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ABSTRACT

Introduction: China has the world’s largest
diabetes epidemic and has been facing a serious
shortage of primary care providers for chronic
diseases including diabetes. To help primary
care physicians follow guidelines and mitigate
the workload in primary care communities in
China, we developed a guideline-based decision
tree. This study aimed to validate it at 3 months
with real-world data.
Methods: The decision tree was developed
based on the 2017 Chinese Type 2 Diabetes
(T2DM) guideline and 2018 guideline for pri-
mary care. It was validated with the data from

two registry studies: the NEW2D and ORBIT
studies. Patients’ data were divided into two
groups: the compliance and non-compliance
group, depending on whether the physician’s
prescription was consistent with the decision
tree or not. The primary outcome was the dif-
ference of change in HbA1c from baseline to
3 months between the two groups. The sec-
ondary outcomes included the difference in the
proportion of patients achieving HbA1c\ 7%
at 3 months between the two groups, the inci-
dence of self-reported hypoglycemia at
3 months, and the proportion of patients
(baseline HbA1c C 7%) with a HbA1c reduc-
tion C 0.3%. The statistical analysis was per-
formed using linear or logistic regression with
inverse probability of treatment weighting with
adjustments of confounding factors.
Results: There was a 0.9% reduction of HbA1c
in the compliance group and a 0.8% reduction
in the non-compliance group (P\0.001);
61.1% of the participants in the compliance
group and 44.3% of the participants in the non-
compliance group achieved a HbA1c level\7%
at 3 months (P\ 0.001). The hypoglycemic
events occurred in 7.1% of patients in the
compliance group vs. 9.4% in the non-compli-
ance group (P\0.001).
Conclusion: The decision tree can help physi-
cians to treat their patients so that they achieve
their glycemic targets with fewer hypoglycemic
risks. (http://www.clinicaltrials.gov NCT01525
693 & NCT01859598).
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Key Summary Points

Why Carry Out This Study?

China has the world’s largest diabetes
epidemic and has been facing a serious
shortage of primary care providers for
chronic diseases including diabetes. To
help primary care physicians follow
guidelines and mitigate the workload in
primary care communities in China, we
developed a guideline-based decision tree.
We hypothesized that this decision tree
could aid physicians in following the
guidelines and helping more patients
achieve their HbA1c target with fewer
hypoglycemic events. This study aimed to
validate the decision tree at 3 months
with real-world data

What Was Learned from the Study?

Patients following the decision tree have a
greater HbA1c reduction at 3 months from
baseline and are more likely to achieve
HbA1c\ 7%, more likely to have HbA1c
reduction C 0.3% from baseline, and less
likely to experience hypoglycemia at
3 months. The decision tree can help
physicians, especially primary care
physicians, to treat their patients and
reach the glycemic target with fewer
hypoglycemic risks

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14519025.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive
metabolic disease that causes a huge disease
burden with high incidence and prevalence
[1–3]. China has the largest number of diabetes
patients, and the prevalence of T2DM has been
estimated to be 12.8% in Chinese adults, with
43.3% of these being aware of diabetes, 49%
receiving treatment, and only 49.4% of those
treated achieving the HbA1c target \ 7% [4].
The situations are even worse in rural areas. The
prevalence of total diabetes is higher in men
than in women. The total number of patients
with diabetes in mainland China is estimated to
be 129.8 million (70.4 million men and 59.4
million women) [4]. The Chinese Center for
Disease Control and Prevention (China CDC)
[5] also reported that, from 2000 to 2016, the
number of diabetes cases in China increased by
62.7%. As we look to the future, the burden of
diabetes will steadily increase and China will
face increasing health challenges due to more
sedentary lifestyle changes and the aging
population.

WHO [6] recognizes that Primary Health
Service is the most efficient and cost-effective
way to meet peoples’ health needs. There is
strong international evidence that a health
system centered around community health
services staffed by well-trained General Practi-
tioners (GPs), close to where people live, is the
most effective and efficient way to provide good
quality health care to the whole population.

