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Abstract

Background: The rising prevalence of non-communicable diseases (NCDs) such as diabetes mellitus (DM) and
hypertension (HT) has placed a tremendous burden on healthcare systems around the world, resulting in a call for
more effective service delivery models. Better continuity of care (CoC) has been associated with improved health
outcomes. This review examines the association between CoC and health outcomes in patients with DM and/or HT.

Methods: This was a systematic review with searches carried out on 13 March 2021 through PubMed, Embase, MED-
LINE and CINAHL plus, clinical trials registry and bibliography reviews. Eligibility criteria were: published in English;
from 2000 onwards; included adult DM and/or HT patients; examined CoC as their main intervention/exposure; and
utilised quantifiable outcome measures (categorised into health indicators and service utilisation). The study quality
was evaluated with Critical Appraisal Skills Programme (CASP) appraisal checklists.

Results: Initial searching yielded 21,090 results with 42 studies meeting the inclusion criteria. High CoC was associ-
ated with reduced hospitalisation (16 out of 18 studies), emergency room attendances (eight out of eight), mortality
rate (six out of seven), disease-related complications (seven out of seven), and healthcare expenses (four out of four)
but not with blood pressure (two out of 13), lipid profile (one out of six), body mass index (zero out of three). Six out
of 12 studies on diabetic outcomes reported significant improvement in haemoglobin Alc by higher CoC. Variations
in the classification of continuity of care and outcome definition were identified, making meta-analyses inappropriate.
CASP evaluation rated most studies fair in quality, but found insufficient adjustment on confounders, selection bias
and short follow-up period were common limitations of current literatures.

Conclusion: There is evidence of a strong association between higher continuity of care and reduced mortality rate,
complication risks and health service utilisation among DM and/or HT patients but little to no improvement in various
health indicators. Significant methodological heterogeneity in how CoC and patient outcomes are assessed limits the
ability for meta-analysis of findings. Further studies comprising sufficient confounding adjustment and standardised
definitions are needed to provide stronger evidence of the benefits of CoC on patients with DM and/or HT.
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Background

The global prevalence of chronic non-communicable
diseases (NCDs), such as diabetes mellitus (DM) and
hypertension (HT), is rising rapidly. By 2030, deaths
attributable to NCDs are predicted to be 52 million
annually, compared to 36 million in 2008 [1]. Popula-
tion aging and earlier development of NCDs have exac-
erbated the burden of disease on healthcare systems [2].
As opposed to communicable diseases, management for
NCDs is typically long term and requires ongoing health-
care interventions, such as asymptomatic screening for
early diagnosis and addressing adherence to long-term
medications [3]. Based on the framework for integrated
people-centred health services, the World Health Organ-
ization recommends the practice of continuity of care
in primary healthcare to optimise the management on
NCDs such as diabetes or hypertension [4].

Continuity of care, or the quality of care between
patients and providers extending over time and beyond
illness episodes, is a key pillar in a good primary care
system [5]. Specifically, relational continuity refers to
“a therapeutic relationship between a patient and one
or more providers that spans various healthcare events
and results in accumulated knowledge of the patient and
care consistent with the patient’s needs” [6]. As provid-
ers gain more knowledge about the patient [7], they can
tailor medical advice in subsequent consultations. A high
level of continuity of care has also been associated with
reduced mortality, fewer hospitalisations, lower health-
care expenses, improved medication compliance, and
higher patient satisfaction [8—22].

Evaluating the effect of continuity of care on the health
indicators of DM and/or HT patients is challenging due
to high methodological heterogeneity amongst studies.
Two previous reviews examining the effect of continuity
of care on general populations highlighted the problems
of inconsistent measurement of continuity of care [22,
23]. Both reviews stated that the number of high-quality
studies focusing on continuity of care and health out-
comes was insufficient. The effect of continuity of care
on complication development or key disease monitoring
indicators of DM and/or HT patients, including haemo-
globin Alc (HbA1lc) and blood pressure, remains difficult
to interpret as there are conflicting results. To bridge the
gap in evidence, this review aims to examine the asso-
ciation and effect of continuity on the management and
outcomes for patients with DM and/or HT. Secondary
objectives are to investigate the mechanisms behind the

relationship, to assess the quality and strength of the
existing evidence, and suggest possible considerations for
the interpretation and application of these findings.

