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Introduction: The aim was to assess the associations between morphine, fentanyl and adverse events in primary care patients.Methods: A retrospective, propensity-score-weighted cohort study using a primary-care database covering >75% population of Catalonia, Spain was conducted. Patients aged ≥18 years with ≥1 year of available data and incident dispensation of morphine or fentanyl, were included from 1st January 2007 to 31st December 2017. Outcomes were all-cause mortality, cardiac arrhythmias, fractures (hip, pelvis, vertebra, wrist, humerus), constipation, delirium, falls, opioid abuse/dependence, and sleep disorders while on treatment. Risk ratios (RRs) and hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated using cause-specific Cox models.Results: A total of 12,632 patients (3,040 with morphine and 9,695 with fentanyl) were included (median [IQR] age, 78.4 [63.8; 86.1] years; 63.6% female). Compared with morphine, fentanyl dispensation was associated with a higher risk of fractures (incidence: 6.92 vs. 4.13 per 1,000 dispensations-month; HR, 1.63 [95% CI, 1.15–2.32]; RR, 1.78 [95% CI, 1.25–2.53]), especially in men and in those <65 and over >80 years old. No difference was observed for the rest of outcomes.Conclusion: Among outpatients, a new prescription dispensation of fentanyl, compared with morphine, was associated with a higher risk of fractures. The findings should be interpreted cautiously given the potential for residual confounding.Keywords: primary healthcare, fentanyl, morphine, cohort study, Spain
1 INTRODUCTION
Fentanyl and morphine are long-acting opioids indicated for the management of severe pain (Alorfi, 2023). Their increased prescription over the past decade has contributed to the opioid epidemic reported in the United States. In 2021, the age-adjusted drug overdose death rate driven by fentanyl rose to 22 per 100,000 standard population (Spencer et al., 2022) and the number of emergency visits involving fentanyl products totaled 123,563 visits (Drug Abuse Warning Network DAWN, 2021). In Europe, the overall burden of long-acting prescriptions remains lower than that reported in the United States (Pierce et al., 2021). Until 2017, prescriptions of fentanyl and morphine for non-cancer indications increased in primary care settings in both Spain and Germany (Xie et al., 2022; Hurtado et al., 2020; González-Bermejo et al., 2021; Rosner et al., 2019). The subsequent stabilization observed in Spain, based on the analysis of Defined Daily Doses (DDD) (Agencia Española de Medicamentos y Productos Sanitarios, 2024), contrasts with findings from other observational studies that reported a continued rise in the number of prescription dispensations during the same period, suggesting a potential underestimation of actual use.
Both fentanyl and morphine have similar indications for non-cancer pain, and they have been shown to provide similar benefits for pain relief and physical functioning (Fleischman et al., 2010). Although the comparative safety between these opioids has been explored among patients with cancer or in hospital settings (Clark et al., 2004; Hu et al., 2021), with a lower risk of adverse events observed among fentanyl users (Hu et al., 2021; Manirakiza et al., 2020) head-to head comparisons among outpatient populations are limited and show inconsistent results (Domínguez-Berjón et al., 2008; Hartung et al., 2007; Le et al., 2023). While a large cohort study conducted in the United States found no significant difference in mortality risk between fentanyl and morphine users’ (Domínguez-Berjón et al., 2008) studies in several European countries, have linked fentanyl use to a higher risk of opioid dependence compared to morphine (Hartung et al., 2007).
Additionally, data from the UK revealed that fentanyl dispensed by community pharmacies was associated with a higher incidence of unintentional deaths (Le et al., 2023). Given the increasing use of fentanyl and morphine in primary care settings to manage severe painful conditions, their comparative safety profiles should be assessed, and their benefits weighed against potential harms. This population-based cohort study compared risks of all-cause mortality, arrhythmias, fractures, constipation, delirium, falls, opioid abuse/dependence, and sleep disorders between patients who received prescriptions for fentanyl versus morphine in a primary care setting.
2 MATERIALS AND METHODS
2.1 Data sources
This retrospective cohort study used data from the System for the Development of Research in Primary Care (SIDIAP), which comprises routinely collected anonymized electronic primary-care records (ICD-10 codes) and sociodemographic data for a representative sample (>75%) of Catalonia, Spain (Recalde et al., 2022). This database links with the national pharmacy claims for community pharmacy dispensations (Anatomical Therapeutic Chemical (ATC) code, dispensation date and number of packages).
