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Abstract. Type 1 diabetes mellitus (T1DM) has signifi cantly better prognosis which has led to increased cardio-vascular diseases (CVD) 
prevalence. The detection of CVD risk factors and their treatment become tasks of paramount importance. Among them, high 
blood pressure (BP) is a target of primary purpose. Aim: to explore the blood pressure values, the prevalence of hyperten-
sion (HTN) and its management in patients with T1DM with long duration and without overt CVD, in comparison to matched 
controls. Participants and methods: totally, 124 patients with T1DM were matched to 59 controls by sex, age and approximate 
body mass index (BMI). All participants fi lled in questionnaires with information on demographics, physical activity, life style, 
concomitant diseases, treatments, presence of complications, etc. Blood samples were taken for laboratory and biomark-
ers investigation. Blood pressure was measured by investigators twice and the mean of the two measurements was used. 
HTN was accepted using standard defi nitions. BP values were compared using t-test. Multiple linear regression models with 
dependent variable BP measures and age, sex, BMI, presence of T1DM, glycated hemoglobin levels, creatinine levels as 
independent variables were created. ANOVA method was used to test the interaction of sex and presence of T1DM. Results: 
The mean age of the participants was 43.47 ± 10.1 years, 54% were males. The mean duration of T1DM was 25.31 ± 8.2 
years and the mean HbA1c was 8.42 ± 1.8% for diabetic patients. The mean blood pressure measures in T1DM groups were 
higher than in controls, both in males and females. The difference reached signifi cance for SBP and pulse pressure (PP). The 
presence of T1DM independently affected the BP values, after adjusting for major confounders. The mean adjusted differ-
ences between T1DM and controls were 8.37 mm Hg for SBP, 4.92 mm Hg for DBP, and 5.19 mm Hg for PP (p < 0.001). HTN 
was signifi cantly more frequent in T1DM patients than in controls – 54% vs. 27%, p = 0.0001, mainly due to already known 
hypertension. BP control was insuffi cient – in only 36% and 13% of the treated hypertensive participants, respectively, for BP 
< 140/90 and < 130/80 mm Hg. The majority of the patients with HTN were treated with combination therapy, mostly single-
pill fi xed dosage but 30% of the hypertensive patients with diabetes did not take antihypertensive medications. Inhibitors of 
the renin-angiotensin system were the preferred class of medications. Conclusions: SBP and PP were signifi cantly higher in 
middle-aged patients with T1DM with long duration than their control counterparts. The presence of HTN was signifi cantly 
more common in T1DM. Although treated according to the current recommendations, the control of BP was far from effective. 
These results show the need for constant screening of patients with T1DM for HTN and other risk factors and for more ag-
gressive antihypertensive treatment to prevent future CVD events.
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Iඖගක඗ඌඝඋගඑ඗ඖ
Since the invention of insulin 100 years ago, pa-

tients with Type 1 Diabetes Mellitus (T1DM) are con-
stantly improving their prognosis and life expectancy 
[1, 2]. At the same time, the incidence is constantly and 
steadily rising [3-5], especially in certain geographical 
regions and ethnical minorities [6-8]. The patients with 
T1DM still have higher mortality and morbidity than 
the general population [9-11]. As the life-expectancy 
in T1DM patients is rising, they become more prone 
to developing atherosclerotic cardiovascular diseases 
(ACVD) [12-16]. The search for CVD risk factors be-
comes of crucial importance, especially in patients with 
long duration of T1DM and at middle age. Previous 
studies have shown that the prevalence of such CVD 
risk factors is higher in patients with T1DM than their 
aged-matched healthy controls [17-22], like hyperten-
sion (HTN), dyslipidemia and others.

Hypertension is the most common health problem 
in humans over 18 years [23]. Its frequency is increas-
ing with age, more evident in females [24-26]. HTN is 

the most important independent risk factor for CVD 
morbidity and mortality in the community worldwide [23, 
27-29]. High blood pressure is also a major contribut-
ing factor for the development of diabetic nephropathy 
[30]. The occurrence of HTN was found to be about 
one in fi fth patients with T1DM in earlier study [31], 
with younger population but more recent data showed 
that the prevalence of HTN is almost twice more and is 
about 43% [32]. The eff ective management of HTN in 
diabetic patients reduces the adverse cardiovascular 
events [33-38].

The aim of the present study is to evaluate the 
blood pressure, the presence of HTN, and its manage-
ment in patients with long-lasting T1DM compared to 
controls without glycemic excess. 

Mඉගඍකඑඉඔ ඉඖඌ ඕඍගඐ඗ඌඛ
We invited the patients with T1DM who were in-

cluded in the register of T1DM children in the Depart-
ment of Pediatrics of the University Hospital “Sveta 
Marina” – Varna, Bulgaria, to participate in a survey 

