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Abstract 

Objective. The significance of medical practice variation (MPV) is of increasing salience for the 

development of guidelines. The study seeks to determine whether there are identifiable 

differences in patterns of clinical decision-making among family physicians, and whether these 

patterns persist over time. 

Data Sources. A representative general practice monitor carried out in two stages in the Waikato 

region of New Zealand over the period 1979-1980 to 1991-1992. Patterns of clinical decision-

making are operationalised as practitioner rates of intervention for the issuing of a prescription, 

the ordering of a laboratory test or radiology examination, and the recommendation of a future 

follow-up office visit at a specified date. Two measures over a decade were available for a cohort 

of 50 physicians. Multi-level techniques and a simulation exercise are used. 

Study Design. A cohort study embedded within a representative cross-sectional survey of 

general practice encounters conducted twice over a decade. 

Principal Finding. Raw, unadjusted correlations for these 50 family physicians over the period 

were .24, .14 and .55 for rates of prescribing, investigations and follow-up respectively. However, 

these correlations were increased substantially - to .55, .41 and .70 - once account was taken of 

case mix, data clustering, and interpractitioner variation in sample size. The extent of this 

recovery of the underlying correlations was confirmed in a parallel simulation exercise.  

Conclusions: This study confirms the existence of substantial and durable individual practice 

styles in primary medical care, with implications for the development and successful 

implementation of guidelines. 

Key Words. Family practice, physician profiling, medical practice variation, physician practice 

style 
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Introduction 

Geographic variation in rates of hospitalisation and of medical and surgical intervention are well 

established1 and have been documented for different levels of aggregation2 and for a range of 

conditions and procedures.3 The bulk of research to date has focused on the secondary and 

tertiary sectors of care, with less work carried out in primary care.4 Nevertheless, substantial 

interpractitioner variation in patterns of primary care activity have been established for over a 

decade for a wide range of systems and a diversity of measures, including radiology, tests, 

prescriptions, referrals, follow-up, and night visits.5  

The theoretical and methodological dimensions of work on medical practice variation 

(MPV) have become increasingly sophisticated. Explicit hypotheses have been developed 

drawing on key explanatory concepts including practice organisation, professional norms, 

supplier-induced demand, professional uncertainty, and  - most centrally for this article - 

physician practice style.5  While insightful, this “practice style” interpretation of MPV has 

frequently either been post hoc or little more than a re-labelling of the evident differences 

between practitioners in diagnostic and therapeutic responses. Given the inferential nature of the 

concept, it is not clear how practice style might be measured directly, with investigators usually 

relying instead on statistical analysis.6 Nevertheless, some have attempted to establish 

practitioner style directly, either by survey,7, 8 or by assessment of past practice patterns.9, 10 

The concept of physician practice style has not been well developed or adequately 

operationalised in the primary care setting. One approach has been to rely on simulated or 

imaginary cases in order to establish underlying physician preferences - for example, in 

decisions about referral 11 and prescribing12 (although this approach has shortcomings13). 

Observational techniques have also been used to overcome the artificial nature of hypothetical 

cases.14 The issue of the stability over time of such presumed decision-making traits remains 

largely unresolved, however. 

This paper seeks to establish whether there are identifiable practitioner differences in 

clinical decision-making among family physicians that persist over time, with style operationalised 

as the correlation between measurements of clinical decision-making taken at two points in time 

in a stable cohort of general practitioners (GPs). 
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Methods 

Study Area 

This study was performed over the period 1979-1980 to 1991-1992 as a monitor of general 

practice in the predominantly primary producing, Waikato region of New Zealand. In 

demographic terms the region can be said to provide a representative cross-section, but not a 

replica, of the country as a whole.15 The GP community in the Waikato is also reasonably 

representative.16  

Survey Details 

The encounter report form was modelled on that used in the National Ambulatory Medical Care 

Survey in the United States. Encounters were selected in a two-stage process designed to 

produce a one per cent sample of all general practice consultations in the Waikato region. This 

generated an overall sample of approximately 100 encounters per practitioner on average in 

each survey.15 In Table 1 the key features of the two phases of the study are outlined for the 

common geographical area covered in both periods.  

Table 1 about here 

As can be seen, while the population increased only slightly over the decade covered by 

the study, the number of GPs grew by nearly 50 per cent. However, the response rate declined 

over the period, resulting in almost exactly the same sample number of encounters being 

generated. Only the 50 practitioners participating in both stages of the study are included in the 

analysis, the results of which are to be described here. 

