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ABSTRACT

Type 1 Diabetes Mellitus (T1DM) is a common chronic metabolic disease that alters insulin production by
pancreatic beta cells. The prevalence of T1DM has been increasing by trend from 7.78 per 100,000 population in
1990 to 11.07 per 100,000 population in 2019. T1DM usually affects children, adolescents, and young adults.
T1DM is an autoimmune disease characterized by autoantibody formation of pancreatic beta cells. The
development of T1DM is associated with a multifactorial process, involving genetic, epigenetic, and
environmental factors. One of the concerning conditions in patients with T1DM is dyslipidemia as it increases
atherosclerotic cardiovascular disease (ASCVD) risk. Dyslipidemia in T1DM could be the result of poor glycemic
control, hyperinsulinemia by subcutaneous insulin injection, and obesity in association with chronic
inflammation. The management of dyslipidemia in pediatrics with T1DM has advanced lately. Distinct to adults,
glucose control and LDL goals differ and drug therapy is indicated to those above 10 with specific criteria. Later
guidelines show different management approaches, particularly the use of lipid-lowering drugs. Thus, this
study aims to review the current management of dyslipidemia in Pediatrics with T1DM.

Keywords: type 1 diabetes mellitus; dyslipidemia; pediatrics; early diabetes diagnosis; quality treatment for
children; increasing life expectancy.

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic This path mechanism severely disturbs body

syndrome that is caused by the body's inability to
produce sufficient amounts of insulin or the lack of
adequate insulin action in the tissue [1]. This will
result primarily in the alteration of glucose
metabolism homeostasis leading to uncontrolled
blood glucose. Type 1 diabetes mellitus (T1DM) is a
type of DM that is categorized as an autoimmune
disease, marked by autoantibody production to
beta pancreatic cells resulting in the destruction of
the body's main source of insulin production [2].
Thus, the hallmark of T1DM is the reduction of
insulin available for use in the circulation.

glucose metabolism and could spread to various
pathologic conditions and complications if not
managed closely. The incidence of T1DM has been
increasing since 1990. The latest global burden
study shows that 11.07 per 100.000 population
globally suffer from T1DM in 2019 [3]. This number
shows a significant increase in T1DM prevalence
from 7.78 per 100.000 population in 1999. Even
though management approaches have advanced in
the past decades, the mortality rate of patients with
T1DM continues to increase from 5,701.19 in 1999
to 6,123.04 in 2019 which shows a 7.40% increase
in mortality [3].
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This increasingly global burden trend has alerted
physicians to the need for further research and more
effective management in patients with T1DM.

With the disruption of glycemic control in T1DM,
several metabolic conditions may emerge and
further increase the risk of morbidity and mortality
in TIDM. One of which is dyslipidemia, which is
marked by abnormalities in the lipid profile,
including triglyceride, cholesterol, and lipoprotein in
T1DM [4]. This is caused by poor glycemic control
and also partly due to the hyperinsulinemia which is
caused by percutaneous insulin injection commonly
used in T1DM [4]. The hazardous effect of
dyslipidemia in T1DM is shown by the increased
cardiovascular disease risk in T1DM with
dyslipidemia compared to those without
dyslipidemia. This shows the importance of both
glycemic and lipid control in patients with T1DM.

Individuals with T1DM need strict monitoring and
comprehensive lipid control to prevent
complications, particularly cardiovascular disease
risk. Several guidelines show some different
approaches in the lipid management of T1DM [5].
Newer therapies with promising have also emerged
in lifestyle, pharmacological, and immunotherapy
[6]. Thus, a comprehensive review consisting of the
current management of dyslipidemia in T1DM is
needed. This review aims to understand the current
and novel management of dyslipidemia in T1DM.

