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Abstract
Background Diabetes disease management programs are increasingly implemented in the 
Netherlands. Disease management programs have proven to be effective in improving the quality 
of diabetes care, yet its impact on health care utilization is still not well investigated. The aim of this 
study is to examine which organizational aspects of GP practices, which can be seen as important 
building blocks for diabetes disease management programs, reduce the use of medical resources 
of diabetes patients.
Methods and data By linking general practice and hospital based registrations in the Netherlands, 
patient-level data on health care utilization of patients with diabetes (n=6,653) were obtained. 
The following diabetes services characteristics were included in the analyses: the presence of a 
specialized nurse, the implementation of diabetes consultation hours, implementation of diabetes 
control schemes and the participation of General Practitioners (GPs) in multidisciplinary meetings. 
We used multilevel modelling techniques in order to be able to adjust for patient case-mix and GP 
practice-level clustering.
Results None of the diabetes services characteristics substantially influenced the health care utilization 
of diabetes patients, with the exception of the presence of a specialised nurse. The presence of a 
specialized nurse led to less pharmaceuticals described. The existing variation between GP practices 
in health care utilization can not be explained by organizational aspects of diabetes services. 
Conclusions Organizational aspects of diabetes services characteristics can not be identified as 
important drivers for medical health care utilization of diabetes patients. It is unlikely that the 
implementation of diabetes disease management programs will have a large impact on the use of 
medical resources by diabetes patients and will curb the increasing demands for diabetes care.
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Introduction
As in other Western countries, diabetes mellitus is becoming one of the most common chronic 
conditions in the Netherlands (1-3). The prevalence of diabetes in the age-group of 30-74 is 
estimated at 2.7-3.2 in 2001, and is projected to increase with another 33% in the coming decades 
due to the aging population and a rising incidence of diabetes (3). This forecasted increase in 
the prevalence of diabetes will lead to an upward pressure on the health care system as well as 
the costs of medical care. In the Netherlands, the costs related to diabetes care amounted about  
€ 750 million in 2003, which corresponded to about 1.3% of the Dutch health care expenditures (4). 
These figures are an underestimation of costs since complications of diabetes mellitus are not taken 
into account.
In order to improve the quality of diabetes care and to channel the increasing demands for diabetes 
care disease management programs originated during the last decade (5;6). Diabetes disease 
management programs have shown to improve the quality of care, e.g. by lowering the HbA1c levels 
and positive effects on cholesterol levels (7). The implementation of diabetes disease management 
programs leads to large organizational changes in the GP practice. Currently, diabetes disease 
management programs, in which the role of the GPs is essential, are increasingly implemented. 
About 80% of all diabetes care demands are addressed in GP practices, and a further increase may 
be expected when primary care based diabetes disease management programs are becoming more 
widespread implemented in the Netherlands. 
This study aimed to identify organizational aspects of GP practices with respect to diabetes 
services which reduce the medical care utilization of diabetes patients. We focus on organizational 
aspects of diabetes services which can be seen as important building blocks of diabetes disease 
management programs, like the presence of a specialized nurse, the implementation of diabetes 
control schemes, the implementation of specific diabetes consultation hours and the participation 
of the GPs in multidisciplinary meetings with other health care providers (8-10). Identification of 
organizational aspects of diabetes services which strongly influence medical care utilization may 
have great implications for the design of the intended nationwide implementation of diabetes 
diseases management programs.