Methods

Literature search

A systematic literature search was conducted on 13
March 2021 using four databases (PubMed, Embase,
MEDLINE and CINAHL plus), and one trial register
(ClinicalTrial.gov). PubMed, Embase and MEDLINE
were chosen as they were the most extensive and com-
monly used databases in medical field; CHINAHL plus
is specialised in publications for nursing and allied
health professionals. Both Embase and MEDLINE were
searched via Ovid while CINAHL plus was searched via
EBSCOhost. Each database was searched separately. To
reduce the risk of publication bias, a search was con-
ducted in ClinicalTrial.gov. Citation searches were also
performed on relevant articles obtained from the litera-
ture search. Four key inclusion criteria were: 1) patients
with hypertension and/or diabetes mellitus; 2) continu-
ity of care; 3) health outcomes, including health indica-
tors and service utilisation; and 4) published in English
and after year 2000. The full description of the electronic
search terms can be found in Additional file 1.

Eligibility and screening

Inclusion and exclusion criteria were pre-specified and
applied during the search. Studies were included if they
were experimental or observational studies that satisfied
the following criteria: 1) the subjects were adult patients
(>18 years old) with a diagnosis of diabetes mellitus
and/or hypertension; 2) the effects of receiving a regu-
lar source of care were examined as the study interven-
tion; 3) the study outcome of interests were standardised
and measurable health outcomes, including DM/HT
related complications, hospitalisation, accident & emer-
gency (A&E) attendance, mortality rate, blood pressure,
HbAlc, lipid profile, body mass index (BMI) and medi-
cal expenditure; and 4) were published in English from
2000 onwards. Exclusion criteria included review stud-
ies, qualitative studies, studies that focused on general
population instead of on DM/HT patients only, or stud-
ies where the full texts were not available (e.g. conference
abstracts only). Results from all searches were stored in
Endnote X9. After removal of duplicate studies, three
reviewers (K.S.C., W.H.G.C. and M.K.H.) independently
screened the studies based on their titles and abstracts.
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All search results were reviewed by at least two review-
ers. Disputes regarding eligibility were discussed until
a consensus was reached. Full texts of selected studies
were retrieved and reviewed independently by all three
authors. Studies were included upon agreement of all
three reviewers, and in cases of disagreement, arbitration
was carried out by a fourth reviewer (E.Y.EW.).

Data extraction and quality assessment

Information including settings, study design, study pop-
ulation characteristics, sample size, subjects mean age,
length of study, measurement of continuity of care, study
outcomes, results, and discussion were extracted and
compiled into a Microsoft Excel spreadsheet for analysis.
For ease of comparison, outcomes of all included studies
were sorted into two categories: i) health indicators and
ii) service utilisation. Case Control Study Checklist and
the Cohort Study Checklist of Critical Appraisal Skills
Programme (CASP) appraisal checklists [24] were used
to evaluate the quality and risks of bias of the included
studies. This tool assists in the quality appraisal of the
studies in three areas: validity, legitimacy, and local
applicability of the findings concluded from studies [24].
Feasibility of meta-analysis was assessed based on three
criteria i) comparable continuity of care assessment; ii)
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comparable outcomes; and iii) study quality and analysis
feasibility.

Results

The initial search yielded 21,090 studies from the data-
bases and 134 studies from the trial registry. After
removing duplicates, screening of the remaining 19,130
studies identified 39 eligible studies. Citation searches
of these 39 studies identified 66 potentially relevant arti-
cles. Of these, three studies met the eligibility criteria and
were included in the review (Fig. 1, Table 1). Among the
42 studies included, seven focused on hypertension [7,
25-30], 32 on diabetes [13, 18, 30-60] and three exam-
ined both [10, 61, 62]. Most of them were retrospective
cohort studies (31 studies), with a few being prospective
cohort (five studies), cross-sectional (four studies), or
case—control studies (two studies). These studies were
conducted in United States (ten studies), Taiwan (nine
studies), South Korea (nine studies), Canada (three stud-
ies), Australia (three studies), Malaysia (two studies),
United Kingdom (one study), Portugal (one study), the
Netherlands (one study), Finland (one study), Chile (one
study) and Israel (one study). Most of the studies had a
population age mean or median of between 50—70 years.
The follow-up periods spanned from less than a year [32,
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35, 49] to 17 years [53]; the most common length was 2to  ‘attendance to a single physician within a period of time’
3 years (16 studies). to define continuity of care [30-32, 46, 50], two studies

