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1  | INTRODUC TION

A worldwide discussion on the efficiency of primary health care is fo-
cused on re- orienting health systems toward proactive, anticipatory, 

and integrated care.1-3 Health care systems need to personalize ser-
vices, put patients at the center of care, and provide services using 
adequate resources. Yet, the lack of proven efficacy of new inter-
ventions represents a problem for health systems globally.4-7 Smith 
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Objective: The objective of this work was to assess the effectiveness of a population- 
level patient- centered intervention for multimorbid patients based on risk stratifica-
tion for case finding in 2014 compared with the baseline scenario in 2012.
Data Source: Clinical and administrative databases.
Study Design: This was an observational cohort study with an intervention group and 
a historical control group. A propensity score by a genetic matching approach was 
used to minimize bias. Generalized linear models were used to analyze relationships 
among variables.
Data Collection: We included all eligible patients at the beginning of the year and 
followed them until death or until the follow- up period concluded (end of the year). 
The control group (2012) totaled 3558 patients, and 4225 patients were in the inter-
vention group (2014).
Principal Finding: A patient- centered strategy based on risk stratification for case 
finding and the implementation of an integrated program based on new professional 
roles and an extensive infrastructure of information and communication technolo-
gies avoided 9 percent (OR: 0.91, CI: 0.86- 0.96) of hospitalizations. However, this 
effect was not found in nonprioritized groups whose probability of hospitalization 
increased (OR: 1.19, CI = 1.09- 1.30).
Conclusions: In a before- and- after analysis using propensity score matching, a com-
prehensive, patient- centered, integrated care intervention was associated with a 
lower risk of hospital admission among prioritized patients, but not among patients 
who were not prioritized to receive the intervention.

K E Y W O R D S

identification of target population, integrated care, multimorbidity, primary care, propensity 
score

http://orcid.org/0000-0002-3582-4283
mailto:myriam.sotoruizdegordoa@osakidetza.eus
mailto:myriam.sotoruizdegordoa@osakidetza.eus


     |  467
Health Services Research

SOTO- GORDOA eT Al.

et al8 highlighted that despite the difficulty of improving outcomes 
in broad populations, integrated interventions focusing on specific 
populations may be more effective. Therefore, there is a clear need 
to prioritize integrated care interventions on certain populations ac-
cording to greatest likelihood of their effectiveness.9 Risk stratifi-
cation tools can help to identify complex frail and high- risk patients 
and to keep these patients on the radar of health systems across the 
continuum of care.10-12

In this context, the Department of Health of the Basque 
Government launched in 2010 the “Strategy to tackle the challenge 
of chronicity in the Basque Country”,13 which aimed to re- orient 
the health system toward an integrated care model and, therefore, 
toward a patient- centered approach. Twelve Integrated Healthcare 
Organizations (IHOs) that care for 2.2 million inhabitants comprise 
the Basque Health Service. The term IHO refers to the delivery of 
care across primary care and secondary care service areas within a 
single organization structure. This structure enables patient- centered 
approaches since it ensures continuum of care. As various chronic 
conditions often coexist, the Basque Health Service designed a spe-
cific integrated care program for patients with multimorbidity. In par-
ticular, this patient- centered strategy consisted in a risk stratification 
for case finding (RSCF) strategy launched in 2011 (available from the 
late 2012 and onward) by the Department of Health. Its aim was to 
prioritize complex frail and high- risk patients on the basis of adjusted 
clinical groups (ACGs).14 Patient prioritization implied the activation 
of a specific care pathway. This rationale reflected the hypothesis 
that empowering primary care (PC) services enables the provision of 
early treatment that keeps the patient’s condition stable longer.15-17

The success of chronic- care program interventions depends not 
only on their intrinsic efficacy and their degree of implementation18 
but also on the selection of target population. However, despite the 
growing use of risk stratification tools based on predictive models 
in various health care systems,19 there is a lack of literature on its 
impact on health care systems. The measurement of these aspects is 
critical for their evaluation. The objective of this work was to assess 
the effectiveness of a population- level patient- centered intervention 
for multimorbid patients based on risk stratification for case finding.

