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Interleukin-6 and its correlations with maternal
characteristics and echocardiographic parameters
in pre-eclampsia, gestational hypertension and

normotensive pregnhancy

Dolina Gencheva, Fedya Nikolov, Ekaterina Uchikova, Rosen Mihaylov, Blagovesta Pencheva,

Maria Vasileva

Abstract

Background: Pre-eclampsia and gestational hypertension are
pregnancy-related disorders with major maternal cardiovas-
cular implications later in life.

Objectives: The aim of this study was to determine interleu-
kin-6 levels in women with pre-eclampsia and gestational
hypertension and in healthy pregnant controls, and to exam-
ine their correlations with characteristics of the women and
echocardiographic findings.

Methods: The ELISA method was used to determine serum
interleukin-6 in 36 women with gestational hypertension, 37
women with pre-eclampsia and 50 pregnant controls. The
echocardiographic examination was performed according
to current recommendations by the European Association
of Cardiovascular Imaging and the American Society of
Echocardiography.

Results: Mean serum interleukin-6 levels were 2.77 pg/ml in
the controls, 5.08 pg/ml in the gestational hypertension group
and 8.06 pg/ml in the pre-eclampsia group. A significant
difference in these levels was present between the controls
and both hypertensive groups, but not between the two hyper-
tensive groups. Higher levels correlated with heart chamber
enlargement and worse ventricular function.

Conclusion: Interleukin-6 levels in gestational hypertension
and pre-eclampsia were significantly elevated compared to
those in healthy pregnancy. Higher levels also corresponded
to echocardiographical changes.
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Hypertensive disorders of pregnancy (HDP) complicate
approximately 5-10% of human pregnancies,' and are one of
the leading causes of maternal mortality in the modern world.?
There is also increasing evidence of elevated cardiovascular
risk after pregnancy-induced hypertension — women have a
long-term risk of developing arterial hypertension, coronary
atherosclerosis, ischaemic heart disease, stroke, type 2 diabetes
mellitus, venous thromboembolism and heart failure.>

It is hypothesised that the hypertensive disorders of
pregnancy, in addition to common risk factors, share some
similar mechanisms with heart disease, such as endothelial
dysfunction, inflammation, oxidative stress and thrombophilia.”™
The inflammatory component of pre-eclampsia is characterised
by elevated cytokine levels and activated leucocytes as well
as stimulation of the angiotensin II type 1 receptor, leading
to vasoconstriction. Tumour necrosis factor (TNF)-alpha,
interleukin-6 and interleukin-8 are elevated, while anti-
inflammatory factors such as interleukin-10 are decreased.'""

Interleukin-6 is a pro-inflammatory cytokine with an
established role in the inflammatory response, hypertension
and atherosclerosis.”” It has been proven in a rat model that
interleukin-6 is involved in elevation of blood pressure in
pregnancy due to the reduction of uterine perfusion pressure
and it mediates worsening of renal function. In another study
it was found that it impaired endothelium-dependent relaxation
and enhanced constriction of systemic vessels in pregnant rats.
This, in turn, suggested its direct role in the vascular resistance in
hypertension-complicated pregnancy.'

In humans, higher interleukin-6 levels were measured in the
umbilical vein and plasma of 12 women with pre-eclampsia
compared to 12 women with normotensive pregnancies.'
Similarly, in another study, higher levels of interleukin-6,
interleukin-8 and TNF-alpha were present in maternal and
placental blood, adding evidence to the hypothesis of the
cytokine’s significant role in the pathogenesis of pre-eclampsia.”
There is also evidence of higher interleukin-6 levels in women with
anamnesis of pre-eclampsia, years after the pregnancy, which is
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interpreted as a sign of long-term endothelial dysfunction for
those women.'

Additionally, interleukin-6 levels are known to be elevated in
certain cardiovascular diseases. Higher plasma and myocardium
levels of interleukin-6 were present in patients with end-stage
heart failure compared to recent-onset heart failure.” Its
expression was proved to be induced in ischaemic and reperfused
areas during myocardial infarction,” and it was also able to
predict future coronary incidents.”

On the other hand, changes in cardiac structure and
function, as assessed echocardiographically, appear to be more
pronounced during the course of hypertensive pregnancies
compared to normotensive ones.>* This suggests a degree
of abnormal cardiovascular response of the female organism
during pre-eclampsia and gestational hypertension.