Methods and data
Data
Data on organizational aspects of GP practices and health care utilization of diabetes patients were 
derived from two health care registrations. Firstly, data were obtained from the second Dutch National 
Survey of General Practice (Dutch abbreviation: NS2) (11). The NS2 was carried out in 104 general 
practices, including 195 GPs, in the Netherlands in 2001. The NS2 includes data of approximately 
385,000 patients, about 1,5 million encounters, 2,2 million prescriptions of pharmaceuticals and 
170,000 referrals for a new health problem to other health care providers. Diagnoses were coded 
according to the International Classification of Primary Care (ICPC) (12). The study population is 
representative of the Dutch population regarding age, gender and type of health care insurance 
(11). Dutch GPs are the gatekeepers for medical specialised care and nearly all non-institutionalised 
patients are listed to a GP.
Secondly, data were obtained from the National Medical Register  (Dutch abbreviation: LMR)  for  the years 
1999 until 2002 (13). This database has an almost complete coverage (99%) of all hospital admissions 
in the Netherlands. Records comprise date of birth, gender, area zip code, length of stay, diagnosis at 
discharge and vital status at discharge. Diagnoses at discharge are coded according to the International 
Classification of Diseases, Ninth Revision (14). The total number of hospital admissions amounted to about  
1,5 million in 2001. 
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Data linkage
We used gender, date of birth and four-digit postal code of the patient as linking variables for the 
linkage of records in the NS2 database with hospital admission data, since a unique identifier is not 
available in the Netherlands (15;16). A pilot linkage was successfully carried out in order to evaluate 
the representativeness of the linkage and the resulting population resulting in a linkage percentage 
of 76% (17). The starting point of the linkage is a GP referral. On the basis of each GP referral we 
searched for corresponding records in the hospital register. We restricted the period in the register 
for each separate referral to 180 days before and 360 days after the referral date. Linkages outside 
this period were excluded from the analyses. 

Study population
First, patients with missing values on any of the linking variables and patients with a non-unique 
combination of linking variables in the NS2 were excluded from the analyses (n=24,193, 6%). In 
addition, we selected patients who had contacted their GP for diabetes mellitus (ICPC code T90) 
in 2001 (n=9,313). Subsequently, we excluded patients with missing information on socioeconomic 
status (n=1,814), which was indicated by highest educational level. Socioeconomic status was 
included as a confounding variable in the analyses. 
We excluded 11 GP practices since they did not provide sufficient information with respect to 
organizational aspects of their GP practices. Another four practices were excluded for the analyses 
since they dropped out of the registration during the period of data collection. Finally, there remained 
89 GP practices with 6,653 diabetes mellitus patients for the analyses.

Measures
Health care utilization measures
We included the number of contacts with the GP (per year) in the analyses. In addition, we included 
the total number of prescriptions by the GP (per year), hospital admission (yes/no) and the number 
of hospital admissions (per year) (of those who were admitted to the hospital) in the analyses.
Diabetes services characteristics
Data on GP practices characteristics of diabetes services such as the presence of a specialised nurse 
(yes/no), participation in multidisciplinary meetings with other care providers (yes/no), the presence 
of specific diabetes consultation hours (yes/no), and the implementation of diabetes control schemes 
(yes/no), were included in the analyses. 

Control variables
Patient characteristics
We adjusted for case-mix by including patient data on age, gender, educational level, civil status, 
ethnicity and the number of comorbidities as control variables in the analyses. Data were obtained 
from the NS2. Educational level was defined as low (none and primary school), middle (lower and 
intermediate vocational school) and high (higher vocational school and university). Civil status 
was defined as married, unmarried, divorced and widowed. Ethnicity was defined as Dutch and 
Non-Dutch indicated by patient and parentel country of birth. The number of comorbidities was 
defined as the number of different chronic conditions for which the patients had contacted their GP. 
The following chronic conditions were included: heart diseases, stroke, retinopathy, nephropathy, 
diabetic foot, depression, lung diseases (COPD and asthma), musculoskeletal diseases, neurological 
diseases and cancer.
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GP practices characteristics
General practice characteristics like practice type (solo, duo-practice, group), urbanization level (rural, 
average, urban), mean age, gender (% of female GPs), mean number of years of GP experience) 
were included as confounders in the analyses.