2  | METHODS

We carried out a retrospective observational cohort study with an 
intervention group and a historical control group. Data were ob-
tained from the clinical and administrative databases of the Basque 
Health Service. The patient- level data on these databases were 
managed in an anonymized manner. 2012 and 2014 risk stratifica-
tion for case finding data were only available for the authors. Data 
from 2012 comprised a historical comparator group that had been 
included in a chronic- care program. Despite the fact that the inte-
grated care program for multimorbid patients was available from the 
late 2012, taking into account the complexity of the program, we 
cannot assume that the program was operational during 2013. Data 
from 2014 comprised the intervention group. As the intervention’s 

aim was to empower PC services to allow reduced use of hospital 
inpatient services, the change in resource consumption in PC ser-
vices was taken into account as a proxy indicator of implementation. 
In contrast, effectiveness of the intervention was measured by use 
of hospital services, since this is a relevant indicator both from the 
clinicians and managers.20

2.1 | Study population and variables

The study included all individuals with multimorbidity in the Basque 
Country more than 65 years old. The prevalence of multimorbidity 
doubles for individuals aged 65- 84 in comparison with those aged 
45- 64.21 Therefore, considering individuals older than 65 is a wide-
spread threshold.22 Multimorbidity was defined as having at least 
two of three chronic diseases (diabetes mellitus [DM], heart failure 
[HF], and chronic obstructive pulmonary disease [COPD]). We used 
the following codes according to “The International Classification 
of Diseases, 9th Revision, Clinical Modification”: 250.* for DM, 
428.* for HF; and 491.2* and 518.81 for COPD. The Basque Health 
Service targeted these pathologies because they are the most preva-
lent in their local context. Clinical and administrative databases of 
the Basque Health Service collect all the information related to the 
medical diagnoses of the population to which they provide health 
services. Thus, individuals with any of the recently mentioned di-
agnoses were extracted from those databases. Subsequently, those 
that were subject only to one of the pathologies and were under 
65 years were eliminated.

The Basque Department of Health prioritized those who 
were more likely to benefit from the integrated intervention. 
The criteria for prioritization were as follows: having had a hos-
pitalization in the previous year and being in the 5 percent apex 
of the pyramid of stratification. The process of stratification was 
based on the ACG system,23 which measures the morbidity bur-
den of patient populations on the basis of disease patterns, age, 
and gender. This tool relied on the diagnostic and pharmaceu-
tical information in administrative databases to assign to each 
individual a risk score predicting resource consumption during 
the next year, compared with the total population stratification. 
Higher risk predicted greater costs for the health care system. 
The process of obtaining the risk score is explained extensively 
elsewhere.14 However, the stratification was carried out in a spe-
cific moment and was based on data collected during a specific 
time range, while the evolution of the population was dynamic. 
Therefore, GPs were urged to continuously update the target 
population and prioritize more patients who met the established 
criteria. Exclusion criteria included the presence of neoplasia or 
receipt of dialysis or transplant. The target population of this 
study were the prioritized group. Nonetheless, we used the 
nonprioritized group as a falsification test in order to consider 
secular trends. The target population of the intervention, the 
prioritized group, comprised 4225 patients in the intervention 
group for 2014 and 3558 patients in the control group for 2012. 
Even though the intervention would probably be implemented in 
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the prioritized group, it was not limited to that group. Therefore, 
for more in- depth analysis, the entire multimorbid population 
was considered for evaluation, and a subgroup analysis was car-
ried out to ascertain differences among the not prioritized and 
prioritized groups.

We included all eligible patients at the beginning of the year 
and followed them until death or until the follow- up period con-
cluded (end of the year). Hospital admissions were an indicator of 
effectiveness.20 The change in resource consumption in PC ser-
vices was an indicator of implementation,17 since the interven-
tion’s aim was to empower PC services to allow reduced use of 
hospital inpatient services.

