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28 Abstract

29  Objective

30 To assess the relationship between opioid therapy for chronic noncancer pain
31  and fracture risk by a meta-analysis of cohort studies and case-control studies.

32 Methods

33 The included cohort studies and case-control studies were identified by
34  searching the PubMed and EMBASE databases from their inception until May 24,
35  2019. The outcome of interest was a fracture. This information was independently
36  screened by two authors. When the heterogeneity among studies was significant, a
37 random effects model was used to determine the overall combined risk estimate.

38  Results

39 In total, 12 cohort studies and 6 case-control studies were included. We used
40  the Newcastle-Ottawa Scale (NOS) to evaluate the quality of the included literature,

41  and 14 of the studies were considered high-quality studies. The overall relative risk of
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42 opioid therapy and fractures was 1.78 (95% confidence interval (CI) 1.53 - 2.07).
43 Subgroup analyses revealed sources of heterogeneity, sensitivity analysis was stable,
44  and no publication bias was observed.

45  Conclusions

46 The meta-analysis showed that the use of opioids significantly increased the
47  risk of fracture.

48

a9 Introduction

50 With the advancement of society, the number of elderly people has gradually
51 increased. Pain is a common symptom in the elderly population, and the incidence of
52  chronic pain ranges from 25% to 76% [1]. Opioids provide effective analgesic effects
53 in a range of persistent noncancer pain conditions and are widely used for the
54  treatment of noncancer pain due to their analgesic and psychoactive effects [2]. There
55 are many side effects of using opioids, such as dizziness, hypogonadism, and
56  inhibition of the innate and acquired immune system. These side effects can lead to
57 fractures. Vestergaard et al. [3] revealed that opioid-induced fractures may be
58  associated with vertigo in patients after opioid use . Grey et al. [4] also confirmed that
59  opioids cause fractures and that opioids act on the gonads to reduce bone density [4].
60 In addition, studies have shown that opioid-induced fractures are associated
61  with time of use [5] and are also associated with the use of opioids [6]. Opioids have

62  been linked to the occurrence of fractures [2,3,7-11], and although the use of opioids
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63  has been reported to increase the risk of fractures, the trend of using opioids continues
64  to increase [12]. However, in the previous studies, due to the influence of sample size,
65 types of research, etc., there may have been inconsistencies, and we aimed to
66  reconfirm the correlation between opioids and fracture risk while incorporating
67  subsequently published studies.

68

6o Materials and methods

70 Search strategy and data sources

71 A search was conducted from the inception of the PubMed and EMBASE
72 databases until May 20, 2019, to find relevant research that met the requirements. We
73 also searched the bibliographies of relevant articles to identify additional studies. We
74  used the following search terms: (i) fracture ? [Title/Abstract] OR “Fractures, Bone
75 7 [Mesh]; (ii) opioid ? [Title/Abstract] OR  “Analgesics, Opioid” [Mesh].

76

77 Study selection

78 Studies were considered eligible if they met all of the following criteria: (i)
79  presented original data from the study; (ii) evaluated the association of opioid use
80  with fracture incidence; (iii) had opioids as the exposure of interest; and (iv) provided
81  hazard ratios and odd ratios (HRs and ORs) or the adjusted relative risks (RRs) and

82  the corresponding 95% confidence intervals (Cls). If the data were duplicated or the
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83  population was studied in more than one study, we included the study with the largest

84  sample size and the most comprehensive outcome evaluation.

85

ss Data extraction

87 Two investigators (YQN, ZXG) independently evaluated the eligibility of the

88  studies retrieved from the databases based on the predetermined selection criteria. In

89 addition, a cross-refer ence search of eligible articles was conducted to identify

90 studies not found in the computerized search. These two authors independently

91 extracted the following data: the first author’s name; year of publication, patient ages,

92  sample size, study regions, years of follow-up, study design, HR, OR or RR and the

93  95% ClIs, and statistical adjustments for confounding factors. Any disagreements were

94  resolved either by discussion or in consultation with the co-corresponding author

95 (TZW). The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of the

96 research [13].

97

98  Statistical analyses

99 Our primary objective was to evaluate the use of opioids and the increased risk
100  of fractures. We calculated total RR and 95% CI from the adjusted RRs, ORs or HRs
101 and 95% ClIs reported in the studies. ORs and HRs were considered to correspond to
102  RRs. Using the Cochran Q and I? statistic to assess statistical heterogeneity [14], we

103  also calculated the P value of the q test representing heterogeneity; if the P value was
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104  less than 0.10, there was heterogeneity among the studies. The fixed effects model
105  was applied when I? <50% [15], otherwise, the random effects model was applied
106  [16]; to further explore the source of heterogeneity, we also examined the study
107  design, the study area and subfamily analysis of fracture types (i.e., any fracture,
108  nonspine fracture, hip fracture). Additionally, Begg's rank correlation test and Egger's
109  linear regression test were conducted to assess the extent of potential bias [17].
110  Finally, we conducted a sensitivity analysis to assess the stability of the analytical
111 results by excluding each study to explore the impact of individual studies on the
112 overall outcome [18]. The data analyses were conducted using STATA statistical
113 software version 12.0 (STATA Corp. LLC, College Station, TX, USA).

