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Abstract 

Objective: To understand how primary care weight-related communication processes are 

influenced by individual differences in primary care practitioner (PCP) and patient 

characteristics and communication use. 

Methods: Two multilevel logistic regression models were calculated to predict the 

occurrence of 1) weight-related discussion and 2) weight-related consultation outcomes. 

Coded communication data (Roter Interaction Analysis System) from 218 video-recorded 

consultations between PCPs and patients with overweight and obesity in Scottish primary 

care practices were combined with their demographic data to develop the multilevel models. 

Results: Weight-related discussions were more likely to occur when a greater proportion of 

PCP’s total communication was partnership building and activating communication. More 

discrete weight discussions during a consultation predicted weight-related consultation 

outcomes. Patient BMI positively predicted both weight-related discussion and consultation 

outcomes. 

Conclusion: This work demonstrates that multilevel modelling is a viable approach to 

investigating coded primary care weight-related communication data and that it can provide 

insight into the impact that various patient and PCP factors have on these communication 

processes. 

Practice Implications: Through the increased use of partnership building and activating 

communications, and by engaging in shorter, but more frequent, discussions about patient 

weight, PCPs may better facilitate weight-related discussion and weight-related consultation 

outcomes for their patients. 
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1 Introduction 

Overweight and obesity is a global public health emergency, with over 1.9 billion adults 

estimated to have an overweight body mass index (BMI) [1]. Overweight and obesity are 

known to place individuals at higher risk of multiple chronic health conditions [2-4] and 

mortality [5]. In the UK, primary healthcare services are the first point of contact that most 

people will have with the health service, offering the opportunity for continuity of care. As 

such primary care practitioners (PCPs) are well placed to discuss weight issues with their 

patients. National UK clinical guidelines state that primary care has a responsibility to identify 

overweight and obesity in their patient population, and offer support or access to weight 

management if necessary [6, 7]. However there is strong UK-based evidence that weight 

issues are seldom discussed routinely during primary care consultations [8-12], and that 

many perceived and structural barriers to effective weight discussion and management exist, 

including patient motivation and engagement, limited time in consultations, and lack of 

referral options [13-17]. 

 

Previous research examining weight discussion and management approaches in primary care 

has shown that specific communication approaches, such as PCP use of behaviour change 

counselling, motivational interviewing and empathy, can facilitate effective weight 

discussions and tangible weight-related outcomes for patients, including actual weight loss 

[18]. Work from our research group, employing direct observation (i.e. video recording) to 

examine weight-related communication within primary care consultations, highlights the 

importance of patient-centred communication for initiating discussions about patient weight 

and the implications for positive weight-related consultation outcomes [9, 10, 14, 19]. 
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Patient-centred communication is broadly defined as communication that is respectful of 

patients’ own understanding, circumstances and needs, and aims to develop an equal 

partnership between practitioner and patient, which involves patients fully in their own 

healthcare decisions [20, 21]. 

 

Data collected within primary care communication research typically has a hierarchical or 

nested structure, whereby many patients are seen by the same PCP [22]. Multilevel 

modelling is a statistical regression analysis approach that controls for this type of data 

clustering, allowing for a more statistically robust analysis of these data, however this 

approach often requires large dataset [23]. The volume of data typically produced by 

comprehensive healthcare communication coding approaches, as well as the clustered 

structure of healthcare consultations, make multilevel modelling a viable approach to 

investigate healthcare communication patterns and processes. A significant advantage to 

implementing multilevel modelling into communication analysis is the ability to integrate 

contextual variables into the analysis [24]. Previous research has attributed differences in 

healthcare communication to variability in patient and healthcare practitioner demographic, 

psychological and cultural characteristics [25-27]. Multilevel modelling approaches have 

previously been employed to examine patient-practitioner communication in a variety of 

clinical settings, including oncology [28], dentistry [29], and primary care [22, 30, 31]. 

However, multilevel modelling has yet to be used specifically to examine weight-related 

communication process in primary care consultations. 

