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Abstract

Background: In Portugal, a public policy established the Lo-
cal Health Units (LHUs), merging primary and hospital care
providers. LHUs are expected to provide better continuity
and coordination of care, thus decreasing the number of un-
planned readmissions among those with chronic conditions.
This study aims to evaluate the influence of chronic condi-
tions on the risk of readmission at LHUs. Methods: We used
inpatient care administrative databases for the years 2002-
2014 (n=1,679,634). We assessed the effects of chronic con-
ditions on the risk of readmission with a difference-in-differ-
ences technique, comparing LHUs with a control group. Mul-
tivariate Cox regression was used to evaluate time to
readmission. Results: The risk of readmission decreased in

four LHUs, but significantly only in two. Individuals with
more chronic conditions presented a lesser risk of read-
mission at LHUs, in contrast to those in the control group.
Conclusions: After adjusting for the number of chronic
conditions and comorbidities, we concluded that LHUs may
successfully decrease unplanned readmissions. Several chal-
lenges still have to be addressed to achieve a larger and
long-lasting effect. Further investigation is needed to ac-
count for contextual and organizational effects that may ex-
plain differences across LHUs.
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Unidades Locais de Satide em Portugal: a influéncia
das condicdes crénicas nas readmissées

Palavras Chave

Cuidados de saude integrados - Integracao vertical -
Condigdes crénicas - Readmissdes - Diferenca das
diferencas - Métodos estatisticos

Resumo

Introducdo: Em Portugal, uma politica publica estabele-
ceu as Unidades Locais de Saude (ULS) que resultam da
integracao de prestadores de cuidados de saude prima-
rios e hospitalares. E expectavel que as ULS prestem me-
Ihor continuidade e coordenacao de cuidados de satde e
que, consequentemente, consigam reduzir o nimero de
readmissées nao planeadas em individuos com condigdes
crénicas. O objectivo deste estudo foi avaliar a influéncia
da existéncia de condic¢bes cronicas no risco de readmis-
sao nas ULS. Métodos: Usdmos a base de dados de mor-
bilidade hospitalar referente aos anos 2002-2014 (n =
1.679.634). Avaliamos o efeito da existéncia de condicoes
crénicas no risco de readmissao com a técnica diferenca
das diferencas, comparando as ULS com um grupo de
controlo. Aplicdmos uma regressao Cox para avaliar o
tempo até ocorréncia de readmissao. Resultados: O risco
de readmissao diminuiu em 4 ULS; o efeito foi estatistica-
mente significativo em duas ULS. Individuos com maior
numero de condigdes crénicas apresentaram menor risco
de readmissao nas ULS, em contraste com os individuos
no grupo de controlo. Conclusées: Tendo em considera-
¢do o numero de condicdes crénicas e de comorbidades
num individuo, as ULS tém potencial para reduzir o nUme-
ro de readmissdes ndo planeadas. Varios desafios devem
ser enderecados de modo a serem alcancados resultados
mais robustos e de efeito duradouro. Investigacbes futu-
ras devem considerar possiveis efeitos contextuais e orga-
nizacionais que possam explicar a variabilidade de resul-
tados entre ULS.

© 2020 The Author(s). Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health

Introduction

More than half of the Portuguese adult population
have at least one chronic condition, and one-third live
with multiple chronic conditions [1]. Individuals with
chronic conditions are expected to be high users of vary-
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ing medical services [2]. Thus, these individuals face
greater exposure to lack of continuity and coordination
of care across the health system [2, 3]. Partly to address
these concerns, some health systems have sought to merge
health care providers of different levels of care into a sin-
gle organization (vertical integration).

Following vertical integration, one expects a decrease in
the risk of readmission for individuals with chronic condi-
tions because of better continuity and coordination of care
[4-6]. Reducing readmissions among individuals with
chronic conditions is a policy objective for improving
health care quality and efficiency. Addressing this problem
is a concern to health systems because of the many impacts
of aging populations, the increasing prevalence of multiple
chronic conditions and the burden of disease. Moreover,
readmissions are costly and disruptive of one’s life. How-
ever, the evidence on the effects of vertical integration on
quality of care indicators is mixed [7]. In Portugal, little
evidence has been produced in regard to policies that have
sought for better continuity and coordination of care
across the health system such as that of the establishment
of vertically integrated health care providers.

