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Cardiology patients’ medicines management networks after hospital discharge: a 

mixed methods analysis of a complex adaptive system 

 

Abstract 

Introduction 

The complex healthcare system that provides patients with medicines places them at risk 

when care is transferred between healthcare organisations, for example discharge from 

hospital. Consequently, understanding and improving medicines management, particularly at 

care transfers, is a priority. 

 

Objectives  

This study aimed to explore the medicines management system as patients experience it 

and determine differences in the patient-perceived importance of people in the system. 

 

Methods 

We used a Social Network Analysis framework, collecting ego-net data about the importance 

of people patients had contact with concerning their medicines after hospital discharge. 

Single- and multi-level logistic regression models of patients’ networks were constructed, 

and model residuals were explored at the patient level. This enabled us to identify patients’ 

ego-nets with support tie patterns different from the general patterns suggested by the model 

results. Qualitative data for those patients were then analysed to understand their differing 

experiences.  

 

Results 

Ego-nets comprised clinical and administrative healthcare staff and friends and family 

members. Ego-nets were highly individual and the perceived importance of alters varied both 

within and between patients. Ties to spouses were significantly more likely to be rated as 

highly important and ties to community pharmacy staff (other than pharmacists) and to GP 

receptionists were less likely to be highly rated. Patients with low-value medicines 

management networks described having limited information about their medicines and a lack 

of understanding or help. Patients with high-value networks described appreciating support 

and having confidence in staff. 

 

Conclusions 

Patients experience medicines management as individual systems within which they 

interacted with healthcare staff and informal support to manage their treatment. Multilevel 

models indicated that there are unexplained variables impacting on patients’ assessments of 
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their medicines management networks. Qualitative exploration of the model residuals can 

offer an understanding of networks that do not have the typical range of support ties. 

 

Keywords: medication management; social network analysis; medication error; multilevel 

models; patient safety; healthcare systems. 

 

Introduction 

The healthcare system that provides patients with their medicines can also place them at 

risk, especially when their care is transferred between healthcare providers, for example, at 

hospital discharge.1 Among the risks to patient safety in the transfer of care are poor 

communication between care providers about changes to prescribed medicines during the 

hospital admission,2 3 the insufficient provision of information to patients about their 

medicines when they leave hospital,4 and deficits in the quality of medicines reconciliation.5  

 

Medicines management is the UK healthcare system that supports the prescribing, 

dispensing, monitoring, reviewing and use of medicines.6-8 It is a multi-professional, socio-

technical system within which patients interact with different healthcare professionals.9 

These professionals often work from different sites and settings such as hospitals, GP 

practices, specialist clinics and community pharmacies, and use different technical systems 

to support care. People in the system may operate independently yet concurrently and the 

system can be unpredictable. For example, patient responses to changes to medicines may 

not be as expected and one organisation may not respond to instructions or communications 

made by another, for example not implementing recommendations for changed medicines 

by specialists. In this way the medicines management system can be considered a complex 

adaptive system. Complex adaptive systems thinking recognises complexity, accepting that 

linear ‘cause and effect’ models of healthcare are too simple and do not take into account 

the decentralised structure of care and dispersed system controls.10 System performance or 

behaviours in complex adaptive systems are unpredictable, networks of ‘agents’ in the 

system react to the actions of others and connections between agents in the system are 

critical to success or survival.11  

 

Fraser and Greenhalgh (2001) described several properties of complex adaptive systems, 

which we have considered in the context of medicines management and presented in Table 

1.  
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Table 1: Examples of the features of complex adaptive systems applied to medicines management adapted from 

Fraser and Greenhalgh 2001 12 

Features of complex adaptive 

systems 

Examples in medicines management 

The system and its external 

environment are not constant 

People – such as clinicians or spouses – in the 

system change depending on patients’ access to 

services and informal support, health condition, and 

co-morbidities. The environment in which medicines 

are taken also varies. 

Individuals in the system are 

independent and creative decision 

makers 

Each patient and clinician makes decisions about 

which medicines are prescribed and taken, how they 

are titrated, how they are monitored and how they are 

managed in the home. 

Uncertainty and paradox are 

inherent 

Patient responses to treatment vary and treatment for 

one condition may impact on another condition.  

Problems cannot always be solved 

but they can be improved 

Many chronic conditions cannot be cured, only 

managed with medicines. 

 

The inherent risks in the transfer of care can be 

reduced but not eliminated. 

Effective solutions can emerge 

from minimum specification 

A small improvement to document the reason why a 

medicine has changed is not difficult to achieve yet it 

can substantially improve safety. 

Small changes can have big effects Changes made to treat one health condition may 

have adverse impacts on patients’ co-morbidities. 

Actions taken or not taken by one person in the 

system can cause a safety incident which can 

manifest in a different part of the system. 

Behaviour exhibits patterns (can be 

termed ‘attractors’) 

Patients order medicines through their GP practices 

and would normally have them dispensed in the 

same community pharmacy. 

 

GP practices would usually have a process for 

processing discharge summaries. 

 

Patients may have an established routine or process 

for managing their medicines. 

Change is more easily adopted 

when in taps into these patterns 

Co-design with exiting patients of self-management 

routines would tap into their existing management 

patterns. 

 

In the UK, the National Health Service (NHS) aspires to healthcare that is person-centred,13 

taking into account their individual needs and preferences. Medicines management is 

characterised by a focus on personal interactions,14 and as care recipients, patients have a 

view of care interactions that may not be afforded to others in the system. However, many 

patients’ experiences of navigating this system are less than optimal: they can be confused 

by the information they have (or have not) been given about their medicines,4 15  and they 

spend time actively monitoring for errors made by healthcare professionals. 16 17  
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Patients are usually discharged from the hospital in the UK with a supply of medicines of up 

to 4 weeks and information about the patient’s new list of medicines is sent to their primary 

care practice. Information is not routinely sent to community pharmacy unless the patient 

uses a multi-compartment compliance aid. Their next prescription will be issued by their GP 

and either sent to their community pharmacist or collected by the patient and taken to the 

community pharmacy to be dispensed. Many cardiology patients are referred by the hospital 

to cardiac rehabilitation and heart failure nursing services, which provide care for a specified 

period. Waiting times for these services are increasing nationally and the number of patients 

with co-morbidities that access them is also increasing.18  

 

Given the evident complexity in the medicines management system and the impact this has 

on patients, this study aimed to explore and appraise the composition of the medicines 

management system from the patient viewpoint to understand how this healthcare system 

operated after hospital discharge and the range of different healthcare professionals who 

comprise the system that patients must navigate. Viewing healthcare systems as social 

networks allows the type and value of care and support patients receive from healthcare 

professionals and patients’ own informal contacts to be considered. Consequently, a Social 

Network Analysis (SNA) framework was judged to be the most suitable methodology.  