Statistical analyses
Multilevel analyses were used because of the two-level structure of the data: i.e. patient level (level 
1) and GP practice level (level 2). The multilevel modelling techniques (proc mixed and proc glimmix) 
from the SAS package (version 9.1) were used to analyse the data. We used several models to 
explain the effects of diabetes services characteristics on the number of GP visits (per year), which 
was log-transformed in order to get a normal distribution.
First, the intercept-only model (model 0) was fitted. By adding the control variables on the patient 
level (model A) the influence of these variables was assessed. In model B, we subsequently entered 
GP practices control variables in the model, as level 2 control variables. In model C, we assessed the 
diabetes services variables. Since in model C the number of GP practices in relation to the included 
number of level 2 variables in the model led to low power (on the second level), we additionally 
computed model D. 
In model D, low power was avoided by reducing the number of level 2 variables. By assessing the 
importance of all level 2 control variables on the GP practice variance, we were able to identify the 
level 2 control variable which had the largest impact on the GP practice variance (GP practice type). 
By only including GP practice type as control variable, we were able to gain insight in the impact 
of the low power on our estimates of model C. In the models described above, all variables were 
considered as fixed-effects, with exception of GP practice numbers (random effect). 
In addition, we applied model D also for different health care utilization measures, i.e. number 
of pharmaceuticals prescribed, number of hospital admissions (both log-transformed) and hospital 
admission (yes/no) (Table 4.3). The parameter estimates resulting from all multilevel linear and logistic 
regression analyses were expressed as coefficients (B) with standard errors (SE) (log-transformed) 
or as log odds ratios (OR) with the corresponding SE. Furthermore, the following statistics were 
used: intraclass correlation coefficient (ICC), which measures the proportion of the variance of the 
dependent variable between GP practices (16), and the -2log-likelihood, which is used to measure 
the goodness of fit of the models employed. 

Results
Practice and diabetes care characteristics
A specialised nurse was working in about three-quarter of the GP practices, and about half of the 
practices had implemented specific diabetes consultation hours and diabetes control schemes. 
Furthermore, about 60% of the GP practices participated in multidisciplinary meetings with other 
health care providers. Nine of the 89 GP practices (10.9%) had implemented all these diabetes 
services (not tabulated). The number of solo practices was 42 (47.2%), 26 were duo-practices 
(29.2%). The remaining practices (n=21, 23.5%) were group practices. About half of the practices 
were situated in rural area. The mean age of the GPs was 47.3 years (SD 5.1), and 17.8% was female 
(Table 4.1). The mean number of diabetes patients per practice was 74.7 (SD 44.0; range 11-233). 
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The mean age of the patients was 64.6 years (SD 13.8), and 54.1% were female. About half of the 
patients had contacted their GP for a coexisting comorbidity.

Table 4.1: Descriptives of GP practices (n=89) and patient characteristics (n=6,653)

GP practice characteristics N or Mean (% or SD)

Diabetes services characteristics

Presence of a specialised nurse (yes) 66 (74.4%)

Diabetes consultation hours (yes) 43 (48.3%)

Participating in multidisciplinary meeting (yes) 51 (57.3%)

Implemented diabetes control schemes (yes) 45 (50.6%)

General characteristics

Practice type

Single handled 42 (47.2%)

Two-doctor practice 26 (29.2%)

Group 21 (23.6%)

Urbanization

Rural 41 (46.1%)

Average 17 (19.1%)

Urban 31 (34.8%)

Mean age of GPs (in years) 47.2 (SD 5.4)

Gender (female GPs in practice) 17.8 (27%)

Mean years of experience as GP 16.8 (SD 6.84)

Patient characteristics (n=6,653)

Mean age (plft) 64.6 (SD13.8)

Gender (no. of female patients) 3,599 (54.1%)

Etnicity (no. of non-Dutch) 1,367 (24.6%)

Civil status (no. of married) 4,205 (63.2%)

Educational level (no. of high educational level) 592 (8.9%)

Presence of comorbidity (no. of comorbid patients) 2,921 (43.9%)

Mean number of comorbidities (in comorbid patients) 1.34 (0.63)

Multilevel analyses
Table 4.2 shows the results of the multilevel analyses by presenting the parameter estimates and 
their standard errors (SE) of different GP practice and patient variables in the different models (model 
0, A, B, C, D) on the yearly number of GP contacts. In model 0 (the intercept-only model), the ICC 
was 0.178 (Table 4.2), which indicates that multilevel models would provide substantial benefits over 
one-level regression models for the analysis of the data.



