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AbstrAct

Introduct ion:  Regulatory function of renin-angiotensin-aldosterone system 
in glucose metabolism may interfere with metabolic dysregulation associated 
with the development of diabetic ketoacidosis (DKA) at type 1 diabetes (T1DM) 
onset with further impact to clinical course of the disease.
Aim:  �ur aim was to evaluate the association between general and gender-spe-�ur aim was to evaluate the association between general and gender-spe-
cific distribution of the insertion/deletion polymorphism of ACE gene (rs4340) 
and DKA development at T1DM onset in paediatric patients.
Mater ia l  and  methods :  147 children with newly diagnosed autoimmune 
T1DM from Pomeranian Province (Poland) were qualified to prospective lon-
gitudinal study. The ACE rs4340 polymorphism was analysed using polymerase 
chain reaction – allele specific amplification (ASA-PCR). DKA diagnosis and its 
severity were evaluated based on the international guidelines. Patients’ follow-up 
was conducted throughout 24 months with periodic re-evaluation of fasting C-
-peptide (FCP) and HbA1c level.
Resu l t s  and  d i scuss ion:  In study group the ACE rs4340 polymorphism was 
distributed according to Hardy–Weinberg equilibrium, without any gender-speci-
fic allocation of genotypes. A significant lower frequency of DKA development at 
time of T1DM diagnosis was observed in girls (P = 0.04). In patients with DKA de-
velopment at T1DM onset we identified significant decrease in percentage of male 
carriers of ACE rs4340 II genotype and female carriers of ACE rs4340 DD+ID ge-
notypes in comparison to subjects without DKA in anamnesis. Simultaneously in 
above subgroups unfavourable dynamics of residual β-cell function were observed.
Conc lus ions :  Modification of gender-specific trends in DKA development 
at T1DM onset associated with the ACE rs4340 polymorphism and its further 
impact to clinical course of disease requires further functional studies to develop-
ment of new additive therapeutic strategies of disease.
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1. INTRODUCTION

The angiotensin converting enzyme (ACE) plays crucial 
role in the renin – angiotensin – aldosterone system (RAAS) 
by converting angiotensin I (ANG I) to metabolically ac-
tive angiotensin II (ANG II).1 ANG II interacts mainly with 
angiotensin receptors type 1 (AT1Rs) associated with the 
major effects of ANG II and stimulation of aldosterone pro-
duction. The effects of stimulation of angiotensin receptors 
type 2 (AT2Rs) are less known, however AT2Rs expression 
is comparable to AT1R and increases during local inflam-
mation and tissue remodeling.2

Stimulation of AT1R via ANG II in pancreatic β-cells 
could lead to decreased local blood flow and reduced insulin 
secretion due to: (1) suppressing function of pancreatic glu-
cose sensor – glucose transporter 2 (GLUT2), (2) promot-
ing apoptosis and (3) production of reactive oxygen species 
(ROS) increasing oxidative stress in β-cells.2,3 Above effects 
of ANG II could be modified by the insertion/deletion (I/D) 
polymorphism of ACE gene (rs4340), which in the case of 
homozygous deletion carriers (genotype DD) could cause 
two-fold increase in plasma and tissue ACE activity in com-
parison to the insertion homozygotes (genotype II).1 How-
ever, data concerning the relationship between I/D polymor-
phism of ACE gene and glucose metabolism are divergent, 
showing differences between populations and gender.4

In the case of glucose metabolism, further local RAAS 
could be additionally involved to insulin resistance/sensi-
tivity pathomechanisms, which are modified by the same 
genetic factors.2 The RAAS deleterious axis by overstimula-
tion of AT1Rs could change the secretory profile of adipose 
tissue to more proinflammatory and insulin-resistant due to 
activation of nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase – R�S pathway.2,3,5 In skeletal myocytes 
overstimulation of AT1Rs decreases insulin-stimulated glu-
cose uptake and impairs insulin signaling by inhibition of 
translocation of glucose transporter 4 (GLUT4) (via down-
regulation of phosphatidylinositol 3-kinase (PI3K) cascade 
and promoting R�S production).2,3 AT1Rs over-signaling 
in hepatocytes leads to over-expression of phosphoenolpyr-
uvate carboxykinase (PEPCK) catalysing conversion of oxa-
loacetate into phosphoenolpyruvate and carbon dioxide.2

