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T here is an increasing quest for public information 
on the quality of healthcare, which increases the 
need for transparency of the performance of indi-

vidual healthcare providers as well as hospitals. For this 
purpose, the use of quality indicators has widely been ad-
opted. Among the disease entities with ample research on 
quality indicators is diabetes. Treating and monitoring pa-
tients with diabetes is challenging, as the disease is associ-
ated with elevated morbidity, comorbidities, complications, 
and early mortality rates. It has an increasingly high preva-
lence, and healthcare costs are correspondingly high.1-3 

Benchmarking performances in diabetes care is expected 
to reflect differences in quality of care delivered, but it is 
commonly known that population characteristics such as 
comorbidities or age can affect these scores as well. To facili-
tate fair comparison of quality of care, case-mix adjustment 
based on these population characteristics is suggested for 
adequate public reporting on healthcare provider perfor-
mance.4 Indeed, the results of several studies indicate that 
the ranking of hospitals and physicians might change after 
adjustment by case-mix factors.5-7 Other studies, however, 
do not report clear effects.8,9 

These conflicting results can be explained by the variety 
of factors used in the different risk-adjustment models.10 This 
variety may exist due to a lack of knowledge of, or consen-
sus on, factors that need to be included in these models; nev-
ertheless, knowledge of factors that could affect the quality 
of care does not axiomatically mean that we should adjust 
quality indicators for these factors. Ten years ago, Chin4 out-
lined the key elements of a diabetes case-mix adjustment tool 
based on the scientific knowledge so far at that time. One of 
these elements is validity, meaning that case-mix adjustment 
tools should do the required task of adjusting for factors af-
fecting glycated hemoglobin (A1C) value beyond the provid-
er’s reasonable control. For example, when female patients 
or patients from minority ethnic groups receive lower qual-
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ABSTRACT

Objectives: Case-mix adjustment is generally considered indis-
pensable for fair comparison of healthcare performance. Inac-
curate results are also unfair to patients as they are ineffective 
for improving quality. However, little is known about what factors 
should be adjusted for. We reviewed case-mix factors included in 
adjustment models for key diabetes indicators, the rationale for 
their inclusion, and their impact on performance. 

Study Design: Systematic review. 

Methods: This systematic review included studies published 
up to June 2013 addressing case-mix factors for 6 key diabetes 
indicators: 2 outcomes and 2 process indicators for glycated 
hemoglobin (A1C), low-density lipoprotein cholesterol, and blood 
pressure. Factors were categorized as demographic, diabetes-
related, comorbidity, generic health, geographic, or care-seeking, 
and were evaluated on the rationale for inclusion in the adjust-
ment models, as well as their impact on indicator scores and 
ranking.

Results: Thirteen studies were included, mainly addressing A1C 
value and measurement. Twenty-three different case-mix factors, 
mostly demographic and diabetes-related, were identified, and 
varied from 1 to 14 per adjustment model. Six studies provided 
selection motives for the inclusion of case-mix factors. Marital 
status and body mass index showed a significant impact on A1C 
value. For the other factors, either no or conflicting associa-
tions were reported, or too few studies (n ≤2) investigated this 
association.

Conclusions: Scientific knowledge about the relative importance 
of case-mix factors for diabetes indicators is emerging, especially 
for demographic and diabetes-related factors and indicators on 
A1C, but is still limited. Because arbitrary adjustment potentially 
results in inaccurate quality information, meaningful stratification 
that demonstrates inequity in care might be a better guide, as it 
can be a driver for quality improvement.
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ity of care and the performance can be controlled by the 
healthcare provider, gender and ethnicity should not be 
included in a risk-adjustment model.4 Instead, this gender- 
and ethnicity-specific information should be made ex-
plicit (eg, by calculating stratified quality indicator scores). 
This is just a single element of an appropriate case-mix 
adjustment tool. In addition, a case-mix tool developed 
for a single end point, such as A1C value, is not neces-
sarily valid for other diabetes-related outcomes. Another 
recommended criterion is clinical face validity, meaning 
that the case-mix adjustment tool should comprehend all 
key factors. Also, Chin4 refers to a conceptualization of 
6 fundamental domains (demographics, access to care, 
healthcare-seeking behavior, geographic location, dura-
tion and severity of diabetes, and comorbidity),11 which is 
a good start to ensure incorporation of relevant variables, 
and thus, clinical face validity. Other recommended char-
acteristics of a case-mix adjustment tool are feasibility (ie, 
the tool should be simple to use and affordable) and ap-
plicability (ie, the tool should be applicable to a specific 
target population of patients with diabetes).

In order to assess the current scientific knowledge on 
diabetes case-mix adjustment and to advance an appropri-
ate and valid case-mix adjustment, researchers and quality 
assessors may benefit from an overview of the evidence for 
inclusion of case-mix factors for specific indicators. This is 
also relevant for healthcare providers because only appro-
priate case-mix adjustment allows comparisons and bench-
marking among providers. Furthermore, more insight into 
relevant case-mix factors may facilitate registration needs, as 
only context information that matters needs to be collected. 

We therefore aimed to review the literature to: a) identi-
fy relevant case-mix factors for the 6 most commonly used 
quality indicators for diabetes (namely, the outcome and 
process indicators for A1C value, low-density lipoprotein 
cholesterol [LDL-C] value, and blood pressure)12; b) to ex-
plore the rationale for the selection of these factors; and 
c) to study the impact of these factors on performance (ie, 
diabetes quality indicator scores). 

METHODS 

Data Sources and Searches
A systematic literature search was per-

formed in the electronic databases PubMed, 
EMBASE, and the Cochrane Library on 
June 5, 2013, to identify scientific publica-
tions specifically addressing case-mix ad-
justment for diabetes quality indicators. 
The search was performed using the terms 
“diabetes mellitus,” “quality indicators,” 

“risk adjustment,” and “case-mix,” as well as combinations 
of these terms and related Mesh terms (eAppendix Table 1 
[eAppendices available at www.ajmc.com]). The search was 
performed according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines.13,14

Study Selection
We included original research explicitly addressing 

the impact of case-mix adjustment in diabetes care qual-
ity research (studies that both included adults and were 
written in English), with regard to 3 outcome indicators—
A1C value (% or mmol/mol), LDL-C value (mg/dL), and 
blood pressure (mmHg)—and 3 process indicators—A1C 
measurements (% patients), LDL-C measurements (% pa-
tients), and blood pressure measurements (% patients).

