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Although hypertriglyceridemia (HTG) frequently occurs in hypertensive patients and may increase
cardiovascular risk, the need for and manner of its reduction remain controversial. The objectives of this
study were to compare lipid profiles, parameters of glucose homeostasis, comorbidity, and 5-year survival
without cardiovascular events in very high-risk hypertensive (VHRH) patients with and without HTG, who
received moderate intensity atorvastatin therapy. After initial assessment, 107 VHRH subjects were divided
into two groups, i.e., without (n = 49) and with HTG (n = 58). During observation once annually patients were
interviewed about prior hospitalizations with further screening for diabetes. Combined endpoint included
hospitalization due acute myocardial infarction, decompensated heart failure, stroke or death. Survival
was analyzed by Kaplan-Meier’s method. Nonparametric methods were used for statistical analysis. Higher
median values of logarithmic value of triglycerides-to-HDL-cholesterol ratio, lipid accumulation product,
fasting insulin, and HOMA index were observed in group 2 (P<0.002) that reflect predominance of small
dense LDL particles, ectopic lipid deposition and insulin resistance. Patients with HTG more commonly had
type 2 diabetes (58.6% vs 34.5%, including first-detected cases during initial assessments and observation,
P =0.02), liver steatosis (81.0% vs 55.1%, P = 0.006), and lithogenic gallbladder disorders (55.2% vs 34.7%,
P = 0.05). Women with HTG frequently had a history of hysterovariectomy (55.2% vs 19.0%, P = 0.018). De-
spite long-term statin therapy, they often failed to reach recommended LDL-C targets and had worse survival
due to significantly higher incidence of combined endpoint (39.6% vs 22.4%, P = 0.027). Further studies are
necessary to find safe and effective strategy for secondary prevention in this population.

Keywords: hypertriglyceridemia, very high-risk hypertensive patients, type 2 diabetes, cardiovascular
events, atorvastatin therapy.

Introduction the main target for cardiovascular risk reduction [1],
there are other atherogenic dyslipidemias, such as

Avrterial hypertension is a highly prevalent and X o) .
decreased serum high density lipoprotein cholesterol

well- established modifiable cardiovascular risk fac- ) . -
tor that is usually associated with many other factors ~ (HDL-C) level and hypertriglyceridemia (HTG).

such as dyslipidemia, obesity and diabetes mellitus, ~ T0gether with hypertension, abdominal obesity and
Although increased levels of low density lipopro- abnormal glucose regulation, these lipid abnormali-
tein cholesterol (LDL-C) is now considered to be ties form a phenotype of metabolic syndrome that
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at least doubles the cardiovascular risk [2]. Among
hypertensive patients with very high risk all these
risk factors often coexist in different combinations
and are frequently accompanied by a specific co-
morbidity that has direct or indirect relation to in-
sulin resistance and obesity (e.g., type 2 diabetes
mellitus (T2DM), non-alcoholic fatty liver disease,
polycystic ovary disease, stroke and other neurologi-
cal disorders, cancer) [2, 3]. In addition, advanced
hypertension-mediated organ damage (HMOD) and
established atherosclerotic cardiovascular diseases
(ASCVD) significantly amplify the risk of future
cardiovascular events (CVE) and death in this popu-
lation [4].

HTG is defined as serum triglyceride (TG)
level > 1.7 mmol/l, with further grading into mild,
moderate and severe with the cutoff points of 2.3 and
11.2 mmol/l, respectively as proposed by the Endo-
crine Society in 2012. Mild-to-moderate HTG s as-
sociated with higher cardiovascular risk, whereas
moderate-to-severe HTG significantly increases the
risk of acute pancreatitis [5]. However, the role of
HTG as an independent risk factor that increases car-
diovascular mortality remains controversial due to:
1) inability of chylomicrons to penetrate the arterial
wall, 2) frequent coexistence with other atherogenic
types of dyslipidemia, and 3) conflicting results of
studies that assessed this influence [1, 5].

The ambiguity of the role of HTG as an inde-
pendent risk factor makes our research relevant. Our
objectives were to compare lipid profiles, parameters
of glucose homeostasis, comorbidity, 5-year survival
rate and occurrence of CVE in very high-risk hyper-
tensive patients with and without HTG, who received
moderate intensity atorvastatin therapy.

Materials and Methods

Design and protocol. This observational pro-
spective study lasted five years (recruitment during
December 2009, observation from January 2010 to
January 2015). The protocol was approved by the
Committee of Ethics at Danylo Halytsky Lviv Na-
tional Medical University (No 2, March 23, 2009).
The first phase included recruitment of patients,
initial assessment, and formation of groups. The re-
sults of tests obtained during the initial assessment
were used to compare metabolic characteristics and
comorbidity among participants without and with
HTG.