60   |   Chapter 4 

Table 4.2: Multilevel regression analysis to estimate the effects of organizational aspects of 
GP practices, on the number of GP contacts, adjusted for patient and general GP practice 
characteristics (n=6,653)

Model 0 Model A
B (s.e.) B (s.e.)

Intercept 2.16 (0.03)** 0.98 (0.12)**
Level 1: Patient characteristics

Gender (1= female) 0.37 (0.07)**

Age 0.01 (0.001)**

Interaction-term age*gender -0.003 (0.02)*

Educational level (high= reference)

Low 0.06 (0.03)*

Middle 0.03 (0.03)

Civil Status (married=reference)

UnMarried -0.04 (0.03)

Divorced 0.09 (0.03)*

Widowed -0.02 (0.02)

Ethnicity (1=Non Dutch) 0.02 (0.02)

No. of comorbidities 0.38 (0.01)**

Level 2: GP practice characteristics

Practice type (group practice = ref.)

Duo-practices

Single handled

Degree of urbanization (rural= ref.)

Average

Urban

Mean age (years) 

Gender (% female GPs)

Experience as GP (years)

Diabetes services characteristics

Presence of specialised nurse (1= yes)

Participation in multidisciplinary meetings (1= yes)

Implementation of diabetes consultation hours (1= yes)

Implementation of diabetes control schemes (1= yes)

GP practice variance 0.0964 0.0791

ICC 0.193

- 2 Log Likelihood 11,869.2

*=p <.05, **=p<.001
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Model B Model C Model D
B (s.e.) B (s.e.) B (s.e.)

-0.003 (0.50) 0.04 (0.51) 1.04 (0.17)**

0.37 (0.07)** 0.38 (0.07)** 0.38 (0.07)**

0.01 (0.001)** 0.01 (0.001)** 0.01 (0.001)**

-0.003 (0.001)* -0.003 (0.001)* -0.003 (0.001)*

0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)*

0.03 (0.03) 0.03 (0.03) 0.03 (0.03)

-0.05 (0.03) -0.05 (0.03) -0.05 (0.03)

0.09 (0.03)* 0.09 (0.03)* 0.09 (0.03)*

-0.02 (0.02) -0.02 (0.02) -0.02 (0.02)

0.02 (0.02) 0.02 (0.02) 0.02 (0.02)

0.38 (0.001)** 0.38 (0.001)** 0.38 (0.001)**

0.001 (0.08) -0.04 (0.09) -0.08 (0.09)

-0.18 (0.08)* -0.20 (0.09)* -0.20 (0.09)*

-0.05 (0.07) -0.06 (0.07)

 0.16 (0.08)*  0.15 (0.09)

0.03 (0.01)* 0.03 (0.01)*

0.21 (0.13) 0.21 (0.13)

-0.02 (0.01) -0.02 (0.01)

0.003 (0.07) 0.003 (0.07)

-0.02 (0.06) -0.02 (0.06)

-0.023 (0.07) -0.09 (0.07)

0.09 (0.07) 0.09 (0.07)

0.0641 0.0622 0.0721

0.162 0.159 0.1802

11,663.2 11,502.0 11,513.9
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Table 4.3: Multilevel regression analysis (model D) to estimate the effects of organizational aspects 
of GP practices characteristics on other health care measures (n= 6,653)

Number of 
prescriptions

Hospital 
admissions (yes)

No. of hospital 
admissions

B (s.e.) B (s.e.) B (s.e.)