REVIEW CONTENT

Epidemiology of Type 1 Diabetes Mellitus

Type 1 Diabetes Mellitus (T1DM) is a common chronic
disease that alters the ability of the human body to
produce insulin. Around 8.4 million people were
estimated to be diagnosed with T1DM in 2021 with a
0.34% increase in prevalence annually [7,8]. Based on
the age affected, T1DM usually affects children,
adolescents, and young adults. One study stated an
increased incidence of T1DM in adolescents and
young adults from 7.78 per 100,000 population in
1990 to 11.07 per 100,000 population in 2019 [3].
With its nature, this disease is normally diagnosed at
the age of under 14 years old, however in recent years
with more advanced technology, the mean age at
diagnosis has decreased from 12 - 14 years in 1969 -
1990 to 10 - 11.9 years in 1990 - 1999 and an even
lower mean age during 2000 - 2019 (4 - 5.9 years) [9].
With the increased prevalence of T1DMV, it was even
projected that in the year 2040, approximately 13.5 -
17.4 million people would be affected by this disease
[7]. TIDM as a chronic disease leads to many
complications, with 30% of the patients developing
end-stage kidney disease [7]. This disease also
presented a 7.40% increased mortality rate from
1990 to 2019 [9].

One study mentioned the risk factors of T1DM
include age, sex, race, genotype, and location on
geographic and seasonality [10]. As age has been
mentioned before, for the geographic location itself
the region Europe leads the number of T1DM cases.
However, based on the patient’s gender, the region
with a high incidence of T1DM reported a male

dominant, meanwhile, it is female dominant in
regions with low incidence [11,12]. Agarwal et al,
conducted a study mainly focused on the race-
ethnicity affected by this disease and mentioned that
non-Hispanic black leads in the T1DM growth
compared to others [13].

Pathophysiology of Type 1 Diabetes Mellitus

The classic process of TI1DM involves an
autoimmune process that is characterized by insulin
deficiency [1]. T1DM is an autoimmune disease with
autoimmunity towards pancreatic beta cells,
characterized by anti-islet autoantibodies, and is
usually associated with multiple autoimmune
diseases [14]. From this recent review in 2023, we
can see how closely T1DM is related to various other
autoimmune diseases, showing one of the major
features of most autoimmune diseases, which proves
individuals with other autoimmune diseases [14].
This shows that the pathophysiology of T1DM is far
more complex, which includes a complex
multifactorial process orchestrated by genetic,
epigenetic, and environmental components [15].

One of the genetic factors that has been widely
researched is the association of human leukocyte
antigen (HLA), which is known as the major
histocompatibility factor in humans, with the
autoimmune risk of TIDM. HLA has roles in almost
every other autoimmune disease [16]. One of the
earliest studies of T1DM shows that a specific type of
HLA, which corresponds to HLA-DRB1*04 has
observed the association of this HLA subtype with
lymphotoxicity towards pancreatic beta cells which
causes the destruction of these cells [17]. Later
studies in 2006 have further proven this type of
HLA, shown by a positive correlation between HLA-
A1-B8-DR3, a newer nomenclature of the same HLA
haplotype, with T1DM [18]. A further large clinical
trial has discovered several other haplotypes of
HLA, including HLA-DRB1, HLA-DQA1, HLA-DPA1,
and several others, which all have an association
with T1DM, proving a genetical process in T1DM
pathophysiology [14]. This provides the genuinity
of T1DM as an autoimmune process by the proven
HLA association with the development of the
disease.