The second phase was aimed to assess the rate
of complications (i.e., CVE and new-onset diabe-

tes), and to estimate 5-year survival of participants
without and with HTG. Once per year during 60
months, after a telephone call, patients visited the
medical office for examination and history taking.
All cases of hospitalization for this period were re-
corded and revised in a hospital database; the causes
and outcomes of each hospitalization were defined
from medical records. In the absence of hospitaliza-
tion during this period, fasting glucose was measu-
red in capillary blood, using glucometer Super
Glucocard Il (Japan); otherwise, the results were
taken from medical records. Standard oral glucose
tolerance test (OGTT) was conducted after detection
of fasting glycemia > 5.6 mmol/I in capillary blood
(= 6.1 mmol/l in plasma). At the end of the study, se-
rum lipids were measured in all patients, and OGTT
was performed for those who remained euglycemic
during observation.

Documented cases of hospitalization due to
acute myocardial infarction (MI), decompensat-
ed heart failure (HF), stroke or death comprised
a combined endpoint for CVE. New-onset diabe-
tes was diagnosed when a patient’s OGTT results
met the criteria for diabetes (fasting glucose level
> 7.0 mmol/l and/or 2-hour post-load glucose level
> 11.0 mmol/1).

Patients. To recruit the maximal number of
participants for the shortest period of time, within
one month all very high-risk hypertensive patients
who were treated in three different departments of
therapy and cardiology at the 1%t and 8" Lviv City
hospitals that are clinical bases of the Department
of Internal Medicine No 2 were selected (n = 156).
These were patients who met current criteria for the
very high-risk category [4]: 1) grade 3 hypertension
(blood pressure (BP) levels > 180/110 mm Hg) in
combination with HMOD or first detected T2DM
without organ damage; and 2) patients with ASCVD,
regardless of their BP levels.

To avoid independent influence on survival, the
following categories were excluded: 1) all patients
with previously diagnosed diabetes of both types
(n = 28) because all of them had poor glycemic con-
trol and severe target organ damage; 2) patients with
advanced dysfunction of eliminating organs or se-
vere comorbidity, i.e., liver enzymes > 2-fold above
the upper limits of normal (n = 6), estimated glo-
merular filtration rate (€GFR) <30 ml/min/1.73 m?
(n = 5), and malignant tumors (n = 2). We also re-
moved from consideration three patients with a
history of pancreatitis because, despite association
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with HTG, pancreatitis was not the subject of our
research; moreover, pancreatic damage may cause a
specific type of diabetes requiring insulin therapy. In
addition, five persons declined to participate.

Hence, 107 very high-risk hypertensive patients
(57 men and 50 women) were enrolled in the study
after signing written informed consent forms in ac-
cordance with the principles of the Declaration of
Helsinki, European Convention on Human Rights
and Biomedicine, and relevant laws of Ukraine. The
reasons for hospitalization were the following: acute
ST-elevation myocardial infarction (n = 21), decom-
pensated heart failure (n = 12), severe stable angina
unresponsive to drug therapy (n = 34), paroxysmal
atrial fibrillation (n = 6), and poor control of hyper-
tension (n = 34) (Table 1).

The initial assessment was performed after the
patient was stabilized before hospital discharge. Ac-
cording to detected serum TG levels, participants
were divided into two groups. Group 1 included 49
patients with serum TG levels < 1.7 mmol/l, and the
other 58 patients with TG levels > 1.7 mmol/l com-
prised group 2.

In group 1 there were 28 men and 21 women.
Group 2 included an equal number of both genders
(n = 29), among them 35 patients with mild HTG
(18 men, 17 women) and 23 with moderate HTG (11
men, 12 women). The women tended to be older than
the men, but the gender difference was statistically
significant only among patients with moderate HTG.
Medians of age in years with [lower; upper quartiles]
in men versus women were as follows: 63.5 [54.0;
69.5] vs 67.0 [60.0; 72.0] in group 1 (P = 0.29); 57.0
[47.0; 70.0] vs 62.0 [60.0; 70.0] among patients with
mild HTG (P = 0.31) and 56.0 [49.0; 58.0] vs 68.0
[62.0; 73.5] in those with moderate HTG (P = 0.009).

Participants received standard therapy cur-
rently recommended for patients with very high
risk hypertension [4]. All patients received aspirin
(75-100 mg daily) and atorvastatin (20-40 mg dai-
ly) for secondary prevention. To achieve BP goals,
all patients received dual antihypertensive therapy
with a fixed-dose combination of an ACE inhibitor
(enalapril 10-20 mg, ramipril 5 mg or perindopril
4-8 mg) or angiotensin receptor blocker (valsar-
tan 80-160 mg) with thiazide (hydrochlorothiazide
12.5-25 mg) or thiazide-like diuretic (indapamide
1.25-2.5 mg) once a day. A beta-blocker (bisoprolol
5-10 mg, carvedilol 12.5-25 mg or nebivolol 5 mg) or
calcium channel blocker (amlodipine 5-10 mg) was
used as a third antihypertensive agent, depending on
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individual specific indications and contraindications.
Patients with HF additionally received mineralocor-
ticoid receptor antagonists (spironolactone 25 mg
or eplerenone 25 mg once a day). Patients with first
detected T2DM during initial assessment (n = 24)
were consulted by endocrinologists and metformin
therapy (500 mg — 850 mg once a day) was initi-
ated. Classes of medications and percentages of us-
ers are summarized in Table 1.