 

This paper reports the results of two multilevel statistical models developed as part of our 

previous research to investigate weight-related communication processes in routine primary 
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care consultations [9, 14]. The aim of conducting this analysis was to understand how 

primary care weight-related communication processes may be influenced by variations in 

factors at different ‘levels’ within the hierarchy of a primary care consultation, specifically 

individual differences between patients and PCPs, thereby gaining a more comprehensive 

insight into these complex communication processes. Two multilevel models were designed 

to investigate what patient and PCP factors (communication and characteristics) may predict 

1) the occurrence of weight discussion within a routine primary care consultation and 2) the 

occurrence of a weight-related consultation outcome during a routine consultation that 

contained weight-related discussion.  
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2 Methods 

2.1 Study design and sample 

The data used in this analysis were collected as part of a multi-method observational 

research study, investigating weight-related communication processes in primary care 

consultations. The detailed methodology and findings of this research have been published 

previously [9, 14]. In brief, routine primary care consultations between patients and PCPs, 

within seven NHS Scotland primary care practices, were video recorded. Patient’s height (m) 

and weight (kg) were measured following each recorded consultation, and their BMI (kg/m2) 

was calculated. Participating patients and PCPs also completed questionnaires relating to 

demographic data and their beliefs about weight issues and weight management in primary 

care. To avoid biasing consultation communication toward weight discussion, the research 

focus on weight communication was not disclosed to participants prior to data collection, 

and participation was not restricted on the basis of BMI. The allotted time for routine 

consultations within most of the participating practices was 10 minutes, except for one 

practice that allowed 15 minutes for routine consultation.  

For the purposes of this research, weight discussion was defined as any mention of weight 

during the consultation, regardless of whether it was ignored by the listener, mentioned 

indirectly whilst discussing another health issue and/or subsequently discussed more fully. As 

such, multiple discreet weight discussions could be coded during a single video recorded 

consultation.  A weight discussion was considered discreet from another weight discussion if 

it was separated by communication that was not related to weight, i.e. weight discussions 

were separated by communication content rather than time. The occurrence of a weight-

related consultation outcome was also coded for each video recorded consultation.  A 
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weight-related consultation outcome was defined as any direct counselling message from the 

PCP that the patient had overweight or obesity and/or the patient should act regarding their 

weight, a referral onto other services as a direct result of a weight issue, or any clear 

declaration from the patient that they intended to take action about their weight [9]. 

 

The observed communication within video recorded consultations was coded by CTM for all 

consultations including patients with overweight and obesity using a modified version of the 

Roter Interaction Analysis System (RIAS) [32] and a novel coding scheme, the St Andrews 

Interaction Analysis System (SAIRAS) [9]. Only RIAS coded data were included in this analysis. 

RIAS codes are organised into functional groups, including: information provision, data 

gathering, emotional expression and responsiveness, partnership building and activating, and 

procedural [33]. The information provision functional group reflects PCP communication that 

inform, educate and counsel patients, and reflects patient communication that provide 

information to the practitioner in a variety of health-related contexts. The data gathering (or 

question asking for patients) functional group includes open and closed ended questions. The 

partnership building and activating functional group represent PCP communication that 

encourage the patient to engage actively in the consultation discussion and in their 

healthcare decisions. For patients, ‘activation’ reflects communication that take control of 

the discussion within the consultation or request specific services from the practitioner. The 

emotional expression and responsiveness functional group represents patient and PCP 

communication that have an affective quality, including concern, empathy, reassurance, and 

criticism, and contains communication that demonstrate understanding or agreement with 

the other speaker. Finally, the procedural functional group is exclusive to PCPs and contains 
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communication that facilitate progression through the consultation and/or direct patients 

during examinations and procedures.  

 

 

2.2 Analysis – structure and calculation of multilevel models 

Two multilevel logistic regression models were calculated, both with binary outcome 

variables. The outcome variable for model 1 was whether there was any weight discussion 

during a consultation (yes=1, no = 0). The outcome variable for model 2 was whether a 

consultation that contained weight discussion had a weight-related consultation outcome for 

the patient (outcome = 1, no outcome = 0). Construction of the models combined coded 

communication frequency data from the RIAS coding of the full consultation and data from 

PCP and patient questionnaires. Model 1 was calculated with data from all consultations with 

patients with overweight and obesity, and model 2 was calculated with data from the 

consultations that contained weight-related communication only. Both models were two-

level logistic regression models: patients (level 1) were nested within PCPs (level 2). Level 1 

explanatory variables were patient and PCP RIAS communication functional group 

frequencies (i.e. counts of individual RIAS codes grouped according to their function), 

consultation duration in seconds, number of distinct weight discussions during the 

consultation (Model 2 only), and patient characteristics. Level 2 explanatory variables in both 

models were PCP characteristics and whether PCPs had previous weight-related training 

(Model 1 only). See Table 1 for an overview of the variables within each model. 