Резюме. Прогнозата при тип 1 захарен диабет (Т1ЗД) се е подобрила значимо през последните десетилетия, което води 
до по-висока честота на сърдечно-съдовите заболявания (ССЗ). Откриване на рисковите фактори за ССЗ става 
задача от първостепенно значение. Сред тях високото артериално налягане (АН) е една от най-важните цели. 
Цел: да се проучат стойностите на АН, наличието на артериална хипертония (АХ) и лечението ѝ при болни с Т1ЗД 
с дълга давност и без известни ССЗ в сравнение с подбрани контроли. Материал и методи: Общо 124 болни с 
Т1ЗД са сравнени с 59 контроли, подбрани по сходна възраст, пол и индекс на телесна маса (ИТМ). Всички учас-
тници са интервюирани за демографски характеристики, физическа активност, начин на живот, придружаващи 
заболявания, лечение, наличие на усложнения и др. Взети са кръвни проби за изследване на лабораторни 
показатели и биомаркери. АН е измерено двукратно и е взета средната стойност от двете стойности. АХ е де-
финирана по стандартен начин. Стойностите на АН са сравнени с помощта на t-тест. Приложен е множествен 
линеен регресионен анализ, с независима променлива АН и с независими променливи възраст, пол, ИТМ, нали-
чие на Т1ЗД, нива на гликиран хемоглобин и стойности на креатинин. Методът ANOVA е използван за изследване 
на интерактивна възка между пол и наличие на Т1ЗД. Резултати: средната възраст на участниците е 43,47 ± 
10,1 години, като 54% са мъже. Средната давност на Т1ЗД е 25,31 ± 8,2 год. и средните нива на HbA1c са 8,42 
± 1,8% за диабетиците. Средните стойности на АН в групата с Т1ЗД са били значимо по-високи, отколкото в 
контролната, еднакво и при двата пола. Разликата достига статистическа значимост за ситолното АН (САН) и за 
пулсовото налягане (ПН). Наличието на Т1ЗД независимо повлиява стойностите на АН, след корекция за основни 
замъгляващи фактори. Средната коригирана разлика в АН между лицата със и без Т1ЗД е била 8,37 mm Hg за 
САН, 4,92 mm Hg за ДАН и 5,19 mm Hg за ПН (p < 0,001). АХ е значимо по-честа при болните с Т1ЗД отколкото 
при контролите – 54% vs. 27%, p = 0,0001, основно за сметка на вече известна хипертония. Контролът на АН е бил 
незадоволителен – стойности на АН < 140/90 и < 130/80 mm Hg са били достигнати съответно само при 36% и 13% 
от лекуваните хипертоници. Мнозинството от участниците с АХ са на комбинирана терапия, главно фиксирана 
комбинация в една таблетка, но 30% от хипертониците с Т1ЗД не са били лекувани въобще за повишеното си АН. 
РАС-инхибиторите са били най-използваният клас медикаменти. Изводи: САН и ПН са значимо по-високи при 
болни с Т1ЗД на средна възраст и с дълга давност на заболяването. АХ е сигнификантно по-честа при наличие и 
на Т1ЗД. Въпреки че са лекувани според съвременните препоръки, постигнатият контрол на АН е далеч от опти-
малния. Резултатите показват необходимостта от постоянен скрининг на болните с Т1ЗД за АХ и други рискови 
фактори и за по-агресивно антихипертензивно лечение с цел намаляване на бъдещи ССЗ инциденти.

Ключови думи: тип 1 захарен диабет, артериално налягане, артериална хипертония.
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for the presence of CVD risk factors. The register is 
the only one in the region of Eastern Bulgaria. We 
have included only these patients at age > 18 years, 
with disease duration > 15 years, and without history 
of CVD. The other source were local endocrinology 
practices, both ambulatory and hospital. Exclusion 
criteria were: T2DM; duration of T1DM < 15 years; 
participation in clinical trials; major psychiatric prob-
lem which aff ects the ability to take informed consent 
by him/herself; signifi cant disability and/or invalida-
tion; more than 3% increase in body weight during 
the last 3 months; known present CVD (myocardial 
infarction or other vascular event); acute disease or 
other acute condition at inclusion (except diabetic ke-
toacidosis (DKA) or hypoglycemic event), with option 
to postpone the inclusion for later time; pregnancy; 
for patients with T1DM – severe hypoglycemic or DKA 
events in the past 3 months; documented severe mi-
crovascular diabetic complications; unwilling to sign 
informed consent. Overall, 124 patients with T1DM 
agreed to participate and signed informed consent. 
Then, we invited 59 participants who were matched to 
be at similar age ± 2 years, were of the same sex, and 
had similar body mass index (BMI) but did not have 
history of DM or CVD to become controls of the cases. 
Thus, the pre-specifi ed ratio 2:1 between cases and 
controls was fulfi lled. 

All participants fi lled in questionnaires with demo-
graphic data, their socioeconomic status, the family 
history, everyday activities, diet, treatment, concomi-
tant diseases, etc. The physical activity was measured 
by accelerometers. Fasting blood samples were taken 
for laboratory assessment. 

For the purpose of this study, BP was measured 
twice by trained physicians (K.T., T.C) after at least a 
5-minute rest and with 2-minute intervals between the 
two measurements. The BP was measured using a dig-
ital electronic device Omron M6 AC (OMRON Health-
care, Japan) with the appropriate cuff  for each par-
ticipant. The mean of the two separate measurements 
was used in the analysis. The pulse pressure (PP) was 
calculated as the diff erence between systolic BP (SBP) 
and diastolic BP (BP). The pulse was measured for 60 
seconds in sitting position during the interval between 
the two BP assessments. Presence of HTN was de-
fi ned as BP > 140/90 mm Hg, positive history of HTN, 
or antihypertensive treatment in the questionnaire. 
Each individual drug used was classifi ed according to 
the pharmacological group it belonged to. Control of 
HTN was assessed using both the ESH [39] and AHA 
[40] guidelines criteria.

The study was approved by the Ethical Commit-
tee of Medical University, Varna, Bulgaria #75/07 June 
2018. Every participant signed informed consent. 

 Statistical analysis
BP values are presented as mean ± standard de-

viation. The categorical data are presented as numbers 
and percent. Continuous variables are compared using 
independent samples t-test and Kolmogorov-Smirnov’s 
test for non-normally distributed variables. For categor-
ical data, chi-square test or Fisher’s exact test in case 
of small cell numbers are used. The univariate ANOVA 
analysis is used to assess the interaction on BP be-
tween sex and disease presence. A linear regression 
analysis with SBP, PP and DBP as dependent vari-
ables, and age, sex, BMI, presence of T1DM, glycated 
haemoglobin levels, creatinine levels, as independent 
predictors, is applied. Stepwise approach for selection 
of the predictors is used, with p < 0.05 for entry in the 
model and < 0.1 to remove from the model. 

Statistical signifi cance is accepted at p < 0.05, un-
less otherwise stated.