Tests and methods used for the initial assess-
ment. All participants underwent anthropometry
with measurements of height, body weight, body
mass index (BMI = height in m/[body weight in
kg]?), waist and hip circumferences and their ratio
(WHR); abdominal ultrasonography, and transtho-
racic Doppler echocardiography. Liver steatosis
was diagnosed in the presence of the following ul-
trasonographic signs: diffusely hyperechoic liver,
poor visualization of the walls of the portal veins, or
dorsal attenuation of echo-signal. Ultrasonographic
gallbladder assessment included size and wall thick-
ness measurements and detection of biliary sludge,
gallstones or the state after cholecystectomy. The
criterion of left ventricular (LV) hypertrophy was
echocardiographic LV mass index >50 g/m?27 for men
and >47 g/m27 for women [4].

Laboratory tests included renal and liver
function tests (standard kits CORMAY, Poland).
Glomerular filtration rate was estimated by the
Modification of Diet in Renal Disease (MDRD)
equation. Serum high sensitive C-reactive protein
levels were detected by enzyme-linked immuno-
sorbent assay, using a standard kit HEMA (Russia),
and fibrinogen level was measured by gravimetric
method.

Serum levels of total cholesterol (TC), TG, and
HDL-C were measured by enzymatic methods, us-
ing standard kits HUMAN (Germany). The LDL-C
was calculated using Friedewald’s equation. The log-
arithmic value of TG-to-HDL-C ratio was calculated
as an indicator of LDL particle size, i.e., a zero value
of Log (TG/HDL-C) corresponds to a LDL parti-
cle diameter of 25.5 nm that delimits normal type
A (negative values) from atherogenic type B (posi-
tive values) [6]. Lipid accumulation product (LAP)
was calculated as follows: LAP = (WC - 58)xTG for
women, LAP = (WC - 65)x G for men, where WC —
waist circumference in cm, TG — serum triglyceride
level in mmol/I [7].

Glycated hemoglobin (HbA1c) was measured in
venous blood by ion exchange chromatography with
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a standard kit HUMAN (Germany). Standard OGTT
was performed with blood sampling 10 h after over-
night fast and at 30, 60, and 120 min after oral ad-
ministration of 75 g of glucose dissolved in water.
Plasma glucose levels were measured by glucose
oxidase method, and serum insulin and C-peptide
levels were assessed by solid phase enzyme immu-
nosorbent assay on “TECAN sunrise remote/touch
screen F 039300 analyser using standard kits DRG
Instrumentals GmbH (Germany). The following in-
sulin sensitivity indices were calculated [8]:

HOMA index = I0,><G0j22.5,
where HOMA — homeostasis model assessment, I, —

fasting insulin level in pU/ml, G, - fasting glucose
level in mmol/l;

DeFronzo index = incAUC I/G, , %

X[10000~(I, G )x(1_xG )],
where incAUC 1/G, ,, — ratio of incremental area
under the insulin curve to incremental area under the
glucose curve during OGTT that were calculated ac-
cording to the trapezoid rule. The formula in square
brackets represents the Matsuda index, where I, -
fasting insulin level, I — mean insulin level during
OGTT in uU/ml; G, - fasting glucose level, G -
mean glucose level during OGTT in mg/dl.

Statistical analysis was performed using the
program Statistica for Windows 6.0 (Statsoft, USA).
Since Shapiro-Wilk’s test did not show normal dis-
tribution of the majority of analyzed parameters,
non-parametric methods were used. Relative values
were presented in percentages; the y?-test or Fisher’s
exact test were used for group comparison. Quantita-
tive values were presented as median [lower; upper
quartiles], and groups were compared by the Mann-
Whitney U-criterion. Associations between variab-
les were estimated using Kendall rank correlation
coefficient (t). Survival was analyzed by the Kaplan-
Meier method, estimating the cumulative proportion
surviving, and the difference between groups was
defined by the Cox (F)-test. P values less than 0.05
were considered statistically significant. To reduce
the chance of type | error, Bonferroni correction was
applied when multiple variables were compared.

Results

Data obtained during the initial assessment are
summarized in Table 1.

There were not statistically significant differen-
ces between groups by age, number of (ex-) smokers
and persons with excessive alcohol intake. Since all

patients had excessive body weight and hyperten-
sion, median values of anthropometric parameters
and BP did not differ significantly, as well as heart
rate and median levels of fibrinogen and C-reactive
protein.

