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OBJECTIVE

To evaluate the 5-year effectiveness of a multidisciplinary Risk Assessment and
Management Programme–Diabetes Mellitus (RAMP-DM) in primary care patients
with type 2 diabetes.

RESEARCH DESIGN AND METHODS

A 5-year prospective cohort study was conducted with 121,584 Chinese primary care
patients with type 2 DM who were recruited between August 2009 and June 2011.
Missing data were dealt with multiple imputations. After excluding patients with
prior diabetes mellitus (DM)-related complications and one-to-one propensity score
matching on all patient characteristics, 26,718 RAMP-DM participants and 26,718
matched usual care patients were followed up for a median time of 4.5 years. The
effect of RAMP-DM on nine DM-related complications and all-cause mortality were
evaluated using Cox regressions. The� rst incidence for each event was used for all
models. Health service use was analyzed using negative binomial regressions. Sub-
group analyses on different patient characteristics were performed.

RESULTS

The cumulative incidence of all events (DM-related complications and all-cause mor-
tality) was 23.2% in the RAMP-DM group and 43.6% in the usual care group.
RAMP-DM led to signi� cantly greater reductions in cardiovascular disease (CVD) risk
by 56.6% (95% CI 54.5, 58.6), microvascular complications by 11.9% (95% CI 7.0, 16.6),
mortality by 66.1% (95% CI 64.3, 67.9), specialist attendance by 35.0% (95% CI 33.6,
36.4), emergency attendance by 41.2% (95% CI 39.8, 42.5), and hospitalizations by
58.5% (95% CI 57.2, 59.7). Patients with low baseline CVD risks bene� tted the most
from RAMP-DM, which decreased CVD and mortality risk by 60.4% (95% CI 51.8, 67.5)
and 83.6% (95% CI 79.3, 87.0), respectively.

CONCLUSIONS

This naturalistic study highlighted the importance of early optimal DM control and
risk factor management by risk strati� cation and multidisciplinary, protocol-driven,
chronic disease model care to delay disease progression and prevent complications.
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With population aging and increasing
prevalence of obesity, the number of pa-
tients with diabetes mellitus (DM) and
global health expenditure related to DM
are forecast to growsubstantially, totaling
an estimated U.S. $642 million and U.S.
$802 billion, respectively, by 2040 (1). In-
creasing demand for health care services
coupled with limitations in resources
have led to several international guide-
lines, including those by the American Di-
abetes Association and the National
Institute for Health and Care Excellence,
recommending regular risk assessment
and multidisciplinary management (1–3).
A chronic disease service delivery model
that incorporates risk-strati� ed care plan-
ning, a multidisciplinary team of health
professionals to provide ongoing treat-
ments, patient education, and scheduled
health assessments for monitoring of dis-
ease control and complications has been
promoted globally as a more holistic and
cost-effective way to manage patients
with diabetes (4–8).

Several studies (9–21) have demon-
strated that treatments targeting blood
glucose, blood pressure (BP), and choles-
terol control improve surrogate out-
comes and delay macrovascular and/or
microvascular complications. However,
only two randomized controlled trials (RCTs)
and one observational study have exam-
ined the impact of implementing a chronic
disease service delivery model using multi-
disciplinary management and risk-strati� ed
protocol-based treatments. These studies
have found that the chronic disease model
of care is associated with reductions in
hemoglobinA1c(HbA1c), BP, and predicted
10-year cardiovascular disease (CVD) risks
(14–16), but their resultshave been based
on surrogate CVD markers rather than
actual clinical events such as CVD and mor-
tality and are not conclusive about the
effectiveness in preventing DM-related
complications. One RCT with a short
6-month follow-up period conducted
in the U.S. demonstrated the effective-
ness of multidisciplinary management
on health service use such as hospital
admissions (22).

To date, most studies examining the ef-
fectiveness of therapeutic interventions for
diabetes have been performed under rela-
tively arti� cial conditions with strict inclu-
sioncriteria or have usedstudy populations
from hospital-based settings. The� ndings
of such studies may not be re� ective of the
outcomesofcare forpatientswithdiabetes

who are managed in real-world primary
care settings. As the trend for the manage-
ment of type 2 DM has shifted from hospi-
tals to primary care (23), naturalistic
population-based studies evaluating the
effectiveness of chronic disease interven-
tions for patients withdiabetes are needed
to con� rm the bene� ts of this model of
care.