2.2 Study design and cohort definition
We conducted a retrospective cohort study to compare the risks of adverse events among patients with new prescription dispensations of fentanyl versus morphine. Morphine was used as the active comparator to mitigate confounding by indication, as both fentanyl and morphine are strong opioids with similar indications and are prescribed in Spain for severe pain (Alorfi, 2023). New dispensation was defined by applying a fixed 12-month look-back period in which the patient had continuous data coverage but did not have any opioid dispensations or non-steroidal anti-inflammatory drugs. If a patient had multiple dispensation episodes, dispensation exposure periods were created by concatenating the dispensations with a maximum gap allowed of 45 days from the date of the last dispensation to the date of the following dispensation. Once these dispensation exposure periods were created, only those that complied with the 12-month look back period were included.
All patients who were dispensed fentanyl or morphine between 1 January 2007, and 31 December 2017 were identified and categorized in the fentanyl or morphine cohort according to the first dispensed drug. Cohorts were constructed by including patients who were aged 18 years or older, had at least 1 year of database enrollment before the first drug dispensation (index date). Patients with any other opioid or NSAID in the 12-month look-back period, those with cancer or previous major surgery (amputation and joint replacement surgery), or any of the studied outcomes on or before the index date were excluded.
2.3 Baseline characteristics
The study population was characterized at the index date by considering the following potential confounders: sociodemographic factors (age, sex, and socioeconomic deprivation), medical conditions, and healthcare utilization. Socioeconomic deprivation was measured with the MEDEA (Mortalidad en áreas pequeñas Españolas y Desigualdades Socioeconómicas y Ambientales) index that describes socioeconomic and environmental inequalities among 175 small areas of Spain. This index is divided into equally sized quintiles with the first quintile representing the least deprived and the last quintile representing the most socioeconomically deprived (Domínguez-Berjón et al., 2008). Healthcare utilization was quantified by the frequency of general practice visits in the past 12 months.
The following acute and chronic health conditions expected to be linked to opioid prescription dispensation or associated with any of the study outcomes were identified. These included pulmonary edema, diarrhea, chronic cough, migraine, burn injuries, cardiovascular events, peripheral vascular disease, diabetes (type 1 and type 2), malabsorption disorders, chronic obstructive pulmonary disease, chronic musculoskeletal pain disorders, rheumatological disorders, Alzheimer’s disease, Parkinson’s disease, chronic liver and chronic kidney disease.
2.4 Study outcomes
The study outcomes were cardiac arrhythmia, delirium, fractures (hip, pelvis, wrist, humerus, and vertebra), falls, sleep disorders (sleep apnea, somnolence), constipation, opioid dependence/abuse and all-cause mortality while on treatment with fentanyl or morphine. The ICD-10 codes used to identify the study outcomes are reported in Supplementary Table S1.
2.5 Statistical analyses
Study variables were described in tables by type of exposure drug (morphine vs. fentanyl). Categorical variables were described by the frequency and percentage of each category. Continuous variables were described by the mean and standard deviation or by the median and interquartile range, depending on the distribution of the variables. Unadjusted incidence rates and rates for 1,000 dispensation-month for each of the events of interest stratified by type of drug exposure were calculated.
To compare the incidence of the adverse events between morphine and fentanyl exposure periods a log-binomial regression was estimated with propensity score inverse probability weighting. Risks ratios were estimated and reported. To compare the time to first adverse event between morphine and fentanyl exposition periods Cox survival models were estimated with propensity score inverse probability weighting. Hazard ratios were estimated and reported.
The propensity score was used to balance the two exposure cohorts based on observed confounding variables. The propensity score represents the probability of having a morphine or fentanyl exposure period, conditional on the values of observed confounding variables. In these analyses, the propensity score was calculated using Bayesian additive regression trees. Variables included were age, sex and the chronic and acute clinical confounders.
Sensitivity analyses were carried out to assess the association between fentanyl dispensations, compared to morphine, and the different outcomes, stratified by sex and age (<65, 65–80 and >80 years old).
The conditions of use of the models were validated and, whenever possible, 95% confidence intervals were calculated. Significance levels were set at the 5% level. All analyses were performed using the statistical program R version 4.4.0 (2024-04-24) for Windows.