Regarding HMOD, approximately two-thirds
of participants had left ventricular hypertrophy,
more than half had proteinuria and moderate chronic
kidney disease, more than one third had signs of ar-
terial stiffening and atherosclerosis of peripheral ar-
teries indicated by high pulse pressure and decreased
ankle-brachial index, and one fifth had hyperten-
sive retinopathy with exudates or haemorrhages.
Differences between groups were not statistically
significant for any of these abnormalities.

In view of the fact that all participants had very
high-risk hypertension, the number of patients with
acute or prior M, stable angina, prior stroke or tran-
sient ischemic attack, peripheral artery disease, HF
with preserved or reduced ejection fraction, atrial
fibrillation and first detected T2DM did not reach
statistically significant differences between groups.

The majority of participants had elevated levels
of TC and LDL-C in combination with low HDL-C
level (42.9% in group 1 and 41.4% in group 2) or nor-
mal HDL-C level (24.5% and 25.9%, respectively).
As the TG level was the grouping parameter, its me-
dian value in group 2 was significantly and almost
two times higher than in group 1. There were no
significant differences in median values of HbAlc,
TC, HDL-C, and LDL-C. In contrast, median values
of Log (TG/HDL-C), LAP, glycemia in all points of
OGTT, fasting insulin, C-peptide, and HOMA index
were significantly higher, whereas median values of
Matsuda and DeFronzo indices were significantly
lower in group 2 compared with group 1 (Table 2).

Hence, among lipid parameters only Log (TG/
HDL-C) and LAP differed significantly, being high-
er in patients with HTG. The first parameter indi-
cates the prevalence of small dense LDL particles, a
qualitative lipid abnormality that commonly occurs
in diabetic dyslipidemia. Higher LAP values suggest
that HTG is associated with abdominal obesity and
ectopic lipid deposition beyond adipose tissue (vis-
ceral obesity), e.g., in the liver, pancreatic -cells, or
skeletal muscles. Such ectopic deposits may decrease
B-cell function, cause insulin resistance, lipotoxic-
ity, and promote non-alcoholic fatty liver disease
[9]. This may explain the high prevalence of liver
steatosis in patients with HTG (81.0% vs 55.1% in
group 1, P = 0.006). Another contributive factor for

1
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Table 1. Baseline characteristics of participants with normotriglyceridemia (group 1) and hypertriglyceri-

demia (group 2)

Parameter, units

Group 1 (n = 49) \ Group 2 (n = 58) \ P value

Causes of initial hospitalization

Acute ST-elevation myocardial infarction, %

Decompensation of heart failure, %

Severe stable angina unresponsive to therapy %

Paroxysmal atrial fibrillation, %
Poor control of hypertension

Age, years

Smoking (current or prior), %
Excessive alcohol use, %

Body mass index, kg/m?

Obesity (body mass index > 30 kg/m?), %
Waist circumference in men, cm
Waist circumference in women, cm
Hip circumference in men, cm

Hip circumference in women, cm
Waist-to-hip ratio in men
Waist-to-hip ratio in women
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Hypertensive crises, %

Heart rate, beats per minute
Fibrinogen, g/l

C-reactive protein, mg/I

Type 2 diabetes detected during
the initial assessment, %

Hypertension-mediated organ damage

Left ventricular hypertrophy, %
Proteinuria, %

Estimated glomerular filtration rate, ml/min/1.73m?

Moderate chronic kidney disease?, %
Pulse pressure 260 mmHg, %
Ankle-brachial index <0.9, %

Retinopathy with exudates and hemorrhages
Established cardiovascular diseases
Acute ST-elevation myocardial infarction, %

Stable angina Il1-1V classes? %
Prior myocardial infarction, %

Prior stroke or transient ischemic attack, %

14.2
14.3
32.7
12.2
28.6

Risk factors

66.0 [58.0; 71.0]
36.7
10.2
30.0 [27.0; 34.4]
51.0
110 [102; 117]
98 [89; 117]
109 [103; 117]
108 [102; 123]
0.99 [0.96; 1.03]
0.90 [0.87; 0.95]
140 [130; 160]
85 [80; 100]
53.1
79 [70; 94]
3.4[2.8;41]
13,5 [10.3; 15.3]

14.3

69.3
571
54.8 [45.7; 76.2]
59.2
49.0
40.8
20.4

14.2
571
449
32.7

24.2
8.6
310
10.3
345

615 [53.0; 70.0]
27,6
6.9
30.7 [28.1; 33.3]
62.1
109 [105; 113]
99 [93; 113]
110 [106; 114]
108 [102; 122]
1.00 [0.96; 1.02]
0.91 [0.86; 0.94]
140 [125; 155]
85 [80; 90]
62.1
78 [67; 91]
37[3.0; 4.0]
13.4 [11.5; 16.0]