 The overall objectives of the study were to:  

1 Describe the medicines management system from the patient perspective. 

2 Understand which professional and personal ties, such as community pharmacy, 

GPs and administrative staff, perform important functions for patients. 

 

Theoretical model 

We characterised the medicines management system as a personal network (an ego-net), in 

which the patients were the ‘egos’ and the people they interacted with concerning their 

following their discharge were their network members. The ties between patients and 

network members were patient assessments of the importance of that person to them in 

managing their medicines, and these ties were the units of analysis. 

 

Ego-net analysis of medicines management 

There are few published studies using ego-net or personal network approaches to explore 

how medicines are managed. Qualitatively, Kjos et al. (2011) explored medicines information 

seeking personal networks, finding that patients sought medicines information from both 

HCPs and informal network members, such as their family and friends, some of whom had 

healthcare experience.19 A further study used an ego-net approach to explore roles in 
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multidisciplinary care teams, describing and comparing patients’ health networks, gaining an 

understanding of their interactions, and identifying the community pharmacists’ roles within 

asthma patients’ networks.20 More recently, Cheraghi-Sohi et al. (2015) explored how 

personal network members influenced medicines-taking amongst 20 people with long-term 

conditions.17 The authors used the concept of ‘medicines work’ to explore the roles of others 

in enabling medicines taking. They found that personal network members performed tasks 

such as collecting and monitoring medicines, offering emotional support, and providing 

information to patients.  

 
Methods 

Study setting and recruitment 

We collected data about the people cardiology patients had contact with relating to their 

medicines via diaries and face-to-face semi-structured interviews during a six-week period 

following their discharge from two hospitals in the North of England. Site 1 was a 900-bed 

hospital forming part of an NHS teaching hospital foundation trust serving a population of 

approximately 0.5 million people in 100,000 households. According to Public Health 

England, over a quarter of adults in the areas were classified as obese and smoking related 

deaths were worse than the English average. Early deaths (people under 75 years of age) 

from heart disease and stroke had been consistently higher than the English average. 

Site 2 was a 690-bed hospital which forms part of a NHS trust, again serving a population of 

just over 0.5 million people. It covered the populations of several different unitary authorities 

and districts, most of which are highly deprived. Indeed, in all but one area served by the 

site, life expectancy for men and women was lower than the national average and the rates 

of cardiovascular disease and obesity were higher than the national average.21 A quota 

sample of 60 patients was constructed to ensure patients with different characteristics – 

socio-economic status measured by the Index of Multiple Deprivation value of the patient’s 

postcode, gender and age – were present in the final sample.  

 

Eligible patients were approached on the day of discharge by one experienced healthcare 

researcher (BF) who explained the study to them, gave them the patient information leaflet, 

which they were given time to read and to discuss with friends or family if they wished to do 

so. Patients who were willing to take part completed and signed a consent form. The 

researcher explained to the patient how to keep the diary records and agreed that the patient 

would be contacted by telephone after few days to see how they were managing their diaries 

and to arrange set-up of the subsequent interview. NHS Research Ethics Committee 

approval was obtained (13/NI/0118). 
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Data collection 

Data were collected between November 2013 and June 2014. During the six weeks 

following their discharge, patients were asked to keep paper diary records of the people they 

had had contact with concerning their medicines. They were asked to record each day in 

their diaries the contacts that had been made, the role of the person or relationship to them. 

There was space in the diary for the purpose and the mode (e.g. telephone) of the contact to 

be noted. We did not predefine who they should include, however patients were given 

examples of the types of contact they might record, for example GPs, nurses, pharmacists, 

friends and family. They were also given example diary records as shown in Table 2 and 

given the researcher’s contact details to use if they had queries. 

 

Table 2: Example diary records given to patients in the study 

Date People I 

contacted 

People who 

contacted 

me 

Role / 

relationship 

to me 

Contact 

type 

What happened 

15/09/13  Helen Sister-in-law Telephone Told me to follow my 

discharge medicines 

instructions carefully 

16/09/13 No contact No contact    

17/09/13 Pharmacist 

(supermarket) 

 Pharmacist In person I asked for indigestion 

tablets 

18/09/13 Pharmacist 

(Helen) 

 Pharmacist In person Reviewed my medicines 

– She said she would 

write to my GP to 

suggest some changes 

 

Diaries were used as prompts during semi-structured interviews held approximately six 

weeks following discharge from hospital. The interview schedule was constructed so that 

contact data could be collected during interviews if patients did not wish to keep a diary or 

did not feel able to do so. The semi-structured interview schedule comprised questions, 

probes and prompts exploring patients’ experiences with their medicines since leaving the 

hospital and the contact they had had with healthcare professionals and others concerning 

their medicines. During interviews a hierarchical personal network tool was used to collect 

data about patients’ medicines networks following previously applied methods.20 22 This was 

done by showing patients a circular diagram with numbered concentric circles which was 

used to position their network members (shown in Figure 1). The circle nearest the centre 

was labelled ‘1’ and outer circles 2, 3 and 4. The interviewer explained to the patient that 

they should indicate where each of the people identified in their networks should be 
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positioned based on how important the patient thought that person was to managing their 

medicines. A ranking of 1 was the most important and 4 the least important so the closer 

they placed them to the middle of the diagram, the more important the patient perceived that 

person to be.  Patients were asked ‘How would you rate the contacts involved in your 

medicines?’ ‘Why do these people play a bigger role than others in your medicines?’, ‘Why 

are these people not so important?’ and ‘How much do you feel each of these people listen 

to you? And understand you?’ The names and positions of patients’ medicines contacts 

formed their ego-nets for quantitative analysis. An example of the tool used is shown in 

Figure 1. 