To adjust our analysis by population characteristics, we collected 
the following variables: gender, existence of DM, HF or COPD, death 
at the end of the follow- up, and type of prioritization.

2.2 | Usual care

Usual care of multimorbid patients consisted of receipt of both PC 
and in- hospitalization services at the patient’s request. Patients in 
the control group had no access to prevention programs such as 
Osarean, BetiOn or Active Patient, described in the intervention 
section. In addition, the illnesses were not approached holistically, 
but rather were treated independently by different specialists. Thus, 
there was no care coordination among the different specialists. 
Moreover, as the electronic health record (EHR) was not available 
for the control group, professionals had partial information of the 
patient.

2.3 | Intervention

The specific intervention for multimorbid patients consisted of the 
deployment of a chronic- care program with multidisciplinary teams 
that included new roles such as liaison nurse, case manager, nurse 
with advanced skills, and responsible internist. The latter is the ref-
erence professional for multimorbid patients admitted to hospital. 
It is not just the one who receives referrals, but also the responsible 
of coordinating care provided by different specialist while the pa-
tients is in hospital. Moreover, an extensive infrastructure of infor-
mation and communications technologies was implemented based 
on the EHR and electronic prescriptions. Last, other services, such 
as telehealth and empowerment, were accessible. The most impor-
tant ones were the telecare service called BetiOn which, among 
other purposes, served to connect patients with specialized profes-
sionals in case of emergency and to send information concerning 
health programs or reminders about medication;24 Active Patient, 
the purpose of which was to address clinical and emotional dimen-
sions by relying on expert training provided by health professionals 
to the patients or their caregivers;25 and Osarean, which provided 
continuum of care to these patients outside working hours.26 The 
intervention for multimorbid patients was deployed in late 2012 
and throughout 2013.

2.4 | Data cleaning

The data controller verified from a randomly selected sample of 50 
individuals which included both intervention and comparison pa-
tients that data from administrative and clinical databases were con-
sistent with the information collected in the EHR. The accuracy of 
data related to social variables, diagnosis, and resource consumption 
was above 95 percent accurate. However, data related to mortality 
was not that accurate. In order to undergo that problem, we com-
pleted our data with the Spanish Mortality Registry.

2.5 | Statistical analysis

A statistical analysis was carried out to compare the operation of a 
chronic- care program (an integrated organizational model) in 2014 
with a historical comparator representing the scenario in 2012. The 
statistical analysis was performed in a step- wise manner in R (version 
3.2.2, https://www.r-project.org/foundation/). First, a univariate 
analysis was conducted to determine if there were sociodemographic 
and clinical differences by group. Fisher’s exact test was applied for 
categorical variables and Student’s t test for mean comparison in 
the case of age and follow- up. Second, resource consumption rates 
and costs were analyzed. Since mortality has a great impact on this 
population, rates were adjusted by follow- up. As the rates lacked a 
normal distribution and our sample showed a substantial probabil-
ity mass at zero, standard approaches (mean comparison or test of 
location of the distribution by the Mann- Whitney U test) were not 
suitable. Therefore, for each service, we analyzed separately the risk 
for patients having no contact (Fisher’s exact test) and the median 
rates for those who had at least one contact (Mann- Whitney U test). 
This approach was especially useful for interpreting data, because it 
gave insight into both the coverage of the program and the intensity 
of the intervention provided by PC to measure the implementation. 
Mean rates were included as additional information. Effectiveness 
could be estimated as the number of patients that decompensated 
and, therefore, were hospitalized at least once and the number of 
hospitalizations and in- hospital days for those admitted.

