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Background: Tools to grade risk of complaint to a regulatory board have been developed for physicians but not for other health practitioner groups, including pharmacists. We aimed to develop a score that classified pharmacists into low, medium and high risk categories.
Methods: Registration and complaint data were sourced from Ontario College of Pharmacists for January 2009 to December 2019. We undertook recurrent event survival analysis to predict lodgement of a complaint. We identified those variables that were associated with a complaint and included these in a risk score which we called PRONE-Pharm (Predicted Risk of New Event for Pharmacists). We assessed diagnostic accuracy and used this to identify thresholds that defined low, medium and high risk.
Results: We identified 3,675 complaints against 17,308 pharmacists. Being male (HR = 1.72), older age (HR range 1.43–1.54), trained internationally (HR = 1.62), ≥1 prior complaint (HR range 2.83–9.60), and complaints about mental health or substance use (HR = 1.91), compliance with conditions (HR = 1.86), fees and servicing (HR = 1.74), interpersonal behaviour or honesty (HR = 1.40), procedures (HR = 1.75) and treatment or communication or other clinical issues (HR = 1.22) were all associated with lodgement of a complaint. When converted into the PRONE-Pharm risk score, pharmacists were assigned between 0 and 98 points with higher scores closely associated with higher probability of a complaint. A score of ≥25 had sufficient accuracy for classifying medium-risk pharmacists (specificity = 87.0%) and ≥45 for high-risk pharmacists (specificity = 98.4%).
Conclusion: Distinguishing isolated incidents from persistent problems poses a significant challenge for entities responsible for the regulation of pharmacists and other health practitioners. The diagnostic properties of PRONE-Pharm (minimizing the false positives) means that the risk score is useful for “ruling-out” low risk pharmacists using routinely collected regulatory data. PRONE-Pharm may be useful when used alongside interventions appropriately matched to a pharmacist’s level of risk.
Keywords: patient complaints, quality and safety, risk prediction, pharmacists, pharmacists regulation
BACKGROUND
In the field of medicine, risk scores are increasingly being used to identify physicians at high risk of complaints to medical boards (1, 2). These scores take characteristics known to be associated with complaint risk (for example, male sex, number of prior complaints) and assign points to each predictor based on the level of associated risk. Points are summed to produce a total score. A threshold is then identified that stratifies physician scores into “low risk” and “high risk” categories. Because a small number of physicians routinely accrue the lion’s share of complaints (3, 4), risk scores allow a risk-based regulation approach to be adopted, meaning interventions to remediate performance problems can largely be targeted at the small group of risky physicians.
Little comparable work has been undertaken in relation to pharmacists to identify either the characteristics of those at risk of complaints or to take the next step of aggregating information into a risk score. An early study from the UK found that the incidence of disciplinary action against pharmacists by the Royal Pharmaceutical Society were low (<1% of pharmacists per year) and that failure to keep written records and fraud were the most common reasons for disciplinary action (5). Another UK study compared pharmacists referred to a disciplinary committee to a matched sample of pharmacists not subject to disciplinary proceedings (6). Only one factor, working in a community pharmacy (as opposed to a hospital pharmacy), emerged as a predictor of disciplinary action. A cross-sectional survey in Northern Ireland found that work factors and well-being factors were associated with risk-taking, a behaviour thought to compromise fitness to practice (7). In a recent case-series analysis of disciplinary cases from Canada (8), most events leading to disciplinary action occurred in a community pharmacy and were not caused by isolated errors.
Ideally, the factors associated with complaint risk would be studied longitudinally as this captures the changing nature of risk over time, for instance, as pharmacists accrue additional complaints. This approach accords with how regulatory data is typically captured by boards as they discharge their duties. It also facilitates a more direct translation of any risk score derived from research into a tool that can be used by boards. One Australian study did this (2). Data from 14 health professional groups—including pharmacists—were used to identify the factors associated with complaints to the relevant board about a practitioner, and these results were then translated into a risk score called PRONE-HP (Predicted Risk of a New Event for Health Practitioners). The results showed, however, that the diagnostic accuracy of PRONE-HP was not high enough for pharmacists for the tool to be routinely used in that setting. This may be because complaints against pharmacists are relatively rare in Australia, but more fundamentally, because the aim of that study was to develop a generic risk score that could be used for all 14 practitioner groups. A better approach may be to develop a pharmacist-specific risk score.
The aim of the study was to do develop a risk score specifically for pharmacists. Using data from Ontario, Canada, we sought to undertake a longitudinal study of all registered pharmacists to identify the factors associated with complaint risk. We then sought to convert these findings into a points-based risk score that could be used to classify a pharmacist’s risk level for complaints into three categories: low, medium and high.
METHODS
Setting