The Risk Assessment and Management
Programme–Diabetes Mellitus (RAMP-
DM) was introduced to complement the
usual care into the public primarycaregen-
eral outpatient clinics (GOPCs) of Hong
Kong in 2009 (24). RAMP-DM is based
on a chronic disease model of care and
uses risk-strati� ed care planning, multi-
disciplinary care (coordinated by a nurse
manager), and scheduled monitoring of
complications. Our preliminary analyses
found an improvement in surrogate out-
comes and cardiovascular complications
over 3 years (25,26). This study evaluated
the long-term effectiveness of the RAMP-
DM regarding all DM-related complica-
tions and health service uses over 5 years
to determine the characteristics of patients
receiving the greatest health bene� ts from
the program.

RESEARCH DESIGN AND METHODS

Study Design
This was a territory-wide prospective
cohort study to compare the risks of
CVD, microvascular complications, and
all-cause mortality, and the frequencies
of health service uses over 5 years be-
tween RAMP-DM participants and pa-
tients receiving usual primary care (i.e.,
in GOPCs).

Setting of RAMP-DM
The Hong Kong Hospital Authority (HA),
an organization governing all public sec-
tor hospitals and primary care clinics in
Hong Kong, launched RAMP-DM in Au-
gust 2009 as a territory-wide program to
improve the quality of care for primary
care patients with DM. The details of
RAMP-DM have been reported in the pre-
vious study protocol (24). All patients
with DM attending the HA GOPCs were
eligible to be enrolled into the RAMP-DM.
All clinics used the same RAMP-DM pro-
tocol. Given that Hong Kong has a sub-
stantial subsidized public health care
system, the HA provides care for at least
90% of the patients with diagnosed dia-
betes in Hong Kong (27).

All eligible GOPC patients were invited to
enroll into the RAMP-DM randomly during
their regular follow-up consultations with
the GOPC doctor. The work� ow of the
RAMP-DM is shown in Supplementary
Fig. 1. Patients enrolled in the RAMP-DM
initially undergo an intake risk assess-
ment, which includes a physical exami-
nation, laboratory testing, eye and foot
assessment, drug adherence and lifestyle
assessment, and screening for existing di-
abetic complications. The screening results
were reviewed by trained registered
nurses who are engaged as RAMP-DM
care managers, who stratify participants
into “very high-risk,” “ high-risk,” “ medium-
risk,” or “low-risk” groups according to
the classi� cation rules developed by the
Joint Asia Diabetes Evaluation (JADE)
study (28). The nurse care manager also
provides individualized diabetes educa-
tion, lifestyle advice (exercise, diet, smok-
ing, and drinking), and an explanation of
the CVD risk levels. The patient’s disease
pro� le is recorded on an electronic clinical
management system platform, which is
used for the sharing of information be-
tween the multidisciplinary health care
team, including doctors, nurses, and other
allied health professionals (optometrists,
dietitians, podiatrists, and physiothera-
pists), and for referrals. Care plans are de-
veloped based on individual’s risk factors
according to a standardized risk-strati� ed
guide.

Patients in the usual care group contin-
ued to be managed by their GOPC doctors
based on the Hong Kong reference frame-
work for diabetes care in primary care
(29) without, however, performance of
any risk assessment and strati� cation.
Care was coordinated by the GOPC doctor
who would arrange for tests and referrals
to allied health as deemed necessary.
Routine follow-up visits were scheduled
every 3 months for review by the GOPC
doctor and the dispensing of medications.
Usual care patients had access to the
same drug formulary and could still
be referred for physical examination, lab-
oratory testing, and various allied health
services at their doctor’s discretion. Al-
though the RAMP-DM is a territory-wide
program intended for all DM patients
managed in the GOPC, the rollout of the
program could only be performed in
stages because of the enormous number
of patients with diabetes being managed
and limitations of resources and man-
power. This saturation of health service
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delivery provided a small window of op-
portunity to conduct a comparison of the
effect of RAMP-DM and usual care in a
real-world primary care setting. Patient
selection for earlier enrollment into the
RAMP-DM was by random allocation.