In this study we aimed to determine serum levels of
interleukin-6 in women with pre-eclampsia and gestational
hypertension, and compare them with those of healthy
pregnant controls. Additionally, we examined correlations of
interleukin-6 levels with some characteristics of the women
and echocardiographic findings as a potential link between
hypertensive disorders of pregnancy and cardiovascular diseases.

Methods

Between August 2018 and January 2020, a prospective, single-
centre, clinical, epidemiological study was conducted at the
Clinic of Cardiology at the University multi-profile hospital Sveti
Georgi, Plovdiv, Bulgaria, and 123 pregnant women over 18 years
of age were enrolled, 37 with the diagnosis of pre-eclampsia, 36
with gestational hypertension. Fifty healthy pregnant controls
were also enrolled. The women were recruited from the Clinic
of Obstetrics and Gynecology in the same hospital and some
of the controls were referred by local obstetrics and gynecology
practices. The study included the analysis of certain biomarkers
as well as echocardiographic assessment of the women.

The study was carried out according to the Declaration of
Helsinki and approved by the ethics committee of the Medical
University — Plovdiv. All of the participants signed a written,
informed consent after a detailed explanation about the study
and the required procedures.

One hundred and sixteen of the women had singleton
pregnancies and nine had bigeminal pregnancies, four in the
pre-eclampsia group, two in the gestational hypertension group
and three controls. Current weight and height of the women
were measured with standardised equipment. Weight before the
pregnancy was self-reported.

A diagnosis of pre-eclampsia was established if the women
had high blood pressure [office-measured systolic blood pressure
(SBP) > 140 mmHg and/or diastolic blood pressure (DBP) >
90 mmHg at least twice over the course of a minimum of four
hours] registered for the first time after the 20th gestational
week, and proteinuria of > 300 mg/l for 24 hours. Gestational
hypertension was diagnosed if high blood pressure was registered
for the first time after the 20th gestational week, and proteinuria
was < 300 mg/l for 24 hours.

Both hypertensive forms were considered early if the
hypertension was first discovered before the 34th gestational
week.? Both hypertensive conditions were considered severe if
the women had registered SBP > 160 mmHg and/or DBP > 110

mmHg or levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) twice the upper reference limit of the
laboratory. No women in the study had thrombocytopaenia,
corresponding to the criterion for severe forms of hypertensive
disorder of pregnancy (< 100 X 10°cells/l).

In order to ensure that the changes in biomarker levels were
not influenced by other conditions, women with recent infections
and any serious systemic diseases or organ failure were not
asked to participate in the study. Women with chronic arterial
hypertension, diabetes mellitus and any known or significant
heart diseases discovered in the course of the study were also
not included. For ethical reasons women who had pulmonary
congestion, encephalopathy, epigastric pain, or HELLP
syndrome (all considered forms of severe HDP) or any other
medical emergency were not asked to participate in the study
as their participation could delay urgent medical interventions.
For the control group, women with diagnosed intrauterine
retardation of the foetus were not included either.

Venous blood was collected from the women in certified
monovettes with a cloth activator. Serum was separated via
centrifugation at 3 000 rpm for 10 minutes and then stored at
—20°C as recommended by the test kit manufacturer. Serum
interleukin-6 levels were determined with solid-phase sandwich
ELISA (Diaclone, Besangon, France) with a biotinylated human
interleukin-6 antibody.

Electrocardiograms were performed on all women in order
to exclude any significant rhythm or conduction disturbances,
which could compromise the results of the study. A thorough
transthoracic echocardiographic examination according to a
protocol was performed with the cardiovascular ultrasound
system General Electric Vivid 9.5 and the echographic recordings
were analysed using EchoPAC clinical workstation software
version 201 (General Electric Medical System, Milwaukee, WI,
USA). Measurements were performed according to the current
recommendations of the guidelines of the European Association
of Cardiovascular Imaging (EACVI) and the American Society
of Echocardiography (ASE).»2

Statistical analysis

Statistical analysis was performed using IBM SPSS statistics 25.0
(IBM SPSS Statistics for Windows, SPSS Inc, Chicago, IL, USA)
and MedCalc Version 14.8.1 (MedCalc Software, Mariakerke,
Belgium). Continuous variables were tested for normality with
Kolmogorov—Smirnov and Shapiro-Wilk tests. The Student’s
t-test, analysis of variance (ANOVA) test and Bonferroni post
hoc test were used to compare the continuous variables that had
normal distribution and more than two independent groups
with homogeneity of variances. Continuous variables with
non-normal distribution were compared with the Kruskal-
Wallis test and the Mann—Whitney U-test. The relationship
between categorical variables in cross tables was analysed using
the x* and Fisher’s exact tests.

