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Aim. Insulin can stimulate the growth of various cells, including cardiomyocytes, through the insulin-like
growth factor (IGF) signaling pathway. Insulin resistance (IR), characterized by elevated circulating insu-
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lin levels, complicates long-standing type 1 diabetes mellitus (T1DM). This study investigates whether IR in
T1DM is associated with cardiac remodeling.

Material and methods. IR was assessed using the estimated glucose disposal rate (eGDR) in 84 adults with
T1DM of at least 5 years. Participants with an eGDR at or below the median value were considered more
insulin resistant. Transthoracic echocardiography was used to measure left ventricular end-diastolic diam-
eter (LVEDD), intraventricular septal thickness (IVST), right ventricular end-diastolic diameter (RVEDD), and
left atrial diameter (LAD). Participants were divided into two groups based on the median eGDR value. Com-
parisons between groups were made using the Mann-Whitney test.

Results. The median age of the participants was 40.5 years (range: 34.0—51.0), with a T1IDM duration of 21.0
years (range: 15.5—-27.0) and eGDR of 7.4 (range: 5.1-9.5). Of the participants, 52 (61.9%) were men. Individu-
als with lower eGDR had larger cardiac diameters (all in cm): LVEDD (4.5 [4.3—4.8] vs 4.75 [4.5-5]; p = 0.01),
LVEDD(2.7 [2.5-2.8] vs 2.8 [2.6—2.9]; p = 0.02), end-systolic LAD (3.5 [3.2—3.7] vs 3.8 [3.5-3.9]; p < 0.01), and
thicker IVS (0.9 [0.8-1] vs 1.1 [1-1.18]; p < 0.01).

Conclusions. Individuals with TIDM and lower eGDR values exhibited more pronounced cardiac remode-
ling, with greater LVEDD, RVEDD, and LAD dilation and increased IVST. These findings suggest that people
with T1DM at risk of IR have more commonly adverse cardiac structural changes, though causality remains

uncertain.

Introduction

Approximately 10% of people with diabetes have
type 1 diabetes mellitus (T1DM), which requires
lifelong treatment with exogenous insulin injec-
tions [1]. Unfortunately, some individuals with
T1DM develop insulin resistance (IR) over time,
similar to people with type 2 diabetes mellitus
(T2DM) [2].

The pathophysiology of IR in TIDM is multi-
factorial, with contributing factors including obe-
sity, physical inactivity, exogenous insulin treat-
ment, and smoking [2]. The gold standard for
assessing IR in TIDM is the hyperinsulinemic-eu-
glycemic clamp [3]. However, the estimated glu-
cose disposal rate (eGDR) is a less time-consum-
ing indirect marker of insulin sensitivity — highly
negatively correlated with IR diagnosed with the
hyperinsulinemic-euglycemic clamp [4]. IR, as
indicated by lower values of eGDR, is associated
with the development of macrovascular com-
plications and increased all-cause mortality in
T1DM [5,6].

Cardiovascular disease (CVD) is the leading
cause of mortality among individuals with TIDM
and T2DM [7]. These people often develop left
ventricular hypertrophy, diastolic and, over time,
systolic heart failure (HF), atrial fibrillation, and
ischemic heart disease [8]. One of the proposed
pathomechanisms of diabetic cardiomyopathy in
T2DM is IR [9]. Liu et al. demonstrated in a pro-
spective cohort study that lower eGDR is associ-
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ated with future heart failure events in individuals
with T2DM [10].

Less is known about echocardiographic
changes associated with IR in TIDM. People with
T1DM have significantly higher interventricular
septal thickness compared to healthy controls
[11]. Body mass index (BMI) has been positively
associated with left atrial volume and left ven-
tricular mass in adults with T1IDM [12]. However,
no data on the relation of cardiac dimensions and
wall thickness to IR in TIDM individuals are avail-
able.

This study compared cardiac dimensions and
wall thickness in TIDM individuals with lower and
higher eGDR.

Material and methods

Recruitment

This is a post-hoc analysis of a cross-sectional
study using data from the Poznan Atherosclero-
sis in Adult Patients with long-term Type 1 Diabe-
tes Mellitus Study (PARADISE T1DM Study). The
Bioethical Committee at the Poznan University
of Medical Sciences, Poznan, Poland, reviewed
and approved the study protocol (67/19). Written
informed consent was obtained from all individu-
als before inclusion in the study. Each participant
was assigned a unique code to ensure anonymity
and confidentiality of sensitive and clinical data.



The research was conducted in accordance with
the Declaration of Helsinki [13].

Participants were enrolled between Febru-
ary 2019 and March 2020. Inclusion criteria were:
age between 18-65 years, TIDM confirmed by
positive antibodies with at least a 5-year dura-
tion. Exclusion criteria included symptomatic
heart failure, left ventricular ejection fraction (EF)
below 50%, and moderate to severe valvular dis-
eases. Professional athletes were also excluded.
More details on the study protocol, clinical exam-
inations, and measurements can be found in our
previous reports [14-16].

For this analysis, we selected data from base-
line anthropometric and clinical evaluations,
including standard biochemical workups such as
lipid profile, thyroid-stimulating hormone, creati-
nine, transaminases, C-reactive protein, Albumin
to Creatinine Ratio (ACR), and HbAlc. Low-den-
sity lipoprotein cholesterol (LDL-C) concentration
was estimated using the Friedewald formula [15].

IR Assessment by eGDR

The eGDR highly correlates with the results of
the euglycemic-hyperinsulinemic clamp, the gold
standard for IR assessment in TIDM. The eGDR
was derived from the following formula:

eGDR [mg/kg/min]=24.31 - (12.22 x WHR) - (3.29
x arterial hypertension) - (0.57 x HbAlc)

where WHR is the waist-to-hip ratio, arterial
hypertension is coded as 1 if present and O if not,
and HbAT1c is glycated hemoglobin [%] [4]. Individ-
uals with an eGDR at or below the median value
were considered to be less insulin-sensitive.

Transthoracic Echocardiography (TTE)

Resting TTE was performed by a cardiologist
using a 3.5-MHz transducer (3Sc-RS phased
array ultrasound probe) on a Vivid S6 echocar-
diography machine from General Electric Health-
care Technologies. Left ventricular end-diastolic
diameter (LVEDD), right ventricular end-diastol-
ic diameter (RVEDD), left atrium diameter (LAD)
at the end of systole, and intraventricular sep-
tum thickness (IVST) at the end of diastole were
assessed in the left parasternal long-axis view
according to the Guidelines of the Working Group
on Echocardiography of the Polish Cardiac Soci-
ety and the Consensus Document of the Europe-

an Association of Cardiovascular Imaging [17,18].
Left ventricular EF was measured from the two-
and four-chamber apical views using the biplane
Simpson's method.

Data analysis

The normality of data distribution was tested
using Q-Q plots and the D'Agostino-Pearson
test [19]. As most data did not follow a normal
distribution in eGDR subgroups, summaries are
presented as medians and interquartile ranges
(IQR). Comparisons between eGDR groups were
made using the Mann-Whitney test for unpaired
data. Categorical data are presented as num-
bers (percentages), while numerical data are
presented as medians (lower to upper quartiles)
and compared using the Fisher exact test. All
tests were two-sided, and the p-value was set
at < 0.05 as statistically significant. All statistical
analyses were made with the custom code of the
R-programming language (version 3.6.1.; Vienna,
R Project).

We performed a logistic regression analy-
sis to identify factors associated with cardiac
remodeling. The dependent variable was defined
as increased IVST (>1 cm) [20]. The multivariable
model included age, sex (coded as 1 for men),
and BMI—well-established factors related to
cardiac size—along with the presence of higher
IR risk (defined as eGDR at or below the median
value) [21].

Results

Comparison of clinical characteristics

The clinical characteristics of both groups are
presented in Table 1. We investigated 84 adults
with a median age of 40.5 (34.0-51.0) years and
a diabetes duration of 21.0 (15.5-27.0) years. Fif-
ty-two (61.9%) of them were men. Median eGDR
was 7.4 (5.1-9.5). Most participants with eGDR at
or below the median value had hypertension and
more commonly presented with diabetic retin-
opathy and kidney disease. They also required
metformin, statins, beta-blockers, and ACEI/ARB
more frequently but were less often on insulin
pumps. These individuals were older (median age
difference of 4.5 years), although the duration
of TIDM was comparable between both groups.
Their cardiometabolic and renal profiles were
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worse, with higher systolic and diastolic blood Comparison of cardiac remodeling

pressure (SBP, DBP), BMI, WHR, HbAlc, white Table 2 summarizes the echocardiographic find-
blood cell count (WBC), triglycerides (TGA), and ings. People with eGDR below or equal to the
poorer kidney function. median had significantly more dilated end-di-

Table 1. Comparison of clinical characteristics between individuals with T1IDM and eGDR > (IR less probable) or < the median (IR

more probable).

