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Purpose: Quantifying the impact of pharmacy interventions, such as tailored medicines optimisation, can be challenging owing to the 
sometimes-indirect nature of their effect on patient outcomes such A&E (Accident & Emergency) attendance, hospital admission and 
length of stay. This study aimed to assess the impact of the, Lewisham Integrated Medicines Optimisation Service (LIMOS) on 
medicines self-management, A&E attendances and hospital admissions.
Patients and Methods: The study was conducted as a retrospective and prospective observational evaluation of patients referred to 
LIMOS at University Hospital Lewisham between April and September 2016. Only patients with an appropriate referral that received 
a LIMOS intervention within the study period were considered eligible. The main outcomes examined pre- and post-LIMOS included 
medicines self-management, A&E attendance, number of admissions, as well as length of stay.
Results: Data were collected for a total of 193 patients. Over half (56.4%, n = 109) identified as female with a mean age of 78 years at 
the time of referral. The number of hospital admissions decreased significantly post-LIMOS (−0.36 ± 1.87, 95% CI −0.63–0.10). 
Furthermore, the mean reduction in length of stay was significant and decreased by over a week (19.58 vs 11.09 days post-LIMOS, 
−7.67 ± 48.57, 95% CI −14.57–−0.78). There was a significant increase in A&E visits observed post-intervention (0.78 ± 1.93, 95% CI 
0.50–1.06); however, the majority (63%, n =165/261) occurred over 90 days post-intervention. There was a significant reduction in the 
number of patients self-managing medication post-LIMOS, with the number of patients receiving additional support with their 
medication increasing (−0.38 ± 0.50, 95% CI −0.45–−0.31). LIMOS, therefore, successfully identified patients who were unable to 
manage their medicines.
Conclusion: Specialist pharmacy interventions, which include support with medicines management, have a positive impact on 
admission avoidance and length of hospital stay.
Keywords: medicines optimisation, admission, medication adherence, social care, polypharmacy

Introduction
Medicines are the most widely used intervention in healthcare, yet they are associated with several issues such as poor 
adherence and a lack of optimisation that can often contribute to inappropriate polypharmacy.1–5 Patients with chronic diseases 
have been shown to have poor medication adherence, ranging from 10% to 75%.6–8 These findings are particularly true for 
older patients and those affected by multimorbidity, common presentations seen not only in Accident & Emergency (A&E) 
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departments across the UK, but more widely in healthcare settings across the globe.9,10 A 2015 review by Prince et al9 

attributes 23.1% of global disease burden to individuals aged 60 years and over, with chronic non-communicable conditions 
being the greatest contributor. The impact of this burden is further compounded by widening disparities in socio-economic 
status (SES), which most notably affects individuals belonging to lower SES groups who are exposed to both poorer health 
outcomes and worsening health-related quality of life.11,12

Pharmacological therapy has a role in supporting patients with chronic comorbidities and age-related health issues. 
However, over, or inappropriate prescribing of medicines can also play a part in worsening mortality, more frequent and 
early hospital readmission, as well as higher rates of adverse effects and drug–drug interactions.13–15 Interventions to tackle 
medicines-related issues are essential, yet the approach to do so becomes increasingly complex when considering the 
current landscape of social care provision. Crawford et al16 highlight that per person spending on social care for people over 
the age of 65 has fallen by £375 between 2010 and 2016. The knock-on effect is felt across the entire secondary care 
pathway, with both increased attendances to A&E as well as delays to discharge.16,17 Moreover, for each £100 cut from 
social care spending, the cost to provide A&E care increases by £3 per resident. This is of particular concern for patients 
that are housebound or receiving care, who are more prone to early hospital readmission.18,19 Furthermore, these patients 
often experience loneliness and isolation, two factors that exacerbate significant risks such as falls and declining cognitive 
function, both of which may contribute to hospitalisation and multimorbidity if improperly managed.20,21

The interdependency between hospital and social care is evident, hence interventions that look to tackle individual 
patient issues may fail to be sustainable. Therefore, integrated approaches that can address the entire care pathway may 
be better suited to support the most vulnerable patients. Medicines optimisation (MO) interventions can play a pivotal 
role in improving the safety and quality of care that patients receive in secondary,22 community,23 and care home24 

settings. Furthermore, MO provides strong health economic value through the reduction of medication related harm and 
waste, estimated to cost the UK National Health Service £98m25 and £300m26 respectively each year. The emphasis on 
a “systems approach” MO service is clear from a recent 2021 NHS Clinical Commissioners report by Rule and Jones27 

that highlights how essential these interventions will be with the introduction of Integrated Care Systems (ICS) in 
England. These systems aim to support more collaboration between health and care services with a focus on improving 
health outcomes and financial sustainability across established cross-organisation networks.

One such example of an embedded across-system intervention is the Lewisham Integrated Medicines Optimisation 
Service (LIMOS). The service provides a formal pathway for the referral of patients with medicines-related problems 
identified in primary and secondary care for management by a specialist pharmacy team. The team, comprising of 
specialist pharmacists and pharmacy technicians, assesses, supports, and follows referrals with the aim of providing an 
integrated and deliverable pharmaceutical care plan. The aim is to enable patients, particularly those who are at high risk 
of admission, to get the most from their medicines whilst remaining independent and safe. The service is conducted in 
hospital, patients’ homes and in care homes.