 For each consultation, data were collected on patient demographics and on the 

diagnosis of any problems identified by the practitioner at the encounter. The three clinical 

decision-making variables were constructed as binary outcomes: prescribing - prescription 

issued; investigations - laboratory test or radiology examination ordered; follow-up - arrangement 

made for a follow-up visit at a specified later date.  Rates of intervention were calculated as the 

percentage of encounters for which a given clinical decision was made. Case mix was derived 

from practitioner-identified problems that were classified into chapters of OXMIS, a problem-

based, ICD9-compatible coding system for family physicians.17  

It should be noted that it was not possible to separately identify patients from 

encounters. Therefore, it is conceivable that the same patient may have visited their doctor more 
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than once in the sample over the study period, thus creating an additional level of clustering. 

However, there would have been few, if any, such instances, and so the impact is likely to have 

been negligible. 

Analytical Approach 

The principal analytical goal of this paper is to estimate the strength of correlation between 

intervention rates for practitioners measured at two points in time. The approach adopted here 

will be to calculate raw, unadjusted rates in the first instance, assess the influence of morbidity on 

these rates, and then apply hierarchical or multi-level modelling to estimate correlations allowing 

for inter-practitioner variation and stripped of the influence of confounding variables. These 

results will be checked against the outcomes of a parallel simulation exercise. 

To calculate a correlation which correctly weights the reported activity rates for sample 

size and controls for confounding variables, we recalculated the correlations using multi-level 

modelling. The two studies were represented as binary dummy variables in the data set. A multi-

level logistic regression was performed, with the level-two variance - i.e. variance at the physician 

level - being modelled by the two dummy variables. The covariance of these variables is used to 

calculate the correlation between physicians’ rates across two studies, following Patterson.18 

This correlation is reported routinely by the MLn software package. This approach is particularly 

flexible since it allows the effect of confounding variables to be easily incorporated into the 

calculation of correlations simply by including them as fixed independent variables. The model 

fitted is thus: 

The dependent variable, logit(πij), is loge(πij /(1-πij )), where πij is the probability of a 

clinical activity (e.g. prescribing) for doctor i, seeing patient j.  The terms OXMIS1 … , OXMIS21 

are dummy variables for the OXMIS chapters of any diagnoses made at each consultation. All 

effects are fixed, except for the two dummy variables for each study. They are considered to be 

random variables where: 
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and 

 

 

 

Thus the random variable βstage2 consists of a mean value β0stage2 and a deviation from 

this mean µstage2 for each doctor. The variance of these deviations is σ2 stage2   and the value 

σstage1 stage2 is the covariance of the two dummy variables. The complete solution to the model for 

the case of prescribing is presented in an appendix. 

As a check on our endeavours we carried out a parallel simulation exercise. The 

objective of this exercise was to establish the degree of improvement in the recovery of the true 

correlation that might be attributed to the application of multi-level techniques. The exercise was 

performed for only one clinical decision, prescribing (since the same results emerged for all three 

outcome measures). Random number generators from SAS were used to simulate 1,000 pairs 

of studies,19 each study involving 50 physicians seeing approximately 100 patients each. The 

distributions of prescribing rates and numbers of patients per physician were modelled using the 

parameters of the actual distributions in the pooled data from the two stages of the study. 

Prescribing rates for each physician in each pair of studies were constructed to produce a 

specified expected correlation (0.0, 0.25, 0.5, 0.75, 1.0). The data were then analysed by PROC 

CORR and by the MLn technique described above18 to derive estimates of the correlation for 

physician prescribing rates between the two time periods. 

It should be noted that the correlation in multi-level modelling is based on variation 

between clusters – that is, practitioners – on the log-odds scale, while the product moment 

correlation is calculated using as observations proportions of decision-making events. These 

methods of calculating correlations are therefore not entirely comparable. One way of achieving 

greater comparability might be to use the log odds of the binary outcomes for each GP 

individually as observations for the product moment correlation. However, when we tested this 

we found that it gives the same result (as would be expected analytically for large samples). 











=








2

112

12
2

2

1

2var
stagestagestage

stagestagestage

jstage

jstage

σσ
σσ

µ
µ

Persistence of Practice Style 6 



 

Results 

Figure 1 provides a plot of raw, unadjusted rates of clinical activity for the three measures of 

output for each stage of the study. As can be seen, there is little change in intervention rates 

between the two stages for any of the measures. 

