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Abstract

Ambulatory care sensitive hospitalizations are widely considered as important measures of access to as well as quality and
performance of primary care. In our study, we investigate the impact of spending, process quality and continuity of care in the
ambulatory care sector on ambulatory care sensitive hospitalizations in patients with type 2 diabetes. We used observational
data from Germany’s major association of insurance companies from 2012 to 2014 with 55,924 patients, as well as data from
additional sources. We conducted negative binomial regression analyses with random effects at the district level. To control
for potential endogeneity of spending and physician density in the ambulatory care sector, we used an instrumental vari-
able approach. We controlled for a wide range of covariates, such as age, sex, and comorbidities. The results of our analysis
suggest that spending in the ambulatory care sector has weak negative effects on ambulatory care sensitive hospitalizations.
We also found that continuity of care was negatively associated with hospital admissions. Patients with type 2 diabetes are
at increased risk of hospitalization resulting from ambulatory care sensitive conditions. Our study provides some evidence
that increased spending and improved continuity of care while controlling for process quality in the ambulatory care sector
may be effective ways to reduce the rate of potentially avoidable hospitalizations among patients with type 2 diabetes.
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Introduction Ways to reduce these potentially avoidable hospitaliza-

tions include controlling acute episodes of an illness, manag-

A large proportion of today’s hospital admissions are
thought to be avoidable through effective management and
timely treatment in the ambulatory care sector. So-called
ambulatory care sensitive conditions (ACSC) have become
a measure to assess access, quality and performance of care,
as an indicator of quality in ambulatory care [1, 2] and are
sometimes used as a rough estimate of the proportion of
potentially avoidable hospitalizations in health care sys-
tems. These hospital admissions are not only undesirable
for patients but also disruptive and costly for payers and
purchasers of care, such as statutory or private health insur-
ers, or clinical commissioning groups.
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ing a chronic condition effectively, or preventing a disease
in the first place [3]. Most of these approaches involve an
increase in the use of ambulatory care resources. In general,
it has been assumed that increasing the volume of health
services provided, for example through more ambulatory
care spending, will lead to improvements in the health status
of a population [4]. This raises the question of whether an
increase in ambulatory care spending can reduce hospitaliza-
tions for ACSC.

Considering the budget constraints in most health care
systems, several empirical studies have explored the rela-
tionship between health care resourcing and patient out-
comes with the aim of estimating the extent to which an
increase in the volume of health care services yields benefits
for patients [5].

A number of studies have examined the relationship
between the use of ambulatory care resource and hospitali-
zations while specifically focusing on ACSC. Many of these
have reported a negative relationship between physician den-
sity and ambulatory care sensitive hospitalizations (ACSH)
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[6-10]. A systematic review of studies examining the effects
of primary health care resourcing on diabetes-related hos-
pitalizations concluded that access to ambulatory care was
negatively associated with hospitalizations, whereas evi-
dence of an association between the use of ambulatory care
and hospitalizations was inconclusive [11]. The authors rec-
ommended that future studies adjust adequately for patients’
health status and disease severity. Sundmacher and Kopetsch
[12], in turn, used aggregate-level data to investigate the
impact of the volume of office-based care on hospitalizations
for ACSC in Germany. They found that increasing the vol-
ume of medical services reduced the rate of hospitalizations,
albeit with diminishing marginal returns.

This study focuses on patients with type 2 diabetes. The
chronic disease is an ACSC and one of the top ten causes
of death worldwide. Its prevalence has quadrupled within
the past 36 years and is likely to increase further [13]. Dia-
betes is also a major cause of morbidity and is associated
with more and longer hospital stays and an increased num-
ber of surgical complications [14—16]. In addition, diabetes
complicates the diagnosis and treatment of other medical
disorders [17]. Ambulatory care plays a key role in the
management of patients with diabetes [18]. This includes
monitoring the disease, taking preventive measures, admin-
istering medical treatment, and giving lifestyle advice [19].
Good continuity of care and the adherence to clinical prac-
tice guidelines are well-documented to be associated with
fewer hospitalizations among patients with diabetes [20,
21]. Coordination and continuity of care have the poten-
tial to reduce the duplication of services and overall health
care costs, and to improve health outcomes [22, 23]. The
results of earlier studies suggest that improved continuity of
care can result in better control of chronic diseases, higher
patient satisfaction, and fewer emergency department vis-
its and hospitalizations [24-27]. Especially in systems of
statutory health insurance, such as that in Germany, where
no gatekeeping is in place, care coordination becomes even
more relevant [28]. Measures to improve the quality of care
may be complicated or hampered by fragmentation of the
ambulatory sector. Moreover, incentives to contain costs can
be located within individual physicians.