Subjects
Subject inclusion criteria were as follows:1)
age at least 18 years,2) clinical diagnosis
of type 2 DM (identi� ed by the Interna-
tional Classi� cation of Primary Care-2
[ICPC-2] code“T90” before the baseline
date), and3) no prior CVD or microvascu-
lar complications.Clinicaldatawereextract-
ed from the clinical management system of
the HA. The RAMP-DM group was com-
posed of subjects with DM who were
enrolled into the RAMP-DM between
1 August 2009 and 30 June 2011 with the
corresponding baseline date de� ned as the
� rst date of the nurse intake assessment.

The usual care group included GOPC
patients with DM who had not yet been
enrolled into the RAMP-DM by 30 Novem-
ber 2015 and had at least one GOPC at-
tendance between 1 August 2009 and
30 June 2011. The corresponding baseline
date for the usual care cohortwas de� ned
as the � rst attendance date of GOPC
within the period. For each clinical out-
come, each patient was observed from
their baseline date to the date of inci-
dence of anoutcome event, all-cause mor-
tality, or last follow-up as censoring until
30 November 2015, whichever came� rst.

Propensity Score Matching
To reduce the selection bias, all RAMP-
DM participants and usual care patients
were well matched using a propensity
score-matching technique. Propensity
score matching aims to create similar
comparison groups by using a logistic re-
gression model that summarizes all rele-
vant baseline covariates for each patient
and generates an index score (known as
the propensity score) and then matches
the two groups by that score (30–32). A
propensity score is the conditional prob-
ability of participating in the program
given the observed covariates (33). For
every patient with DM, a propensity score
was generated using all baseline covari-
ates (including sociodemographic data,
laboratory results, and clinical charac-
teristics) modeled as independent vari-
ables and the RAMP-DM intervention as
the dependent variable. The propensity
score mapping was performed using the

psmatch2 command with one-to-one
matching without replacement method
and with a caliper measurement of 0.001
in Stata (34). Unmatched subjects were
excluded from the analysis.

Outcome Measures
The primary outcome in this study was
the incidence of all-cause mortality. Mor-
tality data were extracted from the Hong
Kong Death Registry, a population-based
of� cial government registry covering all
registered deaths for the residents of
Hong Kong. Other outcome measures in-
cluded the incidences of CVD events (con-
sisting of coronary heart disease [CHD],
heart failure, or stroke), microvascular
complications (consisting of retinopathy,
nephropathy, neuropathy, end-stage re-
nal disease [ESRD], and sight-threatening
diabetic retinopathy [STDR]), and ser-
vice use rates. The diagnosis coding sys-
tems of ICPC-2 and ICD-9-CM from the
clinical management system of the HA
were used to identify events (shown in
Supplementary Table 1). Service use data
included the number of (overnight) hos-
pitalizations, accident and emergency
(A&E) attendances, specialist outpatient
clinic (SOPC) attendances, and GOPC
attendances.

Baseline Covariates
Baseline covariates consisted of a pa-
tient’s sociodemographic data, laboratory
results, and clinical characteristics. Socio-
demographic data included sex, age, and
smoking status. Laboratory results in-
cluded HbA1c, systolic BP (SBP), diastolic
BP (DBP), lipid pro� le (LDL cholesterol
[LDL-C], total cholesterol [TC] to HDL
cholesterol [HDL-C] ratio, and triglycer-
ide levels), BMI, and estimated glomerular
� ltration rate (eGFR). Clinical characteris-
tics included self-reported duration of
DM; diagnosed hypertension; usage of in-
sulin, oral antidiabetic drugs, antihyper-
tension drugs, and lipid-lowering agents;
and Charlson index. Hypertension was de-
� ned by the ICPC-2 code“K86” or “K87.”
All laboratory assays were performed in
laboratories accredited by the College of
American Pathologists, the Hong Kong Ac-
creditation Service, or the National Asso-
ciation of Testing Authorities, Australia.

Data Analysis
Missing baseline covariates were handled
by multiple imputation (35). This method
can effectively reduce unnecessary biases

(35,36), raise the power of the analysis,
and produce more reliable and applicable
models within clinical practice (37–39).
Each missing value was imputed� ve times
by the chained equation method. For each
of the � ve imputed data sets, the same
analysis was performed and the� ve sets
of results were combined using the rules
of Rubin (40). Multiple imputation was
performed using the“mi impute” com-
mand in Stata.