There are several alternative examples of clinical pharmacy interventions and services that have demonstrated 
a reduction in the length of stay in hospital, hospital readmissions, and A&E attendances, however none have done so 
using a validated intervention tool.28–30 Thus, the impact of clinical pharmacy interventions remains difficult to 
quantify and any outcome in healthcare that may occur due to a pharmacist’s intervention may not be directly 
attributed to that action. Therefore, the key objective of this study was to undertake an external evaluation of the 
LIMOS service.

As part of the evaluation process, the study aimed to describe the population who received care by the LIMOS team, 
their risk of admission and potential differences between risk groups, the types of contribution made by the LIMOS team 
and the impact of LIMOS pre- and post-intervention on primary outcomes such as medicines self-management, A&E 
attendances, and admissions at University Hospital Lewisham (UHL). Additionally, the study sought to explore the 
routes and types of LIMOS referrals, as well as evaluate changes in social care need and medication support among 
patients referred to LIMOS.
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Materials and Methods
Study Design
The study followed an observational design in line with the STROBE Cohort guidelines and is reported as such.31 

Patients referred to the LIMOS service between 01/04/2016 to 30/09/2016 that received an intervention were retro-
spectively and prospectively monitored for a period of 12 months pre- and post-intervention. Ethics approval was 
obtained from Kingston University Delegated Research Ethics Committee (Ref: 1415/035) and approved by the R&D 
department by UHL as a service evaluation. Data from patients who had previously accessed the LIMOS service were 
assessed retrospectively via the secure internal trust database. Hence, patients were not actively involved in a research 
process and therefore informed consent was not required and waived by the ethics committee and R&D department for 
UHL. All data were handled in accordance with UHL’s data protection and patient confidentiality policies.

Sample Size and Characteristics
The LIMOS service can be accessed by any patient registered with a Lewisham GP where medicines support is required 
and one of the referral criteria are met. Only patients with valid referrals to LIMOS were considered for data extraction. 
Referral criteria included issues pertaining to the safe and effective use of medicines such as: history of a mental health 
issue, medicines-related admission/readmission, initial care home admission review, post-discharge care home review, 
medication adherence support eg, “blister pack” (a monitored dosage system (MDS)) initiation, support with adherence 
and review of level of medication support as a package of care (POC). More specifically, referral for a POC review would 
relate to a change in health status that may result in either an increased or decreased need for support with medications 
administration at home via a POC. Levels of medicines support were quantified as 1, 2 and 3 which indicated assistance 
with medicines (eg, reminders/ordering), administration support (eg, from a care worker) or specialist administration 
support (eg, insulin injection) respectively.

Patient details were extracted for all patients discharged from the LIMOS service over a six-month period in 2016 
(01/04/2016 to 30/09/2016). The Raosoft32 sample size calculator was used to determine the size of a representative 
sample from this period. A total of 376 patients were discharged from the LIMOS service in the six-month period (01/04/ 
2016 to 30/09/2016). A final minimum sample size of 191 patients was calculated (margin of error 5%; confidence 
level 95%).

Any patient discharged from the LIMOS service between 01/04/2016 and 30/09/2016 that received an intervention 
were considered eligible for inclusion in the study. Prospective monitoring continued for 12-months post-recruitment, 
hence the final date for collection of data was 30/09/2017.

Internal Validation of LIMOS
LIMOS has specific outcomes through which impact measurement can be derived. These include, in part, improved 
medication adherence (addressing both intentional and non-intentional adherence issues), reduction of hospital admis-
sions/readmissions related to medicines, reduction in medicine waste, cost associated with number of medicines stopped 
and improved patient experience. To provide a quantitative estimate for the reduction of A&E and hospital admissions, 
LIMOS adapted the National Patient Safety Agency (NPSA) risk matrix,33 a tool for risk managers that provides an 
outcome measure of associated risks (Table 1). The adapted tool scores the impact of an intervention in the context of 
risk of A&E attendance and hospital admission if the holistic intervention had not taken place.

The LIMOS tool scores the risk by considering the likelihood and consequence of a medicines–related problem to 
occur. This together with more concrete and easier to measure interventions, such as the value of medicines stopped and 
the number of social care interventions avoided, have allowed the service to internally demonstrate significant financial 
value with £2 saved across the health and social care economy for each £1 spent.

Internal validation of the LIMOS tool was conducted by a panel of specialists drawn from both primary and 
secondary care who rated the interventions performed by the service.34 An audit of scores by the panel showed similarity 
of scores per case. The LIMOS team internally scored the impact of their intervention and presented a random sample of 
cases to the panel for scoring. An analysis conducted in July 2015 during the first year of the evaluation of the service 
showed an 88% similarity in risk rating scores. There were some instances where the panel scored higher than the 
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assessment made by the LIMOS pharmacist. The annual service report for 2015/16 by LIMOS revealed that of 706 cases 
seen, 228 were deemed to be either high or very high risk of admission if intervention had not taken place. This equated 
to a potential cost avoidance value of £118K.