The Chinese government has put health at
the center of the country’s entire policy-making
machinery [6]. Further development of Primary
Health Care in China can play a valuable role in
the prevention and management of chronic
diseases. On September 8, 2015, the Chinese
General Office of the State Council issued a
document called ‘‘Guiding Opinions on Pro-
moting the Construction of a Graded Diagnosis
and Treatment System’’ [7]. According to this
guidance, the graded diagnosis and treatment
system will be actively promoted at the whole
country level. Strengthening the primary care
system, optimizing the graded diagnosis and
treatment system, building up the formal
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referral medical system, and pushing chronic
disease care from the specialists to general
physicians are inevitable trends in China.

However, China has been facing a serious
shortage of primary care providers for chronic
disease management in the primary care set-
ting. For primary care physicians to make the
right decision efficiently is becoming a key fac-
tor for the successful achievement of T2DM
management [8, 9]. To help primary care
physicians follow clinical guidelines to manage
type 2 diabetes (T2DM) patients and mitigate
the workload, we developed a guideline-based
decision tree, which is a digital application to
assist with guideline-based treatment decision
making. We hypothesized that this decision tree
could help physicians treat more patients and
achieve their HbA1c targets with fewer hypo-
glycemic events by the following the guidelines.
This study aimed to validate the clinical value of
this decision tree at 3 months with data from
real-world practice.

METHODS

Rule of the Clinical Decision Tree

The decision tree was designed by simulating
clinical practice. It was built with the following
patient information: diagnosis, medication,
adverse events, and laboratory data combined
with the rules of drug contraindication, medi-
cation selection, and request for referral. Start-
ing at the tree root, patients were split into two
processes based on whether they had been
treated or not. Then, the patients were further
separated into different branches by using
HbA1c\ 7%, 7% B HbA1c B 9%, and
HbA1c[ 9% as the judgment conditions. The
final decision was made through different pro-
cesses following the rule below.

The rule of the decision tree was developed
based on the 2017 Chinese T2DM guideline [10]
and 2018 Chinese T2DM guideline [11] for pri-
mary care. Expert consensus and clinical expe-
rience were used as supplements. In all patients
with T2DM, lifestyle intervention is recom-
mended as the fundamental treatment. If
HbA1c is still over the target, which is 7%,

metformin monotherapy should be started on
top of the lifestyle intervention unless there are
contraindications. In patients with metformin
contraindications or intolerance, consider an
initial drug of alpha-glucosidase or insulin sec-
retagogues. If the HbA1c target is not achieved
after approximately 3 months, consider a com-
bination of metformin and one of the four
available treatment options: insulin secreta-
gogues (sulfonylurea), thiazolidinedione, alpha-
glucosidase, or insulin (once/twice daily). If the
HbA1c target is still not achieved after 3 months
of dual therapy, proceed to triple therapy com-
bined with three drugs with different mecha-
nisms. Again, if the HbA1c target is not
achieved after 3 months of triple therapy, refer
the patient to higher level hospitals.

In addition, if the HbA1c of newly diagnosed
T2DM patient is[ 9% and the patient is mark-
edly symptomatic, consider basal insulin
injectable plus an oral antidiabetic drug (OAD)
combination therapy or hospitalization for
intensive glycemia control or refer the patient
to a higher level hospital. If HbA1c is [ 9%,
ketone body testing is recommended as well.
When ketone bodies are present, patients
should be referred to higher level hospitals.

Clinical Decision Tree Outputs

The decision tree followed eight classes of the
medication catalogue of the T2DM primary care
system in China, including metformin, alpha-
glucosidase, sulfonylurea (SU), glinides, thiazo-
lidinedione (TZD), dipeptidyl peptidase-4 inhi-
bitors (DDP-4i), and basal and premix insulin. It
generated treatment recommendations or
advised further referral. The multiple regimens
under the decision tree could be selected as per
the physician’s discretion. In addition, the
decision tree provided medication reminders or
alerts, such as drug contraindications, principle
of medication selection, and diabetic ketoaci-
dosis alerts, to the primary care physician to
reduce medication errors.
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Validation of the Clinical Decision Tree