The RAMP-DM groupsubjects were� rst
matched with usual care group subjects by
propensity score matching. Descriptive
statistics were displayed for both groups
after matching and differences in the base-
line characteristics between both groups
were compared usingx2 tests for categor-
ical variables or independentt tests for
continuous variables. Differences in clini-
cal characteristics between baseline and
60-month follow-up were assessed by
pairedt tests for each of the RAMP-DM
and usual care groups and the difference-
in-difference between the two groups
was assessed by independentt tests.

Incidence rates for CVD events, micro-
vascular complications, and all-cause
mortality were estimated by an exact
95% CI based on a Poisson distribution
(41). The cumulative number of inci-
dences and incidence rates of outcome
events with 95% CIs were reported. Mul-
tivariable Cox proportional hazards re-
gression models were conducted to
estimate the effect of RAMP-DM on the
incidences of CVD, microvascular compli-
cations, and all-cause mortality, which ac-
counted for all baseline characteristics of
subjects. Proportional hazards assump-
tion was also checked by examining the
plots of the scaled Schoenfeld residuals
against time for the covariates, and the
presence of multicollinearity was also as-
sessed by the variance in� ation factor.
Analysis of the data showed that all
models ful� lled the proportional haz-
ards assumption and no multicollinear-
ity existed.

Frequencies and event rates for service
uses in both groups were compared, and
negative binomial regression models with
the adjustment of baseline covariates
were used to evaluate the effect of
RAMP-DM on the frequencies of episode
events as the count outcomes were over-
dispersed. A sensitivity analysis was con-
ducted using a complete case cohort, in
which missing values of baseline covari-
ates were not imputed.
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To explore the bene� t of RAMP-DM
among different patient subsets, sub-
group analyses were performed on the
effect of RAMP-DM versus usual care
for all outcomes strati� ed by sex
(male, female), age (, 65, $ 65 years),
smoking status (smoker, nonsmoker), du-
ration of DM (, 2, $ 2 years), eGFR
(, 60, $ 60 mL/min/1.73 m2), HbA1c

(, 7%,$ 7%),BMI(, 27.5,$ 27.5kg/m2),
BP (, 130/80, $ 130/80 mmHg), LDL-C
(, 2.6, $ 2.6 mmol/L), and CVD risk
(low, medium, high).

All signi� cance tests were two tailed,
and those with aPvalue, 0.05 were con-
sidered to be statistically signi� cant. Sta-
tistical analysis was performed using
Stata version 13.0.

Ethics Approval
Ethics approval of this study was granted
by all local institutional review boards.

RESULTS

Supplementary Fig. 2 shows the subject
recruitment � ow. In total, 121,584 Chi-
nese subjects with DM (RAMP-DM group
73,366 subjects; usual care group 48,218
subjects) received care for their DM in
primary care clinics of the HA between
1 August 2009 and 30 June 2011. After
excluding 30,418 patients (RAMP-DM
group 11,596 patients; usual care group
18,822 patients) without ful� lling the
subject inclusion criteria, 91,166 patients
(RAMP-DM group 61,770 patients; usual
care group 29,396 patients) remained.
Supplementary Table 2 shows the com-
pletion rates for all baseline covariates,
which ranged from 50.2% to 100%. In to-
tal, 26,718 subjects in each group were
included for analysis after multiple impu-
tation and propensity score matching.
Supplementary Table 3 demonstrated
that the completion rates in most labora-
tory and clinical assessments were nearly
100% in the baseline nurse assessment
among individuals in the RAMP-DM group
but were substantially lower before enroll-
ment in the program and in the usual care
group.

Table 1 displays the baseline and
60-month characteristics between the
RAMP-DM and usual care groups. As ex-
pected, there were no signi� cant differ-
ences between the two groups after
propensity score matching. A total of
97.8% and 89.8% of patients, respec-
tively, were followed up until 2015 in

