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Purpose: To investigate the features and treatment status of children with type 1 diabetes
mellitus (T1DM) in China.

Methods: We recruited patients <14 years of age with T1DM from 33 medical centers in
25 major cities of China between January 2012 and March 2015. All patients completed a
questionnaire that was conducted by their pediatric endocrinologists at all centers.

Results: A total of 1,603 children (755 males and 848 females) with T1DM participated in
this survey. Of these, 834 (52.03%) of the patients exhibited diabetic ketoacidosis (DKA) at
onset, while 769 patients (47.97%) did not exhibit DKA (non-DKA) at onset. There was a
n.org June 2021 | Volume 12 | Article 5831141

https://www.frontiersin.org/articles/10.3389/fendo.2021.583114/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.583114/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:xpluo@tjh.tjmu.edu.cn
https://doi.org/10.3389/fendo.2021.583114
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2021.583114
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2021.583114&domain=pdf&date_stamp=2021-06-15


Hou et al. Survey of T1DM in Chinese Children

Frontiers in Endocrinology | www.frontiersi
higher proportion of females (55.71%) in the cohort of patients exhibiting DKA at onset
than in the non-DKA cohort (49.33%). The mean age of patients exhibiting DKA at
presentation was 7.12 ± 0.14 years; this was significantly younger than that in non-DKA
group (7.79 ± 0.15 years; P < 0.005). The frequency of DKA in 3 years old, 3-7 years old,
and 7 years old or more was 77.21%, 26.17%, and 37.62%, respectively. Upon initial
diagnosis, 29.4%, 15.2% and 11.8% of patients showed positivity for glutamic acid
decarboxylase antibody (GADA), Insulin autoantibodies (IAA), or islet cell antibody (ICA),
respectively. During six months follow-up, 244 patients (15.21%) reported receiving insulin
pump therapy, and more than 60% of patients monitored their blood glucose levels less
than 35 times per week. Although the majority of patients had no problems with obtaining
insulin, 4.74% of the children surveyed were not able to receive insulin due to financial
reasons, a shortage of insulin preparations, or the failure of the parents or guardians to
acquire the appropriate medicine.

Conclusion: DKA is more common in very young children. Treatment and follow-up of
T1DM in China still face very serious challenges.
Keywords: type 1 diabetes, children, insulin, education, survey, diabetic ketoacidosis
INTRODUCTION

Type 1 diabetes mellitus (T1DM) represents a common
endocrine disease that can exert significant effects on children’s
health. Data show that the incidence of T1DM is increasing
around the world on an annual basis (1–3). However, there is
very little information about the diagnosis and treatment of
T1DM in Chinese children, even though there is a quarter of the
world’s population in China. According to the atlas of diabetes
published by the International Diabetes Federation (IDF), the
incidence of T1DM in Asia is predominantly based on data
arising from India (4). The incidence of T1DM remains unstable
in China, with a mean increase of 14.2% annually in Shanghai
between 1997 and 2011 (5). A T1DM registration survey, based
in multiple centers, showed that the incidence of T1DM in
children aged between 0 and 14 years was 1.9/100,000 (6).
However, there is a significant shortage of information relating
to the specific characteristics of T1DM in Chinese children,
particularly from multiple centers.

This research investigated the features and treatment status of
children with T1DM in China. The goal was to enhance
understanding of this condition and therefore to facilitate the
clinical management of T1DM in children.
MATERIALS AND METHODS

Participants
This project was supported by the World Diabetes Foundation and
Pediatric Endocrine & Genetic Metabolism Group of the Chinese
Medical Association and was designed to investigate the clinical
features of newly diagnosed T1DM children <14 years of age in 33
medical centers from 25 major cities, which cover of the 77%
population in China. The survey was carried out between January
n.org 2
2012 and March 2015 and conducted by pediatric endocrinologists
at all centers. The cities spanned from the southeast to the
northwest of China, including economically developed,
developing, and underdeveloped areas. The participating medical
centers featured the best local medical institutions and were
attended by top children’s endocrinologists. Consequently, the
survey was able to achieve good coverage of the status of T1DM
in children across China.