Specifically in the German health care system, ambula-
tory care is characterized by professional autonomy and a
large proportion of office-based physicians in solo practices
[29]. In the statutory health system, no gatekeeping is in
place, and patients can seek ambulatory care at any GP or
specialist office-based physician at any point in time. Coor-
dination of care for chronically ill, multimorbid patients is
a major challenge in the health care system [30]. Problems
in coordination of care can lead to increased ambulatory
care costs and negative consequences for patients, such as
redundant, diverging procedures and deterioration in health
states [31, 32].
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Earlier studies have investigated the effects of ambulatory
care resourcing on ambulatory care sensitive hospitalizations
using aggregated data or have analyzed the effects on health
outcomes, of processes of care for specific diseases. Our
study contributes to the literature by investigating the effect
of ambulatory care spending on hospitalizations among
patients with type 2 diabetes using measures of care continu-
ity and process indicators at the level of individual patients.
In doing so, we adjust for a number of known risk factors for
hospitalizations among this patient group.

Methods
Study setting and data sources

This is an observational study based on insurance claims
data from 2012 through 2014 provided by the scientific
research institute of the regional statutory health insurers
(AOKen) in Germany, which cover approximately 36%
of the population insured within the country’s system of
statutory health insurance [33]. The data used contain infor-
mation about inpatient and outpatient visits and spending,
prescriptions, and diagnoses among a sample of patients
older than 18 years and with at least two confirmed diabetes
diagnoses in two different quarters. This sample was drawn
from a larger sample of 3.08 million patients with a diabetes
diagnosis. Our sample was smaller, because data protection
regulations did not allow the statutory insurers to provide
us with the full data set. In addition, to ensure a complete
history of patients’ health care, we excluded patients who
had died during or were not insured throughout the entire
period 2012-2014.

We excluded patients who were living with HIV, had
a diagnosis of metastatic cancer, were on dialysis, were
dependent on opioids, or were receiving intensive nursing or
palliative care because of the specifics of these treatments/
diseases and the high likelihood of hospitalization independ-
ent of the ambulatory care treatment as well as different
treatment goals. In addition, patients with diseases whose
treatment is considered to be very expensive were excluded
from further analyses (i.e., high-risk patients). In identifying
high-risk patients, we concentrated on the diagnoses of the
high-risk patient pool in former versions of the morbidity-
based risk adjustment scheme in Germany [34, 35]. We
report results including the patients with HIV, metastatic
cancer, dependent on opioids, and high-risk patients in sen-
sitivity analyses later in the appendix. We assumed that a
hospitalization would be most likely for these patients and
that presumably timely and effective ambulatory care was
not able to prevent these hospital cases.

We expected that treatments received over the course
of 2 years would impact upon health outcomes in the
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following year. Therefore, we defined an observation
period (2012-2013) and a period for potential hospitaliza-
tions (2014). To compute valid continuity scores and due to
plausibility considerations, we excluded patients who had
made less than three ambulatory care visits to GPs during
the observation period of 2 years. Owing to plausibility con-
siderations, we also excluded patients for whom the statutory
health insurers spent less than 25 Euro on ambulatory care
per year during the observation period, because three visits
to ambulatory care would already exceed that value. Figure 1
illustrates the process of selecting data for the analysis.

In addition, we used district-level data from the Federal
Institute for Research on Building, Urban Affairs and Spatial
Development [36] (physician density, unemployment rate
and hospital density) and the Science Council [37] (medical
students in a region) in our analyses to inform on structural
variables, such as the physician density.