Correlation analysis was performed using either Pearson’s
correlation coefficient or Spearman’s rho according to the
normality of the continuous variables. Receiver operating
characteristic (ROC) curve analysis was carried out to determine
discriminative abilities of interleukin-6. Logistic regression
was performed to explain the relationship between variables.
Findings with p < 0.05 were considered statistically significant.
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Results

The mean maternal age of the study group was 29.93 £ 5.71
years (18-43) and the mean gestational age was 33.72
4.47 weeks (22.0-39.29). The two hypertensive groups and the
controls were matched for maternal and gestational age. Between
the two hypertensive groups there was no statistical difference
for the prevalence of early (72.2 vs 83.8%, p = 0.269) and severe
forms (36.1 vs 35.1%, p = 1.000).

There was no statistical difference between the groups
for women who defined themselves as smokers (44.4% in
gestational hypertension, 45.9% in pre-eclampsia and 54.0% in
controls; p > 0.05) and also between the current smokers who
reported smoking during the pregnancy (37.5, 47.1 and 51.9%,
respectively, p > 0.05). More primigravid women were in the
combined hypertensive groups compared to the healthy controls
(49.3 vs 24%, p = 0.008), while there was no statistical difference
for women with a second (26 vs 44%, p = 0.059) and third or
more pregnancies (24.7 vs 32%, p = 0.494).

Women in the hypertensive groups had significantly higher
pre-pregnancy body mass index (BMI) compared to the controls
(28.58 £ 6.14 kg/m? in the gestational hypertension group, 27.26
+ 5.68 kg/m? in the pre-eclampsia group and 22.58 + 5.11 kg/
m? in the controls, p < 0.05), current BMI (33.66 + 5.75, 31.77
+ 5.32 and 27.81 £ 5.49 kg/m’, respectively, p < 0,05) and body
surface area (BSA) (1.97 £ 0.20, 1.96 £ 0.18 and 1.83 £ 0.20
m?, respectively, p < 0.05). Current weight gain, calculated as
the difference between self-reported pre-pregnancy weight and
weight measured at the time of the inclusion in the study did not
differ statistically between the three groups (13.69 * 6.54, 12.94
+ 7.51 and 14.05 * 6.18 kg, respectively, p > 0.05).

Mean interleukin-6 levels were significantly higher in the
gestational hypertension group (5.08 = 5.16 pg/ml, p = 0.020) and
pre-eclampsia group (8.06 * 12.48 pg/ml, p = 0.002) compared
to the controls (2.77 *+ 2.43 pg/ml), but the values did not differ
significantly between the two hypertensive groups (p = 0.508)
despite a tendency for higher levels in the pre-eclampsia group.

When analysed according to the severity and onset of the
disease, there was no statistical difference between the levels in
the newly formed subgroups (Table 1). The difference between
the controls and the late forms of both pathologies, as well as
the mild form of gestational hypertension was non-significant
(Table 2).

Mean levels of interleukin-6 were significantly lower in women
who were in their second pregnancy compared to those in the first
pregnancy. When analysing the whole study group, women whose
pregnancy was the third or more did not differ significantly from
those in either first or second pregnancy. When each group was

Table 1. Comparative analysis of interleukin-6 levels and

forms of gestational hypertension and pre-eclampsia

Early onset Late onset
Group Number — Mean SD Number — Mean SD p-value
GH 26 4.81 3.43 10 5.80 8.36 0.664
PE 31 6.46 7.73 6 16.34 25.78 0.888
Mild form Severe form
Number — Mean SD Number — Mean SD
GH 23 5.32 6.15 13 4.66 2.82 0.626
PE 24 8.98 15.06 13 6.37 5.26 0.604
GH: gestational hypertension; PE: pre-eclampsia; SD: standard deviation.

analysed separately, there was a tendency for lower interleukin-6
levels in the second pregnancy for the controls and gestational
hypertension groups, while for the pre-eclampsia group, the
lowest levels were in women with three or more pregnancies, but
the difference was not significant (Table 3).

Women who stated that they were smokers had significantly
higher levels of serum interleukin-6 than non-smokers in the
whole study group, as well as when separately analysing the
controls, the gestational hypertension group and the combined
hypertensive groups. For those who were smokers, smoking
during pregnancy did not lead to significantly different levels
of serum interleukin-6 in any of the groups analysed (Table 3).

