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Type 1 diabetes mellitus (T1DM) has significantly 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 filled 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 definitions. 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 significance for SBP and pulse pressure (PP). The
presence of T1IDM 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 significantly more frequent in T1DM patients than in controls — 54% vs. 27%, p = 0.0001, mainly due to already known
hypertension. BP control was insufficient — 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 fixed 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 significantly higher in
middle-aged patients with T1DM with long duration than their control counterparts. The presence of HTN was significantly
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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3a KopecnoHaeHUuA:

[MporHosata npu T1n 1 3axapeH gnabet (T13[) ce e nogobpuna 3HauMmo Npes nocnegHUTe AECETUNETHS, KOETO BOAK
[0 NO-BUCOKa YeCTOTa Ha CbpaeyHo-cbaoBuTe 3abonssanna (CC3). OTkpusaHe Ha puckosuTe haktopn 3a CC3 cTaBa
3afjaya OT MbPBOCTENEHHO 3HaveHne. Cpep TSX BUCOKOTO apTepuanHo HansraHe (AH) e edHa OT Hail-BaxHWUTe Lenu.
Llen: na ce npoyyat cToitHocTUTe Ha AH, HannuneTo Ha apTepuanta xunepTorus (AX) n neveHneTo n npu 6onHm ¢ T13[
C Abnra faBHoCT 1 6e3 n3sectHn CC3 B cpaBHeHWe ¢ noabpaHu koHTponu. Matepuan u metoam: O6wo 124 6onHu ¢
T13[ ca cpaBHeHu ¢ 59 kOHTponu, noabpaHn Mo CXof4Ha Bb3pacT, NON U MHAEKC Ha TenecHa maca (MTM). Beuukm yyac-
THULM Ca MHTEPBIOMPaHM 3a AeMOrpadiCki XapakTEPUCTUKN, (PU3NYECKa aKTUBHOCT, HAYMH Ha XMBOT, MPUAPYKaBaLLm
3abonsBaHns, neveHne, HanuuMe Ha yCrioxXHeHus 1 op. Baetu ca kpbBHM npobu 3a u3cneaBaHe Ha nabopaTtopHu
nokasatenu n bruomapkepu. AH e n3MepeHo ABYKPaTHO M e B3eTa cpefHaTa CTOAHOCT OT [BeTe CToHocTU. AX e fae-
thuHMpaHa no cTaHaapTeH HauuH. CToitHocTUTe Ha AH ca cpaBHeHW ¢ nomoluTa Ha t-TecT. MpuUnoxeH € MHOXECTBEH
NIMHEEH PEerpecuoHeH aHanus, ¢ HesaBuUcUMa NpomeHnuea AH 1 ¢ He3aBuCMW NPOMEHAMBM Bb3pacT, nof, UTM, Hanu-
une Ha T13[], HMBa Ha rnuKMpaH XxeMornobuH 1 CTOMHOCTK Ha kpeaTuHuH. MetogbT ANOVA e 13nonssaH 3a uacrnegsaqe
Ha VHTEepaKTWBHa Bb3ka Mexay non u Hanuuve Ha T13[l. PesynTaTtu: cpegHata Bb3pacT Ha yuyacTHuunte e 43,47 +
10,1 roguHu, kato 54% ca mbxe. CpeaHata gasHocT Ha T13[ e 25,31 £ 8,2 rog. u cpegnuTe HuBa Ha HbA1c ca 8,42
+ 1,8% 3a guabetuyunte. CpeaHute ctomHocT Ha AH B rpynata ¢ T13[] ca 6unm 3Ha4MmMo MO-BMCOKM, OTKOMKOTO B
KOHTpOMHaTa, €AHaKBO W Npu ABata nona. Pasnukata goctura ctatucTiecka 3HaummocT 3a cutonHoto AH (CAH) n 3a
nyncoBoTo Hansraxe (MH). Hannuneto Ha T13[] He3aBncMMO NoBnmusiBa CTONHOCTUTE Ha AH, cried KOpeKLms 3a OCHOBHU
3ambrisBaiyym aktopu. CpegHata kopurupaHa pasnvka B AH mexay nuuata cbe v 6e3 T13[ e 6una 8,37 mm Hg 3a
CAH, 4,92 mm Hg 3a JAH 1 5,19 mm Hg 3a MH (p < 0,001). AX e 3Hau1mo no-4ecta npw GonHute ¢ T13[ oTkonkoTo
npu koHTponuTe — 54% vs. 27%, p = 0,0001, 0CHOBHO 3a CMeTKa Ha Beye U3BeCTHa xunepToHus. KoHTponsT Ha AH e 6un
He3afoBonuTeneH — cToiHocTh Ha AH < 140/90 1 < 130/80 mm Hg ca 6unun gocturHati cboTBeTHO camo npu 36% n 13%
OT NeKyBaHUTE XMnepToHULM. MHO3MHCTBOTO OT yyacTHuuuTe ¢ AX ca Ha kKOMOGUHMpaHa Tepanus, rnaBHoO dnKcupaHa
komBuHaLus B egHa Tabnetka, Ho 30% oT xunepToHuunTe ¢ T13[ He ca 6unu nekyaHu BbOOLLe 3a NOBULIEHOTO ¢t AH.
PAC-nHxnbutopute ca 6unu Hain-usnonasaHuat knac megukamentu. M3sogm: CAH un MH ca 3HaunmMo no-BUCOKM npu
6onHu ¢ T13[] Ha cpeaHa Bb3pacT W ¢ AbAra AaBHOCT Ha 3abonseaHeTo. AX e CUrHUGMKaHTHO No-YecTa Npy Hanu4me 1
Ha T13[. Bvnpeku Ye ca nekyBaHu cnopes CbBPEMEHHUTE NPenopbKi, MOCTUTHATMAT KOHTPON Ha AH e ganey ot onTu-
ManHus. PesynTatute nokassat He06X0AMMOCTTa OT NOCTOSHEH CKPUHUHT Ha 6onHuTe ¢ T13[] 3a AX 1 apyr puckosu
haKTopM 1 3a NO-arpecvBHO aHTUXMUNEPTEH3NBHO NEYEHME C Len HamanseaHe Ha bbaew CC3 uHuMgeHTy.