Research Instruments
For retrospective data collection, a tool was designed to record patient details including their age, gender, ethnicity, 
patient group stratified by risk, reason for referral, date and source of referral, LIMOS discharge date, numbers of 
prescribed medicines, A&E admission dates and reasons and A&E attendance dates and reasons for UHL admission. 
Furthermore, LIMOS service details that were collected included: medicines management on initial assessment and at 
discharge, types of medicines-related problems identified, actions taken by the LIMOS team and the numbers of phone 
calls and appointments conducted while on the service. Medication adherence issues were classified as either intentional 
or unintentional upon discussion with a patient and/or a care provider. For example, quantitative reporting of intentional 
non-adherence may include patients who decided to stop their medicines due to side-effects, whereas unintentional non- 
adherence may be the result of forgetfulness. The risk of admission score was captured using the adapted LIMOS NPSA 
matrix that was also collated within the retrospective data collection tool. Data were derived from the UHL records 
system (UHLiCARE) and the primary care record (EMIS).

A prospective data collection tool was designed to collect data from UHLiCARE only. This included the number and 
timing of A&E attendances and hospital admissions for 12 months following the LIMOS intervention, providing data for 
pre- and post-intervention analyses.

Data Analysis
Data obtained from EMIS and UHLiCARE were entered into Microsoft Excel prior to extraction and further analysis in 
SPSS. Descriptive statistics were used to analyse socio-demographic and cohort level data in addition to univariate 
analysis to examine between-group differences. A p-value of <0.05 was considered significant. For categorical data, such 
as risk-score, a Chi-Square analysis was performed followed by additional post-hoc testing using Bonferroni correction 
to identify significant relationships between variables prior to an Odds Ratio (OR) estimation. Paired sample t-tests were 
conducted to provide mean differences in outcomes pre- and post-LIMOS. Data were reported at 95% Confidence 
Intervals (CI) in addition to Cohen’s d for effect size estimation. Analyses were conducted at a total cohort level prior to 
stratification by admission risk score.

Table 1 Adapted LIMOS Risk Matrix Tool

Colour Code Score (Consequence x Likelihood) Level of Risk

1 to 3 Low

4 to 7 Moderate

8 to 13 High

14 to 25 Very High

Notes: Consequence scores range from 1 (negligible) to 5 (catastrophic) based on the perceived impact on safety 
to the patient. An example 5 score would be an incident that results in mortality. Likelihood scores range from 1 
(rare) to 5 (almost certain) based on the frequency of how often an incident does or may happen. An example 5 
score would be an incident that will undoubtedly happen. For LIMOS, scores are calculated to give estimation of 
“risk” that a hospital admission would have occurred if an intervention had not been undertaken by the LIMOS 
team. An incident classified as a moderate (3) risk of harm, that was considered possible (3) would result in a total 
score of 9 (3x3), hence the risk of admission would be considered “high”.
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Results
Socio-Demographic Characteristics and Admission Risk
Data were collected for a total of 193 patients of whom 109 identified as female (56.4%). The mean age at referral was 78 
years (range 30–101). Ethnicity data were recorded for 86% (n = 165) of the participants with the largest cohort recorded 
as White British (n =71/165, 36.8%). Most of the sample (78%, n = 150) were assigned low and medium admission risk 
scores using the LIMOS tool with the remaining sample assigned high risk (n = 43). Table 2 summarises the patients’ 
characteristics by allocated admission risk score.

Socio-Clinical Analyses
Between group analyses for admission risk scores were conducted for socio-clinical data pertaining to patient age, 
gender, ethnicity, duration on the LIMOS service, number of medicines, and number of comorbidities (Table 2). The 
mean time spent on the service for the total sample with available duration data (99.5%, n = 192/193) was 98.3 ± 71.2 
days (Table 2). Fewer patients had a full data set for their medication history (95.3%, n = 184); however, the mean 
number of prescribed medicines for the cohort was 8.1 ± 3.8. Complete comorbidity data were lacking; full reports were 
available for only 69.4% (n = 134) of the cohort with the mean number of comorbidities being 7.9 ± 3.7. As admission 
risk score increased, so did the mean number of medicines, comorbidities, and duration on the LIMOS service, however 
these were all non-significant (p>0.05). Furthermore, univariate analysis of demographic factors by risk score did not 
identify any significant difference (p>0.05) between groups based on age, gender, or ethnicity.

Referrals to LIMOS
Roughly a quarter (24.4%, n = 47/193) of all the patients within the study cohort were first seen in the hospital setting, 
whilst around 74.6% (n = 144) of referrals were first seen in primary care. Of those who were considered a high-risk of 
admission, 32.6% (n = 14/43) were first seen in hospital compared with 16% (n = 12/75) for those considered medium- 
risk and 28% (n = 21/75) of those considered a low-risk. Referrals from GPs and social care teams comprised the largest 
route of referrals across all risk groups (Figure 1). Patients can have more than one reason for referral. Figure 2 gives 
details of the total cohort stratified by risk-group and referral criteria.