114

115 Results
116
117 Literature search and study characteristics

118 Using predefined search strategies and inclusion criteria, a total of 18 studies
119  were included and 1,134 articles of unrelated literature were excluded (from a total of
120 600 articles from PubMed and 552 articles from EMBASE) after a detailed reading of
121 the title, abstract, and full text, and the 18 articles included 884054 participants
122 [3,7,9,19-32]. The detailed process of inclusion in this study is shown in Fig 1. Five
123 studies were from the United States [12,21,23,24,26,32], three from Canada [9,19,28],

124  two from the United Kingdom [18,27], one study was from Australia, and the
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125 remaining came from European countries; 12 articles were from cohort studies, and
126  six were from case-control studies. The study information is shown in Table 1.

127  Fig 1. Inclusion of Literature Search Flow Chart.

128

129  Table 1. Basic Characteristics of the 18 Included Studies.
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130

131 Main analysis

132 There was a positive correlation between the use of opioids and fractures (RR
133 1.78,95% CI 1.53-2.07) (Fig 2), and we observed significant heterogeneity among the
134  studies. Eleven studies provided data on opioid use and hip fracture risk
135 [3,7,19-23,27,29-31]. Pooled studies showed that the use of opioids had a significant
136  impact on the risk of hip fracture (RR 1.56, 95% CI 1.37-1.79), and there was
137  significant heterogeneity among the studies (P = 0.000, 1> = 83.1%) (Fig 3); we
138  subsequently revealed the sources of heterogeneity through subgroup analyses.

139  Fig 2. Forest Plot of RR with 95% CI for Opioid Use and Fracture Risk.

140  Fig 3. Forest Plot of RR with 95% CI for Opioid Use and Hip Fracture Risk.

141

142 Subgroup meta-analysis

143 We performed a subgroup analysis based on the type of study, region, and
144  fracture type, and the risk of fractures was positively correlated with the use of
145  opioids (Table 2). Subgroup analyses showed a significant increase in fracture risk
146  after opioid use, with no statistical heterogeneity among studies conducted in the
147  European region, Britain, and Denmark (Fig 4). Although Shorr et al. [19] was a
148  case-control study, the control data were derived from the hospital database, which
149  make ita retrospective study together with the studies of Miller, Laura, Grewal,

150  Kristine and Vakharia et al. [9,24,26,29,32]. To determine the impact of these

11
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retrospective studies, we conducted further analyses without the above studies, and

the overall results showed that heterogeneity significantly decreased.

Fig 4. Forest Plot for a Subgroup Meta-Analysis by Region.

Table 2. Subgroup Analyses of the Association between Opioid Use and Fracture

Risk.
No. of .
Factor . RR (95% Cl) Heterogeneity P (12%)
studies
Case-control 6 1.57 (1.23, 2.02) 0.000 (95.6)
Study Prospective cohort 6 1.62 (1.31, 2.02) 0.003 (72.5)
design Retrospective 6 2.32 (1.69, 3.19) 0.000 (93.0)
cohort
Hip fracture 9 1.62 (1.41, 1.87) 0.000 (81.3)
Fracture .
) Nonspine fracture 2 2.03 (1.00, 4.13) 0.000 (95.1)
e
yp Any fracture 7 1.97 (1.43, 2.69) 0.000 (93.5)

Sensitivity analysis

To assess the stability of our results, based on the original data, sensitivity
analyses were performed using a strategy that systematically excluded individual
studies. In the end, there was no change in the overall results (Fig 5).
Fig 5. Sensitivity Analysis of the Association between Opioid Use and Fracture

Risk.

Publication bias

No evidence of publication bias was found based with Begg’s rank correlation

test (p>|z| =0.649) or Egger’s linear regression test (p>|z| =0.067) (Figs 6 and 7).

12
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168  Fig 6. Begg's Funnel Plot.

169  Fig 7. Egger's Publication Bias Plot.

170

171 Discussion

172 The trend of population aging is becoming more pronounced, and most of the
173  fracture patients are elderly individuals. The elderly population has a higher fracture
174  rate due to lower bone density. Elderly individuals are more likely to be in poor
175  physical condition, most of them have a history of chronic pain resulting in a history
176  of taking opioids, and the probability of fractures increases. Therefore, the incidence
177  of fractures caused by opioids is discussed below. There is a high potential for
178  associations between opioids and fractures.