Dependent variable

Our dependent variable was the number of hospitalizations
due to ACSC. Patients with type 2 diabetes are at high risk
of developing complications and comorbidities as the dis-
ease progresses [38], and several studies have shown that
type 2 diabetes patients suffer from both a greatly increased
all-cause hospitalization rate and diabetes-related hospi-
talization rate [39—41]. Complications and hospitalizations
of individuals with diabetes can potentially be avoided and
delayed through ambulatory care [38], which includes the
prevention of diseases, controlling acute episodes of ill-
nesses, and managing chronic conditions effectively.

To account for the fact that patients with type 2 diabetes
experience a higher risk of vascular complications and mor-
bidity related to increased need for ambulatory care [42], we
used a list of hospitalizations following ACSC as depend-
ent variable in our analysis. The range of hospitalizations is

AOK patients with diabetes,
N= 3.08 mio.

type | and Il
Sample of patients (reduction
N= 101,982 due to data protection)
Patients with type Il diabetes - - —
with at least two confirmed Patients who died within the
ambulatory diagnoses (ICD- observation period or were
N= 99,875 10 E11*) in 2012 not insured with a statutory
insurer within the AOK group
Patients who were insured throughout the whole
through the whole observation period
N= 75,795 observation period
Exclusion of patients with
Patients w/o severe and HIV, metastastic cancer,
N= 57,017 specific diseases high-risk patients, in palliative
care, dialysis treatment,
Patients with at least 3 de.p.end.ent on op|0|ds‘,
ambulatory care visits and at receiving Almenswe nursing
least 25 Euro ambulatory care in 2012/2013
N= 55,924 care costs per year

Fig. 1 Data selection for the analysis

thought to capture all potentially avoidable hospitalizations
that might result from a deterioration in health caused by a
health state that could potentially have been avoided with
ambulatory care. This list comprised 22 conditions specific
to the German health care sector (see Table 2), resulting
from potentially inadequate ambulatory care treatment [44].

We defined a hospitalization as a hospital admission
that lasted at least 1 night. A hospitalization was defined
as ambulatory care sensitive if the main diagnosis for the
hospital admission in 2014 was coded as one of the included
diagnosis groups (see Table 1). In addition, diabetes had to
be at least a secondary diagnosis for the hospital admission
so that we could be certain that patients were also treated
because of diabetes.

Ambulatory care spending, continuity of care
and process indicators

Our primary explanatory variable was total ambulatory care
spending per patient. We decided to include all ambulatory
spending for a patient for two reasons: First, we assumed
that diabetes would affect any treatment in ambulatory care.
Therefore, the inclusion of all ambulatory care spending was
a way to ensure a patient-oriented approach to our analy-
sis. Second, ambulatory care spending is billed to statutory
health insurers primarily in the form of quarterly capita-
tion-type lump sums in Germany [28, 45], meaning that the
incremental spending on the treatment of one disease cannot
be measured without making crude assumptions. Spending
was defined as cost to the statutory health insurer, which can
be seen as an indicator for sector-specific resource use for
the ambulatory care treatment of diabetes patients from the
payer perspective. Patient co-payments, prescriptions, and
private payments are, therefore, not included in our analyses.
Out-of-pocket spending, however, is comparably low in Ger-
many [46]. We hypothesized that, in case the care received
was effective, hospitalizations would decrease as ambulatory
care spending increases.

We aimed to depict continuity of care in our analyses,
because measures to reduce ACSH at the systems level
include interventions to improve the continuity of care [21,
47]. We assumed based on prior empirical literature that
continuous care would decrease the risk of a hospitalization
[25-27].

