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ABSTRACT

Purpose: To assess the association between continuity of care and severity of diabetes-related complications for geriatric diabetic
patients.
Methods: A retrospective study using 2009-2013 Taiwan’s National Health Insurance Research Database one million beneficiary
version were conducted. Utilization data of 3,885 geriatric patients who newly had type 2 diabetes were studied. Five-year
Continuity of Care Index (COCI) and the adapted Diabetes Complications Severity Index (aDCSI) of each subject were calculated.
A Group-based trajectory modeling (GBTM) was used to distinguish patients with similar five-year COCI into different trajectories.
A general estimating equation(GEE) was used to assess the association between COCI trajectories and aDCSI.
Results: The ratio of male to female in this study was 2:3. At the time of inclusion, the average age was 71.79 (4.65) years old.
GBTM subjects can be divided into four different trajectories according to their COCI: low-level continuity of care trajectories,
increasing continuity of care trajectories, decreasing continuity of care trajectory, and high-level continuity of care trajectory.
After GEE analysis, the high continuity of care trajectories were associated with a significant decrease in aDCSI score.
Conclusion: The results of this study suggested better continuity of care was associated with less severity of diabetes-related
complications for geriatric patients.

Key Words: Diabetes complications severity index, Continuity of care index, Geriatric diabetes, Group-based trajectory
modeling

1. INTRODUCTION

The global prevalence of diabetes among adults over 18 years
old has risen from 4.7% in 1980 to 8.5% in 2014, World
Health Organization(WHO) indicated that diabetes will be
the seventh leading cause of death in 2030.[1] Diabetes is a
major cause of blindness, kidney failure, heart attacks, stroke
and lower limb amputation which has seriously to affect
patients’ health and quality of life.[2] Previous population-

based study of type 2 diabetes in 1996-2003 showed that
although incidence rate of type 2 diabetes was approximately
stable after 1997; however the rate of occurring diabetes-
related complications, notably cardiovascular disease, con-
tinued to impose a substantial burden to many countries.[3]

Chan et al.’s (2009) study showed that early onset and long
disease duration place Asian diabetes patients at high risk
for cardiorenal complications.[4] Corriere et al. (2013) an-
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alyzed disease characteristics of geriatric diabetes patients
and found that they also suffered higher prevalence of periph-
eral vascular disease, heart disease, and stroke.[5] Besides
geriatric diabetic patients were more likely to experience
geriatric syndromes such as falls, dementia, depression, and
incontinence.[5] Diabetes and its related complications often
affect health and quality of life of geriatric diabetes patients
and their families. This may be due to the current treatment
of diabetes. By far the most common mode is “treatment -
rehabilitation -long-term follow-up”. Some previous studies
demonstrated that continuity of care may improve certain
components of diabetes care such as control of glucose, blood
pressure, serum cholesterol, and perhaps health-related qual-
ity of life.[6] The association between continuity of care
and outcomes, such as death or all-cause hospitalizations of
clinical events, is uncertain.[7–9] Therefore, what role of con-
tinuity of care plays in the context of improving severity of
diabetes-related complications of geriatric diabetes patients
is worth to notice. Therefore, we aimed to investigate the
association between continuity of care of geriatric diabetes
patients and severity of diabetes-related complications.

2. METHODS
2.1 Database
This study used 2009–2013 one million beneficiary version
of the Taiwan National Health Insurance Research Database
(NHIRD). Taiwan has implemented its National Health In-
surance (NHI) program since March 1995. The NHI is a
mandatory enrollment and government operated single-payer
insurance system covering western medicine, Chinese tra-
ditional medicine and dental care in outpatient, emergency
room and hospitalization services. The program currently
has over 23 million citizens, representing around 99% of Tai-
wan’s total population. For every five years since 2000, the
Bureau of the NHI (BNHI) randomly selected one million
NHI beneficiary to represent Taiwan’s total population and
form a one million beneficiary version of the NHIRD for
research purposes after systematically encrypted all identifi-
cation.

The NHIRD contains at most five diagnostic and procedural
codes in ICD-9-CM (International Classification of Diseases,
9th and Clinical Modification revision), personal information
and 16 charge items of each claim. All procedures were
performed in accordance with the guidelines of our insti-
tutional ethics committee and adhered to the Declaration
of Helsinki. Because the data source was in the public do-
main and anonymized, informed consent was not given. This
study was exempted from review by the Institutional Review
Board.