In Canada, pharmacy is a self-regulating profession and each province has their own regulatory body (9). In Ontario, pharmacists are regulated by the Ontario College of Pharmacists (OCP) (10). The Inquiries, Complaints and Reports Committee (ICRC) oversees all complaints and investigations into a professional’s conduct and competence (11). The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the OCP ethics committee (2020-07-OKDA).
REGISTRATION AND COMPLAINTS DATA
We extracted information from OCP operational databases for all pharmacists registered to practice in Ontario between 1 January 2009 and 31 December 2019. The registration data consisted of information on each pharmacist’s age, gender, years of OCP registration, years since graduating and place of qualifying education. In addition, we accessed data indicating a financial interest in a pharmacy (i.e., whether a pharmacist was a shareholder or director).
We also identified information on all complaints about these pharmacists lodged with OCP during the same time period. The complaints data included the date of complaint and the main issues raised by the complainant. The issue raised in each complaint was recorded by OCP staff at lodgement. We coded these into one of three categories and 12 subcategories used previously (12). These were health issues (mental health or substance use); conduct issues (compliance with conditions, fees and servicing, interpersonal behaviour or honesty, records and reports, sexual boundaries, use or supply of medications, other conduct issues); performance issues (prescribing and dispensing, procedures, treatment or communication or other clinical issues); and unknown issues.
Study dataset
We built a person-period dataset in which each row of data represented covariate values for a pharmacist for each time interval they were at risk of a complaint. New intervals created new rows of data, which began on the date the value of a time-varying variable changed and ended at the next change of any time-varying variable. The values for a practitioner’s sex (male, female) and place of qualifying education (Canada and US vs. International) did not change over time. All other variables could be time varying. We coded age into nine categories (≤29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 50–64, ≥65), and pharmacists could move from one category to another as they aged. We coded a variable representing the number of prior complaints during the study period (0, 1, 2, 3, 4, ≥5) and a variable for financial interest in a pharmacy (Yes, No). We constructed look-back variables for 12 complaint issues, representing the presence or absence of a complaint about that issue in the past 2 years.
Statistical analyses
We first calculated the number of complaints and the unadjusted complaint rate (per 1,000 person years) for the sample as a whole and by practitioner and complaint characteristics. Next, we built the complaint risk calculator in three steps outlined below. To develop and validate the risk score, we first randomly split the data into a training sample (70% of pharmacists) and a validation sample (the remaining 30% of pharmacists). Analyses were performed on complete-case records, meaning there was no missing data on any study variables.
Predicting complaints
We used survival analysis to identify characteristics of practitioners at risk of one or more complaints. We followed our previous approach (2) and used an Anderson-Gill model (13) which allows each pharmacist to accrue multiple complaints over the study period. Cluster-adjusted robust standard errors were calculated to account for multiple periods of observation per practitioner. The predictors were pharmacist age, sex, country of training, number of prior complaints, years of OCP registration, years since graduation, financial interest in a pharmacy and the 12 complaint issues, excluding the unknown category. After fitting an initial model, we excluded non-significant predictors (years of OCP registration, years since graduation, financial interest in a pharmacy) to arrive at a final model. We assessed the fit of this model by applying the log-hazard ratios (the coefficients) developed on the training sample to the validation sample and calculating the C-index.
Building the risk score (PRONE-Pharm)
We used the results of the final survival model to design a scoring system. Each risk factor was assigned points, where the number of points assigned was scaled directly from the coefficients of the model. Specifically, we multiplied the log hazard ratios for each predictor by 14.9 and then rounded to the nearest whole number. (This value was chosen by taking the inverse of the smallest coefficient in the model and means the variable associated with this coefficient had a score of 1 point.) This scoring model allows for a simple calculation of a pharmacist’s risk score each time a new complaint is lodged against them. We refer to the risk-score as PRONE-Pharm: Predicted Risk of New Event for Pharmacists.
Evaluating the performance of PRONE-Pharm
We assessed the performance of PRONE-Pharm in two ways. First, to assess calibration of the risk score, we calculated and compared Kaplan-Meier curves for 4 score ranges in the training and validation samples and plotted these. Second, to assess accuracy, we calculated the sensitivity and specificity for the prediction of a new complaint within 2 years for different thresholds. We did this using methods appropriate for censored data (14).
RESULTS
Sample characteristics
The data consisted of 17,038 pharmacists registered to practice between January 2009 and December 2019. Fifty-eight percent were female, 94% were under 65 years of age and 59% were educated in Canada and the US (Table 1). These practitioners had a total of 3,675 complaints (mean 1.38 complaints per person). Concerns about prescribing and dispensing were the most frequent reason for complaints (39.0%), followed by treatment or communication or other clinical issues (21.9%) and procedures (15.5%).
TABLE 1 | Characteristics of pharmacists and complaints.
[image: Table 1]Factors associated with risk of complaint
