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Objectives. To explore effects of disease prevalence adjustment on ambulatory care–
sensitive hospitalization (ACSH) rates used for quality comparisons.
Data Sources/Study Setting. County-level hospital administrative data on adults
discharged fromGerman hospitals in 2011 and prevalence estimates based on adminis-
trative ambulatory diagnosis data were used.
Study Design. A retrospective cross-sectional study using in- and outpatient
secondary data was performed.
Data Collection. Hospitalization data for hypertension, diabetes, heart failure,
chronic obstructive pulmonary disease, and asthma were obtained from the German
Diagnosis Related Groups (DRG) database. Prevalence estimates were obtained from
the GermanCentral Research Institute of Ambulatory Health Care.
Principal Findings. Crude hospitalization rates varied substantially across counties
(coefficients of variation [CV] 28–37 percent across conditions); this variation was
reduced by prevalence adjustment (CV 21–28 percent). Prevalence explained 40–50
percent of the observed variation (r = 0.65–0.70) in ACSH rates for all conditions
except asthma (r = 0.07). Between 30 percent and 38 percent of areas moved into or
outside condition-specific control limits with prevalence adjustment.
Conclusions. Unadjusted ACSH rates should be used with caution for high-stakes
public reporting as differences in prevalence may have a marked impact. Prevalence
adjustment should be considered in models analyzing ACSH.
Key Words. Ambulatory care–sensitive conditions, quality of care, small area
analysis

Quality is a key factor to effective health care systems (Institute of Medicine
2001) and directly leads to an essential need for valid quality indicators. Devel-
opment and implementation of appropriate quality indicators is not trivial
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and faces challenges worldwide (Lester, Hannon, and Campbell 2011; Rush-
forth et al. 2015; Saust et al. 2016). While in the German health care system a
structured set of quality indicators is mandatory for all German hospitals, the
use of indicators for outpatient care shows potential for improvement
(Albrecht, Loos, and Otten 2013; de Crupp�e et al. 2015; Hermes-Moll et al.
2015).

In the last years, ambulatory care–sensitive hospitalizations (ACSHs)
were brought into the debate as indicators for the assessment of ambulatory
care in Germany (Freund, Heller, and Szecsenyi 2014; Sundmacher et al.
2015). Hospitalizations for the so-called ambulatory care–sensitive conditions
were first described byWeissmann, Gatsonis, and Epstein (1992) and are con-
sidered as potentially preventable through timely and effective ambulatory
care (Billings et al. 1993). For example, appropriate disease management in
chronic conditions like heart failure and hypertension, and rapid access to
urgent care for acute conditions like urinary tract infections, may obviate the
need for inpatient care.

The Agency for Healthcare Research and Quality in the United States
(AHRQ) and the Organization for Economic Cooperation and Development
(OECD) use population-based rates of ACSH to evaluate ambulatory care
performance in various health care systems (Agency for Healthcare Research
and Quality 2007; Organization for Economic Cooperation and Develop-
ment 2013). In Germany, the national Advisory Council on the Assessment of
Developments in the Healthcare System recommends ACSH reporting on a
small area scale. This recommendation includes population-based outpatient
care quality measurement to supplement indicators on hospital care. To maxi-
mize international comparability, the Council suggests use of existing OECD
indicators (Advisory Council on the Assessment of Developments in the
Healthcare System 2012).

Interpretation of these rates is complex and context dependent. Mea-
surement of ACSH has been most often used for the evaluation of access to
ambulatory care, especially in the United States (Bindman et al. 1995;
Laditka, Laditka, and Probst 2009; Rosano et al. 2012; Saver et al. 2013). But
ACSHs are also often considered as indicators of ambulatory care quality
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(Busby, Purdy, and Hollingworth 2015), especially in health care systems with
universal access to primary care and full cost coverage like Germany (Purdy
et al. 2009). Several aspects of quality have been linked to ACSH, for exam-
ple, continuity of care, skill mix in practices (van Loenen et al. 2016), practice
style (Orueta et al. 2015), intensity of monitoring (Freund et al. 2013), provi-
sion of specialist services for disease management (Saxena et al. 2006), or
financial incentives to improve quality of care (Lippi Bruni, Nobilio, and Ugo-
lini 2009). However, as ACSHs are not driven by a single factor, spatial varia-
tion in ACSH may also indicate inadequate structures or access barriers in
settings with universal access to care (Ansari, Laditka, and Laditka 2006).

