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Nowadays, is well established that the benefits induced by exercise train-
ing (ET) affects not only skeletal muscle, but also other non-contractile 
organs over time. One potential mechanism underlying this crosstalk is 
the synthesis and secretion of several biological active factors, such as 
irisin, by muscle contractile activity. This hormone has been described 
to be able to induce a brown adipocyte-like phenotype in white adipose 
(WAT), increase whole-body metabolic rate, and therefore prevent and/or 
treat obesity-related metabolic diseases. Thus, the modulatory impact of 
ET on WAT may also occur through skeletal muscle - adipose organ axis. 
In this review, we summarize the acute and chronic adaptations to ET-in-
duced irisin synthesis and secretion on the development of browning of 
white fat and, thus, providing an overview of the potential preventive and 
therapeutic role of ET on the obesity-related underlying pathways. 
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1. Introduction

Exercise training (ET) represents an important part 
in the increase of energy expenditure in active hu-
mans, stimulates fat mass loss and helps to main-

tain lean mass, besides promoting positive effects on the 
physiological function of hormones [1]. Accumulating evi-
dence show that distinct ET modalities, such as endurance, 
strength and high-intensity interval training (HIIT), have 
a significant effect on reducing visceral fat accumulation 
[2-5] as well as adipocyte disturbances induced by obesity. 
Thus, contributing to systemic metabolic improvements 
through a favorable dynamics changes in white adipose 

tissue (WAT) morphology and metabolism [6-9], including a 
brown adipocyte-like phenotype [10-12]. This phenotype has 
been characterized by a greater capacity for thermogenic 
stimulation, as demonstrated by elevated uncoupled pro-
tein 1 (UCP1) expression and other brown adipocyte-spe-
cific genes [10-11, 13], converting these cells into more meta-
bolically active cells, which in turn, burn more calories[14]. 
The presence of this type of cells opens attractive perspec-
tives to treat obesity and related metabolic disorders. 

Based on current state of knowledge, ET stimulates the 
production and secretion of several biological factors in 
skeletal muscle, such as irisin, whose effects can be local 
and/or far-reaching organs/tissues, like white adipose tis-
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sue (WAT), liver, heart, and brain in distinct animal mod-
els [15-17]. Thus, skeletal muscle has been recognized as 
endocrine organ. The present review highlights the prom-
inent role of skeletal muscle-induced irisin in browning 
of white fat in response to acute and chronic adaptations 
induced by ET to better understand its regulation in skele-
tal muscle and its possible systemic and tissue modulatory 
effects on WAT and its potential application in combating 
metabolic diseases. 

2. Exercise Training-regulated Myokines to 
Induce Browning of White Fat

Mechanistically, muscle contractile activity induces local 
paracrine-mediated actions on several signaling pathways 
involved on its structure and metabolism and also produc-
es and secretes myokines, which act in an endocrine-like 
fashion on distant organs and tissues, including WAT [18]. 
Particularly, some myokines alter the metabolic pheno-
type of WAT by inducing browning, fatty acid oxidation 
and improving insulin sensitivity [10, 12-13, 19-20]. Therefore, 
myokines likely provide a conceptual basis to understand, 
at least in part, the modulatory impact of ET on WAT, 
e.g. the cross-talk between skeletal muscle and adipose 
organ axis, which is of particular interest in the context 
of obesity and metabolic disorders. Evidence have been 
supported that ET stimulates several myokines secretion 
by skeletal muscle, including β-aminoisobutyric acid 
(BAIBA) [21], brain-derived neurotrophic factor (BDNF) 
[22], IL-6 [17], meterion-like [23] or irisin [10]. Once released 
into the bloodstream, they can operate upon distant organs 
in a hormone-like fashion and may drive important stimuli 
ultimately leading to browning of white fat. Roberts and 
colleagues [21] identified BAIBA as a myokine able to in-
crease the expression of brown adipocyte–specific genes 
in white adipocytes in vitro and in vivo by a peroxisome 
proliferator-activated receptor α-dependent mechanism. 
This myokine also improved glucose homeostasis in mice 
and induced a brown adipose–like phenotype in human 
pluripotent stem cells [21]. Meteorin-like is mainly induced 
in response to strength training and peroxisome prolif-
erator-activated receptor gamma coactivator 1α (PGC-
1α)4 overexpression, which promotes activation of M2 
macrophages and catecholamines production from these 
cells to induce browning effects [23] and sustain adaptive 
thermogenesis [24]. An overexpression of the Il6 mediated 
by ET increased the UCP1 gene and protein expression 
in rat brown and white adipose tissue [17, 25]. Moreover, the 
ET-induced increase in skeletal muscle IL-6 levels was 
strongly correlated with brown adipocyte-like phenotype 
markers expression and its regulators in obese rats [26]. 

Despite de potential role of these myokines mediating the 
beneficial effects of ET, irisin is the one that has received 
more attention in literature due to its physiological func-
tions and potential applications in health and in a variety 
of metabolic diseases. Irisin is derived from fibronectin 
type III domain-containing protein 5 (FNDC5), mem-
brane-spanning protein highly expressed in skeletal mus-
cle, proteolytically cleaved and released into circulation 
as a powerful messenger reaching other distant organs, 
such as WAT [15-16]. Indeed, several studies have been 
supported that irisin induces skeletal muscle hypertrophy 
[27], energy expenditure by stimulating the brown-like phe-
notype in WAT [11-12], and improved glucose homeostasis 
by reducing insulin resistance [28-29]. In the original study, 
Bostrom et al[10] reported that in vivo and in culture brown 
adipocyte-like phenotype were mediated via the activation 
of the main metabolic regulator, PGC-1α, a well-known 
player on skeletal muscle adaptive response to ET [30-32]. 
As an important transcriptional coactivator involved in 
energy metabolism, elevated levels of PGC-1α has been 
associated with an increased mitochondrial content [11], 
fatty acid oxidation as well as brown adipocyte-like phe-
notype development in WAT [12, 33]. Moreover, the Sirtuin 
1 (SIRT1), a NAD+-dependent type III metabolic sensor, 
also seems to be closely involved in the regulation of 
these processes [30]. The SIRT1 binds to PPARγ and re-
presses the transcriptional activation of PPARγ by binding 
to nuclear co-receptor/silencing mediator of retinoid and 
thyroid hormone receptor complex, resulting in the re-
duction of fat accumulation in WAT and higher level of 
non-esterified fatty acids (NEFA) in blood [34]. SIRT1-de-
pendent deacetylation of Lys268 and Lys293 is required 
to recruit the brown adipose tissue (BAT) program activa-
tion and repression of visceral WAT genes associated with 
insulin resistance [35]. In response to 8-wks of ET, higher 
levels of SIRT1 was found associated to a brown-like phe-
notype development in WAT from obese rats [36]. 

2.1 Acute Skeletal Muscle Adaptations 

Animal-based studies reported an increased skeletal 
muscle FNDC5 expression in response to acute bout of 
exercise [10, 37-38] while some found no alterations [39-42].
The study of  Dehghani and colleagues [37], whose ob-
jective was to analyse the distinct types of muscle con-
tractions, demonstrated that one bout of both concentric 
and eccentric exercises increased skeletal muscle PGC-
1α and FNDC5 mRNA expression in skeletal muscle of 
BALB/C mice. Moreover, the eccentric exercised group 
benefited from a greater impact on PGC-1α and FNDC5 
genes than the concentric exercised group, suggesting that 
a single bout of eccentric exercise has a notable impact 
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on myokines secretion and their regulators. This effect 
was attributed to muscular microscopic damage and the 
greater production of reactive oxygen species, in com-
parison with the concentric exercises [43]. After an acute 
exercise session, was reported no changes immediately 
and after 3h from acute submaximal bout of exercise at 
70% maximal running velocity in tibialisanterior muscle 
[39]. While [40] and [42] showed that gastrocnemius FNDC5 
mRNA expression decreased immediately after exercise 
session and remained unchanged 3h after submaximal and 
maximal treadmill running. On the other hand, mice quad-
riceps femoris and triceps surae muscles FNDC5 values 
displayed high levels 24 hours after cessation of ET bout 
[37]. Czarkowska-Paczek and colleagues [40] showed an in-
crease of circulating irisin levels 3h after the end of tread-
mill running session with no alterations on FNDC5 levels. 
Other studies with rodents supported this idea revealing 
that circulating irisin levels were acutely overexpressed 
immediately after one bout of exercise [41, 44]. This acute re-
sponse was possibly attributed to the commonly described 
ET-induced oxidative stress. Oxidative stress is known to 
stimulate p38 MAPK and the extracellular regulated pro-
tein kinase (ERK) [45-46], which in turn activates PGC-1α in 
skeletal muscle, an important regulator of FNDC5.

Evidence from human studies showed that FNDC5 
mRNA expression was increased in endurance-trained ath-
letes males with maximal oxygen consumption (VO2 max) 
higher than 55 mL-1.kg-1.min-1[47]. In response to an acute 
bout of high-intensity exercise [48] and strength exercises 
(5 sets of 10 repetitions until failure) [49], skeletal muscle 
FNDC5 and PGC-1α mRNA levels increased in healthy 
individuals.Although an increased FNDC5 has been de-
tected without any changes in circulating irisin after ET [47, 

49], acute increases in irisin levels have been widely report-
ed in physically inactive individuals[10, 50-56]. In this line, 
Kraemer et al [54] found that plasma irisin levels increased 
during the course of a 90 min (60% of VO2 max) treadmill 
running, reaching the peak values at 54 min while re-
turned to baseline levels immediately post-exercise. More-
over, Norheim et al[56] reported a peak concentration of 
irisin after 45 min cycling without a concomitant increase 
in Fndc5 gene expression, which suggests that increases 
on irisin levels during acute exercise may be associated 
with protein post-translational modifications. Actually, 
the type, duration, and particularly the intensity of the ET 
sessions seems to influence the expression of circulating 
irisin. In fact, high-intensity exercise at 80% VO2max for 
20 min promoted greater irisin response comparatively to  
low-intensity exercise at 40% VO2max for 40 min under 
similar energy consumption conditions [50]. Thus, circu-
lating irisin levels increased when the muscle adenosine 

triphosphate (ATP) levels acutely dropped, but remain un-
changed when muscle ATP content is restored, suggesting 
that irisin may contribute to ATP homeostasis [57]. Based 
on this hypothesis, the lack of irisin changes in some 
studies may be explained by the intensity as short-term 
low-to-moderate intensity ET induces low ATP depletion 
[57]. In this line, plasma irisin levels seem to be progres-
sively elevated in response to increasing ET workloads as 
physically active individuals with higher VO2max showed 
greater concentrations of irisin during maximal workload 
ET [50, 53, 55]. Collectively, data suggest that circulating 
irisin levels seem to be increased in response to acute 
intense ET in humans; however new insights into irisin 
regulation during ET are clearly needed. However, some 
inconsistencies may be related to interactions between 
irisin and other cytokines and hormones, for example IL-
6, BDNF or adiponectin [58-60]. Moreover, other tissues, 
such as cardiomyocytes and purkinje cells of cerebellum 
[13, 59, 61], have been described to interfere with irisin metab-
olism/regulation, and should also be considered in future 
studies.

2.2 Chronic Skeletal Muscle Adaptations 

In animal models, several studies have confirmed that 
chronic ET programs induced FNDC5 synthesis and sub-
sequently release irisin into circulation that have impact 
on browning of white fat [10-13, 62]. Whereas some studies 
have not been able to recognize a consistent increase in 
the expression of FNDC5 mRNA [63] or plasma irisin lev-
els [49, 64] after long-term ET program. Tiano et al 2015 [12] 
studied the contribution of distinct models of exercise, 
such as running, countercurrent swimming and voluntary 
running wheel, on irisin secretion and browning of white 
fat. For the treadmill and swimming models, mice showed 
a ~35% increase in serum irisin levels at 2nd week along 
with an increase in the area under the curve (AUC) over 
the 3rd week; however a voluntary running wheel model 
had no impact on irisin concentration. In the same study, 
only the treadmill-exercised mice showed an increased 
FNDC5 mRNA and protein expression in skeletal muscle. 
In response to 2-wks of treadmill running [12], the brown-
ing-related markers, such as PGC-1α; its downstream 
target UCP1, the major protein responsible for nonshiv-
ering thermogenesis; and PR domain containing 16, the 
transcriptional regulator of BAT differentiation [65] were 
increased in both subcutaneous and visceral fat depots. 
Moreover, a strength exercise program increased serum 
irisin and soleus FNDC5 levels in mice performed ladder 
climbing with tail weight 3 days per week for 12 weeks 
[66]. Xiong and colleagues [67] created a mouse model of 
Fndc5 mutation through transcription activator-like effec-
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tor nuclease-mediated DNA targeting. In response to 8-wks 
of treadmill running (60min.day-1, 10% slope at constant 
18min.m-1 velocity), the Fndc5 mutant mice exhibit lower 
VO2max and attenuate ET-induced browning of white fat 
when compared with exercised wild-type mice, providing 
genetic evidence that Fndc5 is required for exercise-in-
duced browning of WAT in mice.

