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Abstract
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Arterial hypertension is the most common comorbidity in patients with type 2 diabetes mellitus (T2DM). The combined
effects of hyperglycemia and elevated blood pressure (BP) may increase the risk of macro- and microvascular complications.
This study aimed to investigate BP characteristics over a 24-hour period and to evaluate the relationship between continuous
glucose monitoring (CGM) parameters and ambulatory BP monitoring (ABPM) indicators in T2DM patients with well-con-
trolled BP. 53 T2DM patients and 10 controls were examined. All subjects were conducted with CGM and ABPM. Disturbances
of BP circadian rhythm were observed in 81.1% of patients. Compared with controls, the patients with T2DM had significantly
higher average daily systolic BP, diastolic BP and pulse BP and their variabilities. Glucose variability, together with hypogly-
cemia, affects the ABPM indicators and determines them by 60.55%, with the greatest impact on the systolic pressure area
index and systolic pressure time index (R=0.82 (x2=261.76; p=0.001). Thus, the patients with T2DM and well-controlled ar-
terial hypertension have disturbances in circadian BP rhythm with the predominance of “non-dipper” and the appearance of
“night-peaker” patterns. We indicated a strong significant relationship between systolic BP load indicators and high glucose

variability together with hypoglycemia.
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Introduction

The number of patients with diabetes mellitus
(DM) worldwide constantly increases. According to
the International Diabetic Federation (IDF), in 2021,
the number of people with diabetes mellitus (DM) is
537 million, which covers 10.5% of the world’s popula-
tion as a whole, while about 90% belong to type 2 DM
(T2DM). The predicted incidence of DM in 2030 is 643
million people, which corresponds to11.3% of the entire
human population and will increase to 783 million peo-
ple (12.2%, respectively) by 2045, making it possible to
call DM a non-infectious epidemic of the 21 century [1].

T2DM shortenslife expectancy by 10 years, and car-
diovascular complications are the main cause of death
in these patients. A recent meta-analysis of 57 studies

about the prevalence of cardiovascular disease (CVD)
in type T2DM, which included over 4.5 million, found
that their overall proportion was 32.2%. CVD was the
cause of death in 50.3% of all deaths in patients with
T2DM during 10 years of observation [2].

The cardiovascular risk varies according to sever-
al clinical characteristics like age, sex, ethnicity, type
and duration of DM, quality of glycemic control, type
of hypoglycemic treatment, presence of nephropathy
or previous cardiovascular events [3].

Arterial hypertension and T2DM are common
comorbidities because of similar risk factors, such as
endothelial dysfunction, vascular inflammation, ar-
terial remodeling, atherosclerosis, dyslipidemia, and
obesity. High blood pressure (BP) occurs in 50-80% of
patients with T2DM; therefore, the normalization of
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BP is extremely important to prevent the progression
of cardiovascular complications [4, 5].

This study aimed to investigate BP characteristics
over a 24-hour period and to evaluate the relationship
between CGM parameters and ABPM indicators in
T2DM patients with well-controlled BP.

Material and methods

In our comparative study, 53 adult T2DM patients
with different levels of glycemic control were examined.
These patients aged between 51-65 years with a disease
duration of 9.0 (5.0-14.0) years were examined from
January 2022 to December 2022 in the endocrinology
department of the University Clinic in Dnipro, Ukraine.

The diagnosis of T2DM was confirmed in accord-
ance with the American Diabetes Association (ADA)
diagnostic criteria, 2022 [6].

Inclusion criteria: patients with T2DM aged
>18 years with HbAlc <10% and stable glucose-lowering
regimen during the previous 3 months with well-con-
trolled BP (by home and office measurements).

Exclusion criteria: presence of short-acting insulin
or rapid-acting analog in patient’s treatment regimen;
body mass index (BMI) <40 kg/m?; acute diabetic compli-
cations at the time of inclusion; heart failure class IT1I-1V,
according to the New York Heart Association classifi-
cation, uncontrolled hypertension, congenital and ac-
quired heart defects, severe vascular complications, es-
timated glomerular filtration rate (eGFR) <45 ml/min/
1.73 m?, thyroid gland dysfunction and pregnancy.

In our study, we included 10 age-, sex- and BMI-
matched controls without T2DM but with well-con-
trolled BP. All T2DM patients and the control group
received antihypertensive therapy: angiotensin-con-
verting enzyme (ACE) inhibitors or angiotensin II re-
ceptor antagonists (ARBs) as monotherapy or in com-
bination with calcium channel blockers (amlodipine).