 

[Table 1] 
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Null models were calculated to determine the random intercept and the proportion of the 

variability, within the outcome variable, that was explained by the clustered structure of the 

data (i.e. PCP level/between-PCP differences). Initial regressions were then calculated, one 

included patient communication frequencies as explanatory variables, the other including 

PCP communication frequencies as explanatory variables. Consultation duration was included 

as a control variable in model 1, and weight discussion duration was included with the weight 

discussion communication frequencies as control variables in model 2. Level 1 explanatory 

variables were then entered into the models (patient BMI, gender, employment status, and 

education), followed by level 2 PCP control variables (PCP BMI, gender, years in primary care 

practice, and previous weight-related training). Statistically significant explanatory variables 

were retained and carried forward to the next regression in the model. Likelihood ratio tests 

were conducted to compare each regression in the model to the null regression and, if 

possible, the previous regression, to assess improvement in the predictive ability of the 

model. Explanatory variables were entered into the multilevel models in meaningful groups 

to prevent overfitting the models [34]. All multilevel modelling was conducted in STATA/IC 

15.0 using the xtmelogit procedure [35].  
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3 Results 

3.1 Sample 

Overall, 305 patients and 14 PCPs (12 GPs and 2 practice nurses) participated in our primary 

care weight-related communication study [9, 14]. Two hundred and eighteen patients had an 

overweight a BMI consistent with overweight ( 25 kg/m2) and 94 patients had an obese a 

BMI consistent with obesity ( 30 kg/m2). Only data from patients with overweight and 

obesity were included in this analysis. Of these 218 consultations with patients with 

overweight and obesity, only 54 consultations contained any weight-related communication. 

Each consultation was with a different patient. One hundred and fourteen patients were 

female (52.2%) and 178 (70.6%) of patients were aged 35 years or older. Eight PCPs were 

male (57.1%) and 13 (92.8%) were aged 35 years or older. A detail description of all 

participant characteristics and coded communication data have been published previously [9, 

14]. 

 
 

3.2 Predictors of weight discussion (Model 1) 

Model 1 predicted the occurrence of weight discussion and was calculated using data from 

all 218 consultations with patients with overweight and obesity (Table 2). Overall, only 3.36% 

of the variability in whether weight was discussed during a consultation was explained by 

between-PCP differences in the null model (Model 1.0), indicating high variability between 

patients who saw the same PCP (within-PCP). Patient communication use during 

consultations was not found to predict the occurrence of weight discussion during a 

consultation (model 1.1), however model 1.1 was found to have improved predictive ability 

when compared with the null model (LR2: 2 (5) = 12.83, p = 0.02). PCP partnership building 
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and activating communication use was found to significantly predict the occurrence of weight 

discussion during consultations with patients with overweight and obesity (Model 1.2; OR = 

1.02, p < 0.05), indicating that the odds of weight discussion occurring during a consultation 

were 2% greater with each coded occurrence of a PCP partnership building and activating 

communication during the consultation. No other PCP communication use was found to 

significantly predict the occurrence of weight discussion during a consultation (Model 1.2).  

 

The predictive effect of PCP partnership building and activating communication use was 

preserved when level 1 control variables were entered in model 1.3 (OR = 1.03, p < 0.001), 

and when level 2 control variables were entered in model 1.4 (OR = 1.04, p < 0.001) and 

model 1.5 (OR = 1.04, p < 0.001). Model 1.3 found that both patient BMI (OR = 1.09, p < 0.01) 

and the patient being unemployed (OR = 0.19, p < 0.05) significantly predicted the 

occurrence of weight discussion during a consultation. The odds that a consultation would 

contain weight discussion were 9% greater with each unit increase in patient BMI, and 

patients who were unemployed were 81% less likely to have weight discussion occur during 

their consultation than employed or retired patients (Model 1.3).  The predictive ability of 

model 1.3 was significantly improved when compared with the null model (LR2: 2 (5) = 22.0, 

p = < 0.001). The predictive effect of both patient BMI and patient unemployment were 

maintained when controlling for Level 2 PCP variables in model 1.4 (BMI: OR = 1.08, p < 0.01; 

Unemployment: OR = 0.21, p < 0.05) and model 1.5 (BMI: OR = 1.08, p <0.01; 

Unemployment: OR = 0.19, p < 0.05). No level 2 PCP control variables were found to 

significantly predict the occurrence of weight discussion within a consultation (Model 1.4 and 

1.5), however both models had a significantly improved predictive ability when compared 

with the null model (Model 1.4: 2 (6) = 22.27, p <0.01; Model 1.5: 2 (7) = 23.94, p = 0.001). 
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[Table 2] 

 