Meta-analysis was not performed due to the clear assessed continuity of care based on the location where
heterogeneity among studies, including differences in  medical services were provided, rather than on indi-
assessment methods and cut-off points of continuity of  vidual physicians [48, 57], and three examined both [34,
care, inclusion and exclusion criteria of participants and 40, 52]. Explanations for why a certain method was used
outcomes, as well as adjustment of confounders. There  were rarely provided. Two studies used multiple continu-
was also a lack of consistency in the reporting of effect ity of care calculations and the findings were consistent
size. Missing information such as the number of patients among different measurements [45, 56]. Among studies
and cases in each group or the exact cut-off points of that assessed the effect of continuity of care by categori-
exposure in some studies made unification of effect size  zation, there was no consistent definition for cut-off. The

impossible. most common cut-off used was a UPCI or CoClI of 0.75
(7 studies) to indicate high level of continuity of care [26,
Continuity of care measurement tools 38, 42, 44, 47, 54, 56].

Details of the definitions and formulae of all continuity
of care measurement tools used in the reviewed studies
are listed in Additional file 2. The two most frequently
used continuity of care instruments were the continu-
ity of care index (CoCI) (20 studies) [7, 10, 13, 18, 25, 26,
29, 33, 39-41, 45, 47, 53-56, 59—61] and usual provider
continuity index (UPCI) (12 studies) [27, 36-38, 42, 44,
45, 48, 49, 52, 56, 58]. CoCI measures the dispersion of

isits of . diff d 631 which is cal Continuity of care was reported by six out of seven stud-
visits of a patjent to different providers [63], which Is cal-jes t6 reduce mortality [38, 39, 42, 44, 45, 48, 52]. The
i=1"

culated by =755~ where k is the number of provid-  effect of continuity of care on HbAlc was frequently
ers, #; is the number of visits to provider i and N is the evaluated in studies focusing on DM patients, but find-
total number of visits of the patient. UPCI measures the  ings were less consistent, with six of the twelve studies
proportion of visits given by the most frequently visited  showing statistically significant improvements [33, 34, 36,
provider, i.e. %, where 7,45 is the number of attend- 42, 46, 51]. Continuity of care had little effect on blood
ances to the most frequently visited provider and N is  pressure, with only two [28, 42] out of 13 studies reported
the total number of visits of the patient. Five studies used  improvements [25, 27, 28, 30, 32, 34-36, 42, 46, 50, 51,

Study outcomes categories

The number of studies showing the effect of continuity
of care on various outcome measures is summarised in
Fig. 2.
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62]. None of the studies showed any improvement in
lipid profile [32, 34, 36, 42, 46, 51] or BMI [31, 35, 46]. All
seven studies that examined the risk of disease-related
complications such as cardiovascular disease, end-stage
renal disease found that continuity of care reduced com-
plication risks [29, 40, 47, 52-55].

Service utilisation

Hospitalisation and Accident and Emergency (A&E)
attendance were the two most frequently studied service
utilisation outcomes. Out of 18 studies, 16 reported sta-
tistically significant reductions in hospitalisation rates
for patients with higher continuity of care and all eight
studies that investigated A&E attendance found improve-
ments. Most of the studies measured disease-related
service use only [10, 13, 18, 26, 37, 38, 40, 41, 43, 52, 53,
60, 61]. Five studies examined the correlation between
continuity of care and all-cause service utilisation [41,
42, 44, 45, 56]. In both cases, increased levels of continu-
ity of care were associated with significant reductions in
service use. Four studies showed reduced overall health-
care expenses [13, 39, 40, 55] and one out of two studies
reported reduced medication expenses [7, 13].

Quality of included studies

The quality of the studies was evaluated using the Criti-
cal Appraisal Skills Programme (CASP)’s Case Control
Study Checklist for Kim et al. and the CASP Cohort
Study Checklist for the rest (Additional file 3). One of the
most common sources of bias was inadequate account-
ing for confounding factors, such as socioeconomic sta-
tus [13, 26, 38, 39, 45, 47, 50] and disease severity and/
or comorbidity [38, 40, 61]. Many studies used pre-exist-
ing databases for analyses and certain aspects of patient
characteristics and/or health-seeking behaviour were
not included due to lack of data. There were also poten-
tial issues with selection bias and local applicability of
findings. Some studies excluded patients who died dur-
ing the study period or within certain periods following
baseline [7, 10, 39, 40, 58] which can bias against patients
with greater disease severity. Narrow inclusion criteria
reduce the generalisability of the studies. In Worrall and
Knight and Hussey et al., only records of fee-for-service
were used for analyses [38, 40]. In Litaker et al., patients
were recruited from two veteran clinics in the same
region [50]. Due to the calculation of proportions, it was
quite common for studies using UPCI or CoClI to exclude
patients with fewer than three to four attendances [10,
13, 18, 26, 36, 37, 39, 42, 44, 45, 61]. Whether such exclu-
sions may affect the studies’ findings remains unclear.
It was also difficult to evaluate whether the length of
follow-up was sufficient, since there are no standardised
recommendations for the study of continuity of care.
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Our review found that confounding factors, selection
bias, and short follow-up periods were common study
limitations.