Several studies reported that irisin remained stable after 
an ET program, but the duration of high levels after exer-
cise remains unresolved [38, 40, 68]. Another aspects that need 
further investigation are the effects of different types and 
intensities of exercise on muscle metabolism and disrup-
tion at distinct ways, and in turn, on irisin concentrations 
[69-70]. Nevertheless, data from studies performed with 
humans are not so consistent. Some studies showed that 
chronic ET, strength or the combination of both models 
did not affect skeletal muscle FNDC5 [48-49] or circulat-
ing irisin [49, 63, 71] levels in sedentary healthy individuals 
or in children with obesity [72]. In contrast, other studies 
revealed an increased FNDC5 and PGC1α expression in 
response to 12-wks of combined endurance and strenght 
exercises [56]. A study using Gene Set Enrichment Analysis 
method showed that ET promoted several alterations on 
genes involved in metabolism, mitochondrial biogenesis, 
oxidative stress and signaling, membrane transport, cell 
stress, proteolysis, apoptosis, and replication [33], underlin-
ing the degree of plasticity of WAT and its prominent role 
in physiological whole-body adaptions to ET. Moreover, 
ET-induced browning of white fat is possibly associated 
with other myokines synthesis and secretion, including 
IL-6, BAIBA, BDNF, meteorin-like and others. Altogeth-
er, data suggest that irisin levels seem to be increased 
acutely and chronically in response to ET; however new 
understandings into irisin regulation during ET are clearly 
needed. 

3. Conclusions 

In summary, acute and chronic response to ET seems to 
have a crucial role in the synthesis and secretion of irisin 
from skeletal muscle to stimulate the browning of white 
fat and its main regulators (figure 1), which are determi-
nant for improving metabolic function and energy expen-
diture, and, thus, preventing and/or counteracting obesi-
ty-related metabolic disorders.

Figure 1: Summary of acute and chronic adaptations 
to ET-induced irisin secretion in browning of white fat.
Legend: FNDC5, fibronectin type III domain-containing protein 5; 
UPC1, uncoupled protein 1; © increase  
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Akt/mTOR/p70S6K1 signaling pathway plays an important role in the 
pathogenesis of cancer and diabetes. Macrophages and lymphocytes 
are involved in the pathogenesis of diabetes, diabetic atherosclerosis, 
formation of insulin resistance as well as immune response to cancer 
and tumor maintenance. The aim of the study was to determine the Akt 
activation by mTORC2 in peripheral blood mononuclear cell (PBMC) 
of patients with type 2 diabetes and cancer. The following groups were 
studied: control group, patients with type 2 diabetes, cancer patients and 
patients with both cancer and diabetes. The amounts of phospho-Akt (р-
S473) and phospho-p70S6K1 (p-T389) were determined using ELISA 
kits. The amount of phosphorylated Akt significantly increases in PBMC 
of patients with cancer. There was no effect in PBMC from patients with 
type 2 diabetes and significant decrease in the amount of phospho-Akt 
in PBMC of the patients group both with cancer and diabetes. p70S6K1 
activation was observed in PBMC of the groups 2 and 3 patients. Thus, 
chronic diseases such as type 2 diabetes and cancer can affect the sig-
naling mechanisms in blood cells. The state of Akt phosphorylation in 
leukocytes can indicate the activity of mTORC1 and its substrates, which 
may be important for the evaluation of the pathological process and the 
efficacy of the drugs.
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1. Introduction

Protein kinase Akt (v-act murine thymoma viral 
oncogene homolog) plays a key role in regulation 
of cell growth, homeostasis, survival, proliferation 

and metabolism [1]. Akt is activated by PDK1 via T308 
phosphorylation in the T-loop of the catalytic domain and 
by rapamycin-insensitive mTORC2 through S473 phos-
phorylation in the hydrophobic region on the C-tail. Akt 

enhances insulin-dependent translocation of GLUT-4 and 
glucose transport, and activates downstream protein ki-
nases mTORC1 and p70S6K that control protein synthesis 
and biogenesis of ribosomes. Dysregulation of the PI3K/
Akt/mTOR/p70S6K signaling lead to severe diseases such 
as cancer, obesity and type 2 diabetes (T2D).

The peripheral blood mononuclear cell (PBMC) in-
clude several types of cells that play a significant role in 
the development of pathological conditions such as diabe-
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tes and cancer [2-4]. The pathway PI3K/Akt is involved in 
the activation of macrophages and lymphocytes, secretion 
of cytokines, initiation of inflammatory processes and im-
mune surveillance failure [5]. 

The serine/threonine kinase mTOR forms two different 
signaling complexes, mTORC1 and mTORC2, by binding 
several proteins. mLST8, DEPTOR, and Tti1/Tel2 com-
plex are contained in both mTORC1 and mTORC2. RAP-
TOR and PRAS40 are specific to mTORC1, and RIC-
TOR, mSin1 and PROCTOR 1/2 are specific to mTORC2. 
These kinase complexes interact with specific substrates 
and initiate various signaling events that modulate cellular 
functions. mTORC1 controls the main cellular anabolic 
processes, linking them to the availability of nutrients; 
mTORC2 phosphorylates and activates Akt, controlling 
cellular metabolism, survival and organization of the cy-
toskeleton. The actions of mTORC1, mTORC2 and Akt 
are closely intertwined in some contexts. Thus, in grow-
ing and proliferating cells, Akt is a critical activator of 
mTORC1, and activated mTORC1 mediates by feedback 
inhibition of mTORC2 and Akt. Therefore, mTORC1, 
mTORC2 and Akt constitute a key metabolic signaling 
network that coordinates many of the metabolic processes 
in growing, proliferating cells and metabolic tissues [6, 7].

The aim of the work was to determine the activation 
of Akt, the main effector kinase of PI3K/Akt/mTORC/
p70S6K cascade, in PBMC of patients with T2D and can-
cer.

2. Materials and methods

The study was conducted in the diabetology department 
of the Institute. All patients signed informed consent to 
conduct further diagnostic and research study. Immediate-
ly after collection, the blood was layered on histopaque 
1077 (Sigma, USA), centrifuged at 500 g (RT) for 15 min 
in the 15 ml conical FalconTM tubes, the PBMC collected 
were washed in PBS and frozen at -80 °C until use. For 
determination of phospho-Akt1/2/3 (р-S473) and phos-
pho-p70S6K1 (p-T389) amounts ELISA kits 85-86046 

and 85-86053 respectively (Invitrogen, USА) were used. 
The studies were carried out in triplets. The cells were 
lysed in the extraction buffer with inhibitors of proteases 
and phosphatases from the kits. The protein concentration 
in the lysate was determined using BCA protein assay 
kit (Novagen, USA). The measurements were carried out 
on a microplate reader (Bio-tek Instruments, USA) at a 
wavelength of 450 nm.

The OD values of samples obtained are located on the 
calibration curve satisfactorily coinciding with a theoreti-
cal line that indicates no scattering of the data.

The results of the study are presented as M ± SD, n = 6 
- 15. To compare the data groups One-Way ANOVA and 
Student’s t-test (with statistical module of Origin 7.0 soft-
ware) were used. Values of P ≤ 0.05 were considered as 
significant. 

The following groups were investigated: 1 – control 
group (n = 6) – healthy people, representative by age; 2 – 
patients with T2D (n = 12); 3 – cancer patients (n = 15); 
4 – patients with both cancer and T2D (n = 7). Patients 
with T2D used combined treatment with insulin and 
metformin. Patients with diabetes (groups 2 and 4) have 
HbA1c level – 7.4-9.2%. Тhe patients of groups 3 and 
4 have uterine, breast and bowel cancers. All examined 
patients belonged to the Caucasian race, age was in range 
from 46 to 72. Gender and BMI characteristics of the pa-
tients are shown in the Table 1. The patients and a control 
group were selected with close age and body mass index.

3. Results and Its Discussion

The PBMC include monocytes/macrophages and lym-
phocytes (T-cell, B-cell, NK) involved in the processes 
of cellular and humoral immunity. PI3K/Akt/mTOR is a 
signaling cascade that largely determines the functioning of 
these blood cells in diabetes and malignant neoplasm [2-4, 8].

As shown in Figure 1“2”, the content of Akt phosphor-
ylated by mTORC2 does not differ from the control in the 
group of patients with diabetes.

Table 1. Gender and BMI characteristics of the patients

І group ІІ group ІІІ group ІV group

Men
(n=3)

Women
(n=3)

Men
(n=6)

Women
(n=6)

Men
(n=5)

Women
(n=10)

Men
(n=3)

Women
(n=4)

Age
(years) 57.0±1.70 60.0±3.71 60.17±2.94 57.50±1.17 60.4±5.8 59.2±2.19 61.3±2.12 55.5±1.9

BMI
(кg/m2) 27.39±2.37 30.22±1.13 32.44±1.25 32.12±1.49 30.75±1.46 32.47±0.93 32.8±1.6 29.2±1.8
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Figure1. Amount of phospho-Akt1/2/3 (р-S473) in pe-
ripheral blood mononuclear cell of patients with cancer 

and diabetes

PBMC cells were isolated from the blood, lysed in the 
extraction buffer with inhibitors of proteases and phos-
phatases and phospho-Akt1/2/3 amounts was determined 
using of ELISA kits.

All patients belonged to the Caucasian race with age 
in range from 46 to 72. The patients and a control group 
were selected with close age and body mass index.

1 - control (n = 6); 2 - patients with type 2 diabetes (n = 
12); 3 - cancer patients (n = 15); 4 patients with both dia-
betes and cancer (n = 7). To compare the data groups One-
Way ANOVA and Student’s t-test were used. M ± SD, * 
- the difference from the control group is significant, P 
<0,05.

It is known that in tissues of patients with T2D, as a 
result of prolonged exposure to high doses of insulin, the 
activity of Akt and its downstream kinases, mTORC1 
and p70S6K, is enhanced, resulting in phosphorylation 
of key adapter protein IRS-1 (S307 and other amino acid 
residues), its degradation, impaired insulin signaling and, 
consequently, insulin resistance [9]. The level of phosphor-
ylated Akt in PBMC of patients with T2D is probably 
determined by the ratio of metformin and insulin effects. 
Metformin activates the AMPK and inhibits mTORC1 
activity, but improves insulin signaling. Insulin activates 
the signaling cascade of PI3K/Akt/mTORC1 and inhibits 
the activation of AMPK by metformin [10]. The final result 
of the interaction of these drugs and the signaling mecha-
nisms induced is the state of Akt activity.

At the same time, in PBMC of patients with T2D we 
observed 143.4±18.9% (M±SD) enhancement of p70S6K1 
phosphorylation (p-T389), indicating the activity of 
the PI3K/Akt/mTORC1/p70S6K1 pathway. Obviously, 
mTORC2 does not participate in the activation of Akt in 
this context.

It has been shown earlier that PBMC of patients with 

systemic insulin resistance express matrix metallopro-
teinase 9, hypoxia-induced factor 1α, split AMPKα, IRS-
1 phosphorylated on S312, Akt phosphorylated on T308, 
and TLR4 [11, 12]. TLR4 activation in macrophages caused 
increased expression of scavenger receptors via mTORC2/
Akt/mTORC1 signaling cascade which accelerates oxLDL 
uptake and foam cell formation – key event in the patho-
genesis of atherosclerosis [13].

In PBMC of cancer patients enhancement of Akt phos-
phorylation (p-S473) was observed (Figure 1.3). The 
phosphorylation level of p70S6K is also increased to 
120.6±9.17 %. Thus, mTORC2 may contribute in activa-
tion of mTORC1 and its downstream targets.