 

Figure 1: An example of the hierarchical network took used to capture patients' networks 

 

Data analysis 

Members of patients’ networks were categorised into ten types based on their professional 

role or their relationship with the patient. There were eight professional types and two 

personal types. Tie values (recorded as 1 = highest value; 4 = lowest value) were reversed. 

Tie values were then dichotomised: for each network member the highest value was 

recorded as ‘1’ values of ‘1-3’ were recorded as ‘0’. 

 

Data were analysed in SPSS v.22 using descriptive statistics to explore the composition of 

patients’ networks and the importance of the types of network members. Data were then 

analysed using inferential statistics to explore the variation in importance for different 

network member types and whether network ties varied from patient to patient as well as by 

type of tie. This was also done to give insight into whether experiences of medicines 

management were different for each patient regardless of their network composition. A 

single-level logistic regression model was fitted in the statistical programme R23 linked to 

MLWIN v 2.35.24-26 The outcome variable was the dichotomised importance value. 

Explanatory variables were the site, the patient’s age, the patient’s gender, and the role or 

relationship of the network member. The reference category for patient gender was male, 

site was Site 1 and the reference category for network member type was the GP. A multi-

level version of the models was then fitted adding a patient level to the data to explore the 

extent of the tie value variation between patients. These allowed inference about whether 

the perceived importance of network ties varied from patient to patient as well as by type. 

The data were prepared in a multi-level structure with the patient at level 2 and their network 

members at level 1. 
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The multi-level logistic regression model can be summarised as: 

jijij u βX')logit(  

The dependent variable is whether the network member is highly important to the patient, 

therefore πij is the probability that the tie between the network member i and patient j is of 

high importance. X′ijβ model fixed effects that may be characteristics of the patient (e.g. age 

or gender) or the network member (e.g. professional role). uj is a normally distributed 

random effect for the intercept of the regression model at the patient level (Level 2), where  

),0(~ 2

uj Nu  . Level 1 variation between network members of the same patient (with the 

same fixed factors) is Bernoulli. 

 

Following previous applications of this method,27 28 we have assumed no overlap between 

networks; no member of one patient’s network was assumed to be a member of another 

patient’s network. Model estimation was achieved via a Markov Chain Monte Carlo method 

(MCMC), and the goodness of fit of the various models was compared using the Bayesian 

Deviance Information Criterion (DIC). The residuals of the best fitting model were analysed 

and extreme cases, not following the typical patterns of ties expected by the model, were 

explored qualitatively to understand more about their post-discharge experiences. This 

sequential mixed methods analysis combining interview data with quantitative network 

analysis allowed in-depth interpretation of the networks data and offered contextual 

information to the network strucutres.29 

 

Results 

75 patients were recruited to the study; 15 were lost to follow-up because: the study team 

could not contact them (3), they did not wish to take part (3), they were ill (7), and two 

patients died. 60 patients were retained in the study, 39 of whom kept diary records and 60 

took part in interviews. One patient was interviewed 12 weeks following discharge because 

he had been readmitted for surgery. Patients’ ages ranged from 35–80 (m 62; SD 10.3), 42 

were male and 18 were female.  

 

Descriptive analysis 

In total, 60 patients reported 383 medicines contacts with a mean network size of 6.47 

people (SD 2.72) and a range of 1–15. Overall, patients reported more professional than 

personal contacts (friends and family and spouses) in their networks. Most professionals 

were clinical, including GPs, GP practice nurses, hospital nurses, hospital doctors, 

community pharmacists and specialist cardiology nurses. Each patient had contact with at 
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least one healthcare professional or support staff member. In total, 60 patients had 273 such 

contacts. GPs (n=56) were the most commonly reported healthcare professional type, 

although a quarter of the sample had no direct GP contact. There were 53 nurses (other 

than specialist cardiology nurses) who were GP practice-based, clinic-based, and also 

hospital-based. Just over half of patients (43) recounted contact with community 

pharmacists. Cardiac rehabilitation nurses or heart failure nurses were present in the 

networks of 35 patients. Informal contacts included spouses (8% of all network members) 

and other family members and friends (20%) such as children, parents and siblings, friends 

and neighbours. Relatives, such as in-laws and cousins, also featured along with other 

people patients knew but were not close to, for example acquaintances at church. Some of 

these informal contacts had healthcare experience, e.g. they were GPs, current and former 

nurses, and healthcare assistants.  

 

Patients attributed the highest importance to over two fifths of their network members (44%) 

and spouses commonly attracted the highest ratings. GP receptionists attracted the most 

negative assessments by patients with nearly half being placed in the lowest value category 

by patients. Table 3 shows the number of people in each category and the importance 

placed on them by patients. 

 

Table 3: Network member types and importance ratings. Numbers are reversed so that 4 in the highest 
importance and 1 is the lowest importance. 

Type of network member Number (reversed) in each importance rating (%)  

 1  2 3 4 Total 

GPs 10 (17.9) 6 (10.7) 12 (21.4) 28 (50) 56 

Friends/Family 9 (11.5) 17 (21.8) 20 (25.6) 32 (41) 78 

Hospital doctors 1 (4.5) 7 (31.8) 5 (22.7) 9 (40.9) 22 

Spouses 2 (6.3) 2 (6.3) 5 (15.6%) 23 (71.9) 32 

Specialist cardiology nurses 2 (5.7) 3 (8.6) 8 (22.9) 22 (62.9) 35 

Other nurses 4 (7.5) 9 (17) 15 (28.3) 25 (47.2) 53 

Community pharmacy staff 5 (15.2) 10 (30.3) 12 (36.4) 6 (18.2) 33 

Community pharmacists 3 (7) 11 (25.6) 13 (30.2) 16 (37.2) 43 

Others 1 (12.5) 1 (12.5) 2 (25) 4 (50) 8 

GP receptionists 11 (47.8) 3 (13) 6 (26.1) 3 (13) 23 

Total 48 69 98 168 383 

Total (%) 12.5% 18% 25.6% 43.9% 100% 

 

 

 

Single-level model of the network ties 

Model 1 in Table 4 was a single-level logistic regression of the likelihood of a network 

member being highly important to the patient – fitted mainly as a baseline model to be 

compared for goodness of fit with the more realistically complex multi-level model. 
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Compared with GPs, all healthcare staff network members were less likely to be highly 

important members of patients’ networks. Patients’ spouses were significantly more likely to 

be highly important network members (p=<0.05 (CI 0.03 – 1.971)). Increase in age was also 

significantly more likely to positively impact on network ratings (p=<0.01(CI 0.008 – 0.0516)). 