3.3 Predictors of a weight-related consultation outcome (Model 2) 

 
Model 2 predicted the occurrence of a weight-related consultation outcome for the patient 

and only used data from the 54 consultations containing weight discussion (Table 3). The 

inter-correlation coefficient indicated that 27.23% of the variability in whether the 

consultation had a weight-related consultation outcome was explained by between-PCP 

differences (model 2.0). Additionally, calculating the null model with these data significantly 

improved the predictive ability of the model, compared with a standard, single-level 

regression model (model 2.0 LR1:  2 (1) = 2.57, p = 0.05). Neither patient or PCP 

communication use during weight discussion, or the total duration of weight discussion 

during a consultation, significantly predicted a weight-related consultation outcome (model 

2.1 and 2.2). The proportion of the variability in the Model 2 outcome variable that was 

explained by between-PCP differences increased markedly in model 2.1 (42.46%) and model 

2.2 (49.44%) due to level 1 explanatory variables (i.e. differences in patient and PCP 

communication) explaining variability within-PCP.  

 

When level 1 control variables were entered into model 2.3, it was found that the number of 

discreet weight discussions during a consultation significantly predicted whether the 

consultation would have a weight-related consultation outcome (OR = 2.74, p < 0.05), 

indicating that each additional discreet weight discussion within a consultation increased the 

odds of a weight-related consultation outcome by 2.74 times. The mean length of each 
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discreet weight discussion was 30 seconds (ranging from 2 to 330 seconds). Additionally, 

model 2.3 also calculated that patients’ BMI significantly predicted whether a consultation 

had a weight-related consultation outcome (OR = 1.15, p < 0.05), indicating that the odds of a 

weight-related consultation outcome increased by 15% for each unit increase in patient BMI. 

Model 2.3 was found to have significantly improved predictive ability over model 2.2 (LR3: 2 

(1) = 14,92, p < 0.001).  

 

Introduction of level 2 variables in model 2.4 found that both PCP gender (OR = 0.01, p < 

0.05) and the length of time that a PCP had worked in primary care (OR = 0.98, p < 0.05) 

significantly predicted whether a consultation had a weight-related consultation outcome. 

Patients who discussed weight with a female PCP had only a 1% chance of a weight-related 

consultation outcome, and the odds of a weight-related consultation outcome reduced by 

2% for each month that a PCP had worked in primary care, relative to the PCP who had 

worked in primary care the shortest amount of time. The predictive effect of level 1 

explanatory variables, number of discreet weight discussions in a consultation (OR = 4.27, p < 

0.05) and patient BMI (OR = 1.13 p < 0.05), remained statistically significant in model 2.4. 

Model 2.4 had significantly improved predictive ability over the null model (LR2: 2 5) = 

11.54, p <0.05) and model 2.3 (LR3: 2 (1) = 9.98, p =0.001). 

 
 
 
[Table 3] 
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4 Discussion and conclusion 

4.1 Discussion 

This analysis applied a multilevel modelling approach to PCP and patient communication and 

demographic data to gain a more comprehensive insight into primary care weight-related 

communication processes and how they may be influenced at both the patient and PCP level. 

To our knowledge this is the first time a multilevel modelling approach has been applied 

specifically to investigate weight-related communication processes in primary care 

consultations.  Our calculation of two multilevel logistic regression models highlighted several 

key findings relating to likelihood of weight discussion within a primary care consultation. 

Weight discussion was more likely to occur during consultations with patients with 

overweight and obesity when a greater proportion of the PCP’s total consultation 

communication was partnership building and activating communication. Weight discussion 

was also more likely to occur as patient BMI increased, however patient unemployment 

significantly reduced the odds that weight would be discussed during a consultation. For 

consultations that contained weight discussion, patient and PCP communication use during 

weight discussion was not predictive of a weight-related consultation outcome for the 

patient. However, a positive predictive relationship was found between the number of 

individual weight discussions during a consultation and a weight-related consultation 

outcome. Finally, increased patient BMI was predictive of a weight-related consultation 

outcome, but weight-related consultation outcomes were significantly less likely when the 

PCP had worked in primary care for longer and when the PCP was female. 

 
Partnership building and activating is a PCP communication approach that aims to encourage 

patients to speak and engage actively in consultation discussions, thereby demonstrating 
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attentiveness to and facilitation of patients understanding of the discussion topic [33]. Such 

communication approaches fall within the broadly defined healthcare communication 

approach known as patient-centred communication [36, 37]. Patient-centred communication 

is the recommended communication approach in primary care [38] having been associated 

with numerous positive patient outcomes, including patient satisfaction, understanding and 

adherence to treatment [39-43]. Specifically related to this analysis, previous research 

examining the influence of patient-centred weight-related counselling approaches in primary 

care found that PCP use of such approaches was associated with an increased desire to lose 

weight and with actual body weight loss in patients [44-46]. Our findings support and extend 

this research by suggesting that the use of a patient-centred communication approach may 

be important, not just when actively counselling patients about weight issues, but also for 

initiating discussions about patient weight in the first place.  