Rඍඛඝඔගඛ
A total of 124 patients with T1DM, at a mean age 

43.47 ± 10.1 years and 53% males, and 59 controls, at 
a mean age 42.68 ± 10.4 years and 56% males, were 
enrolled in the study. The mean duration of T1DM was 
25.31 ± 8.2 years, 95% CI 23.85-26.78 years, and me-
dian 24 years. The average glycated haemoglobin in 
the diabetic group was 8.42 ± 1.8% (68.5 ± 8.8 mmol/
mol), 95% CI 8.11-8.73% (65.1-71.9 mmol/mol). 

Blood pressure in diabetic and control 
subjects
The BP values of T1DM and control participants 

are shown on Table 1. 
The presence of T1DM independently aff ected the 

BP values, after adjusting for major confounders. The 
linear regression models for SBP, DBP and PP are pre-
sented on Table 2. The presence of T1DM signifi cantly 
and independently increased the BP measures. The 
mean estimated by the models diff erence in SBP to 
controls was 8.37 mm Hg, in DBP – 4.92 mm Hg and in 
PP – 5.19 mm Hg.

Prevalence of hypertension
HTN was present in 84 (45.4%) of all patients. It 

was signifi cantly more frequent in patients with T1DM 
than in controls – 67 (54%) vs. 17 (27.1%), p = 0.001 by 
χ2 test, as well as in males than in females – 55(55.6%) 
vs. 28(33.3%), p = 0.003 χ2 test. There was signifi cant 
interaction between sex and T1DM (Fig. 1). 

Previous history of HTN had 63 (34%) of all partic-
ipants. It was twice more common among T1DM pa-
tients than in the controls – 51(41.1%) vs. 12 (20.3%), 
p = 0.001. High BP values for the fi rst time were detect-
ed in 15 (25.4%) of the T1DM participants vs. 4 (25%) 
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of the controls, p = NS. In the diabetic group, there was 
no diff erence in the newly detected BP levels between 
the patients with good or insuffi  cient glycemic controls 
– 20% vs. 13% (p = 0.275), as well as between various 
modes of Insulin treatment (p = 0.243) 

Hypertension was controlled in only 30 (36%) of 
all participants with HTN according to the ESH/ESC 
targets, with no diff erence between T1DM and control 
groups – 35.8% vs. 37.5%, p = 0.9. If the more strin-
gent targets were used according to AHA/ACC guide-
lines, then only 13.25% had BP control, again without 
diff erence between the two groups. 

There was no diff erence in BP control for patients 
with poor or excellent T1DM control according to their 
HbA1c levels – 20% vs. 19%, p = 0.85. The same was 
true for various treatment Insulin regimens (p = 0.57, 
Kendall’s tau b test)

Treatment of hypertension
No therapy at all had 28% of all hypertensive par-

ticipants and was more common in T1DM than in the 
control group – 30% vs. 19%, p = 0.485. Monothera-
py was used overall in 32%, 30% vs. 37% in the sub-
groups, while combination therapy was used in 40% of 

Table 1. Blood pressure in patients with and without Type 1 Diabetes Mellitus by sex categories

Type 1 DM Controls p*
All Males Females All Males Females

SBP (mm Hg)** 128.17 ± 18.9 135.26 ± 18.4 120.09 ± 16.1 121.13 ± 15.3 127.23 ± 13.1 113.38 ± 14.5 0.005

DBP(mm Hg)** 80.28 ± 10.0 83.14 ± 9.5 77.03 ± 9.6 77.98 ± 10.7 80.42 ± 11.2 74.88 ± 9.3 0.123

PP (mm Hg)** 47.89 ± 13.5 52.13 ± 12.8 43.06 ± 12.6 43.14 ± 11.3 46.8 ± 9.2 38.5 ± 12.1 0.011

DM – diabetes mellitus; SBP – systolic blood pressure; DBP – diastolic blood pressure; PP – pulse pressure 
*signifi cance level for the diff erence between all cases vs all controls, univariate ANOVA analysis. 
**P for interaction between sex and study group: 0.798 for SBP, 0.858 for DBP, 0.654 for PP.

Table 2. Linear regression models using stepwise approach for selection of predictors. Independent variables: sex, 
age, presence of T1DM, BMI, creatinine, glycated hemoglobin

Model Beta coeffi  cient Standard error p

SBP
Constant
Sex male/female
T1DM yes/no
BMI
Age
Creatinine

111.75
-11.84
-8.37
0.84
0.29
0.10

9.70
2.34
2.45
0.27
0.12
0.05

<0.0001
<0.0001

0.001
0.002
0.013
0.023

DBP
Constant
BMI
Sex male/female
T1DM yes/no

72.41
0.72
-4.92
-3.24

5.16
0.16
1.40
1.49

<0.0001
<0.0001

0.001
0.031

PP
Constant
Sex male/female
Age 
Creatinine
T1DM yes/no 

40.38
-7.07
0.36
0.10
-5.19

5.86
1.72
0.08
0.03
1.80

<0.0001
<0.0001
<0.0001

0.004
0.004

Fig. 1. Hypertension frequency by study group and by sex. Testing 
for gender diff erences: p = 0.008 for T1DM and p = 0.085 in 
controls
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all hypertensive patients, more often in controls (43%) 
than in T1DM (39%). All comparisons were non-sig-
nifi cant. The most common antihypertensive class of 
drugs used in HTN patients was ACE-inhibitors (37%), 
followed by beta-blockers (31%), ARBs (23%), diuret-
ics (22%), calcium-channels blockers (19%), central 
acting drugs (10%). There was no signifi cant diff erence 
between T1DM and controls. Single-pill fi xed combi-
nations were preferred in the majority of the patients 
using combinations – in 20 (61%) of those using more 
than one drug. The controls were more often on fi xed 
single-pill treatment – 6 (86%), than the patients with 
T1DM – 14 (54%) but probably due to the small num-
bers this diff erence was not signifi cant (p = 0.2, Fish-
er’s exact test).