This study was a retrospective study of geriatric patients who

were over 65 years old and newly diagnosed with type 2
diabetes (ICD-9-CM codes 250.× x, excluding 250.× 1 or
250.× 3) during 2009-2013. A patient defined as having
diabetes, is diagnosed with diabetes by at least two doctors
or medical institutions, both of which contain a diagnosis of
diabetes and prescriptions. The date of the second diagnosis
was used as the index date and then traced all utilization
claim data related to type 2 diabetes for five consecutive
years. Any subject who had fewer than two outpatient visits
per year in two of the five follow-up years was also excluded
from this study. The final study subjects consisted of 3,885
patients.

2.2 Definition of variables
Independent variables in this study include patients’ age,
gender (male/female), whether receiving any types of dial-
ysis (yes/no), home care (yes/no) and catastrophic disease
services (yes/no). A subject’s continuity of care is measured
by continuity of care index (COCI).[10–12] COCI is a widely
used measure that incorporates the idea that personal conti-
nuity of care is affected by both the total number of diabetic
care providers and the total number of ambulatory care visits.
In this study, we used COCI derived from outpatient services
in a period of time (one year), then calculated concentration
at a single service provider concentration.[13] The equation
for calculating COCI is as follows:

COCI =
∑M

j=1 n2
j − N

N(N − 1) (1)

where N represents the total number of physician visits, nj

is the number of visits to the same physician, j represents a
given physician, and M is the total number of physicians.[14]

We calculated COCI of each subject every 365 days (a year)
for five consecutive years after his/her inclusion.

Dependent variable of this study is the adapted Diabetes
Complications Severity Index (aDCSI). aDCSI that was de-
veloped by Chang et al. (2012) using a claim database of a
US insurance company to demonstrate severity of the dia-
betes.[15, 16] aDCSI had been proved to be superior than the
number of complications in explaining variation of medical
expenditure due to complications.[16] aDSCI is also more
feasible to identify patient populations for subsequent dis-
ease management.[17] Therefore, this study intends to use
both diabetes complications (with/without) and aDCSI score
as a measure of the severity of diabetes complications.

2.3 Statistical analysis
Statistical analyses were performed using SAS version 9.4.
Continuous variables such as a subject’s age were reported
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as means and standard deviation (SD) and categorical vari-
ables such as sex were expressed by their frequency na d
percentile. A Group-Based Trajectory Modeling (GBTM)
was used to divide subjects with similar COCI for five years
into different trajectories. A generalized estimating equation
(GEE) is used to assess the association between COCI tra-
jectories and severity of diabetes complications and between
different COCI trajectories. A p-value < .05 was considered
statistically significant.

Table 1. The baseline characteristics of the study subjects (n
= 3,885)

 

 

Variables  
Categorical Variables N(%) or Mean (SD) 

Sex  

  Male 1,560 (40.15) 

  Female 2,325 (59.85) 

Receiving kidney dialysis service 27 (0.69) 

Receiving nursing service (nursing home care) 819 (21.08) 

Receiving major procedure (related operations) 149 (3.84) 

Total of medical service provider 1,634 

Medical Department*  

  Endocrinology department 14,015 (31.43) 

   General medicine 11,475 (25.74) 

   Family medicine 6,154 (13.80) 

   Others 12,941 (29.03) 

Medical Service Type*  

  Outpatient 44,295 (99.35) 

  Emergency 61 (0.14) 

  Hospitalization 229 (0.51) 

Have diabetes-related complications 1,224 (31.51) 

  

Continuous Variables  

Age 71.79 (4.65) 

Number of health institutions 1.42 (0.7) 

Number of effective outpatient visits 10.42 (5.2) 

aDCSI score 0.47 (0.85) 

*Total patient’s visit number  

 
 

 

3. RESULTS
Table 1 shows the descriptive statistics of the samples, shows
the subjects’ demographic characteristics, together with the
received services and their medical department information.
The male-female ratio was about 2:3, with a yearly similar
distribution. The average age at the time of enrollment was
71.79 (4.65) years. For the related medical service, 0,69%
diabetes had dialysis services, 21.08% had nursing services,
and 3.84% had overcome some kind of major procedure. In
addition, Table 1 also indicates that diabetic patient visited

1.42 (0.7) medical institutions and the average number of
effective outpatient visits in that year reached 10.42 (5.20).
It could be observed that the total number of serious diabetic
complications in the study subjects remained on a low score
of aDCSI.