Figure 1 about here 

The focus of the analysis, however, is less on the stability of overall rates of activity over 

time than the correlation of individual practitioner rates of intervention. Results of simple 

regressions, and associated correlations, for each of the three output measures are presented in 

Figure 2. Follow-up has the strongest correlation, followed by prescribing, and then by 

investigations. Each circle on the graphs represents a practitioner, and confidence intervals are 

supplied for the regression lines. 

Figure 2 about here 

Clearly an important factor influencing practitioner rates of clinical activity is the 

distribution of health conditions presented by patients visiting their GP. In Figure 3 data on the 

distribution of diagnoses in the two stages of the study are displayed. As can be seen, respiratory 

conditions were much more frequently diagnosed at the second stage of the study than the first.  

Figure 3 about here 

As a preliminary step towards the application of a multi-level model to the correlation 

data, a simulation study was carried out to test the stability and validity of multi-level and Pearson 

results for data with known correlations using one clinical decision, prescribing. In Table 2 

simulation results are presented for data sets chosen to replicate the conditions of the actual 

study and thus to give an indication of the sampling variation in the results of the actual 

correlations to be displayed in Table 3 below. 

Table 2 about here 

As can be seen, the raw Pearson product moment correlation coefficients systematically 

underestimated the true value, with the bias being particularly evident in the case of the higher 

values of the underlying correlation. By contrast, ML is reasonably successful in accurately 

reproducing the true values of the underlying correlation, with perhaps a slight bias towards 

overestimation. 
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With this confirmation of its superior recovery properties, a multi-level analysis was 

applied to the data. The results are outlined in Table 3. In each case there is a clear increase in 

correlation between the Pearson product moment and the null model using the multi-level 

approach. Indeed, beyond this initial increment there is little increase in the strength of the 

correlation as patient age and gender, then diagnosis are added - except in the case of 

prescribing. Based on the standard errors derived from the simulation reported in Table 2, all the 

multi-level corrections are significantly greater than zero. 

Table 3 about here 

 

Discussion 

Summary 

The concept of practice style has been operationalised in a number of ways in primary care 

research. According to one approach it represents predominantly the quality and format of the 

interaction between patient and practitioner.14 More usually, however, the concept has been 

represented as a pattern of clinical activity. 20, 21 The concept has also been interpreted at times 

both more narrowly - as a particular practice setting22 - and more broadly to include patient 

attributes and health problems as well as patterns of service.23 

The approach adopted in this study has been to interpret physician style, in the first 

instance, as an expressed preference for the allocation of clinical resources. This preference is 

reflected in a real-life setting in the pattern of commonly made clinical decisions in general 

practice.24, 25 This approach is consistent with the MPV literature, and may have advantages 

over the use of simulated or imaginary cases. However, in one important respect we attempt to 

advance the literature by assessing the stability of these patterns of expressed preference (after 

controlling for diagnosis and patient age). We have been able to assess the relative durability of 

physician practice style over a period of time that reflects a considerable portion - perhaps a third 

- of a family practitioner’s professional career. This feature of physician practice style, while often 

hinted at in the literature, has not been established before, although it may be approximated by 

the concept of a decision threshold, which has been used in the analysis of referrals, 26 testing 

and treatment,27 and prescribing.28 
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While many other studies have had to rely on cross-level relationships - often having to 

resort to characterising practitioners by summary measures of patient mix or population 

characteristics29 - this investigation has been able to use measurements at the level of the 

individual consultation in the analysis. Also, methodologically this study has been able to break 

new ground in applying multi-level (or hierarchical) techniques to determine physician practice 

style and adjust for variable sample size. This was necessary because of the variable response 

rates achieved across the participating family practitioners, producing a diversity of sample sizes 

completed, ranging from 65 to 108.  

In this context, what this study has shown is that adequately adjusting for the effects of 

variable sample size can contribute more substantially to the final estimate of a parameter - in 

this case, a correlation - than controlling for relevant confounding variables (in this instance, age 

and diagnosis). Thus, the Pearson product moment correlations derived in the initial stages of 

analysis - 0.243, 0.135 and 0.554 for prescribing, test ordering, and arranging follow-up, 

respectively - increased to 0.332, 0.377 and 0.683 under the null model. There was little further 

improvement on controlling for age and diagnosis (except in the case of prescribing).   