Adherence support with a medication regimen was the most common reason for referral across all risk-groups 
(Figure 2). Excluding this referral type, the low-risk group had the highest referral rate for a medicines support review in 
a POC (30.6%, n = 23/75). The medium-risk group represented the most referrals for patients with a personal history of 
a mental disorder (30.7%, n = 23). The largest proportion of referrals for compliance support with an MDS were 
observed in the high-risk group (34.9%, n = 15/43). Referrals due to medicines related hospital admissions, initial post 
discharge reviews in a care home, or care home visits were limited.

Medication Adherence and Access
Medication adherence was a significant issue for LIMOS patients (Figure 3). Overall, intentional, and unintentional poor 
adherence was identified in 21.2% (n = 41/193) and 67.9% (n = 131/193) of the cohort respectively. Adherence can be 
affected by the ability to request, access, and order medication, or through lack of coordination of prescriptions.

The medium-risk group had the highest proportion of patients identified with intentional medication non-adherence, 
unintentional non-adherence, and issues accessing or requesting medication, with those affecting 29.3%, 80.0%, and 
38.6% of this risk-group respectively (Figure 3). The most common problem identified unanimously across all three risk- 
groups was unintentional non-adherence. When conducting a Chi-Square analysis, this was the only factor found to differ 
significantly (X2=9.03, p=0.01) between risk groups. Additional post-hoc testing using Bonferroni correction identified 
a significant difference (p=<0.01) between the low-risk and medium-risk group. Patients in the medium-risk group were 
almost three times as likely to be identified as unintentionally non-adherent when compared to low-risk patients (OR 
2.98, 95% CI 1.44–6.16, X2=8.96, p=<0.01).
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Table 2 Patients’ Characteristics by Allocated Admission Risk Score

Total (n=193) Low (n=75) Medium (n=75) High (n=43) p-value

n (%) Mean ± SD 95% CI n (%) Mean ± SD 95% CI n (%) Mean ± SD 95% CI n (%) Mean ± SD 95% CI

Gender 193 0.32

Male 109 (57%) 41 (55%) 47 (63%) 21 (49%)

Female 84 (43%) 34 (45%) 28 (37%) 22 (51%)

Age at Referral 193 78.1 ± 13.6 76.2–80.1 75 77.8 ± 14.1 74.7–80.6 75 80.4 ± 11.4 77.3 −83.4 43 74.4 ± 15.7 70.7–78.9 0.97

Ethnicity 193 0.09

Not recorded 28 (14.5%)

African 2 (1.0%)

Black British 9 (4.7%)

British or mixed British 7 (3.6%)

Caribbean 26 (13.5%)

English 18 (9.3%)

Ethnic category - 2001 census 2 (1.0%)

Irish 5 (2.6%)

Other Black background 2 (1.0%)

Other Black or Black unspecified 2 (1.0%)

Other White background 2 (1.0%)

Scottish 2 (1.0%)

White and Black Caribbean 2 (1.0%)

White British 71 (36.8%)

White Irish 2 (1.0%)

Other 13 (6.7%)

Duration on service 192 (99.5%) 98.3 ± 71.2 88.2–108.5 75 91.7 ± 72.3 75.4–108.0 75 103.7 ± 59.5 87.5–120.0 42 (97.7%) 100.6 ± 87.7 78.8–122.3 0.57

Number of medications 184 (95.3%) 8.1 ± 3.8 7.5–8.6 73 (97.3%) 7.9 ± 4.5 7.0–8.7 70 (93.3%) 8.3 ± 3.8 7.2–9.0 41 (95.3%) 8.3 ± 3.8 7.2–9.5 0.80

Number of comorbidities 134 (69.4%) 7.9 ± 3.7 7.26–8.53 50 (66.7%) 7.4 ± 3.2 6.3–8.5 53 (70.7%) 8.0 ± 4.1 6.9 – 8.9 31 (72.1%) 8.6 ± 3.9 7.2–9.9 0.42

Abbreviations: SD, standard deviation; CI, confidence interval.
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Figure 1 Source of referral to LIMOS.
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Figure 2 Patient cohort and referral criteria.
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LIMOS Interventions and Outcomes
Interventions Delivered
Medication adherence discussions were the most common interventions conducted by the LIMOS team across all risk 
groups (Figure 4); proportionally, high-risk patients were most likely to receive this intervention (81.4%, n = 35/43). High- 
risk patients also received the greatest number of medication reminder charts (30.2%), pharmacist medication reviews 
(8.2%), and MDS discontinuation (16.3%). Clinical interventions were most predominant in medium-risk patients, with an 
average of 1.24 interventions per patient, compared to 0.32 and 0.65 in the low and high-risk groups respectively. Medium- 
risk patients were also the most likely to have unnecessary medication stopped by the LIMOS team, with this intervention 
being delivered in almost a third of this cohort (29.3%, n = 22/75). The average number of medicines stopped per patient by 
risk group were 0.25 (Low), 0.48 (Medium), 0.37 (High). Across the entire cohort, a total of 32 patients (16.6%, n = 32/ 
193) were initiated on an MDS. However, it is important to recognise that a total of 61 (31.6%) requests for an MDS were 
made. Notably, 29 (47.5%, n = 29/61) requests were therefore prevented as the intervention was found to be inappropriate 
in almost half of those patients referred for an MDS; this finding was most prominent in high-risk patients where 16.3% 
(n=7/43) of the cohort were prevented from receiving an inappropriate MDS.
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Figure 4 LIMOS interventions. 
Abbreviations: LIMOS, Lewisham integrated medicines optimisation service; MDS, monitored dosage system.