Imbalance between insulin and counterregulatory hor-
mones observed at type 1 diabetes (T1DM) onset, leading to  
diabetic ketoacidosis (DKA) development by enhanced lipoly-
sis with reduced glucose utilization and altered gluconeogene-
sis, could interfere with the above RAAS pathomechanisms.6 In 
the case of all above pathways associated with ATRs signaling 
there are observed some gender-specific differences in expres-
sion, levels and activity of particular proteins and enzymes.5,7,8 
Also gender-specific trends in frequency of DKA development 
at disease onset were noticed in many T1DM populations.9,10

Therefore, we conducted a longitudinal study to evaluate the 
association between general and gender-specific distribution of 
the I/D polymorphism of ACE gene and DKA development at 
T1DM onset in paediatric patients from Pomeranian Province 
in Poland with a following 24-monthly clinical observation.

2. AIM

�ur aim was to evaluate the association between general 
and gender-specific distribution of the I/D polymorphism 
of ACE gene (rs4340) and DKA development at T1DM on-
set in paediatric patients. 

3. MATERIAL AND METHODS

3.1.  Study group and protocol
The consecutive 147 children (73 boys and 74 girls; mean 
age 8.91 years, range 1.08–17.9 years) with newly diagnosed 
autoimmune T1DM from Pomerania Province in Poland 
was classified to the prospective, longitudinal study. Inclu-
sion and exclusion criteria with detailed synopsis of the pa-
tient group were given in our previous study.11 After base-
line hospitalisation at the time of T1DM diagnosis patients 
were followed-up by further 24 months.

3.1.1.  Baseline hospitalisation at  the t ime of 
T1DM diagnosis
The clinical status at the time of diagnosis (DKA or non-
DKA presentation) in each patient was established using 
the American Diabetes Association (ADA)6 and Interna-
tional Society for Pediatric and Adolescent Diabetes (IS-
PAD) guidelines.12

The baseline biochemical and serological tests – fasting 
C-peptide (FCP) concentration as residual β-cell function 
evaluation, HbA1c level and specific autoantibodies titres – 
were performed in each patient after correction of disturbanc-
es in the acid-base balance as described previously.11 Blood 
samples for genetic testing were collected at the same time 
and stored at –20˚C before use, no longer than 6 months.

3.1.2.  Follow-up of  patients
The biochemical parameters (FCP and HbA1c level) were 
controlled in each patient through 24-months of follow-up, 
with the previously described frequency:11 at 3- and 6-months 
intervals in the 1st and 2nd year of T1DM, respectively.

3.2.  ACE  I /D polymorphism genotyping
The genomic DNA extracted from the whole blood samples 
of patients (Genomic Midi AX Kits, A&A Biotechnology, 
Gdynia, Poland) was used for ACE I/D polymorphism anal-
ysis (rs4340). The chosen ACE polymorphism was assessed 
via previously described polymerase chain reaction – allele 
specific amplification (ASA-PCR).13

3.3.  Ethical  considerations
The Local Ethics Committee on Clinical Investigation of 
the Medical University of Gdańsk, Poland approved the 
protocol of study (NKEBN/213/2011). According to the 
Declaration of Helsinki, written informed consent was ob-
tained from all participants’ parents/guardians, as well as 
the participants, when applicable.
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3.4.  Statistics 14

The software R v. 3.1.1 (The R Foundation for Statistical 
Computing, Austria) was used for statistical analyses. The 
mode of data distribution was assessed using the Kolmogo-
rov–Smirnov test. Non-parametric tests were performed for 
further analysis of data with non-normal distribution. The 
data was presented as a median with an interquartile range 
(IQR) from 25 to 75. The Fisher’s exact test was performed 
for analysis of contingency tables. A P value of less than 
0.05 reflected statistically significance. Missing values were 
handled by case-wise deletion.