Since 1999, in the Portuguese National Health Service
(NHS), vertical integration is set forth by the Local Health
Units (LHUs) [8]. Selected public providers were reorga-
nized by the Ministry of Health without a public ratio-
nale. LHUs were established between 1999 and 2012; cur-
rently, there are eight LHUs in the NHS, which coexist
with other public providers. LHUs are accountable for the
delivery of care for 12% of the Portuguese mainland pop-
ulation and for 16.9% of the NHS’ budget for hospitals
[9]. Notwithstanding, little is known about the perfor-
mance of LHUs on quality of care indicators such as that
of the 30-day readmission.

A previous study measured the effect of LHUs on re-
admissions [10]. The findings suggested that following
vertical integration, the risk of readmission decreased in
LHUs. However, the number of chronic conditions at the
individual level was not accounted for. Given that chron-
ic conditions and other comorbidities are the reason for
many unplanned readmissions [2, 11-13], our aim was to
evaluate the influence of chronic conditions on the risk of
readmission in LHUs.

The objective of this study was twofold: (1) to assess
the risk of readmission before and after vertical integra-
tion, after adjusting for the number of chronic conditions
and the Elixhauser comorbidity index and (2) to ascertain
associations of individuals’ characteristics (sex, age group,
number of chronic conditions and Elixhauser comorbid-
ity index) with time to readmission.
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Methods

Study Design

We evaluated the risk of readmission in LHUs before and after
vertical integration with a difference-in-differences (DiD) tech-
nique. We considered an 8-year time frame for each LHU and
compared with that of a control group (5 years before the integra-
tion [I-5], the year when the vertical integration occurred [I] and
2 additional years after integration [I+2]). The statistical model
included the individuals’ characteristics (individual risk of read-
mission, number of chronic conditions and Elixhauser comorbid-
ity index) and a set of hospital dummies.

Cox regression was used to understand the association of an
individual’s characteristics (sex, age group, number of chronic
conditions and Elixhauser comorbidity index) with time to read-
mission.

Data Sources and Eligibility Criteria

The Portuguese Central Administration for the Health System
(ACSS) provided the administrative databases on inpatient care
for the years 2002-2014. Databases included patient-level infor-
mation registered at public mainland hospitals: unique encoded
admission identifier, year, hospital identifier, sex, age, type of ad-
mission, discharge date, length of stay, discharge status, principal
diagnosis, secondary diagnoses and procedures. The last three
were coded with the International Classification of Diseases, 9th
revision, Clinical Modification (ICD-9-CM). We considered the
first 20 diagnoses of each admission (1 principal diagnosis and 19
secondary diagnoses).

We identified 9,523,432 eligible index admissions, after exclud-
ing admissions for the following reasons: data quality (9,111;
0.07%); specialized or low-volume hospital (132,515; 1.1%); de-
ceased, transferred or left against medical advice (1,169,580; 9.4%);
without at least 30-day post-discharge follow-up (911,485; 7.4%);
and admitted for psychiatric diagnosis, rehabilitation or medical
treatment of cancer (645,281; 5.2%). Among eligible index admis-
sions, we selected for analysis those treated at LHUs (n = 845,275)
or at hospitals that composed the control group (n = 834,359). No
missing data were registered on the variables included in the study.

Intervention and Control Group Composition

The establishment of LHUs occurred in different years: the first
in 1999 [8], one in February 2007 [14], three in September 2008
[15], one in November 2009 [16], one in June 2011 [17] and the
last in October 2012 [18]. These hospitals that transitioned to a
vertically integrated model are hereinafter considered as the inter-
vention group (LHU). In contrast to a previous study [10], we in-
creased the sample size by including data of an additional LHU.
We excluded from the intervention group the LHU established in
1999 because data were not available for the period before the in-
tegration. Hence, we analyzed 7 out of 8 LHUs.