Dඑඛඋඝඛඛඑ඗ඖ
In this study, signifi cantly higher SBP and PP and a 

trend to higher DBP were found in patients with T1DM 
compared to controls, irrespective of their gender. The 
mean diff erence in BP between the two groups was 
8.4/4.9 mm Hg. It is known that the higher the blood 
pressure, the higher is the risk of CVD which doubles 
with each 20/10 mm Hg rise of BP above 115/75 mm 
Hg [41]. There is a vast amount of data which shows 
that SBP and PP are more important prognostic fac-
tors of CVD morbidity and mortality than DBP [42-44]. 
This is especially true for diabetic patients with HTN 
[45]. One important explanation is the increased ar-
terial stiff ness in patients with T1DM, compared to 
healthy controls. It increases with age and duration of 
T1DM [46, 47]. The increased arterial stiff ness could 
result from insulin resistance, collagen increase due 
to inadequate enzymatic glycation, and endothelial 
and autonomic dysfunction. It positively correlates with 
systolic blood pressure, obesity, glycated hemoglobin, 
waist circumference [48-50]. Due to the fact of arterial 
stiff ness, there is an early vascular aging in patients 
with DM, in our study with approximately 15 years (not 
shown) [51,52]. 

The patients with T1DM had signifi cantly higher 
HTN prevalence than in matched controls – every sec-
ond compared to one in four. These results are con-
sistent with the data from other studies. In the CACTI 
study [32] the prevalence of HTN was 43% in T1DM 
vs. 15% in the control group, although their cohort was 
younger (mean age 38 years) but the T1DM was simi-
lar – 23 years. The prevalence of HTN is reported to 
be lower in the EURODIAB IDDM Complications study 
where about one quarter of the patients in this cross-
sectional study were hypertensive [31, 53]. But, again, 
the population of T1DM was younger (mean age of 
32 years) and with much lower disease duration – 14 
years. The Pittsburgh Epidemiology of Diabetes Com-

plications Study prospectively followed patients with 
T1DM for 10 years. The HTN frequency was 29% [54]. 
In our study, 25% of the hypertensive patients were 
newly diagnosed. We didn’t fi nd relation of incident 
HTN with HbA1c levels (patients vs controls) or dia-
betic treatment. In the DCCT/EDIC study 44% of the 
participants met the criteria for incident HTN but over a 
follow-up period of more than 15 years [55]. The inten-
sive diabetes treatment reduced the HTN occurrence 
by 24% (HR 0.76, 95% CI 0.64-0.92). In the Scottish 
national study, about 37% of all patients reported to 
have BP > 140/90 mm Hg [56]. In a retrospective study 
of children and adolescents with T1DM compared to 
healthy controls the prevalence was signifi cantly higher 
in the T1DM group – 35.2 vs. 11.4%, p<0.001, after 
20 years of follow-up [57]. In a cross-sectional study 
of T1DM in Brazil at the average age of 21 years and 
mean disease duration 9 years, the HTN prevalence 
was expectedly low – 19%. The hypertensive patients 
were older, with longer T1DM duration, higher BMI and 
serum lipids. The prevalence rate reached 31% in the 
older subgroup [58]. 

Patients with HTN were treated in 70% but control 
was achieved in only 36% of them according to the more 
conservative cut-off  < 140/90 mm Hg and only less than 
15% if more stringent criteria < 130/80 mm Hg were ap-
plied. Our results are similar to that from other studies 
in T1DM – treatment was applied in 75% in Pittsburgh, 
87% in CACTI, 69% in EURODIAB [32, 53, 54]. How-
ever, in younger populations the treatment prevalence 
was lower – only 26% had HTN treatment and about 
50% of T1DM with HTN remained with no antihyperten-
sive medication for 2-5 years during the 20-year follow-
up in the retrospective study [57]. In the Brazilian study, 
only 53.7% of HTN patients received medication [58]. 
That T1DM patients are undertreated for their high BP 
showed the Golden Years cohort where only 29% re-
port taking antihypertensive drugs in this much older and 
with very long duration population [59].

The BP control frequency depends on the cut-off  
values and varies from guideline to guideline. In the 
European guideline which we follow the target BP is < 
140/90 mm Hg in patients over 65 and < 130/80 mm 
Hg in younger population [39]. The same conservative 
approach was accepted by the American Diabetic As-
sociation [37]. However, in the current American Heart 
Association guideline on HTN management the lower 
target < 130/80 mm Hg was set up for all patients [38]. 
Some reported that the risk of the diseases is lowest 
if SBP < 120 mm Hg and DBP is < 80 mm Hg among 
patients with diabetes [60]. The BP control in our par-
ticipants is similar to the Bulgarian general hyperten-
sive population – about 37% [61] and to global trends 
in the HTN at target [62, 63]. In other T1DM studies, the 
control was much better than in our cohort. In CACTI 
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study the hypertensive T1DM patients were controlled 
in 55%, signifi cantly more than the non-T1DM group – 
32% (p < 0.0001), and reached 64% among the treated 
T1DM patients with HTN [32]. The control prevalence 
decreased in a similar way with the change of BP goals 
– from 64% to 48%, as our observations showed. In 
the Pittsburgh T1DM cohort, 49.5% of the treated hy-
pertensives were under control [54]. In Europe, the 
control was poor in the early studies – only 11.3% in 
EURODIAB [31]. The result improved signifi cantly in 
later research – from 32% to 41% after 7 years of fol-
low-up [53]. In the younger T1DM population in Brazil, 
the HTN control was found in only 22.9%, although the 
awareness of HTN was relatively good (66%) [58]. 