29.3

79.3
60.3
58.0 [41.4; 74.0]
517
32.8
305
205

24.2
60.3
379
414

0.230
0.376
1.00
0.769
0.539

0.237
0.401
0.729
0.523
0.327
0.868
0.922
0.843
0.876
0.814
0.755
0.453
0.753
0.432
0.503
0.539
0.629

0.102

0.170
0.844
0.720
0.559
0.114
0.317
1.00

0.230
0.844
0.555
0.424
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Table 1. (Continuation)

Parameter, units

\Groupl(n=49) \ Group 2 (h =58) \ P value

Peripheral artery disease, %

- typical (exertional intermittent claudication), %
- asymptomatic (documented by ADU?3), %
Heart failure with reduced ejection fraction, %
Heart failure with preserved ejection fraction, %
Atrial fibrillation, %

Medications used by participants

Aspirin, %

Atorvastatin, %

ACE* inhibitor or angiotensin receptor blocker, %
Thiazide or thiazide-like diuretic, %
Beta-blocker, %

Calcium channel blocker, %

Mineralocorticoid receptor antagonists, %
Metformin, %

32.7 27.6 0.673
41 - 0.215
28.6 217.6 1.00
14.3 8.6 0.376
46.9 62.1 0.125
24.5 10.3 0.070
100 100 -
100 100 -
100 100 -
100 100 -
69.4 63.8 0.682
30.6 32.8 0.838
14.3 8.6 0.376
14.3 29.3 0.102

Notes: Estimated glomerular filtration rate within range of 30 to 60 ml/min/1.73 m?; 2Canadian Cardiovascular Soci-
ety Functional Classification of stable angina pectoris; ADU — arterial duplex ultrasonography; *ACE — angiotensin-

converting enzyme.

liver steatosis is hyperinsulinemia that was also typi-
cal for patients with HTG with a significant differ-
ence at the fasting point (Table 2). A strong direct
correlation was observed between liver steatosis
and severity of HTG (t = 0.242, P = 0.0002). As
we had excluded from the study all patients with
elevated liver enzymes meeting the criterion for
hepatocellular damage, the median values of alanine
aminotransferase, aspartate aminotransferase and
v-glutamyltransferase did not significantly differ be-
tween groups, and there were no cases of steatohepa-
titis among participants.

Apart from fasting hyperinsulinemia and in-
sulin resistance, HTG was associated with impaired
B-cell ability to respond adequately to glucose load,
as indicated by the presence of post-load hypergly-
cemia, significantly lower Matsuda index and twice
lower median values of the DeFronzo index. Because
post-load hyperglycemia is a surrogate marker of the
postprandial state, we may conclude that patients
with HTG tended to have extended hyperglycemic
episodes after meals. Despite all these abnormalities,
the difference in HbAlc was not statistically signifi-
cant between groups. Such discrepancies between
glycemia and HbAIc are described in the literature
[10]. Inadequate postprandial insulin response and

impaired insulin sensitivity may explain the high
incidence of new-onset T2DM in our participants.
During the period of observation, 27 new cases of
diabetes were diagnosed (23.8% in group 1 and
41.5% in group 2). The cumulative proportions who
survived after 60 months were 75.8% in group 1 and
58.5% in group 2 (P = 0.035) (Fig. 1).

Among 17 converters with HTG, ten had mild
and seven had moderate elevation of serum TG
levels. Transformation to T2DM positively correlated
with the severity of HTG (t = 0.288, P = 0.023).
Among converters, 81.5% had elevated baseline
LDL-C, and 55.5% had decreased baseline HDL-
C levels. Diabetes did not develop among group 1
patients who reached target LDL-C <1.8 mmol/l
under statin therapy, whereas in group 2 it was de-
tected in five patients who had achieved the target
(P_, =0.026).

Patients with first detected T2DM during ini-
tial assessment (n = 24) and those who converted to
diabetes during observation were managed by en-
docrinologists and all had good glycemic control at
the end of the study (HbAlc < 6.5%), receiving met-
formin monotherapy. Taking together the patients
with initially detected T2DM and converters, the
difference between groups was significant (n = 17

13
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Table 2. Baseline lipids and parameters of glucose regulation in participants with normotriglyceridemia
(group 1) and hypertriglyceridemia (group 2)