Subsequently, a multivariate analysis was carried out, which was 
preceded by a propensity score procedure to minimize selection 
bias.27,28 Propensity score refers to the probability of patients being 
in the intervention group, depending on the observable covari-
ables.27 Although propensity score is a widespread technique, how 
to apply the matching is still controversial, since an inappropriate 
algorithm may increase the bias. We applied the genetic matching 
that uses an evolutionary search algorithm developed by Mebane 
and Sekhon to maximize the balance of observed covariates across 
matched treated and control units.28 In our study, the matching was 
based on the following variables: continuous (age), dichotomous 
(sex, DM, heart failure, COPD, previous year hospitalization, death 
at the end of the follow- up, and eligibility through GP’s clinical judg-
ment) and categorical (risk score deciles). We identified the region of 
common support (Figure S1 in the technical appendix) and excluded 

https://www.r-project.org/foundation/
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observations with a propensity score >0.625. Table S1 and Figure S2 
in the technical appendix show the results after applying the pro-
pensity score. After that adjustment, the differences between the 
control and intervention groups regarding the probability of having 
contact with PC and hospitalization were studied with logistic re-
gression. Then, generalized linear models were used to evaluate the 
differences in the frequency of PC contacts in those with at least 
one contact the number of hospitalizations for those admitted to 
the hospital and total costs.29 Family and link were chosen according 
to the Akaike information criterion.29 In both statistical procedures, 
sociodemographic and clinical data were included as covariables 
(gender, age, subjected to HF and COPD, follow- up and death at the 
end of the follow- up). Ultimately, in order to analyze the effect of 
the patient- centered strategy, all the interactions among the inter-
vention/control variables and the eligibility (prioritized vs not priori-
tized) were included in the final regression model.

3  | RESULTS

The features of the population are described in Table 1. The total 
multimorbid population comprised 8329 patients in the base-
line group (2012) and 8364 in the intervention group (2014). 
Approximately half of the patients (3558 in 2012 and 4225 in 2014) 
were prioritized by risk stratification and one- third (2704 in 2012 
and 2761 in 2014) did not meet inclusion criteria. The rest of the 
individuals were excluded by the GPs. When we analyzed these re-
sults in terms of patient prioritization, we found that there were 
statistically significant differences for a 5 percent alpha level in 
the mean age of the groups at the beginning of the follow- up, as 
well as in the prevalence of the different disease combinations. The 
2014 cohort was older, and the prevalence of those individuals who 
had DM and COPD decreased, while the prevalence of those who 
had HF and COPD or those who had all the conditions considered 
increased.

The probability of these patients having at least one contact with 
each of the services, as well as the average and median values of 
their visits to PC and hospitalizations, is displayed in Table 2. The 
cost of prioritized patients more than doubled the cost of not prior-
itized patients.

After applying the genetic matching (Table S2 and Figure S1), 
we carried out the multivariate analysis (Table 3). Subgroup analy-
sis provided insight into eligibility criteria associated with significant 
changes between 2012 and 2014. Table 4 shows the adjusted odds 
ratio (OR) for 2014 in comparison with the control group in 2012. 
The full models are shown in Tables S2-S5. Patients who were priori-
tized in the program showed an increase in use of PC resources both 
in terms of probability of contact (OR: 2.10, CI: 1.70- 2.39) and num-
ber of contacts (OR: 1.07, CI: 1.05- 1.10), with a decrease in the prob-
ability of hospitalization (OR: 0.91, CI: 0.86- 0.96) and in the number 
of hospitalizations (OR: 0.96, CI: 0.91- 1.00) in 2014. For those pa-
tients that were not prioritized, the probability of contact with PC 
increased (OR: 1.64, CI: 1.27- 2.39), while the number of contact de-
creased (OR = 0.95, IC = 0.92- 0.97). In this group, the probability of 
hospitalization increased (OR: 1.19, CI: 1.09- 1.30).