Changing the treatment target of BP from < 140/90 
to < 130/80 mm Hg in the present study signifi cantly re-
duced the relative share of HTN control in patients with 
T1DM (from 36% to 13%). This was also noticed by 
others [64] which reported that the hypertensive popu-
lation above treatment goal in US rose from 39% to 
53% when the new recommendations were introduced. 
If the targets are set up lower, e.g. < 120/80 mm Hg, 
the relative share of uncontrolled hypertension will in-
evitably rise also in our population. 

The combination therapy was the preferred mode 
of treatment of HTN by the participants in the study and 
the majority used single-pill medications. It is in agree-
ment with the present recommendations and trends in 
HTN management [36-38, 65]. The fi xed dose com-
binations have several advantages – better results, 
economic benefi t, and, most important, compliance 
improvement to treatment algorhythms. The same 
trend of higher combination usage was noticed in the 
EURODIAB studies. In the earlier study, combination 
therapy was used only in 19% but in the later study 
it was applied in 33% [31, 53]. ACE-inhibitors are the 
preferred class and, together with ARBs, the inhibitors 
of renin-angiotensin II system accounted for 60% of all 
treatments. This fact is in agreement with previous stud-
ies in T1DM [32, 53, 58]. These drugs have been prov-
en to have substantial renoprotective and cardiovascu-
lar protective eff ects in patients with diabetes mellitus, 
without deleterious metabolic side eff ects. Interesting 
fi nding from the current study is the relative high share 
of beta-blockers and central acting drugs which togeth-
er comprise more than 40% of all medications although 
they are known to increase severe hypoglycaemia and 
cardiovascular adverse events [66]. There are sever-
al possible explanations of this fi nding. Another factor 
is the therapeutic inertia of their physicians who follow 
older recommendations and are used to consider be-
ta-blockers and diuretics as their fi rst choice of HTN 
treatment. The high prescription rate is still found in the 
general population of hypertensive patients [67] and in 
elderly people [68]. Another possible reason is choos-

ing the beta-blocker because of the presence of initial 
autonomic neuropathy with higher heart rates at rest.

The strengths of the study include the fact that 
the participants are patients of one diabetes center 
for several decades, and that the control group is well 
matched for variables that aff ect the hypertension pre-
ponderance (e.g., age, gender, BMI). Another import-
ant positive feature of the studied group is the lack of 
known cardiovascular events so far, as well as the ab-
sence of severe microvascular diabetes complications.

Limitations
The present study has several limitations. The fi rst 

is the small number of patients recruited in the study. 
We managed to include 124 patients with type 1 di-
abetes mellitus in this complex study which included 
various measurements, e.g. imaging, laboratory tests 
and physical activity by accelerometers. However, 
this number was pre-specifi ed by calculations based 
on the capture diabetic population of the targeted re-
gion. The projected number may have been increased 
if other centers in the country were affi  liated. But this 
was logistically impossible because of the heavy pro-
tocol of the study. Moreover, the study was powerful 
enough to prove the hypothesis of higher HTN prev-
alence in T1DM population with long duration than in 
their age- and sex-matched counterparts. The second 
limitation is the BP measurement method in the study. 
There are still discussions whether the electronic de-
vices are more accurate. But the drawbacks of this 
method may only aff ect the precision of the results and 
not the validity of the conclusions, as the method was 
applied in patients and controls similarly. Vervoort et al. 
conducted a study comparing various methods of BP 
measurements in T1DM and controls [69]. They found 
that sphygmomanometers and ambulatory blood pres-
sure showed similar results with intra-arterial measure-
ments while oscillometric devices overestimated the 
BP in T1DM. Thus, the measuring method would hardly 
aff ect the fi ndings of higher BP and HTN prevalence. 
Another negative eff ect may be the lack of blinding of 
the investigators for the T1DM status that may aff ect 
diff erentially the BP readings. This may result in ex-
aggerating the potential BP diff erence between T1DM 
and control subjects but can’t aff ect the diff erence in 
the prevalence of HTN. Thus, the lack of blinding im-
pacts only the current BP measurements and not the 
previous ones. 

C඗ඖඋඔඝඛඑ඗ඖඛ
BP was higher in middle-aged patients with T1DM 

with long duration than their control counterparts. HTN 
was signifi cantly more common in T1DM and every one 
in four diabetic patient had high BP measured in the 
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study. Although treated according to the current recom-
mendations, the control of BP was far from eff ective. 
These results show the need for constant screening of 
patients with T1DM for HTN and other risk factors, and 
for more aggressive and suitable for diabetes antihy-
pertensive treatment to prevent future CVD events.

Acknowledgements: The project has been partially supported by 
grant #17022/20217 from Fund Science of Medical University “Prof. 
P. Stoyanov”, Varna, Bulgaria

References
1. Harjutsalo V, Forsblom C, Groop P. Time trends in mortality 

in patients with type 1 diabetes: nationwide population based cohort 
study. BMJ 2011; 343: d5364.  doi:10.1136/bmj.d5364

2. Petrie D, Lung TWC, Rawshani A, et al. Recent trends in life 
expectancy for people with type 1 diabetes in Sweden. Diabetologia 
2016; 59: 1167–1176.  https://doi.org/10.1007/s00125-016-3914-7

3. Diaz-Valencia PA, Bougnères P, Valleron A-J. Global epide-
miology of type 1 diabetes in young adults and adults: a systematic 
review. BMC Public Health. 2015; 15: 255.

4. Mayer-Davis EJ, Lawrence JM, Dabelea D, et al. Incidence 
trends of type 1 and type 2 diabetes among youths, 2002–2012. N 
Engl J Med. 2017; 376: 1419–1429.

5. Derraik JG, Reed PW, Jeff eries C, et al. Increasing incidence 
and age at diagnosis among children with type 1 diabetes melli-
tus over a 20-year period in Auckland (New Zealand). PLoS One. 
2012;7(2): e32640. 

6. Willi SM, Miller KM, DiMeglio LA, et al. Racial-ethnic dispari-
ties in management and outcomes among children with type 1 diabe-
tes. Pediatrics. 2015; 135: 424–434.