When analyzing variation in ACSH, it is important to consider such fac-
tors as socioeconomic status and disease prevalence (Ansari 2007; Faisst and
Sundmacher 2014). Some authors have shown that disease prevalence may bias
population-based rates of ACSH in that more cases of a disease might lead to
more hospitalizations related to that disease, independent of other predictors
(Bindman et al. 1995; Laditka and Laditka 2004; Hossain and Laditka 2009),
but influence of prevalence differs in dependence of the disease examined (Lui
and Wallace 2011). It is significant that performance indicators should not be
determined by factors that are not controlled by those whose performance is
being measured (Giuffrida, Gravelle, and Roland 1999). This leads to a need for
risk adjustment of ACSH before using them as comparative quality indicators.

Few studies have focused on the distribution and predictors of ACSH in
Europe, and to our knowledge, no one has directly examined the influence of
corresponding disease prevalence on ACSH rates (Burgdorf and Sundmacher
2014; Eggli et al. 2014; Freund, Heller, and Szecsenyi 2014; Thygesen et al.
2015). Our analysis therefore contributes to the existing literature in two ways:
First, we use an easily applicable method for disease prevalence adjustment of
chronic ambulatory care sensitive conditions and examine the variation in
crude and adjusted rates with regard to random and systematic components of
variation. Second, we show the effects of disease prevalence adjustment on the
spatial distribution of ACSH rates in a Bismarck-type health care system with
free access to care for the first time.

METHODS

Data Sources

Our study was an ecological study at the county level (n = 402 German coun-
ties and cities with county rights) using data from 2011. The study dataset for
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ACSH was developed from the German DRG (Diagnosis Related Groups)
database, which includes the entire hospital discharge data from all 1,736 Ger-
man hospitals with 17.38 million discharges (Statistisches Bundesamt 2013).
This dataset is stored in the Federal Statistical Office and was accessed through
remote execution. In our study, we included all hospitalizations among per-
sons older than 14 years of age that met the indicator definitions as stated
below. We excluded cases transferred directly from another hospital to avoid
double counting of the same inpatient episode in different hospitals. Popula-
tion data for calculation of rates were also obtained from the Federal Statistical
Office. For disease prevalence adjustment, the Central Research Institute of
Ambulatory Health Care in Germany (Zi) provided small area estimates
based on nationwide ambulatory diagnosis data from 2011. Disease coding is
mandatory in German ambulatory care. The Zi calculated the number of
patients with ambulatory visits for the relevant diagnosis (numerator) in rela-
tion to all patients with ambulatory visits (denominator) in 2011. To make sure
the diagnosis is chronic, the Zi only counted those patients in the numerator
who went to ambulatory visits with the relevant diagnosis in at least two quar-
ters of the evaluation period.

Indicators for Ambulatory Care–Sensitive Hospitalizations

The Primary Care Indicators are a subset of the OECD Health Care Quality
Indicators and include rates for ACSH (Marshall, Leatherman, and Mattke
2004). Those OECD indicators are based on specifications developed by the
US Agency for Healthcare Research and Quality (AHRQ) (Agency for
Healthcare Research and Quality 2007). Indicator specifications from OECD
and AHRQ differ in parts, for example, in age of population count. In our
study, we usedOECD definitions and included five indicators for ACSH: hos-
pital admission rates for heart failure (HF), hypertension, chronic obstructive
pulmonary disease (COPD), diabetes, and asthma. The complete indicator
definitions are available online (Organization for Economic Co-operation and
Development 2015a). The numerator of all indicators relies on a count of all
patients with hospital admissions because of a defined principal diagnosis in a
county, while the population count of this region forms the denominator.

We adapted indicator definitions to the German Modification of the
International Statistical Classification of Diseases and Related Health Prob-
lems 10th revision (ICD 10 GM) and counted all cases that met the inclusion
criteria on county level. For data privacy reasons, the Federal Statistical Office
blinded sums less than three. However, the total number of all anonymized
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cases was still available. We divided the total number of anonymized cases by
the number of counties which were affected by blinding. The result was the
average number of cases in blinded counties, which we used as estimation for
all blinded counties. Finally, we estimated crude hospitalization rates (not sex-
specific) for all German counties using population data in the denominator.
We neither performed age nor sex standardization of the ACSH rates because
prevalence data are not stratified by age or sex.