ROC curve analysis was used to determine the ability
to differentiate between the hypertensive and normotensive
pregnancies using interleukin-6 levels. The area under the curve
(AUC) for differentiating between women with gestational
hypertension and the controls was 0.65 at a cut-off point of 4
pg/ml (p = 0.020) (Fig. 1). The AUC for differentiating between
women with pre-eclampsia and the controls was 0.70 at a
cut-off point of 2.82 pg/ml (p = 0.002) (Fig. 2). The AUC for
differentiating between the combined hypertensive group and
the controls was 0.67 at a cut-off point of 2.5 pg/ml (p = 0.001)
(Fig. 3).

The respective sensitivity, specificity, positive and negative
predictive values and accuracy of the cut-off values are given
in Table 4. Binary logistic regression gave an odds ratio of
4.80 (95% CI: 1.90-12.13) for women with interleukin-6 levels
greater than or equal to the provided cut-off points to have
pre-eclampsia, and an odds ratio of 3.21 (95% CI: 1.30-7.92) for
having gestational hypertension. The odds ratio for the presence
of either gestational hypertension or pre-eclampsia was 3.13
(95% CI: 1.48-6.62).

Correlation analysis gave positive correlations of interleukin-6
levels in the whole study group with BMI before pregnancy (r =
0.266), current BMI (r = 0.284) and BSA (r = 0.223). In the
control group, all of those correlations were significant and
stronger (r = 0.305; r = 0.466; r = 0.468, respectively), and
also significant positive correlations with gestational age (r =
0.488) and current weight gain (r = 0.382) were present. No
significant correlations existed in the gestational hypertension or
pre-eclampsia groups when analysed separately. The levels did
not correlate in any of the groups with maternal age, and in the
hypertensive groups they did not correlate with the maximum
detected systolic or diastolic blood pressure (Table 5).

Using the data from the echocardiographic examination of
the women, we found several correlations between interleukin-6

Table 2. Comparative analysis of interleukin-6 levels between different

forms of gestational hypertension and pre-eclampsia and the controls

GH + PE Controls

Subgroup Number Mean  SD  Number Mean SD  p-value
Early form of GH 26 481 343 50 277 243 0.019
Late form of GH 10 5.80 8.36 0.312
Mild form of GH 23 532  6.15 0.149
Severe form of GH 13 4.66 2.82 0.014
Early form of PE 31 646 7.73 0.002
Late form of PE 6 16.34  25.78 0.256
Mild form of PE 24 8.98 15.06 0.020
Severe form of PE 13 6.37 526 0.006
GH: gestational hypertension; PE: pre-eclampsia; SD: standard deviation.
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Table 3. Comparative analysis of interleukin-6 levels according to gravidity, smoking status of the women and smoking during pregnancy by group

Gravidity
1 2 3+
Groups Number Mean SD Number Mean SD Number Mean SD
Whole sample 48 6.25 10.02 41 4.61% 7.51 34 3.84« 3.14
Controls 12 3.64 2.89 22 1.97 1.72 16 3.20¢ 2.71
GH 20 6.25 6.12 7 3.50 2.47 9 3.73 3.90
PE 16 8.21 15.85 12 10.09* 12.19 5.09 3.01
GH + PE 36 7.12 11.36 19 7.66* 10.17 18 4.41¢ 3.45
Smoking status
Never Former Current

Number Mean SD Number Mean SD Number Mean SD
Whole sample 43 5.07 10.68 15 2.60" 2.68 60 5.70° 6.36
Controls 13 1.64° 1.68 10 2.69« 2.17 27 3.340 2.69
GH 15 2.88¢ 2.48 2 4.57 6.41 16 7.41° 6.43
PE 15 10.22¢ 17.00 3 1.00 1.03 17 7.84¢ 9.03
GH + PE 30 6.55° 12.51 5 2.43 3.82 33 7.63° 7.76

Smoking during pregnancy
No Yes

Number Mean SD Number Mean SD p-value
Whole sample 32 6.13 7.90 28 5.21 4.05 0.646
Controls 13 3.48 3.29 14 3.20 2.11 0.794
GH 10 7.22 8.21 6 7.73 1.50 -
PE 9 8.72 11.36 8 6.85 6.06 0.743
GH + PE 19 7.93 9.57 14 7.23 4.57 0.358
GH: gestational hypertension; PE: pre-eclampsia; SD: standard deviation.
Same letters in the rows signify the lack of a statistical difference, while different letters signify the presence of a significant difference (p < 0.05).
Subgroups with n < 8 were not analysed due to lack of statistical representability.

levels and certain parameters. Of the left-sided parameters
(Table 6) in the whole study group, interleukin-6 levels correlated
positively with the anterior—posterior diameter of the left atrium
(LA), end-diastolic diameter (EDD) of the left ventricle (LV),
end-systolic diameter (ESD) of the LV, left ventricular mass
index (LVMI), septal thickness in diastole, stroke volume and
biplane end-diastolic volume of the LV. The mean E/e’ ratio
and the global longitudinal strain of the LV had a negative
correlation with the S wave of the lateral mitral annulus.