the RAMP-DM and usual care groups.
After 60 months, the RAMP-DM group
showed signi� cant reductions in all
clinical parameters, indicating that
the RAMP-DM group had greater im-
provements than the usual care group.
Compared with usual care subjects, signif-
icantly more RAMP-DM participants were
diagnosed with hypertension and used
oral antidiabetic drugs, antihyperten-
sive drugs, and lipid-lowering agents.
The cumulative incidence of all events
(DM-related complications and all-cause
mortality) was 23.2% in the RAMP-DM
group and 43.6% in the usual care group.
The cumulative incidences of each out-
come event and comparisons of service
uses are shown in Table 2. In general,
fewer cases of observed events were ob-
served in the RAMP-DM group. For in-
stance, there were 4.34 cases of CVD/
microvascular complications per 100
person-years for RAMP-DM partici-
pants, whereas the incident rate of
CVD/microvascular complications in
the usual care group was 7.73 per
100 person-years during a median fol-
low-up period of 57.5 months. For all-
cause mortality, the incident rates were
1.68 for RAMP-DM and 5.07 for the
usual care groups. Fewer numbers of
hospitalizations, A&E attendances and
SOPC attendances were observed in the
RAMP-DM group. Conversely, the event
rates of GOPC attendance for the RAMP-
DM and usual care groups were 457.0 and
354.3, respectively, indicating that the
RAMP-DM group experienced more pri-
mary care attendances than the usual
care group.

Table 3 shows the adjusted effect of
RAMP-DM on DM-related complications
and all-cause mortality and the usage fre-
quencies of different public health ser-
vices. After adjusting for all baseline
covariates, the RAMP-DM group was as-
sociated with a 40.6% (hazard ratio [HR]
0.594,P, 0.001) and 66.1% (HR = 0.339,
P, 0.001) greater reduction in the risks
of CVD/microvascular complications and
all-cause mortality than the usual care
group. Signi� cantly lower incidences of
individual CVD and microvascular compli-
cations (HR 0.383–0.742,P, 0.001), ex-
cept retinopathy (HR 1.256,P , 0.001),
were observed among individuals in the
RAMP-DM group. The incidence rate ra-
tios (IRRs) for service use using negative
binomial regression models found that
the RAMP-DM group had signi� cantly

fewer numbers of hospitalizations (IRR
0.415,P, 0.001), A&E attendances (IRR
0.588,P, 0.001), and SOPC attendances
(IRR 0.650,P, 0.001) but a higher num-
ber of GOPC attendances (HR 1.326,P,
0.001) compared with usual care subjects.
The results of the sensitivity analysis
found that the complete case cohort
was similar to that of the main analysis
(Supplementary Tables 4 and 5).

Subgroup analyses were conducted on
the outcomes of CVD, microvascular com-
plications, all-cause mortality. and service
uses, as shown in Fig. 1AandB. In general,
RAMP-DM participants in all subgroups
observed a 40% greater risk reduction in
each CVD/microvascular complications
and a 55–85% risk reduction in all-cause
mortality over that of usual care subjects.
In addition, RAMP-DM participants in all
subgroups had signi� cantly fewer hospi-
talizations, A&E attendances, and SOPC
attendances but more GOPC attendances
than usual care patients. Among these
subgroups, RAMP-DM participants, 65
years of age with a DM duration of, 2
years or with low/medium CVD risks re-
ceived the greatest bene� ts from the
RAMP-DM.

CONCLUSIONS

This was a large population-based study
to investigate the effectiveness of a
RAMP involving multidisciplinary interven-
tions based on a chronic disease model of
care for patients with diabetes in a real-
world primary care setting. Our� ndings
demonstrated that the RAMP-DM led to
signi� cantly greater reductions in CVD/
microvascular complications and secondary/
tertiary care service uses compared with
usual care. The number needed to treat
to prevent one CVD event was 8 and the
number needed to treat for all-cause
mortality was 6. Our results also showed
that patients with lower CVD risks re-
ceived the greatest bene� ts from the
RAMP-DM.

This study found that a chronic disease
model of care was effective in reducing
DM-related complications and all-cause
mortality when compared with usual
care. It was startling to� nd that the risk
reductions in DM-related complications
and mortality were much higher than
the observed improvements in the dis-
ease parameters including HbA1c, BP,
and LDL-C between groups. This dis-
crepancy suggests that the bene� ts of
a RAMP-DM extends beyond simply
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improving conventional disease parame-
ters. Several previous studies (11–13,42)
have found that aggressive treatments
targeting a single clinical parameter did
not reduce the risks of CVD and mortality
compared with standard treatments.
However, there have been other studies
that have had� ndings similar to ours. The
results from a post hoc analysis of the
Steno-2 RCT found that their multifacto-
rial intervention resulted in only small im-
provements in disease parameters but
remarkable relative risk reduction in
CVD (59%), diabetic nephropathy (56%),
and all-cause mortality (46%) (9). Simi-
larly, the post hoc analysis of the UK Pro-
spective Diabetes Study (UKPDS) found
that intensive glucose treatment had rel-
ative risk reductions in myocardial infarc-
tion and all-cause mortality, even though
the intervention and control groups had
similar HbA1c, BP, and body weight at the
end of follow-up (10). Nevertheless, these
studies required a much longer follow-up
period of at least 10 years to obtain the
differences in outcomes (9,10). Since the
effectiveness of RAMP-DM within differ-
ent subgroups (including smokers and
patients with suboptimal HbA1c, BP, and
LDL-C values) were similar, we can only
conclude that there must be other factors

aside from conventional disease parame-
ters that have not been measured, which
contribute to the clinical outcomes of
RAMP-DM.