2.6 Institutional review board statement
The local ethics committee (“Comitè Ètic d'Investigació amb medicaments” (CEIm)) of the “Fundació Institut Universitari per a la recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol))” approved this study with registration number P18/085. Informed consent was not required.
2.7 Patient and public involvement
This study used routinely collected health data. No patients were involved in the design, conduct, reporting, or dissemination plans of our research.
3 RESULTS
3.1 Study population and baseline characteristics
A total of 12,632 patients with a dispensation of fentanyl or morphine during the study period were initially identified and followed for 90,448.41 person-year for fentanyl and 24,776.10 person-year for morphine. Of these, 3,040 (24.1%) had a prescription dispensation of morphine and 9,695 (76.8%) had a prescription dispensation of fentanyl. Overall, 103 patients (<1%) contributed to more than 1 exposure period of the study drugs. Figure 1 shows the participant selection process.
[image: Figure 1]FIGURE 1 | Flow chart of the included and excluded prescription dispensations of fentanyl and morphine during the study period 2007–2017.
Table 1 reports the participants’ baseline characteristics before propensity score weighting. Figure 2 shows the love plot of the population after weighting, with the two cohorts of new users comparable across all observed features.
TABLE 1 | Baseline characteristics of the morphine and fentanyl users (before weighting).
[image: Table 1][image: Figure 2]FIGURE 2 | Love plot of the propensity score weighting to balance the morphine and fentanyl exposure cohorts based on observed confounding variables. Vertical dashed lines have been added at 0.1 and 0.2 values. Absolute SMD values below 0.1 are often considered to indicate a good balance, while 0.2 and above indicate an imbalance that requires further investigation.
Patients with a fentanyl dispensation were younger and included a larger proportion of females compared to those with morphine dispensations; median [Interquartile range, IQR] ages were 76.75 [61.58; 84.75] and 83.16 [71.25; 89.75] years, and there were 6,464 (66.7%) and 1,629 (53.6%) females respectively. A higher proportion of patients with fentanyl prescription dispensations was observed among those socioeconomically deprived compared to those dispensed morphine (17.5% of fentanyl patients versus 14.8% of morphine patients in U5).
Figure 3 shows Kaplan-Meier plots in the cohorts, with 1-year follow-up, for each outcome.
[image: Figure 3]FIGURE 3 | Kalpan Meier plots showing the cumulative incidence and numbers at risk in each morphine and fentanyl cohort for (A) Cardiac arrhythmia, (B) Delirium, (C) Fractures (hip, pelvis, vertebra, wrist, humerus), (D) Falls, (E) Sleep disorders, (F) Constipation, (G) All-cause mortality.
During 1-year follow-up, participants with a prescription dispensation of fentanyl, compared to morphine, had a higher risk of fractures, with 1-year cumulative incidence of 6.92 (95%CI of 6.31–7.57) versus 4.13 (95%CI of 3.06–5.39), and falls, with 1-year cumulative incidence of 2.33 (95% CI of 1.99–2.71) versus 1.72 (95%CI of 1.06–2.58) per 1,000 dispensation-month. Conversely, participants with a prescription dispensation of morphine, compared to fentanyl, had a higher risk of cardiac arrhythmia, with 1-year cumulative incidence of 1.97 (95% CI of 1.26–2.88) versus 1.87 (95% CI of 1.56–2.21) and constipation, with 1-year cumulative incidence of 5.97 (95% CI of 4.66–7.48) versus 3.93 (95% CI of 3.47–4.42) per 1,000 dispensation-month compared to the fentanyl cohort.
3.2 Association of drug dispensation with adverse outcomes
Table 2 shows the association between adverse events and the prescription dispensations of fentanyl compared to morphine. While on treatment, fentanyl prescription dispensation was significantly associated with a higher risk of fractures compared to morphine [RR of 1.78 (95% CI of 1.25–2.53), HR of 1.63 (95% CI of 1.15–2.32)] with no significant difference observed for the rest of the outcomes. There were insufficient cases of opioid dependence/abuse to perform the analysis.
TABLE 2 | Risk ratio and hazard ratio for adverse events among incident users of fentanyl prescription dispensations, with morphine incident users as reference.