In the controls, the first six of the correlation remained
significant and were stronger, while the latter four were not
present. In the gestational hypertension group, there was a
weak positive correlation only with the ¢’ wave of the medial
mitral annulus, but no correlation with the mean value of the
medial and lateral ¢’ waves. In the pre-eclampsia group, there
were positive correlations with the EDD and ESD of the LV
as well as the indexed ESD and the indexed and non-indexed
end-diastolic volume. In the combined hypertensive group, there

1.0

0.8 -

0.6 -

Sensitivity

0.4 -

0.0
0.0

0.2

T
0.4

1.0

1 - Specificity

Fig. 1. ROC curve for interleukin-6 (AUC = 0.65, p = 0.020) for
determining the cut-off value for differentiating between
the controls and gestational hypertension group.
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Fig. 2. ROC curve for interleukin-6 (AUC = 0.70, p = 0.002)

for determining the cut-off value for differentiating

between the controls and pre-eclampsia group.
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Table 4. Cut-off values of interleukin-6 and values of the validation

criteria for differentiation between the controls and women
with pre-eclampsia and gestational hypertension

Positive Negative
Cut off  Sensitivity  Specificity — predictive  predictive — Accuracy
Group  (pglml) (%) (%) value (%) value (%) (%)
GH >4 56 72 59 69 65
PE >2.82 73 64 60 76 68

GH: gestational hypertension; PE: pre-eclampsia.

Table 5. Correlation coefficients between interleukin-6 levels

and certain characteristics of the women

Characteristics All women  Controls GH PE
Maternal age 0.002 -0.105 0.171 0.061
Gestational age 0.101 0.488 -0.039 -0.068
BMI before pregnancy 0.266™ 0.305" 0.065 -0.007
Current BMI 0.284" 0.466™ 0.103 -0.040
BSA 0.223° 0.468" -0.101 -0.085
Current weight gain 0.169 0.382" 0.069 0.009
Maximum SBP - - 0.275 0.045
Maximum DBP - - —-0.001 0.255
*p <0.05, **p < 0.01, **p < 0.001

GH: gestational hypertension; PE: pre-eclampsia; BMI: body mass index; BSA:
body surface area; SBP: systolic blood pressure; DBP: diastolic blood pressure.

were correlations with the indexed and non-indexed ESD and
ESD of the LV.

Of the analysed right-sided parameters (Table 7), fewer
correlations were observed. In the controls the interleukin-6
levels correlated negatively with the right ventricle (RV) fractional
area change (FAC) (r = -0.389, p < 0.01) and positively with the
end-systolic area (ESA) of the RV (r = 0.286, p < 0.05). In the
pre-eclampsia group, the levels correlated negatively with the E/e’
ratio of the tricuspid inflow (r = —0.367, p < 0.05) and positively
with the FAC (r = 0.325, p < 0.05). There were no correlations
in the whole study group, the gestational hypertension and the
combined hypertension groups.

Discussion

The presence of higher levels of interleukin-6 in women with
gestational hypertension and pre-eclampsia in our study confirms
the inflammatory component and endothelial dysfunction in
these conditions.”* Similar to our study, a number of other
studies also found elevated interleukin-6 levels in women with
pre-eclampsia,®* while a study by Borekci e al. did not find
such an association.®

In a study by Xiao et al.,** 104 women with pre-eclampsia
were analysed and compared to 75 controls, and significantly
elevated levels were found in both early- and late-onset severe
forms, but not in the mild cases. In the pre-eclampsia group,
there was a significant difference in levels between the mild and
severe forms, but no difference between early and late onset of
the disease.

Similarly, in our study there was no statistical difference when
comparing between early and late onset of both hypertensive
disorders, however, only the early-onset disorder had statistically
higher interleukin-6 levels compared to the controls. This finding
could be in line with the hypothesis of several authors of the
presence of different risk factors and underlying pathogenic
mechanisms for the development of early- versus late-onset
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Fig. 3. ROC curve for interleukin-6 (AUC = 0.67, p = 0.001)
for determining the cut-off value for differentiating
between the controls and the combined hypertensive
groups (gestational hypertension + pre-eclampsia).