Clinical feature or parameter eGDR > the median eGDR = the median p-value
median (IQR) median (IQR)
n =42 (50%) n =42 (50%)

Categorical data

N (% of a group)
Men 23 (54.8) 29 (69.0) 0.18
Current smoker 6(14.3) 9(21.4) 0.39
Hypertension 1(2.4) 38(90.5) <0.01
Peripheral diabetic neuropathy 7(16.7) 12 (28.6) 0.19
Diabetic retinopathy 9(21.4) 24 (57.1) <0.01
Diabetic kidney disease 2(4.8) 10 (23.8) 0.01
Diabetic foot 1(2.4) 2(4.8) 0.56
On insulin pump 12 (28.6) 2(4.8) <0.01
Metformin 4(9.5) 12 (28.6) 0.02
Statin 3(7.0) 11 (26.2) 0.01
Beta-blocker 2(4.8) 12 (28.6) <0.01
ACEI/ARB 2(4.8) 28 (66.7) <0.01

Continuous data

median (IQR)

Age [years] 38.5(31-51) 43 (38-51) 0.01
T1DM duration [years] 19.5 (15-26) 22.5(17-28) 0.39
SBP [mmHg] 127 (117.5-136) 130 (125-142) 0.01
DBP [mmHg] 79.5 (75-86) 84.5 (77.5-92) 0.04
WHR 0.8 (0.8-0.9) 0.9 (0.9-1) <0.01
BMI [kg/m’] 25.2 (23.5-217.5) 28.2 (24.7-31.8) 0.01
HbATc [%] 7.4 (7-8.8) 8.1(7.4-9.2) 0.01
White Blood Cells [G/1] 6.24 (5.22-7.01) 7(6.24-8.03) 0.01
Red Blood Cells [T/1] 4.94 (4.59-5.18) 4.82 (4.68-5.18) 0.86
Hemoglobin [g/1] 14.4 (13.6-15.1) 14.75 (13.6-15.3) 0.8
Sodium [mmol/I] 139 (138-141) 139 (138-140) 0.91
Potassium [mmol/I] 4.15 (4-4.31) 4.31 (4.05-4.65) 0.07
Total cholesterol [mg/dI] 185.5 (171-202) 190 (165-233) 0.5
LDL-C [mg/dI] 100.5 (86-122) 103 (82-132) 0.63
HDL-C [mg/dI] 63.5 (54-71) 55.5 (50-72) 0.15
TGA [mg/dl] 85.5 (59-102) 108.5 (89-150) <0.01
Non-HDL-C [mg/dI] 119.5 (106-144) 134 (100-159) 0.27
TGA/HDL 1.30(0.84-1.85) 1.92 (1.08-2.88) <0.01
ALT [UI/1] 17 (13-20) 18 (14-32) 0.16
AST [UI/1] 18 (16-21) 18.5 (16-27) 0.16
Creatinine [mg/dI] 0.83(0.75-0.91) 0.91 (0.78-1) 0.03
eGFR [ml/min/1.73m?] 104.3 (90-113. 8) 92.2 (87.6-103.9) 0.01
ACR [mg/g] 4 (3-6) 6 (3-20.76) 0.04
CRP [mg/1] 1.05(0.77-1.82) 1.38 (0.73-2.22) 0.2
TSH [pIu/ml] 2.01 (1.15-2.73) 1.68(1.18-2.3) 0.23

ACR - Albumin to Creatinine Ratio. ALT — Alanine Transaminase. AST - Aspartate Transaminase. BMI — Body Mass Index. HbAlc - Glycated
Hemoglobin. HDL-C - High-Density Lipoprotein cholesterol. LDL-C — Low-Density Lipoprotein cholesterol. WHR — Waist-to-Hip Ratio. MCHC
- Mean Corpuscular Hemoglobin Concentration. TGA - triglycerides. TSH — Thyroid-stimulating Hormone. eGDR - Estimated Glucose
Disposal Rate. SD - Standard Deviation. eGFR - estimated glomerular filtration rate. SBP - Systolic Blood Pressure. DBP - Diastolic Blood
Pressure, ACEIl angiotensin-converting enzyme inhibitors, ARB - AT1 receptor blockers; p < 0.05 bolded.

268 Journal of Medical Science 2024 December;93(4)




Table 2. Comparison of echocardiographic measurements between individuals with T1IDM and
eGDR > (IR less probable) or < the median (IR more probable).

Echocardiographic eGDR > the median eGDR = the median p-value
measurement median (IQR) median (IQR)
n =42 (50%) n =42 (50%)
LVEDD [cm] 4.5(4.3-4.8) 4.75 (4.5-5) 0.01
RVEDD [cm] 2.7(2.5-2.8) 2.8(2.6-2.9) 0.02
IVST [cm] 0.9 (0.8-1) 1.1 (1-1.18) <0.01
LAD [cm] 3.5(3.2-3.7) 3.8 (3.5-3.9) <0.01
EF [%] 55 (55-60) 55 (55-55) 0.9

LVEDD - left ventricular end-diastolic diameter. LAD - left atrial diamater. RVEDD - right ventricular end-
diastolic diameter, EF- ejection fraction, VST - interventricular septal thickness; p < 0.05 bolded.

Table 3. Multivariable logistic regression model for the presence of VS hypertrophy defined as
IVST > 1 cm (codes as 1) vs IVST < to 1 cm (coded as 0).

Variable OR [95% CI] p
Age [years] 1.01 [95% CI: 0.96-1.07] 0.65
Sex (man) 5.22[95% CI: 1.47-18.46] 0.01
BMI [kg/m?] 1.09 [95% CI: 0.96-1.23] 017

eGDR =median

7.55[95% Cl: 2.24-25.50]

<0.01

Cl - Confidence Interval; OR — Odds Ratio; eGDR - estimated Glucose Disposal Rate, IVST - interventricu-

lar septal thickness; p < 0.05 bolded.

astolic left ventricle and right ventricle diame-
ters, end-systolic left atrial diameter, and thick-
er intraventricular septum at the end of diastole.
Although statistically significant, the differences
between medians were of low clinical signifi-
cance, ranging from 0.1 cm for RVEDD to 0.25 cm
for LVEDD. Notably, left ventricular EF was com-
parable between both groups.

The multivariable logistic regression model
revealed that thicker interventricular septum (IVS)
was positively associated with eGDR = medi-
an adjusted for BMI, age, and sex (see Table 3).
Increased IVST was more common in those with
eGDR at or below the median value (more insu-
lin resistant) and in men. Therefore, we included
separate analyses of cardiac dimensions for the
women and men in the supplementary material
(Supplementary Tables 1 and 2).

In univariable logistic regression analy-
sis, eGDR at or below the median was positively
related to LVEDD (OR 3.40 [95% CI: 1.04-11.14];
p = 0.04) and LAD (OR 4.23 [95% CI: 1.33-13.42];
p = 0.01). However, the association between
increased LAD and eGDR at or below the medi-
an became nonsignificant after adjusting for sex,
age, and BMI (p = 0.64). No participants showed
LV dilation defined as LVEDD above 5.9 cm in men
or 5.2 cm in women [20].

Discussion

Our study demonstrates that increased risk of
insulin resistance (IR), assessed through eGDR,
is associated with a worse cardiometabolic and
renal profile, more diabetic complications, and
more complex pharmacological treatment. Indi-
viduals with TIDM and a higher probability of IR
are usually overweight. They also tend to have
more dilated left and right ventricles, left atrium,
and IVS hypertrophy. Increased IVST occurred
more often in less insulin-sensitive TIDM individ-
uals, regardless of BMI, age, or sex. These find-
ings indicate that people with TIDM and a higher
likelihood of IR exhibit at least mild but adverse
cardiac remodeling.

The measurements of left ventricular diame-
ters are related to subclinical heart failure [22]. As
assessed by HOMA-IR, insulin resistance is asso-
ciated with subclinical left ventricular dysfunc-
tion in the general population [23]. Compared to
healthy controls, increased left ventricular diam-
eter, mass, and left atrial volume are commonly
observed in individuals with metabolic syndrome
[24]. Additionally, left ventricular diameter has
been linked to a higher risk of sudden cardiac
death, independent of ejection fraction [25]. These
findings are consistent with previous research on
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T2DM, which also associates IR with heart failure
[10,26]. In T2DM, BMI has been positively asso-
ciated with left ventricular dimensions, and left
ventricular diastolic diameter has been identified
as a standalone indicator of mortality risk [27,28].
In our study, men exhibited higher odds of IVS
hypertrophy. This finding is in agreement with oth-
er studies demonstrating that women have lower
left ventricular wall thickness than men [29].

Pathophysiology

The impact of IR on cardiac hypertrophy in TIDM
remains less explored, though mechanisms in
T2DM provide some insight. Chronic hyperinsu-
linemia, a hallmark of IR, contributes to increased
left ventricular diameters in T2DM [30]. IR impairs
the PI3K/Akt signaling pathway, which normal-
ly promotes vasodilation and reduces vascu-
lar resistance, while leaving the MAPK pathway,
which drives cell proliferation and endothe-
lin-1 secretion, largely intact [31,32]. Increased
endothelin-1 concentration and sympathetic
tone lead to hypertension and cardiac hypertro-
phy [33]. Over time, the proliferative effects of
insulin on vascular smooth muscle cells cause
an increase in left ventricular mass and concen-
tric remodeling, potentially going unnoticed until
more severe cardiovascular issues arise [30,34].
In people with cardiac hypertrophy due to aortic
stenosis, myocardial glucose uptake was lower
during high insulin conditions, indicating insu-
lin resistance. This resistance is associated with
changes in glucose transporters, specifically
a decreased GLUT-4/GLUT-1 ratio [35].