https://doi.org/10.2147/PPA.S376686                                                                                                                                                                                                                                  

DovePress                                                                                                                                               

Patient Preference and Adherence 2022:16 2954

Harrap et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Outcomes: Medicines Management and Receipt of Care
The most impactful change observed pre- and post-LIMOS for the entire cohort was number of patients recorded as self- 
managing their medicines (57%, n = 110/193 vs 18.7%, n = 36). There was a significant decrease (Cohen’s d=0.77, −0.38 
± 0.50, 95% CI −0.45–−0.31, p<0.01) in medication self-management across the entire cohort as well as each risk group, 
however the strongest effect size was observed in low-risk patients (Cohen’s d=0.91, −0.45 ± 0.50, 95% CI −0.57–−0.34, 
p<0.01) (Table 3). This indicates that these patients were correctly identified as being unable to cope with their medicines 

Table 3 Medicines Management, Care Needs, and Medication Support Pre- and Post-LIMOS

Outcome Total Cohort (n=193)

n (%) Mean Difference ± SD 95% CI Effect Size p-value

Self-managing Medication 193 (100.0%) −0.38 ± 0.50 −0.45–−0.31 0.77 <0.01

Compliance Aid (Not Pharmacy) 193 −0.05 ± 0.32 −0.10–0.01 0.16 0.03

Uses MDS (Pharmacy Filled) 193 −0.02 ± 0.59 −0.10–0.07 0.03 0.72

Paid Carer (No. visits/24hr) 193 0.33 ± 1.02 0.19–0.48 0.32 <0.01

Informal Carer (No. visits/24hr) 193 −0.01 ± 0.16 −0.03–−0.02 0.03 0.66

Level of Medication Support 193 0.64 ± 1.2 0.47–0.81 0.53 <0.01

Low Risk (n=75)

Self-managing Medication 75 (100.0%) −0.45 ± 0.50 −0.57–−0.34 0.91 <0.01

Compliance Aid (Not Pharmacy) 75 −0.07 ± 0.25 −0.12–−0.01 0.27 0.02

Uses MDS (Pharmacy Filled) 75 −0.03 ± 0.59 −0.16–0.11 0.05 0.70

Paid Carer (No. visits/24hr) 75 0.77 ± 1.18 0.50–1.04 0.66 <0.01

Informal Carer (No. visits/24hr) 75 0.44 ± 1.12 0.18–0.70 0.39 <0.01

Level of Medication Support 75 −0.01 ± 0.12 −0.40–0.01 0.12 0.32

Medium Risk (n=75)

Self-managing Medication 75 (100.0%) −0.37 ± 0.49 −0.49–−0.26 0.77 <0.01

Compliance Aid (Not Pharmacy) 75 0.01 ± 0.35 −0.07–0.09 0.04 0.74

Uses MDS (Pharmacy Filled) 75 −0.08 ± 0.56 −0.21–0.05 0.14 0.22

Paid Carer (No. visits/24hr) 75 0.61 ± 1.08 0.37–0.86 0.57 <0.01

Informal Carer (No. visits/24hr) 75 0.27 ± 0.81 0.08–0.45 0.33 <0.01

Level of Medication Support 75 0.01 ± 0.20 −0.03–0.06 0.07 0.57

High Risk (n=43)

Self-managing Medication 43 (100.0%) −0.28 ± 0.50 −0.43–−0.12 0.55 <0.01

Compliance Aid (Not Pharmacy) 43 −0.14 ± 0.35 −0.28–−0.3 0.40 0.01

Uses MDS (Pharmacy Filled) 43 0.12 ± 0.63 −0.08–0.31 0.19 0.23

Paid Carer (No. visits/24hr) 43 0.47 ± 1.42 0.03–0.90 0.33 0.04

Informal Carer (No. visits/24hr) 43 0.26 ± 1.12 −0.11–0.62 0.22 0.16

Level of Medication Support 43 −0.02 ± 0.15 −0.07–0.02 0.15 0.32

Note: Significant p-values are highlighted in bold. 
Abbreviations: SD, standard deviation; CI, confidence interval; MDS, monitored dosage system.
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and required additional support with medicines-management by the LIMOS team. At a total cohort level, there was also 
a significant reduction in the number of compliance aids used by patients (p<0.05). Furthermore, the number of patients 
moving to a POC with medicines support (Level 1, 2, or 3) and number of paid care visits increased significantly 
(p<0.01). Only the increase in number of paid care visits remained significant when stratified across all risk groups 
(p<0.05). Interestingly, a significant increase in informal care was observed for both the low and medium-risk groups 
only (p<0.01).