7. Tuomilehto J. The emerging global epidemic of type 1 diabe-
tes. Curr Diab Rep 2013; 13: 795.

8. Tzaneva V, Iotova V, Yotov Y. Signifi cant urban/rural diff er-
ences in the incidence of type 1 (insulin-dependent) diabetes melli-
tus among Bulgarian children (1982–1998). Pediatric Diabetes 2001; 
2(3): 103-108

9. Rawshani A, Sattar N, Franzén S, et al. Excess mortality 
and cardiovascular disease in young adults with type 1 diabetes in 
relation to age at onset: a nationwide, register-based cohort study. 
Lancet 2018; 392(10146):477-486.

10. Evans-Cheung TC, Bodansky HJ, Parslow RC, Feltbower 
RG. Mortality and acute complications in children and young adults 
diagnosed with Type 1 diabetes in Yorkshire, UK: a cohort study. Di-
abet Med 2018;35(1):112-120.

11. Morgan E, Black CR, Abid N, et al. Mortality in type 1 diabe-
tes diagnosed in childhood in Northern Ireland during 1989-2012: A 
population-based cohort study. Pediatr Diabetes 2018;19(1):166-170

12. Larsson SC, Wallin A, Håkansson N, et al. Type 1 and type 
2 diabetes mellitus and incidence of seven cardiovascular diseases. 
Int J Cardiol. 2018; 262: 66–70.

13. Soedamah-Muthu SS, Fuller JH, Mulnier HE, et al. High risk 
of cardiovascular disease in patients with type 1 diabetes in the U.K.: 
a cohort study using the general practice research database. Diabe-
tes Care 2006; 29:798–804

14. Ståhl CH, Lind M, Svensson AM, et al. Glycaemic control 
and excess risk of ischaemic and haemorrhagic stroke in patients 
with type 1 diabetes: a cohort study of 33 453 patients. J Intern Med 
2017;281(3): 261-272.

15. McAllister DA, Read SH, Kerssens J, et al. Incidence of 
Hospitalization for Heart Failure and Case-Fatality Among 3.25 Mil-
lion People With and Without Diabetes Mellitus. Circulation 2018; 
138(24): 2774-2786

16. Turkbey EB, Backlund J-YC, Genuth S, et al. Myocardial 
structure, function and scar in patients with type 1 diabetes. Circula-
tion 2011;124(16): 1737-1746.

17. McVeigh GE, Gibson WM, Hamilton PK. Cardiovascular risk 
in the young type 1 diabetes population with a low 10-year, but high 
lifetime risk of cardiovascular disease. Diabetes, obesity & metabo-
lism 2013; 15 (3): 198-203. doi:10.1111/dom.12013.

18. Steigleder-Schweiger C, Rami-Merhar B, Waldhoer T, et al. 
Prevalence of cardiovascular risk factors in children and adolescents 
with type 1 diabetes in Austria. Eur J Pediatrics 2012; 171: 1193-
1202. doi:10.1007/s00431-012-1704-x.

19. Krishnan S, Copeland KC, Bright BC, et al. Impact of Type 
1 Diabetes and Body Weight Status on Cardiovascular Risk Factors 
in Adolescent Children. J Clinic Hypertens (Greenwich, Conn) 2011; 
13(5): 351-356. doi:10.1111/j.1751-7176.2010.00395.x.

20. The Writing Group for the DCCT/EDIC Research Group. 
Coprogression of Cardiovascular Risk Factors in Type 1 Diabetes 
During 30 Years of Follow-up in the DCCT/EDIC Study. Diabetes 
Care 2016; 39(9): 1621-1630. doi: 10.2337/dc16-0502.

21. Schnell O, Cappuccio FP, Genovese S, et al. Type 1 di-
abetes and cardiovascular disease. Cardiovasc Diabet 2013. 
doi:10.1186/1475-2840-12-156.

22. de Ferranti S, de Boer IH, Fonseca V, et al. Type 1 diabetes 
mellitus and cardiovascular disease: a scientifi c statement from the 
American Heart Association and American Diabetes Association. Di-
abetes Care 2014; 37: 2843-2863. doi: 10.2337/dc14-1720

23. Forouzanfar MH, Liu P, Roth GA, et al. Global burden of hy-
pertension and systolic blood pressure of at least 110 to 115 mm Hg, 
1990-2015. JAMA. 2017; 317:165-182

24. Gurven M, Blackwell AD, Eid Rodríguez D, et al. Does blood 
pressure inevitably rise with age? Longitudinal evidence among 
Forager-Horticulturalists. Hypertension.2012;60:25-33. https://doi.
org/10.1161/HYPERTENSIONAHA.111.189100.

25. Fryar CD, Ostchega Y, Hales CM, et al. Hypertension prev-
alence and control among adults: United States, 2015–2016. NCHS 
data brief, no 289. Hyattsville, MD: National Center for Health Sta-
tistics. 2017.

26. Wang Z, Chen Z, Zhang L, et al. Status of hypertension in 
China: results from the China Hypertension Survey, 2012-2015. Cir-
culation 2018; 137: 2344-2356. https://doi.org/10.1161/ CIRCULA-
TIONAHA. 117.032380

27. Fuchs FD, Whelton PK. High blood pressure and cardio-
vascular disease. Hypertension 2020; 75: 285–292. https://doi.
org/10.1161/HYPERTENSIONAHA.119.14240

28. Kjeldsen SE. Hypertension and cardiovascular risk: Gen-
eral aspects. Pharmacol Res 2018; 129: 95-99. doi: 10.1016/j.
phrs.2017.11.003.

29. Luo D, Cheng Y, Zhang H, et al. Association between high 
blood pressure and long term cardiovascular events in young adults: 
systematic review and meta-analysis BMJ 2020; 370: m3222. 
doi:10.1136/bmj.m3222

30. Raile K, Galler A, Hofer S, et al. Diabetic nephropathy in 
27,805 children, adolescents, and adults with type 1 diabetes: eff ect 
of diabetes duration, A1C, hypertension, dyslipidemia, diabetes on-
set, and sex. Diabetes Care. 2007; 30: 2523-2528.