4  | DISCUSSION

In a before- and- after analysis using propensity score matching, a 
comprehensive, patient- centered, integrated care intervention was 
associated with a 9 percent lower risk of hospital admission among 
prioritized patients, but not among patients who were not prior-
itized to receive the intervention. Therefore, the hypothesis that the 
provision of early treatment in PC avoids hospitalizations was sup-
ported. A predictive model can reveal only which patients are at risk 
of a particular event. It cannot manage patients’ care and prevent 
their deterioration or a hospital admission. Therefore, since a trade- 
off exists between the target population and the effectiveness of 
the intervention in preventing unplanned hospital admissions,2 the 

TABLE  1 Comparison of demographic and clinical features of multimorbid patients in 2012 (control group) and 2014 (intervention group)

Multimorbid patients Not prioritized multimorbid patients Prioritized multimorbid patients

2012 2014 2012 2014 2012 2014

N 8239 8364 2704 2761 3558 4225

Age mean (SD) 78.90 (7.27) 79.38 (7.36) 77.61 (7.42) 77.89 (7.42) 79.20 (6.93) 80.17 (7.06)

Follow- up mean (SD) 0.92 (0.22) 0.92 (0.22) 0.95 (0.18) 0.95 (0.18) 0.94 (0.19) 0.90 (0.25)

Predictive Index (SD) 7.10 (3.14) 7.02 (2.76) 4.62 (1.47) 4.70 (1.64) 8.02 (2.44) 8.57 (2.41)

N (%)

Male 5004 (61%) 5024 (60%) 984 (36%) 980 (36%) 2153 (61%) 2491 (59%)

DM&HF 2495 (30%) 2682 (32%) 592 (22%) 686 (25%) 1223 (34%) 1511 (36%)

DM&COPD 3.556 (43%) 3550 (42%) 1806 (67%) 1816 (66%) 1165 (33%) 1144 (27%)

HF&COPD 2188 (27%) 2132 (26%) 306 (11%) 259 (9%) 1170 (33%) 1570 (37%)

DM&HF&COPD 849 (10%) 836 (10%) 89 (3%) 74 (3%) 455 (13%) 677 (16%)

Death 1108 (13%) 1164 (14%) 261 (10%) 237 (9%) 365 (10%) 777 (18%)

COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HF, heart failure; SD, standard deviation.
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embeddedness of the risk stratification and the definition within a 
larger strategy were key issues in the success of the intervention. 
Moreover, our study shows a 5 percent reduction in mean costs 
among prioritized patients, while not prioritized patients mean cost 
increased by an 11 percent.

Despite the growing use of risk stratification tools based on 
predictive models in various health care systems,19 there is little 
literature on its impact on health care systems. The accuracy of a 
predictive model has been debated by the model developers using 
techniques such as split- sample and bootstrapping.2 However, 
what decision makers and clinicians need is evidence that supports 
the predictive model’s use.30 As discussed earlier, the identifica-
tion of patients at risk of decompensation cannot by itself reduce 
hospital admissions, yet it should change professional behavior 
toward patient assistance. Despite the challenge of the program 
involving as many as 1495 GPs and 1495 nurses who needed 
to adapt their working dynamic to take care of the multimorbid 
patients,31 the results showed that the risk stratification helped 
with the implementation of the intervention. In those patients 
that were prioritized by the risk stratification, the probability of 
contact with PC services considerably increased (OR = 2.01, CI: 
1.70- 2.39) and the number of contacts increased by 7 percent 
(OR = 1.07, CI = 1.05- 1.10). In contrast, the probability of contact 
with PC had a lower increase (OR = 1.64, CI: 1.27- 2.13), and the 
number of contacts decreased by 5 percent (OR = 0.95, CI: 0.92- 
0.97) in those that were not prioritized.

In terms of effectiveness, evidence for multimorbid patients 
is scarce, and examples can hardly be compared, since the criteria 
and procedures for identification of these patients are diverse.4,16,32 