4. RESULTS 

4.1.  Characteristics of  the study population 
with clinical  trends specific to the gender
A clinical comparison between boys and girls in the study 
population is presented in Table 1. A significant lower fre-
quency of DKA development at the time of T1DM diagnosis 
was observed in girls (P = 0.04). Gender-specific significant 
differences in the dynamics of residual β-cell function were 
found only at the beginning of the disease (P = 0.03; girls 0.32 
ng/mL vs. boys 0.21 ng/mL). Dynamics of HbA1c levels was 
comparable between both sexes throughout follow-up period.

4.2.  Distribution of  the ACE  I /D polymorphism 
in the patient population
The allele frequency and genotypes distribution of the 
ACE I/D polymorphism in the patient group was consist-
ent with Hardy–Weinberg equilibrium and is presented in 
Table 1.

4.3.  ACE  I /D polymorphism as a modulator of 
association between gender and DKA develop -
ment at  the t ime of  T1DM diagnosis
In the entire patient population, no association between 
specified allele or genotype of the ACE I/D polymorphism 
and DKA development at the time of T1DM diagnosis was 
found. In the subgroup without DKA diagnosis at T1DM 
onset the boys and girls ratio (M : F) was similar, irrespec-
tive of the ACE I/D polymorphism (P = 0.45) (subgroup 
without DKA M : F=1.0 : 1.3; genotypes DD+ID vs. geno-
type II: M:F=1.0 : 1.4 vs. M:F=1.0 : 1.2) (Figure 1a). The 
opposite gender ratio noticed in patients with DKA devel-
opment (M : F = 1.5 : 1.0) was further modified by the gen-
otype of the ACE I/D polymorphism, in the significantly 
completely adversative manner (P = 0.007): genotypes 
DD+ID vs. genotype II M : F=2.4 : 1.0 vs. M : F=1.0 : 2.4 
(Figure 1b).

Table 1. Clinical characteristics of patients depending on the gender in the study population.

Boys
n = 73

Girls
n = 74 P value

Median of age at diagnosis, years 9.28 (IQR 4.37–12.78) 8.88 (IQR 4.9–12.71) 0.37

Tanner stage at diagnosis

Prepubertal 44 43
0.9

Pubertal 29 31

Patient’s condition at diagnosis

Without disorders in acid-base status 38 50
0.04

Diabetic ketoacidosis 31 21

Median of T1DM symptoms duration, days 14 (IQR 7–14) 14 (IQR 7–30) 0.22

Median of BMI Z-score at diagnosis 0.21 (IQR 0.65–0.48) 0.28 (IQR 0.07–0.60) 0.21

Family history of type 1 diabetes 11 12 0.59

Place of residence

Town 41 51
0.07

Countryside 32 23

ACE rs4340 (I/D) polymorphism – allele distribution

Allele D 70 57
0.06

Allele I 76 91

ACE rs4340 (I/D) polymorphism – genotypes distribution

DD 15 8

0.19ID 40 41

II 18 25

Comments: BMI – body mass index; IQR – interquartile range; T1DM – type 1 diabetes.
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Figure 1. Distribution of the ACE rs4340 genotypes in the patient group, depending on the occurrence of diabetic ketoaci-
dosis at type 1 diabetes onset: (a) subgroup of patients without DKA development at T1DM onset; (b) subgroup of patients 
with DKA development at T1DM onset.