The control group included 6 public hospitals that were not
vertically integrated. To compose the control group, we consid-
ered ACSS hospital benchmarking groups for financing purposes,
created by hierarchical clustering as described elsewhere [19].
Control hospitals were similar in dimension and clinical complex-
ity to those of the intervention group. We accounted for possible
external systemic effects that could have influenced the evolution
of readmissions. Thus, specialty and teaching hospitals, as well as
public-private partnerships, were not included as controls.

Local Health Units in Portugal

Variables

The dependent variable was the occurrence of readmission
within a 30-day time frame following an index admission. We
identified unplanned readmissions using the Centers for Medicare
& Medicaid Services (CMS) hospital-wide all-cause unplanned re-
admission measure (1: readmitted) [20].

Two complementary measures to assess the level of comorbid-
ity and chronicity were used: Quan’s updated version of the Elix-
hauser comorbidity index (1: comorbidity present) [21] and the
Agency for Healthcare Research and Quality chronic condition
indicator (1: chronic condition present) [22]. We used ICD-9-CM
five-digit codes to compute both measures.

The individual risk of readmission was estimated with general-
ized linear mixed models at the specialty cohort level as described
elsewhere (1: readmitted) [20]. To increase the robustness of this
estimation we fitted the model considering all eligible index ad-
missions (n = 9,523,432).

Statistical Methods

We used absolute and relative frequency to describe admis-
sions to hospitals in the intervention and the control group by sex,
age group (0-19, 20-44, 45-64, 65-84, >85), number of chronic
conditions and Elixhauser comorbidity index (0, 1, 2, 3, 4, 25).

A DiD technique via unconditional logit model with fixed ef-
fects was used to analyze the effects of vertical integration on the
risk of readmission. Given the large sample used, the bias in the
unconditional estimator was small [23] and acceptable for the pur-
pose of this research. To relax the parallel trend assumption for the
DiD technique, we considered a differential trend model as de-
scribed elsewhere [24].

The model was as follows:

10git[Prob(Y = 1)]

ijt

= Ay + 8LHU,;, + yPostit + ¢, + Chron,, + Elix;, + RR;,

T T
+ ZajkYeark + Z 19}.,{YearkLHUijr + &

k k
where Yj; is a binary variable for episode i in hospital j in year t,
assuming value 1 if it is readmission, and 0 otherwise; LHUj; is a
binary variable taking on value 1 if hospital j in year t is an LHU,
and 0 otherwise; Post; is a binary variable taking on value 1 for
episode i in hospital j in year t post-integration, and 0 otherwise;
¢j is a vector of hospital dummies; Chrony, is a vector with the
number of chronic conditions for individual i admitted to hospital
j in year t; Elix;; is a vector with the Elixhauser comorbidity index
for individual i admitted to hospital j in year t; RR;; is a vector with
the individual risk of readmission for individual i at hospital j in
year t, computed via mixed effects logistic model, as detailed else-
where [10]; Yeary is a set of year dummies; and Year,LHUj; is the
interaction between the terms Year and LHU.

Parallel trend assumption was tested using the nonlinear re-

striction

We used Cox regression to study the association of an individual’s
characteristics with time to readmission. Hazard function mea-
sured the risk of readmission of an individual within a 30-day time
frame, adjusting for sex, age group, number of chronic conditions
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Table 1. Sample characteristics for LHUs and the control group by sex, age group, number of chronic conditions
and Elixhauser comorbidity index (2002-2014)

Total (n = 1,679,634)

LHUs (n = 845,275) Controls (n = 834,359)

n % n % n %
Sex
Women 947,826 56.4% 471,566 55.8% 476,260 57.1%
Men 731,808 43.6% 373,709 44.2% 358,099 42.9%
Age group
0-19 years 362,884 21.6% 171,594 20.3% 191,290 22.9%
20-44 years 308,598 18.4% 148,511 17.6% 160,087 19.2%
45-64 years 319,657 19.0% 159,725 18.9% 159,932 19.2%
65-84 years 555,524 33.1% 295,788 35.0% 259,736 31.1%
=85 years 132,971 7.9% 69,657 8.2% 63,314 7.6%
Number of chronic conditions
0 997,634 59.4% 498,858 59.0% 498,776 59.8%
1 282,529 16.8% 143,726 17.0% 138,803 16.6%
2 196,736 11.7% 99,850 11.8% 96,886 11.6%
3 120,637 7.2% 60,780 7.2% 59,857 7.2%
4 52,686 3.1% 26,437 3.1% 26,249 3.1%
=5 29,412 1.8% 15,624 1.8% 13,788 1.7%
Elixhauser comorbidity index
0 1,069,822 63.7% 534,957 63.3% 534,865 64.1%
1 293,571 17.5% 151,269 17.9% 142,302 17.1%
2 184,814 11.0% 92,403 10.9% 92,411 11.1%
3 84,654 5.0% 42,128 5.0% 42,526 5.1%
4 31,299 1.9% 16,045 1.9% 15,254 1.8%
>5 15,474 0.9% 8,473 1.0% 7,001 0.8%