The literature shows that it is difficult to support the hypothe-
sis that empowering PC reduces hospital use.18,33,34 Similar to our 
study, the systematic review carried out by Smith et al8 found five 
organizational studies that reported outcomes of health services 
utilization.35-39 Among those, only two approaches35,37 were com-
parable to our study. Sommers et al37 reported improvements for 
participants in the intervention group across a variety of measures 
relating to hospital admissions, whereas Boult et al35 did not find 
statistically significant differences. However, Boult et al35 reveal 
two main limitations that were addressed in our study. First, they 
pointed out limitations on the selection of patients who were most 
likely to benefit from the integrated care. In the Basque Country, 
this issue was managed by the strategy of RSFC. This process of pa-
tient identification is objective and can be transferred to other set-
tings with universalized national systems like the United Kingdom. 
Second, Boult et al35argue that in their study, “there were few pen-
alties or rewards that provided consistent incentives for teams to 
improve the quality and outcomes of care” disclosing a possible lack 
of implementation. If we had analyzed only multimorbid patients 
as a whole, we would not have achieved satisfactory results, since 
the risk of hospitalization would have remained constant. Yet, the 
decision to separate our analysis into those patients prioritized by 
the strategy (and, therefore, more likely to be treated proactively) 
from those that were not prioritized allowed us to prove that only 
when the intervention is implemented sufficiently is it likely to be 
effective. Finally, these approaches seem to be assimilated more 
readily in more “well- developed” organizations. This is supported 
by the fact that both Osakidetza and Kaiser- Permanente (the group 
that seemed more effective in the study by Boult et al35 have both 

TABLE  2 Univariate analysis of resource consumption by multimorbid patients

Multimorbid patients Not prioritized multimorbid patients Prioritized multimorbid patients

2012 2014 2012 2014 2012 2014

N and probability of having at least one contact with each service

Primary care 
service

7829 (95%) 8117 (97%)* 2642 (98%) 2718 (98%) 3426 (96%) 4105 (97%)*

Hospitalizations 2881 (35%) 2978 (36%) 492 (18%) 584 (21%) 1592 (45%) 1971 (47%)

Number of contacts for each service for those who had at least one contact

Mean rate (SD)

Primary care 
service

33.7 (31.9) 35.1 (36.9) 26.4 (23.4) 26.4 (29.6) 37.0 (30.8) 43.7 (41.2)

Number of 
hospitaliza-
tions

3.3 (6.2) 3.1 (4.8) 2.6 (3.6) 2.5 (3.3) 2.9 (4.8) 3.3 (5.4)

Median rate (P25- P75)

Primary care 
service

25.2 (15.0- 42.0) 24.7 (14.0- 43.1) 20.0 (13.0- 32.0) 18.95 (11.0- 31.1) 29.0 (18.0- 46.0) 32.1 (18.2- 53.2)*

Number of 
hospitaliza-
tions

2.0 (1.0- 3.1) 2.0 (1.0- 3.3) 1.0 (1.0- 3.0) 1.0 (1.0- 2.0) 2.0 (1.0- 3.0) 2.0 (1.0- 4.0)*

Mean total cost 4456.6 (11 047.5) 4259 (10 190.7) 2206.8 (7638.9) 2330.6 (7411.7) 4908.3 (10 375.3) 5892.6 (12 049.2)
*Difference is statistically significant for alpha 95%.
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a sophisticated, interoperable electronic medical record system and 
a medical center model that includes a variety of health services, 
which are manifestations of a well- established culture that promotes 
team care.

As this is an observational study, its internal validity is weaker 
than in randomized clinical trials. However, this design using data 
from the administrative and clinical databases takes into account 
the context of health care provision. It measures the effectiveness 
of the intervention in a real- world situation, not in a laboratory 
environment. In randomized control trials, clinicians take a clearly 
differentiated attitude toward the patients, depending on whether 
they are in the intervention group. Yet, GPs implement integrated 
programs according to the identification of the specific needs of 
each patient, which determines a diffuse deployment of the in-
tervention. Moreover, decision makers involved with establishing 
guidelines for coverage and payment are developing policies based 
on information from “real- world” outcomes.40,41 At the same time, 
the large sample size in this study provided insight into which in-
tervention was most effective in which population subgroup. The 
possible biases associated with the study design were addressed 
with statistical tools such as genetic matching,28 logistic regres-
sion, and generalized linear models.29 However, our study design 
solved the heterogeneity in observed variables, and it did not ad-
dress the unobserved heterogeneity consisting in any difference 
in unobserved features of the intervention and control group, 
which could be associated to the hospitalization rate. As the social, 
economic, and health care access factors did not change meaning-
fully between 2012 and 2014 and the propensity score achieved 
a good balance, this actual limitation does not seem to threaten 
the findings of the study. Other limitation to be underlined is the 
lack of addressing the effect of attrition. Death was the only event 
recorded to finish the follow- up. Though it was not included in the 
propensity score, we could check that it was balanced after it. This 
way, we lost patients who moved to other regions but we know 
that migration from the Basque Country to other regions is very 
rare in the elderly.42 Now that electronic health records facilitate 
access to data to assess the operation of the health system, it is 
even more necessary to highlight the importance of using proce-
dures that will improve the validity of the results.