Real-World Datasets
The decision tree was validated with data from
two registry studies: the Newly Diagnosed Type
2 Diabetes (NEW2D) study and the Observa-
tional Registry of Basal Insulin Treatment
(ORBIT) study [12, 13]. The NEW2D study was a
prospective cohort study in China. It had 5193
newly diagnosed T2DM patients with follow-up
visits at every 3 months for up to 1 year,
observing the effectiveness of the treatment
paradigm in real-world practice. The ORBIT
study was a multi-center, prospective registry
study, recruiting 19,894 T2DM patients initi-
ated with basal insulin, followed up at 3 and 6
months, which evaluated the effectiveness and
safety of different basal insulins in a real-world
setting in China. The participants in the ORBIT
study and NEW2D study represent different
patient populations, and the baseline HbA1c
levels of the patients in the ORBIT study were
higher than those in the NEW2D study
(9.6 ± 2.0% vs. 8.4 ± 2.5%) [12, 13]. Partici-
pants in the ORBIT study might also have had
more complications and needed more combi-
nation medication to control their diabetes,
which was different from the situation of
patients in the NEW2D study.

Both the NEW2D study and ORBIT study
were registered at http://www.clinicaltrials.gov
(NCT01525693 and NCT01859598). The
NEW2D study obtained ethical approval from
the Ethic Committees of Peking University
People’s Hospital. The protocol of ORBIT was
approved by the Institutional Review Board
(IRB) of Peking University. Informed consents
for both studies were obtained before all study
procedures. The studies were carried out in
accordance with the Declaration of Helsinki
1964 and its later amendments.

Generation of Cohort 1 and Cohort 2

Since the NEW2D and ORBIT datasets recorded
patient data every 3 months, we randomly
selected any ‘‘3-month visit data’’ from each
patient to construct an independent dataset
(Cohort 1) to perform statistical analysis. For

each patient, the HbA1c at a randomly selected
current visit was defined as the ‘‘baseline
HbA1c,’’ and the value after 3 months was
defined as the ‘‘HbA1c value at 3 months.’’ We
generated a random number as the index of the
visit; the random seed in the cohort 1 analysis
was 123.

The data included 19,894 patients from
ORBIT and 5193 patients from NEW2D. There
were 23,848 patients included in the final
analysis excluding 741 patients from ORBIT and
498 from NEW2D with missing features, such as
the baseline HbA1c, HbA1c value at 3 months,
or physician’s prescription. The efficacy and
safety outcomes were analyzed separately based
on different patient numbers after excluding
patients with corresponding missing values. For
HbA1c analysis, 14,981 out of 23,848 patients
were excluded because of missing HbA1c values
at 3 months. In cohort 1, only 8867 patients
had HbA1c values at 3 months, so the HbA1c-
related outcomes were analyzed in 8867
patients. For hypoglycemia analysis, 2778 out of
23,848 patients were excluded because of miss-
ing hypoglycemia data at 3 months. There were
21,070 patients with hypoglycemia results at
3 months, and then the hypoglycemia-related
analysis was performed on 21,070 patients
(Fig. 1).

As we know, the glycemia control rate of
T2DM is low in China, and more attention
should be paid to patients with baseline
HbA1c C 7% to improve their treatment out-
come. We excluded patients with baseline
HbA1c\ 7% to further validate the clinical
value of the decision tree at 3 months. There
were 5788 patients with baseline HbA1c C 7%
involved in the HbA1c-related analysis and
17,943 patients involved in the hypoglycemia-
related analysis (Fig. 1).

Because cohort 1 was randomly selected, to
confirm the reliability of our results, we con-
structed another independent dataset (cohort 2)
with different random seed ‘‘789’’ in the same
population. The data disposition of cohort 2
was similar to that of cohort 1 (Fig. 1).

Generation of the Holistic Cohort
The patients in both the NEW2D and ORBIT
studies had regular clinical visits, which
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reflected real-world practice, and the previous
treatment would have an impact on the fol-
lowing treatment’s effectiveness. Therefore, the
data from every 3-month visit from each patient
were constructed into a ‘‘holistic cohort,’’ which
was composed of all data from NEW2D and
ORBIT, and were real-world practice scenarios
with repetitive visits.