After excluding non-significant predictors, we identified a set of variables associated with complaint risk (Table 2). Male pharmacists’ complaint risk was 1.72 times that of females after adjustment for all other variables. Compared to pharmacists aged ≥65 years (the age group with the lowest risk and the reference category), the risk of a complaint was lowest for those aged ≤29 years (HR = 1.21) and increased after that (HR range: 1.43–1.54) until ages 60–64 years where it declined slightly (HR = 1.32). Pharmacists trained internationally had a higher risk (HR = 1.62) than those trained in the Canada and the US.
TABLE 2 | Complaint rates and survival model with risk scores.
[image: Table 2]Complaint risk increased with the number of prior complaints. Compared to those with no prior complaints, pharmacists with one prior complaint had 2.83 times higher risk of getting another complaint. Those with three prior complaints had 6.19 times the risk, and those with ≥5 complaints had 9.6 times the risk. The complaint issues most strong related to a subsequent complaint were problems with compliance with conditions (HR = 1.86), mental health or substance use problems (HR = 1.91), problems with procedures (HR = 1.75) and problems with fees and servicing (HR = 1.74). PRONE-Pharm showed good discrimination when applied to the training dataset (C-index = 0.70).
Performance of PRONE-Pharm
Table 2 (far right column) shows the points assigned to each predictor, based directly on the hazard ratios estimated in the survival model. The largest number of points were for number of prior complaints, with 34 points assigned to a pharmacist with ≥5 prior complaints. The minimum total score is 0, which would be assigned to a female pharmacist, aged ≥65 years, trained in Canada or the US and with no prior complaints. The maximum score is 98, corresponding to being male (8 points), aged 50–54 or 55–59 (6 points), trained internationally (7 points), ≥5 prior complaints (34 points), and complaints in the last 2 years for problems with mental health or substance use (10 points), problems with compliance with conditions (9 points), problems with fees and servicing (8 points), problems with procedures (8 points), problems with interpersonal behaviour or honesty (5 points) and problems with treatment or communication or other clinical issues (3 points).
To assess the calibration of PRONE-Pharm, we examined the out-of-sample consistency within risk strata. Figure 1 shows Kaplan-Meier curves plotting the probability of a subsequent complaint for four selected risk score ranges. Within each range two curves are displayed: one from the training and validation datasets respectively. The pairs of curves in the lowest four ranges show very close concordance. In the highest range (risk score 60 or more) there is some divergence in the pair of curves, particularly after 6 months. This divergence is due to the low number of pharmacists (30) that were placed in that group, however the vast majority of high risk individuals are not in the 60+ group, but rather in the 40–59 group where alignment is very good.
[image: Figure 1]FIGURE 1 | Observed probability of complaints based on selected risk score ranges for test and validation samples.
Figure 1 also shows a high degree of consistency up and down the risk scale. The probability of a subsequent complaint increases monotonically across the ranges. For example, at 24 months the probability of a further complaint is 2.6% for pharmacists in the 0–19 point range, 8.9% for pharmacists in the 20–39 point range, 24.3% for pharmacists in the 40–59 point range, 46.5% for pharmacists in the 60+ point range.
Thresholds for identifying medium-risk and high-risk pharmacists using PRONE-Pharm
Table 3 shows the diagnostic accuracy of PRONE-Pharm for thresholds ranging from a total score of ≥10 to ≥90. Ideally, both sensitivity and specificity would be high, but there is a trade-off between the two such that a high value on one means a low value on the other. We therefore focus on thresholds that maximise specificity because we want to minimise the false positives given the consequence a medium or high-risk classification may have on a pharmacist’s practice. For a medium risk classification, a threshold of ≥25 may be appropriate. At this level, sensitivity is 24.7%, specificity is 87.0% and around 13% of pharmacists would be classified as medium risk or above. For a high-risk classification, a threshold ≥45 may be appropriate. This threshold has sensitivity of 4.7% and specificity of 98.4%. Approximately 1.6% of pharmacists would be classified as high risk according to this criterion.
TABLE 3 | Diagnostic properties of the risk score: predicting new complaint within 2 years.
[image: Table 3]DISCUSSION
There is emerging international interest in the development of tools to flag practitioners at risk of complaints to regulators. Much of the focus has been on developing tools for physicians, for example, the Patient at Risk Score (PARS) by Hickson et al. (15). and the PRONE and PRONE-HP scores that we developed (1, 2). Apart from PRONE-HP, there have been no efforts to develop a user-friendly risk score for pharmacists. Indeed, one of the limitations of PRONE-HP is that it was developed on a sample of 14 health professions, and thus was not well tuned to the clinical context that pharmacists operate in.
This is the gap we attempted to fill in this study. Using 11 years of data from a large pharmacist regulatory body in Ontario, Canada, we showed that a risk score, which we call PRONE-Pharm, could discriminate between different levels of risk of complaints to the regulator. PRONE-Pharm uses demographic data on sex, age and country of training (which numerous studies have shown all to be related to medico-legal risk) and complaint level information on number of prior complaints and the nature of those complaints. Most of the points are assigned to the complaint information, and high scores are indicative of a higher level of complaint risk.