GP reception staff (p=<0.01(CI -3.658 – -0.813) and community pharmacy staff (not 

pharmacists) (p=<0.01(CI -2.755 – -0.589)) were significantly less likely to be highly rated. 

 

Multi-level model of the network ties 

Multi-level models better represent these patient networks and allow the nature and extent of 

variation in ties between and within patient networks. Model 2 in Table 5 is a multi-level 

logistic regression of the likelihood of a tie being highly rated by the patient. It has a reduced 

DIC of 495.29, indicating that controlling for patient-level variation improves the statistical 

model fit. In this model, increasing age still significantly increases the likelihood that network 

ties will be highly important to patients (p<0.05 (CI 0.003 – 0.065). Spouses are also still 

significantly more likely than GPs to be highly important network members (p<0.05 (CI 0.112 

– 2.218)) and the likelihood of ties to community pharmacy staff (p=0.001 (CI -3.247 – -

0.827)) and to GP receptionists (p<0.01 (CI -4.147 – -1.032)) being highly rated is reduced 

compared to GPs. 

 

Table 4: Model 1 – Single-level logistic regression of the likelihood of a network tie being of high value to the patient. 

Reference categories: male patient; site 1; GP network member. 

Deviation Information Criteria (DIC) = 505.645  ** p<0.01  *p<0.05   

 Co-efficient SE P CI lower CI Upper 

Intercept  -1.645 0.727   0.0236 * -3.065 -0.242 

Patient age 0.030 0.011 0.008 ** 0.008 0.052 

Patient 
female 

0.199  0.241    0.409 -0.270 0.670 

Site 2 -0.413     0.361 0.080 -0.881 0.045 

Friend / 
family 

-0.437 0.528 0.407 -1.479 0.573 

Hospital 
doctor 

-0.518      0.503  0.303 -1.511 0.484 

Spouse 0.981      0.496 0.048 * 0.030 1.971 

Specialist 
cardio nurse 

0.513   0.449   0.253 -0.359 1.401 

Other nurse -0.120      0.399 0.763 -0.905 0.663 

Community 
pharmacy 
staff 

-1.608 0.549 0.003 ** -2.755 -0.589 

Community 
pharmacist 

-0.644      0.430  0.134 -1.498 0.203 

Other -0.063 0.803 0.937 -1.534 1.642 

GP reception -2.123 0.726   0.003 ** -3.657 -0.813 
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Table 5: Model 2 – Multi-level logistic regression of the likelihood of a network tie being of high importance to the 

patient. Level 1 network members; level 2 patients. Reference categories: male patient; site 1; network member GP. 

Deviation Information Criteria (DIC) = 495.293   ** p<0.01  *p<0.05   

Fixed part estimates 

 Co-efficient SE P CI lower CI upper 

Intercept  -1.863 1.028 0.070 -3.858 0.110 

Patient age 0.034 0.016 0.032 * 0.003 0.065 

Patient 
female 

0.159 0.349 0.650 -0.533 0.851 

Site 2 -0.447 0.321 0.163 -1.086 0.194 

Friend / 
family 

-0.339 0.402 0.399 -1.130 0.439 

Hospital 
doctor 

-0.268 0.580 0.644 -1.405 0.860 

Spouse 1.129 0.537  0.036 * 0.112 2.218 

Specialist 
cardio nurse 

0.600   0.500 0.230 -0.371 1.581 

Other nurse -0.117 0.437 0.789 -0.976 0.750 

Community 
pharmacy 
staff 

-1.973 0.620 0.001 ** -3.247 -0.827 

Community 
pharmacist 

-0.738 0.463 0.111 -1.659 0.157 

Other 0.064 0.884 0.942 -1.674 1.809 

GP reception 
staff 

-2.451 0.790  0.002 ** -4.147 -1.032 

Random part estimates at the patient level 

 Co-efficient SE CI lower CI upper 

Intercept 0.5636 0.404 0.002 1.561 

 

 

Analysis of the model residuals 

We analysed the residuals for the best fitting model (Model 2) to see, having controlled for 

the explanatory variables in the model, which patients valued their networks on average 

more highly than others and which patients attributed lower values on average (extreme 

cases). A caterpillar plot of the residuals for Model 2 is in Figure 2 and the extreme residuals 

are presented in Tables 6 and 7 for the tail and head of the residuals plot. We then explored 

the composition of those networks and the patients’ experiences of managing their 

medicines. Cases with extreme residuals indicated the patients for whom tie variation cannot 
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be explained well by the model and further qualitative assessment of these cases was 

carried out.  

 

Figure 2: Caterpillar plot of the residuals of Model 2 

 

Table 6: Extreme residuals for Model 2 (Head)  

Patient ID Residuals Lower 95% CI Upper 95% CI 

 18 -1.9 -3.4 -0.39 

13 -1.7 -2.9 -0.61 

 50 -1.6 -3.1 -0.14 

 

Table 7: Extreme residuals for Model 2 (Tail)  

Patient ID Residuals Lower 95% CI Upper 95% CI 

54 1.3 0.1 2.4 

48 1.6 0.3 2.9 

47 1.7 0.2 3.2 

25 2.5 0.9 4.2 

 

 

After fitting Model 2, three patients recorded lower values for their network ties than other 

patients. Here we describe their experiences in more depth. Patient 18 had no spouse or 

other friends or family support with medicines and felt that little information had been given 

to her in the hospital about newly prescribed medicines. Overall, this patient described being 

frustrated with the levels of medicines-related care she had experienced. She described 

feeling “like I’m 50%, I’m not 100%”. She had been given incorrect information by the 

hospital about discontinuing a medicine in advance of a test, which had annoyed her, and 

described having low levels of confidence in the efficacy of her medicines and that her health 

conditions and response to her medicines were not being effectively managed. 