This study was approved by the Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology (Approval number: TJ-IRB201162)
and adhered to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from the parents of all
children included in this study.

Questionnaire Survey
All newly diagnosed patients were hospitalized at their first visit.
During hospitalization, all patients and parents completed the
first questionnaire that was conducted by their pediatric
endocrinologists. This questionnaire included birth history,
infant feeding status, and the family history of T1DM, type 2
diabetes mellitus (T2DM), and gestational diabetes mellitus
(GDM). Symptoms were recorded and the following
examinations were performed: blood glucose; insulin; glycated
hemoglobin (HbA1c); T1DM-related antibodies, including
GADA, IAA, and ICA. We also performed thyroid function
tests and antibodies, We did not record whether the patients
required the pediatric intensive care unit (PICU) or not, or the
duration of hospitalization.

In the next 6 months of follow-up, all the patients revisited
their doctors (pediatric endocrinologists) at least one to two
times at the clinic. All patients and their parents completed the
second questionnaire conducted by their doctors for a range of
further details including insulin preparations, mode of
June 2021 | Volume 12 | Article 583114
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administration (MDI or pumps), times of blood glucose
monitored per week, how the patients obtained insulin, sources
of acquiring diabetes-related knowledge, and whether the
patients received their drugs on time.

All children were diagnosed according to criteria for T1DM
from American Diabetes Association (ADA). DKA was defined
in the light of guideline published by the International Society of
Pediatric and Adolescent Diabetes (ISPAD) (7).

Statistical Analysis
Categorical data, including percentages and composition ratios,
were tested by the Chi-squared test. Bonferroni adjustment were
used for multiple comparisons. Measurement data, including
blood glucose monitoring times and glycated hemoglobin levels,
were compared by the t test for two groups. ANOVA were used
for multiple comparisons. Differences were considered to be
statistically significant if P<0.05.
RESEARCH RESULTS

Patient Characteristics
A total of 1,603 children with T1DM including 755 males
(47.1%) and 848 females (52.9%) were enrolled and all the
patients and their parents finished the survey. None of the
patients died during the study. The mean age at presentation
was 7.6 ± 3.8 years. Most of the patients experienced onset at 3 to
12 years, of them, 23.22%, 24.70%, and 24.33%, were 3 to 6 years,
6 to 9 years, and 9 to 12 years, respectively. The proportions of
children under 3 years of age and above 12 years of age were
13.72% and 13.91%.

With regard to feeding methods, the proportions of children
receiving breastfeeding, artificial feeding, and mixed feeding,
were 67.10%, 12.39%, and 20.51%, respectively. Children with
a positive family history of diabetes, including T1DM or T2DM
accounted for 21.54% of the total cohort. Analysis also showed
that 2.87% of the children had a family history of GDM and
1.32% of the children had a family history of GDM and type 1 or
type 2 diabetes.

The Diagnosis and Treatment of Children
With T1DM
The Symptoms at Presentation
At the initial diagnosis, 834 (52.03%) of patients presented with
DKA and 769 (47.97%) did not present with DKA (non-DKA).
Of the non-DKA patients, 649 (84.42%) patients presented with
classical symptoms of polydipsia, polyuria, and weight loss. Only
32 cases (4.17%) were diagnosed during routine physical
examinations and 88 (11.44%) cases were diagnosed when
seeking medical attention for illness symptoms, such as fever,
cough, vomiting, and diarrhea rather than diabetes symptoms.

All the patients received the T1DM-related antibodies tests,
625 patients (38.99%) were negative and 978 patients (61.01%)
were positive. Upon initial diagnosis, the proportions of patients
who were positive for GADA, IAA, and ICA, accounted for
29.4%, 15.2%, and 11.8%. The proportions of patients who were
Frontiers in Endocrinology | www.frontiersin.org 3
positive for one, two and all three of these antibodies, were
22.38%, 15.38%, and 1.20%, respectively. All patients had normal
thyroid function and were negative for thyroid-related antibodies
at presentation.