Decisions regarding where the line should be drawn to designate medium and high-risk pharmacists are not straight-forward and depend partly on the properties of the instrument itself (the sensitivity and specificity), the number of pharmacists classified at each level, and how the tool is to be used in practice. In terms of the trade-off between sensitivity and specificity, our starting point was that it was better to maximise specificity for medium and high-risk classifications. This is because a test with high specificity will have a low proportion of false positives. Thus, if a pharmacist scores above the threshold then it is likely they will have another complaint. (However the low sensitivity means if they score below the threshold it is unclear whether this is because they are at low risk or because of the high proportion of false negatives (16, 17)) Regarding the size of the group captured in the medium and high-risk classifications, a tool that classifies a very large number of people in either of these categories may not be useful if there are insufficient resources to offer interventions for remediation. A tool that classifies 10–15% of pharmacists as medium or high risk and 1–3% of pharmacists as high risk seemed feasible from that perspective. Finally, the effectiveness, intrusiveness and cost of any interventions that are deployed as a result of risk classification influence where the thresholds should be drawn. The exact nature of such interventions is beyond the scope of this study, but the cost of a false positive classification (for instance, undertaking a deeper file review of past complaints against a medium-risk pharmacist to look for concerning patterns of behaviour or allocating complaints against high-risk pharmacists to specialist teams for investigation) outweighs a false negative classification from a practitioner perspective. Thresholds that maximise specificity meet this goal.
These considerations led us to suggest a threshold of ≥25 for classifying medium risk practitioners. The specificity is 87% at this level (therefore only 13% of pharmacists classified as medium risk will be false positives) and around 13% of pharmacists would have a score greater than this. A score of ≥25 cannot be achieved by demographic characteristics alone—the high-risk predictors of being male, aged 50–59 years and trained internationally would only net 21 points—it would take at least one prior complaint to push a pharmacist with this profile into the medium risk category. Thus, this seems a reasonable threshold for relatively low-cost or non-intrusive interventions such as advising the pharmacist that they are at risk of future complaints or providing them with peer mentoring.
We have identified a threshold of ≥45 for classifying pharmacists as high-risk. Specificity is very high at this threshold (98%) meaning only 2% of pharmacists classified as high risk are false positives. This, combined with the small number of pharmacists in this group (1.6%), means that high-cost or intrusive interventions may be well targeted to this group.
One interesting finding to emerge from this study is that, unlike the Australian research, it does appear to be feasible to construct a risk score for pharmacists. We see two reasons for this. First, PRONE-HP was developed on 14 practitioner groups. This means that the coefficients, and therefore the points assigned to each predictor (e.g., demographic and complaint factors) came from a model averaged across a heterogenous group of practitioner groups (for example, doctors, nurses, psychologists, physiotherapists). It may be that the risk factors differ in their magnitude between these groups. Thus, it may be more fruitful in the future to develop profession-specific risk scores rather than a single overarching risk-score for multiple professions. More fundamentally, the success in developing a score here may be because of the higher degree of clustering of complaints within the pharmacists profession. In the Australian study there were 2,038 complaints against 30,778 pharmacists (19.9 per 1,000 PY). Here were observed 3,675 complaints against 17,038 pharmacists (26.6 per 1,000 PY or a 33.7% increase).
Our study has a number of strengths over previous efforts. Previous studies identifying risk and protective factors have largely used cross-sectional and case-series designs. We were able to follow pharmacists longitudinally for up to 11 years—far longer than the 5 years used in our Australian study. We were able to classify complaint issues into a taxonomy used previously, for instance distinguishing between medication use as a health issue (substance use), as a conduct issue (use and supply of medications) and as a performance issue (prescribing or dispensing). Finally, we were able to account for the changing level of risk over time by allowing some predictors to be time varying. Thus, we could account for the increased level of risk associated with the accumulation of complaints. This may in part explain why some of the seminal studies in this area were unable to develop “experience ratings” tools for medical liability insurers (18–21).
Our study also has a number of limitations. First, there are a number of important aspects of clinical care that we were not able to measure. Some of these are likely to have an important bearing on risk assessment. These could include patient volume, practice business type (independent, franchise), practice setting (community versus hospital pharmacy), patient mix and disciplinary history. Their exclusion means we are unable to assess their relationship with complaint risk and how the association with other variables changes as a result of their inclusion. Second, the complaint issue variables used in our analysis were based on an assessment at lodgement. New or different issues may have been uncovered during investigation. Third, our study uses lodgement of a complaint as the outcome. However, not all complaints will be associated with poor performance or wrongdoing. Finally, we treat each complaint as a separate and independent event. In some cases, a single complaint may generate multiple subsequent complaints, often because of publicity in the press. We were not able to link these complaints together.