[image: Table 2]3.3 Association of drug dispensations with adverse outcomes stratified by sex and age
The association between the prescription dispensations of fentanyl, compared to morphine, and the adverse outcomes, stratified by sex is reported in the Supplementary Tables S2, S3. Compared to morphine, men who received a prescription dispensation of fentanyl had a higher risk of fractures than women (RR of 3.20 [95% CI of 1.77–5.78] versus 1.48 [95% CI of 0.99–2.23] and HR of 3.16 [95% CI of 1.73–5.77] versus 1.32 [95% CI of 0.88–1.98]). When stratifying by age, an increased risk of fractures was also observed among those younger than 65 years old and those over the age of 80 (RR of 2.67 [95% CI of 1.11–6.45] and 2.07 [95% CI of 1.35–3.18] respectively, HR of 2.60 [95% CI of 1.07–6.28] and 1.68 [95% CI of 1.09–2.60] respectively.
4 DISCUSSION
In this retrospective population-based cohort study, compared to morphine users, a higher incidence rate of fractures was observed among fentanyl users. Additionally, the prescription dispensation of fentanyl was significantly associated with greater risks of fractures than the prescription dispensation of morphine. This association was more pronounced in men and among those under the age of 65 and over the age of 80. No significant difference was found in the risks of cardiac arrhythmia, constipation, delirium, falls, opioid dependence/abuse, sleep disorders or all-cause mortality while on treatment.
Morphine and fentanyl are commonly prescribed opioids for managing severe non-cancer pain in primary care (Xie et al., 2022). Head-to-head trials have demonstrated that transdermal fentanyl provides greater pain relief compared to oral morphine, with comparable rates of adverse events (Clark et al., 2004). This contrasts with results from observational studies. For instance, a cohort study utilizing administrative Medicaid data reported a 27% higher risk of emergency department visits associated with fentanyl use compared to morphine (Hartung et al., 2007) and a recent analysis of the FAERS database indicated a higher incidence of adverse drug events among fentanyl users compared to those on morphine (Le et al., 2023).
Although the association between fractures and opioids is well established, prior meta-analyses were hampered by significant variability in effect sizes (Yue et al., 2020; Yoshikawa et al., 2020; Ping et al., 2017), and a lack of adjustment for confounding factors or fracture timing (Yue et al., 2020; Ping et al., 2017).
Our results further analyze this association and corroborates an increased fracture risk among patients who received a prescription dispensation of fentanyl compared to those on morphine in primary care for non-cancer patients. By employing propensity score weighting to adjust for confounders and restricting to on-treatment events, we addressed earlier research limitations and strengthened our findings’ reliability.
The comparative fracture risk between fentanyl and morphine users was also investigated in a 2006 Danish case-control study, which found a higher fracture risk among fentanyl users (OR 2.23) compared to morphine users (OR 1.47) (Vestergaard et al., 2006). However, extrapolating these results to outpatient populations in Spain is challenging due to population baseline risk differences and limited primary care data in the Danish analysis. Our study confirms the increased fracture risk associated with fentanyl use in Spanish outpatient settings. Furthermore, by restricting the analysis to “on-treatment” we have enhanced the robustness of the causal relationship between the current use of fentanyl/morphine and the occurrence of the adverse event.
When stratifying by sex and age, we observed a higher risk of fracture among men compared to women. However, the association between opioids use and increased fracture risk in men has shown inconsistent results.
For example, a prospective cohort study conducted in Finland involving 1,177 men and women, found that the concomitant use of an opioid with an antipsychotic was associated with an increased risk of fracture in men (Nurminen et al., 2012) In contrast, the Mr Os study which included 5,994 community-dwelling men aged 65 years and older, did not identify a significant association between opioid use a fracture risk in this population (Krebs et al., 2016) While this population-based study included 12, 735 men and women with prescription dispensations of morphine or fentanyl which may enhance the generalizability of findings, the absence of adjustment for dose or route of administration limits the interpretation of the results.
The same occurs with age. We found a higher risk of fracture among subjects under 65 and over 80 years old. Given that increasing age is a well-established risk factor for fractures, and that opioid use has also been linked to increased fracture risk, the higher risk of fractures observed in subjects over 80 aligns with existing evidence. The increased risk of fracture on subjects under 65 is counterintuitive and may similarly be attributed to the lack of adjustment by dose of prescribing route.