Comparative Analysis of Children With DKA and
Non-DKA at Presentation
The mean age of patients exhibiting DKA at presentation was
7.12 ± 0.14 years; this was significantly younger than that in non-
DKA group (7.79 ± 0.15 years; t = 2.97; P = 0.0031; Figure 1A).
There was a significantly larger proportion of females in DKA
group (55.71%) than that in non-DKA group (49.33%) (c2 =
5.70; P = 0.017; Figure 1B).

At presentation, the mean HbA1c level was 11.09 ± 3.22% in
the cohort; there was no significant difference between DKA
group and non-DKA group with regards to HbA1c levels
(11.21 ± 0.13% vs. 10.90 ± 0.13%; t= 1.72; P = 0.09; Figure 1C).

In this study, there was no significant difference in terms of
the frequency of DKA when compared between the groups of
children under 5 years of age and those over 5 years of age (c2 =
2.2; P = 0.06; Figure 1D). The frequency of DKA in 3 years old, 3
to 7 years old, and 7 years old or more was 77.21%, 26.17%, and
37.62%, respectively. Analysis showed that there were significant
differences between the three groups in terms of the frequencies
of DKA (c2 = 127.88; P <0.0001; Figure 1E).

HbA1c levels at presentation in patients under 3 years of age,
3 to 7 years of age, and over 7 years of age, were 10.58 ± 2.28%,
10.85 ± 3.04%, and 11.35 ± 3.31%, respectively. There was
significant difference among three groups (F=5.53, P=0.004).
The HbA1c levels in group under 3 years of age was not
significantly different compared to that in group 3 to 7 years of
age (t=0.98; P = 0.33). However, there was a significant difference
between children under 3 years of age and over 7 years of age
(t=2.59; P=0.009) and 3 to 7 years of age and over 7 years of age
(t=2.45; P=0.01) (Figure 1F).

Insulin Injection Therapy and Blood
Glucose Monitoring
All children received insulin regimen including recombinant
human insulin or insulin analogues decided by their doctors.
After discharge, the patients selected drug regimen by their
guardians and doctors. Total of 1,603 patients visited once, and
727 patients visited twice in the next 6 months follow-up. Data
were collected till their last visit. Among them, 244 of 1,603
patients (15.21%) received a continuous and subcutaneous
insulin infusion (CSII) with an insulin pump, while 1,100
(68.62%) were treated with a multiple daily injection (MDI)
(Figure 2A). Among the group receiving daily injections, 798
cases (58.71%) received four injections per day; 266 cases
(19.57%) and 259 cases (19.08%) received three and two
injections per day, respectively (Figure 2B).

During follow-up, the survey showed that the proportions of
patients monitoring blood glucose less than 14 times, 14 to 28
times, 28 to 35 times, and more than 35 times per week, were
30.78%, 16.08%, 15.20%, and 37.94%, respectively (Figure 2C).
Pre-prandial blood glucose was checked significantly more
June 2021 | Volume 12 | Article 583114
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A B C

D E F

FIGURE 1 | The diagram of predicators in T1DM children at presentation. (A) Average onset age between DKA and non-DKA groups; (B) Proportion of female
between DKA and non-DKA groups; (C) HbA1c level between DKA and non-DKA groups; (D) Frequency of DKA between patients under 5 years old and over 5
years old; (E) DKA frequency of different age groups; (F) HbA1c level of different age groups *p < 0.05, **p < 0.01,****p < 0.0001. ns p > 0.05.
A B

C D

FIGURE 2 | Insulin injection and blood glucose monitoring. (A) Intensive insulin injection scheme; (B) Proportion of different daily insulin subcutaneous injection
programmes; (C) Times of self-monitoring of blood glucose per week; (D) Comparision of blood glucose monitoring times between pre-prandial blood glucose and
2h-post prandial blood glucose. MDI, multiple daily subcutaneous injections; CSII, continuous subcutaneous insulin infusion; T, times of self-monitoring of blood
glucose ****p < 0.0001.
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frequently than 2-h post-prandial blood glucose (14.17 ± 0.28
times per week vs. 10.65 ± 0.28 times per week; t=8.8; P < 0.0001;
Figure 2D).