CONCLUSION
Some complaints to regulators represent isolated incidents; others are suggestive of underlying and persistent problems. Tools such as PRONE-Pharm have the potential to summarise the vast amount of information that regulators routinely gather to distinguish one type of complaint from the other. While prediction alone does not lead to quality improvement, prediction when combined with effective interventions does have the potential to improve the quality of care that pharmacists deliver; leading to direct benefits for patients.
DATA AVAILABILITY STATEMENT
The data that support the research findings are owned by the Ontario College of Pharmacists and restrictions apply to the availability of these data which were used under license and so are not publicly available. Requests to access these datasets should be directed to informationmanagement@ocpinfo.com.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Ethics Committee, Ontario College of Pharmacists. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
KM obtained and cleaned the data, constructed the study dataset and analyzed the data. KM wrote the first draft of the study. All authors contributed to the interpretation of the data and contributed to subsequent drafts. All authors approved the final version of the manuscript.
REFERENCES
 1. Spittal, MJ, Bismark, MM, and Studdert, DM. The PRONE score: An algorithm for predicting doctors' risks of formal patient complaints using routinely collected administrative data. BMJ Qual Saf (2015) 24(6):360–8. doi:10.1136/bmjqs-2014-003834
 2. Spittal, MJ, Bismark, MM, and Studdert, DM. Identification of practitioners at high risk of complaints to health profession regulators. BMC Health Serv Res (2019) 19(1):380. doi:10.1186/s12913-019-4214-y
 3. Bismark, MM, Spittal, MJ, and Studdert, DM. Prevalence and characteristics of complaint-prone doctors in private practice in Victoria. Med J Aust (2011) 195(1):25–8. doi:10.5694/j.1326-5377.2011.tb03183.x
 4. Studdert, DM, Bismark, MM, Mello, MM, Singh, H, and Spittal, MJ. Prevalence and characteristics of physicians prone to malpractice claims. N Engl J Med (2016) 374(4):354–62. doi:10.1056/nejmsa1506137
 5. Tullett, J, Rutter, P, and Brown, D. A longitudinal study of United Kingdom pharmacists' misdemeanours-trials, tribulations and trends. Pharm World Sci : PWS (2003) 25(2):43–51. doi:10.1023/a:1023288712923
 6. Phipps, DL, Noyce, PR, Walshe, K, Parker, D, and Ashcroft, DM. Pharmacists subjected to disciplinary action: Characteristics and risk factors. Int J Pharm Pract (2011) 19(5):367–73. doi:10.1111/j.2042-7174.2011.00119.x
 7. Phipps, DL, Walshe, K, Parker, D, Noyce, PR, and Ashcroft, DM. Job characteristics, well-being and risky behaviour amongst pharmacists. Psychol Health Med (2016) 21(8):932–44. doi:10.1080/13548506.2016.1139142
 8. Foong, EA-L, Grindrod, KA, and Houle, SKD. Will I lose my license for that? A closer look at Canadian disciplinary hearings and what it means for pharmacists’ practice to full scope. Can Pharm Journal/Revue des Pharmaciens du Can (2018) 151(5):332–44. doi:10.1177/1715163518790773
 9.National Association of Pharmacy Regulation Authorities. Pharmacy regulation Canada (2020). Available at: https://napra.ca/pharmacy-regulation-canada (Accessed September 10, 2020). 
 10.Ontario College of Pharmacists. About the College (2020). Available at: https://www.ocpinfo.com/about/ (Accessed September 10, 2020). 
 11.Ontario College of Pharmacists. Committees (2020). Available at: https://www.ocpinfo.com/about/council-committees/committees/ (Accessed September 10, 2020). 
 12. Spittal, MJ, Studdert, DM, Paterson, R, and Bismark, MM. Outcomes of notifications to health practitioner boards: A retrospective cohort study. BMC Med (2016) 14(1):198. doi:10.1186/s12916-016-0748-6
 13. Kelly, PJ, and Lim, LLY. Survival analysis for recurrent event data: An application to childhood infectious diseases. Stat Med (2000) 19(1):13–33. doi:10.1002/(SICI)1097-0258(20000115)19:1<13::AID-SIM279>3.0.CO;2-5
 14. Blanche, P, Dartigues, JF, and Jacqmin-Gadda, H. Estimating and comparing time-dependent areas under receiver operating characteristic curves for censored event times with competing risks. Stat Med (2013) 32(30):5381–97. doi:10.1002/sim.5958
 15. Hickson, GB, Federspiel, CF, Pichert, JW, Miller, CS, Gauld-Jaeger, J, and Bost, P. Patient complaints and malpractice risk. JAMA (2002) 287:2951–7. doi:10.1001/jama.287.22.2951
 16. Akobeng, AK. Understanding diagnostic tests 1: Sensitivity, specificity, and predictive values. Acta Paediatr (2007) 96:338–41. doi:10.1111/j.1651-2227.2006.00180.x
 17. Leape, LL, and Fromson, JA. Problem doctors: Is there a system-level solution?Ann Intern Med (2006) 144:863–15. doi:10.7326/0003-4819-144-11-200606060-00018
 18. Cooil, B. Using medical malpractice data to predict the frequency of claims: A study of poisson process models with random effects, J Am Stat Assoc (1991) 86(414):285–95. doi:10.1080/01621459.1991.10475032
 19. Gibbons, RD, Hedeker, D, Charles, SC, and Frisch, P. A random-effects probit model for predicting medical malpractice claims. J Am Stat Assoc (1994) 89:760–7. doi:10.1080/01621459.1994.10476809
 20. Rolph, JE, Kravitz, RL, and McGuigan, K. Malpractice claims data as a quality improvement tool. II. Is targeting effective?JAMA (1991) 266:2093–7. doi:10.1001/jama.1991.03470150065032
 21. Weycker, DA, and Jensen, GA. Medical malpractice among physicians: Who will be sued and who will pay?Health Care Manag Sci (2000) 3:269–77. doi:10.1023/A:1019014028914
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Morris and Spittal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/jpps-26-11228-t002.jpg
Variable Number of Rate (per Model HR (95% Risk