Studies were excluded when they: a) addressed the 
quality of care provided to specific subgroups of patients 
with diabetes (eg, older patients) because these studies pro-
vide information on possible voids in provided quality of 
care to these subgroups rather than providing informa-
tion on the relevance of including such factors in case-
mix adjustment models; or b) applied case-mix factors as 
covariates to correct for variability between groups (inter-
vention studies or trend studies). 

The studies were first screened independently for eli-
gibility based on title and abstract, by 2 reviewers (HC, 
GEV). In the case of disagreement, the publication was 
included in the first step of the selection process (see Fig-
ure). Next, full-text copies were reviewed by the same 2 
reviewers and a decision was made for final inclusion 
or exclusion. If the 2 reviewers disagreed on inclusion, a 
third reviewer (JCCB) was consulted. The list of included 
studies was completed by hand-searching the reference 
lists of the selected studies and the journals in which these 
studies were published.

Data Extraction and Quality Assessment
From each included study, we extracted information 

on: aim; study design; study population; quality indica-

Take-Away Points
Diabetes is associated with elevated morbidity, comorbidities, complications, and 
early mortality rates. It has an increasingly high prevalence and correspondingly high 
healthcare costs. Benchmarking is expected to reflect differences in quality of care, 
but case-mix factors can affect these scores as well. This review provides an overview 
of case-mix factors that are ideally included for specific indicators, showing: 

n	 	 A large variation in case-mix factors is used, and the factors’ impact varies greatly. 

n	 	 Rationales for the selection of case-mix factors are rarely provided. 

n	 	 More evidence-based knowledge on case-mix adjustment for diabetes quality 
indicators is necessary for fair quality-of-care comparisons.
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tors; case-mix factors and their 
rationale for inclusion; the 
statistical association between 
case-mix factor and quality in-
dicator; and, if available, the 
percentage, which explained 
variance and the effect of case-
mix correction on ranking. 
Two reviewers (HC, JGMM) 
independently assessed the 
methodological quality of the 
studies and discussed their re-
sults for consensus. Using the 
Meta-Analysis of Observa-
tional Studies in Epidemiology 
guideline,14 the methodologi-
cal quality was evaluated using 
the following criteria (which 
were slightly rephrased to fit 
with the content of the current 
study): background and ratio-
nale reported, objectives and 
hypotheses stated, study design 
described, eligibility criteria 
specified, selection of sample 
described, selection method of 
case-mix factors described, and 
statistical methods described. 

Data Synthesis and Analysis
First, case-mix factors were 

categorized into the fundamen-
tal domains as described by 
Zhang et al11: demographic factors (eg, age, gender), diabe-
tes-related factors (eg, duration of diabetes), comorbidity 
factors, geographic deprivation, and care-seeking factors 
(eg, free medical care). We added the domain “generic 
health” to classify the factors of health status and health 
status and quality of life, as used in several studies.

Then, we categorized the rationales for inclusion of 
case-mix factors according to the key elements of an ideal 
case-mix tool, as outlined by Chin,4 who stated that the 
tool: a) should be valid, implying that the tool adjusts for 
factors affecting the particular indicator beyond the pro-
vider’s reasonable control; b) needs to have clinical face 
validity, meaning that it does not lack key factors. With 
such validity, incorporation of relevant factors is ensured 
and the factor does not wrongly pardon a difference in the 
quality of care for which the provider should be account-
able (eg, see gender example in introduction section); c) 

must be feasible, in terms of simplicity and affordability; 
and d) must be applicable to the target population; that is, 
the tool is developed on a similar set of patients. 

Finally, we studied the impact of the case-mix variables 
on outcome. A factor was thought to have impact on out-
come when an association between factor and indicator 
was shown in at least 3 studies, and no study reported 
otherwise. A similar reasoning was adopted for defining 
no impact. Impact was considered inconsistent when dif-
ferent studies reported both the presence and absence of 
an association between factor and indicator. 

RESULTS
Selection of Studies

After applying the selection criteria, 13 studies were in-
cluded in the review (Figure).

n Figure. Flow Chart of the Selection Process

Cochrane search
6 references

EMBASE search
95 references

297 unique references

40 unique references for 
full text review

45 duplicates removed

257 references removed after title/abstract 
screening based on the selection criteria

29 references removed after full text screening 
based on the selection criteria: 

13 not involving case-mix adjustment
6 not original research articles
6 not addressing outcome or process indicators
3 because they were intervention or trend studies 
not explicitly addressing case-mix
1 not addressing diabetes care

3 references included by  
hand-searching references 

1 reference was not available

13 references included in 

review 5-9,11,15-21

Pubmed search
238 references
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Characteristics and Quality Assessment of the Studies
eAppendix Table 2 provides a comprehensive overview 

of the study characteristics. In summary (see also eAp-
pendix Table 3), the 13 studies were published between 
1998 and 2012. Most of the studies were conducted in the 
Unites States (n = 10), 2 in the United Kingdom, and 1 in 
The Netherlands, and each of them had a retrospective 
observational design. The study samples ranged from 208 
to 118,167 patients with diabetes.6,15 Six studies reported 
on both process and outcome indicators,7,8,16,18,20,21 6 on 
outcome indicators,5,6,9,11,15,19 and 1 on process indicators,17 
with the outcome indicator for A1C value being the most 
frequently studied. Each study reported on more than 1 

case-mix variable (see also next section). Effects of case-
mix adjustment were studied across facilities5-8,11,15,16,18,20,21 
or individual physicians.9,19 One study reported effects on 
both levels.16 The criterion “selection method of case-mix 
variables described” could be applied to 6 studies,5,6,8,9,11,17 
while the other quality criteria were satisfied by all studies 
(except the study design description17).

