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Insulin therapy and lipoproteins in patients
with type 1 diabetes

ABSTRACT
Knowledge on HDL cholesterol has been extended,
however, there are still unknown facts, especially
concerning HDL cholesterol, type 1 diabetes mellitus
and insulin therapy. It is known that HDL is responsible
for the transport of cholesterol to the liver. It is called
the “good cholesterol” due to its advantageous properties. HDL cholesterol reduces cardiovascular risk by
its anti-inflammatory, antioxidant, profibrinolytic and
antithrombotic effects. The influence of HDL on the
incidence of chronic complications of type 1 diabetes
has not been yet fully understood. The researchers
observed an increase in HDL cholesterol level after
initiation of insulin therapy. Significant is the fact
that insulin affects lipoprotein metabolism in type 1
diabetes, as it is the treatment of choice in this group
of patients. (Clin Diabetol 2016; 5, 4: 111–116)
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Intensive functional insulin therapy (IFI) is a recommended method of treatment for patients with DM1.
It mimics physiological pattern of insulin secretion.
Moreover, it has been shown to be superior to conventional insulin therapy in terms of metabolic control of
the disease. IFI involves adjusting doses of short-acting
insulin depending on the blood glucose levels before
meals, the amount of planned carbohydrate exchangers
consumption and anticipated exercise [1].
The Diabetes Control and Complication Trial (DCCT)
has shown the relationship between better glycaemic
control in patients treated with intensive insulin therapy
and lower risk of chronic diabetic complications such
as peripheral neuropathy, retinopathy, nephropathy
and angiopathy [2]. Moreover, this benefit effect
persist long time of observation despite worsening of
glycaemic control.
The good metabolic control of diabetes is a very
important goal of treatment. It focuses not only on
normoglycaemia, but also on lipid profile, blood pressure and body mass index (BMI) (Tab. 1).

The lipoproteins
Introduction
Type 1 diabetes (DM1) is an autoimmune disease.
Nowadays, the incidence of DM1 is still increasing. Due
to absolute insulin deficiency of patients with DM1,
insulin therapy is the treatment of choice.
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Cholesterol, triglycerides (TG) and phospholipids
are transported in the blood as lipoprotein complexes,
Table 1. Criteria for the lipid control in patients with diabetes
(Polish Diabetes Association guidelines 2016) [3]
[mg/dL]

[mmol/L]

Total cholesterol

< 175

< 4.5

LDL cholesterol

< 70

< 1.9

LDL cholesterol in young patients

< 100

< 2.6

HDL cholesterol*

> 40

> 1.0

„Non-HDL cholesterol”

< 130

< 3.4

Triglycerides

< 150

< 1.7

with DM1 (< 40 years)

*For women increase by 10 mg/dL (about 0.275 mmol/L)
LDL — low density lipoproteins; HDL — high density lipoproteins
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Table 2. The characteristic of lipoproteins [4]
Lipoprotein

Source

Diameter

Density

[nm]

[g/mL]

Composition (%)
Protein

Lipid

Major lipid

Apolipoprotein

components

Chylomicrons

Intestine

90–1000

< 0.95

1–2

98–99

Triacylglycerol

A-I, A-II, AIV, B-48

Chylomicron

Chylomicrons

45–150

< 1.006

6–8

92–94

Triacyloglycerol, phos-

B-48

remnants
VLDL

pholipids, cholesterol
Liver and

30–90

0.95–1.006

7–10

90–93

Triacyloglycerol

25–35

1.006–1.019

11

89

Triacyloglycerol,

intestine
IDL

VLDL

B-100, C-I,
C-II, C-III
B-100, E

cholesterol
VLDL

20–25

1.019–1.063

21

79

Cholesterol

B-100

HDL1

Liver, intestine,

20–25

1.019–1.063

32

68

Phospholipids,

A-I, A-II, AIV, C-I,

HDL2

VLDL,

10–20

1.063–1.125

33

67

cholesterol

C-II,

HDL3

chylomicrons

5–10

1.125–1.210

57

43

<5

> 1.210
99

1

LDL

pre-b-HDL
Albumin/FFA

Adipose tissue

> 1.281

C-III, D, E
A-I
FFA

VLDL — lipoproteins of very low density; IDL — intermediate density lipoproteins; LDL — low density lipoproteins; HDL — high density lipoproteins;
FFA — free fatty acids