  
Our data showed that patient BMI predicted the occurrence of weight discussion as well as a 

weight-related consultation outcome. This finding is consistent with previous primary care 

research that found increasing patient BMI to be a predictor of PCPs identifying and 

informing patients that they have overweight or obesity, and of them providing specific 

advice to lose weight to those patients with overweight or obesity [47]. It is well established 

that the risk of mortality and the development of co-morbid health issues increases with BMI 

[48, 49], therefore it is expected that, as patient BMI increases, it becomes an progressively 

salient issue for discussion in primary care consultations. Despite this, weight-related 

discussion and weight-related consultation outcomes were scarcely observed in our sample. 

Only 25% of consultations with patients who had an overweight or obese BMI had any weight 

discussion in their consultation, and only 25% of those consultations had a weight-related 
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consultation outcome for the patient [9]. Routinely delaying discussions about weight issues 

until they become significant and possibly symptomatic conflicts with national clinical 

guidance [6, 7] and the current public health priorities outlined by the Scottish Government, 

which focus on healthy weight and disease prevention [50]. PCPs perceive many barriers to 

weight discussion and management [13-17] and NHS weight management provision in 

Scotland is known to be variable and accessible only to patients with established obesity 

and/or symptomatic weight issues. [51]. Many of these barriers were also reported by PCPs 

in our sample [14]. PCPs need to be better supported, through communication training 

focused on raising the topic of patient weight through the use of partnership building and 

activating and systemic change (such as standardising and widening access to NHS weight 

management services in Scotland), to more confidently and positively engage in preventative 

weight-related discussions and weight management approaches with patients. 

 
Patient employment status and level of education were used as proxy measures of patient 

socioeconomic status (SES) in this research. In the UK, individuals from lower SES groups are 

more likely to be overweight or obese compared with individuals from higher SES groups [52, 

53]. Previous research highlights a “social gradient” in patient healthcare communication 

experiences [54]. A systematic review of studies investigating the relationship between SES 

and medical communication, found that patients from lower SES groups experienced less 

information giving, socio-emotional expression, and partnership building communication 

from PCPs, compared with patients from higher SES groups [55]. Our finding, that weight was 

less likely to be discussed in consultations with unemployed patients, may be the 

consequence of patients from lower SES groups experiencing less PCP partnership building 

and activating communications, which we found predicted weight discussion occurrence 
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during a consultation. This finding suggests potential socioeconomic inequalities in weight 

discussion and management within primary care services in Scotland. 

 
Patient and PCP communication use during weight discussion was not found to predict 

whether a consultation containing weight discussion would have a weight-related 

consultation outcome. This finding was surprising, given that previous research directly 

investigating weight discussion has identified links between communication approaches 

during weight discussion and various immediate and longer-term patient weight-related 

outcomes, including confidence to lose weight, weight loss attempts, and actual weight loss 

[44-46, 56, 57]. Important differences in study design, between our research and previous 

work, may explain this divergent finding. Our systematic review of research employing direct 

observation to investigate weight discussion found that studies have focused primarily on 

PCP communication approaches, such as counselling techniques [18]. We took a broader 

approach to communication analysis in our research by examining all consultation 

communication content, including PCP and patient communication, and the context in which 

weight issues were being discussed [9]. Furthermore, previous studies collected data on 

longer-term weight-related outcomes (such as actual weight loss) [44-46, 56, 57]. Weight-

related outcomes in our study were immediate consultation outcomes determined by the 

researcher, based on the communication observed during the consultation, including PCP 

weight counselling messages and/or referral on for additional tests and to services for weight 

issues [9]. These important differences in how communication and outcomes were defined 

and assessed make a direct comparison between studies difficult, however it may be that 

weight-related communication is more predictive of longer-term changes in patients’ weight-
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related thoughts and behaviours than more immediate weight-related consultation 

outcomes, such as planning. 