There were 5193 patients from the NEW2D
study, and each patient had five follow-up visits
(recorded as v0, v1, v2, v3, v4) with 3-month
duration between visits. Thus, we had 25,965
visits (5193 patients*5 visits) from the NEW2D
study. Similarly, there were 19,894 patients
from the ORBIT study with three visits (recor-
ded as v0, v1, v2). So, we had 59,682 visits
(19,894 patients*3 visits) from the ORBIT study.
Since the data fed into the decision tree should
have the baseline HbA1c and medication
information, we excluded 11,197 and 35,359
visits with missing values from the NEW2D and
ORBIT study, respectively. After removing these
missing data, there were 39,091 visits in the
final ‘‘holistic cohort.’’ In the same way, the
efficacy and safety outcomes were analyzed

separately based on different sample numbers
after excluding samples with corresponding
missing values (Fig. 2).

Study Grouping

Since in both the ORBIT and NEW2D studies
the medications and laboratory results (if
available) at each visit were recorded, we could
allocate the patients in each cohort (cohort 1,
cohort 2 and the holistic cohort) into the
compliance group or non-compliance group by
judging whether the physician’s prescription
was consistent with the recommendations from
the decision tree or not.

In the real-world setting, the medication
might be changed based on the physician’s
prescription within the 3-month interval, so we
set up the rules to define the baseline treatment
regimen as below:

1. The add-on/changed medication was con-
sidered as a member of the baseline treat-
ment regimen if its usage was C 1 month; it

Fig. 1 Patient dispositions in the cohort 1 and cohort 2
datasets. ORBIT Observational Registry of Basal Insulin
Treatment study, NEW2D Newly Diagnosed Type 2

Diabetes study, Pts patients, HbA1c glycosylated hemoglo-
bin A1c, Hypo hypoglycemia
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was supposed that medication had an
impact on HbA1c after 1 month of usage.

2. The add-on insulin in the ORBIT data set
was considered as a member of the baseline
treatment regimen irrespective of the usage
duration because the insulin initiation was
mandatary per the ORBIT study protocol.

Study Outcomes
The primary outcome was the difference in
HbA1c change at 3 months from baseline
between the two groups. The secondary out-
comes included the difference in the proportion
of patients achieving HbA1c\ 7% at 3 months
between the two groups and the difference in
the incidence of self-reported hypoglycemia at
3 months.

We also evaluated the above clinical out-
comes in patients with baseline HbA1c C 7%.
In addition, we further detected the difference
in the proportion of patients (baseline HbA1c

C 7%) with a HbA1c reduction C 0.3%, which
was recommended as a non-inferiority margin
and considered to be clinically meaningful by
the FDA [14, 15].

Statistical Analysis

In cohort 1, the difference in the mean HbA1c
change between the two groups was analyzed
using linear regression with inverse probability
of treatment weighting (IPTW) with adjustment
for age, gender, body mass index (BMI),
patients’ education level, diabetes duration,
baseline HbA1c, diabetes complications, systolic
blood pressure (SBP), and exercise.

The differences in the proportion of patients
achieving HbA1c\ 7% at 3 months and HbA1c
reduction C 0.3% at 3 months from baseline
between the two groups were analyzed using
logistic regression with IPTW with adjustment
for age, gender, BMI, patients’ education level,

Fig. 2 Patient disposition of the holistic cohort dataset.
ORBIT Observational Registry of the Basal Insulin
Treatment study, NEW2D Newly Diagnosed Type 2

Diabetes study, Pts patients, HbA1c glycosylated hemoglo-
bin A1c, Hypo hypoglycemia
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diabetes duration, baseline HbA1c, diabetes
complications, SBP, and exercise.

The difference in the incidence of self-re-
ported hypoglycemia at 3 months was analyzed
using logistic regression with IPTW, with
adjustment for age, gender, BMI, patients’ edu-
cation level, diabetes duration, baseline HbA1c,
diabetes complications, SBP, exercise, and his-
tory of hypoglycemia.

The statistical analysis of cohort 2 was per-
formed repetitively like in cohort 1.

All analyses were performed using the R
Project for Statistical Computing (version 3.5.1)

(hereafter referred to as R). P\ 0.05 was con-
sidered statistically significant.