while the free fatty acids (FFA) with albumins. According to size, we can distinguish 6 groups of lipoproteins:
chylomicrons, the particles of residual chylomicrons,
lipoproteins of very low density (VLDL), intermediate
density lipoproteins (IDL), low density lipoproteins (LDL)
and high density lipoproteins (HDL) (Tab. 2). Metabolism of lipoproteins can be divided into endogenous
and exogenous pathways. The former are responsible
for transporting lipids from the intestine to the liver,
the latter transfer lipids between tissues.
In the metabolic pathway of exogenous nutrients,
TG-rich chylomicrons are converted by lipoprotein lipase (LP) to residual chylomicrons particles containing
cholesterol esters, which are transferred to the liver,
where they are degraded in lysosomes. Lipoprotein lipase is an enzyme present on the surface of the capillary
endothelium, removing chylomicrons from the circulation. It catalyzes the degradation of TG in chylomicrons
to FFA and glycerol undergoing re-esterification after
penetration into the fat cells.
In the endogenous pathway TG-rich VLDL are produced in the liver and they are transformed into IDL
by LP. In further process, IDL are converted to rich in
cholesterol esters LDL. The cholesterol esters are produced in the HDL by the action of lecithin-cholesterol
acyltransferase (LCAT) and captured finally by the IDL.
The LP also removes TG from the circulating VLDL.
LDL supplies lipids to the tissues, where they are oxidized and to the adipose tissue where they are stored. The
fat is taken from the adipose tissue as FFA-related blood
albumins. HDL transport cholesterol from the tissues to
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the liver. Cholesterol is finally excreted to the bile. This
mechanism is responsible for lowering cholesterol concentration in the blood. The LDL modified by oxidation
are also captured by the macrophages, this is important
in the pathogenesis of atherosclerosis. The function of
VLDL is to transfer TG produced from the fatty acids and
carbohydrates in the liver to the extrahepatic tissues.

Characteristics of HDL
HDL is a lipoprotein containing 25% of total serum
cholesterol in humans. The reference values are 1.2–2.0
mmol/l in women and 1.1–1.8 mmol/l in men. Reduced
levels of HDL are observed in patients with insulin resistance state like obesity and type 2 diabetes [5].
HDL particles are synthesized in the liver and the
intestines. They provide a set of smaller molecules differing in parameters such as size, density and ratio of
the lipid to protein composition or physico-chemical
properties (Tab. 2). HDL particle is composed of lipids
(45%), with quantitative advantage cholesterol esters
over triglycerides, as well as proteins, called apolipoproteins (55%). The major protein components are:
apo AI, A-II, A-IV, CI, C-II, C-III, D, E, J. Apo AI and apo
A-II represent 90% of all proteins contained in the HDL
molecule in ratio of 4:1. On the basis of used methodology several classifications of HDL lipoproteins can be
established. Depending on the density of HDL particle,
we can distinguish the following sub-classes:
—— HDL 2 — large, containing 3–4 times more cholesterol esters and triglycerides;
—— HDL 3;
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Table 3. Factors affecting the lipoprotein HDL. Adapted and modified from “The biology of HDL lipoprotein and its
antisclerotic activity” [6]
Factors increasing level of HDL