Parameter, units \ Group 1 (n =49) Group 2 (n = 58) P value
Triglycerides, mmol/I 1.28 [0.9; 1.45] 2.15[18; 2.70] <0.0001*
Total cholesterol, mmol/I 54[4.5; 6.1] 5.6 [4.8; 6.3] 0.225
HDL cholesterol, mmol/I 1.00 [0.90; 1.37] 0.96 [0.88; 1.40] 0.697
LDL cholesterol, mmol/I 3.5[2.5; 4.4] 34[2.3;4.1] 0.371
Log(TG/HDL-C) -0.11 [-0.11; 0.16] 0.32[0.21; 0.42] <0.0001*
Lipid accumulation product, cmxmmol/I 48.4 [40.3; 70.4] 97.3[79.5; 112.5] <0.0001*
Glycated hemoglobin, % 51[4.5; 5.8] 5.4 [4.5;6.2] 0.175
Glucose,,, mmol/Il 6.1 [4.8; 6.4] 6.4 [6.0; 6.9] 0.0059
Glucose,,, mmol/l 8.8 [6.8; 9.9] 9.7 [8.0; 10.8] 0.0254
Glucose,,, mmol/I 9.6 [7.8; 11.5] 11.0 [9.8; 13.0] 0.0067
Glucose,,,, mmol/l 8.0 [6.4; 10.8] 97 [6.8; 12.3] 0.0303
Insulin,, uU/ml 12.8[9.1; 18.7] 16.3 [13.7; 24.8] 0.0015%*
Insulin, , pU/ml 40.8 [27.5; 69.5] 499 [32.5; 70.3] 0.240
Insulin,, pU/ml 67.6 [38.3; 90.3] 77.1 [41.6; 95.5] 0.189
Insulin , , nU/ml 54.8 [32.5; 72.7] 65.7 [41.9; 85.0] 0.115
C-peptide,, ng/ml 1.99 [1.00; 3.89] 3.30 [2.15; 5.70] 0.0026
C-peptide,,, ng/ml 6.50 [2.88; 12.10] 8.10 [4.65; 12.90] 0.191
HOMA index 3.67 [2.38; 5.50] 5.78 [3.41; 7.54] 0.0015%*
Matsuda index 4.03 [2.80; 6.54] 3.04 [2.20; 3.96] 0.0027
DeFronzo index 62.5 [37.0; 112.3] 31.0 [18.0; 70.2] 0.0047

Note: *Statistically significant after Bonferroni correction (P < 0.0025).

(34.7%) in group 1 and n = 34 (58.6%) in group 2,
P =0.02).

Another common comorbidity was lithogenic
gallbladder disorders that were detected by ultra-
sonographic evidence of biliary sludge, presence
of gallstones or prior cholecystectomy due to gall-
stone disease or calculous cholecystitis. Such abnor-
malities were found in 55.2% of patients with HTG
compared to 34.7% in group 1 (P = 0.05), and di-
rectly correlated with severity of HTG (t = 0.133,
P = 0.041). Both overweight and insulin resistance
are well-established risk factors for gallstone dis-
ease, but it is unclear whether HTG causes chole-
lithiasis or is merely associated with the disease.
Bile composition (e.g., cholesterol supersaturation),
impaired motility of the gallbladder, inflammation
and hypersecretion of mucin gel in the gallbladder,
slower motility of the colon and enhanced intestinal
cholesterol absorption promote the formation of cho-
lesterol stones. Cholesterol supersaturation of bile is
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associated more with obesity than with HTG [11].
However, HTG may cause gallbladder hypokinesia
because it inhibits sensitivity to cholecystokinin that
regulates postprandial contraction of the gallbladder
[12] that may promote cholesterol crystallization.
This explains the higher prevalence of biliary sludge
and cholelithiasis in patients with HTG. Under the
influence of lipid-lowering therapy, e.g., fibrates or
fish oil, the sensitivity of the gallbladder to cholecys-
tokinin may be restored [11, 12]. However, fibrates
that are recommended for patients with HTG who
are at the LDL-C goal [1] may increase the risk of
cholelithiasis, increasing bile cholesterol saturation
and decreasing bile acid synthesis [12]. The results of
recent meta-analysis demonstrated that statin thera-
py might decrease the risk of gallstone disease [13],
but underlying mechanisms of this beneficial effect
need to be elucidated. Statins also showed beneficial

effects in the case of non-alcoholic fatty liver disease
[24].
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Fig. 1. Kaplan-Meier survival curves when new-onset diabetes was considered as an endpoint

In addition, more than half of female partici-
pants with HTG had prior hysterovariectomy (55.2%
compared with 19.0% in group 1, P = 0.018). Similar
results were observed in a large retrospective cohort
study, where the prevalence of hyperlipidemia was
1.3 times higher after hysterectomy, and 1.9 times
higher after hysterovariectomy compared to the con-
trol group [15].

However, the most important study finding was
a significantly higher occurrence of CVE among
patients with HTG. During 60 months, 11 patients
(22.4%) in group 1 and 23 patients (39.6%) in
group 2 had reached the combined endpoint (Fig. 2).
The cumulative proportion surviving at the end of
observation were 77.5% in group 1 and 60.3% in
group 2 (P = 0.027).

The grade of HTG directly and significantly
correlated with CVE (t = 0.177, P = 0.007). De-
spite the long-term atorvastatin therapy, at the end
of observation 79.4% of patients with CVE did not
reach even the previously recommended LDL-C
target of < 1.8 mmol/l. Moreover, in group 1 only
one CVE was documented among patients who had
reached this level, compared with 6 cases in group 2
(P =0.38). In 2019 the LDL-C target for patients with
very high risk was been decreased to < 1.4 mmol/l
[1]. In this case, practically all participants (99.1%)
did not reach the recommended goal at the end of
observation.