Disease Prevalence Adjustment

For disease prevalence adjustment, a method from the OECD was adopted,
which was originally developed for the adjustment of Patient Safety Indicator
rates by the number of secondary diagnoses (Dr€osler et al. 2012). According
to this method, ordinary least-squares unweighted regression models were
estimated. The outcome variables in these models were the county-level crude
rates of ACSH, while the associated disease prevalence estimates acted as pre-
dictor variables. These models led to estimated county-specific residuals,
which were linearly transformed into an adjusted rate with the mean value
from the crude rates. This approach is based on the assumption that the preva-
lence of a disease is linearly related to the hospitalizations with this disease.
We verified this assumption through visual inspection of scatter plots (not
displayed).

To explore the complex relationship of prevalence and ACSH with
socioeconomic factors, we determined Pearson product–moment correlation
coefficients (Pearson’s r) between prevalence, average household income per
county, and hospitalization rates, both crude and adjusted. Additionally, we
estimated crude ordinary least-squares regression models to evaluate differ-
ences in influence of disease prevalence on ACSH rates in four quartile-based
income strata.

Funnel Plots

Spatial variation in area-level hospitalization rates can be explained from two
perspectives: variation due to chance and variation due to systematic influence
of known or unknown factors. In statistical process control, variation by
chance is known as “common cause variation,”while variation related to some
extrinsic predictors is known as “special cause variation” (Mohammed et al.
2001). Funnel plots are one application of statistical process control that has
been used in public health and health services research (Lack and
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Gerhardinger 2009; Dover and Schopflocher 2011; Morton et al. 2011). Start-
ing with a target that determines the expected value of an indicator and an a
priori defined probability distribution, control limits are calculated (Spiegel-
halter 2005a). Those control limits can be interpreted as prediction intervals;
indicator results within the control limits are consistent with common cause
variation, whereas results beyond these limits differ significantly from the esti-
mated distribution and are consistent with special cause variation. Therefore,
funnel plots act as statistical tests for every county based on the null hypothesis
that the indicators follow the specific probability distribution.

In our analysis, we constructed and compared funnel plots for the indi-
cators to determine the number of counties with special cause variation before
and after disease prevalence adjustment. Following Spiegelhalter’s suggestion
for cross-sectional data, we used a county’s population, which is the denomi-
nator of ACSH rates, as a measure of precision, and defined the target as pro-
portion of the sum of hospitalizations to the sum of population per county,
respectively. We also obtained control limits from the inverse Binomial distri-
bution (Spiegelhalter 2005a). A usual method for calculation of the distribu-
tion-based limits is to use two-sigma limits, which is approximately equivalent
to a 95 percent confidence interval, but there might be concerns regarding
multiple statistical testing (Benneyan, Lloyd, and Plsek 2003; Coory, Duckett,
and Sketcher-Baker 2007). To address these problems, we constructed a sec-
ond, broader interval for each indicator based on a 95 percent confidence
interval with Bonferroni correction (Abdi 2007). Accordingly, our control lim-
its are roughly four-sigma limits for 402 counties. Funnel plots were calculated
in SAS 9.4 (SAS Institute Inc., Cary, NC, USA); geographical maps were plot-
ted in RegioGraph 2011.

RESULTS

Table 1 shows measures of central tendency and statistical dispersion of dis-
ease prevalence as well as crude and adjusted rates for chronic ACSH. The
coefficient of variation was between 0.22 and 0.30 for all prevalence estimates
and between 0.28 and 0.37 for all crude ACSH rates. Pearson’s r between each
crude ACSH rate and the corresponding disease prevalence at the county
level were between 0.65 and 0.70, except asthma (r = 0.07). Regarding this
Pearson’s r, we omitted prevalence adjustment for asthma.

Standard deviations were lower after disease prevalence adjustment for
all indicators. Before adjustment, hypertension showed the highest coefficient
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of variation while heart failure showed the lowest. Disease prevalence adjust-
ment did not alter this pattern, but all coefficients of variation were lower after
adjustment (Table 1). Hypertension and COPD showed lower minimum
rates after disease prevalence adjustment, whereas minima of diabetes and
heart failure were higher. All maxima were lower after adjustment for disease
prevalence.