Limitations 

The principal restriction on generalising the results of this study lies in the potential for selection 

(or ascertainment) bias. The cohort of 50 GPs at the heart of the analysis are distinctive in their 

lack of mobility; over the approximately ten-year period spanned by this study, these GPs did not 

move out of the region nor out of general practice through retirement or sickness. They account 

for less than half the original sample and to this extent can hardly be viewed as a representative 

cross-section of GPs. Nevertheless, this rate of retention bears comparison to figures reported 

for rural primary care practice in the United States over similar periods of time. 30 It is impossible 

to say what direction this bias is likely to take, but it might be reasoned that patterns of practice 

may be more persistent in a stable and immobile sample of physicians. Thus the correlations 

registered in this study may represent an upper bound to the hypothesised style effect. 

Table 4 about here 

As a check on the possible impact of ascertainment bias we calculated the mean 

prescribing rates for all doctors, those remaining in the cohort throughout, and those not in the 

cohort. As can be see, the patterns were relatively stable over time across the two groups of 
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doctors; thus, prescribing rates remained more or less constant over time, follow-up increased, 

and investigations declined, with the absolute levels and relative changes being largely similar. 

There was a slight tendency for cohort doctors to have higher rates of follow-up and lower rates 

of investigations. Overall, however, these differences were slight and suggest that the cohort 

doctors differed little in clinical activity from other general practitioners in the region. 

A second, self-imposed limitation is the restriction of this study to family physicians and, 

within this class of practitioner, to the GP. Much of the early work on MPV focused on the 

secondary and tertiary sectors. Furthermore, a considerable amount of the research in primary 

care concentrated on comparing practice variations between different categories of practitioner. 

The results of this study, therefore, cannot be generalised to other primary or ambulatory care 

practitioners, nor necessarily to the broader class of family physicians of which the GP is a 

variant. 

Thirdly, this study has operationalised style as discrete, decision-making events - the 

decision to prescribe, order an investigation, or request a follow-up - rather than as a more 

extensive pattern of resource-allocating behaviours which, arguably, are likely to be of greater 

strategic importance in the wider health care system. To this extent, therefore, the results of this 

study cannot necessarily be generalised to the full range of resource-allocating decisions in 

general practice. Nevertheless, the apparent durability over the span of an entire decade in the 

decision-making threshold among GPs for three common and typical clinical activities may at the 

very least be indicative of tendencies evident in a wider range of resource-allocating decisions. 

Implications 

Implications of the findings reported here fall into three categories: theoretical, methodological, 

and practical. 

In theoretical terms this study may lend weight to the “supply” hypothesis. This is an 

explanatory framework giving causal primacy to the role of practice and practitioner attributes in 

the functioning of the health care system, particularly in accounting for MPV.5  A theoretically 

important ingredient in this framework – alongside those of practice organisation, professional 

norms, supplier-induced demand and professional uncertainty - has been the notion of physician 

practice style. This concept has given credence to the assumption that practitioners can exercise 

considerable discretion in making key resource-allocating clinical decisions. This study has 

provided some empirical evidence in support of that assumption since it has shown that 
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practitioners can maintain relatively durable clinical decision-making thresholds for over a 

decade, after controlling for case mix and patient age. Nevertheless, there may be other reasons 

for stability of this kind, such as patient expectations.31 

Methodologically, the statistical approach adopted in this study is significant. While 

variations between geographic areas in rates of intervention have been important in stimulating 

research interest in MPV, methodological shortcomings have increasingly cast doubt on this 

approach.1 In particular, it has not been possible with ecological data of this kind to attribute 

variation in intervention rates specifically to the practitioner. The multi-level approach allows the 

analyst to do this,32 with the added advantage - as demonstrated in this study - of overcoming 

issues of variable sub-sample size in deriving estimates of key parameters. 

In practical terms the results of this study suggest that relatively durable and substantial 

physician practice styles can indeed be identified. While the amount of variability in clinical 

activity accounted for by such practitioner-level attributes may be small in comparison with 

patient characteristics, there are nevertheless important implications from these results for health 

policy. In particular, this study suggests that practitioners do have relatively durable clinical 

thresholds. Obviously such thresholds need to be clearly identified and addressed if patterns of 

physician behaviour are to be changed in the implementation of guidelines or in the modification 

of resource-allocation decisions. 

