis J, Borgström F, Svedbom A, Kallikorm R, Lember M, Uusküla A 

(2016) Quality of life, resource use, and costs related to hip fracture in Estonia. Osteoporosis 

Int 27:2555-66  

9. Mackenbach JP (2017) Nordic paradox, Southern miracle, Eastern disaster: persistence of 

inequalities in mortality in Europe. Eur J Public Health 27:14-7  

10. Mielck A, Vogelmann M, Leidl R (2014) Health-related quality of life and socioeconomic 

status: inequalities among adults with a chronic disease. Health and quality of life outcomes 

12:1  

11. Castronuovo E, Pezzotti P, Franzo A, Di Lallo D, Guasticchi G (2011) Early and late 

mortality in elderly patients after hip fracture: a cohort study using administrative health 

databases in the Lazio region, Italy. BMC geriatrics 11:37-2318  

12. Cenzer IS, Tang V, Boscardin WJ, Smith AK, Ritchie C, Wallhagen MI, Espaldon R, Covinsky 

KE (2016) One-Year Mortality After Hip Fracture: Development and Validation of a Prognostic 

Index. J Am Geriatr Soc 64:1863-8  



 

21 

 

13. Hailer NP, Garland A, Rogmark C, Garellick G, KÃ¤rrholm J (2016) Early mortality and 

morbidity after total hip arthroplasty in patients with femoral neck fracture: A nationwide study 

of 24,699 cases and 118,518 matched controls. Acta Orthopaedica 87:560-6  

14. Kristensen PK, Thillemann TM, Pedersen AB, SÃ¸balle K, Johnsen SP (2017) Socioeconomic 

inequality in clinical outcome among hip fracture patients: a nationwide cohort study. 

Osteoporosis Int 28:1233-43  

15. Omsland TK, Eisman JA, Naess O, Center JR, Gjesdal CG, Tell GS, Emaus N, Meyer HE, 

Sogaard AJ, Holvik K, Schei B, Forsmo S, Magnus JH (2015) Educational Inequalities in Post-

Hip Fracture Mortality: A NOREPOS Study. Journal of bone and mineral research : the official 

journal of the American Society for Bone and Mineral Research 30:2221-8  

16. Petrelli A., De LG, Landriscina T., Costa G., Gnavi R. Effect of Socioeconomic Status on 

Surgery Waiting Times and Mortality After Hip Fractures in Italy. Journal for healthcare quality 

: official publication of the National Association for Healthcare Quality 40:209-16  

17. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, Clarke M, 

Devereaux PJ, Kleijnen J, Moher D (2009) The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and 

elaboration. BMJ 339:b2700  

18. Probst C, Roerecke M, Behrendt S, Rehm J (2014) Socioeconomic differences in alcohol-

attributable mortality compared with all-cause mortality: a systematic review and meta-

analysis. Int J Epidemiol 43:1314-27  

19. Thorne K, Johansen A, Akbari A, Williams JG, Roberts SE (2016) The impact of social 

deprivation on mortality following hip fracture in England and Wales: a record linkage study. 

Osteoporosis international : a journal established as result of cooperation between the 

European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA 

27:2727-37  

20. Quah C, Boulton C, Moran C (2011) The influence of socioeconomic status on the 

incidence, outcome and mortality of fractures of the hip. Journal of Bone and Joint Surgery - 

Series B 93 B:801-5  

21. Zhang J, Yu KF (1998) What's the relative risk? A method of correcting the odds ratio in 

cohort studies of common outcomes. JAMA 280:1690-1  

22. Lundqvist A, Andersson E, Ahlberg I, Nilbert M, Gerdtham U (2016) Socioeconomic 

inequalities in breast cancer incidence and mortality in Europe-a systematic review and meta-

analysis. Eur J Public Health 26:804-13  

23. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin Trials 7:177-88  

24. Higgins JPT, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. Stat Med 

21:1539-58 DOI 10.1002/sim.1186  

25. Jill A. Hayden, van der Windt DA, Jennifer L. Cartwright, Pierre CÃ´tÃ©, Claire Bombardier 

(2013) Assessing bias in studies of prognostic factors. Ann Intern Med 158:280-6  



 

22 

 

26. Huguet A, Hayden JA, Stinson J, McGrath PJ, Chambers CT, Tougas ME, Wozney L (2013) 

Judging the quality of evidence in reviews of prognostic factor research: adapting the GRADE 

framework. Systematic reviews 2:71  

27. Alegre-LÃ³pez J., Cordero-Guevara J., Alonso-Valdivielso JL., FernÃ¡ndez-MelÃ³n J. (2005) 

Factors associated with mortality and functional disability after hip fracture: an inception 

cohort study. Osteoporosis international : a journal established as result of cooperation 

between the European Foundation for Osteoporosis and the National Osteoporosis Foundation 

of the USA 16:729-36  

28. Clement ND, Green K, Murray N, Duckworth AD, McQueen MM, Court-Brown C (2013) 

Undisplaced intracapsular hip fractures in the elderly: predicting fixation failure and mortality. 