Insulin Available Access and Sources of
Diabetes Education
All the patients received insulin therapy during their period of
hospitalization. We were specifically interested in identifying the
number of patients who were unable to acquire their insulin in
time. Data analysis showed that 4.74% of the children surveyed
could not receive insulin in time: 19.74% for financial reasons,
27.63% due to shortages of insulin preparations, 26.32% due to
the failure of the parents or guardians to obtain the medicine in
time, and 26.32% for other reasons.

The patients and their guardians were able to receive diabetes
education from their doctor when they visited at clinic. In
addition, most of parents and guardians were able to receive
education from other sources. Among all the patients and
guardians surveyed, 96.16% received diabetes education from
health workers (including pediatric endocrinologists and
diabetes nurses), 45.89% from books, 31.25% from the internet,
24.64% from newspapers and televisions, 21.79% from other
patients with diabetes, and 10.54% from the manufacturers of
insulin (Figure 3A). Further analysis showed that 42.05% of
patients obtained their knowledge via one channel, 16.34% via 2
channels, and 40.71% via 3 or more channels (Figure 3B).
DISCUSSION

According to data released by IDF in 2017, 1.1 million children
and adolescents (<20 years of age) have T1DM around the world
and 80% of these children reside in low- and middle-income
countries (8). In recent years, the number of children with T1DM
has been rising steadily (5, 9). However, prior to the present
study, little was known about the status of Chinese children
with T1DM.

In this cohort, children under 3 years of age accounted for
13.72%, which was higher than 3.61% reported from the United
States in 2009 (10). The proportion of children older than 9 years
in China was very similar to that reported in the United States in
Frontiers in Endocrinology | www.frontiersin.org 5
2009 (10). Children with a positive family history of diabetes,
including T1DM and T2DM, accounted for 21.54% of the total
cohort. This suggested that genetic factors might represent a
high-risk factor for the development of T1DM in Chinese
children. A previous study, undertaken in Asturias, Spain
showed that 14.4% of children with T1DM under 14 years of
age had a family history of T1DM, and 29.4% of children had a
family history of T2DM (11). The differences between these two
countries need to be investigated further. It is possible that race
and environmental factors might underlie these observations.

At the first diagnosis, 978 cases (61.01%) tested positive for
T1DM-related antibodies. The proportions of children who were
positive for GADA, IAA, and ICA, were 29.4%, 15.2%, and
11.8%, respectively. In a previous Brazilian study, the frequency
of antibody positivity was 56.8% for GAD, 43.7% for ICA, and
26.3% for IAA (12). Of the 241 T1DM patients presenting at <15
years of age in Melbourne, Australia, 58.9% of cases were GAD
seropositive and 42.3% were IAA seropositive. Factors associated
with elevated IAA antibodies included younger age and the red
hair phenotype. Factors associated with elevated GAD antibodies
included a lower birthweight and recent eczema (13). This study
showed antibodies positive were lower in Chinese children with
T1DM than that in other countries. In Weng’s study (6), 73.5%
of the T1DM patients’ age are 0 to 14 years had at least one
positive test result for diabetes autoantibodies, including GAD,
the insulin antigen 2, ICA, IAA, and Zn8. But there was no
specific percentage of each antibody positive presented in this
report. In our study, the reasons for the low positive rate of
diabetes-re lated antibodies may be: 1) Laboratory
standardization of each center was not uniform which may
lead to false negatives. 2) The patients were newly diagnosed,
and the course of the disease was not long. 3) The age
distribution were different and antibodies may be related to
age. In general, the difference in the frequency of antibodies
positivity between Chinese and other populations need
further study.