Even though genetics plays a major role in T1DM
pathophysiology, it seems that environmental
factors also play a role in balance with genetics. The
first factor is the exposure of microorganisms. Viral
infections such as Coxsackievirus B, an enterovirus,
cytomegalovirus, adenovirus, mumps, and rubella,
have shown a positive link in T1DM [19]. Viruses
can trigger T1DM following antigenic mimicry,
although the process is closely related to genetic
predisposition at first [20]. Another thing involving
microorganisms in relation to T1DM is the
disruption of the gut microbiome. This theory is
proven in rats which shows that a disrupted gut
microbiome is associated with a higher risk of
developing T1DM than in healthy gut microbiome
rats [21]. In humans, particularly in children with
T1DM, a similar association was also found [22].
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Deficiencies of specific micronutrients have also
been linked to T1DM. Vitamin deficiencies, for
example, have been shown to affect pancreatic
function and contribute to the destruction of
pancreatic beta cells, together with other enzymatic
and oxidative stress catastrophes [22]. Mineral
deficiency results in the same fashion. One of which
is zinc, which is involved in various cell functions and
cytokine production, if chronically deficient, could
impair immunological function and increase
autoimmunity by damaging signaling pathways of an
immune response [23]. Furthermore, epigenetic
changes are closely related to environmental
triggers in the development of T1IDM. One study
shows that DNA methylation, together with histone
modification and RNA gene silencing shows a
mediating response for T1DM caused by exposure to
environmental triggers [24]. In conclusion, T1DM is
a multifactorial disease, far from the classical theory
of solitary autoimmune process, which requires
several factors together in the development and
progression of the disease.

Dyslipidemia in Type 1 Diabetes Mellitus
Dyslipidemia is concerning in patients with T1DM as
it is associated with a higher risk of atherosclerotic
cardiovascular disease (ASCVD) risk compared to
T1DM without dyslipidemia [5]. Lipid abnormalities
in patients with diabetes have distinct characteristics
compared to the general dyslipidemia population
[25]. In patients with T1DM, good glycemic control
usually prevents abnormalities in lipid profile, in
contrast with T2DM, which shows abnormalities in
lipid profiles from patients even with appropriate
glycemic control [26]. High-density lipoprotein
cholesterol (HDL-C) in T1DM is slightly increased,
accompanied by an increase in low-density
lipoprotein cholesterol (LDL-C), very low-density
lipoprotein (VLDL), and increased cholesterol-to-
triglyceride ratios [4]. The changes in lipid profile in
T1DM do not affect the quantities alone but affect the
function of each component in the cellular cholesterol
and lipid metabolism.

The development of dyslipidemia is known by
several mechanisms. The most popular one is caused
by poor glycemic control itself in patients with
T1DM. The prevalence of dyslipidemia was found to
be significantly higher in patients with T1DM with
poor glycemic control compared to patients with
adequate glycemic control [27]. Another study done
in Egypt also found similar findings in adolescents
with T1Dm [28]. One of the reasons is that poor
glycemic control, which is indicated by high HbA1lc
levels, could alter the metabolism of apolipoprotein,
especially Apolipoprotein-B (ApoB) [29]. The in-
depth mechanism of this is still poorly understood,
but some have linked high HbAlc levels with
oxidative stress and lipid peroxidation that could
alter lipid metabolism [20]. The harmful effect of
poor glycemic control also extends to the
development and progression of atherosclerosis
with dyslipidemia as a mediator [30].

Another mechanism is mediated by insulin
administration. Insulin is administered
subcutaneously, producing transient peripheral
hyperinsulinemia which acts as an important factor
in dyslipidemia [31]. It has been widely known that
hyperinsulinemia, particularly in T2DM, promotes
atherosclerosis through the alteration of vascular
smooth muscle and enhancing LDL-C levels in
circulation [31]. Insulin also enhances the lipid
storage mechanism by inhibiting lipolysis and
stimulating triacylglycerol synthesis which will be
stored in lipid cells [32]. Furthermore, insulin could
also increase the synthesis of cholesterol while
decreasing cholesterol absorption further increasing
cholesterol levels in the blood [33]. A newer method
of the administration of insulin using the insulin
pump shows a better lipid profile compared to
conventional insulin subcutaneous injection because
of better insulin level control [34]. This proves that
hyperinsulinemia may contribute to worse lipid
profiles in T1DM with routine insulin injection
administration.