During the implementation of GBTM and the moment for
characteristics distribution of COCI, it was subjectively se-
lected the CNORM (Normal Censored) model. During the
specific models screening process, the accepted BIC criterion
was firstly taken into use, i.e. equation:

2∆BIC = 2(BICcomplex − BICnull) > 10 (2)

Taking the variables BICnull and BICcomplex into consid-
eration, it is possible to observe that the former belongs to
simpler model while the latter to a more complicated one.
Based on BIC value changes and its standard, referring to
other 2 value also considering the clinical meaning to choose
the model which is 4 groups.

Table 2. Evaluation results of the GBTM with study
subjects (n = 3,885)

 

 

 

 Group number BIC AIC L 
1 -11,531.62 -11,519.09 -11,515.09 
2 -10,588.72 -10,563.66 -10,555.66 
3 -10,519.28 -10,481.69 -10,469.69 
4 -10,376.51 -10,326.40 -10,310.40 

The Table 2 indicates the BIC, AIC and L values of each
regression equation for group 1 to 4, BIC value is the lowest
in 4 groups, the Figure 1 is the corresponding track graph of
4 groups model [low-level (n = 90, 323.2%), increasing (n =
102, 226.3%), decreasing (n = 66, 817.2%), high-level(n =
129, 233.3%)]. There were significant differences between
the four groups in the continuity of care measured by COCI
scores, presented as follow: Mean low-level group’s showed
fluctuations annually, however, the overall level was the low-
est among the four groups. Referring to the largest in the
elevated group; the average value of COCI in the elevated
group increased yearly, reaching almost 1.00 at the end of
the five year follow up. The lowering group, on the contrary,
was completely the opposite, and the average value of COCI
decreased yearly. In the following years, the continuity kept
decreasing, and; the high-level group remained stable at 1.00
in the tracking year (see Table 3).

It could also be observed how their outpatient visits continu-
ity starts to develop a changing tendency and we following
this statement, the obtained data highlights the following
results: the first group’s outpatient visit continuity remained
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low (Low-level continuity group), the second group’s the out-
patient visits continuity showed an annually increasing rate
(increasing continuity group), the third group’s outpatient
visits continuity on the other hand showed a clear annually

dropping rate (decreasing continuity group), and the fourth
group’s outpatient visit continuity remained as high-level
continuity group.

Figure 1. The trajectory of Continuity of Care (n = 3,885)

Table 3. The COCI value of different groups in different years (n = 3,885)
 

 

 
 

 

Continuity level 
of care 

Study 
Subjects 

Statistics 
The year be 
chosen 

Year1 Year2 Year3 Year4 Year5 

Low-level 903 
Mean 0.7539 0.7181 0.6707 0.6844 0.6801 0.6878 
SD [0.2651] [0.2553] [0.2453] [0.2543] [0.2353] [0.2416] 

Increasing 1,022 
Mean 0.8577 0.8034 0.8414 0.8720 0.9715 0.9943 
SD [0.2209] [0.2195] [0.2089] [0.1926] [0.0968] [0.0340] 

Decreasing 668 
Mean 0.9108 1.0000 0.9917 0.9271 0.7964 0.7440 
SD [0.1823] [0.0000] [0.0426] [0.1588] [0.2205] [0.2261] 

High-level 1,292 
Mean 0.9273 1.0000 1.0000 1.0000 1.0000 1.0000 
SD [0.1680] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] 

Based on the results of GEE model for diabetic complica-
tions, Table 4 indicates that the grouping variables coeffi-
cients were all negative and significant (p < .05). After a
comparison between the low-level continuity group, the in-
creasing continuity group, the decreasing continuity group
and the high-level continuity group it can be observed a
significant reduction on diabetic complications incidences.
Table 5 shows that from the GEE model fitting results, the
coefficients of the three grouped dummy variables are all neg-
ative and significant at the significance level of 0.05. After
comparison among the low continuity group, the population

of the continuous continuity group, the reduced continuity
group, and the high continuity group, a significant decrease
in aDCSI score in subsequent years was shown. In addi-
tion, it is conjectured that the improvement in care continuity
is the most pronounced for the reduction of aDCSI scores
compared to the group where care continuity has been low.