In our study, WBC count was higher in par-
ticipants with a higher probability of IR and mild,
although adverse, cardiac remodeling. This find-
ing aligns with previous research, such as Shi et
al., which found a positive relationship between
WBC count and left ventricular mass index in
hypertensives [36]. Leukocytes play a signifi-
cant role in diabetic cardiomyopathy in T2DM,
with disturbances in metabolic and inflammato-
ry pathways due to pro-inflammatory cytokines,
glucose metabolites, and reactive oxygen species
during hyperglycemia. This increases leukocyte
activation and cardiac inflammation, with neutro-
phils and macrophages contributing to sustained
inflammation and fibrosis [37]. However, whether
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WBC contributes to cardiac remodeling in people
with TIDM is uncertain; a more common find-
ing and potential correlation do not necessarily
translate into causation.

Few studies have investigated echocardio-
graphic changes in diabetic cardiomyopathy in
T1DM. Weber et al. reported that young adults
with T1DM had significantly higher interventricu-
lar septal thickness and reduced diastolic param-
eters than non-diabetic controls [11]. Addition-
ally, echocardiographic parameters such as left
ventricular EF <45%, impaired global longitudinal
strain, and diastolic mitral early velocity (E)/ear-
ly diastolic tissue Doppler velocity (e') were pre-
dictive of major adverse cardiovascular events
(MACE) in people with TIDM without heart dis-
ease over a 7.5-year follow-up [38]. Lassen et al.
suggested that E/e’ and global longitudinal strain
(GLS) provide better prognostic value in TIDM
women than men [39]. In another study, BMI was
positively associated with left atrial volume, left
ventricular mass, and transmitral Doppler ratio
E/A in TIDM individuals without previous heart
disease or hypertension [12]. In a cohort of 20,985
people with T1DM, the incidence of HF was posi-
tively associated with HbAlc, age, diabetes dura-
tion, BMI, smoking, SBP, and negatively with
HDL-C [40]. However, Hjortkjzer et al. found that
long-term T1DM was associated with smaller left
ventricular mass and volumes [41].

Insulin resistance is a well-known risk fac-
tor for heart failure and death in people with
T2DM [42]. In T1DM individuals with IR, there is
also some evidence of worse cardiovascular out-
comes. An analysis of women with TIDM aged 65
to 74 showed that the presence of IR was accom-
panied by a more common history of myocardial
infarction [43].

Study limitations

There are several limitations to this study. First,
instead of using the complicated and time-con-
suming hyperinsulinemic-euglycemic clamp
method, we used the indirect eGDR method.
However, this approach is increasingly common
in daily clinical settings. Another limitation is the
cross-sectional nature of the study, which shows
that some findings coexist and may be associat-
ed but do not establish causation. A prospective



study with long-term follow-up, more detailed
cardiovascular evaluation, insulin resistance
measurements or animal models might provide
clearer answers.

Additionally, this is a single-center study
performed on a group of TIDM patients under
the constant care of a regional reference center
for diabetes. Although the median duration of
T1DM was 15 years, these people generally had
well-preserved kidney function, lipid profiles, and
SBP within target ranges. At least half of them
had normal BMI. Even if cardiac remodeling was
present, it was mild. In other settings, people with
T1DM of similar duration might be in more severe
clinical conditions. Although insulin pump treat-
ment is the gold standard in T1DM, it is still not
used by all individuals, even in our group. The
mode of insulin treatment might also impact the
rate of IR, clinical profile, and cardiac remodeling.
Finally, the medium sample size and single-cen-
ter nature of the study may limit the generaliz-
ability of our findings.

Future research should aim to include larger
and more diverse populations, control groups,
comprehensive cardiac assessments, and use
gold-standard methods for insulin resistance
evaluation to enhance the validity and applicabil-
ity of the findings.

Perspectives

Among adults with TIDM, increased risk of IR, as
estimated by eGDR, is positively associated with
adverse cardiac remodeling. It remains unclear
whether insulin itself promotes IVS hypertrophy
or if other factors contributing to IR are respon-
sible for the adverse cardiac remodeling.

These findings highlight the importance of
early identification and management of insulin
resistance in TIDM to mitigate cardiac complica-
tions potentially. Future studies should focus on
longitudinal assessments to better understand
the progression of cardiac remodeling in this
population and explore targeted interventions to
improve cardiovascular outcomes.
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Supplementary Table 1. Comparison of echocardiographic measurements between clinical characteristics
between men with TIDM and eGDR > or < the median.

Echocardiographic eGDR > the median eGDR < the median p-value
measurement median (IQR) median (IQR)
LVEDD [cm] 4.7 (4.5-4.9) 5.0 (4.8-5) 0.01
RVEDD [cm] 2.7(2.6-2.9) 2.8(2.71-2.9) 0.33
IVST [cm] 1.0 (0.9-1) 1.1(1.1-1.2) <0.01
LAD [cm] 3.6 (3.4-3.8) 3.9(3.8-4.0) <0.01
EF [%] 55 (55-60) 55 (55-55) 0.50

LVEDD - left ventricular end-diastolic diameter. LAD - left atrial diamater. RVEDD - right ventricular end-diastolic di-
ameter, EF- ejection fraction, IVST - interventricular septal thickness; p < 0.05 bolded.

Supplementary Table 2. Comparison of echocardiographic measurements between clinical characteristics
between women with T1IDM and eGDR > or < the median.

Echocardiographic eGDR > the median eGDR < the median p-value
measurement median (IQR) median (IQR)
LVEDD [cm] 4.3 (4.2-4.5) 4.5(4.2-4.6) 0.62
RVEDD [cm] 2.6 (2.5-2.7) 2.7(2.6-3.2) 0.07
IVST [em] 0.9 (0.8-0.9) 1.0 (0.8-1.1) 0.21
LAD [cm] 3.2(3.0-3.6) 3.5(3.1-3.7) 0.27
EF [%] 55 (55-60) 55 (55-55) 0.93

LVEDD - left ventricular end-diastolic diameter. LAD - left atrial diamater. RVEDD - right ventricular end-diastolic di-
ameter, EF- ejection fraction, IVST - interventricular septal thickness.
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ABSTRACT

Aim. To evaluate the educational impact of two flipped classroom models.

Material and methods. Traditional lectures were followed by Flipped classroom (FC) with face to face(F2F)
session (cohort of 2019-20) and online (cohort 2020-21). Students' perceptions were collected by ques-
tionnaire after lectures and FC. Historic academic scores on selected topic were compared scores after
introduction of FC. The learning management system(LMS) was used to monitor student usage of learning

resources.

Results. Students perceptions for cohort 2019-20 were significantly higher(p>0.05) for FC(F2F) compared to
lecture. Students' perceptions for cohort 2020-21 were also significantly higher for FC(online) compared to
online lecture. Academic scores did not show significant difference between lecture and FC. Increased hits
on LMS for online resources were associated with FC or summative assessment.

Conclusions. Students were overwhelmingly positive on FC for both: with F2F and online , and academic
scores were similar to lecture. FC can possibly improve student study habits but needs further research.

Introduction

A lecture, as a teaching method, inherently suf-
fers from being able to focus largely on the low-
er levels of cognition, leaving little or no time to
address the higher levels [1]. A passive transfer of
knowledge and an instructor centric relationship
is deemed to be unsuitable for the current genera-

tion of learners [2]. The flipped classroom (FC) has
garnered considerable attention as an alternative
to the traditional lecture. The FC is a variant of
blended learning [3,4]. Broadly, FC model involves
provision of learning resources online prior to the
face to face (F2F) session. The resources are uti-
lized by students to acquire lower- level cognitive
knowledge, creating sufficient time in the formal
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F2F session to address higher levels, by engaging
in active learning strategies [5].

The FC model has been extensively researched,
particularly in higher education. Literature in health
sciences has also been growing and systematic
reviews or meta-analyses on certain aspects of
the flipped classroom [6,7] have been conducted. In
dental education, studies have reported a positive
effect of FC on student perception [8]. Neverthe-
less, the influence of FC on academic scores has
yielded mixed results [9] and literature describing
its effect on behavioral change is limited.

The advent of COVID-19 pandemic has result-
ed in most dental schools conducting the didac-
tic sessions online [10] and “ensuring the conti-
nuity and quality of dental education” is a chal-
lenge [11] that needs rapid adaptation of existing
teaching strategies to engage students effective-
ly. Under the circumstances, all didactic activities
were shifted to online mode and the F2F session
in the FC was replaced with an online one.

Thus, the aim of the study was; to evaluate the
educational impact of two FC models.

Research questions

1. What is the effect of the FC models (F2F and
online) on student perceptions.

2. What is the effect of flipped classroom on the
academic scores (in didactic component).

3. What is the effect of FC on study habits of stu-
dents?

PRE SESSION

FIRST SESSION

Faculty orientation
by Medical

Education Unit Quiz (Automated

Materials and methods

The FC was introduced to final year students of
dentistry program in the course: Comprehensive
orthodontics and pediatric dentistry. Figure 1 is
describing flow chart showing the key consid-
erations and activities during implementation of
the FC (conventional/online).

The cohort for 2019-20 had 95 students.
The FC was implemented after approval from
the institutional ethics committee and research
center board coupled with support from the IT
department. A workshop was conducted by the
institutional medical education unit to orient
faculty and help design the FC model. Extensive
review of literature was performed to establish
a resource for reference during the implementa-
tion.[12] An orientation class was conducted for
the students prior to the FC wherein they were
introduced to the concept of FC and the neces-
sity of varied methods of teaching was explained.
The first 3 topics of the course were conducted
by traditional lecture (50 minutes each) and at
the end of these lectures, students were asked
to respond to a pretested questionnaire on the
traditional lecture. Topics “pulp therapy in pri-
mary and young permanent dentition" (10% of the
didactic component of the course) were selected
to be conducted as a FC. Traditionally, these were
conducted as 2 separate lectures of 50 minutes
each.