In our study, we operationalized continuity of care using
the continuity of care index of Bice and Boxerman 1977. It
measures the dispersion of visits and quantifies the percent-
age of visits to distinct providers. The index is commonly
used [49, 50] and reflects both the total number of visits and
the number of health care providers the patients sees [48]. It
was used, because we hypnotized that continuity of care with
the relevant providers would have positive effects on the
treatment of patients in a system without gatekeeping and a
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Table 1 Summary statistics Variable

Main sample (N=55,941) Sample including
high-risk patients

Mean (SD)

(N=56,881)
Mean (SD)

Ambulatory care sensitive hospitalizations

Ambulatory care spending
COCI (GP, internists)
COCI (GP)

COCI (GP, internists, eye specialist, diabetic
specialist, specialist for nephrology)

MMCOCI
Visits (GPs, internists)
Visits (GPs)

Visits (GPs, internists, eye specialists, diabetic
specialists, specialists for nephrology)

Age

Process indicator
Gender (=men)
ATC agents
Multimorbidity
DSI
Hypertension

Hazardous alcohol consumption or smoking

Depression

Obesity

Cancer

Sleeping disorder

Prior hospitalizations

Insulin prescription
Unemployment rate per district
Internist density per district
Spending per district

Medical students per district
Hospital bed density per district

0.131 (0.453)

1641.08 (1028.64)

0.128 (0.450)

1657.11 (1052.99)

0.714 (0.249) 0.714 (0.249)
0.743 (0.247) 0.742 (0.247)
0.6076 (0.237) 0.6046 (0.238)
0.9429 (0.067) 0.9426 (0.068)
30.71 (16.47) 30.81 (17.25)
29.70 (16.04) 29.77 (16.81)
33.87 (17.66) 34.09 (18.43)

66.46 (11.03)
0.048 (0.213)
51%

66.50 (11.03)
0.048 (0.214)
51%

1.76 (0.62) 1.76 (0.62)
6.9628 (3.351) 7.7176 (3.393)
3.37(2.37) 3.39(2.37)
92.11% 92.11%
14.78% 14.81%
28.04% 28.13%
47.51% 47.50%
15.57% 16.60%
19.83% 19.92%

0.404 (0.863) 0.407 (0.868)
23.47% 23.55%

7.18 (3.29) 6.95 (2.97)
23.23 (8.29) 23.47 (8.31)
786.09 (89.22) 786.28 (89.21)
10.59 (31.95) 10.64 (32.09)
61.88 (30.25) 60.99 (29.56)

lack of coordination. The index is calculated by dividing the
sum of the squared number of visits per provider minus the
total number of visits to all providers during the observation
period by the number of all visits minus the number of all
visits minus one.
. > =N
Continuity of Care Index (COCI) =m.

(k=number of providers, n =number of visits to provider;
N =total number of visits to all providers).

The index ranges from O to 1 and increases when more
visits are made to a smaller number of providers. In this
study, we considered only those visits in 2012/2013 that
were made to diabetes-relevant physicians within primary
care (i.e., GPs and internal medicine physicians/internists).
Alternative measures of continuity of care (COCI with GPs
only, COCI with a wider set of physicians and the modified
continuity index) are applied in the supplementary material.
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In addition, we controlled for the number of visits to these
physicians based on the number of days for which physicians
billed a service.

We also operationalized indicators reflecting processes
of care within the observation period. Individuals with
diabetes require systematic and interdisciplinary regular
care [18]. We selected a composite process indicator for
ambulatory care treatment based on recommendations from
clinical practice guidelines, measurable using the routine
data, and relevant to all diabetes patients. We indicated
whether a patient received a yearly blood glucose test, a
yearly microalbuminuria test, and at least one funduscopy
examination within the observation period. These indica-
tors are suggested for quality measurement in health care
systems as they are reliably measureable and highly relevant
for health outcomes of patients [51]. The gold standard for
measuring control of blood sugar in diabetes is measuring
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Table 2 Distribution of hospitalizations among the 22 ACSH in our study compared with Sundmacher et al. [43]

No. Diagnosis group Number of Number of
hospitalizations  hospitalizations
per 1000 per 1000
diabetes patients population
(sample)
Ischemic heart diseases 22.66