We found significant negative correlation coefficients between disease
prevalence and household income (Pearson’s r from �0.57 to �0.35) and
between crude ACSH rates and household income (�0.48 to �0.37). We
found no significant correlation coefficients between adjusted ACSH rates
and household income except for CHF (r = �0.25) (data not shown). Regres-
sion analyses for influence of prevalence on ACSH rates showed no signifi-
cant differences between income strata for all indicators (data not shown).

Funnel Plots

The funnel plots of all indicators before and after disease prevalence adjust-
ment can be found in Figure 1. The plots show the population of a county on
the x-axis and the crude or adjusted rate of ACSH on the y-axis. Control inter-
vals show limits of common cause variation, both before and after Bonferroni
correction. For better illustration, we excluded counties with very high popu-
lation counts of 1 million or more (Munich, Cologne, Hamburg, and Berlin)
from the funnel plots, but they are retained in the tables and maps. For all indi-
cators, the number of counties beyond control limits (in either direction)
decreases through disease prevalence adjustment. The variation also
decreases visibly, while the target, which is represented as a straight line in the
funnel plots, slightly increases for all indicators.

Exact numbers of counties beyond control limits can be obtained from
Table 2. This table also shows how many counties changed their position in
funnel plots, for example, from above control limits to below or between
them. Counties which were above control limits and are now in between limits
or below them, or counties which were in between limits and changed to
below limits, are referred to as improved counties through disease prevalence
adjustment. This applies vice versa for worsened counties. Regarding hyper-
tension, 63 counties improved and 58 counties worsened in funnel plots
(Table 2). Therefore, overall 121 counties were affected through adjustment.
This is about 30 percent of all 402 German counties. Regarding diabetes (38
percent), heart failure (36 percent), and COPD (36 percent), these proportions
are even higher.
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Figure 1: Funnel Plots for Crude and Disease Prevalence-Adjusted Rates of
Ambulatory Care–Sensitive Hospitalizations, on County Level 2011
(n = 402)
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Maps

Figure 2 shows the spatial variation of counties beyond control limits before
and after disease prevalence adjustment of hypertension and diabetes hospi-
talization rates. High crude rates of hypertension and diabetes admissions
were observed in eastern states as well as in central Germany and parts of
western Germany, whereas low crude rates were observed in southwestern
Germany. After adjustment, relatively few eastern counties remained above
the control limits, and relatively few southwestern counties remained below
those limits.

Figure 3 shows the effects of disease prevalence adjustment on HF and
COPD hospitalization rates. Clusters of high HF rates are found mainly in
eastern Germany. After adjustment, some of these counties fall between the
control limits; however, this indicator still shows a heterogeneous pattern in
large parts of Germany after adjustment. High hospitalization rates for
COPD can be found predominantly in western Germany, while in the south
a larger cluster of counties with low hospitalization rates can be seen. After
disease prevalence adjustment, fewer counties in western Germany are
above the control intervals and the majority of counties in the south lie
between them.

Table 2: Number of Counties in Funnel Plots Regarding Crude and
Adjusted Rates of Ambulatory Care–Sensitive Hospitalizations

Number of Counties
below 95% Interval

(Bonferroni Correction)

Number of Counties
above 95% Interval

(Bonferroni Correction)

Number of
Improved

Counties after
Adjustment*

Number of
Worsened

Counties after
Adjustment†

Crude rates (per 100,000)
Hypertension 113 133
Diabetes 116 119
Heart failure 111 138
COPD 114 95

Adjusted rates (per 100,000)
Hypertension 98 105 63 58
Diabetes 85 80 78 76
Heart failure 95 85 87 57
COPD 79 63 71 74

*Counties that were above/in between control limits before adjustment and are in between/below
control limits after adjustment.
†Counties that were below/in between control limits before adjustment and are in between/above
control limits after adjustment.