It is well established that the PI3K/Akt pathway is fre-
quently dysregulated in cancer [14]. Unlike mTORC1, the 
regulation of mTORC2 and its functional contribution to 
cancerogenesis remain poorly understood. Recent studies 
demonstrate that an intact mTORC2 is required for the ac-
tivation of Akt in vitro and in vivo [15]. mTORC2 combines 
the effects of extracellular growth factors and survival sig-
nals with pathways controlling cell growth and prolifera-
tion. mTORC2 binds extracellular signals (such as growth 
and cytokine factors) with mTORC1 activation, cell 
proliferation and survival through direct phosphorylation 
of the protein kinase Akt on Ser473 in its hydrophobic 
C-tail that is required for its maximum activation [16]. Both 
complexes control each other, since the Akt regulates the 
phosphorylation of PRAS40, which disinhibits the activity 
of mTORC1, while p70S6K regulates Sin1 to modulate 
the activity of mTORC2 [17].

It has been shown that loss of mTORC2 in macro-
phages suppresses tumor growth. The mTORC2-mediated 
pathway comprising PI3K and Akt, is important for the 
accented glucose metabolism, promotes the activation of 
M2 macrophages (alternatively activated macrophages) 
and involves M-CSF as an upstream activator. M2 macro-
phages function in constructive processes, such as wound 
healing and tissue repair, and disable the activation of the 
damaging immune system by the secretion of anti-inflam-
matory cytokines such as IL-10 [18]. It is also known that 
macrophage M2 polarization – a key pro-tumoral phe-
nomenon [19]. mTORC2 activity was found to be elevated 
in glioma cell lines and primary tumors as compared with 
normal brain tissue. Xenograft studies also supported a 
role for increased mTORC2 activity in tumorigenesis and 
enhanced tumor growth [20].

There was estimated a strong link between diabetes (es-
pecially T2D) and cancer. Hyperinsulinemia enhances the 
expression of insulin and IGF receptors that causes a cu-
mulative mitogenic effect. Hyperglycemia provides can-
cer cells with excess of glucose [21]. Therefore somewhat 

DOI: https://doi.org/10.30564/jer.v1i1.674 



11

Journal of Endocrinology Research | Volume 01 | Issue 01 | April 2019

Distributed under creative commons license 4.0

unexpected was the decrease in the amount of phospho-
Akt (Figure1“4”) in the PBMC of patients group both 
with cancer and diabetes. The level of phosphorylation 
of p70S6K is also reduced to 89.7 ± 6.27% of the control 
level and more than 30% compared to the cancer group 
(Figure 1“3”). Consequently, in the PBMC of group 4 
patients the activity of Akt, mTORC1 and p70S6K is sig-
nificantly suppressed, as compared to the group of cancer 
patients. 

Probable explanation for such inhibition may be 
competition for common signaling mechanisms. It is 
also possible the participation of tumor suppressors, such 
as TRIB3 (Tribbles pseudokinase 3), which suppress 
activation of Akt by mTORC2 in tumors [22]. The involve-
ment of IKKα, a subunit of the IKK complex that controls 
NF-κB activation, is also not excluded. IKKα regulates 
the mTORC2 kinase activity directed to Akt on S473 and 
Akt-mediated phosphorylation of FOXO3a and GSK-
3β, but not other Akt-associated targets such as TSC2 and 
PRAS40, which control the mTORC1/p70S6K activity [23]. 
TLR4 expression in macrophages mentioned above could 
activate NF-κB signaling [24].

It should be noted that we did not observe a significant 
difference in the activity of both kinases in the PBMC be-
tween patients with different types of cancer within groups 
3 and 4. We also did not observe gender differences.

4. Conclusion

Thus, chronic diseases such as type 2 diabetes and cancer 
may have a systemic effect on signaling mechanisms in 
different tissues of the body, including blood cells. The 
state of Akt phosphorylation in PBMC can indicate the 
activity of mTORC1 and its substrates, which may be im-
portant for the evaluation of the pathological process and 
the efficacy of the drugs.

References

[1] Manning BD, Toker A. AKT/PKB Signaling: Navi-
gating the Network [J]. Cell. 2017, 169: 381-405.

[2] de Oliveira CE, Oda JM, Losi Guembarovski R, de 
Oliveira KB, Ariza CB, Neto JS, Banin Hirata BK, 
Watanabe MA. CC chemokine receptor 5: the inter-
face of host immunity and cancer [J]. Dis Markers. 
2014, 2014: 126954. 

 DOI: 10.1155/2014/126954
[3] Senovilla L, Vacchelli E, Galon J, Adjemian S, 

Eggermont A, Fridman WH, Sautès-Fridman C, Ma 
Y, Tartour E, Zitvogel L, Kroemer G, Galluzzi L. 
Trial watch: Prognostic and predictive value of the 
immune infiltrate in cancer [J]. Oncoimmunology. 

2012, 1(8): 1323-1343.
[4] Tronko ND, Pushkarev VM, Sokolova LK, Push-

karev VV, Kovzun OI. Molecular mechanisms of 
pathogenesis of diabetes and its complications [M]. 
K.: Publishing house Medkniga, 2018: 264 (In Rus-
sian).

[5] Dituri F, Mazzocca A, Giannelli G, Antonaci S. PI3K 
functions in cancer progression, anticancer immunity 
and immune evasion by tumors [J]. Clin Dev Immu-
nol. 2011, 2011: 947858. 

 DOI: 10.1155/2011/947858
[6] Covarrubias AJ, Aksoylar HI, Horng T. Control of 

macrophage metabolism and activation by mTOR 
and Akt signaling [J]. Semin Immunol. 2015, 27(4): 
286-296.

 DOI: 10.1016/j.smim.2015.08.001
[7] Covarrubias AJ, Aksoylar HI, Yu J, Snyder NW, 

Worth AJ, Iyer SS, Wang J, Ben-Sahra I, Byles V, 
Polynne-Stapornkul T, Espinosa EC, Lamming D, 
Manning BD, Zhang Y, Blair IA, Horng T. Akt-
mTORC1 signaling regulates Acly to integrate met-
abolic input to control of macrophage activation [J]. 
Elife. 2016, 5: e11612. 

 DOI: 10.7554/eLife.11612
[8] Kim LC, Cook RS, Chen J. mTORC1 and mTORC2 

in cancer and the tumor microenvironment [J]. Onco-
gene. 2017, 36(16): 2191-2201. 

 DOI: 10.1038/onc.2016.363
[9] Puskarev VM, Sokolova LK, Pushkarev VV, Tronko 

ND. The role of AMPK and mTOR in the develop-
ment of insulin resistance and type 2 diabetes. The 
mechanism of metformin action [J]. Probl Endocr 
Pathol. 2016, 3: 77-90. (In Russian).

[10] Sokolova LK, Pushkarev VM, Belchina YB, Push-
karev VV, Tronko ND. Effect of combined treatment 
with insulin and metformin on 5′AMP-activated 
protein kinase activity in lymphocytes of diabetic pa-
tients [J]. Rep Nat Acad Sci Ukr. 2018, 5: 100-104. 

 DOI: https://doi.org/10.15407/dopovidi2018.05.100 
[11] Zhang Z, Amorosa LF, Coyle SM, Macor MA, Birn-

baum MJ, Lee LY, Haimovich B. Insulin-dependent 
regulation of mTORC2-Akt-FoxO suppresses TLR4 
signaling in human leukocytes: relevance to type 2 
diabetes [J]. Diabetes. 2016, 65(8): 2224-2234. 

 DOI: 10.2337/db16-0027
[12] Zhang Z, Amorosa LF, Coyle SM, Macor MA, Lub-

itz SE, Carson JL, Birnbaum MJ, Lee LY, Haimovich 
B. Proteolytic cleavage of AMPKα and intracellular 
MMP9 expression are both required for TLR4-medi-
ated mTORC1 activation and HIF-1α expression in 
leukocytes. J Immunol [J]. 2015, 195(5): 2452-2460. 

 DOI: 10.4049/jimmunol.1500944

DOI: https://doi.org/10.30564/jer.v1i1.674 

https://doi.org/10.15407/dopovidi2018.05.100


12

Journal of Endocrinology Research | Volume 01 | Issue 01 | April 2019

Distributed under creative commons license 4.0

[13] Banerjee D, Sinha A, Saikia S, Gogoi B, Rathore 
AK, Das AS, Pal D, Buragohain AK, Dasgupta S. 
Inflammation-induced mTORC2-Akt-mTORC1 sig-
naling promotes macrophage foam cell formation [J]. 
Biochimie. 2018, 151: 139-149. 

 DOI: 10.1016/j.biochi.2018.06.001
[14] Fruman DA, Rommel C. PI3K and cancer: lessons, 

challenges and opportunities [J]. Nat Rev Drug Dis-
cov. 2014, 13: 140-156.

[15] Xu Z, Hu J, Cao H, Pilo MG, Cigliano A, Shao Z, Xu 
M, Ribback S, Dombrowski F, Calvisi DF, Chen X. 
Loss of Pten synergizes with c-Met to promote hepa-
tocellular carcinoma development via mTORC2path-
way [J]. Exp Mol Med. 2018, 50(1): e417. 

 DOI: 10.1038/emm.2017.158
[16] Ebner M, Sinkovics B, Szczygieł M, Ribeiro DW, 

Yudushkin I. Localization of mTORC2 activity in-
side cells [J]. J Cell Biol. 2017, 216(2): 343-353 

 DOI: 10.1083/jcb.201610060
[17] Jhanwar-Uniyal M, Amin AG, Cooper JB, Das K, 

Schmidt M, Murali R. Discrete signaling mecha-
nisms of mTORC1 and mTORC2: Connected yet 
apart in cellular and molecular aspects [J]. Adv Biol 
Regul. 2017, 64: 39-48. 

 DOI: 10.1016/j.jbior.2016.12.001
[18] Huang SC, Smith AM, Everts B, Colonna M, Pearce 

EL, Schilling JD, Pearce EJ. Metabolic reprogram-
ming mediated by the mTORC2-IRF4 signaling axis 
is essential for macrophage alternative activation [J]. 
Immunity. 2016, 45(4): 817-830. 

 DOI: 10.1016/j.immuni.2016.09.016
[19] Shrivastava R, Asif M, Singh V, Dubey P, Ahmad 

Malik S, Lone MU, Tewari BN, Baghel KS, Pal S, 

Nagar GK, Chattopadhyay N, Bhadauria S. M2 po-
larization of macrophages by Oncostatin M in hypox-
ic tumor microenvironment is mediated by mTORC2 
and promotes tumor growth and metastasis [J]. Cyto-
kine. 2018: S1043-4666(18)30118-2. 

 DOI: 10.1016/j.cyto.2018.03.032
[20] Altomare DA, Testa JR. FRAP1 (FK506 binding 

protein 12-rapamycin associated protein 1) [J]. Atlas 
Genet Cytogenet Oncol Haematol. 2009, 13(5); 348-
353.

[21] Pushkarev VM, Sokolova LK, Pushkarev VV, Tronko 
MD. Biochemical mechanisms connecting diabetes 
and cancer. Effects of metformin [J]. Endokrynolo-
gia. 2018, 23(2): 167-179. (In Russian).

[22] Salazar M, Lorente M, García-Taboada E, Gómez 
EP, Dávila D, Zúñiga-García P, Flores JM, Rodríguez 
A, Hegedus Z, Mosén-Ansorena D, Aransay AM, 
Hernández-Tiedra S, López-Valero I, Quintanilla M, 
Sánchez C, Iovanna JL, Dusetti N, Guzmán M, Fran-
cis SE, Carracedo A, Kiss-Toth E, Velasco G. TRIB3 
suppresses tumorigenesis by controlling mTORC2/
AKT/FOXO signaling [J]. Mol Cell Oncol. 2015, 
2(3): e980134. 

 DOI: 10.4161/23723556.2014.980134
[23] Dan HC, Antonia RJ, Baldwin AS. PI3K/Akt pro-

motes feedforward mTORC2 activation through 
IKKα [J]. Oncotarget. 2016, 7(16): 21064-21075. 

 DOI: 10.18632/oncotarget.8383
[24] Korneev KV, Atretkhany KN, Drutskaya MS, Griven-

nikov SI, Kuprash DV, Nedospasov SA. TLR-sig-
naling and proinflammatory cytokines as drivers of 
tumorigenesis [J]. Cytokine. 2017, 89: 127-135. 