 

“I believe that they [health professionals] should think, ‘well she’s still got the hypertension, 

which I’ll have but it’s ridiculously high, she’s maxed out on all of her blood pressure tablets 

and the majority of the angina medication, she’s already had a heart attack, the angina is 

more prevalent than it was before the heart attack, we should really be getting her sorted 

out.’” (Patient 18) 

 
 

Patient 13 had a large medicines management network with six friends and family members 

and a range of staff from different healthcare organisations providing medicines 

management functions for the patient’s cardiology conditions and other co-morbidities. He 

did consider some of his healthcare professionals, such as his GP, to be important; however 

none of his informal network, including his spouse, was highly valued. This patient ordered 
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his medicines himself using the GP practice’s online system and checked for himself the list 

of available medicines against the hospital discharge note. He attributed the highest value to 

his GP and hospital cardiologist and perceived much less value in the rest of his care team. 

In particular his usual community pharmacist was given the lowest value because he 

appraised their function and availability to be limited. 

 

“Well, I don't always see the chemist when I go… I may be wrong, but they can't change [the 

medicines], they have to go through a GP, or a consultant anyhow.” (Patient 13) 

 

Patient 50 described discontinuing two of her medicines during the immediate post-

discharge period because she didn’t understand why she needed to take them. She had 

asked for help from her spouse in organising her supplies but this had not been forthcoming. 

She also felt that healthcare staff had not taken into account her preferences, for example 

not wishing to take statins. She described perceiving the need to be given more explanation 

about the function of medicines and the reason for needing to take them.  

 

“Regards medicines, I think what would have been nice, is somebody with communication 

skills to sit in a private room, just you and them, and work through what had happened to 

you, what you need and why you need it basically, a bit like a proper GP consultation, but 

with a pharmacist who’s got some good communication and people skills.” (Patient 50) 

 

Four patients recorded higher values for their network ties than others. Their experiences 

are laid out below. 

 

Patient 25 attributed high importance to everyone in her network. She had unanswered 

questions about her medicines but blamed herself for not asking anyone about them. This 

patient valued the role of GP receptionists and pharmacy staff in supplying her with 

medicines and communicating efficiently. She also appreciated the relationship she had 

developed over time with the GP reception staff. 

 

“Well I have known them for a long time, I have been with them for years, so when I phone 

up they actually know who I am to start with. They just seem to know what you want when I 

am phoning for my medication. Like we will send it to the chemist, they are really good.” 

(Patient 25) 

 

Patient 47 had a small network comprising her GP, community pharmacist, the pharmacy 

delivery driver and her sister. She described having no problems with her medicines since 
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leaving the hospital and explained that the services of her community pharmacist and 

pharmacy delivery driver were important and she valued them for their reliability and the 

convenience of having medicines delivered. 

 

“He [the pharmacy delivery driver] delivers them, doesn’t he?  Without him I’d have to go find 

them myself, wouldn’t I?” (Patient 47) 

 

Patient 48 had a network of seven people, six of whom were healthcare staff. She described 

her daughter as acting as her advocate with the healthcare team. She had experienced side-

effects whilst taking a beta-blocker but her GP had taken action and she described not 

needing to talk with anyone about here medicines because “I just take them and get on with 

it”. Nevertheless she felt confident that her GP, other practice staff and staff at her 

community pharmacy were approachable if she had problems with her medicines. 

 

“No, they always say, any problems at all you’re not wasting [our time]…because I always 

think I’m wasting their time. [My GP] has talked to me on the phone before, he did last time 

when I told him about [my problems with] these beta-blockers.” (Patient 48) 

 

Patient 54 had a network of six people, five of whom were members of the healthcare team. 

He placed importance on a pacemaker technician who advised him to take the prescribed 

dose of beta-blocker after the patient had told him he had decided to take half the dose. He 

felt he had a good relationship with his GP, however, he was critical of the GP practice 

receptionist staff who he thought provided poor service and his new medicines had also 

been missing from his repeat prescription. This patient, however, praised the staff at his 

community pharmacy for their helpfulness. 

 

“They [community pharmacy staff] are brilliant, they are really good, they are and extremely 

helpful, they make you feel that you need... that you know they are there to help you.” 

(Patient 54) 

 

 

Discussion 

We found that patients discharged from cardiology wards have individual medicines 

management networks with different compositions and different sizes that included clinical 

and non-clinical staff and friends and family members. Over two fifths of the people in 

patients’ networks were perceived to be highly important in managing medicines. We also 

found that not all patients had contact with GPs and community pharmacists following their 
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discharge, however all patients did have contact with at least one formal healthcare staff 

member. Older patients were more likely to perceive highly important network ties. Patients’ 

spouses were significantly more likely than other network members to be highly important 

whilst community pharmacy staff and GP reception staff were less likely to be highly rated. 

By analysing the residuals of the best fitting model it was possible to identify patients who 

did not have the typical range of tie values. Some of these patients described not having 

enough information about their medicines and needing support in organising them once 

home from hospital. Others lacked confidence in their efficacy and had stopped taking them. 

Patients with more positive assessments of their networks described valuing the 

relationships they had developed over time with their care team.  

 

In common with other studies, patients had medicines network members who were friends or 

family members.17 19 Not all patients had this type of informal support, although each patient 

did have contact with at least one healthcare professional or healthcare support staff 

member. In our sample, increase in age positively impacted on the likelihood of patients 

perceiving their network members as highly important.  Older patients have previously been 

found to have high expectations of their care team and to have those expectations met,30 

however older patients and their carers have also reported poor experiences of the 

medicines care they receive after leaving hospital, and to lack knowledge of their 

medicines.4 31 This may result in older patients perceiving their care and informal support 

networks to be more important to them as they require more input post-discharge.  