Sensitivity Analysis

The holistic cohort was used to perform the
sensitivity analysis. In the holistic cohort, the
generalized estimating equation (GEE) with the
IPTW method was applied with adjustment for
confounders including age, gender, BMI,
patients’ education level, diabetes duration,
baseline HbA1c, diabetes complications, SBP,
and exercise. All analyses were performed using

Table 1 Baseline characteristics

Variable Total
n = 23,848

Non-compliance
group
n = 8955

Compliance group
n = 14,893

P value

Age (years) 56.0(10.8) 55.9 (11.0) 56.0 (10.8) \ 0.411

Gender (male/female) 12,599/11249 (52.8%/

47.2%)

4699/4256 (52.5%/

47.5%)

7900/6993 (53.0%/

47.0%)

0.399

BMI (kg/m2) 24.8(3.4) 24.6 (3.4) 24.9 (3.4) \ 0.001

HbA1c (%) 9.0 (2.2) 8.9 (2.1) 9.1(2.2) \ 0.001

SBP (mmHg) 129.6(15.5) 129.9 (15.8) 129.5 (15.3) 0.038

Education \ 0.001

Below primary school 6083(25.5%) 2452 (27.4%) 3631 (24.4%)

Junior high school 7270(30.5%) 2798 (31.2%) 4472 (30.0%)

Senior high school 5967(25.0%) 2130(23.8%) 3837 (25.8%)

Junior college 2617(11.0%) 921(10.3%) 1695 (11.4%)

Undergraduate or above 1907(8.0%) 654 (7.3%) 1253 (8.4%)

Duration of diabetes (years) (median

[IQR])

3.94 [0.70, 8.58] 3.39 [0.54, 8.39] 4.14 [0.77, 8.69] \ 0.001

Regular exercise 16,298 (68.9%) 5903 (66.5%) 10,395 (70.4%) \ 0.001

Diabetic complication 7546 (31.6%) 2959 (33.0%) 4587 (30.8%) \ 0.001

History of hypoglycemic before visit 1476 (6.2%) 643 (7.2%) 833 (5.6%) \ 0.001

Continuous variables were summarized as means (SD) or interquartile range [IQR]; categorical variables were summarized
as the number of patients with corresponding percentage n (%). P\ 0.05 was considered statistically significant. HbA1c
glycosylated hemoglobin A1c, SBP systolic blood pressure, BMI body mass index, Regular Exercise exercise[5 times a week,
and the amount of exercise each time is equivalent to half an hour fast walking, Non-compliance group: decision tree non-
compliance group, Compliance group: decision tree compliance group
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R (version 3.5.1). P\ 0.05 was considered sta-
tistically significant.

RESULTS

Baseline Characteristics

A total of 23,848 patients with T2DM were
finally enrolled in the study (52.8% males and
47.2% females, mean age: 56.0 ± 10.8 years).
The baseline HbA1c was 9.1 ± 2.2% in the
compliance group vs. 8.9 ± 2.1% in the non-
compliance group, and the ages were
56.0 ± 10.8 years vs. 55.9 ± 11.0 years, respec-
tively. Compared with those in the compliance
group, patients in the non-compliance group
had significantly lower BMIs, lower HbA1c val-
ues at baseline, shorter diabetes duration, lower
education levels, and lower exercise levels, but
higher SBP. They were also significantly more
likely to have diabetic complications and a
history of hypoglycemia. Table 1 summarizes
the baseline characteristics of the patients in
each group.

Clinical Outcomes

In cohort 1, the HbA1c reduction at 3 months
was 0.9% in the compliance group vs. 0.8% in
the non-compliance group (mean difference:

- 0.21% [95% CI - 0.29 to - 0.14]; P\0.001).
The compliance group had a statistically sig-
nificantly higher proportion of patients
achieving HbA1c\ 7% at 3 months compared
to the non-compliance group (61.1% vs. 44.3%,
OR 1.7; [95% CI 1.6–1.9]; P\0.001). Hypo-
glycemic events occurred in 7.1% of patients in
the compliance group, which was significantly
lower than that of 9.4% in the non-compliance
group (OR 0.7; [95% CI 0.66–0.8]; P\ 0.001)
(Table 2).