Factors lowering level of HDL

Low body weight

Obesity, low physical activity

Female

Male gender, cigarette smoking

Physical activity

High carbohydrate diet

Ethanol in small amounts

Diabetes, kidney disease, liver failure

Deficiency HMG-CoA reductase

Drugs: beta-blockers, thiazides, probucol

Estrogens, glucocorticosteroids

Androgens, progestogens

Fibrates and niacin

Isolated low HDL, gene mutation apo A-I,

High-fat diet

Tangier disease

HMG-CoA — 3-hydroxy-3-methylglutaryl-coenzyme A; HDL — high density lipoproteins

—— lower HDL subclass Æ HDL2a, HDL2b, HDL3a,
HDL3b, HDL3c;
—— HDL 1;
—— HDL 4.
Another classification is based on the physical
and chemical characteristics of HDL particles and distinguishes 5 classes: very large, large, medium, small,
very small HDL particles. Regarding protein content of
the HDL molecule it can be divided into:
—— HDL containing proteins of apo A-I and apo A-II;
—— HDL containing only apo A-I.
There are many factors that influence the size of HDL
particles, which may increase or decrease the size. Among
these are: LCAT, phospholipid transfer protein (PLTP), and
cholesterol ester transfer protein (CETP), hepatic lipase
(HL) and phospholipase A2 (PLA2). Level of plasma HDL
may also be modulated by various factors. Low body
weight, physical activity, estrogen, insulin, high-fat diet
increase its level. Obesity, high carbohydrate diet and diabetes (insulin resistance) reduce the level of HDL (Tab. 3).
It should be emphasized that HDL lipoproteins
have beneficial effects on the human body. There is
no doubt that the most important part of their action
is the anti-atherosclerosis effect, and thus a beneficial
effect on the cardiovascular system. This is achieved by
involving HDL particles in the reverse transport of free
cholesterol from peripheral cells to the liver. In addition,
HDL inhibits the oxidative modification of LDL, exerts
anti-inflammatory effects and stimulates prostaglandin
synthesis, having together beneficial effects on reducing cardiovascular risk [6, 7].
Disorders of lipoprotein metabolism are present in
many diseases. It appears that such disturbances are
especially common in diabetes. A key development
is the absolute or relative insulin deficiency (insulin
resistance), which increases the excessive use of FFA
and reduces consumption of chylomicrons and VLDL.
This in turn, leads to elevated TG.

Insulin is a hormone regulating the mobilization of
fats. It inhibits the release of FFA from adipose tissue,
which reduces their concentration in plasma. Moreover,
it stimulates lipogenesis and synthesis of acylglycerol.
These phenomena are the result of insulin action on
glucose uptake by adipocytes through GLUT 4 (glucose
transporter type 4). The main activity of insulin in
adipose tissue is the inhibition of hormone sensitive
lipase, which reduces the release of FFA and glycerol.
Therefore, insulin has an antilipolytic activity and highly
increases HDL cholesterol levels.

The effect of insulin therapy
on lipid profile
Insulin contributes to FFA synthesis in the liver.
This phenomenon corresponds to the stimulating
effect of insulin on glycogen synthesis. During this
process, the liver is saturated with glycogen. The liver
is no longer able to capture molecules of glucose
and therefore directs them to the path, leading to
the synthesis of fatty acids. The fatty acids are then
transported to the liver as lipoproteins. In the circulation, lipoproteins are detached, what provides FFA to
other tissues, including adipocytes, which consume
FFA to the synthesis of TG.
Insulin inhibits lipolysis in adipose tissue, through
the down regulation of the intracellular lipase. The lipase is responsible for the hydrolysis of the TG, and the
release of fatty acids. Insulin assists in the displacement
of glucose into the adipose tissue, where it is used to
synthesize glycerol. On the other hand, glycerol and
fatty acids are used to the synthesis of TG in adipocytes.
This leads to further accumulation of TG in fat cells.
Insulin stimulates lipogenesis and inhibits lipolysis.
Insulin influences the increase of HDL in patients
with type 2 diabetes. Schmitt et al. have observed
decreased levels of HDL cholesterol after treatment
change from insulin to chlorpropamide. However, after
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the restoration of insulin therapy, the authors showed
an increase in HDL cholesterol values [8].
Sinha et al. compared change in lipid parameters in
patients with type 2 and DM1 after introduction of insulin
therapy. It turned out that for patients with DM1, insulin
therapy is beneficial to all lipids component. In patients
with type 2 diabetes no such relationship was revealed [9].
In the DCCT study, lipid parameters among DM1
patients were analyzed. After 6.5 years of observation,
the level of total cholesterol (TC) and the level of LDL
cholesterol were slightly increased in patients treated
with insulin, regardless of the method. Comparison of
TC in both groups, intensive and conventional, revealed
higher increase in patients treated with conventional
method. The EDIC study compared lipid parameters in
patients over the next 13–14 years. Long-term observation of the same patients showed different results than
those presented in the DCCT. In particular, patients in
both groups presented lower TC and LDL cholesterol,
not only compared to the results after 6.5 years of the
DCCT, but also compared to baseline [2].
Wilson et al. in the study of 16 young patients
with DM1 observed changes in the concentration
of plasma lipoproteins due to the intensification of
insulin therapy. Patients were prescribed preprandial
insulin doses, and taking extra doses of NPH (Neutral
Protamine Hagedorn) insulin at bedtime. Before the
intensification of treatment, patients were receiving
only two doses of insulin per day, consisting of NPH
insulin and short-acting insulin. The proper diet was
applied. Thus, a measurement of lipid metabolism was
made respectively after 3 and 6 months. A significant
increase in HDL cholesterol after the intensification of
insulin therapy has been noted, while the concentration
of TC and TG did not change [10].
Guy et al. showed that in both, patients with well
controlled DM1 (HbA1c < 7.5%) and patients with
worse glycaemic control (HbA1c ≥ 7.5%), HDL cholesterol is higher when compared to healthy controls.
Patients with poor glycaemic control were treated
with higher doses of insulin than patients with wellcontrolled blood glucose. Among the examined groups
of patients the highest concentration of HDL cholesterol
was observed among patients with higher HbA1c [11].
That poses a question: is the increase of HDL cholesterol
directly related to the dose of insulin?
Education is inherent in the treatment of patients
with DM1. It should not only refer to the theoretical
knowledge of the disease, but also to practical skills.
Knowledge should be handed over in a progressive
and systematic way, while concurrently controlling the
state of the patients. It has been shown that patients,
who scored better result in the diabetic knowledge
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test, achieve better treatment outcomes. Regarding
the assessment of lipid parameters, better educated
patients had higher HDL and lower TC and LDL cholesterol compared with patients who achieved a lower
score in the test [12]. Araszkiewicz et al. showed that
the use of IFI as well as having adequate knowledge of
DM1, resulted in improved therapeutic effect.
It still has not been learned what are the mechanisms responsible for HDL cholesterol increase due to
insulin therapy. It is also unclear which subtypes of HDL
are affected with insulin and whether this increase in
HDL cholesterol influences the development of chronic
complications of DM1.