 

All network members were on average less likely to be highly valued by patients than GPs 

apart from their spouse and their specialist cardiology nurses, although the latter not 

significantly so. This emphasises the continued, perceived importance of patients’ GPs in 

managing their medicines after a period in hospital, despite the reports some patients make 

about not being able to access GP services easily. GP receptionists and community 

pharmacy staff were not highly valued by the patients that came into contact with them. This 

contradicts evidence that patients tend to be satisfied with primary care experiences and 

they have confidence and trust in their healthcare teams.32 It might also reflect views that 

non-clinical staff play less important roles in healthcare, However GP receptionists perform 

pivotal medicines management functions,33 34 albeit not always patient-facing functions, 

which demand problem-solving, good judgement and a focus on patient safety. 

Receptionists often need to make decisions balancing patient needs with the availability of 

services, which can appear as ‘gatekeeping’ to the patient.33 Patients engage with pharmacy 

delivery drivers delivering to their homes and community pharmacy staff who may act as a 

proxy for contact with a community pharmacist and they may not see a pharmacist in 
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person. Because patients do not automatically have contact with a community pharmacist 

after their discharge and many do not see their GP, opportunities to support their medicines 

use may be missed. 

 

The ego-net approach to exploring a complex system 

Using the ego-net approach we were able to construct patients’ networks as patients 

experienced them, rather than how this healthcare system was designed to be delivered. 

Here, the patient was in the role of perceiver of their system in the form of ties to others 

concerning their medicines, rather than simply those that routinely and explicitly appear 

between professionals in care delivery. The networks reflect patient access of formal 

healthcare services and the availability of informal social support resources to access 

medicines. The multi-level model was able to reflect how individual patients’ networks were 

valued differently at the individual level; and that every person’s experience of healthcare is 

different. During the study, exploring personal interactions was invaluable in understanding 

how the system manifested itself to patients. The networks patients described were sets of 

independent actors working in parallel to meet the goal of managing medicines.10 In our 

study membership of each patient-described network varied and changed according to their 

needs, preferences and ability to adapt following their admission to the hospital, and the 

availability of services and support. The systems patients described were embedded within 

other systems and by nature would overlap with other systems, for example one GP would 

treat many patients but each of those patients would have different specialist clinicians 

managing their medicines and different people providing informal support. These medicines 

management systems also co-existed and interacted with other healthcare systems, for 

example those that commission healthcare services, or run primary care or hospital 

services.11 Moreover, patients themselves are complex, and are faced with social, economic, 

personal, biological, and clinical circumstances which are also variable and unpredictable 

and these combined forces impact on how they respond to or manage treatment and care 

services.35 36 

 

Implications for policy 

An important measure of the quality of healthcare is whether it provides care designed to 

meet individual patient’s needs.37 This research has demonstrated that every person’s 

experience of medicines management is individual, however, the extent to which the care 

that patients experience is individualised or tailored to their needs and values is 

questionable. Patient-centred approaches are key to the successful optimisation of 

medicines.38 It is undeniable that patients access the services of many different healthcare 

practitioners during this period of their recovery and in this sense they are managing one-to-



 

17 

 

many relationships with their care teams in the course of their medicines self-management. 

Patients in other research have described this as burdensome,4 and even if patients 

experienced individual, patient-centred encounters with a clinician, such as a cardiac 

rehabilitation nurse, the overall system itself may not have been calibrated to deliver patient-

centred medicines management. Interventions have attempted to enhance the patient-

centredness of medicines management, although few have been delivered by 

multidisciplinary teams.39 Policy must address, therefore, how an integrated patient-centred 

medicines management process could be designed and embedded to make it an actionable 

goal for all care providers within healthcare economies.  

 

The data suggest that there are inconsistencies in the support patients access to manage 

their medicines once they leave the hospital. Whilst this in part reflects individual variation in 

patients’ care needs and the complexity in the system, after leaving the hospital one in four 

patients had no contact with a GP who may be expected to have an overview of the care 

patients receive from different healthcare professionals and the different treatments 

prescribed for different chronic conditions. The UK NICE guidance stresses how medicines 

optimisation should be focussed on the involvement of all HCPs and social care 

professionals involved in the patient’s care and that professional collaboration across 

healthcare settings is required.38 It is difficult to ascertain what consideration is given to 

patients’ hospital discharge and medicines by somebody in primary care looking across 

patients’ co-morbidities and their subsequent appointments with specialists in their different 

health conditions. Given that changes to medicines made by one clinician can impact on the 

patient’s co-morbidities, consideration needs to be given to drug-condition interactions.  

 

Policy has attempted to extend and expand the role of community pharmacists in supporting 

patients with their medicines and build patient knowledge of their medicines over time to 

complement the care they receive from their GP and reduce the demand for GP services.40 

41 In the UK patients usually receive a supply of medicines in hospital to take home and then 

receive a follow-up prescription from their GP, which they then would access a community 

pharmacy to dispense. This differs from the way care is organised in other countries, for 

example in the USA where patients are not given supplies at discharge. Community 

pharmacists have also been commissioned to provide a Medicines Use Review and 

Prescription Intervention Service (MURs) in England and Wales since 2005 which aims to 

ensure that patients understand their medicines, identify problems patients might be 

experiencing and provide feedback to the prescriber. There are currently four target groups 

for MURs, which include those who have recently been discharged from the hospital with 

changes made to their medicines and patients with cardiovascular conditions. In this study 
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community pharmacists were not universally present in patients’ networks and, compared 

with GPs, they were not important network members. Our findings suggest that community 

pharmacy services could be better integrated into the post-discharge pathway to support 

patients in using their medicines following a period in hospital, especially as their information 

and support needs may change after discharge.42 In addition the increase in GP practice-

based pharmacists may provide an additional resource to optimise treatment across health 

conditions and clinical specialisms.43 

 