5  | CONCLUSIONS

A comprehensive, patient- centered, integrated care intervention 
which included both a stratification strategy and an integrated care 
intervention was associated with a lower risk of hospital admission 
among prioritized patients, but not among patients who were not 
prioritized to receive the intervention.
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TABLE  4 Subgroup analysis: Difference in resource 
consumption between intervention (2014) and control (2012) 
groups depending on interaction among prioritization groups

Not prioritized Prioritized

N 5465 7783

Probability of contact 
with PC

1.64 (1.27- 2.13) 2.01 (1.70- 2.39)

Number of contacts 
with PC

0.95 (0.92- 0.97) 1.07 (1.05- 1.10)

Probability of 
hospitalizations

1.19 (1.09- 1.30) 0.91 (0.86- 0.96)

Number of 
hospitalizations

1.02 (0.93- 1.11) 0.96 (0.91- 1.00)

Total costs 1.11 (1.04- 1.18) 0.95 (0.90- 1.00)

TABLE  3 Determinants of the probability and number of 
contacts with primary care and hospitalizations among the whole 
multimorbid population sample (16 603 patients; 8239 in the 
control group and 8364 in the intervention group)

AOR

Probability of 
contacta

Number of 
contactsb

Primary care

2014 Group 1.87 (1.68- 2.08) 0.99 (0.97- 1.01)

Female 0.74 (0.67- 0.83) 1.07 (1.05- 1.09)

Age ≥80 0.53 (0.47- 0.59) 1.11 (1.09- 1.13)

DM&HF vs those with all 
three diseases

0.86 (0.72- 1.02) 0.86 (0.83- 0.88)

DM&COPD vs those 
with all three diseases

1.03 (0.85- 1.23) 0.67 (0.65- 0.69)

HF&COPD vs those with 
all three diseases

0.74 (0.61- 0.89) 0.85 (0.82- 0.88)

Death 4.21 (2.98- 6.04) 1.34 (1.27- 1.41)

Follow- up (mo) 1.44 (1.39- 1.49) 0.95 (0.94- 0.96)

Hospitalization

2014 Group 0.99 (0.95- 1.03) 0.99 (0.97- 1.02)

Female 0.97 (0.92- 1.01) 0.97 (0.94- 1.00)

Age ≥ 80 1.13 (1.08- 1.19) 0.91 (0.88- 0.93)

DM&HF vs those with all 
three diseases

0.48 (0.45- 0.52) 0.85 (0.82- 0.89)

DM&COPD vs those 
with all three diseases

0.32 (0.30- 0.35) 0.79 (0.76- 0.82)

HF&COPD vs those with 
all three diseases

0.66 (0.61- 0.71) 0.90 (0.86- 0.94)

Death 8.52 (7.40- 9.83) 0.96 (0.91- 1.01)

Follow- up (mo) 1.14 (1.12- 1.16) 0.84 (0.83- 0.85)

AOR, adjusted odds ratio; COPD, chronic obstructive pulmonary  
disease; DM, diabetes mellitus; HF, heart failure.
aBy logistic regression. 
bBy generalized linear models. 
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