Discussion

These findings suggest that very high-risk hy-
pertensive patients require a more aggressive statin
regimen or its combination with the cholesterol ab-
sorption inhibitor ezetimibe and/or proprotein con-
vertase subtilisin/kexin type 9 (PCSK 9) inhibitors,
as recommended by the 2019 ECS/EAS guidelines
[1]. However, taking into account metabolic disor-
ders and high risk of diabetes in participants with
HTG, the intensification of statin therapy will fur-
ther increase the risk, as the diabetogenic effect of
this drug class is dose-dependent [16]. Thus, to avoid
dose escalation, the combination of statin with either
ezetimibe or PCSK 9 inhibitor or monotherapy with
these agents seems to be a better approach for per-
sons with HTG. Both classes demonstrated ASCVVD
risk reduction in direct correlation with the achieved
lowering of LDL-C, even in the diabetic population,
and have not been reported to increase the risk of
diabetes [1]. However, longer post-marketing expe-
rience may also add some adverse effects to their
safety profiles.

Nonetheless, any of these agents is not a prima-
rily TG-lowering medication. Besides, the analysis
of long-term clinical outcomes in participants of two
randomized controlled studies (dal-OUTCOMES
and MIRACL) suggest that HTG increases the
risk of the second ischemic coronary event even in
those who have reached target LDL-C under lipid-
lowering therapy [17].
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Fig. 2. Kaplan-Meier survival curves when cardiovascular events were considered as a combined endpoint

and the number of events occurred in groups

Among specific TG-lowering agents, fibrates
and omega-3 polyunsaturated fatty acids may be
considered. As was mentioned above fibrates are for-
mally contraindicated in preexisting gallbladder dis-
eases, and their efficacy to reduce the cardiovascular
risk remains controversial [5]. A recent meta-analysis
incorporating data from 13 randomized controlled
trials suggested that marine omega-3 supplementa-
tion at higher doses had been associated with lower
risk of ASCVD, MI and cardiovascular death, even
after exclusion of Cardiovascular Events with Icosa-
pent Ethyl-Intervention Trial (REDUCE-IT). The
REDUCE-IT included high-risk patients with HTG
on effective statin therapy and demonstrated a 25%
risk reduction in subjects who received a high dose
of icosapent ethyl (a highly purified form of eicosa-
pentaenoic acid) compared with placebo. Moreover,
the reduction in CVE was greater than the reduction
in TG levels and did not correlate with either base-
line or on-trial TG values [18]. Considering these
promising results and specific comorbidity associa-
ted with HTG, marine omega-3 supplementation
might be useful for this population.
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Conclusions

Compared with very high risk hypertensive
patients without HTG, in the group with HTG sig-
nificantly higher median values of Log (TG/HDL-
C), LAP, fasting insulin, and HOMA index were
observed that reflect predominance of small dense
LDL particles, ectopic lipid deposition and insulin
resistance. Patients with HTG had a higher risk of
T2DM (58.6% vs 34.5%, including first-detected
cases during initial assessments and observation,
P =0.02), liver steatosis (81.0% vs 55.1%, P = 0.006),
and lithogenic gallbladder disorders (55.2% vs
34.7%, P = 0.05). Women with HTG frequently had
a history of hysterovariectomy (55.2% vs. 19.0%,
P = 0.018). Despite long-term moderate intensity
atorvastatin therapy, patients with HTG often failed
to reach recommended LDL-C targets and had
worse survival due to significantly higher incidence
of composite endpoint including hospitalization due
to acute myocardial infarction, decompensated heart
failure, stroke or death (39.6% vs. 22.4%, P = 0.027).
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Further studies are needed to elucidate a way
of lipid-lowering therapy in this population. Inten-
sification of statin therapy may further increase the
risk of diabetes. Fibrates pose the risk of cholelithi-
asis and should be avoided in many of such patients.
Promising perspectives are ezetimibe, PCSK 9 in-
hibitors and murine omega-3 polyunsaturated fatty
acids.
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Xoua rineprpurainepunemis (I'TE) wacto
BHSIBIISIETHCS Y XBOPUX HA apTepialIbHY TIEPTEH3110
Ta MOXE IiJIBUIYBATH PU3UK CEPIEBO-CYyTUHHUX
YCKJIaTHeHb, HEOOXITHICTH 1i 3HMKCHHS Ta IIISXH
JIOBOJII JTUCKYCiHHI. METOI IhOTO JOCIiKESHHS
OyJ0 TOpIBHSHHS TIOKa3HWKIB JIITIAIB KpPOBI,
rmapaMeTpiB TOMEOCTa3y TIIOKO3HM, KOMOPOiTHOCTI
Ta 5-piYHOTO BIDKWUBAHHS 0€3 CepIieBO-CYIWHHUX
YCKJIAIHCHD y TIAIIEHTIB 3 AYy’XK€ BHUCOKHM PH3U-