LHUs, Local Health Units.

and Elixhauser comorbidity index. We used univariate Cox regres-
sion to assess the covariates’ association with time to readmission.
Covariates with p < 0.1 were included in the multivariate model.
The multivariate model was set up with a stepwise backward like-
lihood ratio data selection approach. A cutoff of p < 0.05 was con-
sidered to remove covariates from the final model. We proceeded
with a visual inspection of Kaplan-Meier plots to assess the pro-
portional hazards assumption. The analysis was conducted sepa-
rately for the intervention and control group.

To compute the individual risk of readmission we used SAS
University Edition. All other analyses were performed with Stata
(v. 13). The confidence level was set at 95%.

Results

Our study included 1,679,634 index admissions (Ta-
ble 1). LHUs accounted for 50.3% of index admissions.
The frequency of admissions was greater among women,
both in the LHUs and the control group (55.8 and 57.1%,
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respectively). Individuals admitted to LHUs were older,
compared with those in the control group: the average age
in LHUs was 51.3 + 28.4 years and that for the control
group 48.5 + 28.9 years. The distribution of individuals
by the number of chronic conditions and comorbidities
was similar in both groups.

The control group exhibited higher readmission rates
(Table 2). The readmission rate for men was of 5.6%,
compared with that of 4.7% for women. Readmission
rates increased with age (e.g. the readmission rate for the
age group 285 years in LHUs was of 8.8%, in contrast to
that of 11.5% for the control group). Readmission rates
also increased with increasing number of chronic condi-
tions (e.g. the readmission rate for individuals with five
or more chronic conditions was 10.1% in LHUs and 12%
in the control group). A similar pattern was observed for
increasing number of comorbidities.

The parallel trend assumption was not observed for
LHU2 and LHU4 (Table 3). Hence, the DiD results for
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Table 2. Readmission rates for LHUs and the control group by sex, age group, number of chronic conditions and

Elixhauser comorbidity index (2002-2014)

Total (n = 85,385),

LHUs (n = 40,779),

Controls (n = 44,606),

5.1% of total 4.8% of total 5.3% of total

n % of total n % of total n % of total
Sex
Women 44,302 4.7% 21,290 4.5% 23,012 4.8%
Men 41,083 5.6% 19,489 52% 21,594 6.0%
Age group
0-19 years 12,768 3.5% 5,583 3.3% 7,185 3.8%
20-44 years 8,904 2.9% 4,627 3.1% 4,277 2.7%
45-64 years 11,763 3.7% 5,697 3.6% 6,066 3.8%
65-84 years 38,521 6.9% 18,720 6.3% 19,801 7.6%
=85 years 13,429 10.1% 6,152 8.8% 7,277 11.5%
Number of chronic conditions
0 32,773 3.3% 16,299 3.3% 16,474 3.3%
1 17,367 6.1% 8,322 5.8% 9,045 6.5%
2 15,664 8.0% 7,230 7.2% 8,434 8.7%
3 11,172 9.3% 5,007 8.2% 6,165 10.3%
4 5,187 9.8% 2,349 8.9% 2,838 10.8%
>5 3,222 11.0% 1,572 10.1% 1,650 12.0%
Elixhauser comorbidity index
0 36,248 3.4% 17,906 3.3% 18,342 3.4%
1 18,798 6.4% 8,973 5.9% 9,825 6.9%
2 15,738 8.5% 7,182 7.8% 8,556 9.3%
3 8,808 10.4% 3,892 9.2% 4,916 11.6%
4 3,770 12.0% 1,791 11.2% 1,979 13.0%
=5 2,023 13.1% 1,035 12.2% 988 14.1%