Implications for further research 

The research has expanded our understanding that informal  contacts are leveraged by 

many patients to gain support in medicines management. Spouses in particular played 

highly valued roles for patients. It is accepted that people’s social networks impact on their 

health and wellbeing,44 45 our study has shown the informal networks surrounding patients 

are as important to them as more formal healthcare practitioners and that people’s health 

and treatment is experienced through social ties, either through personal contacts supporting 

and facilitating recovery and access to treatment, or through the social context in which 

people experience socio-technical healthcare systems. There is a clear opportunity for SNA 

to explore and understand more about people’s behaviours and experiences with their 

medicines. Whole network approaches can be adopted to explore healthcare systems which 

include patients.46 

 

Limitations 

This work focused on a single health condition, and although the findings from this study 

cannot be generalised to the broader patient population, patients with a range of different 

health conditions are likely to share some of the same experiences in the post-discharge 

management of their medicines. The necessity to conduct a relatively small sample study to 

determine the extent of patients’ networks through face-to-face interview methods meant 

that the quantitative data analysis does not aim to be statistically inferential. This was a 

cross-sectional study that mapped patients’ networks and is subject to some of the inherent 

biases of this approach. This approach did not allow us to take into account the temporal 

order of medicines management care or support patients were able to access. In theory, this 

data might have been available in patient diaries, however not all patients felt able to keep a 

diary. The networks represented patients’ views of the medicines management system and 

this project did not attempt to corroborate their views with other sources of data such as their 

medical records or the views of healthcare professionals and informal carers. Patients’ 

experiences of healthcare systems are, however, important data in determining the quality 
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and safety of care. Networks were recorded or described by patients who may not have 

accurately noted or recalled their medicines management interactions. 

 

Conclusion 

Patients experience medicines management as individual systems comprising healthcare 

staff and personal contacts and patients value system components individually. Analysing 

the model residuals from the quantitative analysis, and exploring patients’ experiences 

qualitatively was a novel application of mixed methods to network data. There are 

opportunities to improve how medicines are managed to reflect the care and support needs 

of individuals so that it is person-centred. Using this ego-net approach it is possible to 

understand this complex healthcare system as patients experienced it, rather than how 

policy suggests it is delivered.  

 

Acknowledgements 

The authors wish to thank Dr Deirdre Naylor for her advice during this research and the 

patients who generously gave their time to take part following a period of ill health. 

 

References 

1. Forster AJ, Murff HJ, Peterson JF, et al. Adverse drug events occurring following hospital 
discharge. J Gen Intern Medicine 2005;20(4):317-23. doi: 10.1111/j.1525-1497.2005.30390.x 

2. Johnson JK, Farnan JM, Barach P, et al. Searching for the missing pieces between the hospital 
and primary care: mapping the patient process during care transitions. BMJ Qual Saf 2012;21 
Suppl 1:i97-105. doi: 10.1136/bmjqs-2012-001215 

3. Witherington E, Pirzada OM, Avery A. Communication gaps and readmissions to hospital for 
patients aged 75 years and older: observational study. Qual Saf Health Care 2008;17(1):71-5. 
doi: 10.1136/qshc.2006.020842 

4. Knight D, Thompson D, Mathie E, et al. 'Seamless care? Just a list would have helped!' Older 
people and their carer's experiences of support with medication on discharge home from 
hospital. Health Expect 2013;16(3):277-91. doi: 10.1111/j.1369-7625.2011.00714.x 

5. Morcos S. Where are the weakest links?: A descriptive study of discrepancies in prescribing 
between primary and secondary sectors of mental health service provision. Psychiatric 
Bulletin 2002;26(10):371-74. doi: 10.1192/pb.26.10.371 

6. Naylor C, Imison C, Addicott R, et al. Transforming our health care system: Ten priorities for 
commissioners. The King’s Fund 2011.  [Online: 
https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/10PrioritiesFinal2.pdf
] 

7. The Nursing and Midwifery Council. Standards for medicines management. London, 2010. [Online 
https://www.nmc.org.uk/standards/additional-standards/standards-for-medicines-
management/ accessed 17/04/2018] 

8. Carayon P, Wetterneck TB, Cartmill R, et al. Characterising the complexity of medication safety 
using a human factors approach: an observational study in two intensive care units. BMJ Qual 
Saf 2014;23(1):56-65. doi: 10.1136/bmjqs-2013-001828 

9. Carayon P. Human factors of complex sociotechnical systems. Appl Ergon 2006;37(4):525-35. doi: 
10.1016/j.apergo.2006.04.011 

10. The Health Foundation. Evidence Scan: Complex Adaptive Systems, 2010. [Online  
http://www.health.org.uk/publication/complex-adaptive-systems accessed 17/04/2018]. 

11. Plsek PE, Greenhalgh T. The challenge of complexity in health care. BMJ 2001;323:625-8. 



 

20 

 

12. Fraser SW, Greenhalgh T. Coping with complexity: educating for capability. BMJ 2001;323:799-
803. 

13. Fulop N, Allen P. National Listening Exercise: Report of the findings: The National Co-ordinating 
Centre for NHS Service Delivery and Organisation R&D 2000. [Online: 
http://www.netscc.ac.uk/hsdr/files/adhoc/listeningexercise.pdf accessed 17/04/2018] 

14. Carayon P, Bass E, Bellandi T, et al. Socio-Technical Systems Analysis in Health Care: A 
Research Agenda. IIE Trans Healthc Syst Eng 2011;1(1):145-60. doi: 
10.1080/19488300.2011.619158 

15. Attebring MF, Herlitz J, Ekman I. Intrusion and confusion--the impact of medication and health 
professionals after acute myocardial infarction. Eur J Cardiovasc Nur 2005;4(2):153-9. doi: 
10.1016/j.ejcnurse.2005.02.001 

16. Fylan B, Armitage G, Naylor D, et al. A qualitative study of patient involvement in medicines 
management after hospital discharge: an under-recognised source of systems resilience. 
BMJ Qual Saf 2017. Online first 16/11/2017 

17. Cheraghi-Sohi S, Jeffries M, Stevenson F, et al. The influence of personal communities on the 
self-management of medication taking: A wider exploration of medicine work. Chronic illness 
2015;11(2):77-99. doi: 10.1177/1742395314537841 

18. The British Heart Foundation. The National Audit  of Cardiac Rehabilitation Annual Statistical 
Report 2016. [Online https://www.bhf.org.uk/publications/statistics/national-audit-of-cardiac-
rehabilitation-annual-statistical-report-2016 accessed 17/04/2018] 

19. Kjos AL, Pharm D, Ph D, et al. Medication Information Seeking Behavior in a Social Context : The 
Role of Lay and Professional Social Network Contacts. Innovation in Pharmacy 2011;2(4):1-
23. 