Case-Mix Factors Included in Adjustment Models and  
Rationales for Their Selection 

Table 1 provides an overview of the factors included in 
case-mix adjustment models for quality indicator scores, 
stratified by domain and indicator. Altogether, 23 differ-

n	 Table 1. Overview of Case-Mix Factors Measured per Quality Indicator (n = cited), Stratified by Domain (n = 
13 studies)

DOMAIN Factors

Outcome Indicators 
(n = 12 studies)

Process Indicators 
(n = 8 studies)

A1C Value
(n = 12)

LDL-C 
Value
(n = 6)

BP
(n = 4)

A1C 
Measure-

ment (n = 8)

LDL-C
Measurement

(n = 3)

BP
Measure-

ment (n = 2)

Demographics 

Age 12 5 4 6 2 2

Gender 9 4 4 5 1 2

Ethnicity 3 2 1 2 1

Education 5 2 3 1 1

Marital status 3 1 1

Diabetes-related 

Duration of diabetes 6 3 3 2 2

Creatine clearance 1 1 1

LDL-C 1 1

Blood pressure 1 1 1

Total cholesterol 1 1 1

Triglycerides 1 1

Macrovascular 
complications

1 1 1 1

Microvascular 
complications

1 1 1 1

Blood glucose at 
index visit

1 1

Polyuria/ polydipsia 1

BMI 3 1 1

Comorbidity Comorbidity factors 6 3 1 4 3

Generic health
Health status 4 2 2 1 1

Quality of life 1 1 1 1

Geography 
Geographic 
deprivation

2 2 1

Care-seeking

Free medical care 1 1 1 1 1

Service connection 2 1 1 1 1

Patients’ expenditure 1

A1C indicates glycated hemoglobin; BMI, body mass index; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol.
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ent case-mix factors were identified in the 13 studies. De-
mographic factors, especially age and gender, were most 
frequently included, followed by diabetes duration and co-
morbidity. The more extensive and diverse case-mix mod-
els were found for the outcome indicators, in particular for 
A1C value. The rationale for selection of case-mix factors 
was reported in 6 studies (eAppendix Table 3),5,6,8,9,11,17 mainly 
covering the elements of clinical face validity (eg, evidence 
from other studies) and feasibility (eg, data availability). 

Impact of Case-Mix Factors: Outcome Indicators
A1C value. Twelve studies investigated case-mix fac-

tors for this quality indicator. Impact on indicator scores 
(Table 2) were found for marital status (demographic do-
main) and body mass index (BMI; diabetes-related do-
main); married patients with diabetes5-7 and those with 
lower BMI5,7,15 generally had lower A1C values compared 
with patients who were not married and those with high-
er BMI. For the factors of age,5-9,11,15,16,18-21 gender,5,7-9,11,18-21 
ethnicity,7,11,21 education,5,9,19-21 diabetes duration,5,9,11,19-21 
comorbidity,5,7,8,11,16 and health status,5,9,19,21 inconsistent 
impact on outcome was reported. Other factors were 
rarely (n ≤2) studied. The percentages explained variance 
(eAppendix Table 2) induced by case-mix correction were 
generally small (3%-10.5%).5,9,11,16,18,19 Effects of case-mix 
correction on ranking particularly affected outliers and 
bottom- and top-performing hospitals in 3 studies.5,6,11 

Joish et al7 reported that after case-mix correction, clear 
differences among the 4 participating facilities emerged, 
while Berlowitz et al15 showed that case-mix correction 
reduced differences among facilities. Four studies were un-
able to demonstrate ranking effects after case-mix adjust-
ment for A1C value.8,9,20,21

LDL-C value. Six studies investigated case-mix factors 
for this indicator7-9,16,20,21: inconsistent impact was found 
for the factors of age, gender, and comorbidity7-9,16,20,21; no 
association was found for diabetes duration.9,20,21 Other 
factors were rarely (n ≤2) studied and no data on explained 
variance was reported. Two studies showed a ranking ef-
fect of case-mix correction on facilities and healthcare 
providers,7,21 while 1 study showed no significant differ-
ence in ranking after case-mix adjustment.16

Blood pressure. No impact was found for age,8,9,20,21 gen-
der,8,9,20,21 education,9,11,20 and diabetes duration.9,20,21 Other 
factors (as mentioned in Tables 1 and 2) were rarely (n ≤2) 
studied. No data on explained variance were reported. Al-
though Greenfield et al21 demonstrated significant differ-
ences between unadjusted and adjusted indicator scores 
across healthcare providers, Gorter et al20 were unable to 
detect a difference. 

Impact of Case-Mix Factors: Process Indicators
A1C measurement. Eight studies investigated case-

mix factors for this indicator (Table 2).7,8,11,12,15,16,19,20 The 
impact of age7,8,16,18,20,21 and comorbidity7,8,16,17 was incon-
sistent across studies, while no impact was found for gen-
der.7,8,11,18,20 Other factors (as mentioned in Tables 1 and 2) 
were rarely (n ≤2) studied. In terms of explained variance, 
the difference in adjusted versus unadjusted results was 
2.6% in 1 study on plan level.17 An increase of comorbidity 
from 5% to 10% in patients with type 2 diabetes appeared 
to be associated with an increase of 1.3% in the screening 
rate of A1C. The regression model (using Healthcare Ef-
fectiveness Data and Information Set data) also included 
the total number of enrollees with diabetes, health plan 
type, and regions, overall explaining 24.2% of variation 
across health plans. No other data on explained variance 
or ranking were reported.8,16,18,21

LDL-C measurement. Three studies investigated the im-
pact of case-mix on this process indicator.8,16,17 The impact 
of comorbidity was found to be absent.8,16,17 Abraham et al17 
found that the overall regression model on LDL-C measure-
ment explained 26.9% of variation across health plans. No 
other data on explained variance or ranking were reported. 

Blood pressure measurement. Two studies investigated 
the effect of case-mix correction on this process indica-
tor.20,21 Therefore, all factors were rarely (n ≤2) studied. No 
data on ranking or explained variance of case-mix adjust-
ment models were reported.

Overview of the Results
Twenty-three case-mix factors were identified; the 

most frequently considered factors were demographics 
(especially age and gender), diabetes duration, and comor-
bidity, and there was a predominant focus on outcome 
indicators (A1C in particular). The rationale for selection 
of case-mix factors in adjustment models was reported in 
6 studies (42%): Face validity and feasibility of measure-
ment were most commonly noted. There is evidence that 
marital status and BMI do affect outcome indicator scores 
for A1C. For the other case-mix factors, associations with 
indicators were inconsistent, absent, or marginally stud-
ied. Six studies showed impact on ranking,5,6,7,15,11,21 while 
5 did not8,9,16,20,21 (2 of the 13 studies are not included here 
as ranking was not always studied).

DISCUSSION
To the best of our knowledge, this is the first systematic 

review aimed at identifying relevant case-mix factors for 
the 6 most commonly used quality indicators for diabetes 
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care, which are outcome and process indicators for A1C, 
LDL-C, and blood pressure. 