Informed consent was obtained from all subjects.
All procedures of our study were conducted in accord-
ance with the ethical standards of the responsible com-
mittee on human experimentation and with the Decla-
ration of Helsinki of 1964 and later versions. The study
protocol was approved by the Dnipro State Medical
University Bioethical Committee.

Biochemical measurement parameters

Glycated hemoglobin (HbAlc), serum creatinine
level and albumin-to-creatinine ratio (ACR) were de-
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termined by immunoturbidimetry using an automatic
biochemical analyzer “SAPPHIRE 400” (Tokio Boeki,
Japan, 2009). The eGFR was estimated using the CKD-
EPI equation (Chronic Kidney Disease Epidemiology
Collaboration) [7].

Instrumental research methods

For continuous glucose monitoring (CGM), the
The Guardian™ Connect system (Medtronic, USA) was
used. The time above range (TAR), time below range
(TBR), time in range (TIR), as well as indicators of gly-
cose variability (SD, standard deviation), were analyz-
ed. Hypoglycemia for T2DM was considered at a blood
glucose level to be <3.9 mmol/1 [6].

Simultaneously with the CGM, ABPM was per-
formed 24 hours with an SDM23 automatic cuff-oscil-
lometric device (manufacturer: X-Techno Ukraine).
Measurements were obtained every 15 minutes during
the day and every 30 minutes at night. ABPM parame-
ters were analyzed automatically using ARNIKA soft-
ware version 8.3.9.

Indicators of systolic BP (SBP), diastolic BP (DBP)
and pulse BP (PBP), in combination with their variabili-
ty, were analyzed. BP load indicators were automatical-
ly calculated: systolic pressure area index (SPAI24), sys-
tolic pressure time index (SPTI24), diastolic pressure
area index (DPAI24) and diastolic pressure time index
(DPTI24).

Statistical analysis

Data were analyzed using biostatistics methods
implemented in Microsoft Excel software packages
(Office Home Business 2KB4Y-6H9DB-BM47K-749PV-
PG3KT) and STATISTICA 6.1 (StatSoftInc., Serial No.
AGAR909E415822FA). The median and interquartile
range of Me (25%; 75%) were used to describe the cen-
tral trend of continuous data. Relative (%) values were
calculated to describe qualitative characteristics. Cal-
culation of Spearman’s rank correlation coefficients
and canonical correlation analysis (CCA) was used to
analyze relationships between the studied traits, as
well as their sets. A p-value below 0.05 was considered
statistically significant.

Results

We analyzed ABPM indicators and found that the
patients with T2DM had significantly higher average
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daily values of SBP, DBP, PBP and their variabilities
compared with the control group. The results of CGM
were anticipated. In the control group, nondiabetic
subjects’ glucose levels were within the normal range.
The patients with T2DM had significantly higher
HbAlc TBR, TAR and glucose variability (SD) then con-
trols. A decrease in eGFR and an increase in ACR in
T2DM patients indicate the formation of chronic kid-
ney disease (Table1).

CGM detected hypoglycemia level 1 in 11 (20.1%)
patients with T2DM with an average TBR of 6.0 (3.0;
10.0)%. We analyzed the frequency and causes of hy-
poglycemia. It was established that eight cases were as-
sociated with the prescription of intermediate-acting
insulins, and three other cases were associated with
sulfonylurea therapy.

In our patients, BPload indicators were significant-
ly higher than in the control group. SPTI24 in T2DM
patients was 27 (5.3; 50.1)% vs. 4.7 (0; 15.2)% in controls
(p<0.05); SPAI24 - 47 (9.3;149.8) vs. 7.9 (0; 20.5)% in con-
trols (p<0.05); DPTI24 - 20 (13.9; 30.7)% vs. 4 (0.2; 9.8)%
in controls (p<0.05); DPAI24-34.5(12.6;62.8) vs. 3.1(0.1;
7.6) of the control group (p<0.05).

Disturbances of BP circadian rhythm were observed
in 81.1% of patients with T2DM, with predominance of
pathological patterns of “non-dipper” and “night-peak-
er” types. The study revealed significant differences
compared to the structure of the control group with a
predominance of the “dipper” pattern (p<0.05) (Figure1).
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We found many relationships between ABPM in-
dicators and blood glucose characteristics, as well as
eGFR and ACR using Spearman’s rank correlation
(Table 2).