PARAMETERS

SECOND TESTED

SESSION

Student Orientation
for flipped classroom

Selection of topic

Resources
(videos/PPT)
uploaded on LMS

Student usage
monitored on LMS

Pre session
questionnnaire (on
traditional/online
lectures)

response system) /
Google forms
(online)
Mini lecture
(10 min)
General discussion

Learning outcomes
finalized

Case scenario
released to students

Case based learning
session
(small groups)
with/without marks

Post session quiz

Post session
questionnnaire

(a) Pre session/post
session survey

(b) Comparison

of academic scores
between lectures
(historical average)
and FC for the same
topic
(c) Student usage of
the online resources

Figure 1. Flow chart showing the key considerations and activities during implementation of the FC (conventional/online).
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FC (F2F)

Resources including: video recorded
lectures(VRL), power-point(PPT) presentations
of lectures, and links to external open access
sources such American Academy of Pediatric
Dentistry (AAPD) guidelines, were uploaded on
the Learning Management System(LMS), Moodle,
1 week before the session.

The flipped classroom (F2F) consisted of two
sessions. In the first session( 40 minutes), stu-
dents were initially exposed to a quiz including
questions on both the topics that were upload-
ed one week before the lecture. The quiz was
conducted with POWER VOTE™ (Automated
response system) and the correct answers were
displayed in real time. Results were used to give
feedback and clarify student's misconceptions.
This was followed by a mini lecture of 10 minutes
and a general discussion on questions with stu-
dents. A case scenario designed by faculty were
released to the students and learning outcomes
were established for the next session scheduled
one week later.

In the second session, students were divided
into smaller groups (7 or less) for a case-based
learning session(CBL) for a duration of 80 min-
utes. The scenario consisted of a brief introduc-
tion to the problem, followed by sequential dis-
closure of history, findings of clinical examination
and investigations. CBL sessions included role
play by faculty (for parts of history taking) and
summary (5 minutes at end of the session). Stu-
dents were assessed with case- based assess-
ment sheet using analytic rubrics. All other activ-
ities in the course were kept the same as previ-
ous years. The summative assessment was a mix
of MCQ's and short answer questions(SAQ). The
selected topic had a total of 10 MCQ's and 1 SAQ
included in the assessments. The questions were
framed by a single faculty for all the years and the
assessment was verified by a committee.

FC (online)

In the years 2020-21, all the lectures were con-
ducted online due to the COVID-19 pandemic.
The F2F session was substituted with an online
one conducted on ZOOM. Online quiz was con-
ducted with Google forms and case- based
learning session was conducted using break-
out rooms. Additionally, students were asked to
prepare and submit a concept map (1 per group)

for the case scenario. The session was also
assigned marks (2.5% out of overall 100) and
students were informed the same during orien-
tation sessions.

Students of both years responded to a pre-
tested post session questionnaire on their per-
ceptions of the FC. The first seven questions of
both pre-session questionnaire and post session
questionnaires were a comparison between lec-
tures and flipped classroom. The post session
questionnaire session also consisted of 4 addi-
tional questions exclusively on the flipped class-
room. All the responses were kept anonymous.

Statistical analysis

The statistical analysis was conducted using
SPSS version 30. Descriptive statistics were
analysed using the median and range for the lik-
ert scale responses. Mean and standard error
was used to compare between the cohorts for the
multiple choice questions and the short answer
question. A Mann-Whitney U test was employed
to compare between the two cohorts and within
a cohort to compare between lecture and flipped
classroom. The p value of < 0.05 was considered
to be statistically significant.

Results

(A) Survey

A total of 93 responses (2019-20) and 76
responses (2020-21) were considered for the
study. The responses of the survey and academic
scores were expressed as median and range. The
first 7 questions were comparisons between lec-
ture and FC. For the cohort of 2019-20, and the
difference between means was statistically sig-
nificant for 5 questions (p < 0.05) (Table 1). With-
in questions on FC alone, "I recommend flipped
classroom for the same course or other cours-
es" showed the highest score for the cohort of
2019-20 (Table 2). For the cohort of 202021, the
difference between the cohorts was statistically
significant for 3 questions (Table 3).

(B) Academic scores

Comparison was made between academic scores
of 3 consecutive years on the same topic taken as
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Table 1. Comparison of medians between survey responses on lecture and flipped classroom by Mann-Whitney U test. Responses
were recorded on a 5 point Likert scale (1 = strongly disagree to 5 = strongly agree).

Cohort of 2019-20 (n = 93) Lecture Flipped classroom Mann-Whitney U test
Comparison between survey responses Median Range Median Range p
on lecture and flipped classroom
Lectures help me understand the subject better / Flipped classroom 2 4 1 4 <0.001
helps me to understand the subject better*
Lectures help me to remember important concepts/ Flipped 2 8 1 4 <0.001
classroom helped me to remember important concepts*
Lectures are interesting and engaging / Flipped Classroom Is 3 4 1 4 <0.001
Interesting And Engaging*
During lectures | can discuss my difficulties with my teacher and 3 3 2 4 <0.001

classmates / During flipped classroom | can discuss my difficulties

with my teacher and classmates*

| feel confident that | will perform better in clinics because of the 2 3 1 2 <0.001
lecture / | feel confident that | will perform better in clinics because

of the flipped classroom

| feel confident that | will perform better in the theory exam because 2 3 2 3 0.398
of the lecture / | feel confident that | will score good marks in the

theory exams because of the flipped classroom=*

If lectures are uploaded on moodle before coming to the class, | will 2 3 3 4 <0.001
read and come to the session / | watched all the videos of lectures

on moodle before coming to the class*

* p value < 0.05 was considered to be statistically significant.

Table 2. Median and range of survey responses on flipped classroom(conventional and online) exclusively between the two cohorts.
Responses were recorded on a 5 point Likert scale (1 = strongly disagree to 5 = strongly agree).

Survey response on flipped classroom (exclusively) Cohort 2019-20 Cohort 2020-21  Mann-Whitney U test
Median Range Median Range p
| prefer traditional lecture as compared to flipped classroom 2 4 4 4 <0.001
| feel videos of lectures are very useful since they help me to 4 4 4 3 0.612
watch them anytime
I recommend flipped classroom for the same course or other 1 4 4 4 <0.001
courses as well
I had to put more effort for the flipped classroom as compared 3 4 4 4 <0.001
to lecture

Table 3. Comparison of medians between survey responses on online lecture and online flipped classroom by Mann-Whitney U test.
Responses were recorded on a 5 point Likert scale (1 = strongly disagree to 5 = strongly agree).

Cohort of 2020-21 (n = 76) Online lectures  Flipped classroom Mann-Whitney

(online) U test

Comparison between survey responses on lecture and flipped classroom Median Range Median Range p

Online Lectures help me understand the subject better / Flipped 4 4 5 4 0.001

classroom helps me to understand the subject betterx

Lectures help me to remember important concepts / Flipped classroom 4 4 5 3 <0.001

helped me to remember important concepts*

Lectures are interesting and engaging / Flipped Classroom Is Interesting 4 4 4 3 <0.001

And Engaging*

During lectures | can discuss my difficulties with my teacher and 4 4 4 4 0.591

classmates / During flipped classroom | can discuss my difficulties with
my teacher and classmates

| feel confident that | will perform better in clinics because of the lecture 4 4 4 4 <0.001
/ | feel confident that | will perform better in clinics because of the
flipped classroom

| feel confident that | will perform better in the theory exam because of 4 3 4 4 0.044
the lecture / | feel confident that | will score good marks in the theory
exams because of the flipped classroom

If lectures are uploaded on moodle before coming to the class, | will read 5 2 4 3 0.012
and come to the session / | watched all the videos of lectures on moodle
before coming to the class.
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Table 4. (A) Comparison between mean scores and standard error between scores (10 MCQ's
and 1 SAQ) for years 2016-17, 2017-18,2018-19 from traditional lectures and (10 MCQ's and
1 SAQ) for 2019-20, 2020-21 of traditional FC and online FC respectively.

Cohort Mean Standard error p
2016-17 65.93 3.56863 0.941
2017-18 73.42 2.68143
2018-19 70.30 2.87547
2019-20* 70.11 3.08010
2020-21 7412 2.44013

*p value < 0.05 was considered to be statistically significant.
#MCQ's in the years 2019-20 that were part of the exam conducted online with students at home

were not included.

Table 5. Statistics of students access to video's and PPT uploaded prior to FC and lectures.

Resource 1°phase 2" phase 3“phase Overallhits Hits Perstudent Percentage of students

utilizing the resources

FC (F2F) VRL 164 10 4 178 3.24 71.6%
PPT 27 26 71 124
Total 191 36 75 302
p value 0.001
TL VRL 0 0 39 39 198 58.3%
PPT 48 20 e 145
Total 48 20 116 184
p value 0.001
FC (0) VRL 99 2 4 105 3.57 4%
PPT 106 1 53 170
Total 205 13 57 275
p value 0.001
oL VRL 0 0 53 53 2.42 59.7%
PPT 43 29 62 134
Total 43 29 115 187
p value 0.001

VRL - video recorded lectures; PPT — power point presentations; FC(F2F) - flipped classroom with face to face session;
TL - traditional onsite lecture; FC(0) - flipped classroom with F2F session conducted online; OL - online lecture.
1* Phase = 20 days from the activity (lecture of FC). 3" Phase = 20 days prior to the summative period. 2" phase: Days in

between 1°' and 3" phase.

a traditional lecture and scores of 2 years where-
in the topic was conducted as FC. The academic
scores between all the years showed no statisti-
cally significant difference (Table 4).