We found a consistent impact—ie, at least 3 studies 
reporting impact and no studies reporting otherwise—of 
marital status5-7 and BMI5,7,15 on the outcome indicator 
A1C. The demographic factor of marital status probably 
relates to a more regular lifestyle or getting support from a 

partner for self-management tasks, both resulting in bet-
ter A1C values22,23 as an outcome indicator. Also BMI, a 
diabetes-related factor, appeared to be consistently associ-
ated with this indicator.5,7,15 Despite evidence of the asso-
ciation of BMI with hypertension and dyslipidemia,24 the 
relevance of this factor was rarely studied for the other 
diabetes indicators. 

n	 Table 2. Impact of Case-Mix Factors on Indicator Scores (n = 13 studies) 

Domain Factors

Outcome Indicators (n = 12 studies) Process Indicators (n = 8 studies)

A1C Value 
(n = 12)

LDL-C Value 
(n = 6)

BP 
(n = 4)

A1C 
Measurement 

(n = 8)

LDL-C 
Measurement 

(n = 3)

BP 
Measurement 

(n = 2)

Yes No Yes No Yes No Yes No Yes No Yes No

Demographics

Age 65-8,11,20 59,15,16,18,19,21 27,8 29,16,20 48,9,20,21 18 47,16,18,20,21 28,16 220, 21

Gender 27,20 75,8,9,11,18,19,21 27,8 29,21 48,9,20,21 57,8,11,18,20 18 220, 21

Ethnicity 27,11 121 17 121 120 27,21 121

Education 25,20 39,19,21 29,21 39,11,20 121 121

Marital status 35-7 17 17

Diabetes-
related

Duration of diabetes 35,11,20 39,19,21 39,20,21 39,20,21 220,21 220, 21

Creatinine clearance 17 17 17

LDL-C 17 17

Blood pressure 17 17 17

Total cholesterol 17 17 17

Triglycerides 17 17

Macrovascular 
complications

17 120 120 120

Microvascular 
complications

17 120 120 120

Blood glucose level 
at index 

17 17

Polyuria/polydipsia 115

BMI 35,7,15 17 17

Comorbidity Comorbidity 25,11 47,8,15,16 18 17,16 18 28,17 17,16 2 8,17 116 

Generic health 
Health status 15 39,19,21 29,21 29,21 121 121

Quality of life 120 120 120 120

Geography 
Geographic 
deprivation

211,18 117 118 117

Care seeking

Free medical care 
(means test) 18 18 18 18 18

Service aspects 28,11 18 18 18 18

Patients’ 
expenditure

111

A1C indicates glycated hemoglobin; BMI, body mass index; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol.
An empty cell indicates an area not studied. Information printed in bold means that at least 3 studies show the same (statistically significant) impact, or no im-
pact, without other studies reporting otherwise. In other cases, the impact is not clear: barely studied (1 or 2 studies), or inconsistent (studies show conflicting 
results). 
Outcome indicator, A1C: full-model was analyzed, therefore, no information available on the effect of single case-mix variables.20 Outcome indicator, BP: weak 
evidence of an association between treatment setting and BP.20 Outcome and Process indicator, A1C: modest effects on measured quality.21 
Process indicator, A1C: full-model was analyzed; therefore, no information available on the effect of single case-mix factors.7,20 Process indicator, A1C: after 
correction for case-mix and clustering, these differences became statistically nonsignificant.20 Process indicator, BP: full-model was analyzed, therefore no 
information available on the effect of single case-mix factors.20 
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Inconsistent impact was found for age (on outcome and 
process indicators for A1C, outcome indicator LDL-C), 
gender (outcome indicators A1C and LDL-C), ethnicity, 
education, diabetes duration, health status (outcome in-
dicator A1C), and comorbidity (on outcome and process 
indicators for A1C and LDL-C). Age and gender were 
among the factors studied most often, but their relevance 
was not clearly shown. It is worth highlighting that ethnic-
ity has been considered a case-mix factor for outcome7,11,21 

and process indicators,7,21 although its impact appeared in-
consistent. Inclusion of this factor in case-mix adjustment 
models is controversial, as it suggests that ethnicity causes 
differences in outcome of healthcare which are beyond the 
control of the healthcare provider.8,25 Indeed, differences in 
blood-pressure levels exist across ethnicities; for example, 
black Africans generally have higher blood pressure, which 
is usually more difficult to treat,26 favoring case-mix adjust-
ment on these grounds. However, it cannot be ruled out 
that ethnic minorities, due to prejudices, language barriers, 
or other factors, receive suboptimal medical care. Correc-
tion for ethnicity then masks poor quality of care. 

The inconsistent results for diabetes duration may be 
explained by different measurement methods.5,9,11,19,20,21 
One could question the relevance of diabetes-related fac-
tors, such as creatinine clearance, when case-mix adjust-
ment is used for profiling reasons, as kidney function is 
subject to many influences.27 Although nephropathy is 
directly associated with diabetes management, the rela-
tive contribution of this specific variable to the quality 
of diabetes care needs more research. The inconsistent 
results for comorbidity regarding A1C indicators might 
be explained by variability in operationalization. While 
some studies used the Charlson comorbidity index,8 oth-
ers used the US National Committee for Quality Assur-
ance’s definition17 or a list of comorbidity conditions,16 
which hampers direct comparison. 

Finally, it is worth noting that for the case-mix fac-
tors of diabetes duration (for the outcome indicators for 
LDL-C and blood pressure), gender (outcome indicator 
blood pressure and process indicator A1C), and age and 
education (outcome indicator blood pressure) no impact 
was found in at least 3 studies. Researchers and quality 
assessors may consider omitting these variables from their 
specific case-mix adjustment models, which will be benefi-
cial for the statistical power of their analysis. Also, stake-
holders or users of quality information should be aware of 
the value of case-mix and case-mix factors, that case-mix 
models may vary across different quality indicators, and 
that it may not be self-evident that background character-
istics such as age and gender need to be included.

Because the case-mix adjustment models varied widely, 
it is hard to draw any conclusions on the final impact of 
ranking. Researchers are encouraged to further explore 
this issue. 

Limitations
The review was subject to some limitations. The in-

cluded studies were cross-sectional, which makes it im-
possible to address causality. We judged the impact of a 
case-mix factor as robust when at least 3 studies showed 
the same (statistically significant) impact, or no impact, 
without other studies showing opposite results. This 
cut-off was arbitrarily set and we realize that robustness 
may require more studies showing similar results. In ad-
dition, in the case of 1 or more studies showing opposite 
results, this was classified as inconsistent results. Some 
of these inconsistent results could possibly be attributed 
to the variety in the study populations included—that is, 
primary versus secondary care, which may be related to 
the severity of the diabetes and might have affected the 
impact of case-mix factors. Again, the number of studies 
included in this review is too small to draw firm con-
clusions. Finally, in reviewing the scientific literature, 
we did not seek to limit the relevance of the results for 
research aims, but we did seek to expand the relevance, 
when possible, for use in real-world quality assessment 
and benchmarking.