Prevalence Adjustment of ACSH in Germany 1189



Figure 2: Maps of Counties with Special Cause Variation in Hospitalizations
for Hypertension and Diabetes, Crude and Disease Prevalence-Adjusted,
2011 [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 3: Maps of Counties with Special Cause Variation in Hospitalizations
for Heart Failure (HF) and Chronic Obstructive Pulmonary Disease (COPD),
Crude and Disease Prevalence-Adjusted, 2011 [Color figure can be viewed at
wileyonlinelibrary.com]
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DISCUSSION

We analyzed the effects of disease prevalence adjustment on hospitalization
rates for four chronic ambulatory care–sensitive conditions across 402 cities
and counties in Germany. For this purpose, we used an adjustment method
that we adopted from the OECD. Crude ACSH rates were highly correlated
(r = 0.65–0.70) with disease prevalence for all four of these conditions, but not
for asthma (r = 0.07). Adjusting for disease prevalence reduced the coefficient
of variation from 37 to 28 percent for hypertension, from 36 to 25 percent for
diabetes, from 28 to 21 percent for HF, and from 32 to 24 percent for COPD.
Funnel plots showed considerable variation in ACSH rates before and also
after adjustment, which could not be explained by chance. However, preva-
lence adjustment reduced the number of counties both above and below the
control limits, and changed the geographical pattern of ACSH rates across
Germany. Specifically, the number of areas above the control limits dropped
with adjustment from 133 to 105 for hypertension, from 119 to 80 for diabetes,
from 138 to 85 for HF, and from 95 to 63 for COPD. The number of areas
below the control limits dropped with adjustment from 113 to 98 for hyperten-
sion, from 116 to 85 for diabetes, from 111 to 95 for HF, and from 114 to 79 for
COPD.

Our crude ACSH rates are supported by previous national studies.
Burgdorf and Sundmacher showed the regional variation in crude HF
hospitalization rates in 2008 and found high rates in many counties that
we identified as affected by special cause variation (Burgdorf and Sund-
macher 2014). Naumann and colleagues showed the distribution of age-
standardized hospitalization ratios for selected ambulatory care–sensitive
conditions in 2006–2009 and found similar results to our crude ACSH
rates, especially for diabetes (Naumann, Augustin, and Sundmacher 2014).

The impact of disease prevalence on ACSH rates has been examined in
previous studies. Often proxymeasures have been used for underlying disease
prevalence, for example, death rates from the related disease (Laditka,
Laditka, and Probst 2005), self-reported presence of a disease (Ansari,
Laditka, and Laditka 2006), or a mixed measure of demand for health ser-
vices, consisting of adjustment by age, sex, severity of illness, and socioeco-
nomic measures (Ansari et al. 2003). While some authors found prevalence to
be an independent predictor of ACSH in multivariable analyses (Bindman
et al. 1995), others failed to show statistically significant associations in multi-
variable analyses (Ansari, Laditka, and Laditka 2006), even when there were
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associations in bivariable analyses (Laditka, Laditka, and Probst 2005). Lui
and Wallace showed substantial differences in spatial distribution of hospital-
ization for HF in California after adjustment for disease prevalence, which is
consistent with our results. On the other hand, they observed only slight
changes in the spatial distribution of hypertension (Lui and Wallace 2011).
This inconsistency may reflect differences between the German and US health
care system: age–sex-standardized hypertension admission rates in 2011–
2012 were over four times higher in Germany than in the United States (242.1
vs. 57.3 per 100,000 population), whereas age–sex-standardized HF admission
rates were only 45 percent higher in Germany (616.5 vs. 423.9 per 100,000
population)1. We assume that the impact of disease prevalence on ACSH rates
may depend on further regional differences in between countries and health
care systems. Although we found no evidence in stratified analyses that house-
hold income biased influence of prevalence on ACSH, socioeconomic factors
in general may have an impact on both prevalence and hospitalization rates
and should therefore be considered.

Some authors argue that the influence of disease prevalence and other
patient characteristics should not be taken into consideration while measuring
ACSH, because the accessibility and quality of ambulatory care may influence
disease prevalence through prevention activities (Nedel et al. 2011). However,
this argument rests in untenable assumptions about the ability of ambulatory
care providers to modify the genetic, social, environmental, and behavioral
determinants of disease, and to provide equally effective care as the preva-
lence of disease increases, despite resource constraints (Laditka and Laditka
2006). We promote a more conservative understanding, where differences in
disease prevalence cannot be fully attributed to quality of care or access prob-
lems but also depend on external factors that are unapproachable through
health care (Ansari, Laditka, and Laditka 2006).