Figure 2. Dynamics of residual β-cell function in the patient group: (a) comparison of the male carriers of ACE rs4340 DD 
+ ID genotypes depending on the occurrence of DKA at T1DM onset; (b) comparison of the male carriers of ACE rs4340 
II genotype depending on the occurrence of DKA at T1DM onset; (c) comparison of the female carriers of ACE rs4340 
DD+ID genotypes depending on the occurrence of DKA at T1DM onset; (d) comparison of the female carriers of ACE 
rs4340 II genotype depending on the occurrence of DKA at T1DM onset. Comments: black lines – median; grey pools – 
25th–75th interquartile range.

a b
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4.4.  General  trends in residual  β-cell  function 
and HbA1c level  dynamics in the patient group
The general dynamics of residual β-cell function and HbA1c 
level in the patient group throughout the 24-month follow-
up period was previously described.11 There were noticed 
no significant differences in dynamics trends of FCP and 
HbA1c level depending on the gender. The parallel time 
trends in FCP and HbA1c level were observed in the sub-
groups divided according to the DKA development at 
T1DM onset with significantly lower FCP levels through-
out the follow-up and corresponding inversely proportional 
HbA1c levels in patients with DKA development.

4.5.  The clinical  effects of  the ACE  I /D poly-
morphism in the patient group
In analysis of residual β-cell function dynamics according to the 
allele of ACE I/D polymorphism there was noticed significant-
ly higher FCP level in homozygotes II only in the 3rd month in 
comparison to DD+ID genotypes carriers (P < 0.001). Simul-
taneously in homozygotes II there were observed significantly 
higher HbA1c level at the T1DM onset (P = 0.04) and signifi-
cantly lower in 12th month of disease when compared with the 
DD+ID genotypes carriers (P = 0.03).

4.5.1.  The clinical  effects of  modulation of  the 
association between gender and DKA develop -
ment at  the t ime of  T1DM diagnosis by the ACE 
I /D polymorphism in the patient group

4.5.1.1.  The dynamics of residual β-cell  function
The specifically unfavourable dynamics of residual β-cell 
function was observed in patients with DKA development 
at T1DM onset, belonging to the gender represented in the 
lower percentage of carriers of a particular genotype of ACE 
I/D polymorphism (Figure 2): in male carriers of genotype 
II (Figure 2b) and in female carriers of genotypes DD+ID 
(Figure 2c).

In boys with genotype II of ACE I/D polymorphism and 
DKA development at T1DM diagnosis there were observed 
almost significantly lower FCP peak at 3rd month of disease 
(P = 0.05) with steady worsening of residual β-cell function 
up to undetectable FCP concentrations occurred after 12th 
month of disease. Above dynamics of residual β-cell function 
was especially detrimental and led to significant differences 
when compared to boys with genotype II and without DKA 
history, particularly in the second year of follow-up (P  ≤ 
0.04) (Figure 2b).

The DKA occurrence at T1DM diagnosis in female car-
riers of genotypes DD+ID resulted in significantly lower 
FCP levels up to sixth month of disease (P = 0.02) in com-
parison to the girls with the same genetic constitution and 
without DKA in anamnesis (Figure 2c).

In patients with DKA diagnosis at T1DM onset belong-
ing to the dominant gender represented in the carriers of a 
particular genotype of ACE I/D polymorphism, the dynamics 
of residual β-cell function indicated no specific alterations. In 
these patients were observed insignificantly lower or compa-

rable FCP levels throughout follow-up in comparison to the 
subgroups without DKA, matched according to the gender 
and genotype of ACE I/D polymorphism (Figures 2a and 2d).

All described trends in FCP dynamics in the particu-
lar subgroups throughout follow-up were independent of 
patients’ BMI z-scores. Considering daily insulin dose the 
significantly higher daily insulin doses were noticed only up 
to the 3rd month of disease in female carriers of genotypes 
DD+ID in the case of DKA diagnosis at T1DM onset.

4.5.1.2.  The dynamics of  HbA1c level
Significant differences in HbA1c level dynamics were ob-
served only in male carriers of genotypes DD+ID according 
to the DKA occurrence at T1DM diagnosis and only for a 
limited period of time – up to 6th month of disease (3rd month 
of disease P = 0.02, 6th month of disease P = 0.04).