DKA is a serious complication of T1DM and an important
cause of T1DM-related death in children (14–16). The incidence
of DKA is highest in low- and middle-income countries (17), but
remains unacceptably high even in high resource countries
around the world. In this study, more than half of the children
A B

FIGURE 3 | Diabetes education in patients and guardians. (A) Relevant sources for diabetes education. (B) Education channels of obtaining diabetes knowledge.
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(52.03%) surveyed initially presented with DKA; this was higher
than that reported previously in French children (43.9%), Polish
children (23%) and Kuwaiti children (35.6%) (18–20). Studies
arising from the USA also reported that 34-46% of patients
presented with DKA (21, 22). The incidence of DKA was
reported to be much higher in Chinese children with T1DM
(6) than children in other developed countries and was similar to
that of India (>50%) (23). A single-center study in Pakistan
reported that 83% of children with T1DM were admitted to the
ICU as a direct result of DKA (16). Therefore, in countries with a
low incidence of T1DM (such as China), the awareness for DKA
tends to be low while the rate of DKA is high. In contrast, the rate
of DKA is much lower in countries with a high incidence of
T1DM. This may likely reflect education and public awareness.
ISPAD/the Life for a Child Program (LFAC) emphasis on
increasing awareness not only of general population with
posters in schools and markets has been successful in LFAC
sites around the world in many low and medium resource
countries but also in high resource countries like Italy and
Canada for same reasons. Focused availability of ongoing
pediatric and adolescent DKA lectures to emergency room and
pediatricians and general practitioners helps in addition to the
poster campaigns (24).

According to a previous study, DKA was more frequently
encountered in children <5 years of age (25). Another study
reported that severe DKA was more common in children <3
years of age (26). At presentation, the mean age in DKA group
was significantly lower than that in non-DKA group. This suggested
that younger children are more likely to present with DKA as the
initial symptom and should be assessed carefully in clinical practice
(14). This study also indicated that the frequency of DKA was
significantly higher in females than in males. A previous study
reported that the incidence of DKA was significantly higher in
females than in males after treatment (27). Nonetheless, the specific
reasons for the higher frequency of DKA in girls than boys have to
be elucidated. Iovane et al. reported that children under 5 years old
had higher frequency of DKA (25). In the present study, we did not
identify differences in the frequency of DKA between children <5
years of age and those over 5 years of age. We further analyzed the
frequency of DKA in groups under 3 years of age, 3 to 7 years of age,
and 7 years of age or older. The data indicated that under 3 years of
age were more likely to present with DKA than older children and
this was in accordance with Bui’s report (28). After 3 years of age,
the frequency of DKA has been shown to be independent from age
(28). Szypowska reported that Children <3 and <5 years of age were
at higher risk of DKA but not of severe DKA (29). Several potential
reasons would explain why younger children can be at a higher risk
of DKA. Early symptoms of diabetes may be missed in young
children because frequent vomiting and increased work of breathing
which are frequently observed symptomsmay be expected by health
care worker as well as parents to be from other explanations.
Younger children are less likely to have free access to fluids and
may be more severely dehydrated and acidotic at presentation (26).

There was no significant difference between the DKA group
and the non-DKA group in terms of HbA1c level. Further
analysis showed that younger children actually had lower
Frontiers in Endocrinology | www.frontiersin.org 6
HbA1c levels than older children. In younger children with
T1DM the medial care providers need to be more vigilant
about the possibility of DKA and its complications like
cerebral edema and death even if the HbA1c level was not so
high. The underlying related mechanism between DKA and
HbA1c in different age was uncertain but may reflect actual
duration of symptoms pre-diagnosis.