 
We found a positive predictive relationship between the number of discreet weight 

discussions during a consultation and a weight related consultation outcome, whereas the 

total time spent discussing weight during a consultation did not predict a weight-related 

consultation outcome. This was unexpected as our previous analysis identified that mean 

time spent in weight discussion was significantly greater for consultations that contained a 

weight-related consultation outcome [9]. These findings contrast with the commonly cited 

primary care PCP belief that weight is a time-consuming issue to discuss effectively 

constructively [16, 58, 59]. It should be noted, however, that most weight discussions were 

brief (mean length of 30 seconds) and weight-related consultation outcomes were rare in our 

sample. Nevertheless, our findings suggest that longer discussions about weight may not be 

the most effective approach to addressing discussing weight issues, and that a ‘little and 

often’ approach to discussing weight may be more likely to produce a weight-related 

consultation outcome. This also support the finding of a UK-based randomised controlled 

trial of a brief communication intervention for obesity, whereby patient with obesity were 

opportunistically offered a referral onto weight management services by a PCP [60]. Patients 

found this to be appropriate and acceptable, and patients offered the intervention 

experienced a greater mean weight loss at 12 months when compared to control patients 

[60]. 

 
 
Patients who discussed weight with their PCP were significantly less likely to have a weight-

related consultation outcome if the PCP was female. There is no existing research 
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investigating PCP gender and weight discussion and weight-related consultation outcomes in 

this way, however a study published by Pickett-Blakely, Bleich and Cooper [61] found that 

male patient-PCP gender concordance was associated with an increased likelihood of 

receiving weight-related counselling in primary care settings, compared with female patient-

PCP gender concordance. Our results may be due to societal perceptions associating physical 

fitness to masculinity and that male PCPs perceive male patients as more receptive to 

discussing weight issues [61]. Previous research has also found that male and female PCPs 

differed in term of practice style [62, 63] and communication use [64-66]. Interestingly, both 

Roter, Hall and Aoki [65] and Bertakis and Azari [66] found that female PCPs displayed more 

patient-centred communication with patients than male PCPs. We believe that our finding 

may potentially be the result of Model 2 being statistically underpowered at the second level 

due to the small PCP sample and the scarcity of consultations containing a weight-related 

consultation outcome. As such, these findings cannot be generalised to all PCPs. 

 
Prior to conducting multilevel modelling of our data, more complex models were designed, 

that included other variables, such as patient and PCP beliefs and attitudes about weight 

discussion and management in primary care, as explanatory variables. Additional models 

were also planned in which the model outcome variables were at the communication or 

utterance level (i.e. individual RIAS codes rather than the functional groups of several RIAS 

codes), including how each discreet weight discussion was initiated and responded to, and 

what communication and hierarchal factors may explain this. Unfortunately, the brevity of 

weight discussion within our video recorded consultation sample limited the weight-related 

communication content that could be coded and analysed. This reduced the overall size of 

the dataset and the variability within many of the weight discussion communication 
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variables. Similarly, sub-group analysis according to who initiated the observed weight 

discussions (PCP or patient) was not possible in these multilevel models. We have examined 

the communication process related to weight discussion initiation previously [9]. When 

attempting to construct models at the communication utterance level, estimations were too 

small to report, and several regressions would not converge. Therefore, it was decided that 

multilevel modelling at the utterance level was not appropriate with the chosen model 

outcome variables and the current dataset. Sample size and lack of variability in some 

explanatory variables was evidently an issue when constructing model 2, which was 

subsequently simplified so that the model could be produced. Therefore, model 2 is likely 

statistically underpowered and a degree of caution should be employed when interpreting or 

generalising its outcomes. Although there were limitations within the dataset for the 

purposes of multilevel analysis, the use of multilevel modelling was appropriate and correct 

from a theoretical perspective because there was clear data clustering within this dataset. 

We intend this analysis to be a proof of concept for the strengths of multilevel modelling 

approaches when analysing weight-related communication data, and healthcare 

communication data more broadly. 

 

4.2 Conclusion 

We have demonstrated that multilevel modelling is a viable approach to investigating coded 

primary care weight-related communication data and that it can provide depth and insight 

into the impact that various patient and PCP factors have on these communication processes. 

Through the increased use of partnership building and activating communications, and by 

engaging in shorter, but more frequent, discussions about patient weight, PCPs may better 

facilitate weight-related discussion and weight-related consultation outcomes, during 
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primary care consultations. Social inequalities between patients and PCP gender may have 

important implications for the weight discussion process, however more research is needed 

to determine their impact. 