A prospective study of 162 patients. Journal of orthopaedic science : official journal of the 

Japanese Orthopaedic Association 18:578-85  

29. Colais P, Agabiti N, Fusco D, Pinnarelli L, Sorge C, Perucci CA, Davoli M (2013) Inequality 

in 30-day mortality and the wait for surgery after hip fracture: the impact of the regional 

health care evaluation program in Lazio (Italy). International journal for quality in health care : 

journal of the International Society for Quality in Health Care 25:239-47  

30. Cree M, Soskolne CL, Belseck E, Hornig J, McElhaney JE, Brant R, Suarez-Almazor M 

(2000) Mortality and institutionalization following hip fracture. J Am Geriatr Soc 48:283-8  

31. Dy CJ, Lane JM, Pan TJ, Parks ML, Lyman S (2016) Racial and Socioeconomic Disparities in 

Hip Fracture Care. The Journal of bone and joint surgery American volume 98:858-65  

32. Hsu I-, Chang C-, Yang D-, Chang Y-, Li C-, Hu SC, Li C- (2018) Socioeconomic inequality 

in one-year mortality of elderly people with hip fracture in Taiwan. International Journal of 

Environmental Research and Public Health 15  

33. Hubble M, Little C, Prothero D, Bannister G (1995) Predicting the prognosis after proximal 

femoral fracture. Ann R Coll Surg Engl 77:355-7  

34. Kang HY, Yang KH, Kim YN, Moon SH, Choi WJ, Kang DR, Park SE (2010) Incidence and 

mortality of hip fracture among the elderly population in South Korea: a population-based 

study using the national health insurance claims data. BMC Public Health 10:230-2458  

35. Leslie WD, Brennan SL, Prior HJ, Lix LM, Metge C, Elias B (2013) The contributions of First 

Nations ethnicity, income, and delays in surgery on mortality post-fracture: a population-based 

analysis. Osteoporosis international : a journal established as result of cooperation between 

the European Foundation for Osteoporosis and the National Osteoporosis Foundation of the 

USA 24:1247-56  

36. Marottoli RA., Berkman LF., Leo-Summers L., Cooney LM. (1994) Predictors of mortality 

and institutionalization after hip fracture: the New Haven EPESE cohort. Established 

Populations for Epidemiologic Studies of the Elderly. Am J Public Health 84:1807-12  

37. Marques A, Lourenco O, da Silva JA, Portuguese Working Group for the Study of the 

Burden of Hip Fractures,in Portugal (2015) The burden of osteoporotic hip fractures in 

Portugal: costs, health related quality of life and mortality. Osteoporosis international : a 

journal established as result of cooperation between the European Foundation for Osteoporosis 

and the National Osteoporosis Foundation of the USA 26:2623-30  



 

23 

 

38. Moerman S., Vochteloo AJ., Tuinebreijer WE., Maier AB., Mathijssen NM., Nelissen RG. 

(2016) Factors associated with the course of health-related quality of life after a hip fracture. 

Arch Orthop Trauma Surg 136:935-43  

39. Pereira SR., Puts MT., Portela MC., Sayeg MA. (2010) The impact of prefracture and hip 

fracture characteristics on mortality in older persons in Brazil. Clin Orthop 468:1869-83  

40. Roberts SE, Goldacre MJ (2003) Time trends and demography of mortality after fractured 

neck of femur in an English population, 1968-98: database study. BMJ (Clinical research ed ) 

327:771-5  

41. Brennan SL, Pasco JA, Urquhart DM, Oldenburg B, Hanna F, Wluka AE (2009) The 

association between socioeconomic status and osteoporotic fracture in population-based 

adults: a systematic review. Osteoporosis international : a journal established as result of 

cooperation between the European Foundation for Osteoporosis and the National Osteoporosis 

Foundation of the USA 20:1487-97 DOI 10.1007/s00198-008-0822-9  

42. Giskes K, Kunst AE, Benach J, Borrell C, Costa G, Dahl E, Dalstra JA, Federico B, Helmert 

U, Judge K, Lahelma E, Moussa K, Ostergren PO, Platt S, Prattala R, Rasmussen NK, 

Mackenbach JP (2005) Trends in smoking behaviour between 1985 and 2000 in nine European 

countries by education. J Epidemiol Community Health 59:395-401  

43. Singh GK, Siahpush M (2006) Widening socioeconomic inequalities in US life expectancy, 

1980–2000. Int J Epidemiol 35:969-79  

44. Omsland TK, Eisman JA, Naess O, Center JR, Gjesdal CG, Tell GS, Emaus N, Meyer HE, 

Sogaard AJ, Holvik K, Schei B, Forsmo S, Magnus JH (2015) Educational Inequalities in Post-

Hip Fracture Mortality: A NOREPOS Study. J Bone Miner Res 30:2221-8  

45. Vestergaard P, Rejnmark L, Mosekilde L (2007) Increased mortality in patients with a hip 

fracture-effect of pre-morbid conditions and post-fracture complications. Osteoporos Int 

18:1583-93  

 