4. DISCUSSION
4.1 Strengths and weaknesses of this study
This study examined the association between continuity of
medical care and severity of diabetes-related complications.
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We selected the indicator COCI as the initial measure of care
continuity, which has strongest explanatory power and is
independent of the number of visits. The group trajectory
model was used to fit the trend of annual COCI values for
each sample individual for five consecutive years. Through
this study, it is found that there is a certain regularity in the

continuity of the treatment of diabetic patients, and there
is a relatively fixed trend in a period of time. In addition,
in the subsequent empirical research, the grouping variable
generated by the group trajectory model has always had a
strong explanatory significance, which proves to some extent
the rationality of using the model in this study.

Table 4. Results of GEE model on aDCSI (n = 3,885)

 

 

 

Variable Β Standard Error OR 95%CI P Value 

Model 1       
Continuity level of care      
   Low-level continuity group --- --- 1.00 --- --- 
   Increasing continuity group -0.30 0.08 0.74 (0.64,0.86) .0001 
   Decreasing continuity group -0.38 0.08 0.68 (0.58,0.81) <.0001 
   High-level continuity group -0.47 0.07 0.62 (0.54,0.72) <.0001 
Year effect      
  Year 1 --- --- 1.00  - 
  Year 2 0.13 0.04 1.14 (1.06,1.22) .0002 
  Year 3 0.22 0.04 1.24 (1.15,1.34) <.0001 
  Year 4 0.26 0.04 1.29 (1.19,1.41) <.0001 
  Year 5 0.27 0.05 1.30 (1.19,1.43) <.0001 

*Adjustment for confounding factors: Age, Sex, Dialysis, nursing services (nursing home care), Catastrophic disease. 

 

 Table 5. Results of GEE model for adjusted diabetes complication severity index among elderly type 2 diabetes (n = 3,885)
 

 

Variable Β Standard Error 95%CI P Value 
Continuity level of care      
   Low-level continuity group --- --- --- --- --- 
   Increasing continuity group -0.20 0.06 -0.31 -0.09 .0004 
   Decreasing continuity group -0.18 0.07 -0.32 -0.05 .007 
   High-level continuity group -0.17 0.05 -0.28 -0.07 .0012 
Year effect      
  Year 1 --- --- --- --- --- 
  Year 2 -0.04 0.03 -0.10 0.01 .1432 
  Year 3 -0.10 0.03 -0.16 -0.04 .0011 
  Year 4 -0.14 0.03 -0.21 -0.08 <.0001 
  Year 5 -0.18 0.04 -0.25 -0.11 <.0001 

*Adjustment for confounding factors: a DCSI(at the beginning), Nursing service (nursing home care). 

 
 

 

It should be noted that this study has several limitations.
First, this study depended on claims data with limited scope.
Therefore, this study did not include unavailable variables
(such as occupation, socioeconomic status and accession
to the health service) in the analyses. In addition, the sub-
jects selected for analysis in this study were aged 65 and

older. This sub-group may have differences in the concept of
medical care, medical service provision, and accounting for
treatment expenses from other age groups. At the same time,
for some special characters of Taiwan’s health care system,
it may make difficult to generalize the results of this study to
other health care systems. Future study requires the studies
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to other health care systems and cultures.

4.2 Results in relation to other comparable studies
We identified six other research articles which theme include
“continuity of care” and “diabetes” since 2013 (see Table
6). Most of them take mortality and hospitalization rates
as the indicator of severity of the diabetes. They show that
high continuity of care can prevent the progression of renal
disease.[17] Greater continuity of care was associated with
reduced risk of subsequent death and hospitalization.[10, 18–20]

Only in Lustman et al.’s research, when adjusting for back-
ground characteristics the difference between in OR for hos-
pital admissions became non-significant 0.92 (0.84-1.01).[21]

Although none of them takes aDCSI as an index to reflect
the outcomes of care, the most conclusions are consistent, It
was suggested that greater continuity of care are related to
better outcome (lower motility, fewer complications, fewer
hospitalization admission). It is showed that good continuity
is associated with better indicator results which contribute to
less severity of diabetes-related complications.