In patients with baseline HbA1c C 7%, the
baseline HbA1c was 9.6 ± 2.1% in the compli-
ance group vs. 8.6 ± 1.7% in the non-compli-
ance group. The HbA1c reduction from baseline
to 3 months was 2.1% in the compliance group
vs. 1.1% in the non-compliance group (mean
difference - 0.37%; [95% CI - 0.44 to - 0.30];
P\ 0.001). The compliance group was also
more likely to achieve HbA1c\ 7% at 3 months
compared to the non-compliance group after
adjusting for confounding factors (OR 1.3; [95%
CI 1.2–1.5]; P\0.001). Furthermore, the com-
pliance group had a greater percentage of
patients with HbA1c reduction C 0.3% at
3 months than the non-compliance group
among patients who had baseline HbA1c C 7%
(85.1% vs. 66.5%, OR 1.9; [95% CI 1.7–2.2];
P\ 0.001). Hypoglycemic events occurred in
7.9% of patients in the compliance group,
which was significantly lower than that of 9.6%

Table 2 Statistical analysis of the cohort 1 dataset

Outcome Decision tree-
compliance

Number of
samples

Incidence of
outcome

Mean (95% CI) Adjusted OR
(95% CI)

Adjusted
P value

HbA1c

change

Yes 4490 – - 0.21 – \ 0.001

No 4377 – (- 0.29 to - 0.14)

HbA1c\ 7% Yes 4490 2744 (61.1%) 1.7 (1.6, 1.9) \ 0.001

No 4377 1939 (44.3%) –

Hypoglycemia Yes 13,252 935 (7.1%) – 0.7 (0.66, 0.8) \ 0.001

No 7818 731 (9.4%)

Continuous variables were summarized as means (95% CI); categorical variables were summarized as the number of
patients with corresponding percentage n (%). P\ 0.05 was considered statistically significant. Non-compliance group:
decision tree non-compliance group; Compliance group: decision tree compliance group. HbA1c glycosylated hemoglobin
A1c
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in the non-compliance group (OR 0.7; [95% CI
0.66–0.8]; P\0.001) (Table 3).

In cohort 2, similar results to those of the
cohort 1 analysis were observed, as shown in
Appendix supplemental Table 1 and 2. The
HbA1c reduction from baseline to 3 months was
0.9% in the compliance group vs. 0.84% in the
non-compliance group (mean difference:
- 0.17%; [95% CI - 0. 25 to - 0.10];
P\ 0.001). In the compliance group 61.1% of
patients achieved the goal of HbA1c\7% in
3 months compared to 44.4% in the non-com-
pliance group (OR 1.7; [95% CI 1.5–1.8];
P\ 0.0001). Hypoglycemic events occurred in
7.1% of patients in the compliance group,
which was significantly lower than the 9.1%
found in the non-compliance group (OR 0.8;
[95% CI 0.7–0.8]; P\0.001).

In patients with baseline HbA1c C 7%, the
HbA1c reduction at 3 months was 2.0% in the
compliance group vs. 1.1% in the non-compli-
ance group (mean difference: - 0. 31%; [95% CI
- 0. 38 to - 0. 24]; P\0.001). The compliance
group was also more likely to achieve
HbA1c\ 7% at 3 months compared to the non-
compliance group after adjusting for con-
founding factors (OR 1.3; [95% CI 1.1–1.4];
P\ 0.001). Furthermore, the compliance group

had a greater percentage of patients with HbA1c
reduction C 0.3% at 3 months from baseline
than the non-compliance group (85.0% vs.
66.4%, OR, 2.0 [95% CI 1.7–2.2]; P\0.001).
The hypoglycemic events occurred in 7.9% of
patients in the compliance group, which was
significantly lower than that of 9.4% in the
non-compliance group (OR 0.8; [95% CI
0.7–0.84]; P\0.001). In patients with baseline
HbA1c\ 7% in both cohort 1 and 2, there were
similar trends of the compliance group having a
greater HbA1c reduction from baseline, a higher
percentage of patients maintaining HbA1c\
7%, and less hypoglycemia, but overall, they

were not significantly different (data shown in
Appendix supplemental Table 3 and 4).