Outcomes: A and E Visits, Admissions and Length of Stay
Data were available for 168 (87.0%, n = 168/193) patients when conducting the analyses on outcomes related to A&E 
visits, admissions, and length of stay pre- and post-LIMOS (Table 4). All outcomes were found to be significant for the 
whole cohort (p<0.05). The total number of admissions reduced significantly (p<0.01), however a significant result was 

Table 4 A and E Visits, Admissions, and Length of Stay Pre- and Post-LIMOS

Outcome Total Cohort (n=193)

n (%) Mean Difference ± SD 95% CI Effect Size p-value

Total A&E visits 168 (87.0%) 0.78 ± 1.93 0.50–1.06 0.40 <0.01

Total A&E visits followed by an admission 168 0.90 ± 1.39 0.46–1.34 0.65 <0.01

Total number of admissions 168 −0.36 ± 1.87 −0.63–0.10 0.19 <0.01

Average admission rate per patient 168 −0.15 ± 0.64 −0.24–−0.06 0.24 <0.01

Average length of stay 168 −7.67 ± 48.57 −14.57–−0.78 0.16 0.03

Low Risk (n=75)

Total A&E visits 65 (86.7%) 0.91 ± 1.92 0.46–1.35 0.47 <0.01

Total A&E visits followed by an admission 65 0.95 ± 1.54 0.23–1.66 0.62 0.01

Total number of admissions 65 −0.12 ± 1.80 −0.84–0.61 0.06 0.75

Average admission rate per patient 65 −0.12 ± 0.61 −0.25–0.03 0.18 0.13

Average length of stay 65 −5.55 ± 42.33 −15.38–4.23 0.13 0.26

Medium Risk (n=75)

Total A&E visits 64 (85.3%) 0.59 ± 1.38 0.27–0.91 0.43 <0.01

Total A&E visits followed by an admission 64 1.08 ± 1.19 0.36–1.79 0.91 <0.01

Total number of admissions 64 0.41 ± 1.18 −0.19–1.02 0.35 0.17

Average admission rate per patient 64 −0.21 ± 0.62 −0.36–−0.07 0.34 <0.01

Average length of stay 64 −7.53 ± 58.08 −20.90–5.83 0.13 0.27

High Risk (n=43)

Total A&E visits 39 (90.1%) 0.88 ± 2.64 0.07–1.70 0.34 0.03

Total A&E visits followed by an admission 39 0.50 ± 1.41 −0.68–1.68 0.35 0.35

Total number of admissions 39 −1.69 ± 4.29 −4.28–0.90 0.40 0.18

Average admission rate per patient 39 −0.12 ± 0.73 −0.34–0.11 0.16 0.30

Average length of stay 39 −11.12 ± 41.22 −23.80–1.57 0.27 0.08

Note: Significant p-values are highlighted in bold. 
Abbreviations: SD, standard deviation; CI, confidence interval; A&E, accident and emergency.
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not observed when stratified by risk group. Moderate effects sizes were reported for both the observed mean increase in 
A&E visits (Cohen’s d = 0.40, 0.78 ± 1.93, 95% CI 0.50–1.06) and mean increase in A&E visits followed by an 
admission (Cohen’s d = 0.40, 0.90 ± 1.39, 95% CI 0.46–1.34). These outcomes were found to be significant when 
stratified by risk group (p<0.05), excluding A&E visits followed by an admission in high-risk patients (p=0.35). In total, 
112 additional A&E visits post-LIMOS were reported for the total cohort; the average income cost of an A&E attendance 
at the time of the study was £147, therefore the increase would have cost £16,464 (112 extra visits x £147).

Medium-risk patients were the only risk-group to observe a significant mean reduction in admission rates per patient 
(Cohen’s d=0.34, −0.21 ± 0.62, 95% CI −0.36–−0.07, p<0.01). Notably, the medium-risk group observed the highest 
number of significant outcomes pre- and post-LIMOS of any risk group. Furthermore, the medium-risk group was 
associated with the largest mean increase in A&E visits followed by an admission when compared to both the total 
cohort, as well as low and high-risk groups; the effect size for this outcome was particularly strong (Cohen’s d = 0.91, 
1.08 ± 1.19, 95% CI 0.36–1.79, p<0.01).

The mean reduction in average length of stay for patients post-LIMOS was −7.67 ± 48.57 (Cohen’s d = 0.16, 95% CI 
−14.57–−0.78, p=0.03). This reduction was not significant when stratified by risk group, however the mean reduction in 
average length of stay increased in tandem with the admission risk assigned to each cohort, ranging from −5.55 ± 42.33 
to −11.12 ± 41.22 in the low and high-risk groups respectively. With the average cost per bed day in COE being £300, 
this finding has significant cost-saving implications. The reduction in bed days (Pre-LIMOS, n = 3778 vs Post-LIMOS, 
n = 2297) for this sample represents a saving of £444,300 (n = 1481 x £300).