CONCLUSIONS
Despite the compelling call for public transparency on 

quality of healthcare—for which case-mix adjustment on 
quality indicators is generally considered essential for fair 
comparison among healthcare providers—there still are 
large interstices in this field of research, as was shown by 
the current review. There appears to be a tendency for 
inclusion of factors based on face validity, often without 
a clear rationale, and scientific evidence on relevance and 
impact of these factors is still limited. From the available 
studies, we only found evidence for 2 factors—marital 
status and BMI—to be used in case-mix models for the 
outcome indicator A1C. Simple advice to the developers 
of diabetes quality indicators is therefore not possible. 

From the viewpoint of parsimonious data collection, 
we would suggest to not invest much in the adjustment, 
but as the financial incentives based on quality indica-
tors increase, the demand for case-mix adjustment will 
become infinite. Perhaps meaningful stratification that 
demonstrates inequity in care is a better guide, as it can be 
a driver for quality improvement. 
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eAppendix Table 1. Search Details  
 

 
PubMed 
Search (((("Diabetes Mellitus"[Mesh] OR diabetes[tiab])) AND ((quality[tiab] AND 
indicator*[tiab]) OR quality indicators, health care[mesh] OR "Outcome and Process 
Assessment(healthcare)"[Mesh]))) AND ((("Risk Adjustment"[Mesh] OR (case mix[tiab]) 
OR case-mix[tiab] OR casemix[tiab])) OR ("Diagnosis-Related Groups"[Mesh])) Filters: 
Humans; Dutch; English 
 
Search details 
(((("Diabetes Mellitus"[Mesh] OR diabetes[tiab]) AND ##quality[tiab] AND #indicator[tiab] 
OR indicator/ahs[tiab] OR indicator/analyte[tiab] OR indicator/benchmarking[tiab] OR 
indicator/career[tiab] OR indicator/chelator[tiab] OR indicator/clinical[tiab] OR 
indicator/counter[tiab] OR indicator/descriptors[tiab] OR indicator/dosimeter[tiab] OR 
indicator/factor[tiab] OR indicator/host[tiab] OR indicator/index[tiab] OR 
indicator/major[tiab] OR indicator/marker[tiab] OR indicator/minor[tiab] OR 
indicator/monitor[tiab] OR indicator/nutrient[tiab] OR indicator/parameter[tiab] OR 
indicator/pathogen[tiab] OR indicator/ph[tiab] OR indicator/predictor[tiab] OR 
indicator/quality[tiab] OR indicator/quencher[tiab] OR indicator/s[tiab] OR 
indicator/substrate[tiab] OR indicator/target[tiab] OR indicator/threshold[tiab] OR 
indicator'[tiab] OR indicator'99[tiab] OR indicator's[tiab] OR indicator6[tiab] OR 
indicatordilution[tiab] OR indicatoren[tiab] OR indicatoresas[tiab] OR indicatorfor[tiab] OR 
indicatori[tiab] OR indicatoridae[tiab] OR indicatorless[tiab] OR indicatorof[tiab] OR 
indicatorpaper[tiab] OR indicatorpplants[tiab] OR indicators[tiab] OR 
indicators/contributors[tiab] OR indicators/criteria[tiab] OR indicators/descriptors[tiab] OR 
indicators/eating/sleeping[tiab] OR indicators/employment[tiab] OR indicators/index[tiab] 
OR indicators/indices[tiab] OR indicators/markers[tiab] OR indicators/measurement[tiab] 
OR indicators/measures[tiab] OR indicators/mediators[tiab] OR indicators/monitors[tiab] 
OR indicators/multiple[tiab] OR indicators/performance[tiab] OR indicators/practices[tiab] 
OR indicators/predictors[tiab] OR indicators/risk[tiab] OR indicators/setting[tiab] OR 
indicators/signs[tiab] OR indicators/standards[tiab] OR indicators/surrogates[tiab] OR 
indicators/triggers[tiab] OR indicators'[tiab] OR indicators2[tiab] OR 
indicatorsajaundice[tiab] OR indicatorthat[tiab] OR indicatortrade[tiab] OR 
indicatory[tiab]## OR "quality indicators, healthcare"[MeSH Terms] OR "Outcome and 
Process Assessment#healthcare#"[Mesh]#) AND ##"Risk Adjustment"[Mesh] OR case 
mix[tiab] OR case-mix[tiab] OR casemix[tiab]# OR "Diagnosis-Related Groups"[Mesh]# 
AND ##"2011/03/01"[PDAT] : "2013/04/03"[PDAT]# AND "humans"[MeSH Terms] AND 
#Dutch[lang] OR English[lang]##) AND "humans"[MeSH Terms] AND #Dutch[lang] OR 
English[lang]## 
EMBASE 
1. *case mix/ 
2. *diabetes mellitus/ 
3. exp healthcare quality/ 
4. exp case mix/ 
5. risk adjustment.mp. 
6. 1 or 4 
7. 5 or 6 
8. 2 and 3 and 7 
9. limit 8 to (english language) 
Cochrane Library 
(case-mix or casemix or risk-adjustment) and diabetes - in title abstract keywords 



eAppendix Table 2. Overview of Studies Included in the Review (n = 13) 
 

First Author, 
Year, Country 

Aim Study Design Study 
Population 

Quality 
Indicators 

Case-Mix Factors  Selection Method of 
Case-Mix Factorsa 

Findings 

Abraham, 2012, 
US17 

To investigate 
whether variation in 
Medicare Advantage 
plan performance on 
comprehensive 
diabetes care 
is explained by the 
case mix of plans. 

Retrospective 
review of plans 

513 patients 
with diabetes 

Process  
A1C measurement 
LDL-C 
measurement 
 

Comorbidity 
Geography 
 

(2) Prior research focused 
on socioeconomic 
characteristics. Now, we 
investigate the role of 
enrollees’ disease type 
and/or comorbidities.  
 
(3) HEDIS scores are 
used by more than 90% of 
US health plans to assess 
performance 

A1C level: R2 statistics between the full 
and restricted model suggest that plan-
level measures of case mix explains 
8% of variation across plans in A1C 
screening. 
LDL-C measure: Differences in the R2 
statistics between the full and restricted 
model suggest that plan-level measures 
of case mix explains 14.1% of variation 
across plans in of LDL-C screening.  
 