Heart failure
Other diseases of the circulatory system
Bronchitis & COPD

Back pain [dorsopathies]
Hypertension

0 N OO o b~ W N -

©

Intestinal infectious diseases
10 Influenza and pneumonia

11 Ear nose throatinfections

12 Depressive disorders

13 Diabetes mellitus

14 Gonarthrosis [arthrosis of knee]
15 Softtissue disorders

16 Other avoidable mental and behavioral disorders

17 Diseases ofthe eye

18 Diseases of urinary system

19 Sleep disorders

20 Diseases of the skin and subcutaneous tissue
21 Malnutrition & nutritional deficiencies

22 Dental diseases

glycated hemoglobin (hbAlc) [13]. A yearly hbAlc test and
a test for microalbuminuria are recommended in medical
guidelines and is seen as effective care for patients with dia-
betes [52-54]. The presence of microalbuminuria has been
shown to predict progression to diabetic nephropathy, which
is associated with fairly high mortality rates [54]. Earlier
empirical studies that have examined the effect of processes
of care on hospitalizations have, in particular, identified a
negative association between these and regular hbAlc and
microalbumin tests [18]. Furthermore, at least biennial eye
screening is recommended for individuals with type 2 diabe-
tes [53]. It allows for early detection and timely treatment of
visual impairments [55]. To address aspects of disease pre-
vention, we indicated whether patients received an influenza
vaccination in each year of the observation period. Influenza
vaccinations have been shown to reduce the risk of hos-
pitalizations in type 2 diabetes patients by about 80% [56].
A yearly influenza vaccination in type 2 diabetes patients
is recommended by the German permanent vaccination

Mental and behavioural disorders due to use of alcohol or opioids

Gastroenteritis and other diseases of intestines

17.00 416
11.32 [ 443
656 B koo
120 bBos
708 1355
933 | 349
442 | 329
256 [ | 324
sss B | 320
072 | 315
170 | 314
1883 | 245
s20l | 238
sesf | 229
100l 1 219
el 1.91
191 | 1.83
166 | 1.59
281 | 156
1.90 [ 0.61
0.46 [ 0.45

commission [57]. We hypothesized that patients who were
treated according to medical guidelines and recommenda-
tions in the two observation years would have fewer hos-
pitalizations. The composite measure was dichotomized
and indicated when patients received all four recommended
processes of ambulatory care. In sum, these process indica-
tors represent a proxy for interdisciplinary, preventive, and
comprehensive ambulatory care treatment following medical
guidelines and recommendations.

Control variables

Our study was informed by earlier research that identified
adjustment for a number of known risk factors for hospitali-
zations among patients with type 2 diabetes [18, 58, 59].
We controlled for the age and gender of patients, as well
as for disease severity and disease-specific risk factors. We
determined whether patients were receiving insulin with
at least one prescription each year during the observation
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period to control for disease severity and calculated a diabe-
tes severity index based on an adapted Diabetes Complica-
tion Severity Index (DSI) [42, 58]. The DSI aims to system-
atically quantify diabetes complications and includes seven
complications of diabetes [retinopathy, nephropathy, neu-
ropathy, cerebrovascular, cardiovascular, peripheral vascular
disease (PVD), metabolic disease]. Furthermore, we added
risk factors according to the United Kingdom Prospective
Diabetes Study and the US Centers for Disease Control and
Prevention/RTI diabetes model to our regression analysis
[58, 59]. These were operationalized using dummy vari-
ables for the relevant comorbidities for which a diagnosis
was coded in the years 2012/2013. For a complication to
be included in the DSI and a risk factor to be considered at
least one confirmed outpatient or inpatient ICD diagnosis,
OPS code, or reimbursement code to be documented in the
observation period. Furthermore, we indicated via the M3
multimorbidity index whether patients had multiple diseases
[60]. In addition, we used the number of prescribed medica-
tions (operationalized as ATC agents) to control for the over-
all morbidity of patients. In case hospitalizations occurred
in 2012/2013, we also included a variable to control for the
health status of patients following prior hospitalizations.

Causes of ACSH can be related to the health care system,
to physicians, to patients’ personal or social circumstances,
or some combination of these [61]. We, therefore, also con-
trolled for the unemployment rate (2012), the number of
hospital beds (2012), and the density of internists and GPs
in the district in which the patient lived (2015). Germany
divides into 401 administrative districts incorporating dif-
ferent levels of population density and structure. In line with
previous results, we hypothesized that unemployment would
increase the risk of hospitalization [62]. Informed by prior
empirical evidence, we assumed that physician density (i.e.,
internists and GPs in the case of diabetes) in a region would
be negatively associated with ACSH [6, 11]. Furthermore,
based on prior research we expected hospital bed availability
to be positively associated with ACSH [63].