mn 1 3axapeH amaber, apTepuanHo HandraHe, apTepuanHa XunepToHns.
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INTRODUCTION

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 T1IDM 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 fifth patients with TIDM 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 effective 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.

MATERIAL AND METHODS

We invited the patients with T1IDM 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
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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 T1IDM < 15 years;
participation in clinical trials; major psychiatric prob-
lem which affects the ability to take informed consent
by him/herself; significant 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-specified ratio 2:1 between cases and
controls was fulfilled.

All participants filled 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 difference 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-
fined as BP > 140/90 mm Hg, positive history of HTN,
or antihypertensive treatment in the questionnaire.
Each individual drug used was classified 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 significance is accepted at p < 0.05, un-
less otherwise stated.

REsuULTS

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% Cl 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 TIDM and control participants
are shown on Table 1.

The presence of T1DM independently affected 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 significantly
and independently increased the BP measures. The
mean estimated by the models difference 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 significantly more frequent in patients with T1DM
than in controls — 67 (54%) vs. 17 (27.1%), p = 0.001 by
¥? test, as well as in males than in females — 55(55.6%)
vs. 28(33.3%), p = 0.003 x2test. There was significant
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 first time were detect-
ed in 15 (25.4%) of the T1DM participants vs. 4 (25%)
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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+95 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 4314 £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
“significance level for the difference 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 coefficient Standard error P
SBP
Constant 111.75 9.70 <0.0001
Sex male/female -11.84 2.34 <0.0001
T1DM yes/no -8.37 2.45 0.001
BMI 0.84 0.27 0.002
Age 0.29 0.12 0.013
Creatinine 0.10 0.05 0.023
DBP
Constant 72.41 5.16 <0.0001
BMI 0.72 0.16 <0.0001
Sex male/female -4.92 1.40 0.001
T1DM yes/no -3.24 1.49 0.031
PP
Constant 40.38 5.86 <0.0001
Sex male/female -7.07 1.72 <0.0001
Age 0.36 0.08 <0.0001
Creatinine 0.10 0.03 0.004
T1DM yes/no -5.19 1.80 0.004
mMales m Females

70

60

30

10 364
ES

30

20 154

10 . . .

- Fig. 1. Hypertension frequency by study group and by sex. Testing
0 for gender differences: p = 0.008 for TIDM and p = 0.085 in
TIDM Controls

of the controls, p = NS. In the diabetic group, there was
no difference in the newly detected BP levels between
the patients with good or insufficient 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 difference 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
difference between the two groups.

controls

There was no difference 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
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all hypertensive patients, more often in controls (43%)
than in T1IDM (39%). All comparisons were non-sig-
nificant. 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 significant difference
between T1DM and controls. Single-pill fixed 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 fixed
single-pill treatment — 6 (86%), than the patients with
T1DM — 14 (54%) but probably due to the small num-
bers this difference was not significant (p = 0.2, Fish-
er’s exact test).

DiscussION

In this study, significantly 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 difference 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 stiffness in patients with T1DM, compared to
healthy controls. It increases with age and duration of
T1DM [46, 47]. The increased arterial stiffness 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
stiffness, there is an early vascular aging in patients
with DM, in our study with approximately 15 years (not
shown) [51,52].

The patients with TIDM had significantly 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 T1IDM 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 find 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 significantly higher
in the T1IDM 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 T1IDM — 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
inthe 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%, significantly 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 significantly 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 significantly 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 fixed dose com-
binations have several advantages — better results,
economic benefit, 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 Il 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 effects in patients with diabetes mellitus,
without deleterious metabolic side effects. Interesting
finding 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 finding. 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 first 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 affect 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 first
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-specified 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 affiliated. 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 affect 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
affect the findings of higher BP and HTN prevalence.
Another negative effect may be the lack of blinding of
the investigators for the T1DM status that may affect
differentially the BP readings. This may result in ex-
aggerating the potential BP difference between T1DM
and control subjects but can’t affect the difference in
the prevalence of HTN. Thus, the lack of blinding im-
pacts only the current BP measurements and not the
previous ones.

CONCLUSIONS

BP was higher in middle-aged patients with T1DM
with long duration than their control counterparts. HTN
was significantly 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 effective.
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.
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