Intercept 1.35 (0.20)**  0.05 (0.07) 0.01 (0.21)

Patient characteristics

Gender (1= female) 0.33 (0.09)**  0.04 (0.04) 0.14 (0.12)

Age 0.02 (0.02)**  0.0005 (0.001) 0.002 (0.003)

Interaction-term age*gender -0.003 (0.001)** -0.0008 (0.0006) -0.003 (0.003)

Educational level (high= reference)

Low 0.14 (0.04)**  0.02 (0.01) 0.10 (0.05)*

Middle 0.07 (0.04)*  0.007 (0.01) 0.03 (0.045)

Civil Status (married=reference)

UnMarried -0.005 (0.03) -0.008 (0.01) -0.07 (0.04)

Divorced 0.15 (0.04)**  0.014 (0.02) 0.01 (0.06)

Widowed 0.018(0.03) -0.003 (0.01) -0.01 (0.04)

Ethnicity (1=Non Dutch, 0= Dutch) 0.006 (0.02) -0.016 (0.01) -0.04(0.03)

No. of comorbidities 0.33 (0.01)**  0.09 (0.004)** 0.30 (0.05)**

GP practice characteristics

Practice type (group practice = ref.)

Duo-practices -0.07 (0.08) -0.009 (0.02)

Single handled -0.09 (0.08) -0.004 (0.02)

GP practices diabetes services provided

Presence of specialised nurse (1= yes) -0.15 (0.07)* -0.02 (0.02) -0.05(0.04)

Implementation of specific diabetes 
consultation hours (1= yes) 0.03 (0.06)  0.02 (0.01) -0.04 (0.40)

Participation in multidisciplinary meetings 
(1= yes) -0.001 (0.06) -0.02 (0.02) 0.07 (0.04)

Implementation of diabetes control 
schemes (1= yes) 0.04 (0.06) -0.01(0.01) -0.04 (0.04)

GP Practice variance 0.062 0.013 0.003

ICC 0.0320 0.1219

- 2 Log Likelihood 2697.0 18,299.7

*=p <.05, **=p<.001
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In model A, in which the patient variables were analyzed, the GP practice variance decreased from 
0.096 in model 0 to 0.079 in model A, which means that there was less variation between GP 
practices after correcting for patient characteristics. All patient characteristics were significant with 
the exception of ethnicity (Table 4.2). 
In model B, we added the GP practice control variables. Organization form, degree of urbanization 
and the mean age of GPs were the GP practice variables which reveal to be significant. 
In model C, the diabetes services related variables on the GP practice level were entered. Also 
in this model the GP practice variance slightly decreased, but none of the entered variables in 
model C appeared to be significant, indicating that the interpractice variation in the number of GP 
contacts can not be explained by these organizational aspects of diabetes services related variables. 
However, the number of GP practices (n=89) in relation to the number of level 2 variables (n=11) 
included in model C leads to lower power. Possibly, present relationships might be overlooked as a 
consequence of insufficient numbers of GP practices in the analyses. In model D we demonstrated 
that this appeared not to be the case. Reducing the number of GP practice characteristics did not 
strongly affect the estimates as compared to model C. None of the diabetes services characteristics 
in Model D were significant. The impact of the GP practices variables was similar to the impact of 
the patient characteristics (not shown). In addition, GP practices which included all diabetes services 
characteristics showed no significant difference in the number of GP contacts per year (not tabulated).

Table 4.3 presents the results of the multilevel analyses (model D) regarding other health care measures 
i.e. number of prescriptions, hospital admissions (yes/no) and number of hospital admissions (of 
those who were admitted). Again, all diabetes services characteristics were not significant with the 
exception of the presence of a specialized nurse on the number of pharmaceuticals prescribed 
(Table 4.3). The presence of a specialized nurse leads to less pharmaceuticals prescribed.