The large bene� cial effect of the
RAMP-DM on the DM-related complica-
tions and mortality might be attributed to
the implementation of the following qual-
ity improvement strategies, which were
also recommended to optimize the
chronic care model for the management
of diabetes (7,43). Through observations
of a signi� cantly higher data completion
and detection rate during comprehensive
screening and drug prescriptions after the
RAMP-DM compared with the usual care
group, the structured and systematic
protocol-driven risk assessment including
retinopathy screening and annual blood
and urine tests enabled the identi� cation
of the patient’s risk and reversible factors
and complications such as microalbumi-
nuria and preproliferative diabetic reti-
nopathy. Therefore, timely detection
and subsequent treatments could be pro-
vided to prevent further deterioration. In
the usual care group, opportunistic care
was provided by GOPC doctors who were
responsible for the coordination of care
including the arrangement of assess-
ments and referrals to allied health as

deemed necessary. Unfortunately, the
doctors in the Hong Kong public health
system are under tremendous workload
pressures, with an average consultation
length of 6 min (44). The quality of care
provided can be suboptimal as it is very
challenging to deal with multifactorial dis-
ease problems and complicated lifestyle or
compliance issues within such a short con-
sultation time. Because of the skewed dis-
tribution of the GOPC attendance in the
usual care group, some of the bene� cial
effect of the entire RAMP-DM program
may be due to the fact that some patients
in the usual care group had very few visits,
but higher complication and mortality rates.
A further analysis showed that patients in
the usual care group who had fewer visits,
particularly below the median of 13 GOPC
visits, had disproportionally higher rates of
cardiovascular events (HR 2.52,P, 0.001)
or mortality (HR 3.71,P , 0.001) com-
pared with the usual care patients with a
higher median number of GOPC visits. How-
ever, after adjusting all baseline covariates
including patient sociodemographic data,
laboratory results, and clinical parameters,
the RAMP-DM group was associated
with lower risks of CVD and all-cause
mortality than the usual care group, irre-
spective of the frequency of GOPC atten-
dance (Supplementary Table 6).

One of the bene� ts of the RAMP-DM is
that some of the care, particularly that
involving individual counseling (diabetes
management, drug adherence, weight
management, and lifestyle modi� ca-
tion), and coordination of care is shifted
to the RAMP-DM nurse. Furthermore,
the health care professionals involved
in the RAMP-DM program are experi-
enced in the management of diabetes.
For patients who are strati� ed as medium
to very high risk, additional consultations
are provided by advanced practice nurses
and/or family medicine specialists who
are allowed longer consultation times.
The feedback and reminder system incor-
porated the clinical management system
provided automatic alerts for scheduled
assessments, follow-ups, and abnormal
results, which could have led to closer
monitoring of the disease, prescription
of drugs, and treatments. Given a sub-
stantially higher data completion rate
for laboratory results and clinical param-
eters in the RAMP-DM group, a higher
incidence of new complications uncov-
ered at the � rst RAMP-DM assessment
of reversible complications like diabetic

Table 3—Multivariable Cox proportional regressions/negative binomial regressions on
the dependent variables of cardiovascular and microvascular complications, all-cause
mortality, and service uses adjusted for baseline characteristics

Initial episode of event during the period HR† 95% CI Pvalue

Any CV or microvascular complications 0.594 (0.572, 0.617) , 0.001*
CVD 0.434 (0.414, 0.455) , 0.001*
CHD 0.383 (0.358, 0.410) , 0.001*
Heart failure 0.401 (0.368, 0.436) , 0.001*
Stroke 0.533 (0.495, 0.574) , 0.001*