Conclusions 
Case mix may be an important 
predictor of performance. 

Safford, 2009, 
US6 

To study how 
patient complexity 
affects quality of 
care provided by 
healthcare plans 

Cross-sectional 118,167 
patients with 
diabetes, 66 
facilities 

Outcome  
A1C value 

Age 
Marital status 
Comorbid illnesses 
(Selim’s comorbid 
score, Deyo 
modification of the 
Charlson comorbidity 
index) 
Severity of diabetes 
(proxy = insulin use) 
 
Interactions were 
studied for age * 
comorbidity and for 
age * severity of 
diabetes/treatment. 

(2) “Patient's complexity 
arises out of interactions 
between 6 domains: 
biology/genetics, 
socioeconomics, culture, 
environment/ ecology, 
behavior and the medical 
system.”  
 
(3) “Not all of these 
influences can be assessed 
using administrative data. 
Because our goal was to 
use existing data, we 
examined variables that 
were available in the VA 
databases.” 

A1C level: All variables and the 
age*comorbidity interaction correlated 
significantly to variation in A1C and 
explained 8.3% of the variance. 
Ranking of the institutions based on 
adjusted and unadjusted A1C scores 
showed that these values were quite 
different from each other. The greatest 
changes in ranks occurred in the 
extreme deciles. A few medical centers 
even moved from the bottom 10 to the 
top 10 performing hospitals after case-
mix adjustment.  
 
Conclusions  
Patient complexity has a major impact 
on quality assessment using unadjusted 
A1C levels 

Ta,  
2009, 
US8 

To investigate the 
addition of novel 
quality indicators, 

Cross-sectional 11,031 diabetes 
patients, 13 
facilities 

Process  
A1C measurement 
LDL measurement 

Age 
Sex 
Charlson comorbidity 

(2,3) “Readily extractable 
patient variables from the 
VISN database were 

Process measures 
A1C measurement: Age, Charlson 
index, and the means test were 



patient risk 
adjustment, and 
simple statistics in 
an ongoing clinician 
feedback 
initiative that 
profiles diabetes 
care for 13 Veterans 
Affairs (VA) clinics. 

 
Outcome  
A1C value (<9%),  
LDL-C value 
(<130 mg/dL)  
BP (<140/90)  

index  
Service connection 
(proxy for extent of 
disability due to 
military service) 
Means-test (proxy for 
eligibility for free 
medical care) 

selected based on prior 
research suggesting their 
significance.” 
 
(1,4) “Demographic 
variables of age and sex 
were included. While race 
correlates with clinical 
care in many studies, it 
was not included here 
because, 
from a quality 
perspective, race should 
not be an 
acceptable determinant 
for healthcare utilization 
and outcomes.” 

significantly (P <.01) associated with 
outcome on this process measure. 
LDL-C measurement: Charlson index 
and service connection were 
significantly (P <.01) associated with 
outcome on this process measure. 
 
Outcome measures 
A1C value (<9%): age and means test 
were significantly (P <.01) associated 
with outcome on this outcome 
measure. 
LDL-C value (<130 mg/dL): age, 
gender and Charlson index were 
significantly (P <.01) associated with 
outcome on this outcome measure. 
BP (<140/90): Charlson index was 
significantly (P <.01) associated with 
outcome on this outcome measure. 
 
Conclusions 
Each of the performance measures was 
related to at least 1 case-mix variable; 
large variability across measures. 
Clinic performance ranking was not 
changed after case-mix correction: 
performance rates did not change >1% 
after case-mix correction, thus, ranking 
was not affected by case-mix 
correction. 

Kaplan et al,  
2009, 
US9 

To estimate the 
physician effect on 
quality and creating 
composite measures. 

Retrospective 
assessment of 
medical records 
(data from ADA 
DPRP). 
For each patient 
a 1-year 
retrospective 
interval from the 
index date. 

7574 patients 
with diabetes, 
210 physicians 

Outcome  
A1C value (% <10, 
9, 8, and 7%), 
LDL-C value 
(<130 or 100 
mg/dL) 
BP (<140/90) 
Enclosed in a 
composite measure 
 

Age 
Gender 
Education 
Minority status 
Duration of diabetes 
Overall health rating  
 
 

(2) “Patient characteristics 
as shown in previous 
studies to affect diabetes 
outcomes” 

Conclusions 
Adjustment in scale scores for the case-
mix measures did not result in 
substantial changes in individual 
physician ranks. Adjustment for case-
mix under such circumstances would 
therefore be expected to have little 
effect. However, better case-mix 
measures may have had a more 
substantial effect on physician 



rankings. 
Gorter, 2008, 
The 
Netherlands20 

To evaluate quality 
of diabetes 
management in 
primary and 
secondary care in a 
defined geographic 
region in the 
Netherlands, using a 
quality score. 

Cross-sectional 2042 patients 
with diabetes; 
1640 in primary 
care; 402 in 
secondary care 

Process  
A1C measurement 
BP measurement 
 
Outcome  
A1C value (% 
<8%), 
BP (systolic <140; 
diastolic <80 
mmHg) 

Sex 
Age 
Education 
Duration of diabetes 
Macrovascular 
complications 
Microvascular 
complications 
Insulin use 
Quality of life 

Not reported Process measures 
A1C measurement and blood pressure: 
No correction for patient case-mix was 
performed. 
 
Outcome measures 
A1C value: Adjusted and unadjusted 
A1C levels were comparably 
significant; patients in primary care 
generally reached lower A1C levels. 
The case-mix correction model 
included each of the case-mix 
variables.  
BP (<140; <80 mmHg): Adjusted and 
unadjusted A1C levels were 
comparable; systolic blood pressure 
values were comparable between 
primary care and secondary care. For 
diastolic blood pressure levels, patients 
in secondary care had significantly 
lower diastolic blood pressure levels 
compared with patients in primary 
care, irrespective of case-mix 
correction. Each case-mix variable was 
included in analysis. 
 
Conclusions 
Primary and secondary care settings 
treat different patients with diabetes, 
but overall quality of care seems 
comparable after correction for case-
mix. 