As there was limited access to clinical information to relate the causes of the A&E attendance/admission reasons to 
a patient’s profile, the authors felt it was useful to consider how long after the LIMOS intervention the A&E attendances 
and admissions occurred. Although the number of A&E attendances increased post-LIMOS, most visits (63%, n = 165/261) 
occurred more than 90 days post LIMOS discharge (Supplementary File 1). The greatest percentage of A&E visits after 90 
days was in the low-risk group (66%, n = 80/121). Similarly with hospital admissions, the majority (66%; n = 100/152) 
occurred after 90 days with greatest percentage observed in the high-risk group (69%; 23/33).

In summary, the medium-risk group were most likely to present with problems related to medication adherence and 
access, whilst also receiving the highest number of clinical interventions. This group observed a significant shift in terms 
of medicines self-management and receiving care pre- and post-LIMOS. Furthermore, this was the only risk-group to 
report a significant reduction in admission rate per patient post-LIMOS. Hence, the evidence suggests that this risk group 
was seen to benefit most from LIMOS.

Discussion
An increasing trend in population dependency on health and social care services is apparent both within this study and 
the wider literature.16,17 Across all risk groups, rising numbers of patients starting on a POC or being moved to a higher 
level of support was reported. This included an increased demand for paid carers, reflecting the impact of social needs, in 
addition to medical needs on the variable risk of admission.15 These findings alone underpin the role for effective 
integration of services across the care pathway to provide appropriate support, referral and communication during 
episodes of transition of care for patients. This study highlighted the value of LIMOS across all risk groups but mainly 
those classified as medium-risk, however it also identified the need for repeated interventions given that the benefit of the 
interventions did not extend beyond 90 days where an increase in A&E admission rates was observed.

Most LIMOS referrals were received from GPs and social care workers. It may well be that these are identifying the 
reality of how patients are coping with their medicines in a domiciliary setting and therefore recognising the need for 
additional intervention or support in those with social care issues. There has been a significant reduction in both public 
health and social care spending within the last decade that has directly contributed to increasingly mortality, specifically 
in people over the age of 60.35 Interestingly, reduced social care spending was the more significant factor on the shift in 
mortality in this group, hence services such as LIMOS that look to bridge the gap may become even more essential in 
addressing this health inequality. Beyond the avoidance of mortality alone in this patient group, especially those without 
adequate social support, pharmacist-led MO services delivered through standardised methodologies can also play an 
important role in decreasing cost and medication-related harm, reducing hospital admissions, and improving medication 
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adherence.33,36–39 These outcomes can also be attributed to reductions in hospital length of stay and increased support 
with medicines management. Encouragingly, several of these findings were demonstrated in this study.

The number of medicines per patient did positively correlate with the adapted LIMOS risk score. The medium-risk 
group had the highest percentage of problems identified in terms of medication non-adherence and access to their 
medicines. When addressing adherence issues, commonly attributed to inappropriate polypharmacy, it is also prudent to 
consider the types of prescribed agents too. Those that increase the risk of falls, are excessively sedating or increase the 
risk of bleeds are of particular concern in elderly patients.40 Therefore, a holistic review of medicines, not solely the 
number of prescribed agents, is needed when addressing worsening medication-related outcomes and medicines waste 
linked to non-adherence – a service well suited to the expertise of pharmacy teams. Community pharmacists are well 
placed to provide medication reviews and tackle difficulties in patients accessing medicines, particularly in deprived 
areas where most populations live in closer proximity to a pharmacy than a GP surgery (p<0.05).41 Furthermore, a new 
NHS Discharge Medicines Service was established in 2021 that aims to reduce avoidable harm caused by changes to 
medicines in hospital by referring patients to community pharmacy for additional support.42 This new addition to the 
community pharmacy essential contract provides evidence of the growing recognition of pharmacy in the UK to deliver 
on patient outcomes as part of an integrated medicines optimisation service.

Despite the increasing demand for pharmacy-led medication interventions, evidence to demonstrate the efficacy of 
one of the most widely used tools, namely MDS, is limited. MDS are commonly used in patients with multimorbidity, 
however recent work by Counter et al43 has emphasised that they may in fact contribute to inappropriate polypharmacy, 
especially among patients living in socio-economically deprived areas. Lewisham remains one of the most deprived local 
authorities in London.44 It was therefore encouraging to observe that the high-risk group, who are arguably the most 
vulnerable to medicines mismanagement, had the highest percentage of requests for MDS diverted to other potential 
solutions and the greatest number of adherence discussions and medicine reminder charts provided during the study.

The number of occasions when medication reviews were recorded as conducted by pharmacists was fairly low; 4% 
(n = 3) in low-risk, 2.7% (n = 2) medium-risk and 7% (n = 3) in the high-risk cohort. It should be noted that “medication 
review” was only to be ticked on the EMIS template when the pharmacist reviews all medicines that the patient is 
prescribed/taking. This is to ensure the annual medication review by the GP is not recorded as complete if only a partial 
review has been conducted by LIMOS. It is clear that the LIMOS team would need to review a patient’s medicines in 
order to make recommendations such as to stop an unnecessary medication, change frequency of administration or 
change the formulation, however this review is not recorded as such or may be included in the discussion around 
medication adherence data.