Sensitivity Analysis

In the holistic cohort, 66.8% of patients in the
compliance group achieved HbA1c\ 7% at
3 months but only 44.0% in the non-compli-
ance group (OR 1.1; [95% CI 1.07–1.2];
P\ 0.001). In the compliance group, 6.5%
experienced hypoglycemic events, which was
significantly lower than the 8.2% in the non-
compliance group (OR 0.84; [95% CI 0.78–0.9];

Table 3 Statistical analysis in patients with baseline HbA1c C 7% in the cohort 1 dataset

Outcome Decision tree-
compliance

Number of
samples

Incidence of
outcome

Mean (95% CI) Adjusted OR
(95% CI)

Adjusted
P value

HbA1c change Yes 2158 – - 0.37 (- 0.44

to - 0.30)

– \ 0.001

No 3630 –

HbA1c\ 7% Yes 2158 778 (36.1%) – 1.3 (1.2, 1.5) \ 0.001

No 3630 1350 (37.2%)

HbA1c

reduction C 0.3%

Yes 2158 1837 (85.1%) – 1.9 (1.7, 2.2) \ 0.001

No 3630 2415 (66.5%)

Hypoglycemia Yes 10,885 859 (7.9%) – 0.7 (0.66, 0.8) \ 0.001

No 7058 677 (9.6%)

Continuous variables were summarized as means (95% CI); categorical variables were summarized as the number of patients
with corresponding percentage n (%). P\ 0.05 was considered statistically significant. Non-compliance group: decision tree
non-compliance group; Compliance group: decision tree compliance group. HbA1c glycosylated hemoglobin A1c

Diabetes Ther (2021) 12:1887–1899 1895



P\ 0.001). Although the HbA1c reduction at
3 months in the compliance group was less than
that in the non-compliance group after con-
founder adjustment, the difference between the
two groups was not significant (0.6% vs. 0.9%;
mean difference - 0.03%; [95% CI - 0.06 to
0.00]; P = 0.067) (Table 4).

DISCUSSION

In our study, we developed a guideline-based
decision tree to help primary care physicians
give standard care to patients with T2DM in
China according to the Chinese guideline. In
our decision tree validation analysis, we found
that the patients in the decision tree compli-
ance group had a greater HbA1c reduction at
3 months, were more likely to achieve the goal
of HbA1c\ 7%, and were less likely to experi-
ence a hypoglycemic event in 3 months. In
patients with baseline HbA1c C 7%, similar
results were observed. Furthermore, more
patients with baseline HbA1c C 7% achieved a
HbA1c reduction [ 0.3% in the compliance
group. This indicated that the output of the
clinical decision tree would help T2DM patients
have better HbA1c control with less risk of
hypoglycemia. The effectiveness of the decision
tree was well tested with the real-world data. An
earlier study [16] also showed that a computer-
ized decision supporting reminder, which was
similar to our decision tree in Primary Care for

Type 2 Diabetes, improved patients’ outcomes,
associated with a significant HbA1c reduction of
0.3% from baseline.

In our study, the decision tree was designed
based on the Chinese T2DM guideline and
provided guideline-concordant treatment rec-
ommendations to physicians. The reason why
the decision tree compliance group had much
better glycemic control than the non-compli-
ance group was that following the recommen-
dation of the decision tree meant better
compliance with the Chinese guideline follow-
ing the standard treatment procedure. The
Chinese guideline was well recognized as the
most authoritative evidence-based source for
diabetes care in China. We believe that the
Chinese T2DM guideline will provide standard
of care management to physicians and eventu-
ally benefit more patients. This assumption was
also verified by our previous work [17]. Patients
with guideline-concordant treatment regimens
had a significantly higher proportion (80.5%) of
patients achieving FPG\7.0 mmol/l compared
to 53.5% in those with guideline non-concor-
dant treatment regimens (P\0.001). These
findings also indicated that guideline adherence
will play an important role in improving dia-
betes management.

It is believed that computerized decision
support tools can help improve guideline
adherence. Computerized knowledge manage-
ment-related studies at the physician level [18]

Table 4 Statistical analysis of the holistic cohort dataset

Outcome Decision tree-
compliance

Number of
samples

Incidence of
outcome

Mean (95% CI) Adjusted OR
(95% CI)

Adjusted
P value

HbA1c

change

Yes 12,097 – - 0.03

(- 0.06–0.00)

– 0.067

No 11,083 –

HbA1c\ 7% Yes 12,097 8078 (66.8%) – 1.1 (1.07, 1.2) \ 0.001

No 11,083 4872 (44.0%)

Hypoglycemia Yes 20,909 1361 (6.5%) – 0.84(0.78, 0.9) \ 0.001

No 14,561 1195 (8.2%)

Continuous variables were summarized as means (95% CI); categorical variables were summarized as the number of patients
with corresponding percentage n (%). P\ 0.05 was considered statistically significant. Non-compliance group: decision tree
non-compliance group; Compliance group: decision tree compliance group. HbA1c glycosylated hemoglobin A1c
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showed that physicians had 71–227% higher
compliance with recommended diabetes care
procedures in the prompted group than in the
control groups. Another study [19, 20] showed
that computerized decision support based on a
clinical practice guideline improved compliance
with care standards, with 32.0% and 15.6% in
the intervention and control group, respectively
(P = 0.01). In addition, a study [21] using com-
puter-generated individualized e-mails to
physicians feeding back their adherence to dia-
betes guidelines also showed the overall com-
pliance improved to 35.3% in the intervention
group vs. 6.1% in the control group (P\0.01).
A computerized decision support tool is
important because traditional clinical guideli-
nes have been shown to be difficult to imple-
ment in practice with low clinician adherence
[22, 23]. The assumption that practitioners will
read, internalize, and implement guidelines
does not hold true [24]. However, the rules
implicitly defined in guidelines can be literally
encoded into the clinical decision tree. Wagner
et al. [25, 26] also noted that ideally effective
models for chronic disease care emphasize
decision support tools that can be used to guide
evidence-based, guideline-concordant care
which is consistent with patient needs and
preferences. In conclusion, the decision tree is
such a decision support tool providing funda-
mentals of the Diabetes Clinical Decision Sup-
port System (CDSS) for primary care, improving
guideline compliance and achieving better dia-
betes management.

However, we should also note that diabetes
management should not only be glucose cen-
tered; multifactorial management is important.
In our current version of the decision tree, we
only give suggestions for an algorithm for
antihyperglycemic treatment. We hope we can
add more information about lifestyle interven-
tions, hypertensive control, and lipid treatment
to our decision tree in the future.

Strengths and Limitations

This study had some strengths. On one hand,
this study used two randomly selected datasets
to validate the analysis results. On the other, we

used not only randomly selected data, but also
sampling at the patient visit level, which mim-
ics the real-world setting in which patients go to
clinics continuously at regular intervals. All the
analyses showed consistent results and made
our conclusions more robust. The patients in
the compliance group were more likely to
achieve HbA1c\7%, more likely to have a
HbA1c reduction C 0.3% from baseline, and
less likely to experience hypoglycemia at
3 months. This indicated that the decision tree
can be used in broad T2DM populations and
continuously to help patients achieve better
glycemic control with fewer hypoglycemic risks.

However, this study also had some limita-
tions. First, it was retrospective and observa-
tional with a heterogeneous patient population,
and the baseline characteristics were not mat-
ched. Second, the medications might be chan-
ged per physician’s prescription within the
3-month interval. This may have some cross-
over effects on glycemic control or hypo-
glycemia incidence. Moreover, a method to
monitor the success of advice given in the
guideline-based decision tree was also needed.

CONCLUSION

The patients in the compliance group had a
greater HbA1c reduction at 3 months from
baseline and were more likely to achieve
HbA1c\ 7%, more likely to have HbA1c
reduction C 0.3% from baseline, and less likely
to experience hypoglycemia at 3 months. The
decision tree can aid physicians, especially
those in primary care, in helping their patients
reach their glycemic targets with fewer hypo-
glycemic risks.
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