(C) Utilization of resources

The time period during which both FCb (F2F) and
FC (0) was implemented, showed significantly
increased number of hitsb (p < 0.001) compared
to the period where summative assessment was
conducted or neither of these activities were
being conducted (Table 5). The hits were highest
for the VRL during FC, while the PPT presenta-
tions were used the most, closer to the summa-
tive assessment (p < 0.001) (Figure 2).

Discussion

Student perceptions
In the current study, the students’ response was
overwhelmingly positive on the flipped class-
room. Students of both cohorts found the FC
interesting and engaging compared to the lecture
irrespective of whether it was conducted onsite
(F2F) or online. The constructs exclusively on
students' perceptions on FC also reported a sig-
nificant positive opinion on the utility of videos of
lectures and a desire to see increased number of
sessions of FC in the future.

The questionnaire also included questions
designed to evaluate students’ perception on edu-
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Figure 2. Statistics of students access to video's and PPT uploaded prior to FC and lectures.

cational gains that may be achieved by the flipped
classroom. Students believed that FC helps them
understand and remember concepts better than
lectures. Thus, on both the sub-categories of
reaction [13] including instruction method and
educational gains, students reacted positively.
Systematic reviews [6] and meta-analyses [7,14]
across disciplines support the findings from our
study that FC is perceived positively by students.

Typically, the F2F is an on-campus session
but the COVID-19 pandemic forced these ses-
sions to be online. Online teaching is complex
with adaptations required from both: teacher and
student. In the current study, faculty were orient-
ed on adapting to online teaching by the medi-
cal education unit. The synchronous activities
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could be conducted online with Zoom. The quiz
was conducted on Google Docs and results were
displayed and discussed in real time. Breakout
rooms were used for the case-based learning
sessions to substitute the small group learning
F2F sessions effectively.

The online sessions differed from the F2F ses-
sion in two additional aspects: students had to
prepare a concept map for the scenario and the
session was allocated marks (2.5% of total marks
for didactic component). Concept maps required
students to apply their problem-solving skills to
address the various possibilities arising from the
case scenario.

Self-assessment activities (quiz) promote
student engagement [7] and further enhance



the positive perceptions. Small group activities
[15], introducing case scenarios [16] and con-
cept maps [17] are both: individually and com-
bined, part of the active learning activities known
to enhance learning. The assumption that active
learning strategies, 18 conducted in an appro-
priate way, are in major part responsible for the
positive effects of flipped classroom [19], is rein-
forced by the enhanced student feedback for
online FC as well. Nevertheless, apart from the
active learning, other aspects such as the faculty
orientation, student orientation, resource prepa-
ration, focused feedback may in varying degrees
have contributed to the student's positive per-
ception.

Unsurprisingly, a small number of students
still preferred the lecture (either traditional or
online). Moreover, students' scores were high on
the opinion that they had to put more effort for
the flipped classroom. A lecture mostly involves
passive listening and flipped classroom requires
students to take responsibility for their learning
and hence requires a change in study practic-
es. The reluctance may then be attributed either
to resistance to change or a perceived need for
instructor to explain the content. Nevertheless,
this initial resistance has been reported to ease
out over a period of time [20]. Thus, studies with
evaluation over long term and larger scale of
participation (entire courses and multiple cours-
es in a program) are needed to evaluate if this
subgroup can be better engaged by the flipped
classroom.

Academic scores

The effect of FC on academic scores was evalu-
ated by comparing historic scores on the select-
ed topic (conducted as a lecture) with FC. The
results from our study show that though the
average scores were higher for FC, there is no
significant difference in the scores between the
traditional lecture and FC. The literature on effect
of FC on academic scores has been mixed [12]
with some reporting a significant increase with
introduction of FC [21] while others reported no
significant difference [22]. In the current study,
the course had both didactic and clinical compo-
nent, but the FC was implemented for the didac-
tic part alone. It has been argued that the gains
in academic scores may not be the appropriate

means of measuring gains of FC [23] and the
benefits are more measurable in terms of “gains
in engagement with academic content, educa-
tors and peers, leading to strengthening of life-
long learning” [24].

Study practices

Students were asked prior to a lecture their
willingness to read the uploaded resources
before reporting to the session. Regardless of
the expressed promise of utilizing the online
resources prior to lecture, the percentage of stu-
dents actually utilizing the resources was less
than satisfactory. The study habits were further
studied by accessing logs of activity on the LMS,
Moodle.

During the period associated with FC, a size-
able number of students utilized the online videos
with negligible use of PPT's. In the next phase,
with no assessments, both video's and PPT
usage fell drastically. In the consequent month,
with the advent of a summative assessment, the
online resource utilization spiked significantly,
with a preference for PPT over videos.

Some of the inferences that could be drawn
from the analysis are: (a) students' usage of
online resources prior to a summative assess-
ment, indicates a tendency to study only with
the advent of an assessment(so called binge
studying) [25]. Nevertheless, the introduction of
FC coincided with increased student engage-
ment with resources uploaded online, irrespec-
tive of FC (F2F) or FC online, as compared to
the lectures. Even after accounting for the stu-
dent motivation in FC online due to inclusion of
scores in overall grades, the gains in student
study practices by weaning them away from
“binge studying” seems significant. (b) The
introduction of videos/PPT for flipped class-
room evinced a keen interest in student. Nev-
ertheless, not more than 75% of the students
used the resources. Hence the results of the
quiz or assignment are even more important to
gauge whether students are well prepared, with
the knowledge component (c) Interestingly,
the use of PPT was much higher immediately
before the exam. This may be explained prob-
ably due to the convenience of converting these
presentations into handouts and actually writ-
ing down notes.
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Summary

The summary has been outlined based on Kirk-
patrick’s scale [26,27], measurable parameter
and performance of FC.

Kirkpatrick's Measurable Performance of FC
scale parameter
Reaction Student's Positive
perception
Learning Academic No significant change from
scores lecture
Behavioral ~ Student study Needs more research: Initial
change practices results showed increased
utilization of resources by
students associated with FC
(a practice not noticed with
lectures)
Conclusion

Successful student engagement is possible to be
achieved even if the F2F session is converted to
an online one, by engaging in meaningful active
learning. The academic scores with Flipped
classroom, online or with F2F, are at least equal to
the ones achieved with a lecture. Student behav-
ior of studying only with the advent of a summa-
tive assessment can be changed by introduction
of FC. The asynchronous activities can be moni-
tored on the LMS, and assurance of learning can
be achieved by introduction of self-assessment
with or without grading.
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ABSTRACT

Introduction. Hashimoto thyroiditis (HT) is one of the most common organ-specific autoimmune diseases.
This autoimmune response disrupts thyroid function, affecting biochemical processes and metabolism, with
symptoms often including weight gain and easy fatigue. Vitamin D has so far been considered only a key
regulator of calcium-phosphate metabolism. However, it is now considered a pleiotropic substance and
increasingly published data indicate that it also plays a role in immune modulation and metabolic health.
Aim. The study aimed to assess anthropometric measures, body composition, and muscle strength in
patients with HT, correlate these parameters with serum 25(0H)D levels, and evaluate the impact of vitamin
D supplementation.

Material and methods. The study included 80 female patients, aged =18 years, divided into an HT group (n = 51)
and a Control Group with non-toxic diffuse or nodular goiter (n = 29). Vitamin D supplementation was adminis-
tered based on the initial 25(0OH)D concentration, at a dose of 6000 IU or 4000 IU daily for 3 months to patients
with 25(0OH)D concentration < 20 ng/ml and = 20 ng/ml, respectively. Anthropometric and body composition
measurements, as well as blood tests for 25(0H)D, TSH were performed at baseline and after supplementation.
Results. Both groups showed significant increases in 25(0H)D levels post-supplementation. In the HT group,
lean body mass and muscle strength improved significantly (p = 0.002 and p = 0.02, respectively). In the Control
Group, muscle strength increased (p = 0.01) and hip circumference decreased slightly (p = 0.03). No significant
differences were found in body composition between the groups, although women with HT had larger hip cir-
cumferences. Correlation analysis revealed a moderately strong inverse relationship between baseline 25(0H)
D levels and BMI in the Control Group (R = -0.44; p = 0.04), with no other significant associations identified.
Conclusion. Vitamin D supplementation effectively increased serum 25(0H)D levels and improved muscle
strength and lean body mass in women with HT. Further research is needed to explore the mechanisms by
which vitamin D may impact metabolic and immune health in HT patients.
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Introduction

Hashimoto thyroiditis (HT), also known as chron-
ic autoimmune thyroiditis, along with Graves' dis-
ease, is one of the most common organ-specific
autoimmune diseases. HT is associated with the
infiltration of the thyroid gland by T lymphocytes
and B lymphocytes. The latter cells produce char-
acteristic antibodies against thyroperoxidase
(Anti-TPO) and thyroglobulin (Anti-TG), ultimately
leading to thyroid dysfunction. The prevalence of
the disease increases with age and women have
over ten times higher risk of developing it [1].