Unfortunately, the number of patients visiting A&E and the number of A&E visits increased significantly across the 
cohort (p<0.01), particularly 90 days post-intervention. However, this phenomenon has been observed following other 
medication review-based interventions.45 This finding is attributed to patients and/or carers identifying problems or 
warning signs earlier, thus increasing their willingness to access healthcare services. This finding may also reflect the 
need for repeated interventions, as over time (specifically over 90 days post-LIMOS in this study) the benefit will 
eventually decline without repeat engagement. Therefore, pharmacy-led interventions in the domiciliary setting, such as 
LIMOS, can be successful in identifying the needs of housebound patients and may continue to alleviate pressure on 
secondary care as part of an integrated care model in the future but will require on-going investment to deliver continuity 
of care, with multilayered interventions if they are to demonstrate sustainable impact on patient care.19

There was a significant increase in the percentage of A&E visits leading to a UHL admission in both the low and 
medium-risk groups (p<0.01). Although this might suggest the validity of the use of A&E by the patients, it may be that 
the increase is due to greater use of the admissions unit and not full admissions. The UHL Information Management 
department confirmed that few patients end up being sent to other hospitals from the UHL A&E department, therefore the 
assumption that those not admitted to UHL are sent home is correct.

Length of stay is an important performance metric that has previously been significantly associated with demographic 
and clinical factors such as utilisation of social care services, disease severity and inadequate homecare provision.46,47 

The number of local authorities involved in the commissioning of social care services at discharge for a hospital is 
directly correlated with post-operative length of stay, as highlighted by Fernandez et al.47 The authors emphasise the 
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potential benefit that integrated information systems and joint assessment could systemically have on health service 
outcomes. Encouragingly, the average length of stay per patient in this study was significantly reduced post-LIMOS 
intervention.

As outlined previously, two-thirds of A&E visits and hospital admissions occurred more than 90 days after discharge 
from the LIMOS service. This finding is positive when considering the potential cost avoidance provided by the LIMOS 
intervention through the reduction of early readmission and late readmission for UHL. This finding also highlights the 
need for recurrent intervention post-discharge from LIMOS for sustainable avoidance of admissions. The annual cost of 
the service to run was £741,000 in 2016. Although the A&E attendances for this sample significantly increased post- 
LIMOS, the significant decrease in the number of hospital days stay per patient, considering a care of the elderly/medical 
bed day costs approximately £300, is a clear positive outcome for the LIMOS service. Annualised cost savings for this 
cohort would have been £1,810,944 (£1,876,800–65,856; (reduced days stay) - (increased A&E visits)), bearing in mind 
admissions pre- and post-LIMOS to other institutions are unknown. The shift of costs to social care, in terms of increased 
numbers of paid carers and number of daily visits, as patients moved to higher levels of medication support, must be 
considered.

This study was limited by the lack of a controlled population group that did not receive the LIMOS service. This 
would be a valuable comparison given the increasing frailty of participants as they got older, therefore post-LIMOS 
events could well be attributable to natural deterioration in their health. Furthermore, there were incomplete data to 
include all participants in pre- and post-LIMOS analysis for A&E visits, admissions, and length of stay, hence these 
results should be treated cautiously. The authors also note that these data were collected in 2016, with 12-month 
prospective monitoring toward the end of 2017. The study was designed as part of a two-arm retrospective and 
prospective evaluation of LIMOS. This study included prospective monitoring for patients who were already on the 
LIMOS service, however the full prospective arm sought to follow-up patients from the point of initial referral. This 
publication was held with a view to carry out the full prospective arm to include in the analysis, however there were 
significant delays to ethical approval at UHL, which was only granted at the start of 2020 shortly prior to the Covid- 
19 pandemic. The authors for this study are pharmacists, as such, during the pandemic they were redeployed to 
support with additional Covid-19 pressures that led to the cancellation of the final prospective arm, hence this 
manuscript was not submitted until a later date. However, LIMOS is still operational and unique as the only service 
of its kind nationally to our knowledge. LIMOS continues to be delivered, even throughout the Covid-19 pandemic, 
and has not changes in its specification, interventions of risk-stratification process to support patients. Therefore, 
these results reflect the experiences of both previous and current patients referred to LIMOS.

Conclusion
Overall, the study has demonstrated that the LIMOS service has a positive impact on admission avoidance regardless of the 
admission risk score allocated to each patient. The adapted risk score provided a validated approach to stratifying risk scores 
across the study population and identifying risk-group specific outcomes and evidence of cost saving. Those assigned 
a medium-risk score appeared to benefit the most from the LIMOS intervention, however specific reductions to length of stay 
and MDS commencement were significant for low-risk and high-risk groups respectively, indicating value across the entire 
patient cohort. It is evident that pharmacy-led MO interventions can support the gap across care pathways as part of an 
integrated model, particularly with respect to admission avoidance in secondary care, however the consequence of increased 
demand on social care services as a result should be considered and requires further investigation.
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