 DOI: 10.1016/j.cyto.2016.01.021

DOI: https://doi.org/10.30564/jer.v1i1.674 



13

Journal of Endocrinology Research | Volume 01 | Issue 01 | April 2019

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jer.v1i1.694

Journal of Endocrinology Research

https://ojs.bilpublishing.com/index.php/jer

REVIEW

Application Analysis of Diabetes Health Education in Endocrinology 
Nursing  

Yu Tao*  
Nanjing Jiangning Hospital, Nanjing, Jiangsu, 210000, China  

ARTICLE INFO ABSTRACT

Article history
Received: 27 March 2019
Accepted: 28 April 2019
Published Online: 30 April 2019  

Objectives: To explore the clinical value of applying diabetes health 
education to endocrinology care. Methods: A total of 122 patients with 
diabetes admitted to our department from October 2016 to October 2017 
were selected. After consulting patients, they were randomly divided into 
two groups, with 61 cases in each group. The control group performs rou-
tine care, and the experimental group provides patients with diabetes-spe-
cific health education. After three months, the compliance of the two 
groups of patients was compared. The ADL scores of the two groups of 
patients before and after treatment were compared. Results: Experimen-
tal group had significantly higher compliance rate than control group in 
all aspects. The difference was statistically significant (P<0.05). The ADL 
scores of both groups were significantly improved. The effects before and 
after the care were compared. The difference was statistically significant 
(P<0.05). The score of experimental group increased more significantly 
than that of the control group. The difference was statistically significant 
(P<0.05). Conclusions: In the endocrinology care, the implementation of 
diabetes special health education for patients can improve patient compli-
ance and improve patients' daily living ability, which is an ideal nursing 
measure. It is worth promoting.
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1. Introduction

Clinically, diabetes is a chronic metabolic disease 
with high morbidity. The causes are mainly genet-
ic factors, mental factors and personal physique[1]. 

Because the blood sugar level of diabetic patients is in a 
high state for a long time, serious damage has occurred in 
many systems of the body. If the blood sugar control effect 
is not satisfactory, it will cause many complications, such 
as diabetic nephropathy and diabetic eye disease. In this 
regard, the intensity of clinical care for diabetic patients 
needs to be strengthened. This article aims to explore the 

clinical application value of diabetes health education[2].

2. Materials and Methods

2.1 General Information

122 patients with diabetes admitted to the secretory de-
partment of our hospital from October 2016 to October 
2017 were selected. With the consent of the patient, the 
grouping was randomly determined by drawing lots. There 
were 61 cases in the control group, including 33 males 
and 28 females, aged 47 to 72 years, with an average age 
of (61.23±3.75) years. The course of the disease was 4 
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months to 12 years, with an average (5.64±1.31) years. 
There were 61 cases in the experimental group, including 
34 males and 27 females, aged 46 to 73 years, with an av-
erage age of (61.32±3.67) years. The course of the disease 
was 6 months to 11 years, with an average (5.59±1.27) 
years. The patient has no other major basic diseases, no 
mental system diseases, can successfully understand the 
nursing guidance, and has no severe disability or dysfunc-
tion. Research conforms to medical ethics. The informed 
consent of the patient shall be signed by the patient him-
self.

2.2 Research Method

The control group is given regular care. (1) Dietary guid-
ance: Help patients make a scientific diet plan, avoid eat-
ing stimulating or high-sugar food, tell patients not to eat 
coffee and other meals that may affect sleep; (2) Medica-
tion nursing: Inform the patient of the specific method and 
dose of the relevant drugs, and supervise the patient to 
take the medicine on time; (3) Blood glucose monitoring: 
To guide patients and their families in the correct method 
of blood glucose measurement, measure the blood glucose 
level of patients on a regular basis, master the patient’s 
blood glucose control, and report to the doctor to adjust 
the treatment plan accordingly. 

On the basis of control group, diabetes health education 
was conducted for patients in experimental group. (1) Ed-
ucation of disease-related knowledge: Through brochures, 
video, lectures and other means, the pathogenesis and 
inducing causes of diabetes were explained to the patients 
and their families, and the influence of related bad daily 
habits was informed. Diabetes is not curable, but it can be 
effectively controlled. Medical staff should help patients 
establish a sense of health, so that patients can actively 
cooperate with treatment and nursing, pay attention to 
regulate their own behavior, and strengthen self-care con-
sciousness[3]. (2) Drug related knowledge: Medical staff 
shall explain the efficacy, property, indications, contra-
indications, precautions for medication, and possible ad-
verse reactions of the relevant hypoglycemic drugs to the 
patients, and make sure that the patients and their families 
have an accurate understanding and master them. Patients 
should take medicine on time and in accordance with the 
amount and in a scientific way to prevent the occurrence 
of missed or repeated medication. (3) Life behavior and 
habit intervention: Medical staff help patients establish 
awareness of healthy behaviors. Behaviors that are not 
conducive to disease control, such as diet, activity and 
rest, are told to patients to make them aware of the harm 
of bad behaviors. In combination with the patient’s own 
behavioral patterns, targeted improvement programs were 

developed. (4) Continuing health education: After the 
patient leaves the hospital, the doctor regularly conducts 
telephone and door-to-door follow-up to understand the 
reasons that affect the patient’s blood sugar control effect 
and help correct it. WeChat, weibo and other platforms are 
used to push relevant knowledge and other contents to pa-
tients through the establishment of public accounts to help 
them solve their doubts[4].

2.3 Observation Standard

The compliance of patients was evaluated from aspects 
of diet control, living behavior norms and medication. All 
aspects of compliance were compared between the two 
groups. ADL score was evaluated before and after nursing 
and the results were compared.

2.4 Statistical Treatment

SPSS19.0 statistical software was used to process the data. 
The ADL score is expressed as x ± s. A t test was applied. 
Compliance is expressed in (%).The x2 test is applied. The 
results are compared with reference to the P value. 0.05 is 
the reference value. If the result is lower than this value, it 
is statistically significant[5].

3. Results

3.1 Comparison of Compliance between the Two 
Groups

The compliance rate of experimental group patients in 
diet, medication and life behavior was significantly higher 
than that of control group. The difference was statistically 
significant (P < 0.05) (Table 1).

Table 1. Comparison of compliance between the two 
groups [n(%)]

Group Cases Diet Medication Life behavior

Control group 61 53(86.89) 54(88.52) 51(83.61)
Experimental 

group 61 59(96.72) 60(98.52) 58(95.08)

x2 3.921 4.816 4.219

P 0.048 0.028 0.040

3.2 Comparison of ADL Scores before and after 
Care in the two Groups of Patients

After treatment, the ADL score of control group patients 
increased from (53.17±4.79) to (75.79±5.03) points. The 
ADL score of experimental group patients increased from 
(53.21±4.73) to (87.99±5.17) points. The ADL scores of 
both groups were significantly improved compared with 
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those before treatment. The difference was statistically sig-
nificant (t values were 25.435 and 38.766, respectively, P < 
0.05). Comparing the two groups, the patient score of the 
experimental group increased more significantly. The dif-
ference was statistically significant (t=13.210, P<0.05) [3].

4. Discussion

In the past, the endocrinology department had obvious de-
ficiencies in health education for patients with type 2 dia-
betes, including the following aspects: (1) The content and 
method of health education is too simple; (2) Health edu-
cation failed to grasp the key points; (3) The self-learning 
ability of patients and their families has not been mobi-
lized. For chronic disease management, self-management 
capabilities are important [5].

To this end, the hospital has carried out intensive health 
education to improve the pertinence of health education. 
Patients in the observation group had significantly higher 
knowledge scores when they left the hospital. At the same 
time, after leaving the hospital, the quality of disease man-
agement was better in three months, and the blood sugar 
control rate reached 80.0%. The implementation rate of 
nursing care such as foot care is high, and the level of sec-
ondary management is finally improved, which is of great 
significance for the prevention of complications such as 
diabetic foot [2]. The new health education has the follow-
ing advantages: (1) At admission, patients’ knowledge is 
assessed and on-demand health education is conducted to 
meet individual needs; (2) Suitable health education ob-

jects and personnel are selected. Through the construction 
of harmonious nurse-patient relationship, the quality of 
daily education is improved; (3) The teaching methods 
were enriched to match the individual knowledge level 
and self-learning ability of patients and their families. The 
mission is more interesting, profound and hierarchical. 
Personal examples can enhance the authenticity of the 
mission. Patient activities can play a mutually supportive 
role, improve the quality of out-of-hospital education, and 
provide more social support.
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Objective: To evaluate the effectiveness of Internet and telephone-based 
telemedicine system managing on patients’ glycemic index, blood pres-
sure, and lipid level control in underserved subjects with type 2 diabetes 
in Western China. Research designs and methods: In a 3 years, ran-
domized, controlled, single-blind, parallel-group treat-to-target study, 
412 subjects with type 2 diabetes were randomized to telemedicine (Tel; 
n =208) group and usual care (control; n =204) group. We evaluated the 
effects of the intervention on blood sugar, blood pressure, and lipid levels 
at 1, 2, 3 years point, and investigated the cause of the loss during fol-
low-up by phone call. Results: Intra-group comparison: in the Tel group, 
the FBS, 2HPG, HbA1c, and SBP at 1, 2, 3 years and DBP, TC, TG, BMI 
at 2, 3 years were significantly decreased compared with baseline level  
(P<0.05). Moreover, the Tel group had an obvious better control of their 
HbA1c  at 2 and 3 years and 2HPG  at 3 years of follow-up respectively 
compared with the outcomes at 1 year (P<0.05).Inter-group comparison: 
the FBS, 2HPG, and HbA1c of Tel group decreased significantly from 
the baseline to the 1 year more than those of control group (P<0.05 or 
P<0.01 ). In this analysis, all clinical measures of Tel group had a sig-
nificant downward compared with the outcomes of Control group  at 2 
years, the FBS, HbA1c and BMI (P<0.001), the 2HPG and SBP (P<0.01) 
and DBP, TC, and TG (P<0.05) were statistically significant respectively. 
Logistic regression analysis showed that the subject loss during follow-up 
was associated with worse diabetes management (OR=3.842), low in-
come (OR=3.201), low education level (OR=0.923), and greater distance 
to the hospital (OR=0.921).Conclusions: The study results indicated that 
the telemedicine may be a useful tool for managing diabetes mellitus.
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1. Introduction

The increased incidence of type 2 diabetes (T2DM) 
and associated increases in mortality are import-
ant challenges facing the world [1]. Diabetes can 

damage the heart, blood vessels, eyes, kidneys and nerves, 
leading to foot amputation and related deaths. The World 

Health Organization predicts that diabetes-related mor-
tality will double between 2005 and 2030 [2]. In China, 
the study found that the overall prevalence of diabetes in 
adults is estimated at 11.6%; of these, 12.1% of men and 
11.0% of women [3]. The pre-diabetes prevalence rate of 
Chinese adults was 50.1%: 52.1% for men and 48.1% for 
women. It is worth noting that the pre-diabetes prevalence 
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rate of rural residents is slightly higher than that of urban 
residents, especially men. In addition, pre-diabetes are 
more prevalent in economically underdeveloped areas and 
overweight and obese people. These studies suggest that 
the incidence of diabetes may reach alert levels among 
Chinese adults, and diabetes can lead to major epidemics 
of related complications, including cardiovascular disease, 
stroke and chronic kidney disease. If the Chinese govern-
ment does not adopt effective state interventions, diabetes 
will be a serious problem in the near future. [3]. 

Diabetes patient education and interventions can im-
prove patients’ self-care activities, maintain metabolic 
stability, improve quality of life, and prevent or delay the 
development of complications [4]. In a systematic review 
of 41 studies involving 48,000 patients, the researchers 
described the effectiveness of professional guidance, orga-
nizational transformation, and patient-centered interven-
tions for health professionals [5]. However, most of these 
studies have been selected in cities with good health care. 
In contrast, many patients, particularly the underserved do 
not attain these recommended levels of care, due to pov-
erty, economic backwardness, and poor insurance. A lot of 
people with uncontrolled Type 2 diabetes do not achieve 
recommended targets including blood sugar, blood pres-
sure, and lipid levels. Presently, diabetes management is 
seldom reported in underserved subjects of the econom-
ically underdeveloped area. We, therefore, implemented 
a telephone and internet-based system for offering pro-
fessional care management for an underserved type 2 di-
abetes patients with or without medical insurance in poor 
areas of Western China. 