Crude rates may find application for particular questions, for example,
to evaluate the extent of a health problem in the absence of prevalence data
(Giuffrida, Gravelle, and Roland 1999). Crude rates may also be prior to
adjusted rates for special policy implications which aim to address a health
problem in its entirety, that is, not just to improve outpatient care quality but
also decrease the amount of disease prevalence itself and the part of hospital-
izations, which cannot be prevented through better quality in ambulatory
care. It should not be forgotten that the relation of ACSH, predictors of
ACSH, and disease prevalence is complex. While ACSH are also affected by
demographic, socioeconomic, environmental, lifestyle, and psychological
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factors (Ansari 2007), most of these factors may also influence disease
prevalence.

Strategies to reduce ACSH should be based on all predictors of ACSH
at both the system level and the individual level, as others have discussed
nationally and internationally (Schreiber and Zielinski 1997; Freund et al.
2013; Faisst and Sundmacher 2014). Following Spiegelhalter’s framework,
common cause variation is inherent to the average care process and can be
reduced by process improvement, whereas reducing special cause variation
requires identification and elimination of systematic influence factors
(Mohammed et al. 2001). Among these systematic factors, some are internal
and others are external to the health care system (Faisst and Sundmacher
2014). Examples of internal factors related to the accessibility and quality of
care are ambulatory care structures, but also inpatient care structures that may
increase ACSH rates through supplier-induced demand (Ansari 2007; Cor-
allo et al. 2014). Disease prevalence may be viewed as an external factor,
similar to socioeconomic characteristics, which should be considered
through appropriate risk adjustment when using ACSH rates as performance
indicators.

Limitations

There are some limitations in our study resulting from the data sources and
methods we used. First, our data for disease prevalence and hospitalizations
were estimated at the county level. The population varies substantially across
German counties and cities with county rights from about 34,000 in the small-
est county to over 3 million inhabitants in the German capital city of Berlin.
Disease prevalence and hospitalizations might show different relationships in
smaller-scale areas. For example, Berlin consists of many districts with differ-
ent populations regarding socioeconomic factors, cultural background, per-
sonal lifestyle, and many other characteristics that may affect hospital
utilization. County-level measures maymask such differences.

Our disease prevalence data came from the Central Research Institute
of Ambulatory Health Care in Germany and are based on outpatient disease
coding. We included all cases with outpatient visits in at least two quarters of
the investigation period to make sure that the disease is chronic. As one visit
per quarter is necessary for drug prescription in Germany, this criteria covers
all patients with disease in more severe stages. But there may be an underesti-
mation of prevalence in diseases like diabetes, where medication is not indis-
pensable in less severe stages.
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Compared to inpatient settings, where ICD-coded data are closely
reviewed for billing purposes, ICD code assignment in ambulatory care is not
regularly monitored. The comparable claims-based data system in the United
States, Medicare’s Chronic Condition Data Warehouse, has been reported to
capture only 69 percent of beneficiaries with diabetes, 63 percent with heart
disease, and 24 percent with COPD (Gorina and Kramarow 2011). However,
several factors suggest that the German chronic condition data may be supe-
rior to its American equivalent. First, utilization of ambulatory care in Ger-
many is very high. According to OECD statistics, the mean number of
physician visits per person in 2013 was 9.9 in Germany versus 4.0 in the Uni-
ted States (Organization for Economic Co-operation and Development
2015b). In 2012, a national survey of 19,294 participants found that about 87
percent of the German adult population had visited a primary care physician
in the previous 12 months (Robert-Koch-Institut 2014). However, while there
were no differences in the use of outpatient services between age groups for
women, and between education levels or regions for both sexes, the authors
found significant differences between women and men (91 percent vs. 84 per-
cent) and between old and middle-aged men (91 percent vs. 80 percent)
(Robert-Koch-Institut 2014). This might indicate an underestimation of dis-
ease prevalence for men. For further validation, we compared our estimates
with previously published prevalence data from other sources.