LHUs, Local Health Units.

those LHUs were interpreted with caution because the ob-
served effects cannot be solely attributed to vertical inte-
gration. LHU1 and control hospitals had a total of 600,086
index admissions, where 11.6% (69,725) were from LHU1.
The results suggested a greater risk of readmission for
LHUI compared with that of the control group (odds ra-
tio [OR] 1.017,95% confidence interval [CI] 0.940-1.101).
We observed similar results for LHU4 (OR 1.240, 95% CI
1.149-1.338) and LHU6 (OR 1.076, 95% CI 0.992-1.166).
The former showed a statistically significant result, albeit
the parallel trend assumption was not verified (Wald test
10.74, p = 0.001). The risk of readmission for LHU2 com-
pared with that of the control group decreased after verti-
cal integration (OR 0.991, 95% CI 0.952-1.032). The re-
sults suggested a similar effect for LHU3 (OR 0.911, 95%
CI 0.837-0.991), LHUS5 (OR 0.860, 95% CI 0.790-0.936)
and LHU7 (OR 0.937, 95% CI 0.866-1.013). The results
were statistically significant for LHU3 and LHUS.

Local Health Units in Portugal

Both in the intervention and control group, the unad-
justed hazard ratio (HR) suggested a decrease in the likeli-
hood of readmission for women (Table 4). In older age
groups, increasing number of chronic conditions and co-
morbidities were associated with a greater likelihood of re-
admission. Overall, LHUs presented a lesser risk of read-
mission for individuals with more chronic conditions and
comorbidities, compared with that of the control group.

The results of multivariate Cox regression models
stressed a similar risk pattern for sex and age in both
groups. Women showed a lesser likelihood of readmis-
sion in the control group (LHU: HR 0.906, 95% CI 0.889-
0.924; control group: HR 0.861, 95% CI 0.845-0.878). The
risk of readmission increased across age categories, con-
sistent with the unadjusted HRs (e.g. in LHUs, individu-
als aged >85 years had a 1.7 times greater likelihood of
readmission than those aged 0-19 years). The adjusted
HRin LHUs decreased with increasing number of chron-
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Table 3. Risk of readmission for each LHU compared with that of
the control group

Sample size OR (95% CI) R? Wald p
(LHU cases, %) test  value

LHU1 600,086 1.017 0.079 2.15 0.142*
(69,725, 11.6%)  (0.940-1.101)

LHU2 594,776 0.991 0.075 5.03 0.025
(62,738,10.5%)  (0.952-1.032)

LHU3 603,417 0.911 0.083 1.06 0.304*
(94,839, 15.7%) (0.837-0.991)

LHU4 589,376 1.240 0.079 10.74 0.001
(64,711, 11.0%)  (1.149-1.338)

LHU5 614,334 0.860 0.080 3.73  0.05*
(83,973,13.7%) (0.790-0.936)

LHU6 667,178 1.076 0.080 0.94 0.331%
(136,817, 20.5%) (0.992-1.166)

LHU7 527,353 0.937 0.088 0.05 0.820*

(28,246,5.4%)  (0.866-1.013)

Data were from an 8-year timeframe: 5 years before vertical
integration, the year when vertical integration occurred and the
following two years. Estimates are derived from DiD logistic re-
gression and measure the independent effect of vertical integration
on the risk of readmission (measured in OR). Statistically signifi-
cant ORs <1 stress that the risk of readmission decreased at the
LHU following vertical integration when compared with the con-
trol group. We tested the nonlinear restriction 26;/Zaj = 0 to as-
sess parallel trend assumption for DiD. CI, confidence interval;
DiD, difference in differences; LHU, Local Health Unit; OR, odds
ratio. * Cases for nonrejection of the null hypothesis of Wald’s sta-
tistical test, which provides evidence in favor of the parallel trend
assumption.

ic conditions, contrasting to the pattern suggested by the
unadjusted model. A different pattern was found in the
control group, where individuals with three chronic con-
ditions showed a greater likelihood of readmission (HR
1.472, 95% CI 1.398-1.549). Also, an increase in comor-
bidities was associated with a greater risk of readmission:
individuals with five or more comorbidities at LHUs
faced a likelihood of readmission 2.5 times greater than
those who had no comorbidities.