2. Research Design and Methods

2.1. Patients

The study protocol was approved by an independent 
ethics committee at each center, based on the Helsinki 
Declaration and Clinical Practice Guidelines. All volun-
teers provided written consent before the study [6]. We 
conducted a randomized, controlled, single-blinded, par-
alleled-group study to test the hypothesis that an internet 
and telephone-based communication systems of diabetes 
care will allow more patients to reach individualized tar-
get blood glucose level when compared with usual care. 
Each patient obtained an ID using a computer-based ran-
dom number generator on internet system, and then had 
adequate allocation concealment using serially numbered 
sealed opaque envelopes. Statistical outcomes were inter-
preted blindly by a statistician.  There are five basic ele-
ments in research design: education and behavioral guid-
ance, development of treatment plans, care management, 

team care methods, and physician leadership. Develop 
all the details of the study, including clinic staff and lead-
ership training, patient process protocols and a detailed 
description of the budget.

2.2. Inclusion and Exclusion Criteria

Population of people from ten counties and districts of re-
mote areas in the West of China were studied. Volunteers 
were recruited from county-level hospitals, community 
activity centers, medical affiliated hospitals, and medical 
centers. The inclusion criteria are: a. Diagnose patients 
with T2DM, b. Adults between the ages of 20 and 65, c. 
Ability to live independently, d. Ability to complete the 
questionnaire independently, e. Informed and agreed to 
participate in the study and sign an informed consent 
form.. The exclusion criteria were: a. patients who were 
pregnant, planning a pregnancy, or currently lactating 
during the study, b. patients with severe diabetic compli-
cations and c. patients with liver and kidney dysfunction. 
Eventually the eligible 412 subjects were randomly divid-
ed into two groups based on telemedicine: telemedicine 
(Tel) group with 208 people and control group with 204 
people (usual care).  

2.3. Organization Training

Patients in telemedicine management (telephone group) 
receive diabetes-related care management, including 
diabetes education, self-management, and medication 
guidance, which consists of nurse administrators and 
doctors at research centers. In addition, telemedicine sub-
jects have received training in telemedicine use. Control 
subjects (control group) were provided with data from 
their baseline assessment and instructed to contact their 
primary caregiver for further care. No further intervention 
was provided for the control subjectsDue to local funding 
needs and the willingness of employees to participate in 
diabetes quality improvement training, intervention clinics 
and follow-ups were purposefully selected. All costs from 
baseline to final follow-up of biochemical and serological 
tests for the eligible 412 subjects relied on the local fund-
ing. The cost of drug and other tests from baseline to final 
follow-up relied on medical insurance or fee-paying.

2.4. Follow-up

412 patients were followed up, each telemedicine patient 
was followed up once every three months by the profes-
sional nurse and once every six months by the profes-
sional physician alternately, excluding the exit patients. 
While the nurse called patient via telemedicine system to 
provide diabetic care, the physician gave instruction on 
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the treatment,  the nurse ask physician for help. Overview 
of care for people with diabetes, such as medication use, 
diet planning, exercise, blood glucose monitoring, dietary 
restrictions, medication adherence, foot care and smoking 
cessation[7]. Diabetes and quality of life, such as diabetes 
condition control, treatment satisfaction, social life and 
sexual function[8]. Subsequently each patient was seen at a 
follow-up visit at least once every 1 year and the indicator 
for further observation was completed at the research cen-
ter. The clinical goals of the telemedicine program include 
raising hemoglobin A1c levels to 7.0%, blood pressure 
(BP) to below 140/90 mmHg, and triglyceride (TG) levels 
to below 150 mg/dL. When the patient’s hemoglobin A1c, 
blood pressure and TG levels are higher than the clinical 
target, the doctor will increase the patient’s medication 
regimen, including current medication metrology adjust-
ments and new oral medications or insulin.

2.5. Data Entry

Each patient receives an ID from a random number gener-
ator on the Internet. The staff then collected the patient’s 
experimental data using standard procedures at base-
line, 1 year, 2 years, and 3 years. Includes demographic 
characteristics such as age, gender, insurance, duration 
of diabetes, height, weight (calculated BMI), and blood 
pressure. Blood samples were obtained by venipuncture 
and fasting blood glucose was measured using standard 
laboratory procedures, hemoglobin A1c, total cholesterol, 
triglycerides, low density lipoprotein (LDL), high density 
lipoprotein (HDL), aspartate aminotransferase ( AST), ala-
nine aminotransferase (ALT) and creatinine. 2h-post-meal 
plasma glucose (2hPG) was performed after the meal.

2.6. Statistical Analysis

The analysis was performed by SAS 8.1 (SAS Institute 
Inc., Cary, NC) and GraphPad Prism 5 (GraphPad Soft-
ware, Inc., San Diego, USA). Results were presented as 
mean ± SD. Chi-square tests were adopted for comparing 
differences among the groups. Logistic regression was 
used to estimate the odds ratio (OR) and 95% confidence 
interval (CI) of the reason for the loss during follow-up , 
including diabetes management，income level，educa-
tion level，and the distance to the hospital. A P value of 
less than 0.05 was considered statistically significant.

The study may have lost follow-up, and if some ran-
dom participants are not within the scope of the analysis, 
the estimated intervention may be biased. This kind of 
missing imbalance between groups may indicate bias. 
Intent-to-treat (ITT) analysis aims to randomly include all 
participants in the trial, regardless of what happens next. 

In this study, the “last observation” was implemented to 
assume that no changes occurred; ITT and each protocol 
(PP) analysis were performed.

3. Results 

3.1. Clinical Outcomes

The study was conducted over a 3-year period and we 
recruited 450 subjects. Out of the total number of the 
subject recruited, 26 declined to participate in the study 
after screening process and 12 did not complete screen-
ing process. Figure 1 showed a flow diagram of the re-
cruiting process. The sugar, fat, blood pressure and BMI 
metabolic parameters of four groups were observed at 1, 
2, and 3 years. Because of the loss in number of control 
group exceeded 15%, it was a failure comparison in 3 
years.

Figure 1. Subject flow diagram. The number of patients 
at baseline, the frequency of follow-up visits, reasons for 
withdrawal,number of patients completing the study and 

the number of ITT.  ITT, intention to treat analysis.

As shown in Table 1, there were no statistical signifi-
cant differences in demographic characteristics or mean 
clinical parameters at baseline between patients in the 
intervention and control practices. Sixty-one percent were 
male, more than 77% had low family incomes at or near 
the poverty level, and 25% completed high school. Dia-
betic patients using insulin constituted 13% of the study 
subjects.
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Table 1. Baseline characteristics of participants by group

Characteristics Tel group (n=208) Control group(n=204) P

Age, years 50.0 (14.9) 51.1 (14.2) 0.5615

Sex

Male 128 122

Female 80 82

Diabetes duration, years 6.1 (5.0) 6.0 (4.9) 0.7612

Height, cm 165.0 (11.2) 168.0 (10.8) 0.0536

Weight, kg 70.6 (10.5) 71.0 (10.7) 0.2906

BMI, kg/ m2 25.1 (2.5) 25.0 (2.6) 0.4261

Systolic blood pressure, mmHg 132.8 (17.2) 130.9 (19.0) 0.1833

Diastolic blood pressure, mmHg 79.0 (8.5) 78.3(9.0) 0.8356

Fasting plasma glucose, mg/dL 146.3 (38.4) 145.0 (39.2) 0.9244

Postprandial 2-h glucose, mg/dL 230.5 (66.6) 227.8 (67.4) 0.7578

A1C, % 8.4 (1.5) 8.4 (1.6) 0.5093

Total cholesterol, mg/dL 165.6 (37.7) 163.5(39.2) 0.2832

Triglyceride, mg/dL 145.2 (58.0) 146.7(57.1) 0.2870

HDL cholesterol, mg/dL 51.4 (10.5) 51.1 (9.7) 0.2204

LDL cholesterol, mg/dL 107.5(25.5) 106.7(23.9) 0.5503

Aspartate aminotransferase, IU/L 22.6 (9.1) 22.3 (8.5) 0.2934

Alanine aminotransferase, IU/L 25.7 (13.1) 25.3 (11.9) 0.7761

Serun creatinine, mg/dL 1.16 (0.25) 1.13 (0.20) 0.1228

Medication for glucose control

None, n (%) 13(6.3) 13(6.4) 0.7993

Sulfonylurea, n (%) 81(38.9) 77(37.7) 0.7097

Metformin, n (%) 100(48.1) 99(48.5) 0.5037

Thiazolidinedione, n (%) 18(8.7) 19(9.3) 0.3580

a-Glucosidase inhibitor, n (%) 41(19.7) 37(18.1) 0.6306

Dipeptidyl peptidase 4, n (%) 11(5.3) 12(5.9) 0.7921

Insulin, n (%) 22(10.6) 21(10.3) 0.8737

Education level 0.9250

Primary school, n (%) 59(28.4) 65(32.0)

Junior high school, n (%) 95(45.7) 94 (46.2)

High school, n (%) 54(25.9) 45(21.8)

Income 0.9791

low income, n (%) 162 (77.8) 165 (80.8)

medium income, n (%) 38(18.5) 31(15.30)

high income, n (%) 8(3.7) 8(3.9)

Note: Data are presented as mean (SD) or number of participants (%).  
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Anthropometric and biochemical parameters after 1, 2, 
and 3 years of follow-up are summarized in Table 2.

3.2. Intra-group Comparison

In the Tel group, FBS, 2HPG, HbA1c, and SBP (Figure 

Table 2. Change of clinical measures at 1, 2 and 3 years follow up by group

Clinical  Parameters Tel group Control group

FPG (mg/dL) 0 years 146.3 (38.4) (n=208) 145.0 (39.2) (n=204)

1 years 138.1 (34.0) (n=208) 146.1 (38.5) (n=204)

2 years 133.1 (27.0) (n=205) /133.2 (27.1) (n=208,ITT) 147.3(39.0) (n=190) /147.0(38.9)
(n=204,ITT)

3 years 132.3(26.9) (n=201) /132.5 (26.8) (n=208,ITT) - (n=163)

2HPG(mg/dL) 0 years 230.5 (66.6) (n=208) 227.8 (67.4) (n=204)

1 years 216.1 (53.0)(n=208) 230.1 (68.6) (n=204)

2 years 208.9(45.5) (n=205) /202.0(43.6) (n=208,ITT)
230.0 (69.5) (n=190) /229.2(69.5)

(n=204,ITT)

3 years 202.2(41.2) (n=201) /203.3(41.6) (n=208,ITT) - (n=163)

A1C (%)  0 years 8.4 (1.5) (n=208) 8.4 (1.6) (n=204)

1 years 8.0 (1.0) (n=208) 8.4(1.5) (n=204)

2 years 7.6 (0.9) (n=205) /7.7 (0.9) (n=208,ITT) 8.4(1.6) (n=190) /8.5(1.5) (n=207,ITT)

3 years 7.5 (0.8) (n=201) /7.6 (0.8) (n=208,ITT) - (n=163)

SBP (mmHg) 0 years 132.8 (17.2) (n=208) 130.9 (19.0) (n=204)

1 years 128.8 (17.0) (n=208) 131.1 (19.8) (n=204)

2 years 126.3 (16.4) (n=205) /126.7 (16.3) (n=208,ITT) 131.0 (19.6) (n=190) /131.1(20.2)
(n=204,ITT)

3 years 125.1(15.6) (n=201) /125.2(15.7) (n=208,ITT) - (n=163)

DBP (mmHg) 0 years 79.0 (8.5) (n=208) 78.3(9.0) (n=204)

1 years 78.4 (8.0) (n=208) 78.1 (9.8) (n=204)

2 years 76.1 (7.6) (n=205) /76.3 (7.6) (n=208,ITT) 78.3 (9.9) (n=190)/78.2 (9.8) 
(n=204,ITT)

3 years 75.3(7.6) (n=201) /75.5(7.6) (n=208,ITT) - (n=163)

TC(mg/dL) 0 years 165.6 (37.7) (n=208) 163.5(39.2) (n=204)

1 years 162.1 (35.0) (n=208) 164.1 (39.0) (n=204)

2 years 156.7 (30.5) (n=205) /156.9 (30.6) (n=208,ITT) 163.7 (39.1) (n=190) /163.8(39.1)
(n=204,ITT)

3 years 155.3(29.9) (n=201) /156.0(29.8) (n=208,ITT) - (n=163)

TG (mg/dL) 0 years 145.2 (58.0) (n=208) 146.7(57.1) (n=204)

1 years 138.5 (52.4) (n=208) 147.1 (57.8) (n=204)

2 years 132.7 (45.5) (n=205) /133.0(45.6) (n=81,ITT) 145.0 (56.9) (n=190) /145.5(57.0)
(n=204,ITT)

3 years 130.3(43.0) (n=201) /130.5(43.1) (n=81,ITT) - (n=163)

BMI (kg/m2) 0 years 25.1 (2.5) (n=208) 25.0 (2.6) (n=204)

1 years 24.7 (2.6) (n=208) 25.1 (2.5) (n=204)

2 years 24.3(2.5) (n=205) /24.2 (2.5) (n=208,ITT) 25.2(2.5) (n=190) 
/25.2(2.4) (n=204,ITT)

3 years 23.9(2.5) (n=201) /24.0(2.5) (n=208,ITT) - (n=163)

Results are expressed as the mean ± SD. - no statistical data (Loss of follow-up rate was more than 20%). ITT: intention to treat

Analysis (last observation carried forward). FPG , fasting plasma glucose;2HPG , postprandial 2-h glucose; HbA1c, hemoglobin A1c;

SBP , systolic blood pressure; DBP , diastolic blood pressure; TC, total cholesterol; TG, triglyceride; BMI, body mass index.