Thyroid hormones influence many biochemi-
cal processes in the body, participating in ther-
mogenesis, controlling the rate of basal metab-
olism, and regulating the metabolism of carbo-
hydrates, proteins, and fats. Therefore, patients
with HT often experience symptoms affecting
various organs and systems, including excessive
weight gain, loss of energy, decreased physi-
cal function, depending on the degree of thyroid
dysfunction [2].

Vitamin D performs various essential func-
tions in the body. One of its main tasks is the
regulation of calcium-phosphate metabolism.
However, its role extends beyond the skeletal
system. In the form of calcitriol, a steroid-like
hormone, it influences the immune system,
muscle function, and may also affect metabolic
processes, such as weight regulation [3]. Vita-
min D deficiency has been linked to numerous
chronic diseases, including obesity, metabolic
syndrome, hypertension and type 2 diabetes [4].
Many scientific reports postulate that adipose
tissue is a source of pro-inflammatory cytok-
ines, including interleukin-6 (IL-6), tumor necro-
sis factor alpha (TNF-a) and stimulation of Th17
lymphocytes involved in the initiation of auto-
immune diseases [5]. In opposition to this pro-
cess is Vitamin D, which contributes to chang-
ing the immune state from pro-inflammatory to
immunological tolerance. The effect of vitamin
D on CD4+ T cells is mainly to inhibit the pro-
liferation of the Th1 line and the cytokines they
produce. The response of Th2 line lymphocytes
is enhanced by promoting the production of
anti-inflammatory cytokines: IL-5, IL-10, TGF-B
[6]. Additionally, inhibition of the expression of
IL-6, the main factor stimulating Th17 lympho-
cytes involved in autoimmune reactions was

observed [7]. This has a potential beneficial
effect in people with abnormal body composi-
tion and excess fat tissue.

Aim

The aim of the present study was to analyze
selected anthropometric measures and body
composition in patients with HT, correlate these
parameters with serum 250HD concentration,
and assess the impact of vitamin D supplemen-
tation on the aforementioned parameters.

Material and methods

Eighty patients under the care of the Endocrinol-
ogy Outpatient Clinic at the Regional Center for
Menopause and Osteoporosis of the The Military
Medical Academy Memorial Teaching Hospital
in Lodz — Central Veterans Hospital, aged = 18
years, were enrolled in the study. There were 51
patients diagnosed with Hashimoto's disease
(Study Group) and 29 patients with non-toxic dif-
fuse goiter or nodular goiter (Control Group). The
patients had not previously supplemented with
vitamin D or had a break in supplementation of
at least 6 months. The study was conducted from
September to May.

Patients were diagnosed based on clinical
symptoms and biochemical testresults. The diag-
nosis of Hashimoto's disease was established
based on anti-thyroid peroxidase (Anti-TPO) and/
or anti-thyroglobulin (Anti-TG) antibody concen-
trations above the upper limit of reference range
(positive result), a typical thyroid ultrasound
image, and the exclusion of Graves' disease. The
Study Group (with Hashimoto's disease) included
patients in a euthyroid clinical state undergoing
levothyroxine replacement therapy if necessary.
The Control Group (without Hashimoto's disease)
comprised patients with diagnosed non-toxic
diffuse or nodular goiter with low (negative) con-
centrations of anti-thyroid antibodies.

Patients with chronic conditions affecting
vitamin D absorption and metabolism, such as
malabsorption syndrome, chronic kidney disease,
liver diseases, hyperparathyroidism, Cushing's
syndrome/disease, hypogonadism, hyperpro-
lactinemia, other autoimmune diseases, active
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cancer, and/or undergoing chemotherapy, as well
as those taking medications affecting vitamin D
metabolism were excluded from the study.

After qualification and obtaining consent to
participate, basic anthropometric measurements
(weight, height, waist and hip circumference) were
performed. Body composition analysis was con-
ducted using the Bodystat®1500 device. Blood
samples were collected for the determination of
Total Vitamin D [25(0H)D total], TSH, anti-TPO,
and anti-TG levels.

Following the initial procedures, patients were
categorized into two groups based on their serum
25(0H)D levels:
> Group A: Patients with vitamin D lev-

els = 20 ng/mL,
> Group B: Patients with vitamin D lev-

els < 20 ng/mL.

Depending on the initial serum 25(0H)D
concentration, patients received oral vitamin
D (cholecalciferol) once daily for 3 months, at
a dose of 4000 U/ daily for group A and 6000 1U/
daily for group B.

After 3 months of vitamin D supplementation,
anthropometric measurements, body composi-
tion analysis and laboratory tests were repeated.

Anthropometric measurements and body
composition analysis

Anthropometric measurements were conducted
with patients fasting and wearing light clothing.
Weight and height were measured with an accu-
racy of 0.1 kg and 0.1 cm, respectively, and BMI
was calculated as weight (kg)/height (m?). Obesi-
ty was defined as BMI = 30 kg/m?. Waist circum-
ference was measured halfway between the low-
est rib and the iliac crest, and hip circumference
was measured at the level of the pubic bone, with
the criterion for obesity being a waist circum-
ference = 80 cm and WHR < 0.8 indicating glu-
teofemoral obesity (pear-shaped), while a waist
circumference = 80 cm and WHR = 0.8 indicated
abdominal obesity (apple-shaped).

Body composition was assessed using bio-
impedance measurements with the Bio-imped-
ance Analyser (Bodystat® 1500). Measurements
included: fat mass (kg), percentage fat (%Fat), lean
mass (kg), and percentage body water (%Water).
Muscle strength measurements were conducted
using a spring dynamometer for the dominant
hand with results expressed in kilograms.
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Laboratory tests

Vitamin D concentration was determined using
an electrochemiluminescence test, while TSH
concentration was determined using third-gener-
ation immunometric tests. Anti-TPO and anti-TG
antibody concentrations were measured using an
enhanced chemiluminescence method.

Statistical analysis

Statistical analysis was performed using R-4.3.0
software. Initial parameter concentrations were
compared using the Student's t-test or the
non-parametric Mann-Whitney test. The Sha-
piro-Wilk test was employed to assess the nor-
mality of parameter distributions. The signifi-
cance threshold was p = 0.05. To examine corre-
lations Spearman and Pearson correlation coef-
ficients and a test for the significance of correla-
tion were used. Changes in evaluated parameters
between two time points (baseline and 3 months)
were analyzed using the paired Student's t-test
or the Wilcoxon non-parametric test with a sig-
nificance threshold of p = 0.05.

Results

The study included 80 women: 29 in the Control
Group (women without Hashimoto's disease)
aged 33-73 years and 51 in the Study Group
(women with Hashimoto's disease) aged 22-78
years. All women were administered vitamin D
(Vitrum D3 forte; Takeda) based on their 25(0H)D
initial concentration with doses of 4000 or 6000
IU daily. In the Study Group, 32 women were post-
menopausal (63%), while in the Control Group,
17 women were postmenopausal (59%). In the
group of patients with HT (Study Group), subop-
timal 25(0OH)D levels were observed in 50%, while
in patients without HT (Control Group), 25(0H)D
levels < 20 ng/ml were observed in 49% of par-
ticipants. No statistically significant difference
was found between the groups in this regard. In
the conducted study, the mean 25(0H)D concen-
tration in both groups was similar, amounting to
19.97 ng/ml and 21.36 ng/ml, respectively.
Women without HT had a significantly smaller
hip circumference compared to patients with HT
(p = 0.049), but the average BMI in both groups



was similar and within the overweight range in the group without Hashimoto's disease, the

(28 kg/m? vs. 27 kg/m?). In the Hashimoto's dis- percentage of women with BMI = 30 kg/m? was
ease group, 41% of women were obese, whereas lower, constituting 27% (Figure 1). WHR values
a. b.

m18249 ®25299 m30-399 m>40
’ ' ol e m18249 m25299 mW30-399 m>40

Figure 1. Distribution of BMI (kg/m?) in the Study Group (a) and Control Group (b).

Table 1. Comparative Characteristics of the Study Group and Control Group at Baseline.

STUDY GROUP CONTROL GROUP
Parameter Mean SD Std.error Mean SD Std.error P
Age 53.98 15.04 29.11 54.35 13.58 2.52 0.93
Weight (kg) 76.40 14.97 2.10 73.13 13.51 2.51 0.32
Height (m) 1.63 0.06 0.01 1.63 0.04 0.01 0.55
BMI (kg/m?) 28.37 5.44 0.76 27.90 4.92 0.93 0.70
Waist (cm) 87.08 15.51 2.17 81.50 12.30 2.33 0.08
Hips (cm) 106.76 11.75 1.65 102.71 12.47 2.36 0.049
WHR 0.81 0.07 0.01 0.79 0.06 0.01 0.20
25(0OH)D (ng/ml) 19.97 6.72 0.94 21.36 10.90 2.02 0.54
TSH (U/1) 2.01 1.19 0.17 1.19 0.62 0.12 0.002
anti-TPO (IU/ml) 297.98 214.40 30.02 15.83 9.19 1.71 0.001
anti-TG (IU/ml) 762.85 1098.48 153.82 31.13 39.18 7.28 0.001
Muscle strenght 37.80 6.08 0.86 36.97 5.88 1.11 0.93
(kg)
Fat mass (kg) 30.47 11.93 1.67 27.15 10.75 2.03 0.21
Fat mass (%) 38.37 9.12 1.28 36.34 1.54 8.17 0.32
Lean mass (kg) 46.04 5.60 0.79 45.29 5.57 1.05 0.36
Body water 47.34 591 0.83 49.40 5.48 1.04 0.13
(%)
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were comparable between both groups. No dif-
ferences were observed in terms of body com-
position and muscle strength between the Study
Group and the Control Group. Patient character-
istics at baseline are presented in Table 1.