A higher incidence of falls was observed among patients prescribed fentanyl compared to those on morphine. Conversely, patients using morphine experienced a higher incidence of arrhythmias and constipation compared to fentanyl users. However, no significant associations could be established in any of these cases. Our findings contrast with a prior meta-analysis of 36 cohort and case-control studies, which found a significant association between opioid exposure and falls, fall-related injuries, and fractures (Yoshikawa et al., 2020). One possible explanation for our findings is the underreporting of falls in primary care, as the occurrence of fractures may obscure cases of falls, complicating accurate reporting. While the association between morphine use and arrhythmias has been documented in specific at-risk populations (Sauer et al., 2021; Lee et al., 2016) it still has not been established in primary care patients treated for non-cancer pain. On the other hand, opioid-induced constipation is a well-known adverse effect, affecting up to 60% of individuals who initiate opioid therapy (Coyne et al., 2015) which contrasts with our results. Constipation is a common adverse event of opioids, included in the summary of product characteristics (Electronic Medical Compendium, 2024) which may lead to underreporting in healthcare records as clinicians often assume it to be an expected side effect.
This study has several limitations. First, both fentanyl and morphine are prescribed for managing severe non-cancer pain, including pain after a bone fracture. Although we identified “on-treatment” adverse events, and most incident fractures (88% in the morphine group and 84% in the fentanyl group) occurred at least 30 days after the start of the opioid dispensation, the possibility of reverse causation bias influencing our findings cannot be ruled out. Second, while propensity score weighting balanced observed baseline characteristics between the groups, unmeasured confounders may have biased the estimates. Third, our analysis was based on dispensed packages of fentanyl and morphine, without assessing dose nor the route of administration. Prior studies have shown a dose-dependent relationship between opioid use and fractures (Saunders et al., 2010), which may have influenced the observed associations.
Fourth, this study did not include the analysis of other strong opioids, the cause of death or any analgesic prescription obtained without a prescription, as this information could not be retrieved from the database. Fifth, some outcomes, such as delirium, sleep disorders, falls and constipation may be underreported in routine clinical practice.
Additionally, dispensation of morphine or fentanyl does not necessarily equate to actual drug exposure, however, any non-adherence is likely similar across both groups, potentially minimizing its impact on between-group comparisons. Also, although respiratory depression can occur with the use of morphine or fentanyl, we were unable to capture this outcome, preventing us from estimating its potential association with the study drugs.
At last, although the SIDIAP database was linked with hospitalizations to capture data from inpatients, data from emergency rooms could not be captured which could have led to an underestimation of the fractures that do not require hospitalization.
5 CONCLUSION
In this population-based cohort study, the initiation of a new prescription dispensation for fentanyl, compared to morphine, was significantly linked to an increased risk of fractures. However, these findings should be interpreted cautiously due to the possibility of residual confounding.
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Variables

Fentanyl, N

Sex Female, N (%) 1,629 (53.6) 6,464 (66.7)
Male, N (%) 1411 (464) 3231 (333)

Age (first dispensation), median [IQR] 832 (71.3; 89.8] 768 [61.6; 84.8]

BMI (first dispensation), median [IQR] 26.2 [23.1; 29.5) 280 (246;317)

Socio-economic status MEDEA index', N (%)

1,261 (21.4)
1,261 (214)
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1,130 (19.2)
1,029 (17.5)

2(00)
0(00)
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Clinical conditions, N (%)
Pulmonary oedema 3(0.)
Diarthea 0(0.0)
Chronic cough 5(02)
Neurologic pathologies (migraine) 0(0.0)
Bumn injuries 0(0.0)
Cardiovascular events 48 (15)
Peripheral vascular disease 173 (53)
Diabetes (type I and II) 815 (25.2)
Malabsorption disorders 8(0.3)
Chronic obstructive pulmonary disease 624 (19.3)
Chronic musculoskeletal pain disorders 1,057 (32.7)
Rheumatological disorders 13 (04)
Alzheimer 447 (138)
Parkinson 159 (49)
Chronic liver disease 18 (06)
Chronic kidney disease 536 (16.6)
- General Practitioner visits, N (%)
0 991 (30.6)
649 (20.1)
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34 1,187 (36.7)

4,852 (37.9)
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