Table 6. Correlation coefficient tween interleukin-6 levels
and left-sided echocardiographic parameters

Whole

study GH +
Parameters group Controls GH PE PE
AP diameter of LA 0.239" 0.318" 0.081 0.139 0.089

Ind AP diameter of LA 0.032 -0.122 0.171 0.104 0.132

Ind LA volume 0.094  -0.108 0.033 0.212 0.107
Septum (diastolic) 0.184 0.285  -0.105  -0.158  -0.133
Posterior wall (diastolic) 0.118 0.210 -0.118 -0.109 -0.102
EDD 0.293" 0.356" 0.117 0.358" 0.238"
ESD 0.317"  0.401" 0.219 0.333° 0.268"
Ind EDD 0.085  -0.065 0.187 0.316 0.257
Ind ESD 0.128 0.021 0.252 0.353° 0.278
EDV biplane 0.186" 0.179  -0.171 0.327° 0.078
Ind EDV biplane 0.061 -0.070  -0.207 0.407° 0.112
ESV biplane 0.146 0.225  -0.193 0.227 0.000
Ind ESV biplane 0.047 0.022  -0.192 0.220 0.011
LVMI 0.234" 0.441" 0.221 -0.025 0.081
EF (S) -0.023  -0.130 0.152 0.040 0.099
SV (VTI) 0.215° 0.322 0.052 0.150 0.097
Cardiac index 0.162 0.135 0.163 0.237 0.219
E/A 0.069 0.007 0.295  -0.129 0.089
E-DT —-0.128 0.032  -0.019  -0.140  -0.066
¢’ medial -0.097  -0.271 0.357 0.079 0.189
¢’ lateral -0.133  -0.232 0.110 0.047 0.061
¢’ mean -0.112  -0.258 0.244 0.074 0.137
E/e’ mean 0.206 0.176 0.123  -0.209  -0.003
S medial -0.174  -0.173 0.123  -0.178  -0.046
S lateral -0.255"  -0.225 0.076 ~ -0.300  -0.143
LV GLS 0.211 0220  -0.146  -0.140  -0.093

*p < 0.05, **p < 0.01, ***p < 0.001

GH: gestational hypertension; PE: pre-eclampsia; AP: anterior—posterior;

LA: left atrium; ind: indexed to BSA; EDD: end-diastolic dimension; ESD:
end-systolic dimension; EDV: end-diastolic volume of the left ventricle; ESV:
end-systolic volume of the left ventricle; LVMI: left ventricular mass index; EF
(S): ejection fraction of the left ventricle, Simpson’s method; SV: stroke volume,
calculated using VTI; E/A: ratio of the E wave and A wave of the mitral flow;
E-DT: deceleration time of the E wave; ¢”: peak early diastolic velocity of the
mitral annulus; E/e”: ratio of the E wave of the mitral flow and e’ of the mitral
annulus; S: peak systolic velocity of the mitral annulus; LV GLS: global longitu-
dinal strain of the left ventricle.
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Table 7. Correlation coefficients between interleukin-6 levels

and right-sided echocardiographic parameters

Whole

study GH +
Parameters group Controls GH PE PE
Ind RA volume 0.133 0.024 0.253 0.178 0.199
EDA 0.071 0.097  -0.121 0.110 ~ -0.001
ESA 0.120 0.286° -0.058  -0.046  -0.066
Ind EDA -0.058  -0.249  -0.106 0.203 0.067
Ind ESA -0.004 0.022  -0.010  -0.036  -0.029
FAC -0.139  -0.389" -0.146 0.325 0.072
TAPSE 0.021 -0.046 0.008 0.255 0.114
TVE -0.020 0.010 0.136  -0.248  -0.050
TV E-DT -0.046 0.031 -0.313 0.002  -0.152
TV E/A -0.034 0.001 0.134  -0.159 0.007
TVe —-0.033 -0.052 0.157 0.125 0.112
TV E/e’ —-0.021 -0.010  -0.007  -0.367" -0.168
TV e'la -0.018 0.049 0.023  -0.020  -0.024
TV S wave -0.052 0.057 0.049  -0.122  -0.026
RV GLS 0.147 0.139 0.078  -0.094  -0.019
AT of PV -0.016  -0.074 0.106  -0.052 0.040
*p <0.05, **p < 0.01, ***p < 0.001,
GH: gestational hypertension; PE: pre-eclampsia; Ind: indexed to BSA; RA:
right atrial; EDA: end-diastolic area of the right ventricle; ESA: end-systolic
area of the right ventricle; FAC: fractional area change of the right ventricle;
TAPSE: tricuspid annular plane systolic excursion; TV E: peak velocity of early
tricuspid inflow wave; TV E-DT: deceleration time of the E wave; TV E/A: the
ratio between the peak velocities of the early and late tricuspid inflow waves; TV
¢”: peak early diastolic velocity of the tricuspid annulus; TV E/e”: the ratio of
the E wave of the tricuspid flow and the ¢ of the tricuspid annulus; TV ¢’/a”: the
ratio between the peak velocities of the early and late velocities of the tricuspid
annulus; TV S wave: peak systolic velocity of the tricuspid annulus; RV GLS:
global longitudinal strain of the right ventricle (free wall); AT of PV: accelera-
tion time of the pulmonary valve.