In an article on the policy implications of MPV, McPherson argued that epidemiologically 

there were three distinct causes of systematic variation in clinical decision-making between 

practitioners – clinical uncertainty, lack of knowledge of research, and informed preference.33 

Each of these has rather different implications for policy. Research on practice style rather cuts 

across these issues, however; thus, in principle, a stable or persistent style of practice may 

reflect a constant response to uncertainty or to lack of knowledge, or it could be an informed 

preference. The practical and clinical implications of this study are, therefore, that attempts to 

address MPV need not only to assess different sources of systematic variation in clinical 

decision-making. They must also recognise that these differences may be reflected in relatively 

durable individual styles of practice that could be harder to change. 
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Appendix 
Example of results from multi-level analysis: Prescribing only 
(Model with age, gender, and diagnostic categories) 
 
Model Parameters Estimate Standard Error 
Fixed   
First stage (1979-1980) -0.8482 0.1317 
Second stage (1991-1992) -0.8036 0.1218 
Age 0.002803 0.0009794 
Gender 0.1327 0.05875 
Diagnostic categories:   
Accidents 1.372 0.1396 
Symptomatic -0.1097 0.271 
Neonatal 1.608 0.2087 
Congenital 0.3367 0.3272 
Musculoskeletal 1.357 0.1815 
Skin 1.698 0.2243 
Pregnancy 1.778 0.2489 
Female Reproductive 1.591 0.1475 
Male Reproductive 2.074 0.1488 
Urinary 2.729 0.1369 
Gastrointestinal 1.477 0.1811 
Respiratory 2.56 0.3415 
Cardiovascular 1.681 0.4128 
Ear 0.875 0.2073 
Eye 0.1662 0.4512 
Neurological 2.085 0.1409 
Psychiatric 0.922 0.1453 
Haemotological -0.6422 0.4821 
Metabolic 1.296 0.723 
Cancer 0.3476 0.1487 
Infections 0.1625 0.1203 
   
Random   
First stage (1979-1980) 0.1614 0.05002 
Second stage (1991-1992) 0.07639 0.03402 
Correlation 0.545  
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Legends for Figures 

 

Figure 1 - Clinical activity rates in 1979-1980 and 1991-1992 

 

Figure 2 - Scatterplots and regression line of clinical activity rates between 1979-1980 and 1991-

1992 

 

Figure 3 – Changes in distribution of diagnostic codes (First Stage[1979-1980] – Second 

Stage[1991-1992]) 
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Table 1 

Key Features of the Two Stages of the Studya 

 

KEY FEATURE FIRST STAGE SECOND STAGE 

 

Period of Field Work 

 

1979-1980 

 

1991-1992 

 

Population of GPs 

 

128 

 

184 

 

GP Response Rateb 

 

83% 

 

69% 

 

Number of Encountersc 

 

9,468 

 

9,693 

 

Total Population 

 

257,607 

 

269,400 

 

a All data are for the area defined by the Hamilton Health District in both periods. 

b The percentage of physician weeks (denominator = number of physicians x four). 

c Effective sample size. Represents the number of encounters for which information was 

collected. 

 

  



 

Table 2 

Simulation results for five correlation values, means and standard deviations: 

Actual, Pearson, and Multi-Level - Prescribing Only 

 

Actual Pearson Multi-Level 

 mean std. dev. mean std. dev. 

0.000 -0.005 0.14 -0.007 0.18 

0.250 0.199 0.14 0.255 0.18 

0.500 0.406 0.12 0.519 0.15 

0.750 0.605 0.09 0.771 0.10 

1.000 0.792 0.07 1.022 0.07 

 

 

  



 

Table 3 

Multi-Level Analysis of Correlations: 

Correlations of Practitioner Intervention Rates between 1979-1980 and 1991-1992 

 

Analysis of Correlations Prescribing Investigation Follow-Up 

Pearson Product Moment Correlation 0.243 0.135 0.554 

Multi-Level - Null Model 0.332 0.377 0.683 

Multi-Level - Age + Gender 0.361 0.412 0.684 

Multi-Level - Age + Gender  + Diagnosisa 0.545 0.405 0.703 

 

a 21 OXMIS diagnostic groupings. 

  



 

Table 4 

Comparisons of rates of clinical activity across physician groups: 

Number of encounters per 100 associated with a script, and investigation or a follow-up 

 

 All Physicians Common to Cohort Not in Cohort 

Prescribing    

Stage 2 61.3 62.0 61.0 

Stage 1 62.0 61.8 62.1 

Investigations    

Stage 2 13.2 12.4 13.5 

Stage 1 15.8 15.2 16.2 

Follow-Up    

Stage 2 76.6 78.1 76.0 

Stage 1 72.2 72.4 72.0 
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