Maney,  
2007,  
US5 

To evaluate the 
impact of self-
reported SES, health 
status, and health 
behaviors on the 
assessment of 

Cohort study 56,740 patients 
with diabetes, 
105 medical 
centers 

Outcome  
A1C value (<7% 
or <8%) 
 

Age 
Sex 
SES (education level, 
employment, extreme 
economic hardship (not 
having enough money 

(1) “We 
selected (…) variables 
that reflect characteristics 
largely outside the control 
of a healthcare plan yet 
are known to be 

A1C value: Variation in A1C was 
significantly explained by age, marital 
status, BMI, duration of diabetes, 
education level, employment status, 
concern for food sufficiency, smoking 
frequency, and exercise frequency. 



performance in 
achieving A1C 
levels <7% or <8%. 

for food)) 
 
Health status (SF36) 
Health behavior 
(smoking, alcohol use, 
exercise level) 
 
Social support (marital 
status, living 
arrangements) 
 
Duration of diabetes 
Height and weight 
(BMI) 

associated 
with adherence to 
intensive 
treatment and improved 
outcomes” 
 

These variables together explained 
7.8% of the variance. Fewer years of 
education, concerns over food 
sufficiency, less social support 
(unmarried or living alone), and 
unemployment were related to worse 
glycemic control, together explain less 
than 10% variance.  
When correction was performed for 
age and sex, changes in ranking 
occurred for A1C levels, but these 
changes were different from the full 
case-mix correction models (29% 
(A1C <7%) and 24% (A1C <8%) of 
the facilities moved from the best and 
worse categories).  
 
Conclusions 
Self-reported socioeconomic status, 
health status, health behaviors (outside 
the control of the physician) varied 
widely among VHA medical centers 
but explained only a small proportion 
of A1C. These are important to 
consider when ranking medical centers. 
When publicly reporting on quality of 
care of physicians, case-mix correction 
is necessary. 

Joish,  
2004,  
US7 

To determine the 
influence of case-
mix adjustment 
when profiling care 
for persons with 
diabetes. 

Retrospective, 
cross sectional 

2781 patients 
with diabetes, 4 
facilities 

Process  
A1C measurement 
 
Outcome  
A1C value ≥8% 
LDL-C value ≥130 
mg/dL 

Age 
Sex 
Ethnicity 
Marital status 
BMI 
Outpatient comorbidity 
index score 
 
Disease-specific 
variables: 
Total cholesterol 
LDL-C (not included in 

Not reported Process measures 
A1C measurement: No information on 
case-mix correction provided. 
 
Outcome measures 
A1C value ≥8%: No differences was 
observed between the 4 facilities using 
crude measures, but when case-mix 
correction was performed a difference 
between the facilities emerged. Case-
mix variables significantly associated 
were age, sex, race, marital status, 



LDL-C analysis) 
Triglycerides 
A1C (not included in 
A1C analysis) 
Systolic and diastolic 
blood pressure 
Creatinine clearance 
 

BMI, diastolic blood pressure, creatinin 
clearance, triglycerides, cholesterol 
level. 
LDL-C value ≥130 mg/dL: Crude 
measures did show a difference 
between the facilities, but after 
adjustment this difference disappeared. 
Case-mix variables significantly 
associated were age, sex, ethnicity, 
marital status, creatinine clearance, 
diastolic blood pressure, triglyceride 
level, A1C level. 
 

N.B. No other information was given 
on eg significance of the individual 
case-mix variables in the models. 
 
Conclusions 
Case-mix correction should be used 
when profiling facilities or clinics on 
quality of care outcomes because 
clinics differ in their populations even 
in the same geographic location. Case-
mix correction provides a more 
accurate description of true 
performance.  

Guthrie, 2003,  
UK18 

To examine selected 
quality markers in 
terms of their 
robustness to case-
mix variation and 
chance effects, and 
in the attribution of 
quality to practices. 

Retrospective 
review of 
medical records 

9064 patients 
with diabetes, 
67 practices  

Process  
A1C measurement 
 
Outcome  
A1C value <7.4% 
 
 

Age 
Sex 
Deprivation (based on 
zip code) 
 
 

Not reported Process measures 
A1C measurement: Difference between 
unadjusted versus adjusted measures 
was 2.6%. 
 
Outcome measures 
Difference between unadjusted versus 
adjusted measures was 3.4%. 
 

N.B. No other information was given 
on eg significance of the individual 
case-mix variables in the models. 
 
Conclusions (Guthrie et al, 2003) 
Case-mix adjustment had only modest 



effects on measured quality, but 
because of the way that payment is 
structured, these equate to larger 
potential changes in practice income. 
Case-mix effects may be more 
significant for areas with more variable 
patient populations. 

Greenfield, 
2002,  
US21 

To examine the 
effect of case-mix 
bias and physician-
level clustering on 
differences in 
quality of diabetes 
care. 

Retrospective 
cross-sectional  

1750 patients 
with diabetes, 
29 facilities, 2 
groups of 
physicians: 
endocrinologist
s and 
generalists 

Process  
A1C measurement 
BP measurement 
 
Outcome  
A1C value (<10% 
or <8%) 
LDL-C value 
(<3.37 mmol/l) 
BP (<140/90 
mmHg) 
 

Age 
Sex 
Ethnicity 
Level of education 
Duration of diabetes 
Health status 

Not reported Process measures 
A1C measurement: Adjustment for all 
case-mix variables did not change odds 
for better care between 
endocrinologists and generalists 
compared with unadjusted comparison. 
BP measurement: Adjustment for all 
case-mix variables did not change odds 
for better care between 
endocrinologists and generalists 
compared with unadjusted comparison. 
 
Outcome measures 
A1C value (<10% or <8%): 
Adjustment for all case-mix variables 
did not change odds for better care 
between endocrinologists and 
generalists compared with unadjusted 
comparison. 
LDL-C value (<3.37 mmol/l): 
Adjustment for all case-mix variables 
resulted in a significant odds for better 
care in generalists versus 
endocrinologists compared with 
unadjusted comparison. 
BP (<140/90 mmHg): Unadjusted, 
odds for care were significantly better 
in the endocrinologists, but when 
adjusted for all case-mix variables this 
difference disappeared.  
 
Conclusions 
Inclusion of patient case-mix variables 



reduced the statistical significance of 
specialty differences for some quality 
measures. The findings underscore the 
importance of designing physician 
profiling studies with sufficient power 
to account for physician-level variation 
(clustering) as well as patient case-mix. 

Krein,  
2002,  
US16 

To evaluate the 
amount of variation 
in diabetes practice 
patterns at the 
primary care 
provider (PCP), 
provider group, and 
facility level, and to 
examine the 
reliability of 
diabetes care 
profiles constructed 
using electronic 
databases. 