koM Tineprensii 3/0e3 I'TE, xorpi orpumyBain
Tepario aTopBacTaTMHOM ITOMIPHOI IHTEHCHBHOCTI.
Ilicns mnouatkoBoro oo6crtexenHs, 107 Takux
namieHTiB Oyno noxineHo Ha ABi rpynu — 6e3 ['TE
(n=49, rpymna 1) Ta 3 I'TE (n = 58, rpyna 2). Brpo-
JIOBX 5 POKiB MPOBOAMIIOCH IIOPIYHE OMHUTYBAaHHS
MAI[IEHTIB 100 MOINEPEHIX TrociiTam3amnii Ta
cKpuHIHT piabetry. [IpuunHu, nepedir Ta HacHigKu
rocIitalizalliii 3’ sICOBy BaJIMCh Ha ITi ICTaBI MEAUYHOT
nokyMentanii. [ocniTanizamisi 3 mpuBogy rocTpo-
ro iHapkTy MioKapjaa, 1HCYIBTY, JAEKOMIICHCALlii
CepLeBOi HEAOCTATHOCTI 200 CMEPTh OyJIM BKITIOUYEH1
y KOMOIHOBaHY KIHIIEBY TOUYKY CEpLEBO-CYyIWH-
HUX TPOsBIB. BMKMBaHHS aHAJi3yBaJld METOIOM
Kanana-Metiepa. [l cratuctuyHOi 0OpoOKU
pe3yabTaTiB  BUKOPUCTOBYBAJIM HENapaMeTpUYHi
METOAU. Y Tpymi 2 BHUSBJICHO BHUII MeAiaHU
Jorapu(MIiYHOrO BiJJHOLICHHS TPUIIILEPUIIB 0
XOJIECTEePOJIy JINONPOTEIHIB BUCOKOI MIiIJIBLHOCTI,
OPOAYKTY aKyMyJsiuii JimigiB, piBHS 1HCYNiHY
Hatiie ta iHgekcy HOMA (P < 0.002), mo Bka-
3yBaJi0o Ha TepeBaKaHHS MalluX ILIIJIbHUX YacTo-
YOK JIIMONPOTEi/[IB HU3BKOI IMIIJILHOCTI, CKTOMIYHE
BiJIKJIQIaHHS )KUPY Ta PE3UCTEHTHICTD 0 1HCYIIiHY.
VY namnientiB 3 ['TE wacrime BUSABISIIM IIyKPOBHHA
niaber 2 Tuny (58,6% y nopiBHsHHI 3 34,5% y Tpymi
1, BKJIIOYArOUM BIIEPIIC BUSIBJICHI BUIIAJKH 1] 4ac
MOYaTKOBOTI'O OOCTEKEHHS Ta HOBI BHUIIAJKU BIIPO-
JIOBXK S-piuHoro crnoctepexenns P = 0,02), creaTo3
nevinku (81,0% y nopiBHsiHHI 3 55,1%, P = 0,006)
Ta JITOrEHHI po3Jiagu XKOBYHOro Mixypa (55,2%
y nopiBHsiHHI 3 34,7%, P = 0,05). ¥V xinok 3 I'TE
YacTillle CIOCTEpirajyd TiCTePOBapieKTOMII0 B
aHamHe3i (55,2% nporu 19,0% y rpymi 1, P = 0,018).
He 3Bakatoun Ha TpuBajly Teparmiio aTopBacTaTH-
HOM y 71031 20—40 Mr, HalieHTH 4acTo HE JOoCsra-
JIM pEKOMEHIOBAHMX PiBHIB JIMONPOTEIHIB HU3BKOI
HIUTBHOCTI Ta MaJIM Tipili NMOKa3HWKU BHIKUBaH-
Hs d4epe3 OUNbIIY KiJBKICTh CEpUEBO-CYIMHHHUX
yeknagHenb (39,6% y nopiBusiaHI 3 22,4% y Tpymi
1, P =0,027). 3Baxkarouu Ha Te, 1110 iHTeHCUIKAIlis
CTaTHHOTEpamii MOCHUJIUTh PHU3HUK CIPUIHMHEHHS
niabeTy, momryk eheKTHBHOI Ta 0e3MeYHOi cTpaTerii
BTOPUHHOT TPOQUIAKTHKY y I KOrOpTi Malie€HTiB
€ HeOOX1JHHUM 1 BUMArae mogajblinX JOCIIIKEHD.

KnrmodoBi cJ10Ba: rinepTpuriinepuacMis,
MAIiEHTH 3 YK€ BUCOKHM PHU3UKOM TiNepTeHsii,
niabeT 2 THITY, TepaIrisi aTOpBaCTaTHHOM.
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