Influence of lipids profle
on complications of type 1 diabetes
Despite advances in the treatment of DM1, chronic
diabetes complications remain a serious clinical problem. The development of complications in DM1 is influenced by many factors. These include genetic factors,
duration of diabetes, hyperglycaemia, hypertension and
smoking. It was also demonstrated that lipid abnormalities affect the occurrence of chronic complications in
patients with DM1.
In patients with DM1 who meet all the diagnostic
criteria for metabolic syndrome (MS) (the criteria by National Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATP III) microvascular complications
were present in all of the patients. It is interesting that
the criteria for MS diagnosis, in addition to glycaemic
level, most frequently show low HDL cholesterol [13].
Rogowicz-Frontczak et al. demonstrated that dyslipidemia is a significant factor in the development of
microvascular complications (retinopathy, nephropathy
and neuropathy) in patients with DM1. Predictors of
the occurrence of diabetic microangiopathy have been
identified, showing that beyond the duration of diabetes, systolic and diastolic blood pressure, postprandial
glucose, HbA1c levels also elevated serum TG and LDL
cholesterol levels were responsible for the increased
risk of angiopathy [14].
During over a 7-year follow-up of patients with
DM1 it has been observed that patients who developed
autonomic neuropathy (CAN, cardiac autonomic neuropathy) were older, their body weight was greater, had
longer history of diabetes, had a higher waist-to-hip
ratio (WHR), systolic blood pressure, levels of HbA1c, TC,
LDL cholesterol, serum TG and lower HDL cholesterol
levels when compared with patients without the CAN.
Most patients suffered from albuminuria and retinopathy. However, after inspection and evaluation of risk
factors of CAN it turned out that neither the duration of
diabetes nor lipid parameters are no longer associated
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with the risk of CAN. HbA1c and hypertension were only
predictors of CAN development [15].
Sun et al. have attempted to determine the incidence of complications in type 1 diabetic patients with
disease duration over 50 years. Among the evaluated
risk factors affecting the occurrence of angiopathy, the
authors assessed the lipid profile. They noted correlation
between reduced HDL cholesterol level and the increased
incidence of cardiovascular disease. This drew attention
to the relationship between elevated levels of sub pre-b2
HDL with the presence of all diabetes complications,
especially nephropathy and cardiovascular disease [16].
Soedamah-Muthu et al. investigated the relationship between the prevalence of risk factors and the
occurrence of complications in patients with DM1.
The authors took into account the age, HbA1c, waist-to-hip ratio (WHR), the albumin/creatinine ratio, HDL
cholesterol and other lipid parameters. It turned out
that beyond the HDL cholesterol, all other factors were
associated with the occurrence of diabetic complications. The survey results show that the higher HDL
cholesterol, the lower risk of development of diabetic
angiopathy. On the other hand, it was shown that
the higher “non-HDL cholesterol” concentration, the
greater diabetic complications risk [17].
Molitch et al. assessed the levels of lipoproteins in
type 1 diabetic patients with micro- and macroalbuminuria, paying particular attention to HDL cholesterol.
The authors have shown that patients with albuminuria
had significantly lower HDL cholesterol levels compared
to the patients without albuminuria. Patients with complications had worse level of glycaemic control. When
analyzing the TC, it does not differ in both groups of
patients. The concentration of LDL cholesterol and TG
were higher among patients with albuminuria but did
not reach statistical significance. According to the authors, the high concentration of HDL cholesterol can be
a protective factor in the development of albuminuria
in patients with DM1 [18].
Wierusz-Wysocka et al. obtained similar observations showing lower levels of HDL cholesterol in patients
with diabetic retinopathy realted to DM1 compared
with patients without this complication. High concentrations of HDL have been associated with 5-fold less
risk of retinopathy. No difference was noted in the
HbA1c level between the two groups. This is another
study that shows that high levels of HDL cholesterol
may protect patients with DM1 from the development
of diabetic microangiopathy [19].
Recent studies focus on HDL subclasses in relation
to chronic diabetes complications. In a study of Lyons
et al. [20] an inverse relation between HDL cholesterol
level and retinopathy was found. In further analysis