Cohort study 12,110 patients 
with diabetes, 
258 primary 
care providers, 
42 provider 
groups, 13 
facilities 

Process  
A1C measurement 
LDL-C 
measurement 
 
Outcome  
A1C value 
(absolute and 
>9.5%) 
LDL-C value 
(absolute, 
>3.6mmol/l, and 
<3.6 mmol/l) 
 

Age  
Comorbidity (acute 
upper & lower 
respiratory infection, 
hypertension, ischemic 
heart disease, malignant 
neoplasm, 
cerebrovascular 
disease, cardiac 
arrhythmia, chronic 
obstructive pulmonary 
disease, congestive 
heart failure, 
generalized 
arteriosclerosis, chest 
pain, mental health 
disorder (affective 
disorders, 
schizophrenia, anxiety), 
and substance related 
mental health disorder) 

Not reported Process and outcome measures 
A1C and LDL-C measurement: No 
substantial differences were observed 
between the adjusted (all case-mix 
variables) and unadjusted models.  
 
Conclusions 
Case-mix adjustment resulted in 
minimal changes in the observed 
pattern of attributable variation across 
levels. Without convincing biological, 
physiological, or epidemiological 
evidence, it may not be appropriate to 
adjust for these case-mix factors when 
looking at process measures or 
intermediate outcomes as this would 
obscure what might be true differences 
in care quality (Hanchak and 
Schlackman, 1995). More work is 
needed to identify how patient-specific 
factors influence variability, 
particularly at the facility level, across 
a broad range of quality indicators. 

Zhang,  
2000,  
US11 

To develop a risk-
adjustment model 
for A1C and to 
determine the extent 
to which risk-
adjusted A1C 
changes the 
identification of 
high- or low-

Cohort study 38,173 patients 
with diabetes, 
48 facilities 

Outcome  
A1C value 

Age 
Sex 
Race / ethnicity 
Degree of military 
service connection 
Patients’ expenditure 
on diabetes-specific 
drugs and supplies 
Number of outpatient 

(1) “A1C is subject to 
well known influences 
outside of the control of 
healthcare providers or 
health plans; such 
influences (which include 
(…) should be accounted 
for to avoid unfair 
comparisons.“ 

A1C value: With all variables included 
10.5% of the variance in A1C levels 
between facilities was explained. 25% 
of the facilities changed performance 
status (ie institutes were no longer 
considered outliers). Sex, service 
connection rating, and geographic 
localization were not significantly 
associated with the A1C level.  



performing medical 
facilities. 

contacts to VHA 
facility 
Geographic localization 
(using zip code) 
Duration of diabetes 
(proxies: treatment 
modality, amputation) 
Severity of diabetes 
(proxies: 
hospitalization for 
amputation or ulcers, 
home glucose 
monitoring) 
Charlson Comorbidity 
Index 

 
(3) “a central issue for 
this study was to use as 
much information as 
available 
in the data to achieve 
operationalization of such 
key concepts as diabetes 
severity, diabetes 
duration, and health 
services utilization. 
Without survey data or 
complete physiological 
measures, some of these 
concepts had to be 
approximated by 
using surrogate 
administrative variables.  
 

“Using facility-specific 
automated data systems 
and the central VHA 
database repository, a 
large diabetes registry 
linking inpatient 
discharges and 
demographic, pharmacy, 
and laboratory files was 
made available for our 
study” 
 
(4) “We should stress that 
this study focused on the 
effects of applying risk 
adjustment to a selected 
group of healthcare 
systems and not on 
describing diabetes care 
in the VHA overall.“ 

 
Conclusions The number of 
performance outliers was reduced as a 
result of risk adjustment. Poor 
glycemic control in minorities, patients 
with greater disease severity, longer 
duration of disease, more extensive 
comorbidity. Better glycemic control in 
Caucasians, older patients with 
diabetes, and higher outpatient 
utilization. 
 

Hofer,  To determine the Cohort study 3642 patients Outcome  Age Not reported Average A1C value: Age- and sex-



1999,  
UK19 

reliability of 
physician 
performance 
measures and to 
examine whether 
physicians could 
improve their 
profiles by 
preferential patient 
selection. 

with diabetes, 
232 physicians 

Average A1C 
value 

Sex 
Physician 
Site 
SES (income, 
education, employment 
status) 
Duration of diabetes 
Health status measures 
(SF 36 and Total Illness 
Burden Index) 

adjusted models identified 8% 
physician variation. After full 
correction (and reliability-adjusted) the 
physician effect was only 3.3%. 
 
Conclusions 
Individual physicians seldomly account 
for more than 4% of the variation in 
profile measures after case-mix 
adjustment. Age- and sex-adjustment is 
inexpensive, but it is little better than 
no case-mix correction at all. For 
profiling more detailed case-mix 
adjustment is needed. 

Berlowitz, 
1998,  
US15 

To explore the role 
of casemix 
adjustment when 
profiling outcomes 
of ambulatory care. 

Retrospective 
review of 
medical records 

208 patients 
with diabetes, 3 
facilities 

Outcome  
A1C value (≤180 
mg/dL, ≤240 
mg/dL, continuous 
variable)  
 

Age 
BMI 
Comorbidity index 
Score 
Insulin treatment 
Presence of polyuria / 
polydipsia 
Blood glucose at index 
visit 
 

Not reported Blood glucose (240 mg/dL): Significant 
variable in the risk adjustment model 
for blood glucose (>240 mg/dL), was 
blood glucose level at index visit. 
 
Conclusion  
Differences in patient-mix were noted 
among the sites. Without risk-
adjustment, there were significant 
differences in performance across the 3 
sites; after case-mix adjustment this 
difference disappeared. 

 
A1C indicates glycated hemoglobin; ADA DPRP, American Diabetes Association’s Diabetes Provider Recognition Program; BP, 
blood pressure; BMI, body mass index; HEDIS, Healthcare Effectiveness Data and Information Set; LDL-C, low-density lipoprotein 
cholesterol; VHA, Veterans Health Administration; VISN, Veterans Integrated Service Network.  
aCategorized by the key elements of an ideal case-mix tool4: 1) valid (the model adjusts for factors affecting the particular indicator 
beyond the provider’s reasonable control), 2) clinical face valid (the model does not lack key variables; incorporation of relevant 
variables is ensured; the factor does not wrongly pardon a difference in the quality of care for which the provider should be 
accountable), 3) feasible (simple to use and affordable), 4) validly applicable to the target population (the model was developed on a 
similar set of patients).  
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