pre-eclampsia.®* The less pronounced inflammatory response
in late-onset pre-eclampsia and gestational hypertension could
also explain the known lower frequency of maternal and foetal
complications compared to the early-onset forms.**

Conversely to Xiao et al.,** we did not find a significant
difference between the mild and severe forms in both the
gestational hypertension and the pre-eclampsia groups, which
could be due to the fact that most of the women, by the time
of inclusion in the study, had only blood pressure values as
an indicator of severity. The authors of an extensive review”
dealing with differences and similarities between early- and
late-onset pre-eclampsia commented on the more pronounced
immunological response in early-onset pre-eclampsia most
likely explaining the higher probability of multi-organ damage.
They consider the studies comparing early- and late-onset
pre-eclampsia to be limited, especially when it comes to
interleukin-6 levels.

Studies focusing on interleukin-6 levels, specifically in
women with gestational hypertension, are rare and usually
those women are part of a larger hypertension-in-pregnancy
group.“*! Nonetheless evidence of an inflammatory response in
such women does exist. Zhang et al.” found significantly higher
levels of interleukin-6 in women with gestational hypertension
compared to the controls, but unlike in our study, in their study
the levels of interleukin-6 in gestational hypertension were
significantly lower than in the pre-eclampsia group. Most studies
deal with early- and late-onset forms of pre-eclampsia, however,
our study proved a more pronounced inflammation in the early-
onset forms of gestational hypertension as well, which we believe
to be an important finding.

It is interesting to note that in our study, in the control group,
the levels of interleukin-6 were positively correlated with a
number of parameters: pre-pregnacy and current BMI, weight
gain and gestational age, while in the hypertensive groups,
such correlations did not exist. This result could lead to the
conclusion that during a hypertensive pregnancy, higher levels
of interleukin-6 are mostly determined by the presence of the
hypertensive disorder of pregnancy itself, and the influence of
other factors is negligible. Similar to our study, Friis ef a/. found
higher levels of interleukin-6 and other inflammatory markers in
pregnant women with a higher BMI.* Another group of authors
found a positive correlation between foeto-maternal adiposity
and inflammatory markers, including interleukin-6.#

The levels of interleukin-6 were higher in smokers for
our whole study group, the controls and the gestational
hypertension group, but not for the pre-eclampsia group. This
result corresponds to a 2017 study* in which the authors found
higher interleukin-6 levels in non-pregnant smokers, as well as
a moderate positive correlation between its levels and serum
amyloid A:low-density lipoprotein levels, a marker for oxidative
stress. Sunyer et al.* also proved that interleukin-6 levels were
significantly higher in the group of ever-smokers from a total of
1 003 people who survived myocardial infarction.

With regard to the echocardiographic examination in our
study, in the whole study group, higher levels of interleukin-6
correlated with more pronounced structural changes of the
LV and also with some parameters indicating worse diastolic
function as well as worse longitudinal strain of the LV. Indexing
to BSA led to the disappearance of the correlations between
interleukin-6 and the EDD and ESD of the LV and the ESA
of the RV. This is likely due to the moderate positive correlation
between interleukin-6 and BSA. In the pre-eclampsia group,
however, where higher interleukin-6 levels did not correspond to
higher BSA, the indexing to BSA rendered the correlation with
the EDD of the LV non-significant, but enhanced the correlation
with the ESD and the EDD of the LV.