179 In this meta-analysis, we included the latest basic research. The types of
180  studies included in this analysis included case-control studies, the sample size was
181  increased, and the study area was refined. The results showed that the use of opioids
182  increased the risk of fracture. Previously, the most recent meta-analysis (Ping et al.
183  [33]) was limited to the study of hip fractures, and Grewal et al. [9] showed that
184  patients taking opioids had a risk of fracture after discharge compared with patients
185 who were not taking opioids. The main reason for the increase was that patients
186  taking opioids were prone to vertigo and falls that can lead to fractures. In addition,
187  Aspinall's et al. [6] study showed that patients receiving opioid therapy had an

188  increased risk of falls, and the accompanying final outcomes were fractures [6].

13
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189  Schwarzer et al's [8] study also suggested that when opioid use was considered, the
190  risk of fractures increased [8]. The above studies are consistent with our final results
191 and support our findings. In addition, there are two main mechanisms for the
192 occurrence of fractures with opioid use. One mechanism is that opioids may reduce
193  bone density by inhibiting the production of endogenous sex hormones, leading to an
194  increased risk of fractures [34]; the other mechanism involves the side effects of
195  opioids, such as the central nervous system side effects of vertigo, fatigue, etc., that
196  lead to the occurrence of fractures [7,9,27,28], and there is a high incidence of side
197  effects, including acute cognitive deterioration, increased sputum production,
198  decreased oxygen saturation, and constipation, after the use of opioids in elderly
199  populations, as confirmed in recent studies [35]. The trend of the population aging is
200 becoming increasingly pronounced, and osteoporosis in this aging population is a
201  serious concern. The use of opioids in this population leads to more frequent
202 fractures.

203 The relationships among opioids, analgesia and fracture have been examined,
204  and we have previously published relevant articles [36]. However, for the present
205  analysis, we included cohort studies and case-control studies, in which patients were
206  followed up over a long time. Most of the research was of high quality, the sample
207 sizes were large enough, and the outcome evaluations were reliable and
208  comprehensive. In addition, although our overall analysis showed heterogeneity, we

209  determined the source of the heterogeneity through subgroup analyses. For example,

14
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210  Shorr, Grewal, Miller, and Laura were all retrospective studies [9,19,24,26]. In the
211 subgroup analysis, heterogeneity was significantly reduced suggesting that these
212 retrospective cohort studies may have been a source of heterogeneity. Based on a
213 regional subgroup analysis, we found that the research conducted in Canada and the
214  United States made an important contribution to the heterogeneity (Fig 5). Therefore,
215  we believe that geography is one of the important reasons for the heterogeneity. Next,
216  we individually examined the heterogeneity in the Canadian group of studies. When
217  we excluded the study by Shorr et al. [19], we found that there was no heterogeneity
218 among the Canadian group of studies (12=0.0%, p=0.470) and in the hip fracture
219  group of studies. Regarding the larger source of heterogeneity, we finally found the
220  source through analysis and mainly identified the role of retrospective cohort studies
221  and case-control studies. This comprehensive analysis suggested that heterogeneity
222 mainly comes from retrospective articles and may also be caused by other factors,
223 such as geographical factors, and we will continue to pay attention to these factors in
224  the future.

225 Although our research has many advantages, it also has shortcomings. First,
226 due to language limitations, the included studies were limited to English, and these
227  language limitations may have led to studies not being included, resulting in a dataset
228  that was not quite comprehensive. Second, some studies that are not statistically
229  significant or have negative findings may not have been published because they were

230 rejected by the journal or because the researcher was unwilling to submit such a

15


https://doi.org/10.1101/701094
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/701094; this version posted July 14, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

231 publication. We also performed a publication bias test, but it is also possible that the
232 effect value was overestimated when studies with a large degree of heterogeneity
233 were combined. Again, the degree of control over confounding variables, such as age
234 and gender, varied from study to study. In our meta-analysis, the timing and dose of
235  the drug could not be studied because the time frames were different across studies.
236 Thus, we were unable to unify the timing, and the drug dose was also different based
237  on varying classification criteria and could not be further studied. Finally, the study
238  participants were all Westerners, and the influencing factors were complex and
239  variable. Therefore, we should pay attention to the global situation in these
240  populations to improve and validatethe conclusions. It was also impossible to conduct
241  further analyses as to whether the length of metabolism for a particular drug was an
242  influencing factor, and this issue is worthy of attention in the future. We have
243 included a number of different studies covering a wide range clinical and
244  experimental factors and the results were still stable, and we will conduct a more
245  comprehensive analysis when future conditions permit.

246

247 Conclusions

248 Taken together, we included different types of studies, and the results still
249  indicated that the use of opioids significantly increased the risk of fracture. Further

250  research, including well-designed international trials, studies of the mechanisms by
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which opioid use causes fractures, and studies aimed at preventing such fractures

require more evidence from clinical practice.
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