Discussion

This review identified studies from a wide range of set-
tings representing a broad range of healthcare systems.
The potential influence of different contexts and a diverse
range of outcomes were assessed and categorised accord-
ingly to allow for robust comparisons to be made between
studies. These categories reflect a logical progression of
stages in the management and control of NCDs allowing
for a comprehensive synthesis of the current evidence on
the effect of continuity of care for patients with diabetes
and/or hypertension.

Beneficial effects of continuity of care were reported
more consistently for service utilisation, mortality and
disease-related complications than for health indicators
such as HbAlc, blood pressure. To better understand
the potential mechanisms behind the beneficial effect
on service utilisation, the principle of how continuity
of care comes into play in healthcare provision must be
considered. Continuity of care has been described as a
three-layered concept that encompasses informational
continuity, longitudinal continuity and interpersonal
continuity [20]. Interpersonal continuity is the most fre-
quently examined aspect of continuity of care. It refers
to the sustained and ongoing caring relationship, which
catalyses the delivery of patient-centred healthcare,
between the physician and the patient [35, 64]. It also
reflects mutual trust and responsibility in this relation-
ship. Healthcare providers with high levels of continuity
of care are able to communicate better with their patients
and thus have a better knowledge of their patients’ dis-
ease history and current situation that might not be
included in the patient’s medical records. A study found
that higher continuity of care was associated with bet-
ter quality of care among DM patients, including more
HbA1lc testing and eye or foot examinations [65]. There-
fore, deterioration in patients’ conditions could be less
likely to go undetected or untreated. Moreover, continu-
ity of care improves patient satisfaction [35], facilitates
higher patient self-care behaviours, compliance and
adherence to physicians’ recommendations and regime,
which could be the reason for reduced preventable hospi-
tal admissions [18, 33, 36].

The reasons behind a lack of significant results among
studies in other outcome categories could be due to
methodological limitations such as insufficient sample
sizes, and use of short-term dynamic outcome measure-
ments. Firstly, studies without significant findings often
contained smaller sample sizes [25, 30-33, 36, 46, 51, 62].
Having a small or inadequately powered sample size can
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affect the validity of results and may mask potential asso-
ciations between continuity of care and study outcomes.
Secondly, biochemical measurements might not be the
most reflective or accurate indicators for the effective-
ness of continuity of care due to their dynamic nature
[34, 36]. Mainous III et al., found a positive association
between better continuity of care and improved HbAlc,
but not with blood pressure or low-lipoprotein choles-
terol among DM patients suggesting the result could be
because providers placed a higher priority on achieving
glycaemic control for DM patients over other outcomes
[34]. As a result, significant associations between glycae-
mic control and relational continuity of care might be
more observable. A similar conclusion was reported by
Dearinger et al. [36]. The authors noted that blood pres-
sure is a “dynamic measurement that can be influenced
by many factors at any given time”, such as variation
among operators which may have contributed to meas-
urement bias [36]. Moreover, blood pressure measure-
ment in the study was performed as part of the patient’s
normal consultation, rather than using more meticulous
methods, such as ambulatory or home-based measure-
ments, which may impact the level of accuracy in the
measurement. This may partially explain why blood pres-
sure was not seen as a significant outcome in association
with continuity of care. Both studies highlight the impor-
tance of best practice measurements when it comes
to evaluating patient health. Careful consideration is
needed to discern whether such dynamic outcomes when
measured in a study accurately translates to the patient’s
health and wellbeing.