Due to the presence of a significant number of corre-
lations, a canonical correlation analysis was performed
to assess the complexity of these relationships. A strong
significant correlation between ABPM indicators (av-
erage SBP, DBP, PBP and their variabilities, SPTI24,
SPAI24, DPTI24, DPAI24) and complex laboratory and
CGM parameters (HbAlc, SD, eGFR, ACR TAR, TIR and
TBR,) was determined: R=0.82 (y?=261.76; p=0.001).

The first canonical root extracts 100% of the vari-
ance from the left set of variables (laboratory and CGM
parameters) i 66.22% - from the right set of variables
(ABPM indicators). The total redundancy of the left
valuesis 60.55%, and of the right values is 49.17%. These
indicators are strongly and moderately correlated with
the combined factor - laboratory and CGM parameters.

Based on the evaluated loadings of the variables for
the first canonical function from the laboratory values
set, the most important were ACR (loading: 0.972), TBR
(0.420), SD (0.425), and HbAlc (0.409). From the ABPM
values set, the most important were SPAI24, SPTI24,
DPAI24, and DPTI24 (evaluated loadings 0.770, 0.711,
0.625, 0.600, respectively).

In the left set of variables, the highest canonical
weights in the module relate to SD and TBR (the ab-
solute value of the canonical weight - 2.763 and 2.630,

Table 1: The characteristics of the analyzed parameters in T2DM patients and the control group (median and in-

terquartile range Me (25%; 75%).

Values T2DM patients (n=53) Control (n=10)
HbAlc (%) 8.1(6.6;9.7) 4.8(4.4;5.2)*
eGFR (ml/min/1.73 m?) 82.5(72.5;95.5) 94,5 (85; 102)*
ACR (mg/mmol) 5.5(3.2;10.4) 1.4 (0.9; 2.2)*
SD (mmol/1) 2.8 (1.7; 3.8) 0.9 (0.7; 1)*
TBR (%) 6.0(3.0;9.0) 0*

TAR (%) 39.0 (19; 41.0) 0*

TIR (%) 49.0 (39; 64.0) 100*
Average SBP (mm Hg) 129 (119; 138) 117 (114; 124)*
SBP variability (mm Hg) 14 (12; 16) 11 (10; 12)*
Average DBP (mm Hg) 78 (74; 81) 73 (71; 74)*
DBP variability (mm Hg) 10 (9; 13) 8(7;10)*
Average PBP (mm Hg) 53 (44; 58) 44.5 (42; 50)*
PBP variability (mm Hg) 12 (9; 16) 9(7;10)*

Note: * - p<0.05 compared to control.
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Figure 1: Distribution of T2DM patients and the control group by circadian blood pressure patterns.

respectively). SPAI24 and SPTI24 made the greatest
contribution to the right set of values (the absolute val-
ue of the canonical weight - 4.488 and 4.401, respective-
ly) (Figure 2).

Therefore, based on the performed canonical cor-
relation analysis, we conclude that glucose variability,
together with hypoglycemia, affects the ABPM indica-
tors and determines them by 60.55% with the greatest
impact on the SPAI24 and SPTI24.

Discussion

Our study analyzed ABPM indicators in well-con-
trolled hypertensive patients with T2DM compared

with well-controlled hypertensive nondiabetic con-
trols. We found several significant differences, appar-
ently due to the presence of carbohydrate metabolism
disorders.

Our observations show that parameters such as av-
erage daily values of SBP, DBP, and PBP and their var-
iabilities are significantly higher in T2DM patients. It
can be explained by the mechanisms by which T2DM
(precisely, insulin resistance) contributes to the de-
velopment of hypertension. In the literature review,
Jia G. et al. considered the issues of diabetes-related
hypertension and identified the most important mech-
anisms of its development. This complex of processes
includes molecular and cellular mechanisms of the in-
appropriate renin-angiotensin-aldosterone system and

Table 2: Correlations between ABPM indicators and laboratory parameters, including CGM, in T2DM patients

(Spearman’s rank correlation coefficient - rs).