In the combined hypertension group, the correlation with
EDD remained weaker but significant after indexing. However,
it is worth noting that interleukin-6 had a positive correlation
with RV FAC and a negative correlation with the E/e” ratio of
the tricuspid valve for the pre-eclampsia group alone. Those
correlations were not present for the gestational hypertension
group and the correlation with FAC in the controls was negative.

Although these particular results might seem paradoxical,
they could be explained by the presence of an increased
contractility, which is believed to be the initial RV response
to a higher afterload,”* likely happening as a result of the
generalised vasoconstriction in pre-eclampsia, which is not as
pronounced in gestational hypertension.” Therefore higher levels
of interleukin-6 could indicate the initial compensatory stages
of RV involvement in the systemic syndrome of pre-eclampsia,
despite corresponding to a seemingly better function.

Interleukin-6 had very few correlations in the gestational
hypertension group, which could lead to the conclusion that
despite significantly higher interleukin-6 levels in this population,
the biomarker does not seem to directly correspond to cardiac
changes as assessed echocardiographically. We are not aware
of another study examining correlations between interleukin-6
levels and echocardiographic changes in human pregnancy,
normotensive or otherwise.
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A study by Ding et al.* analysed the association between  for gestational hypertension. Interleukin-6 could therefore be
interleukin-6 and heart function in a pre-eclampsia model used in clinical practice to improve complex care of women with
of pregnant rats. The administration of interleukin-6 further  hypertensive pregnancies.
worsened the tissue Doppler mitral systolic peak velocity (Sm)
and early diastolic (Ea) peak velocities in the rats with reduced  The study was financially supported in the purchase of the biomarker kits by
uterine perfusion pressure, and increased the medial E/Ea ratio.  a scientific project of the Medical University — Plovdiv, DPDP N19/2019 via
It also increased serum concentrations of cardiac troponin I, the  the Doctoral and Postdoctoral Projects programme.

MB fraction of creatinine phosphokinase (CK), myoglobin and
brain natriuretic peptide (BNP). The authors concluded that
interleukin-6 is complicit in the myocardial damage occurring
in such pregnancies. They further proved that inhibiting 1. Vest AR, Cho LS. Hypertension in pregnancy. Curr Atheroscler Rep
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SGLT2 inhibitors in preserved ejection fraction heart failure: meta-analysis

Sodium-glucose co-transporter-2 (SGLT2) inhibitors,
beneficial in reduced ejection fraction heart failure, can also
treat preserved ejection fraction, found a meta-analysis by the
University of East Anglia (UEA) in the European Journal of
Preventive Cardiology.

Lead researcher Prof Vass Vassiliou, from UEA’s Norwich
Medical School and an honorary consultant cardiologist at
the Norfolk and Norwich University Hospital, said: ‘Heart
failure affects about one million people in the UK.

‘There are two types. Heart failure with a reduction in
ejection fraction happens when the heart is unable to pump
blood round the body due to a mechanical issue. And
heart failure with preserved ejection fraction happens when,
despite the heart pumping out blood well, it is not sufficient
to provide oxygen to all the parts of the body. Patients are
equally split between the two types of heart failure.

‘For many years there was not a single medicine that
could improve the outcome in patients with the second type
of heart failure, those with preserved ejection fraction. This
type of heart failure had puzzled doctors, as every medicine
tested showed no benefit.

‘One class of heart medication, called SGLT2 inhibitors,
was initially used for patients with diabetes. However, it was
noticed that it also helped patients who had heart failure.

‘Previous studies had shown this medication would be

beneficial in heart failure with reduced ejection fraction.
But we found that it can also help heart failure patients with
preserved ejection fraction.’

SGLT2 inhibitors are more commonly known under
their trade names: Forxiga (dapagliflozin), Invokana
(canagliflozin), and Jardiance (empagliflozin). The research
team undertook a meta-analysis of all studies published
in the field and brought together data from almost 10 000
patients. They used statistical modelling to show the specific
effect of these medicines.

Vassiliou said: ‘We found that patients taking SGLT2
inhibitors were 22% less likely to die from heart-related
causes or be hospitalised for heart failure exacerbation than
those taking placebo.

“This is very important because this is the first medication
that can provide a benefit to this previously untreatable group
of patients, in terms of heart-related deaths or hospitalisation
... it will revolutionise the treatment offered to heart failure
patients’, he added.

The study was led by researchers at UEA in collaboration
with the Norfolk and Norwich University Hospital, Imperial
College London and Imperial College NHS Trust, and
Cambridge University Hospitals.

Source: MedicalBrief 2022
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