2 A, B, C, and D)  decreased significantly at 1, 2, and 
3 years of follow-up，and DBP, TC, TG, BMI (Figure 
2E,F,G, and H)  also reduced significantly  at 2 and 3 
years compared with baseline level  (P<0.05). More-
over, the Tel group had an obvious better control of their 
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HbA1c (Figure2C) at 2 and 3 years and 2HPG (Figure2B) 
at 3 years of follow-up respectively compared with the 
outcomes at 1 year (P<0.05).

In addition, the FBS, 2HPG, HbA1c, SBP, DBP, TC, 
TG, and BMI (Figure2A,B,C,D,E,F,G, and H) of Control 
group  had a slight upward trend  from baseline to 2 years, 
however, this was not statistically significant (P>0.05). 

All ITT and PP analysis revealed similar results in Fig-
ure 2 (Intention to treat -last observation carried forward 
data set).

Figure 2. Intra-group comparison of different follow-up 
times

Note: A: FPG levels of four groups at different follow-up times; B: 
2HPG levels of four groups at different follow-up times; C: HbA1c 
levels of four groups at different follow-up times; D: SBP levels of four 
groups at different follow-up times; E: DBP levels of four groups at 
different follow-up times; F: TC levels of four groups at different fol-
low-up times; G: TG levels of four groups at different follow-up times; H: 
BMI levels of four groups at different follow-up times. A(ITT), B(ITT), 
C(ITT), D(ITT), E(ITT), F(ITT), G(ITT), and H(ITT): Corresponding 
index levels of four groups at different follow-up times by ITT. ITT-
LOCF: intention to treat analysis-last observation carried forward. Re-
sults ara expressed as the mean ± SD. ＊ P<0.05, **P<0.01, ***P<0.001 
for comparisons between conditions.

3.3. Inter-group Comparison

As shown in Figure3, the FBS, 2HPG, and HbA1c 
(Figure 3A,B, and C) of Tel group decreased signifi-
cantly from the baseline to the 1 year more than those of 
control group (P<0.05 or P<0.01 ). In this analysis, all 
clinical measures (Figure3A,B,C,D,E,F,G, and H) of Tel 
group had a significant downward compared with the out-
comes of Control group  at 2 years, the FBS, HbA1c and 
BMI (Figure 3A, C and H, P<0.001), the 2HPG and SBP 
(Figure 3B and D, P<0.01) and DBP, TC, and TG (Figure 
3E, F and G, P<0.05) of the Tel group decreased more 
than those of the control group at 2 years, and it were sta-
tistically significant respectively. 

All ITT and PP analysis revealed similar results in Fig-
ure 3 (Intention to treat-last observation carried forward 
data set). 
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Figure 3. Inter-group comparison of same follow-up 
times 

Note: A: FPG levels of four groups at same follow-up times; B: 2HPG 
levels of four groups at same follow-up times; C: HbA1c levels of four 
groups at same follow-up times; D: SBP levels of four groups at same 
follow-up times; E: DBP levels of four groups at same follow-up times; 
F: TC levels of four groups at same follow-up times; G: TG levels of 
four groups at same follow-up times; H: BMI levels of four groups at 
same follow-up times. A(ITT), B(ITT), C(ITT), D(ITT), E(ITT), F(ITT), 
G(ITT), and H(ITT): Corresponding index levels of four groups at same 
follow-up times by ITT. ITT-LOCF: intention to treat analysis-last ob-
servation carried forward. Results ara expressed as the mean ± SD. ＊
P<0.05, **P<0.01, ***P<0.001 for comparisons between conditions.

3.4. Logistic Regression Results

The results of the logistic regression model are given in 
Table 3, which examines the changes from baseline to fi-
nal follow-up and the probability of loss. In this analysis, 
the reason for the loss in follow-up was associated with 
worse diabetes management (OR=3.842), low income 
(OR=3.201), low education level (OR=0.923), and greater 
distance to the hospital (OR=0.921).

Table3. Logistic regression results

Effect regression 
coefficient

Odds 
ratio

95% Wald confi-
dence limits P-value

No diabetes man-
agement 1.171 3.842 1.741 1.957 0.009

Low income 1.163 3.201 1.074 9.533 0.037

Education level –0.079 0.923 0.875 0.977 0.006

The distance to the 
hospital –0.083 0.921 1.18 1.50 0.001

Notes: The reason of the lost to follow-up N =48.

4. Discussion 

This study is a 3-year RCT that examined a telephone 
and Internet- based diabetes education intervention for 
diabetes control in a underserved population of Western 
China. Studies have shown that there are significant barri-
ers to achieving good care and good clinical outcomes in 
low-income patients[9, 10]. Parchman et al[11]and Stange[12] 
how primary care physicians are struggling to cope with 
competitive demands when attempting to address elevat-
ed levels of hemoglobin A1c. Our redesign studies have 
shown that diabetes care can be effectively managed even 
in resource-constrained settings.. Because the use of cell 
phone is ubiquitous, most of the subjects preferred it as a 
means of communication. Each telemedicine patient was 
followed up once every three months by the professional 
nurse and once every six months by the professional phy-
sician alternately, excluding the exit patients. The nurse 
provided diabetic care, the physician gave instruction 
on the treatment by telemedicine system. Bray et al. For 
African-American patients who have established diabetes 
interventions, they are provided with professional care 
strategies that can ideally control blood glucose based on 
rural primary care service charges[13]. Our research shows 
that chronic diabetes management can be done through 
a professional team and long-term follow-up. In this 
study, we found that redesigning diabetes care to combine 
professional care management resulted in significant im-
provements in blood sugar, blood lipids, and blood pres-
sure. These findings were consistent with those of Johans-
son et al[14, 15] and Glazier et al[16]. A recent study showed 
that diabetes and its complications in patients with type 2 
diabetes in Taiwan have a combined effect on antidiabetic 
drugs, lifestyle adjustments, and social and psychological 
support, as well as diabetes education, compared with a 
12.5% drop in HbA1c levels in the control group. The 
group fell by 26.7%. This indicates the significant role of 
education and related care in patients with type 2 diabetes 
[17].  However, these studies did not mention further con-
cern about the reason for the loss in follow-up.

The analysis comparing intervention group to control 
group patients showed striking differences in response. 
The telemedicine management can decreased significant-
ly blood sugar, blood pressure and blood lipid compared 
with control group. The results demonstrated that the tele-
medicine management was effective in glycemic index, 
blood pressure, and lipid level control in underserved sub-
jects with type 2 diabetes in Western China. The results of 
the study are consistent with the benefits of telemedicine, 
especially among Hispanic Americans, which have the 
dual qualifications of Medicare and Medicaid, so drug 
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costs should not be a problem compared to other popu-
lations [18]. However, the Austrian disease management 
plan implemented through statutory health insurance can 
improve the quality of the process and increase weight, 
but it does not significantly improve the metabolic control 
of patients with type 2 diabetes [19]. The reason for oppo-
site result could be some risk of bias remains. we tried 
to achieve a study design free of bias, and worked out a 
randomized, controlled, single-blind, parallel-group treat-
to-target study. Meanwhile, perfect diabetes management 
was a prerequisite for good quality health care delivery, 
and it could enable more diabetic patients to obtain blood 
sugar, blood pressure, and blood lipids to standard [20]. 
Ngo-Metzger et al. found that there is an economic burden 
for the treatment of diabetes, and because of cost reasons, 
patients are likely to not adhere to medication. Poor drug 
compliance is directly related to poor control of diabetes, 
such as an increase in HbA1c. However, having health in-
surance does reduce the economic pressure on health care 
[21]. Therefore, the results of telemedicine management  
could be more reliable.

In this study, BMI was significantly lower at 2 years 
than at baseline level in the Tel group, and it was statis-
tically significant(P<0.05).  In addition, the BMI of Tel 
group decreased more than those of control group at 2 
years (P<0.05). These findings were consistent with those 
of Mohamed et al [22] and Delahanty et al [23]. The Ameri-
can Association of Diabetes Educators recommends seven 
self-care behaviors as new examples of diabetes education, 
including healthy eating, physical exercise, monitoring, 
adherence to drugs, problem solving, mitigation and risk 
reduction [17]. The subjects of Tel group showed weight 
loss through healthy eating and physical activity, which 
also reduced the blood sugar.  However, BMI of con-
trol group had a slight upward trend , but  have no promi-
nent difference(P>0.05). This further proved the telemedi-
cine management  is effective to metabolic control.

In addition, 412 patients were followed up, a small 
number of subjects were lost during the 2 years follow- up 
period, and ITT and PP analysis revealed similar results, 
consequently, drawing the conclusion that it was reliable. 
However, because the lost subjects in control group ex-
ceeded 15%, it was failure comparison in 3 years, but 
the lost subjects of Tel group was less than 5%. Further 
investigation on the cause of the loss during follow-up 
by phone-call showed that the four main reasons were 
referring to worse diabetes management, lower income, 
lower education level, and greater distance to the hospital; 
this population with poor sugar control was especially 
vulnerable to disengagement. West China is regarded as 
the poorest with the backward areas，subjects have less 

economic development as they live on low income for 
a longtime, with poor diabetes care and lower education 
level. These might be the major cause of loss of subjects 
during follow-up. Furthermore, these results suggested 
that it was important to note that increasing the telemed-
icine management coverage for more subjects received 
point-of-care diabetes education, self-management coach-
ing, and medication adjustment. Therefore, perfect diabe-
tes telemedicine management might optimize glycemic 
control and improve compliance leading to reduction of 
diabetes complications, decreased rates of hospitalization, 
and mortality.

5. Conclusions

In conclusion, diabetes telemedicine management inter-
vention can decrease blood sugar, blood pressure and 
blood lipid compared with usual care , and may still im-
prove compliance to reduce the loss during follow-up. 
Consequently, diabetes telemedicine may be a useful tool 
for managing diabetes mellitus.
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Objective: To analyze the clinical characters of 812 inpatients with infec-
tion in the Department of Endocrinology. Methods: Retrospective exhi-
bition of these patients' clinical characters included undergoing diseases, 
infectious organs, history illness, blood glucose and glycosylated hemo-
globin (HbA1C), biochemical indicators, pathogens training description 
and results, medical imagines, antibiotic utilization, length of stay and 
hospital costs, final diagnosis and situations. Results: Non-diabetic 
patients accounted for 176 (21.67%), who were the cases of untreated 
well hyperthyroidism, mainly suffered with respiratory tract infection. 
Diabetic patients accounted for 636 (78.33%). In the type2 diabetes 
patients 376 (59.12) suffered with urinary tract infection. 192 (30.19%) 
suffered with respiratory system infection, 124 (19.50%) were accompa-
nied with diabetic foot infection, which had 74 (59.67%) patients with 
HbA1C>9.0%.Statistical comparisons showed that the days of antibiotic 
use and average length of stay in hospital per capita in patients with 
HbA1C≥8% were more than ones with HbA1C<8% in those with diabetic 
infections (P<0.01) . The days of antibiotic use per capita in patients with 
HbA1C>9% were more than ones with HbA1C<7% in those with diabet-
ic foot infections (P<0.01). Conclusion: Endocrine diseases lack rigid 
and effective long-term control, which may result in the complications 
involved with urinary tract, respiratory tract and infections in other or-
gans. The time of hospitalization per capita and the duration of antibiotic 
use rise are longer in diabetic patients with poor blood sugar control and 
diabetic foot infection.
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1. Introduction

Patients with endocrinology have immune dys-
function. If chronic underlying diseases cannot 
be effectively monitored for a long time, infec-

tious diseases of different systems will continue to oc-
cur. The pathogenesis, age, average length of hospital 
stays, and per capita cost of patients with endocrine 

diseases who are susceptible to infection, pathogens, 
and the most common endocrine diabetic population are 
summarized and compared with diabetes management 
to attract clinicians' attention. The clinical features of 
infection in different populations were recognized. This 
not only provides a possible reference for the early pre-
vention and treatment of infectious diseases, but also 
helps to strengthen the education of patients, improve 
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the quality of life of patients, shorten the length of hos-
pitalization and reduce the cost of treatment.