Discussion
In this study, we assessed the risk of readmission be-

fore and after vertical integration, adjusted for an indi-
vidual’s number of chronic conditions and comorbidi-

926 Port ] Public Health 2019;37:91-99
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ties. The association of an individual’s characteristics
with time to readmission was analyzed.

Following vertical integration, the risk of readmission
did not evolve similarly across LHUs. We found evidence
of a positive effect on decreasing the risk of readmission
in four LHUSs, but with statistical significance for two cas-
es only. Our mixed results on the effect of vertical integra-
tion on readmissions are aligned with those suggested by
other studies [4, 5, 7, 12, 25, 26]. Differences between
LHUs may be a result of contextual factors, including that
of the implementation process of vertically integrated
health care providers in Portugal. The sole responsibility
to operationalize the merging of providers was their own,
thus yielding different models of care delivery with impli-
cations at an operational level. A study developed at LHUs
to evaluate the perception of integration among profes-
sionals highlighted low levels of perception of clinical in-
tegration among physicians and nurses, which increased
over time [27]. Hence, the ability to provide an interpro-
fessional service delivery that can effectively address the
expectations and care needs of those with chronic condi-
tions evolved differently in each LHU. Moreover, LHUs
did not receive formal guidance, monitoring or financial
incentives by the Ministry of Health to decrease readmis-
sions or to focus on specific needs of those individuals
with chronic conditions.

In LHUs, the risk of readmission decreased with increas-
ing number of chronic conditions, which may suggest that
LHUs are more responsive to the needs of individuals with
multiple chronic conditions. Given that LHUs are respon-
sible for the entire care trajectory, individuals with multiple
chronic conditions may be monitored closely, thus delaying
or preventing readmissions [28]. Also, the interventions
that each LHU defined for the period before, during, and
after hospital discharge may partly explain this result. These
interventions alone have little effect on 30-day readmission
rates [29-31], but the effect increases with high-intensity
multi-interventions, particularly among individuals with
greater risk of readmission [32].

Variability on the risk of readmission signals room for
improvement [33]. Key barriers to an effective continu-
um of care are partly configured by: (1) different models
of governance and service delivery across vertically inte-
grated providers [34]; (2) contextual factors (e.g. geo-
graphical distribution of providers and disparities in pri-
mary care resources [35]); (3) availability of digital health
technologies (e.g. real-time data sharing across provid-
ers); and (4) the effect of time in fine-tuning a new orga-
nizational culture that vertical integration calls on across
providers [34].

Brito Fernandes/Lopes/Marques/Moita/
Sarmento/Santana

$20z Joquieydes /0 uo Jasn "pay [edldos | pue suaiBAH Jo |00yoS uopuoT Aq Jpd GL090S000/ L ¥Z0T e/ L6/S-2/LE/Hpd-aloie/dld/woo 1ebaey//:dpy woly pepeojumoq