Analytical approach

We explored how spending, continuity and process quality
in the ambulatory care sector affects ACSH using a nega-
tive binomial model with random effects at the district level.
As the dependent variable “hospitalizations due to ACSC”
showed a right-skewed distribution with a variance exceed-
ing the mean value, we performed the Vuong closeness test
to rule out the possibility that a zero-inflated negative bino-
mial model would have been the better choice. Most vari-
ables were available at the individual level. However, the
unemployment rate and the variables related to health sys-
tem access (i.e., internist and GP density, hospital density)
were aggregated at the level of districts, giving the model
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two levels of analysis (i.e., individual and district). We con-
trolled for this by means of random effects.

We undertook multiple regression analyses to assess the
association between ambulatory care characteristics and
health outcomes in an iterative manner. We first analyzed
the effect of ambulatory care spending on health outcomes.
To address the effects of coordinated care, we also added a
continuity of care index and the number of visits to general
practitioners and internists to our second regression analysis.
Finally, to capture the additional effect of effective care on
hospitalizations, we added the variable indicating whether
the recommended processes had been conducted to our third
regression.

Instrumental variable approach

An unbiased estimation of the coefficients of the regression
equation requires that the error term does not correlate with
the explanatory variables. However, we do not consider this
assumption to be valid in our case. The level of ambulatory
care spending and the number of hospitalizations for ACSC
may be influenced by unobserved third variables (omitted
variables). This could be the case with unrecorded morbid-
ity, which was not measurable in our data and may have
influenced the level of ambulatory spending and hospitaliza-
tions. Also, the distribution of physicians across Germany
was not strictly regulated until the early 1990s [28]. Based
on the different regional distribution of morbidity, incen-
tives may have existed for physicians to move to areas with
high or low morbidity. In this case, the causality between
physician density and hospitalizations may be reversed in
the regression (i.e., endogeneity).

An instrumental variable approach was used to control
for potential endogeneity of the two variables ambulatory
care spending and physician supply with ACSH. The main
challenge of the instrumental variable approach was to find
an instrument which (a) we could use to control for poten-
tial endogeneity of ambulatory care spending and physician
density with ACSH but (b) after controlling for exogenous
covariates, clearly correlated with the explanatory variable
but not with the error term [64]. We chose the approximated
average ambulatory care spending per person in a district
as this instrument for the individual ambulatory spend-
ing. Associations of statutory health insurance physicians
negotiate a regional budget for the ambulatory sector with
the statutory health insurers. Once physicians exceed the
regional budget, they continue to be reimbursed for their
services but at progressively lower prices. We thus expected
regional average ambulatory care spending to correlate with
ambulatory care spending per patient and not with the indi-
vidual hospitalizations and, therefore, used the former as an
instrument for the latter. With regard to physician density in
a region, the assumption seems to be met for the number of
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medical students in a region (2013). We assumed that physi-
cians cluster in proximity to the university at which they are
trained [65] and used the number of medical students in a
region as an instrument for the physician density in a region.

We undertook a Shorrocks—Shapley decomposition to
investigate the relative contribution of groups of regressors
to the pseudo R? [66]. Here, we aimed to show the total
impact of the ambulatory care characteristics under inves-
tigation, compared with patients’ morbidity and health care
provision variables.

We conducted all analyses using Stata 14.

Results
Descriptive statistics

A total of 55,924 patients with type 2 diabetes were included
in our analysis (summary statistics are provided in Table 1).
The mean age of the patients was 66 years and 50.95% were
men. Statutory health insurers spent an average of €820 on
ambulatory care per patient each year. In total, 4.80% of
the patients received all recommended processes during the
observation period. Highest rates are achieved by yearly
hbAlc tests (average 87%). Lowest rates are observed with
the yearly microalbumin test (average 21%). Patients had
a mean continuity of care index of 0.71 and made a mean
number of 15 visits to ambulatory care physicians per year.