 

4.3 Practice implications 

Our analysis indicated that demonstrating attentiveness, encouraging patient participation, 

and ensuring patient understanding during primary care consultations (i.e. partnership 

building and activating) may help to facilitate weight-related discussion with patients with 

overweight and obesity. Additionally, engaging in frequent and shorter weight discussion (as 

opposed to fewer, longer discussions) may be an effective strategy for producing a weight-

related consultation outcome for patients. 
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Table 1: Outcome and explanatory variables in each multilevel logistic regression model 
Model  
 

Outcome variable 
 

Level 1 explanatory variables Level 2 explanatory variables 

1 Weight discussed 
during the 
consultation (1=yes; 
0 = no) 

• Patient RIAS code frequencies 
o Information provision 
o Question asking 
o Activation 
o Responsiveness and 

emotion 
o  

• PCP RIAS code frequencies 
o Education and 

counselling 
o Question asking 
o Partnership building and 

activating 
o Responsiveness and 

emotion 
o Procedural 

 

• Consultation duration (seconds) 
 

• Patient characteristics 
o Body mass index (BMI) 
o Gender 
o Employment status 
o Level of education 

 

• PCP characteristics 
o Body mass index (BMI) 
o Gender 
o Time in profession 

(months) 
 

• PCP previous training 
o Nutrition 
o Obesity 
o Behaviour change 
o Physical activity 

2 Consultation had 
weight-related 
outcome  
(1 = yes; 0 = no) 

• Patient RIAS code frequencies 
o Information provision 
o Activation 
o Responsiveness and 

emotion 
o  

• PCP RIAS code frequencies 
o Education and 

counselling 
o Partnership building and 

activating 
o Responsiveness and 

emotion 
o Procedural 

 

• Consultation duration (seconds) 
 

• Number of distinct weight 
discussion 

 

• Patient characteristics 
o Body mass index (BMI) 
o Gender 
o Level of education 

 

• PCP characteristics 
o Body mass index (BMI) 
o Gender 
o Time in profession 

(months) 
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Table 2: Two-level logistic regression model with the binary outcome variable, weight discussed during consultation (0 = No, 1 = Yes) 
 Model 1.0 

(Null model) 
Model 1.1 

(Patient communication) 
 Model 1.2 

(PCP communication) 
 Model 1.3 

(Model 1.2 + patient control) 
 

 Model 1.4 
(Model 1.3 + PCP control) 

 Model 1.5 
(Model 1.3 + PCP training) 

Fixed effects  OR 95% CI p  OR 95% CI p  OR 95% CI p  OR 95% CI p  OR 95% CI p 

Level 1 (n = 218)                     
Patient communication (RIAS)                     
  Information provision  1.01 0.99, 1.02 >0.05                 
  Question asking  0.99 0.90, 1.08 >0.05                 
  Activation  1.01 0.93, 1.09 >0.05                 
  Responsiveness and emotion  1.01 0.99, 1.03 >0.05                 
PCP communication (RIAS)                     
  Education and counselling      1.00 0.99, 1.02 >0.05             
  Question asking      1.01 0.97, 1.05 >0.05             
  Partnership building and activating      1.02 1.00, 1.05 <0.05*  1.03 1.01, 1.05 <0.001*  1.04 1.02, 1.06 <0.001*  1.04 1.02, 1.06 <0.001* 
  Responsiveness and emotion      1.01 0.99, 1.03 >0.05             
  Procedural      1.00 0.97, 1.04 >0.05             
Level 1 controls                     
  Consultation duration  0.99 0.99, 1.00 >0.05  0.99 0.99, 1.00 >.05             
  Patient BMI          1.09 1.03,1.16 <0.01*  1.08 1.02, 1.15 <0.01*  1.08 1.02, 1.15 <0.01* 
  Patient gender (ref: female)          1.04 0.52, 2.08 >0.05         
  Patient, unemployed 
  (ref: employed/retired) 

         0.19 0.04, 0.79 <0.05*  0.21 0.05, 0.82 <0.05*  0.19 0.04, 0.78 <0.05* 

  Patient, high school or lower      
  (ref: college/university) 

         0.56 0.27, 1.18 >0.05         

                     
Level 2 (n = 14)                     
Level 2 controls                     
  PCP Gender (ref: male)              1.77 0.79, 3.97 >0.05     
  PCP time in practice (months)              1.00 0.99, 1.00 >0.05     
  PCP BMI              1.04 0.84, 1.29 >0.05     
PCP training (ref: no training)                     
  Nutrition                  0.63 0.26, 1.50 >0.05 
  Obesity                  1.40 0.24, 8.17 >0.05 
  Behaviour change                  1.53 0.59, 3.94 >0.05 
  Physical activity                  1.63 0.62, 4.26 >0.05 
           