5. DISCUSSION

To the best of our knowledge, this is one of the first studies 
to show the modulating and gender-specific influence of the 
ACE I/D polymorphism (rs4340) on the clinical onset and 
further course of T1DM in paediatric patients. In patients 
with DKA development at T1DM onset we identified signifi-
cant decrease in percentage of male carriers of ACE rs4340 II 
genotype and female carriers of ACE rs4340 DD+ID geno-
types in comparison to the subjects without DKA in anam-
nesis. Simultaneously in above subgroups the unfavourable 
dynamics of residual β-cell function were observed.

The background for explanation of our study results 
could be the dose-dependent inhibitory effect of ANG II 
on insulin secretion modified functionally by the ACE I/D 
polymorphism with subsequent gender-specific differences 
in expression, levels and activity of particular proteins and 
enzymes associated with ATRs signaling pathways.5,7,8

In insertion homozygotes (genotype II), lower ACE ac-
tivity promotes insulin secretion by inhibition of the Pi3K 
pathway due to reducing oxidative stress.2,15 The above ACE 
effect is achieved by AT2Rs stimulation, the expression of 
which increases in inflammation and metabolic stress.2 This 
promotion of insulin secretion could be limited in time by 
a direct auto-regulation of insulin receptors via insulin re-
ceptor substrate 1 (IRS-1).16 Simultaneously lower ACE 
concentration in insertion homozygotes leads to increase 
stimulation of bradykinin B1 and B2 receptors (B1R and 
B2R) in peripheral tissue due to decreased bradykinin (BK) 
degradation. This effect is exacerbated in pro-inflammato-
ry conditions by overstimulation of B1R by the active BK 
metabolite – Des-Arg9-BK, which is expressed exclusively 
during inflammation.16,17 The rate of Des-Arg9-BK degrada-
tion is lower in men and could be associated with prolonged 
stimulation of B1R leading to over-activation of mitogen 
activated protein kinase (MAP kinase) – R�S pathway and 
therefore increased level of free fatty acid (FFA).15,17 Above 
gender-differences in Des-Arg9-BK metabolism could mod-
ify intensity of lipolysis and interfere with the main DKA 
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pathomechanism, in which increased level of FFA generates 
further exacerbation of ketogenesis and gluconeogenesis.6,15 
By interference between Des-Arg9-BK – MAP – R�S path-
way and DKA pathomechanism could be explained signifi-
cantly unfavorable dynamics of FCP level in boys carrying 
genotype II of ACE I/D polymorphism, in whom DKA de-
veloped at T1DM onset, in comparison to the male carriers 
with genotype II and without DKA in anamnesis.

In female carriers of genotypes DD+ID with DKA di-
agnosis unfavorable dynamics of residual β-cells function in 
the first 6 months of disease could be associated with overlap 
of the negative effect of deletion ACE allele on insulin secre-
tion and uncoupling between AT1R and NADPH oxidase, 
which is more expressed in female.2,5 Above uncoupling, 
could lead to dysfunction of suppressive CD8+ T regulatory 
cells (CD8+ Treg) further exacerbated by DKA and thus to 
more aggressive autoimmune destruction of β-cells at the 
onset of T1DM associated with DKA presentation.18,19

Significant differences in HbA1c level dynamics noticed 
in male carriers of genotypes DD+ID depending on the DKA 
occurrence at T1DM diagnosis could be explained by the 
male-predominant expression of PEPCK, which is further 
upregulated in renal proximal tubule and hepatocytes under 
conditions of prolonged metabolic acidosis, leading to the exa- 
cerbation of hyperglycemia associated with insulin deficiency.2,6,8

 

6. CONCLUSIONS

Indicated modification of gender-specific trends in DKA 
development at T1DM onset associated with ACE I/D poly-
morphism and its further impact to the subsequent clini-
cal course of disease requires further functional researches 
to the development of new additive therapeutic strategies 
(ACE modificators) to insulin or Treg therapy in patients 
with early T1DM phase.
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