Another mechanism is associated with a high
prevalence of obesity in patients with T1DM. Obesity
is associated with an inflammatory state due to the
cytokines produced by macrophages in the adipose
tissue [35]. The cytokines, mainly TNF and IL-1
decrease the expression of an important lipid
metabolism enzyme, lipoprotein lipase, which
reduces the body’s ability to break lipoprotein and
decreases lipid clearance. Obesity may also decrease
HDL-C levels by the inhibition of ApoA1 which is the
main component of HDL-C [36]. Obesity also
decreases the activity of lecithin-cholesterol
acyltransferase (LCAT), which is an important
enzyme in the formation of HDL-C, further
decreasing HDL-C levels. Furthermore, low HDL-C,
which has an anti-oxidative profile could increase
oxidative stress even more which could also increase
LDL-C level [37].

Management of Dyslipidemia in Pediatrics Type
1 Diabetes Mellitus

Diabetes mellitus is considered a high-risk condition
for atherosclerotic cardiovascular disease (ASCVD)
based on the new American Heart Association
guidelines [38]. In pediatric patients, based on the
guidelines the management of dyslipidemia in T1DM
does not differ from normal dyslipidemia in children,
however, there are a few differences in terms of
glucose control and LDL goal [39]. In patients with
T1DM, cardiovascular disease (CVD) remains the
leading mortality source [40]. The management of
dyslipidemia in T1DM starts at an early age, > 2 years
if there is a positive family history, or at the age of 12
[39]. The first necessary step is taking on dietary
therapy with cholesterol less than 200 mg/day and
saturated fat <7 % of total calories, drug therapy is
only recommended if the children age are >10 years
old with the criteria of: 1) LDL level = 190 mg/dl with
no CVD risk or 2) LDL = 160 mg in those with CVD. The
difference lies in the end goal where dyslipidemia in
T1DM Pediatrics targets LDL lower than 100 mg/d],
meanwhile < 130 in dyslipidemia only.
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Based on the American Heart Association, Type 1
Diabetes with dyslipidemia is categorized as high-
risk/tier I patients with an aggressive end goal of
BMI < 85% and LDL-c < 100 mg/dl [41]. The
recommendations are intensification of glucose
management, dietary evaluation with nutritionists
including monitoring of body mass index (BMI),
fasting lipids, and balance between weight and lipids.
If the dietary approach does not reach a favorable
response within 6 months, a higher level of weight
loss and exercise program is recommended prior to
pharmacologic treatment. One study assessing the
effect of exercise on T1DM demonstrated a
significantly improving dyslipidemia profile with
reduced requirements of insulin [42].

Currently, there are a lot of guidelines regarding the
management of dyslipidemia in Type 1 diabetes
mellitus. The International Society of Pediatrics and
Adolescent Diabetes (ISPAD) suggests that screening
should be taken every 5 years if initial screening at 2
years of age is normal, with ADA recommending a
three-year repeat [43,44]. However, both guidelines
recommended the initiation of statins to help lower
the level of lipids. Other guidelines, the European
Atherosclerosis Society/ European Society of
Cardiology (EAS/ESC) recommends the starting of
statin straight after the diagnosis of T1DM patients
especially in the high or very high-risk category [45].
Heading into the pharmacologic treatment of
Dyslipidemia in T1DM, statin is still the preferred
type of drug to use [45]. In spite of that, the use of
statin in the age under 10 years old is still not to be
confirmed yet except in those who suffer from
familial hypercholesterolemia. With a lot of conflict
around the use of statins at an early age, a few trials
conducted revealed that the use of statins benefits
the individual lipid profile by lowering the LDL-C
without worsening insulin resistance and increasing
the cardiac function in children [46,47]. These
conflicts around the use of statin came from the
speculation of teratogenicity with some trials in
animals supporting the claim [45,48]. Nevertheless,
future clinical trials assessing the safety should be
prioritized alongside its efficacy.

CONCLUSION

Poor glycemic control of T1DM leads to dyslipidemia
occurring in the individual. To summarize the
management of dyslipidemia in T1DM, screening to
diagnose the patient should be done earlier with age
in order to prevent the risk of ASCVD. Management
of both sides including glycemic control for diabetes
and improving lipid profile in dyslipidemia are
equally important.
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