Another issue identified in the reviewed studies was a
lack of consistent cut-off points among studies that cat-
egorised levels of continuity of care into discrete groups.
UPCI or CoCI at>0.75 was a relatively common defini-
tion for high continuity of care [26, 37, 38, 42, 44, 47, 54,
56]. However, a number of studies applied other defini-
tions, for example, Robles et al.: CoCI>0.236 [7]; Dear-
inger et al.: UPCI>0.45 [36]; Hong et al.: CoCI>0.40
[10]; and Chen et al.: CoCI>0.44 [18]. As there is cur-
rently no consensus to what a high degree of continuity
of care is, studies often defined their cut-offs based on
the distribution of their study population, such as using
the median and tertiles. While this might not have a great
impact on the overall conclusion for individual studies, it
reduces the comparability between studies and may have
greater implications for policymaking to improve conti-
nuity in real-life settings, as there needs to be evidence-
based aims for various health systems to strive towards.

In terms of the quality evaluation of included studies,
consideration of confounding factors was one of the big-
gest challenges. Although most studies had controlled for
confounding factors, it was unclear these adjustments
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were sufficiently comprehensive. Several factors were
found to have a significant influence on continuity,
such as patient’s perception on continuity, remoteness
and characteristics of the patient, the physician or the
healthcare organisation [66, 67], which could be poten-
tial confounders. Depending on the health system, socio-
economic status, which is known to have a significant
correlation with health [68], may affect an individual’s
ability to continue seeing the same physician which
would hence impact their continuity of care. Structure
of the healthcare organisation can also have an impact,
as continuity of care might be more difficult to sustain
in larger group practices [69]. Therefore, it is important
to adequately appraise the appropriate confounders to
ensure a valid result.

The study context should also be considered in order
to understand the nuances of the relationship between
continuity of care and patient health outcomes. The
studies included in this review took place across several
countries, with different healthcare systems. The impact
of culture on the physician—patient relationships and/or
the actual patient outcomes may be an important con-
founding factor. For example, Taiwan’s healthcare system
offers free consultations with lenient referral practices.
This might increase the likelihood of hospital admissions
compared to if the study was performed in a country
with stricter referral policies [37]. And in many Euro-
pean countries, continuity of care is a well-established
concept, emphasized by both healthcare providers and
patients [70-72]. These countries generally have strong
primary care systems and have implemented various
policies to promote continuity of care, such as mandat-
ing or providing financial incentives for patients to regis-
ter with a primary care doctor [73, 74]. This might result
in insignificant findings due to low levels of variability in
continuity of care among patient populations [43]. While
contextual factors do not necessary detract from the find-
ings in these studies, they still need to be taken into con-
sideration when applying the findings to policymaking in
other settings.

There were several strengths to this review. Firstly,
we studied a wide range of DM/HT-related outcomes.
This enabled us to provide a more comprehensive nar-
rative about the effect of relational continuity of care in
DM and/or HT patients. Second, we summarised the
common characteristics and limitations of existing lit-
erature to inform policy recommendations and future
research. There were also several limitations. Firstly, no
meta-analysis was performed. While we have provided
an integrated summary on the associations of continuity
of care with various DM/HT related outcomes, without
meta-analysis, we are unable to examine the strength of
such associations. However, given the heterogeneity,
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incomplete information and pre-existing biases among
the observational studies, results from a meta-analysis
would be questionable if not spurious [75]. Second, we
did not review the non-English literature which intro-
duces English-language bias. As the implementation and
effects of continuity of care may differ across healthcare
settings (such as the influence of local health-seeking
behaviours), excluding non-English studies can cause
selection bias. Third, while we have used a systematic
approach to minimize biases, our review protocol lacks
prior registration.

One of the challenges encountered in this review was
overcoming discrepancies in the definitions of high and
low levels continuity. While our review took such classifi-
cations as stated in the selected studies, further research
should explore how differences in these classifications
may affect the resulting conclusions and their statistical
significance. Also, as research in this field is still rela-
tively incomplete, there is no consensus on the best way
to measure continuity. While this study examined various
measures such as CoClI and UPCI, it may be worthwhile
to further investigate into the strengths and weaknesses
of each measure and how they might influence outcomes.

Conclusions

This review found strong associations between high con-
tinuity of care and reduced healthcare utilisation, mortal-
ity rate and complication risk in patients with diabetes
and/ or hypertension, but hardly any impact on various
health indicators. Heterogeneity in patient selection, con-
founding adjustment and assessments of continuity of
care and outcome variables remain major constraints in
current literatures. A more standardised measurement of
continuity of care is needed in order to provide more reli-
able and comparable evidence for its implementation as a
healthcare policy.
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