2. Objects and Methods

2.1 Research Object

Clinical analysis was conducted on 812 patients admit-
ted to the Department of Endocrinology of the Second 
People's Hospital of Yunnan Province with concurrent 
infection from March 2015 to March 2018.There were 
341 males and 471 females. The age is 12 ~ 86 years 
old, with an average of (59.16±10.21) years old. The 
course of the underlying disease ranged from 10 d ~ 33 
a with an average of (104.97 ± 85.44) months.

2.2 Research Method

The clinical data of each patient was entered into the 
Excel table, including general demographic data, un-
derlying disease course, concomitant disease, time of 
infection, site of infection, past medical history, diabe-
tes type of diabetes, and management of blood glucose, 
admission of glycated hemoglobin HbA1C, biochemi-
cal metabolic indicators, pathogen culture name and re-
sults, ultrasound or X-ray or CT or MRI imaging data, 
antibiotic use, length of hospital stay, hospitalization 
expenses, discharge diagnosis, etc. Further statistical 
analysis was performed.

2.3 Statistical Treatment

SPSS statistical software was used to process the data. 
The enumeration data are expressed in constituent 
ratio. Measurement data are expressed as mean ± stan-
dard deviation (±s).Independent sample t test was used 
for intragroup comparison. One-way ANOVA was used 
for comparison between groups.P <0.05 was considered 
statistically significant.

3. Results

3.1 Major Diseases and Associated Infection 
Sites

Among the 812 infected patients, 176 were non-dia-
betic patients with concurrent infection. There were 
75 males and 101 females. These are mainly endocrine 
diseases such as hyperthyroidism and methylene in-
flammation. The main infection sites are shown in Ta-
ble 1.The number of patients with concomitant diabetes 
was 636.There were 266 males and 370 females. The 
age was(60.08 ± 13.61) years old. The course of diabe-
tes is (102.54 ± 86.14) months. The main infection sites 

are shown in Table 2.

Table 1. Major diseases and associated infection sites 
in non-diabetic patients with concurrent infection

Disease and associated infection site n Composition ratio 
(%)

Hyperthyroidism

Complicated with upper respiratory 
tract infection 39 22.16

Severe pulmonary infection secondary 
to agranulocytosis 26 14.77

Urinary tract infection 12 6.82
Complicated with digestive tract infec-

tion 11 6.25

Methylene inflammation with respira-
tory infection 38 21.59

Thyroid-associated ophthalmopathy 
with respiratory or urinary tract infec-

tions
18 10.23

Thyroid nodules with respiratory or 
urinary tract infections 9 5.11

Hypothyroidism with respiratory tract 
infection 8 4.55

Gouty arthritis with skin infection 6 3.41
Climacteric syndrome with respiratory 

or urinary tract infections 4 2.27

Cushing's syndrome with pneumonia 2 1.14

Pituitary crisis with pneumonia 1 0.57

Sheehan syndromewith bronchitis 1 0.57
Primary aldosteronism with upper 

respiratory tract infection 1 0.57

Table2. The main site of infection in diabetic patients 
with infection

Disease and associated infection site n Composition ratio 
(%)

Type 1 diabetes (n=22)

Male 6

Female 16

Combined respiratory infection (n=18) 2.83

Male 8

Female 10
Combined urinary tract infection 

(n=10) 1.57

Male 4

Female 6

Combined acute enteritis (n=2) 0.31

Female 2
Hidden autoimmune diabetes in adults 

(n = 4)

Male 3

Female 1
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Combined ketosis and respiratory 
infection (n=4) 4 0.63

Male 3

Female 1

Type 2 diabetes (n=610)

Male 257

Female 353
Combined urinary tract infection 

(n=376) 59.12

Male 149

Female 227
Combined respiratory infection 

(n=192) 30.19

Male 106

Female 86
Combined digestive system infection 

(n=37) 5.82

Male 26

Female 11
Inflammation associated with oral and 

maxillofacial space infection (n=7) 1.10

Male 5

Female 2
Combined orbital and intraocular 

inflammation (n = 5) 0.79

Male 2

Female 3

Diabetic foot infection (n = 124) 19.50

Male 83

Female 41

3.2 Diabetes Mellitus Patients with Multiple 
Systemic Infections, Repeated Hospitalizations 
with Infections and Nosocomial Infections

3.2.1 Patients with multiple systemic infections

A total of 51 patients were infected with two or more 
systemic infections. Among them, 8 cases (4.55%) were 
nonglycosuria, and 43 cases (6.76%) were diabetes.

3.2.2 Recurrent Hospitalization of Diabetic Pa-
tients with Infection

A total of 44 patients (7.21%) with type 2 diabetes 
mellitus were hospitalized repeatedly within 3 years. 
Among them, 17 cases (38.64%) were diabetic foot 
complicated with infection. The patients with diabetes 
who were repeatedly hospitalized for 3 times or more 
with concurrent infection were 7 cases (15.91%).3 cas-

es (13.64%) with type 1 diabetes mellitus were hospi-
talized repeatedly within 3 a.

3.2.3 Nosocomial Infection

In 3a, 121 cases (14.90%) had nosocomial infection. 5 
cases (0.62%) were non-diabetic. Among them, 3 cases 
were secondary respiratory tract infection caused by 
hyperthyroidism, and 2 cases were urinary tract infec-
tion.116 cases (14.29%) were diabetes. This included 
54 cases of upper respiratory tract infection (46.55%), 
37 cases of painless urinary tract infection (31.90%), 
7 cases of gastrointestinal tract infection, and 18 cases 
of secondary intestinal, oral or urinary tract infection 
(15.52%) after antibiotics.

3.3 Pathogenic Test Results and Selection of 
Antibiotics

3.3.1 Etiology Test Results

In accordance with the principles of antibiotic use, 
patients admitted to the hospital with infectious symp-
toms, signs or examination data suggest that the in-
fected person should be examined for relevant etiology 
before using antibiotics, such as swabs of pharynx or 
culture of sputum, urine, feces, blood and broken secre-
tions. The inspection rate of the specimen is 100%. A 
total of 304 cases (37.44%) of the pathogenic bacteria 
were cultivated in infected patients. The main results of 
the pathogenic bacteria cultured in different specimens 
were as shown in Table 3.

Table 3. The main results of the pathogenic bacteria 
cultured in different specimens (n)

Main pathogen 
name Urine

Foot 
secre-
tion

Spu-
tum 
and 

throat 
swab

Blood

Fore-
skin 

secre-
tion

Maxillofa-
cial space 
exudate

Eye 
secre-
tions

Escherichia coli 117 12 4 14 1

Klebsiella pneu-
moniae 11 8 24 6

Staphylococcus 
aureus 22 2

Proteus mirabilis 7

Enterobacter 
cloacae 6

Acinetobacter 
baumannii 6 4 4

Streptococcus 
pneumoniae

Salmonella

Streptococcus 
agalactiae 1
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3.3.2 Developed Resistant Bacteria

A total of 95 resistant bacteria were cultured, account-
ing for 31.25% of the pathogenic bacteria. Among 
them, 53 cases of drug-resistant bacteria were cultured 
in urine, accounting for 17.43% of the pathogenic 
bacteria. There were 49 cases of multi-drug resistant 
bacteria, including 44 cases of escherichia coli, 4 cases 
of klebsiella pneumoniae, 1 case of proteus singular-
ity, and 4 cases of pandrug-resistant escherichia coli.
Twenty cases of multiple drug-resistant bacteria were 
cultured from foot secretions, including 14 cases of 
escherichia coli, 3 cases of klebsiella pneumoniae, 2 
cases of staphylococcus aureus, 1 case of streptococcus 
haemolyticus, and 4 cases of pandrug-resistant bacteria, 
all of which were acinetobacter baumannii.6 cases of 
multi-drug resistant bacteria were cultured from sputum 
and pharyngeal swabs, including 3 cases of escherichia 
coli, 3 cases of klebsiella pneumoniae and 5 cases of 
pandrug-resistant bacteria, all of which were acineto-
bacter baumannii.Three cases of escherichia coli with 
multiple drug resistance were cultured in blood. 4 cases 
of pandrug-resistant bacteria included 2 cases of mrsa 
and 2 cases of acinetobacter baumannii.

3.3.3 Selection of Antibiotics

Antibiotics are mainly selected or replaced based on 
the results of drug susceptibility testing. However, 
some patients have been taking oral antibiotics for a 
long time before admission, or injecting antibiotics at 
local clinics, and they are unable to produce pathogenic 
bacteria. Therefore, the antibiotics can only be selected 
empirically according to the clinical judgment of com-
munity-acquired infection or nosocomial infection to 
observe the clinical efficacy. Infection indicators such 
as blood routine, urine routine, procalcitonin, chest 
radiographs or CT and other imaging data were moni-
tored and adjusted in time, and the drugs were admin-
istered according to the grading management system of 
antimicrobial drugs in the hospital as far as possible.
The frequency of antibiotics from high to low was pen-
tahydrate cefazoline, cefmenoxime, cefdiazine, ceftian, 
levofloxacin, metronidazole, tinidazole, penicillin, 
azithromycin, piperacillin, tazobactam, cefoperazone/
sulbactam, meropenem, imipenem and vancomycin, 
respectively.The comparison between glycated hemo-
globin and age, duration of disease, days of antibiotic 
use, length of hospital stay, and cost in patients with 
diabetes mellitus and diabetic foot infection are shown 
in Tables 4 and 5.

Table 4. The comparison of age, course of disease, 
days of antibiotic use, length of hospital stay and 

costs between diabetic patients with infections with 
HbA1C<8% and those with HbA1C≥8%

Item HbA1C<8% HbA1C≥8% t P

Age 61.13±15.05 59.68±13.01 1.156 0.249

Duration of diabe-
tes(month) 93.84±82.93 106.18±87.10 -1.686 0.092

Per capita days of 
antibiotic use (d) 1.53±3.79 10±4.53 -3.424 0.001

Per capita hospi-
talization days (d) 11.17±3.67 12.49±4.51 -3.461 0.001

Per capita hospi-
talization expenses 

(RMB)

12 647.77±7 
847.64

14 324.14±6 
312.31 -2.801 0.005

Table 5. The comparison of age, course of disease, 
days of antibiotic use, length of hospital stay and 

costs between diabetic patients with infections with 
HbA1C<7%, ones with HbA1C from 7% to 9% and 

those withHbA1C> 9%

Item HbA1C<7% HbA1C 
7%~9% HbA1C> 9% F P

Age 66.24±15.41 61.76±11.55 61.03±11.19 1.021 0.363

Duration 
of diabe-

tes(month)
111±85.03 119.97±87.53 111.26±84.33 0.139 0.0871

Per capita 
days of 

antibiotic 
use (d)

7.18±3.22 11.5±4.59 12.95±4.90 9.063 0.000

Per capita 
hospitaliza-
tion days (d)

9.58±2.35 13.82±6.89 13.70±5.30 2.937 0.057

Per capita 
hospitaliza-
tion expens-

es (RMB)

12211.77±
2920.27

18792.98±
10795.06

18163.94±
7685.47 2.928 0.057

4. Discussion

Among the 812 patients with coinfection in the Depart-
ment of Endocrinology of The Second People's Hospital 
of Yunnan Province from March 2015 to March 2018, 
the basic diseases of coinfection were mainly common 
endocrine diseases.176 cases (21.67%) were non-dia-
betic, and the number of females is more than males. 
Patients with hyperthyroidism are often in a state of 
high metabolism and are prone to malnutrition. In par-
ticular, hyperthyroidism was not treated or controlled 
in time, and autoimmune disorders were associated 

DOI: https://doi.org/10.30564/jer.v1i1.729



29

Journal of Endocrinology Research | Volume 01 | Issue 01 | April 2019

Distributed under creative commons license 4.0

with increased risk of various infections and severe in-
fections. However, at present, insufficient attention has 
been paid to various infections in patients with hyper-
thyroidism, and relevant research reports are lacking[1].
In this study, 88 cases of hyperthyroidism were associ-
ated with infection, including 39 cases (22.16%) with 
upper respiratory tract infection and 26 cases (14.77%) 
with severe granulocytosis. In addition, endocrine 
disorders with autoimmune disorders were also prone 
to co-infection, such as subthyroiditis combined with 
respiratory tract infection in 38 cases (21.59%). Other 
thyroid related diseases, climacteric syndrome, gout, 
adrenal and pituitary diseases are also associated with 
different organ infections. If patients with diabetes do 
not timely control sugar, long-term high blood sugar 
will cause serious damage to the function of the body's 
white blood cells and reduce the immunity of various 
body organs, which is conducive to the invasion and re-
production of bacteria. In particular, patients with poor 
glycemic control are associated with stress-induced 
ketosis or acidosis, which leads to increased difficulty 
in controlling infection during treatment, and the pa-
tient's condition may worsen or even severe infection [2].
In this study, 636 patients (78.33%) with diabetes were 
older and had a longer course of diabetes. The number 
of females is more than males.