authors used nuclear magnetic resonance lipoprotein
subclass profile and observed that the above mentioned
relation was, in men, strong negative with the large
HDL subclass and strong positive with the small HDL
(considered potentially proatherogenic) subclass. In
another study by Tolonen et al. [21] an inverse association between HDL and HDL2 and proliferative diabetic
retinopathy was found. A study by Medina-Bravo et al.
[22] provided an insight in HDL subclass distribution
in relation to glycaemic control. Patients with good
metabolic control were characterized by high levels of
large (HDL2b and HDL2a) and low levels of small HDL
(HDL3b and HDL3c) subpopulations. In multivariate
regression analysis, in diabetic type 1 patients with
poor metabolic control association with lower levels of
large HDL2b was found. The above mentioned studies
confirm positive association between diabetic complications, poor metabolic control and higher levels of small
HDL particles and reduced levels of large HDL particles.
Not only abnormalities of HDL cholesterol discussed in scientific papers concern incorrect subclass
distribution but also impaired HDL function. Kalogerakis
et al. [23] showed that in type 1 diabetic patients HDL
antioxidant function is decreased. In another study [22],
authors measured HDL ability to accept an excess of
cholesterol from cells that is cholesterol efflux. It has
been shown that, despite of abnormalities in HDL subclass distribution and poor metabolic control in patients
with DM1, HDL function assessed by cholesterol efflux
was comparable to healthy persons. Knowledge of
HDL subclasses and its function may help comprehend
the mechanisms responsible for vascular disease and
chronic diabetes complications and aid in implementing interventions.

Summary
Knowledge on HDL cholesterol has been extended,
however, there are still unknown facts, especially concerning HDL, DM1 and insulin therapy.
It is known that HDL is responsible for the transport of cholesterol to the liver. It is called the “good
cholesterol” due to its advantageous properties. There
are several subtypes of HDL, depending on the content
of apolipoprotein A-I and A-II. We do not know what
is their role in patients with DM1. HDL cholesterol
reduces cardiovascular risk by its anti-inflammatory,
antioxidant, profibrinolytic and antithrombotic effects.
The influence of HDL on the incidence of chronic complications of DM1 has not been yet fully understood.
There are known factors that increase the concentration of HDL lipoproteins. These are: physical activity, female sex, estrogens, and glucocorticoids. Factors responsible for the decrease in its concentration
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are: obesity, smoking cigarettes or male gender. Are
there other factors affecting the increase or decrease
of lipoprotein HDL and its composition in patients
with DM1?
The size of HDL affect several enzymes and proteins
such as: LCAT, CETP, HL and PLA2. We do not know how
in DM1, insulin affects the enzymes involved in the
metabolism of HDL, and thus the size of HDL.
The researchers observed an increase in HDL cholesterol level after initiation of insulin therapy. We do not
know whether insulin has a direct impact on qualitative and quantitative changes of lipoproteins. It is also
unknown, whether insulin promotes the increase of
HDL cholesterol only at the start of insulin therapy, or
whether this effect is maintained all the time. Moreover,
it is not known whether daily insulin requirement and
the absolute dose of insulin for the treatment of type
DM1 is important. Significant is the fact that insulin
affects lipoprotein metabolism in DM1, as it is the
treatment of choice of this type of the disease.
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