Discussion and conclusions
In this study, we tried to identify diabetes services characteristics which reduce the medical care 
utilization. Although medical care utilization of diabetes patients varied largely between GP 
practices, we could not identify any diabetes services characteristics that strongly reduce to the 
medical care utilization, with the exception of the presence of a specialized nurse. Therefore, the 
existing variation in medical care utilization of patients with diabetes remains largely unexplained 
even after adjustment for patient and GP practices characteristics. 
The presence of a specialized nurse led to less pharmaceuticals prescribed. This decline in 
pharmaceuticals prescribed can be an effect of the presence of specialized nurse which manage and 
educate patients, and as a consequence, patients needed less medication. However, specialized 
nurses in the Netherlands are by law not allowed to prescribe all types of medication. As a result of 
these limited responsibilities of specialized nurses, we found that specialized nurses prescribe less 
pharmaceuticals. The effects of the presence of specialized nurse must be further investigated.   
Although none of the diabetes services characteristics could be identified as major utilization drivers, 
it remains important to know where this inter-GP practice variation originates. GP practices variation 
in medical care utilization is inevitable, a part of the variation indicates overuse or underuse of 
health care resources, which must be further investigated (19). Understanding the mechanisms in 
GP practice variation is essential to develop and facilitate effective interventions that reduce this 
undesirable part of the variation and in this manner to improve the quality of care (20). 
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One of the policy reasons to develop disease management programs, besides improving the quality 
of diabetes care, was to curb the increasing health care demands and related costs. Based on our 
results we found no evidence that the implementation of diabetes disease management programs 
will achieve that goal. However, more comprehensive data on the diabetes services provided like 
the performed tasks and responsibilities of the specialized nurses, are needed to fully understand 
the impact of disease management programs.
Our non-significant findings are consistent with previous research (10,21,22). Fireman et al. showed 
that disease management programs for four different chronic diseases did not result in cost reductions 
(21). Reid and colleagues et al. demonstrated that hospital admission rates were largely explained 
by factors outside the GP care and were outside the control of GPs (23). 
Our analyses are confined to medical care utilization. No information was available about patient 
outcomes like Hba1c, blood pressure and Body Mass Index, etc.. Future research should include 
more patient characteristics as well as process and outcome measures. Combining process measures 
and outcome measures will result in better insight into the underlying mechanisms of GP practice 
variation. 
An important methodological problem that arose in our analyses was the occurrence of power 
problems on the GP practice level. We coped with this methodological problem by reducing the 
number of second level variables (the GP practices) in the analyses. These potential power problems 
have important consequences for the design of multilevel studies with clustering at the GP practice 
(24,25). The number of studied second level variables in the analyses determines the number of GP 
practices needed to achieve satisfactory statistical power. This results in large difficulties of achieving 
satisfactory statistical power and this is perhaps the reason why a high proportion of multilevel 
analyses give negative results (24). 

Several limitations of our study need to be mentioned. First, we used data of health care registrations 
and, as such, relied on the accuracy and the completeness of the records. These health care 
registrations are recognized to generate well-validated and comprehensive data (26-29). The same 
holds for the linkage procedures, although medical record linkage techniques introduced some small 
selection bias (17). However, this selection implies for all GP practices and will therefore probably not 
have influenced our results and conclusions. 
Second, there was no information on the level of all GPs available and we only could include 
aggregated GP characteristics on the GP practice level in the analyses. We assume that an 
introduction of a third level (the GP level) in the multilevel modelling will lead to superior models 
and estimates as compared to current models. 

In conclusion, none of the diabetes services characteristics influence the medical care utilization 
of diabetes patients, with the exception of the presence of a specialized nurse. The presence of 
a specialized nurse led to less pharmaceuticals prescribed. Therefore, only a small part of the GP 
practice variations in medical health care utilization can be explained by patient characteristics and 
GP practices characteristics.
Although a nationwide implementation of diabetes disease management programs will result in 
large organizational changes in GP practices, it is not to be expected that this will result in large shifts 
in medical care utilization of diabetes patients.
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