The prevalence of diabetes mellitus associated with 
urinary tract infection in women is high, which is re-
lated to the structure of the female urinary tract. The 
amount of estrogen secretion in menopausal women is 
significantly reduced, the urethra is prone to atrophy, 
and the vaginal flora is dysregulated. In patients with 
poor long-term glycemic control, the ability of white 
blood cells, mononuclear cells, megakaryocyte che-
motaxis and phagocytosis are all affected, which in-
creases the incidence and extent of infection. It is often 
manifested as urinary tract infection or acute pyelone-
phritis [3-4].In the study of type 2 diabetes, 458 patients 
(72.01%) were HbA1C > 8.0%.There were 376 cases of 
urinary tract infections, which accounted for 59.12%. 
Similarly, the incidence of women is higher than that 
of men (149 males and 227 females).Hyperglycemia 
can result in hypertrophy of basement membrane of 
capillaries in lung tissue and prolonged diffusion dis-
tance of blood oxygen. As the pulmonary capillary bed 
becomes less, the pulmonary surfactant decreases, the 
glycosylated protein increases, and oxygen dissociation 
is difficult. Moreover, the ventilatory/blood flow ratio 
imbalance and oxygen carrying capacity are signifi-
cantly reduced, which leads to tissue hypoxia and is 
more prone to pulmonary infection [5].In the 22 cases of 

type 1 diabetes in the study (6 males and 16 females), 
the most common ones were respiratory tract infection 
(n = 18) and urinary tract infection (n = 10).Ketosis 
and respiratory tract infection occurred in all 4 cases 
(3 males and 1 female) of occult autoimmune diabetes 
mellitus in adults.192 cases of type 2 diabetes mellitus 
(30.19%) were accompanied by respiratory tract in-
fection, and the number of males is more than females 
(106 males and 86 females).Age is also a risk factor for 
diabetic foot, and the incidence increases with age [6].
Foreign studies [7] suggest that the incidence of diabetic 
foot in men is higher than that in women. Because men 
work a lot, it is more likely to cause changes in foot 
pressure or secondary infections. Among the patients 
with diabetes mellitus, 124 (19.50%) were diabetic foot 
infections, and the number of males is more than fe-
males (83 males and 41 females).The older, the longer 
the course of diabetes.HbA1C> 9% of patients were 74 
cases (59.67%), and HbA1C< 7% was 12 cases (9.68%).

Diabetic patients have abnormal metabolism of glu-
cose, lipid and protein, and are often associated with 
hypoproteinemia, which increases the risk, frequency 
and degree of infection and mortality of multiple organ 
infections [8].Among the patients with multiple systemic 
infections in this study, 8 (4.55%) were non-diabetic, 
and 43 (6.76%) were diabetic. A total of 44 patients 
with type 2 diabetes who were repeatedly hospitalized 
with infection in 3a were mostly associated with hyper-
tension, dyslipidemia, diabetic neuropathy and vascular 
disease, nephropathy, eye disease and hypoproteinemia. 
Among them, diabetic foot infection accounted for 
38.64%; diabetes patients with repeated hospitalization 
≥3 times or more had 15.91%.4 cases were diabetic 
foot infection. The four cases were examined at HbA1C 
8.0% to 12.5%. One female patient was 65 years old 
and had a diabetes course of 13 a. The male patients 
were aged 45, 59 and 66 years old, and the duration of 
diabetes was 7, 10, 20 a, respectively. Diabetes mellitus 
is often complicated with neurogenic bladder and uri-
nary retention, which leads to recurrent urinary tract in-
fection in patients with diabetes mellitus. In this study, 
3 patients with type 1 diabetes were repeatedly hos-
pitalized and infected.1 case was a 16-year-old male, 
whose course of diabetes was 11a. He was complicated 
with cataract in both eyes, diabetic neuropathy, recur-
rent urinary tract infection secondary renal insufficien-
cy and urinary retention. The patient was admitted to 
the urology department for cystostomy with continuous 
indwelling catheter for 4 times within 3 a and left the 
hospital.

In the hospital, 121 patients (14.90%) were infect-
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ed with nosocomial infections: non-diabetic patients 
were mainly secondary respiratory infection caused 
by hyperthyroidism. The main causes of diabetes were 
painless urinary tract infection (31.90%), secondary in-
testinal, oral mucosa or urinary tract infection (15.52%), 
and upper respiratory tract infection (46.55%).The re-
sults were similar to those reported in diabetic patients 
with nosocomial infections [9].

Urinary tract infections are mainly Gram-negative 
bacterial infections, which are mainly Escherichia 
coli. Adhesion of the bacteria is an important cause of 
retrograde infection. When the immunity of diabetes 
declines, endogenous infection will occur in the body, 
and drug sensitivity test shows that escherichia coli 
has high drug resistance. In this study, 151 cases of 
pathogenic bacteria were cultured in urine, of which 
117 cases were mainlyEscherichia coli. A total of 53 
resistant bacteria were cultured in urine, accounting 
for 17.43% of pathogenic bacteria, and 49 cases were 
multi-drug resistant bacteria, which were still mainly 
Escherichia coli. Diabetic patients are often associat-
ed with asymptomatic bacteriuria. Whether early drug 
intervention is needed is still controversial [10].In view 
of the increase of multiple drug-resistant bacteria in-
fections, it is necessary to regularly monitor and timely 
analyze the drug resistance, rationally select antibiot-
ics, and effectively prevent and control the emergence 
of drug-resistant bacteria. There are many kinds of 
pathogenic microorganisms in patients with diabetic 
foot infection. They are mainly drug-resistant bacterial 
infections or mixed bacterial infections, and it is diffi-
cult to treat diabetic foot infection clinically [11].In this 
study, 77 cases of pathogenic bacteria were cultured in 
the foot secretions, which were mainly Staphylococcus 
aureus. Among them, there were 24 cases resistant bac-
teria and 20 cases multi-drug resistant bacteria, which 
were mainly Escherichia coli.Klebsiella pneumoniae, 
one of the important opportunistic pathogens, is usually 
colonized in the respiratory tract and intestinal tract of 
normal people.It is usuallyhospital-acquired infection. 
The increased risk of infection is associated with low 
patient immunity, such as diabetes, malignant tumors, 
renal failure, glucocorticoids, radiotherapy and che-
motherapy, etc. [12].With the large-scale application of 
lactam antibiotics, especially the third-generation ceph-
alosporins, extended-spectrum lactam-resistant bacte-
ria have also been induced [13].In this study, 44 cases 
of pathogenic bacteria were cultured in throat swabs, 
which were mainly 24 cases of Klebsiella pneumoniae.
There were 6 cases of multi-drug resistant bacteria, in-
cluding 3 cases of Escherichia coli and 3 cases of Kleb-

siella pneumoniae. 5 cases of pan-resistant bacteria 
were Acinetobacter baumannii.

For the general diabetic population, the control 
target HbA1C < 7% is required[14].Diabetic patients 
with long course of disease and older age often have 
more complications and fail to reach the standard. By 
referring to domestic and foreign literatures, it can be 
appropriately adjusted to 8.0% ~ 8.5% [15].According 
to the latest Chinese guidelines, HbA1C < 8% may 
be more suitable for patients with significant vascular 
complications or severe comorbidities with a shorter 
life expectancy [14].Therefore, in this study, HbA1C < 
8% and ≥ 8% were used to compare the difference be-
tween the number of days of per capita antibiotic use, 
the length of hospital stays, and the per capita hospital-
ization cost.The results showed that the number of days 
of antibiotic use per person and the number of days 
of hospitalization per capita were significantly higher 
in patients with HbA1C≥8% diabetes infection than 
those with HbA1C<8% (P < 0.01).This indicates that 
patients with poor glycemic control have a long period 
of antibiotic use during hospitalization and prolonged 
per capita hospitalization. For diabetic foot patients, 
strictly speaking, when HbA1C < 7%, the incidence of 
foot ulcers and infections can be reduced, and the risk 
of amputation can be reduced [16].American scholars 
suggest that if the quality of life is poor and the expect-
ed survival period is short, the control target can be 
adjusted to HbA1C < 9% [15].Therefore, in this study, 
HbA1C < 7%, HbA1C7% ~ 9% and HbA1C> 9% were 
selected to divide the combined infection of 3a diabetic 
foot. The statistical results showed that the number of 
days of antibiotic use per capita was significantly high-
er in HbA1C>9% diabetic foot infection patients than 
in HbA1C <7% (P < 0.01).This indicates that patients 
with poor glycemic control of diabetic foot complicated 
with infection spend a long time in hospital on antibiot-
ics.

Medicine is a multidisciplinary knowledge group, 
as is the endocrinology profession. In particular, dia-
betes, which can be associated with multiple systemic 
diseases, requires specialized cooperation in addition 
to specialized treatments. Among the study cases, 6 
cases were successfully transferred to the laminar flow 
ward of the hematology department due to the aggra-
vation of respiratory tract infection secondary to hy-
perthyroidism combined with granulocyte deficiency. 
Nine patients were transferred to ICU for treatment of 
diabetes complicated with severe respiratory failure or 
heart failure and unstable vital signs. Two cases died of 
ineffective rescue. After diabetes was admitted to hos-
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pital, 4 patients were diagnosed with tuberculosis, and 
the symptoms of tuberculosis poisoning were obvious. 
They were transferred to the provincial center for dis-
ease control and prevention for treatment. There were 5 
cases of diabetic foot infection secondary to sepsis, the 
condition was extremely critical. They were transferred 
to ICU for treatment, and 2 cases died of ineffective 
rescue.3 cases were treated with osteomyelitis and 3 
cases were treated with vascular occlusion and vascular 
surgery. Three patients with diabetes mellitus with per-
sistent high fever were referred to hepatobiliary surgery 
for diagnosis and treatment after hepatic abscess com-
bined with imaging. Two patients with diabetes melli-
tus complicated with endophthalmitis and infection of 
periorbital space were transferred to ophthalmology. 
Two patients with diabetes complicated with oral and 
maxillofacial space infection were transferred to maxil-
lofacial surgery. The remaining patients were all in the 
endocrinology department of the Second People's Hos-
pital of Yunnan Province, and if necessary, they were 
timely invited to consult relevant departments such as 
respiratory, urinary, digestive, renal, blood, pharmaceu-
tical and nutrition departments to adjust the diagnosis 
and treatment plan. Eventually, when the disease is rel-
atively stable, the patient can leave the hospital.

In the face of the long-term and comprehensive and 
effective management needs of many chronic diseases, 
such as endocrine system diseases, primary hospitals 
or grade hospitals should do their best to supervise 
basic diseases as early as possible, so as to reduce the 
occurrence and progress of associated diseases, such as 
infectious diseases. Patients with infections that may 
have been induced or have been associated are identi-
fied and early standardized examination is performed. 
Rational drug selection and multidisciplinary cooper-
ative treatment may shorten the hospitalization period 
and reduce the cost of treatment, which is conducive to 
improving the quality of life of patients.
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