Intensive insulin therapy is very important for children with
T1DM (30). The Diabetes Control and Complications Trial has
demonstrated that intensive therapy effectively delays the onset
and slows the progression of diabetic retinopathy and
nephropathy when initiated in adolescent subjects (31, 32). In
this study, the patients were still predominantly receiving
multiple daily subcutaneous injections of insulin. The
proportion of patients using insulin pumps was only 15.21%,
much lower than that reported for developed countries: 50% in
patients < 6 years of age in the United States, and 74% in
Germany and Australia (33). Most studies suggest that insulin
pump therapy is more conducive to blood glucose control and
can achieve lower HbA1c levels, less hypoglycemia (especially
nocturnal hypoglycemia) and greater time in range so
minimizing long-term complications (34–36). The use of
insulin pumps might be related to the level of economic
development in China or lack of universal health insurance
coverage. Most of the users we surveyed were from developed
regions so deductible amounts not just for insulin and blood
glucose strips but also for high-cost technology like pumps and
sensors may be key factors.

The timely treatment of childhood diabetes and the
availability of medicines depend largely on parents or
guardians. During the survey period, inpatient diabetic patients
in China were covered by medical insurance for major illnesses,
while outpatients were not covered by medical insurance.
Therefore, the patients had to pay for insulin preparations,
blood glucose testing strips, meters, pumps. In this study,
approximately 4.74% of children could not receive their insulin
within an acceptable period of time, although most children
could receive insulin treatment in time. Among the group
children, the key factors were due to financial insufficiency,
shortages of insulin preparations, and failure of the parents or
guardians to obtain the medicine in time. These data suggested
that the government and medical insurance companies should
pay more attention to enhancing patient follow-up and
insulin supply.

Blood glucose monitoring plays an important role to lower
the rate of T1DM-related complications during follow-up. In the
present study, approximately 37.94% of Chinese children were
able to complete standard blood glucose monitoring (more than
35 times per week) (37). However, up to 30.78% failed to check
their blood glucose timely or only check occasionally (<14 times
per week). Insufficient blood glucose monitoring might result in
less home adjustments and high occurrence of hypoglycemia.
These data indicated that health education still need to be
enhanced. Most children and guardians checked their pre-
prandial blood glucose but tended to ignore the 2-h post-
prandial blood glucose. One key reason was that most of
June 2021 | Volume 12 | Article 583114
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children were attending kindergartens and schools during the
day. Another reason was that the parent and guardians were
likely also often fearful of societal or peer negative responses so
kept the diagnosis secret from teachers, coaches and others at
some risk to the child with diabetes. In addition, insulin type
such as older or analogue affect the glycemic control and less
severe or lower time below range overall occurs. More details
should include the information (38, 39).

In China, diabetes education mainly relies on the medical
staff, specifically who are engaged in the care of diabetes. This
survey showed that the vast majority of children and guardians
still received diabetes-related information through medical
workers such as their doctors and nurses but no dieticians or
social workers/psychologists with a small number obtaining
information via multiple sources. In recent years, the
increasing application of communication networks has led to
the increased application of distance education in the
management of chronic diseases. Diabetes camps, group
diabetes outpatient teaching of self-management of blood
glucose monitoring and diabetes-related health education via
internet-based sources has improved dramatically over recent
years (40, 41). Although the internet for diabetes education is
increasing, its supervision and standardization need to be
strengthened and resourced with Chinese language and
society/food patterns, school staff awareness and participation
and better available and resourced multidisciplinary health care
team (42).

This study has certain limitations that need to be considered.
Firstly, since the participating hospitals or centers were located in
regions of various economic levels, the medical resources located
in these regions may well exhibit variation in terms of quality and
quantity. It is possible that these factors may result in bias.
Secondly, this study did not survey all patients from the 25 cities.
Consequently, we were unable to calculate the precise incidence
of T1DM in China. Thirdly, since HbA1c levels were not
obtained regularly, we were unable to demonstrate how the
levels of HbA1c change. Cost barriers and other factors which
explain the lack of outpatient diabetes follow-up care coupled
with costs of paying for more frequent lab work such as HbA1c
will likely need to be addressed as well after therapy.

In summary, this multi-center study provided an enhanced
understanding of the characteristics of children with T1DM in
China and indicated that the control and management of T1DM
in children remains a formidable challenge.
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