Random effects           

Level 2 variance (95% CI) 0.11 (0.01, 2.56) 0.08 (0, 8.67)  Not calculable  0.10 (0, 6.79)  Not calculable  Not calculable 

Level 2 ICCa 3.36% 2.5%  Not calculable  3.0%  Not calculable  Not calculable 
Log likelihood -121.72 -114.78  -114.03  -107.74  -107.50  -106.98 
LR1 test 2 (1) = 0.63, p = 0.21 2 (1) = 0.25, p = 0.30  2 (1) = 0, p = 1  2 (1) = 0.30, p = 0.29  2 (1) = 0, p = 1  2 (1) = 0, p = 1 
LR2 test n/a 2 (5) = 12.83, p = 0.02*   2 (6) = 0, p = 1  2 (5) = 22.0, p = <0.001*  2 (6) = 22.27, p <0.01*  2 (7) = 23.94, p = 0.001* 
LR3 test n/a n/a  n/a  2 (1) = 0, p >0.05  2 (1) = 0.47, p >0.05  2 (1) = 1.06, p >0.05 

a  Inter-class correlations indicating the proportion of total variance explained by between PCP differences; * Statistically significant; LR1 = Likelihood ratio test comparing multilevel model to standard logistic 
regression model; LR2 = Likelihood ratio test for model improvement over null model; LR3 = Likelihood ratio test for model improvement over previous model 
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Table 3: Two-level logistic regression model with binary outcome variable, weight-related consultation outcome (0 = no, 1 = yes) 

 Model 2.0 
(Null model) 

Model 2.1 
(patient communication 

during weight discussion) 
 

 Model 2.2 
(PCP communication during 

weight discussion) 

 Model 2.3 
(patient controls) 

 Model 2.4 
(PCP controls) 

Fixed effects  OR 95% CI p  OR 95% CI p  OR 95% CI p  OR 95% CI P 

Level 1 (n = 54)                 
Patient communication (RIAS)                 
Information provision  0.99 0.74, 1.31 >0.05             
Activation  0.93 0.29, 2.94 >0.05             
Responsiveness and emotion  1.23 0.81, 1.87 >0.05             
                 
PCP communication (RIAS)                 
Education and counselling      0.82 0.55, 1.23 >0.05         
Partnering and activating      0.37 0.10, 1.34 >0.05         
Responsiveness and emotion      0.88 0.47, 1.65 >0.05         
Procedural      0.54 0.19, 1.57 >0.05         
                 
Level 1 controls                 
Weight discussion duration  1.02 0.94, 1.11 >0.05  1.18 0.97, 1.44 >0.05         
Number of weight discussions          2.74 1.14, 6.57 <0.05*  4.27 1.57, 11.59 <0.05* 
Patient BMI          1.15 1.00, 1.33 <0.05*  1.13 1.01, 1.25 <0.05* 
Patient gender (ref: female)          1.45 0.24, 8.64 >0.05     
Education, high school or lower 
(ref: college/university) 

         0.62 0.05, 7.08 >0.05     

                 
Level 2 (n = 13)                 
Level 2 controls                 
PCP gender (ref: male)              0.01 0, 0.83 <0.05* 
PCP time in practice (months)              0.98 0.97, 1.00 0.05* 
PCP BMI              0.61 0.18, 2.11 >0.05 
                 
Random effects         

Level 2 variance (95% CI) 1.23 (0.13, 10.83) 2.42 (0.08, 69.74)  3.21 (0.16, 62.63)  1.39 (0.06, 30.16)  Not calculable 
Level 2 ICCa 27.23% 42.46%  49.44%  29.70%  Not calculable 
Log likelihood -29.61 -15.79  -14.24  -21, 70  -16.71 
LR1 test χ2 (1) = 2.57, p = 0.05* χ2 (1) = 1.53, p >0.05  χ2 (1) = 2.47, p = 0.05*  χ2 (1) = 1.39, p >0.05  χ2 (1) = 0, p >0.05 
LR2 test n/a χ2 (4) = 7.85, p >0.05  χ2 (5) = 5.58, p >0.05  χ2 (4) = 8.11, p >0.05  χ2 (5) = 11.54, p <0.05* 
LR3 test n/a n/a  n/a  χ2 (1) = 14,92, p <0.001*  χ2 (1) = 9.98, p =0.001* 

aInter-class correlations indicating the proportion of total variance explained by between PCP differences; * statistically significant; LR1 = Likelihood ratio test comparing multilevel model to standard logistic 
regression model; LR2 = Likelihood ratio test for model improvement over null model; LR3 = Likelihood ratio test for model improvement over previous model 