31. Collado-Mesa F, Colhoun HM, Stevens LK, et al. Preva-
lence and Management of Hypertension in Type 1 Diabetes Melli-
tus in Europe: The EURODIAB IDDM Complications Study. Dia-
bet Med J Br Diabet Assoc 1999; 16: 41-48. doi: 10.1046/j.1464-
5491.1999.00007.x.

32. Maahs DM, Kinney GL, Wadwa P, et al. Hypertension prev-
alence, awareness, treatment, and control in an adult type 1 diabe-

Не е деклариран конфликт на интереси



Автор32

tes population and a comparable general population. Diabetes Care 
2005; 28(2): 301-206. doi: 10.2337/diacare.28.2.301.

33. Brunström M, Carlberg B. Association of blood pres-
sure lowering with mortality and cardiovascular disease across 
blood pressure levels: A systematic review and meta-analysis. 
JAMA Intern Med 2018;178(1): 28-36. doi: 10.1001/jamaint-
ernmed.2017.6015.

34. Grossman A, Grossman E. Blood pressure control in type 
2 diabetic patients. Cardiovasc Diabetol 2017;16:3. https://doi.
org/10.1186/s12933-016-0485-3

35. Raghavan S, Ho YL, Kini V, et al. Association between early 
hypertension control and cardiovascular disease incidence in veter-
ans with diabetes. Diabetes Care 2019;42(10):1995.

36. Nazarzadeh M, Bidel Z, Canoy D, et al. Blood pressure low-
ering and risk of new-onset type 2 diabetes: an individual participant 
data meta-analysis. The Lancet 2021; 398(10313): 1803-1810

37. de Boer IH, Bangalore S, Benetos A, et al. Diabetes and hy-
pertension: A position statement by the American Diabetes Associa-
tion. Diabetes Care. 2017; 40(9): 1273-1284.

38. Thomopoulos C, Parati G, Zanchetti A. Eff ects of blood-pres-
sure-lowering treatment on outcome incidence in hypertension: 10 - 
Should blood pressure management diff er in hypertensive patients 
with and without diabetes mellitus? Overview and meta-analyses of 
randomized trials. J Hypertens. 2017; 35: 922-944.

39. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH 
guidelines for the management of arterial hypertension: the Task 
Force for the Management of Arterial Hypertension of the Eu-
ropean Society of Cardiology and the European Society of Hy-
pertension. J Hypertens 2018; 36(10): 1953-2041. doi: 10.1097/
HJH.0000000000001940

40. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS /APhA/ASH/ASPC/NMA/PCNA guideline 
for the prevention, detection, evaluation, and management of high 
blood pressure in adults: executive summary: a report of the Amer-
ican College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. JACC 2018; 71: 2199-2269.  https://
doi.org/10.1016/j.jacc.2017.11.005.

41. Lewington S, Clarke R, Qizilbash N, et al.; Prospective Stud-
ies Collaboration. Age-specifi c relevance of usual blood pressure to 
vascular mortality: a meta-analysis of individual data for one million 
adults in 61 prospective studies. Lancet. 2002; 360:1903-1913. doi: 
10.1016/s0140-6736(02)11911-8.

42. Borghi C, Dormi A, L’Italien G, et al. The relationship be-
tween systolic blood pressure and cardiovascular risk--results of the 
Brisighella Heart Study. J Clin Hypertens (Greenwich). 2003;5(1):47-
52. doi: 10.1111/j.1524-6175.2003.01222.x.

43. Franklin SS, Khan SA, Wong ND, et al. Is pulse pressure 
useful in predicting risk for coronary heart Disease? The Framing-
ham heart study. Circulation. 1999;100(4):354-360. doi: 10.1161/01.
cir.100.4.354.

44. Rodriguez CJ, Swett K, Agarwal SK, et al. Systolic blood 
pressure levels among adults with hypertension and incident car-
diovascular events: the atherosclerosis risk in communities study. 
JAMA Intern Med. 2014; 174(8):1252-1261. doi: 10.1001/jamaint-
ernmed.2014.2482.

45. Wan EYF, Yu YET, Chin WY, et al. Age-specifi c associations 
between systolic blood pressure and cardiovascular disease: A 10-
year Diabetes Mellitus Cohort Study. JAHA 2020; 9(14): e015771. 
doi: 10.1161/JAHA.119.015771

46. Love KM, Horton WB, Patrie JT, et al. Predictors of arterial 
stiff ness in adolescents and adults with type 1 diabetes: a cross-sec-
tional study. BMJ Open Diabetes Research and Care 2022; 10: 
e002491. doi: 10.1136/bmjdrc-2021-002491

47. Dabelea D, Talton JW, D’Agostino R Jr, et al. Cardiovascular 
risk factors are associated with increased arterial stiff ness in youth 

with type 1 diabetes: the SEARCH CVD study. Diabetes Care. 2013; 
36(12): 3938-3943. doi: 10.2337/dc13-0851.

48. Kulecki M, Uruska A, Naskret D, Zozulinska-Ziolkiewicz D. 
Arterial stiff ness and type 1 diabetes: the current state of knowledge. 
Current Diabetes Reviews 2021; 17: e140621194054. https://dx.doi.
org/10.2174/1573399817666210614113827.

49. González-Clemente JM, Cano A, Albert L, et al. Arterial 
stiff ness in type 1 diabetes: The case for the arterial wall Itself 
as a target organ. J Clin Med. 2021;10(16):3616. doi: 10.3390/
jcm10163616.