Table 6. The continuity of care among elderly type 2 diabetes in various populations

 

 

 

UPC: Usual Provider of Continuity; COCI: Continuity of Care Index 

 
 

 

First 
author 

Study 
year 

Subjects 
Number 

Place COCI Complication Hospitalization Reference 

Chang et 
al. 2018 26,063 Taiwan, China 

 ESRD   
[17] 

Low 190 (46.12%) aHR = 1.72   
    Intermediate 130 (31.55%) aHR = 1.15  
    High 92 (22.33%) aHR = 1.00  

Pan et al. 2017 396,838 Taiwan, China high（> 50%) Mortality 
HR：0.47 —— [18] 

Lustman et 
al. 2016 23,294 Clalit  high  Mortality 

    OR=0.59  
aOR = 0.92 
No significant 

[21] 

Weir et al. 2016 285,231 US UPC ≥ 75%  death or 
hospitalization  

aOR = 0.72 
(13.5%/7.2%) 

[19] 

Cho et al. 2015 1,100,000 Korea UPC < 75% NA OR:2.44 [24] 
Hong et al. 2013 68,469 Korea COCI < 0.4 NA OR = 1.37 [10] 

4.3 Meaning of the study and possible explanations

Diabetes and its complications usually need a long-term treat-
ment process. Most patients suffering from diabetes and its
complications visit the doctor regularly to get the treatment
and medicine. In the actual situation, each patient chooses
his/her attending physician within a certain range due to the
limitations of physical condition, personal preference, in-
come level, geographical location and other subjective and
objective factors. And in many cases, patients may not be
able to get continuous treatment due to improper time, lim-
ited economic conditions or shortage of medical resources,
etc. The health condition deteriorates due to poor manage-
ment of existing diseases and even causes other complica-
tions. This study explore the relationship between continuity
of medical care and severity of diabetes-related complica-
tions. High-level continuity means that the communication
and interaction between diabetic patients and their doctors
will be more frequent than other patients, which can help the

doctor get more information about the patient, for instance,
the patient’s various physical indications, changes in disease
development, etc. All above can be better understood and
definitely help doctors to develop more scientific treatment
programs without unnecessary examinations and medica-
tions. From the patient’s point of view, High-level continuity
because the doctor visits the same doctor for a long time, the
patient will have a better understanding of the doctor’s diag-
nosis and treatment habits and work attitudes, thus gradually
establishing trust in the doctor, and will be more willing to
cooperate with the doctor during the follow-up treatment.
All of these will inevitably help to produce better diagnosis
and treatment results.

4.4 The clinical suggestion
Community family physician model is one of the effective
means to promote continuity of care. Since the United King-
dom in 1948 regarded family physicians as the “gatekeeper”
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of residents’ health management and take it into the National
Health Service (NHS), there are many countries in the world
that have implemented family physician systems. There
may be some differences between different countries, but the
family doctor’s knowledge structure is the same. It involves
prevention, health care, medical care, rehabilitation and other
aspects, and it should provide patients with comprehensive,
continuous and personalized medical services. Previous stud-
ies did by Zhang Fei et al.[22] and Liang Huanqi et al.[23] also
proved that the family doctor service contributes to diabetes
by better physiological indicators control and improving their
health management.

In additions, with the breakthroughs in technologies for sen-
sor networks and the Internet of Things, it has brought a
lot of convenience for doctors to collect real-time data of
patients by wearable devices and communication between
doctors and patients is less difficult than before. Future re-
search should pay more attention to how to make good use
of rapidly developing network and Technology and combine

it with family doctor to improve the care continuity, reduce
the incidence of future complications of diabetic patients and
prevent the deterioration of existing diseases.

5. CONSLUSION
In conclusion, this study revealed that better continuity of
care was associated with less severity of diabetes-related
complications seen from lower probabilities of the occur-
rence of diabetes-related complications and lower aDCSI
score. Given these findings, we recommend that health au-
thorities should promote continuity of care by educating
patients about benefices of better continuity of medical care
and provide more accesses to get continuous medical care
for elderly type 2 diabetes.
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