Table 4. Association of an individual’s characteristics with time to readmission

Covariate Coding LHUs Controls
unadjusted  95% CI adjusted 95% CI unadjusted  95% CI adjusted 95% CI
HR HR HR HR
Sex 0: men reference reference reference reference
1: women  0.863 0.846-0.880 0.906 0.889-0.924 0.797 0.782-0.811 0.861 0.845-0.878
Age group, 0: 0-19 reference reference reference reference
years 1: 20-44 0.957 0.920-0.995 0.928 0.893-0.966 0.706 0.680-0.733 0.683 0.658-0.710
2:45-64 1.096 1.056-1.137 0.839 0.807-0.872 1.007 0.973-1.042 0.713 0.688-0.740
3:65-84 1.970 1.912-2.030 1.281 1.238-1.325 2.059 2.004-2.116 1.197 1.158-1.236
4: >85 2.784 2.685-2.887 1.716 1.647-1.787 3.167 3.065-3.272 1.755 1.689-1.823
Number of 0 reference reference reference reference
chronic 1 1.792 1.745-1.840 1.298 1.251-1.347 2.001 1.950-2.053 1.398 1.347-1.452
conditions 2 2.255 2.193-2.318 1.287 1.230-1.347 2.699 2.629-2.771 1.456 1.391-1.524
3 2.578 2.498-2.661 1.266 1.203-1.333 3.215 3.122-3.310 1.472 1.398-1.549
4 2.787 2.669-2.910 1.233 1.160-1.312 3.385 3.252-3.522 1.396 1.314-1.483
>5 3.174 3.014-3.343 1.201 1.118-1.291 3.759 3.573-3.954 1.362 1.267-1.465
Elixhauser 0 reference reference reference reference
comorbidity 1 1.792 1.748-1.838 1.280 1.233-1.330 2.044 1.994-2.095 1.285 1.237-1.335
index 2 2.368 2.304-2.433 1.604 1.532-1.679 2.771 2.701-2.843 1.583 1.512-1.657
3 2.833 2.737-2.933 1.896 1.797-2.001 3.490 3.382-3.602 1.935 1.836-2.040
4 3.454 3.290-3.626 2.296 2.150-2.452 3.946 3.767-4.133 2.192 2.053-2.339
>5 3.800 3.569-4.046 2.509 2.318-2.716 4.306 4.039-4.590 2.403 2.215-2.608

CI, confidence interval; HR, hazard ratio; LHUs, Local Health Units.

This research builds on a previous study about the ef-
fect of vertical integration on readmissions [10]. We ex-
tend previous research by illuminating that the risk of re-
admission varies across LHUs when other patient-level
characteristics are considered. Whereas our previous re-
search stressed a positive effect on decreasing the risk of
readmission across LHUs [10], in this study a more mod-
est effect was observed. To understand whether these dif-
ferences were attributed to statistical model specifica-
tions, we applied the modeling of our previous research
on this new dataset. Computed estimates for the risk of
readmission were analogous to those previously reported
[36]. Hence, we believe that differences between previous
estimates of the risk of readmission and our current find-
ings are to a large extent attributed to the inclusion of the
number of chronic conditions and the Elixhauser comor-
bidity index. Given that LHU7 was not included in the
previous study, we were not able to compare results.

Limitations

Our research relies on administrative data and used a
retrospective cross-sectional study design, therefore it is
limited in its ability to establish causality. Selection bias
may have occurred with our choices for the control group,
but a randomized control trial design was not feasible for

Local Health Units in Portugal

the purpose of this study. We could not account for an
extensive list of patient-level factors (e.g. education, in-
come or community support), for these were not avail-
able in the Portuguese inpatient databases. Also, organi-
zational-level effects captured by statistical models were
limited to two years following vertical integration, when
learning effects on vertical integration across LHUs were
more intensive. Lastly, the selected model to identify re-
admissions and to predict an individual’s risk of readmis-
sion may be subject to discussion. We chose to use the
CMS’ methodological approach for its discriminant pow-
er, international widespread use and dense discussion
within the research community. Despite these limita-
tions, this study can add new information to the debate
on the effects of vertical integration on readmissions,
with particular focus on the most vulnerable individuals
such as those with multiple chronic conditions.

Conclusion

Our findings suggest mixed results: the risk of read-
mission decreased in four LHUs, but significantly only in
two. Several challenges still have to be addressed to
achieve a larger and long-lasting effect on decreasing 30-
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day hospital readmissions. Hence, it is relevant to develop
effective strategies at the hospital level, such as ensuring
appropriate discharge planning, effective primary care
follow-up after discharge and strengthened communica-
tion and collaboration between providers of different lev-
els of care. Additional policies focusing on more vulner-
able populations should be considered in combination
with fair financial incentives. In addition, making infor-
mation on risk-adjusted readmission rates publicly avail-
able, combined with other performance indicators that
matter to citizens, may lead care providers to show great-
er interest in developing patient-centered strategies.

Finally, the success of the Portuguese vertical integra-
tion experience in the NHS cannot be assessed solely by
its effects on readmissions. Instead, a wider multidimen-
sional set of performance indicators should be considered,
along with an analysis of case studies that further explore
the efforts of each LHU to overcome barriers to effective
care delivery in vertically integrated organizations.
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