Overall, 9.82% of the included patients were hospitalized
at least once due to an ACSC in 2014. Of these hospitaliza-
tions, 14.44% were coded with diabetes as the main diagno-
sis. Table 2 shows the distribution of hospital cases among
the 22 ACSC per 1000 type 2 diabetes patients. Among these
conditions, ischemic heart disease was the ACSC with most
ACSH followed by diabetes and heart failure. The hospi-
talization rates are 2.1 times higher than in the general Ger-
man population with highest differences in ischemic heart
diseases, diabetes and heart failure.

Regression results

The results of the negative binomial regressions are shown
in Table 3. Results of the regressions with instrumental vari-
ables are preferred over regular regressions. In the first stage,
both instruments exceed the critical value of F'> 10 estab-
lished by Staiger and Stock [67] and are thus regarded as
valid. The Hausman specification tests also indicate potential
endogeneity in all regressions. The following interpretations
refer to the results of the instrumental variable regressions.

The first two columns show the results for the effect
of ambulatory care spending only. The columns in the
middle give the results of the regression models that

incorporated the continuity of care index and the num-
ber of physician visits. The last two columns show the
results of the models that included the measure of effec-
tive ambulatory care. All coefficients are reported as inci-
dence rate ratios (IRR) and indicate the factor change in
ACSH when an explanatory factor increases by 1 unit,
holding all other variables constant. An incidence ratio
of 1, for example, suggests that the explanatory variable
is a neutral factor in the distribution of hospitalizations
between patients. An incidence ratio of 1.5 suggests that
an increase in the explanatory variable of 1 unit is asso-
ciated with a 50% increase in the number of ACSH for
the patient.

In all three models, we found a weak negative asso-
ciation between ambulatory care spending and health
outcomes, indicating that an increase in ambulatory care
spending is associated with fewer ACSH even when con-
trolling for continuous and effective care.

A negative association also existed for continuity of
care and hospitalizations. We found that an increase in the
continuity of care index from 0 to 1 was associated with a
17% reduction in the number of hospitalizations. The neg-
ative association also holds for the alternative measures of
continuity of care with GPs only and the wider set of phy-
sicians involved in the treatment of diabetes patients and
the modified continuity index (see supplementary mate-
rial). A higher number of physician visits was associated
with a higher number of hospitalizations. The variable for
effective care was associated with an 23% increase in the
number of hospitalizations.

Moreover, when looking at our control variables for
morbidity and prior health care use, there was a positive
association with the number of hospitalizations result-
ing from ACSC. Patients with prior hospitalizations are
expected to experience 76—77% more hospitalizations.
In addition, as expected, hypertension, depression, obe-
sity, and sleeping disorders were positively associated
with hospitalizations. A higher number of ATC agents
was associated with a higher number of hospitalizations.
Women had 5% fewer hospitalizations than men.

Health sector variables showed the expected associa-
tions with the number of hospitalizations. Hospital bed
density and the number of hospitalizations were positively
associated. Physician density was associated with fewer
hospitalizations.

The results of the Shapley decomposition analysis for
the three groups of variables indicate the following: ambu-
latory care characteristics (including spending, continuity
of care, and the variable for effective care) account for
9.8% of the pseudo R?, morbidity of patients (including
gender and age groups) for about 85.5%, and system-
related factors of health provision for 4.7%.
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Discussion

Many unplanned hospital admissions are undesirable for
patients and disruptive and costly for health care systems
[24]. Those that are caused by ACSC account for a par-
ticularly large amount of health spending [68]. A substan-
tial proportion of these hospitalizations can probably be
avoided, however, if patients have good access to effective
ambulatory care [24-26]. We, therefore, investigated the
effect of ambulatory care spending on avoidable hospitali-
zations in a sample of 55,924 patients with type 2 diabetes.

The risk of hospitalization following ACSC in this
group is very high. Compared with the general public in
Germany [43], patients in our sample had rates of hospi-
talization that were four times higher for ischemic heart
diseases, three times higher for heart failure, and eight
times higher for diabetes. Overall, hospitalization rates
resulting from ACSC were 2.1 times higher in our sample
than in the general population in Germany, which is simi-
lar to differences in rates seen in comparable settings [44].