After 3 months of vitamin D supplementa-
tion, serum 25(0H)D concentrations significantly
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Baseline

increased in all women, indicating good compli-
ance (Figure 2). In the group of patients with HT,
the average concentration was 47.460 + 1.61 SD
ng/dl, while in the group of patients without HT, it
was 49.085 + 2.51 SD ng/dl.

In patients with HT, a statistically signifi-
cant increase in lean body mass (p = 0.002) and

After 3 months

After 3 months

Figure 2. Change in 25(0OH)D concentration after 3 months in the Study Group (p = 0.001) (a) and in the Control

Group (p = 0.001) (b).

Lean mass (kg) (meanz S0}

Baseline

After 3 months

Figure 3. Change in Lean Body Mass (kg) after 3 months in the Study Group (p = 0.002).
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muscle strength (p = 0.02) was observed (Fig-
ures 3 and 4). On the other hand, women with-
out HT showed improvements in muscle strength
(p = 0.01) and a reduction in mean hip circumfer-
ence by 0.5 cm (p = 0.03) (Figures 4 and 5), but no
impact on parameters related to lean body mass
was noted.

50-

-

Muscle strength (kg) (mean +5D)

Baseline

(mean £ 50)

© strength (kg

WILSC

Baseline

Additionally, the correlation analysis between
baseline 25(0H)D concentration and anthropo-
metric parameters (waist circumference, hip cir-
cumference, BMI, WHR) and body composition
parameters did not reveal statistically significant
relationships. Only a moderately strong, inverse
relationship between 25(0H)D concentration and

After 3 months

After 3 months

Figure 4. Change in muscle strength (kg) after 3 months in the Study Group (p = 0.02) (a) and in the Control Group

(p = 0.01) (b).

Hip circumference [cm) (mean £ 5D)

l Baseline

After 3 months

Figure 5. Change in hip circumference (cm) after 3 months in the Control Group (p = 0.03).
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BMI in the Control Group was observed (R = -0.44;
p = 0.04) (data not shown).

Correlations between the concentration of
25(0H)D and the tested parameters were also
analyzed after 3 months of supplementation,
showing no statistically significant results.

A correlation analysis between TSH levels
and the assessed anthropometric parameters at
the baseline and after 3 months was performed,
but no statistically significant relationships were
observed (data not shown).

Discussion

Vitamin D deficiency is common in the polish
population. In a population study by Ptudowski et
al.,, involving 5775 adult volunteers from 22 cit-
ies in Poland, it was found that 89.9% of them had
a deep deficit or insufficient supply of vitamin
D, i.e., 25(0OH)D levels below 30 ng/ml [8]. In our
study suboptimal 25(0OH)D levels were observed
in 50% patients with HT, while in patients without
HT 25(0H)D levels < 20 ng/ml were observed in
49% of participants.

In recent years, many researchers have ana-
lyzed the role of vitamin D in the etiopathogen-
esis of obesity. Studies have shown lower serum
25-hydroxyvitamin D levels in obese individu-
als compared to those with normal body weight
[9-11]. This is confirmed by a meta-analysis con-
ducted by Saneei et al., which found a statisti-
cally significant inverse relationship between BMI
and serum 25(0H)D levels [12]. Vimaleswaran et
al., using Mendelian randomization, suggested
a relationship between BMI and serum 25(0H)
D levels. It was shown that an increase in BMI is
linearly associated with a decrease in the con-
centration of 25(0H)D in serum. However, there
was no evidence of changes in BMI values with
an increase in 25(0H)D levels in serum [13]. The
mechanism of vitamin D deficiency is explained,
among other factors, by increased accumulation
of vitamin D in muscle, adipose tissue, and the
liver. In obese patients, the content of 25(0H)D in
these tissues increases, resulting in a lower lev-
el of vitamin D in the serum [14,15]. Additionally,
the stimulation of parathyroid hormone release
due to relative vitamin D deficiency leads to cal-
cium influx into adipocytes, stimulating lipogen-
esis [16]. In our study, the mean 25(0H)D con-
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centration in patients with HT (Study Group) was
19.97 ng/ml, and in patients without HT (Con-
trol Group) it was 21.36 ng/ml. We did not find
a statistically significant difference between the
groups and there was no relationship between
BMI and serum 25(0H)D levels in women with HT.
However, in women without autoimmune thyroid
disease, we observed a moderately strong, nega-
tive trend between these parameters. The narrow
range of serum vitamin D levels in our patients
may have influenced the observation of a possi-
ble relationship between 25(0H)D and BMI. Simi-
larly, Baradaran et al. did not confirm such a rela-
tionship in a population of 259 healthy adults.
The authors concluded that the relationship
between BMI and serum 25(0H)D levels should
also be considered in correlation with the age of
the studied population [17].

Vitamin D deficiency may be also related
to an improper body composition, leading to
a reduction in lean body mass through the loss
of bone mineral density, decreased muscle mass,
strength, and function [18]. Randomized, place-
bo-controlled studies have shown that vitamin
D supplementation can slow down the rate of
bone loss in older individuals [19]. A study of 341
healthy individuals found that lower vitamin D
levels are associated with increased overall body
fat mass measured by bioimpedance, regardless
of BMI [20]. Karefylakis et al. demonstrated that
vitamin D therapy at a dose of 2000 IU per day
for 6 months had no effect on final BMI and fat
content measured by bioelectrical impedance
analysis in 40 overweight and obese patients [21].
The analysis of twenty randomized controlled tri-
als conducted by Karampel et al. concluded that,
compared to placebo, vitamin D supplementation
did not cause a significant reduction in BMI, WC
and WHR. However, in subgroups of women, in
studies from the Asian region and with an inter-
vention duration of = 6 months, a favorable and
significant reduction of BMI and WC (p < 0.026)
were observed [22]. Based on scientific evidence
and recommendations [23] indicating that the
time required to achieve optimal serum 25(0H)
D concentrations is 8—12 weeks, the observation
period in our study was set to 3 months. Patients
received higher doses of vitamin D3 to reach
optimal serum levels within this time, then the
dosage was reduced to 2000 IU per day. In our
population, both in women with HT and in healthy



women, we did not find a relationship between
25(0H)D levels and the amount of body fat. Addi-
tionally, cholecalciferol supplementation, simi-
lar to the study mentioned above, did not result
in significant changes in this regard. This is also
confirmed by a meta-analysis conducted by
Golzarand et al., which showed that 25(0H)D lev-
els were inversely correlated with the percentage
of body fat, but cholecalciferol supplementation
had no effect on its reduction over time [24].

Sun et al. investigated the effect of chole-
calciferol supplementation on lean body mass
in a population of 45 healthy individuals who
received 420 IU of vitamin D3 daily, while 47
received a placebo. After a one-year observa-
tion period, an increase in lean body mass was
observed in the intervention group, but no effect
of treatment on other body composition indices
was observed [25]. In a population of similar to
our group 80 postmenopausal Brazilian women
with hypertension, vitamin D supplementation
(1000 1U) was observed to be a significant pro-
tective factor against the development of sar-
copenia, causing a significant increase in mus-
cle strength and counteracting the progressive
loss of lean body mass. The intervention period
was 9 months, and lean body mass was mea-
sured using dual-energy X-ray absorptiometry
(DXA) [26]. Similar conclusions were reached by
a meta-analysis of 13 randomized, placebo-con-
trolled trials, which showed that vitamin D sup-
plementation increases muscle strength in post-
menopausal women [27]. In contrast, Manson et
al.,, in a study involving 25,871 healthy individu-
als, found no effect of vitamin D supplementa-
tion (2000 IU) on body weight, BMI and fat-free
mass. The observed effects were independent
of gender, race or baseline 25(0H)D concentra-
tion [28]. In our study, we demonstrated that in
patients with HT, there was a statistically signifi-
cant increase in lean body mass (p = 0.002) and
muscle strength (p = 0.02), while in healthy wom-
en, only improvements in muscle strength were
observed (p = 0.01). This may play a significant
role, particularly in obese patients and those over
the age of 75, for whom the recommended pro-
phylactic dose of vitamin D should be higher than
in the general population.

In order to eliminate the influence of decom-
pensated hypothyroidism on the studied param-
eters, all women of study our population with HT

remained euthyroid, and both groups showed
no differences in the studied anthropometric
parameters at the baseline. Wolf et al. found that
in patients after thyroidectomy with short-term
uncompensated hypothyroidism, the body water
content was significantly lower, while the fat tis-
sue percentage was significantly higher compared
to a group without these disorders [29]. After the
initiation of levothyroxine therapy, body composi-
tion did not significantly differ between the study
and control groups. In the study by Mousa et al,,
comparing 99 patients with Hashimoto's thyroidi-
tis (HT) and normal TSH values with 202 healthy
women and men, no difference in BMI or fat con-
tent measured by bioimpedance was observed
[30]. On the other hand, Adamska et al. demon-
strated that women with HT had a higher per-
centage of body fat, measured by bioimpedance,
but did not exhibit greater android, gynoid fat, or
visceral fat mass compared to the control group,
However, the average age of individuals in this
study was much lower than in our population [31].