Any microvascular complications 0.881 (0.834, 0.930) , 0.001*
Retinopathy 1.256 (1.144, 1.379) , 0.001*
Nephropathy 0.742 (0.696, 0.791) , 0.001*
Neuropathy 0.391 (0.314, 0.488) , 0.001*
ESRD 0.384 (0.311, 0.474) , 0.001*
STDR 0.412 (0.334, 0.509) , 0.001*

All-cause mortality 0.339 (0.321, 0.357) , 0.001*

Frequency of episode event during the period IRR‡ 95% CI Pvalue

Hospitalization§ 0.415 (0.403, 0.428) , 0.001*

A&E attendance 0.588 (0.575, 0.602) , 0.001*

SOPC attendance 0.650 (0.636, 0.664) , 0.001*

GOPC attendance 1.326 (1.311, 1.340) , 0.001*

CV, cardiovascular. *Pvalue, 0.05.†All HRs were obtained by Cox proportional hazards regressions
with the adjustment of sex, age, smoking status, HbA1c, SBP, DBP, LDL-C, BMI, TC to HDL-C ratio,
triglyceride, eGFR, duration of DM, diagnosed hypertension, use of insulin, oral-diabetic drugs, lipid-
lowering agents, and Charlson index.‡All IRRs were obtained by negative binomial regressions with
the adjustment of sex, age, smoking status, HbA1c, SBP, DBP, LDL-C, BMI, TC to HDL-C ratio,
triglyceride, eGFR, duration of DM, diagnosed hypertension, use of insulin, oral-diabetic drugs, lipid-
lowering agents, Charlson index, and the corresponding frequency of episode event within 1 year
before baseline. §Stayed at least one overnight in the hospital after admission.
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retinopathy (26.7%) and nephropathy
(17.9%) or comorbidities like hyperten-
sion (20.5%) and hypercholesterolemia

(20.5%) during comprehensive nurse
assessment were observed. As a result, sig-
ni� cantly higher proportions of RAMP-DM

participants were prescribed glucose-low-
ering drugs, antihypertensive drugs, ACE
inhibitors/angiotensin receptor blockers,

Figure 1—A: Adjusted HRs of RAMP-DM participants compared with usual care patients associated with the incidences of CVDs, microvascular compli-
cations, and all-cause mortality in selected subgroups by multivariable Cox proportional hazards regressions. HRs were adjusted for sex, age, smoking
status, glycated HbA1c, SBP, DBP, LDL-C, BMI, TC to LDL-C ratio, triglyceride, eGFR, self-reported duration of DM, diagnosed hypertension, the usage of
insulin, oral antidiabetic drugs, antihypertensive drugs, lipid-lowering agents, and Charlson index at baseline.B: Adjusted IRRs of RAMP-DM participants
compared with usual care patients associated with the number of hospitalizations, A&E attendances, SOPC attendances, and GOPC attendances in
selected subgroups by negative binomial regressions. IRRs were adjusted for sex, age, smoking status, glycated HbA1c, SBP, DBP, LDL-C, BMI, TC to HDL-C
ratio, triglycerides, eGFR, self-reported duration of DM, diagnosed hypertension, the usage of insulin, oral antidiabetic drugs, antihypertensive drugs, lipid-
lowering agents, Charlson index, and the corresponding frequency of episode events within 1 year before baseline.
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and lipid-lowering agents after the pro-
gram. Another key aspect of the RAMP-
DM is the risk strati� cation process, which
might help to motivate patients to adopt a
healthier lifestyle to prevent potential DM
complications. Patients also had access to
group classes and a patient support call
center designed to help facilitate better
self-care behaviors and empower the pa-
tient to take care of themselves better.
The bene� ts of the structure of diabetes
empowerment programs have been
con� rmed in meta-analyses (45–47).
Multiple contacts with different health
professionals helped to consolidate
knowledge, adherence, and self-manage-
ment (48–50).

We found that the RAMP-DM group
had a higher risk of diabetic retinopathy
but a lower risk of STDR compared with
the usual care group. A possible explana-
tion was that all RAMP-DM participants
underwent a formal systematic retinopa-
thy screening through the use of a fundi
camera by an optometrist during risk as-
sessment, so an early stage of diabetic
retinopathy such as background and pre-
proliferative diabetic retinopathy could be
identi� ed early in order to prevent further
progression to STDR by timely interven-
tions. Several studies (51,52) suggested
that the early stage of diabetic retinopa-
thy might be reversible by improved con-
trol of DM. On the other hand, patients in
usual care may receive informal retinop-
athy assessment using indirect ophthal-
moscopy by the consulting doctor, and
such screening was totally dependent
on their doctors’ discretion. The early
stage of diabetic retinopathy may prog-
ress to advanced stages without produc-
ing any immediate symptoms in the
patients. As a consequence, usual care
patients had a higher risk of STDR than
RAMP-DM participants.