complaints® 1000 PY)* CcIn® score®
Sex
Female 1,504 187 Ref. 0
Male 2,171 376 1.72 (1.58-1.87) 8
Age at baseline
<29 265 172 121 (0.94-1.55) 3
30-34 493 239 143 (1.14-1.79) 5
35-39 528 260 145 (1.15-1.81) 5
40-44 583 278 143 (1.15-1.78) 5
45-49 558 287 1.36 (1.09-1.69) 5
50-54 487 300 150 (1.20-1.90) 6
55-59 377 304 1,54 (1.22-1.93) 6
60-64 243 324 1.32 (1.03-1.68) 4
65+ 141 266 Ref. 0
Country of training
Canada and US 1,702 197 Ref. 0
International 1973 380 162 (149-1.77) 7
Number of prior complaints
0 2,668 211 Ref. 0
i 666 696 283 (252-3.18) 16
2 196 1230 424 (348-5.17) 2
3 7 1858 619 (4.52-8.47) 27
4 36 2739 5.44 (3.12-9.48) 25
25 38 4312 9.60 (5.36-17.2) 34
Complaint issues (all in the last 2 years)
Health: Mental health or substance use (Ref. = No) 14 1763 191 (1.10-3.34) 10
Conduct: Compliance with conditions (Ref. = No) 18 384.1 1.86 (1.12-3.08) 9
Conduct: Fees and servicing (Ref. = No) 109 245 174 (1.27-237) 8
Conduct: Interpersonal behaviour or honesty (Ref. = No) 108 1114 1.40 (1.08-1.81) 5
Performance: Procedures (Ref. = No) 137 166.7 175 (1.38-2.23) 8
Performance: Treatment or communication or other clinical issues 121 1165 1.22 (0.97-153) 3
(Ref. = No)
C-index (95% CI) 070 (0.69-0.71)