Values HbAlc SD TAR
Average SBP 0.22* 0.35* 0.24*
SBP variability 0.11 0.26* 0.12
Average DBP 0.27* 0.30* 0.28*
DBP variability 0.14 0.23* 0.13
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TIR TBR eGFR ACR

-0.21* 0.42* -0.36* 0.34*

-0.1 0.31* -0.34* 0.31*

-0.32* 0.38* -0.35* 0.32*

-0.10 0.25* -0.22* 0.20*
© 2023 The Authors



Table 2: Continued.
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Values HbAlc SD TAR TIR TBR eGFR ACR
Average PBP 0.23 0.09 0.24 -0.22 0.19 -0.06 0.16

PBP variability 0.18 0.21 0.16 -0.17 0.17 -0.02 0.11

SPAI24 0.22* 0.51* 0.23* -0.36* 0.53* -0.52* 0.48*
SPTI24 0.24* 0.54* 0.26* -0.35* 0.55* -0.51* 0.49*
DPAI24 0.25% 0.30* 0.22* -0.29* 0.32* -0.35* 0.42*
DPTI24 0.21* 0.34* 0.20* -0.24* 0.30* -0.32* 0.40*

Note: * - correlation coefficients are statistically significant (p<0.05).

sympathetic nervous system activation, increased acti-
vation of renal and endothelial sodium channels, mito-
chondrial dysfunction, oxidative stress, inflammation,
abnormal exosomal microRNAs, abnormal gut micro-
biota and increased renal sodium-glucose cotransport-
er-2 inhibitors activity [4].

Moreover, significantly higher BP variability in
these patients compared to the control group is prog-
nostically unfavorable because it is related to altera-

tions in functional and structural cardiovascular and
renal regulatory mechanisms, subclinical or estab-
lished cardiovascular damage and autonomic dysfunc-
tion [8, 9].

The predominant “non-dipper” patterns and
emerging “night-peaker” patterns found in our study
indicateanincreasedrisk ofadverse cardiovascularout-
comes independent of average BP level. It forms target
organ damage, namely, left ventricular hypertrophy,
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Figure 2: Canonical correlation relationship between laboratory and CGM parameters and ABPM indices in pa-

tients with T2DM.
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formation of diastolic dysfunction and, increased ACR,
increased prevalence of diabetic retinopathy [10].

In addition, Chotruangnapa C. et al. concluded that
hyperglycemia is associated with a “non-dipper” pattern
because hyperinsulinism in an insulin-resistant state
causes sodium retention and alteration of arterial struc-
tureand function [11]. By the way, BP load hasasignificant
impact on hypertension-mediated organ damage, in ad-
dition to arterial hypertension, pathological BP patterns
(“non-dipper” and “night-peaker”) and increased BP var-
iability. The ARIC (Atherosclerosis Risk in Communities)
study showed the importance of the cumulative effect of
elevated SBP in the development of heart failure [12].

In our patients, the glycemic profile, to the greatest
extent, determined precisely the SBP load. We found
a lot of significant correlations between ABPM indica-
tors and glycemic parameters. The largest number of
moderate relationships were established between BP
load indicators and the following parameters: SD, TBR,
eGFR, and ACR.

The mechanisms of influence of kidney function
indicators on BP are quite clear, but the relationship
between BP and the glycemic profile characteristics re-
quires attention. These relationships have never been
fully elucidated because studies are either observation-
al or limited to a retrospective analysis of trials not pri-
marily designed to address this issue.

It is well known that hypoglycemia in diabetes is
associated with increased morbidity and constitutes a
barrier to glycemic control. The sympathoadrenal re-
sponse during hypoglycemia increases the release of
adrenalineand canlead to high BP,and arrhythmiasand
contribute to cardiovascular risk [13]. Besides, many re-
searchers have concluded that glucose variability is not
only associated with cardiovascular events but is also a
causal risk factor for diabetes complications in the pres-
ence of persistent ambient hyperglycemia. Study on the
influence mechanisms of high glycemic fluctuations on
cardiovascular risks revealed their ability to accelerate
oxidative stress, the release of inflammatory cytokines
and vascular endothelial dysfunction [14, 15].

Due to the establishment of significant relation-
ships in our research, further study of the role of glyce-
mic variability is of paramount importance to achieve
optimal glycemic control in T2DM patients.

Conclusions

Thus, our study shows that patients with T2DM,
even with well-controlled arterial hypertension, have
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disturbances in circadian blood pressure rhythm with
the predominance of “non-dipper” and the appearance
of “night-peaker” patterns.

The findings obtained from the CCA indicated a
strong statistically significant relationship between
ABPM indicators and high glucose variability together
with hypoglycemia. These characteristics of the glyce-
mic profile explained 60.55% of the variance in ABPM
indicators, mainly affecting the variability of SBP load
indicators.

Reduction of high glucose variability means the
establishment of good glycemic control, in addition
to achieving the target HbAlc. Low glucose variability
and the absence of hypoglycemic episodes are priori-
ties to prevent the development and progression of vas-
cular complications in T2DM patients.
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