Our country-level prevalence estimates are quite similar to recent
patient-reported, survey-based estimates for hypertension (24.3 percent vs.
28.4, respectively) and diabetes (9.3 percent vs. 8.9 percent, respectively)
(Robert-Koch-Institut 2014). The spatial distributions in this study were exam-
ined in seven German regions, which were originally developed for market
research. More than 19,000 study participants were distributed almost equally
on these regions (Robert-Koch-Institut 2014). We calculated ACSH rates for
these regions and found very similar spatial distributions for hypertension and
diabetes. This may show a high validity of our prevalence estimates in these
seven regions, as the survey covers a representative sample of the adult Ger-
man population, but disparities on a smaller scale may be masked. Published
prevalence data for COPD in Germany vary from 1.3 to 13.2 percent
(Aumann and Prenzler 2013); our overall prevalence estimate is within that
range (4.3 percent). For HF, Ohlmeier and colleagues found a lower preva-
lence (1.8 percent) in 2006 than we did in 2011 (2.7 percent), which might be
attributable to the different years and data sources (Ohlmeier et al. 2015). To
our knowledge, there are no published data on the spatial distribution of
COPD andHF prevalence in Germany.
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Another limitation is that the German DRG database does not allow
linkage of records at the patient level. Quality deficiencies in hospitals could
have led to readmissions, which would have been indistinguishable from
admissions in our analysis, but would not reflect on ambulatory care quality
or access.

Even after prevalence adjustment, the conjunction between ACSH and
quality in ambulatory care may not be clear. For example, Mag�an et al.
(2011) found a positive association between ACSH and physician workload
in crude analysis, but not after adjustment for socioeconomic variables,
which may itself be related to prevalence. Others found that the provision of
specialist clinics can lower mortality-adjusted admission rates, but not in all
ambulatory care–sensitive conditions (Saxena et al. 2006). More research is
needed to evaluate the suitability of ACSH as quality indicator after preva-
lence adjustment.

Regarding funnel plots, Spiegelhalter described the problem of overdis-
persion, meaning that more counties fall outside control limits than would be
expected from the defined probability distribution (Spiegelhalter 2005b). In
our analysis, this overdispersion might be related to inadequate risk adjust-
ment, which could lead to exaggeration of ambulatory care quality and access
problems. Additional risk adjustment besides disease prevalence could be
explored in future studies, but it was omitted in this analysis to avoid masking
variation that could be attributable to the effects of disease prevalence
(Flowers 2007).

CONCLUSION

The AHRQ Prevention Quality Indicators (PQIs) for chronic ACSH have
been endorsed by the National Quality Forum in the United States2 and
adapted for international comparisons in the OECD’s Health Care Quality
Indicators Program. Within the United States, they have been adopted for
public comparisons across states by AHRQ’s National Healthcare Quality
Report,3 for public comparisons across counties by at least 15 states, and for
monitoring state Medicaid programs and Accountable Care Organizations by
the Centers for Medicare & Medicaid Services (CMS).4 The US Measure
Applications Partnership is encouraging consideration of PQI composites5 for
the physician Merit-Based Incentive Payment System (MIPS) that was
recently authorized by the Medicare Access & CHIP Reauthorization Act of
2015 (MACRA).6 These applications of ACSH indicators are somewhat
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controversial (Davies et al. 2011), largely due to concerns about the adequacy
of risk adjustment using only age and sex, in the absence of information about
the prevalence of comorbid conditions.We tested this concern using data from
402 German counties and cities with county rights, and we found that at least
40 percent of the variation in country-level ACSH rates for diabetes, heart fail-
ure, hypertension, and COPD could be explained by the prevalence of the
corresponding chronic condition (r = 0.65–0.70). However, less than 5 per-
cent of the variation in county-level ACSH rates for asthma could be
explained by the prevalence of asthma, at least based on ambulatory visit data
(r = 0.07). We also found clear spatial differences between crude rates and
prevalence-adjusted rates for the first four ACSH indicators in Germany.
Unadjusted area-level ACSH rates should therefore be interpreted with cau-
tion. Although our analysis was limited to Germany, the same confounding
problem might apply to comparisons between countries, or between counties
or states in the United States (or other large countries). ACSH should not be
used for the evaluation of performance in ambulatory care without consider-
ing variation in disease prevalence. But even after adjustment, ACSH rates
still vary more than can be explained by random processes. Additional
research is needed to assess the impact of efforts to prevent ACSH as a means
to reduce health care costs while improving patient outcomes.
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NOTES

1. http://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT
2. http://www.qualityforum.org/QPS/QPSTool.aspx
3. http://nhqrnet.ahrq.gov/inhqrdr/
4. http://www.qualityforum.org/Publications/2015/08/Strengthening_the_Core_Set_

of_Healthcare_Quality_Measures_for_Adults_Enrolled_in_Medicaid,_2015.aspx
5. http://www.qualityforum.org/map/
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6. https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instrume
nts/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-
APMs.html
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