“Calculated using the whole sample;
Wilenlil e the-tullog rids trandandy slecrod 700 of shaosastitl





OPS/images/jpps-26-11228-t003.jpg
Risk category Threshold Sensitivity (%) Specificity (%) No. Pharmacists Percent of all pharmacists

Low 25 87.2 243 15,195 89.2
210 826 304 10,945 64.2
215 49.9 65.9 5,193 305
220 429 717 4,974 292

Medium 225 247 87.0 2220 130
230 179 911 1,497 88
235 146 926 1,083 64
240 80 96.5 541 32

High 245 47 98.4 280 16
250 30 99.6 107 06
255 19 1000 50 03

260 1.0 100.0 30 02





OPS/xhtml/nav.xhtml
Contents

		Cover

		Grading pharmacists’ risk of complaints to a regulator: A retrospective cohort study		Background

		Methods		Setting





		Registration and complaints data		Study dataset

		Statistical analyses

		Predicting complaints

		Building the risk score (PRONE-Pharm)

		Evaluating the performance of PRONE-Pharm





		Results		Sample characteristics

		Factors associated with risk of complaint

		Performance of PRONE-Pharm

		Thresholds for identifying medium-risk and high-risk pharmacists using PRONE-Pharm





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		References









OPS/images/cover.jpg
L
Journal of
% ot ana
Pharmaceutical

Sciences






OPS/images/jpps-26-11228-g001.gif





OPS/images/jpps-26-11228-t001.jpg
Characteristics of pharmacists
Gender
Female
Male
Age at baseline
<29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65+
Country of training
Canada and US
International
Financial interest in pharmacy
Shareholder or director
No financial interest
Characteristics of complaints
Health: Mental health or substance use
Conduct: Compliance with conditions
Conduct: Fees and servicing
Conduct: Interpersonal behaviour or honesty
Conduct: Records & reports
Conduct: Sexual boundaries
Conduct: Use or supply of medications
Conduct: Other conduct issues
Performance: Prescribing or dispensing

Performance: Procedures

Performance: Treatment or communication or other clinical issues

Unknown/unclassified issues

17,038

9,885
7,153

5,672
2,751
2,541
2,081
1,676
1,229
658
284
146

10,075
6963

5,106
11,932
3,675
53
30
333
507
131
26

71
330
1435
571
806
141

Percent

100

58
42

333
161
149
122
98
72
39
17
09

59.1
409

30
70
100
14
08
9.1
138
36
07
19

39
155
219
38









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg





