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Abstract: Diabetes mellitus (DM), one of the most common non-communicable chronic diseases, jeopardizes hu-
man health severely. The incidence of DM had increased rapidly in recent years, whereas the situation control is
not satisfying. DM secondary prevention (i.e. prevention of diabetes complications) has become the most impor-
tant part in diabetes management. The main interventions of DM secondary prevention currently were focused on
indirect factors (glucose, lipids, blood pressure), lacking of medications targeted on the complications. It was well
known that traditional Chinese medicine (TCM) had unique advantages in the prevention and control of complex
diseases such as DM. In this study, we reviewed the present situation and future trends of DM secondary preven-
tion, the applications and advantages of TCM in DM secondary prevention would also be commented.
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Introduction

Currently the overall prevalence of diabetes
mellitus (DM) in adults was estimated to be
8.3% in the world according to the International
Diabetes Federation (IDF). The population of
DM patients has reached 382 million and esti-
mated nearly 592 million by 2035 [1]. Huge
medical resources were spent on DM, accord-
ing to the research released by the American
Diabetes Association (ADA), in the United Sta-
tes $245 billion in 2012 was spent on DM and
the average annual health care spending on a
person with diabetes was 2.3 times than a per-
son without diabetes. The health spending in
the United States ranks first in the world, yet it
failed to prevent the deterioration of the diabe-
tes epidemic [2]. The latest report of Diabetes
UK showed that although diabetes manage-
ment in the UK costs accounted for 10% of
National Health Service (NHS), but the situation
is still not optimistic. In view of nearly 300 thou-
sand people are diagnosed with type 2 diabe-
tes in UK each year, the prevention of complica-

tions becomes the top priority of diabetes man-
agement. Patients with a long duration compli-
cations lose their ability to work, which causes
a heavy social and economic burden. More and
more experts have reached a consensus that
preventing and reducing the risk of person with
diabetes complications in DM patients is the
primary goal [3]. Therefore, it is particularly
urgent to develop effective strategies for DM
secondary prevention (ie, prevent complica-
tions), which could counter the growing threat
of DM.

Strategies and considerations of DM second-
ary prevention

Glucose control

The Diabetes Control and Complications Trial
(DCCT) [4], United Kingdom Prospective Dia-
betes Study (UKPDS) [5] and Japan Kumamoto
Study [6] which focused on enhanced glucose
control had indicated that enhanced glucose
control could significantly reduce the risk of
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person with diabetes microvascular disease in
the early stage of DM. UKPDS also showed that
among the overweight population, the applica-
tion of metformin could significantly reduce the
risk of myocardial infarction and related death
[7]. In the long-term follow up of DCCT [8, 9]
and UKPDS [10], early stage enhanced glucose
control is related to the reduction of person
with diabetes microvascular disease and myo-
cardial infarction and related death. These find-
ings indicated the importance of enhanced glu-
cose control in early stage DM.

Yet enhanced glucose control is not absolutely
beneficial. The ADVANCE [11] and ACCORD
[12] studies showed enhanced glucose control
did not decrease the mortality and risk of large
vascular disease. And the results from VADT
study is disappointing [13], the risk of large vas-
cular and microvascular did not decreased.

Blood pressure and lipid control

UKPDS has shown that among the newly diag-
nosed DM patients, enhanced blood pressure
control could significantly reduce the risk of
large vessel and microvascular disease [14].
Hypertension Optimal Treatment (HOT) and
other anti-hypertension trials have shown that
in the DM subgroup, enhanced blood pressure
control could reduce the risk of cardiovascular
disease in DM patients without obvious vascu-
lar complication [15]. Heart Protection Study
(HPS) DM subgroup [16] and Collaborative
Atorvastatin Diabetes Study (CARDS) showed
that the application of statin lowering low den-
sity lipoprotein cholesterol (LDL-C) could also
reduce the risk of cardiovascular disease in
patients without obvious vascular complica-
tion. While in ACCORD [18], on the basis of
statin, combination of other lipid lowering drugs
might not gain extra cardiovascular benefit.

Application of aspirin

It is controversial to use aspirin in DM. Several
systematic reviews showed the protective
effect of aspirin in DM patients with cardiovas-
cular risk factors [19-21]. Yet JAPD trial report-
ed that type 2 DM patients with high risk of car-
diovascular disease gain no extra benefit from
aspirin [22]. JPPP trial showed that the applica-
tion of aspirin in adults aged over 60 with high
risk of cardiovascular disease could not decre-
ase the incidence of end event [23]. Besides,
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Early Treatment Diabetic Retinopathy Study
(ETDRS) indicated that aspirin failed to prevent
the development of proliferative retinopathy
and visual loss [24].

Other interventions

The China Da Qing Diabetes Prevention Out-
come Study applied lifestyle intervention on
impaired glucose tolerance (IGT) patients for 6
years, the results of 20-year follow up showed
the significant decrease on cardiac death, all
cause death and incidence of person with dia-
betes retinopathy, but no benefit on neuropathy
and nephropathy [25]. One research drew our
attention that the time to the onset of micro
albuminuria in T2DM was increased by 23%
with olmesartan, but the higher rate of fatal
cardiovascular events with olmesartan among
patients with preexisting coronary heart dis-
ease is of concern [26]. On the other hand,
morning blood pressure monitoring, physician
telephone guidance, personal structured nurs-
ing, gastrectomy and pancreatic islets trans-
plantation could delay and reduce the inci-
dence of diabetes complications to a certain
extent [27-29].

The gap between the anticipation and reality
in the treatment of DM gives us meditation.
The 2015 standards for diabetes care from
American Diabetes Association (ADA) points
out that individual management, glucose goal
and glucose intervention should be given to
each patient [30]. The management of DM is
continuously improving and modifying, seeking
for optimal treating strategy and intervention
timing, balancing the safety and benefit are
the best interpretation for individualized treat-
ment.

Applications and advantages of TCM in the
DM secondary prevention

Traditional Chinese medicine, which is an im-
portant scientific and technological resource
with original and independent advantage, has
been treating diabetes thousands of years. The
“whole view” and “multi-targets” of TCM owes
unique advantages in controlling complex dis-
eases, such as diabetes [31]. TCM is character-
ized by individualized treatment based on syn-
drome differentiation, principles of balance
control, treatment of humanity, various routes
of administrations, natural medication orienta-
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tion, highly fits the development trend of
individualized treatment, also contains the
advanced ideology of the modern system biol-
ogy [32, 33]. In recent years, large-scale clinical
trials have confirmed that TCM has made
breakthrough progress on blood glucose con-
trol. The application of modern science and
technology had clarified parts of the therapeu-
tic mechanism [34-36]. The study on optimiza-
tion of the formulation and dosage had im-
proved the efficacy of TCM compared to ancient
time [37, 38]. Series of outstanding results
have drawn attentions and recognitions. Fur-
ther developing and modifying TCM treating
strategies on DM secondary prevention in the
future would improve the comprehensive pre-
vention and control of diabetes significantly.

Current applications of TCM on diabetes

Several large-scaled evidence-based clinical
researches have been launched, the subjects
cover pre-diabetes to diabetes complications,
verifying the preventive and therapeutic effect
of TCM on diabetes thoroughly. TCM has ach-
ieved exciting results in the DM primary preven-
tion. It is reportedly that Tianqi capsule, a
Chinese patent medicine, combined with life-
style intervention for 12 months could signifi-
cantly decreased the incidence of T2DM in sub-
jects with IGT. Cox’s proportional hazards
model analysis showed that Tianqi reduced the
risk of diabetes by 32.1% compared with the
placebo [35]. In adouble-blinded trial, 187 T2D
patients were randomly allocated to receive
Chinese herbal formula GegenQinlian Decoc-
tion (GQD), structural changes of gut microbiota
are induced by GQD, the treatment may enrich
the amounts of beneficial bacteria and the
changes in the gut microbiota are associated
with the antidiabetic effects of GQD [34], which
provides new evidence to explain the mecha-
nism of TCM chain and new targets and techni-
cal methods. Another Chinese patent medici-
neTM81 showed that TM81 group could
decrease the HbAlc 1.02% versus 0.47% in
the placebo group on patients with early-stage
type 2 diabetes, and the symptoms related to
diabetes were also improved [36]. Moreover,
Studies have shown that the combined use of
Jinlida, a Chinese patent medicine, is more
effective than metformin monotherapy. Jinlida
could significantly enhance the hypoglycemic
action when the subject was in poor glucose
control using metformin alone [39]. TCM also
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shows its unique advantages in DM tertiary pre-
vention, research showed that the treatment of
TCM could improve persons with diabetes
extremely severe gastroparesis on symptoms
of refractory nausea and vomiting when west-
ern medicine was not effective [40]. High dose
of aconitum in combination with Huangqi-
GuizhiWuwu Decoction could improve the
symptoms of pain, numbness and cold in
patients with diabetes peripheral neuropathy
[41]. What's more, danshen-containing Chinese
herbal medicine could reduce serum creatinine
and urine protein quantitative, significantly
delay the renal failure and dialysis on patients
with diabetes nephropathy [42]. Treatment of
Qi Ming granule could improve the fundus dis-
eases of diabetes retinopathy patients [43].
These researches have provided the possibility
and consideration for DM secondary preven-
tion treated by TCM.

“Preventive treatment of disease” reflects the
perspective of TCM for disease prevention

TCM has a solid theoretical foundation for the
DM secondary prevention. Ancient physicians
called premedical intervention before diseases
as “preventive treatment of disease”. These
concepts have been practiced in TCM for thou-
sands of years. The full awareness of that pre-
vention is more important than treatment, is
taking various measures not only to prevent
before the disease (i.e. prevention before dis-
ease), but also prevent the development of the
disease in the case of illness (i.e. prevention
before worsening). TCM has developed various
strategies for tackling health problems early in
the long-term medical practice, which gives
advantage and specialty to TCM [44, 45]. The
combination of TCM health concept and the
modern medication system would improve the
diabetes management and help form a new
system and pattern for the diabetes prevention
and treatment.

The concept of “activate blood circulation” has
achieved preliminary success in practice

Through the experimental study and clinical
practice, it was confirmed that hyperglycemia
could induced damage of collaterals. From the
perspective of TCM, it is important to seize the
notion and connection of “diabetes-blood sta-
sis” and make full use of the theory of promot-
ing blood circulation. It is vital to paying atten-
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tion to the intervention of the collateral since
the diagnosis of diabetes. Collateral damage
existed through the course of the disease even
before the diagnosis. The collateral damage in
different degrees could be defined as “collat-
eral gi obstruction, collateral gi stagnation, col-
lateral blood stasis, collateral blockage and
collateral damage”, and therefore, treatment
should aim to promote blood circulation and
remove obstruction in vessels throughout the
whole process [31].

The exploration of the best intervention time
for activate blood circulation has experienced
the cognition of late stage to early stage [46].
Researchers reported that the application of
collateral disease theory is effective in treating
diabetic nephropathy [47]. And treating diabet-
ic peripheral neuropathy with activating blood
circulation is satisfying. Early intervention could
delay or prevent the occurrence of diabetic
peripheral neuropathy [48]. Collaterals damage
is found in DM and metabolism syndrome when
the glucose is increased, with the appearance
of sublingual collaterals changes, fundus
changes or urine protein. The usage of activat-
ing blood circulation could improve but not
reverse the sublingual collaterals changes, fun-
dus changes and urine protein, indicating the
significance of early intervention. Later rese-
arch proved it effective to treat early stage DM
patients with activating blood circulation drugs
[46]. The research group carried out a multi-
centered, randomized, double-blinded clinical
trial, used Compound Danshen Dripping Pill
(CDDP) in the treatment of patients with early
diabetic retinopathy, showed the efficacy of
CDDP in significantly improving fundus fluores-
cein angiography and fundus change, delaying
the progression of diabetic retinal disease.
These researches have confirmed the signifi-
cant clinical effect of activating blood circula-
tion and removing blood stasis throughout the
DM course, especially in the early stage.

The clinical practice experience has been fur-
ther confirmed in the experimental study.
Diabetic rat model of O month and 6 months
were administered to the activating blood circu-
lation drug intervention respectively, the result
showed that early intervention could signifi-
cantly reduce or delay micro vascular disease
occurrence and development, compared to late
treatment [49]. Other study confirmed the pre-
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ventive and therapeutic effects of activating
blood circulation drugs on rats with retinal
lesions, and the therapeutic mechanisms were
thought to be related to enhancing diabetes rat
fibrinolytic activity, inhibiting the overexpres-
sion of fibroblast adhesion protein and laminin
protein [50]. By clinic practice and experimen-
tal researches, it has been proven that in the
whole process of diabetes, persistence of pre-
vention and control in advance, early interven-
tion and active treatment could achieve better
effect in DM secondary prevention.

The future trends of DM secondary prevention

Currently DM secondary prevention mainly
focuses on indirect factors of diabetes compli-
cations (glucose, lipids, blood pressure), the
situation is still not satisfying. In the future
research, intervention of blood glucose and
other indirect factors and controlling risk fac-
tors are urgent. In addition, the integration of
scientific and technological resources is need-
ed for prevention and treatment of DM. As a
potential advantages resource in DM second-
ary prevention, TCM contains abundant medi-
cal experiences, which has accumulated and
summarized valuable methods and theories for
DM prevention. The application of TCM in DM
secondary prevention is promising. To achieve
that, TCM theories should be verified by large-
scale clinical trials. Different medications
should be used in different DM stages and syn-
dromes. Collect the incidence of diabetes com-
plication and other key efficacy indicators, to
construct the clinical research database, con-
necting the diabetes data platform, to provide
high quality evidence-based basis. Further,
select advanced biomarkers for diabetes and
its complications. Establish effective drugs for
the secondary prevention, and reveal the bio-
logical mechanisms of TCM intervention. By the
application of TCM comprehensive system for
the prevention and control, the DM secondary
prevention would be improved significantly. The
tendency of the rising rates of diabetes and its
complications would be controlled, or even the
inflection point would appear.
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