We find evidence that ambulatory care plays an impor-
tant role in the management of patients with diabetes,
including the prevention of avoidable hospitalizations.
In our analysis, which was based on individual-level data
from type 2 diabetes patients, we found high variation
in costs among patients and a weak negative association
between ambulatory care spending and potentially avoid-
able hospitalizations. After controlling for coordinated
and effective care, the relationship between ambulatory
care resourcing and hospitalizations remained unchanged.
Ambulatory care spending was negatively associated with
the number of hospitalizations. While previous literature
focused on studying the relationship of resources, such as
the physician density, physician visits or operating hours
and ACSH [11], our study adds to the previous literature
with important information on the effect of health care
spending on ACSH.

We find in line with the results of earlier studies that
continuity of care has a positive effect on ACSH [26, 69].
Having regular contact with a physician may decrease the
likelihood of hospitalization [70]. Continuity of care may
facilitate an effective and trusting relationship between
patients and physicians and lead to patients understand-
ing their disease better and, therefore, also to greater
adherence to treatment or preventive measures [24]. The
fragmentation between the ambulatory care and hospital
sectors in Germany is a well-known barrier to well-coor-
dinated and continuous care [71].

Furthermore, we did not find that effective care was
associated with a lower number of hospitalizations.
The coefficient was not significant. Also in earlier stud-
ies, the association of diabetes processes of care and

hospitalizations in patients with type 2 diabetes was
unclear [18]. In absolute terms, we observed that only ~5%
of our sample received the recommended care indicating
regular blood glucose, eye, and microalbumin examination
as well as an influenza vaccination. Initiatives to promote
adherence to these, where appropriate, may help to reduce
hospitalizations and also have other positive effects [19].

In our decomposition analysis, approximately one tenth
of the pseudo R? could be explained by variables related
to access to ambulatory care. An even greater part could
be accounted for by variables related to morbidity. In the
regression analysis, we found that especially the variables
for the number of medications and prior hospitalizations had
an impact on the number of hospitalizations. Patients with a
higher number of medications resulting from a larger num-
ber of comorbidities and prior hospitalizations are those who
are most sensitive to discontinuities in care [44, 72]. Policy
makers designing initiatives to promote effective and con-
tinuous care may want to target these risk groups if a broader
population-based approach is not desired or possible.

Our study has several important limitations. First, our
sample was drawn from routine data from one major group
of statutory health insurers in Germany, which insures
approximately one third of all individuals with statutory
health insurance in Germany. Our results may not be gen-
eralizable to the overall population [73]. Second, our data
did not allow us to capture fully the health status of patients.
We strove to include a homogeneous patient population by
excluding certain conditions, and by controlling for disease
severity, risk factors, and comorbidity. However, we cannot
rule out that patients’ disease progression was not adequately
depicted. Third, we could not include patient preferences or
socioeconomic variables at a patient level in our analyses
even though these have been shown to be highly relevant
to the utilization of health care [61, 62]. We did, however,
include socioeconomic status at a regional level based on
the assumption that this would approximate patient-level
differences.

Furthermore, ambulatory care spending does not always
correlate with the number of visits to physicians, because
ambulatory care spending is driven mainly by quarterly cap-
itation-type lump sum payments and only specific services
are billed additionally. The number of visits to physicians
and continuity of care are thus subject to these limitations
in routine data.

Last, we attempted to describe quality of care using a
composite process indicator. No indicator, however, per-
fectly describes the quality of care, and individual medi-
cal conditions and patient preferences may justify devia-
tions from the recommendations made in clinical practice
guidelines [74]. We cannot rule out that our process indi-
cator captured decisions driven by patient preferences and
behavior. We aimed to include indicators with low medical
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uncertainty to depict the effects of effective care rather than
the results of preferences for care. However, there remains
some uncertainty on the effectiveness of procedures for indi-
vidual patients. Finally, the results of effective ambulatory
care may require more than 2 years to become apparent.

In summary, we provide weak evidence that increased
spending and improved continuity of care in the ambula-
tory care sector may reduce hospitalizations and should be
considered when promoting ambulatory care initiatives for
people living with chronic illnesses.
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