20. Cheong LHM, Armour CL, Bosnic-Anticevich SZ. Primary health care teams and the patient 
perspective: A social network analysis. Res Soc Admin Pharm doi: 
10.1016/j.sapharm.2012.12.003 

21. Public Health E. Public health England profiles 2014. 
22. Williams RJ. Network hubs and opportunity for complex thinking among young British Muslims. J 

Sci Study Relig 2013;52(3):573-95. doi: 10.1111/jssr.12050 
23. The R Core Team. R: A language and environment for statistical computing.: R Foundation for 

Statistical Computing, Vienna, Austria, 2014. http://www.R-project.org/. 
24. Rasbash J, Browne WJ, Goldstien H, et al. A User's Guide to MLwiN, v2.26: Centre for Multilevel 

Modelling, University of Bristol, 2012. [online: http://www.bristol.ac.uk/media-
library/sites/cmm/migrated/documents/manual-print.pdf]25. WJ B. MCMC estimation in 
MLwiN, v2.26, 2012. 

26. Zhang Z, Charlton C, Parker R, et al. 2MLwiN: Running MLwiN from within R. R package version 
0.8-2. 2016 [Online: http://CRAN.R-project.org/package=R2MLwiN. 

27. De Miguel Luken V, Tranmer M. Personal support networks of immigrants to Spain: A multilevel 
analysis. Social Networks 2010;32:253-62. doi: 10.1016/j.socnet.2010.03.002 

28. Snijders T, Spreen M, Zwaagstra R. The Use of Multilevel Modelling for Analysing Personal 
Networks: Networks of Cocaine Users in an Urban Area. Journal of Quantitative Anthropology 
1995;5:85-105. 

29. Bellotti E. Qualitative Methods and Visualizations in the Study of Friendship Networks. 
Sociological Research Online 2017;21(2):1-19. doi: 10.5153/sro.3936 

30. Bowling A, Rowe G, McKee M. Patients' experiences of their healthcare in relation to their 
expectations and satisfaction: a population survey. J Roy Soc Med 2013;106(4):143-49. doi: 
10.1258/jrsm.2012.120147 

31. Bagge M, Norris P, Heydon S, et al. Older people's experiences of medicine changes on leaving 
hospital. Res Soc Adm Pharmacy 2013;10(5):791-800. doi: 10.1016/j.sapharm.2013.10.005 

32. NHS England. GP Patient Survey 2017. [Online: https://www.england.nhs.uk/statistics/statistical-
work-areas/gp-patient-survey/ accessed 13/07/2017] 

33. Hammond J, Gravenhorst K, Funnell E, et al. Slaying the dragon myth: an ethnographic study of 
receptionists in UK general practice. Br J Gen Pract 2013;63(608):e177-84. doi: 
10.3399/bjgp13X664225 

34. Swinglehurst D, Greenhalgh T, Russell J, et al. Receptionist input to quality and safety in repeat 
prescribing in UK general practice: ethnographic case study. BMJ 2011;343:d6788. doi: 
10.1136/bmj.d6788 

35. Shippee ND, Shah ND, May CR, et al. Cumulative complexity: a functional, patient-centered 
model of patient complexity can improve research and practice. J Clin Epidemiol 
2012;65(10):1041-51. doi: 10.1016/j.jclinepi.2012.05.005 



 

21 

 

36. Safford MM, Allison JJ, Kiefe CI. Patient complexity: more than comorbidity. the vector model of 
complexity. J Gen Intern Med 2007;22 Suppl 3:382-90. doi: 10.1007/s11606-007-0307-0 

37. Institute of Medicine Committee on Quality of Health Care in America. Crossing the Quality 
Chasm: A New Health System for the 21st Century. Washington DC: National Academies 
Press 2001. 

38. National Institute for Health and  Care Excellence. Medicines optimisation: the safe and effective 
use of medicines to enable the best possible outcomes (NICE guideline 5), 2015. [Online: 
https://www.nice.org.uk/guidance/ng5 accessed 17/04/2018] 

39. Kuntz JL, Safford MM, Singh JA, et al. Patient-centered interventions to improve medication 
management and adherence: A qualitative review of research findings. Patient Educ and 
Couns 2014;97(3):310-26. doi: 10.1016/j.pec.2014.08.021 

40. Health and Social Care Act 2012:16-16. 
41. NHS England. Five year forward view, 2014. [Online: https://www.england.nhs.uk/five-year-

forward-view/ accessed 17/04/2018] 
42. Eibergen L, Janssen MJA, Blom L, et al. Informational needs and recall of in-hospital medication 

changes of recently discharged patients. Res Soc Adm Pharm 2018;14(2):146-52. doi: 
https://doi.org/10.1016/j.sapharm.2017.01.006 

43. Rokib T. Pharmacist led care in General Practice (PLAGE) Study: Pharmacy Research UK, 2017. 
[Online https://pharmacyresearchuk.org/wp-content/uploads/2017/01/Pharmacist-led-care-in-
General-Practice.pdf accessed 17/04/2018] 

44. Smith KP, Christakis NA. Social Networks and Health. Ann Rev of Sociol 2008;34(1):405-29. doi: 
10.1146/annurev.soc.34.040507.134601 

45. Berkman LF, Syme SL. Social networks, host resistance, and mortality: a nine-year follow-up 
study of Alameda County residents. Am J Epidemiol 1979;109(2):186-204. 

46. Hirdes J, Scott K. Social relations in a chronic care hospital: a whole network study of patients, 
family and employees. Social Networks 1998;20:119-33. 

 

 

 

 

 

 

 

 

 

 

 

 



 

22 

 

 

Figure 1: An example of the hierarchical network took used to capture patients' ego-nets 
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Figure 2: Caterpillar plot of the residuals of Model 2 

 

 