Our results from the subgroup analysis
showed that patients in different risk
groups all bene� ted from the RAMP-DM
with a reduction in the risks of CVD and
all-cause mortality. We observed that pa-
tients with lower baseline CVD risks actu-
ally had a higher relative risk reduction
from RAMP-DM than those in higher-
risk groups. One possible explanation is
that many patients with high CVD risk
might already have irreversible complica-
tions or atherosclerosis, making it harder
for any intervention to prevent the devel-
opment of CVD. Previous observational
studies (28,53) also concluded that

interventions for patients with diabetes
are more effective when commenced at
an earlier stage of the disease progression.
Our � ndings highlight the importance of
early optimal DM control and risk factor
management inorder todelay disease pro-
gression and prevent the development of
complications. A further study should be
required to con� rm the health bene� t of
early optimal DM control.

It was encouraging to� nd lower rates of
use of secondary or tertiary care services
(SOPC, A&E, and hospitalizations) in the
RAMP-DM group compared with usual
care group. Despite no direct comparison
with the existing literature, previous stud-
ies (22,54,55) showed the multidisciplin-
ary management, computer-supported
care management, and improvement of
surrogate outcomes such as HbA1c de-
creased the health service use. One rea-
sons for the reduction of service uses was
that patients receiving RAMP-DM care
had fewer complications and therefore
needed less secondary/tertiary care. The
reduced risk of CVD enabled patients re-
ceiving RAMP-DM care to continue to be
followed up in primary care. Supporting
this, higher rates of primary care service
use (GOPC) was observed in the RAMP-DM
groups, which could be attributed to a
higher acceptance of the program.

There were several strengths to this
study. First, a comprehensive evaluation
on the effectiveness of RAMP-DM in-
cluded not only surrogate markers but
also actual observed events and service
uses. Second, the propensity score match-
ing and subgroup analyses increased the
reliability of the � ndings because of the
large population-based sample. Third, all
data were extracted from a computerized
administrative database, which helps to
assure data accuracy.

There were also several limitations to
this study. First, this was a prospective
cohort study and not an RCT. Hence, un-
observed potential confounders might
in� uence the conclusion. Nonetheless,
it may be infeasible to carry out such a
high-evidence trial in primary care set-
tings. High attrition rates, a low number
of incident events, short follow-up times,
and strict subject inclusion criteria are
some known drawbacks of the RCT that
reduce the applicability to patients with
diabetes in clinical practices (56,57). To
overcome some of the limitations of co-
hort studies, the comparison group was
selected by propensity score matching

with no signi� cant differences in patient
characteristics between groups. Second,
ICPC-2 and ICD-9-CM diagnosis coding
were used to identify complications.
There was no validation study performed
to assess the accuracy and completeness
of the coding, and thus the data may be
susceptible to misclassi� cation bias.
Third, data on the patient’s � nancial bur-
den, compliance, drug adherence, mental
health, and lifestyle behaviors were not
collected and may have contributed to
CVD and mortality risk. A further study
including these factors may help to con-
� rm the current� ndings. Last, because
of the limited number of usual care pa-
tients, not all RAMP-DM participants could
be matched with usual care patients,
which may cause potential biases on the
results.

In conclusion, this large territory-wide
naturalistic study in a real-world primary
care setting showed that RAMP-DM, irre-
spective of any patient characteristics, led
to signi� cantly greater reduction in any
CVD or microvascular complications and
secondary or tertiary service use for pa-
tients with diabetes. Among all sub-
groups, patients with lower CVD risk
may have received the most bene� t
from the RAMP-DM. Our� ndings high-
light the importance of early optimal
DM control and risk factor management
by risk assessment and strati� cation and
multidisciplinary management in order to
delay disease progression and prevent the
development of complications. Further
studies to evaluate the cost-effectiveness
of RAMP-DM from health service provider
and societal perspectives should be con-
ducted to con� rm whether the RAMP-DM
is cost-effective.
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