50. Llaurado G, Mallafré VC, Vilardell C, et al. Arterial stiff ness 
is increased in patients with type 1 diabetes without cardiovascular 
disease: A potential role of low-grade infl ammation. Diabetes Care. 
2012; 35: 1083–1089. doi: 10.2337/dc11-1475.

51. Groenewegen KA, den Ruijter HM, Pasterkamp G, 
et al. Vascular age to determine cardiovascular disease risk: 
A systematic review of its concepts, defi nitions, and clini-
cal applications. Eur J Prev Cardiol. 2016;23(3):264-274. doi: 
10.1177/2047487314566999.

52. Šuláková T, Strnadel J, Pavlíček J, et al. Early vascu-
lar aging in children with type 1 diabetes and ambulatory normo-
tension. Frontiers in Pediatrics 2021; 9: 76404. DOI: 10.3389/
fped.2021.764004

53. Soedamah-Muthu SS, Colhoun HM, Abrahamian H, et al, 
the EURODIAB Prospective Complications Study Group: Trends 
in hypertension management in type I diabetes across Europe, 
1989/1990–1997/1999. Diabetologia 2002; 45:1362–1371. 

54. Zgibor JC, Orchard TJ. Has control of hyperlipidemia and 
hypertension in patients with type 1 diabetes improved over time? 
Diabetes 2001; 50: A255 

55. de Boer IH, Kestenbaum B, Rue TC, et al; Diabetes Con-
trol and Complications Trial (DCCT)/Epidemiology of Diabetes Inter-
ventions and Complications (EDIC) Study Research Group. Insulin 
therapy, hyperglycemia, and hypertension in type 1 diabetes melli-
tus. Arch Intern Med 2008; 168(17): 1867-1873. doi: 10.1001/archin-
ternmed.2008.2.

56. Livingstone SJ, Looker HC, Hothersall EJ, et al. Risk of car-
diovascular disease and total mortality in adults with type 1 diabetes: 
Scottish registry linkage study. PLOS Med. 2012; 9: e1001321.

57. Ahmadizar F, Souverein P, de Boer A, Maitland-van der Zee 
AH. Undertreatment of hypertension and hypercholesterolaemia in 
children and adolescents with type 1 diabetes: long-term follow-up 
on time trends in the occurrence of cardiovascular disease, risk fac-
tors and medications use. Br J Clin Pharmacol. 2018; 84(4): 776-
785. doi: 10.1111/bcp.13482.

58. Gomes MB, Tannus LRM, Matheus ASdeM, et al. Preva-
lence, awareness, and treatment of hypertension in patients with 
type 1 diabetes: A nationwide multicenter study in Brazil. Intern J 
Hypertens 2013; 2013: 565263. doi:10.1155/2013/565263

59. Bain SC, Gill GV, Dyer PH, et al. Characteristics of Type 1 
diabetes of over 50 years duration (the golden years cohort). Diabet 
Med 2003; 20: 808-811.

60. Orchard TJ, Forrest KY, Kuller LH, Becker DJ; Pittsburgh 
Epidemiology of Diabetes Complications Study. Lipid and blood 
pressure treatment goals for type 1 diabetes: 10-year incidence 
data from the Pittsburgh Epidemiology of Diabetes Complications 
Study. Diabetes Care 2001; 24(6): 1053-1059. doi: 10.2337/di-
acare.24.6.1053.

61. Torbova S, Shipkovenska E, Yotov Y, et al. Prevalence and 
control of arterial hypertension in Bulgarian urban population. J Hy-
pertens 2008; 26(Suppl.): S106

62. NCD Risk Factor Collaboration (NCD-RisC). World-
wide trends in hypertension prevalence and progress in treat-
ment and control from 1990 to 2019: a pooled analysis of 1201 
population-representative studies with 104 million participants. 



Заглавие... 33

The Lancet 2021; 398(10304): 957-980. doi: 10.1016/S0140-
6736(21)01330-1

63. Egan BM, Li J, Sutherland SE, et al. Hypertension control 
in the United States 2009 to 2018: Factors underlying falling control 
rates during 2015 to 2018 across age- and race-ethnicity groups. 
Hypertension 2021;78:578-587. Doi: 10.1161/HYPERTENSIONA-
HA.120.16418.

64. Muntner P, Carey RM, Gidding S, et al. Potential U.S. popula-
tion impact of the 2017 ACC/AHA high blood pressure guideline. J Am 
Coll Cardiol. 2018; 71 (2): 109-118. doi: 10.1016/j.jacc.2017.10.073.

65. Katsimardou A, Imprialos K, Stavropoulos K, et al. Treat-
ment strategies for hypertension in patients with type 1 diabetes. 
Expert Opinion on Pharmacotherapy 2020; 21(10): 1241-1252, DOI: 
10.1080/14656566.2020.1729124

66. Tsujimoto T, Sugiyama T, Shapiro MF, et al. Risk of Cardio-
vascular Events in Patients With Diabetes Mellitus on β-Blockers. 

Hypertension. 2017;70(1):103-110. doi: 10.1161/HYPERTENSION-
AHA.117.09259. 

67. LaVallee C, Rascati KL, Gums TH. Antihypertensive agent 
utilization patterns among patients with uncontrolled hypertension in 
the United States. J Clin Hypertens (Greenwich) 2020; 22(11): 2084-
2092. doi: 10.1111/jch.14041.

68. Boockvar KS, Song W, Lee S, Intrator O. Comparing Out-
comes Between Thiazide Diuretics and Other First-line Antihyperten-
sive Drugs in Long-term Nursing Home Residents. Clin Ther 2020; 
42(4): 583-591. doi: 10.1016/j.clinthera.2020.02.016.

69. Vervoort G, Wetzels J, Lutterman J, et al. The impact of blood 
pressure measurement methods on the assessment of diff erences in 
blood pressure levels between patients with normoalbuminuric type 
1 diabetes and healthy controls. J Hum Hypertens 1999; 13: 117-
122. https://doi.org/10.1038/sj.jhh.1000776