Numerous studies have explored the poten-
tial impact of slight changes in thyroid function in
euthyroid patients on anthropometric parameters
and related indices [32-39]. Findings regarding
the relationship between serum Thyroid-Stim-
ulating Hormone (TSH) within reference values
and Body Mass Index (BMI) remain conflicting.
Some publications confirm a positive correlation
between serum TSH levels and BMI [34,35], while
others do not observe such correlations [36—38].
In our study, we also did not find a relationship
between TSH concentration and BMI, as well as
fat and lean body mass. Analyzing the influence
of BMI on the hormonal status of patients, it has
been shown that obese individuals have higher
TSH levels [39]. This is likely due to increased
release of adipokines and proinflammatory cytok-
ines from adipose tissue, promoting the recruit-
ment of additionalimmune cells and exacerbating
systemic inflammation [40—42]. The rise in TSH
levels in obese individuals is also associated with
the influence of leptin, adiponectin, and resistin
on pro-thyrotropin-releasing hormone (pro-TRH)
production in the hypothalamus. These adipok-
ines produced by adipose tissue may participate
in the interaction between adipocytes and the
hypothalamus, resulting in increased release of
TRH and TSH and consequently, the production
and secretion of free thyroxine (FT4) [42-44].
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Our study had some limitations. Blood sam-
ples were collected between September and May
to avoid interference with sun exposure; there-
fore, serum 25(0H)D levels did not reflect the
full vitamin D status throughout the year. Other
limitations include a relatively short observation
period, small study population and the use of
a less accurate method for assessing body com-
position, such as bioimpedance measurement,
compared to DXA or MRI.

Conclusions

In euthyroid patients with HT, the values of
anthropometric parameters and body composi-
tion were similar to those in healthy people. Obe-
sity and vitamin D deficiency are common, which
is also confirmed in the population of HT patients.
Vitamin D supplementation may and even should
be recommended to patients with HT due to its
potentially beneficial effect on the increase in
lean body mass and muscle strength, as well as
its anti-inflammatory effect. Further research is
needed on the effect of vitamin D on metabolic
processes in patients with autoimmune thyroid
diseases
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ABSTRACT

Aim. The aim of this study was the analysis of the problem of laryngeal dystonia in patients of Otolaryngol-
ogy and Neurology Clinics to assess the efficiency of effects of Botulin Toxin type A (BOTOX™) injections
on voice quality and function of vocal cords with the use of videolaryngostroboscopic and laryngograph-
ic examinations, GRBAS (G - grade of hoarseness, R - roughness, B - breathiness, A — aesthenia, S -strain)
scale and voice field.

Material and methods. Between 2020 and 2022 a total of 50 patients with laryngeal dystonia were examined.
The videolaryngostroboscopic and laryngographic examinations confirmed laryngeal dystonia. Afterwards
the patients undertook Botulinum Toxin type A injections into the thyro-arythenoid muscle.

Results. Control examinations confirmed the improvement of vocal folds movability and the decrease in
number of irregular vocal folds vibrations. The next injection of BOTOX™ substance was done 3-6 months
after the last injection.

Conclusions. The results of our study suggest that although BOTOX™ toxin still remains the main form of
treatment for laryngeal dystonia, using it improves phonatory function of larynx (as proven by videolaryn-
gostroboscopic examination).
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Introduction

Laryngeal dystonia is a motor dysfunction of
laryngeal muscles (1). It is a rarely diagnosed
disease, although the first mentions about it
came from 1911 when Oppenheim has described
the symptoms of variable muscle tension in 4 of
his patients and has named it as ""dystonia mus-
cularum deformans”. Subsequently Flatten and
Sterling (31) introduced a different name of this
illness- now introduced as "'progressing torsion
spasm"”. Finally in 1984 the current definition of
dystonia was created. It reads as follows: "laryn-
geal dystonia is a symptom complex consisting
of persisting agonist and antagonist laryngeal
muscles, which in w zajetych parts of body cause
repeatable and torsional movements. In effect it
leads to an abnormal position of group of mus-
cles or even the whole organ against each other
or other parts of body." Moreover, the definition of
dystonia was modified in XXI century by additng
two axis: one focusing on characteristics of clini-
cal feautures and an axis describing the etiology
of the disease. These 2 axis decribe the clinical
distinguishing features and the strict descrip-
tion of disease's etiology. The modern evaluation
and definition of dystonia came as the effect of
experience of veterinary medicine, where muta-
tion-caused dystonia-specific brain changes
were observed in animals during clinical tests It
is belived nowadays that dystonia can be divided
into two subgroups due to the etiology: primary
(with disorders located in the central nervous
system area- can be inherited or acquired) and
idiopathic (of unknown cause which occurs not
only sporadically but also sometimes is family-
related). (2) In primary dystonia the absence of
changes in diagnostic imagining (magnetic rezo-
nance, computed tomography) is observed, as
well as the ability of nervous system to morpho-
logical and biochemical change of neural path-
ways in response to environmental factors (1).
Group of secondary dystonia consists of dystonia
plus syndromes, dystonia in the course of degen-
erative diseases and Parkinson-related dystonia.
Dystonia plus syndromes are not related to neu-
rodegenerative diseases, it is worth to point out
that other symptoms may be present e.g. ataxia,
myoclonus (12)

Dystonia can be classified due to the loca-
tion into generic dystonia, hemidystonia, seg-
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mental dystonia, focal and multifocal dystonia.
Focal dystonia of laryngal muscles is rarely diag-
nosed and it is estimated that it occurs in 1-5,9
/ 100 000 inhabitants of the Federal Republic of
Germany (4). Currently there is no epidemiologi-
cal data regarding the occurence of this disease
in the territory of Poland. In animals the dystonia
is less often diagnosed than in humans. There
are some reports of generalized involuntary mus-
cles contractions of unknown etiology in horses,
which were discovered in 1910 (5). It is suspected
that this disease is analogical to dystonia occur-
ing in humans. Focal dystonia is revealed during
implementing specific tasks (as so called task-
oriented dystonia), in stress situations or as a
result of external stimulus f.e.x light or noise. In
humans the laryngeal dystonia is the 3rd most
common primary focal dystonia. It occurs more
often in women and the early onset of the disease
is between 40-50 years old patients. Moreover in
12% the positive family history is confirmed. Most
often it occurs in isolated form but in some per-
centage of patients it occurs in muscles of dis-
tant organs. (4, 6). Due to the unknown etiology
the risk factors were introduced, which include
age more than 40-50 years and positive fam-
ily history, as well as different forms of stress,
chronic inflammations of upper respiratory tract,
intensive voice usage, torticollis, late pregnancy
and confinement (7).

Koufman divides laryngeal dystonia into 4
main types on the basis of localization of patho-
logical muscle movements (24):
> adductive,
> abductive,
> mixed,
> respiratory.

The most common type of laryngeal dysto-
nia is adductor dystonia — in almost 80% of all
patients with this disease. It can be divided into
glottic type (when only muscle work is abnor-
mal) and supraglottic type (when abnormal work
of vestibular folds and supraglottic muscles are
abnormal, as well as tremor of voice is observed).
In case of mixed type the division relies on deter-
mination of the dominant pathology (abnormal
adduction or abduction). Respiratory type is
the most rare. The most characteristic feauture
for this type are irregular vibations in laryngeal,
pharyngeal and palatal muscles present during
breathing (which are not present during speak-



ing and sleep). Due to the paradoxal movements
of vocal folds stridor occurs as well as abnormal
breaks during breathing (8,10, 9).

Aim

The aim of this study was the analysis of the
problem of laryngeal dystonia in patients of Oto-
laryngology and Neurology Clinics of Cracow.
The study focued on the assesment of the effi-
ciency of effects of Botulinum Toxin type A injec-
tions on voice quality and function of vocal cords
with the use of videolaryngostroboscopic exami-
nation, laryngography, GRBAS scale and voice
field based on the experience of Otolaryngology
and Neurology Clinics of the Universty Hospi-
tal of Cracow. We also compared our experience
with other clinics.

Material and methods

Between 2020 and 2022 a total of 50 patients (46
women and 4 men) with symptoms of laryngeal
dystonia have been treated in Otolaryngology and
Neurology Clinics of Collegium Medicum of Jag-
iellonian University in Cracow, Poland. The mean
age of examined patients was 67 years (medi-
an 76 years), while the youngest patient was 23
years old and the oldest was 89 years old. The
medical diagnosis was made after comprehen-
sive neurological examinations, excluding other
diseases (e.g. miastenia) and after confirmation
in laryngological and phoniatric examination. All
patients were qualified for present study. In oto-
laryngological and phoniatric analysis the GRBAS
scale (32) was used for subjective voice evalua-
tion, voice field for sound "a" was done and the
videolaryngostroboscopic and laryngographic
examinations were performed. This includes 5
components:
> G (grade — an overall grade of hoarseness),
> R (roughness),
> B (breathiness),
» A (aesthenia — weakness),
> S(strain).

Each component is rated on four point scale
(0 - normal, 1 - slight, 2 - moderate,and 3 —
severe). The parameters of GRBAS scale were
used for description of characteristic features of

dystonic voice, obtaining the voice field enabled
the graphical representation of dependence of
individual tones from frequency range to intensi-
ty (from minimal to maximal intensity with witch
they are created) (25), videolaryngostroboscopic
examination was performed in order to asses the
local condition as well as the movements of the
vocal folds — the mobility and regularity of vocal
cords were assesed. The last examination (the
laryngography) was used to determinate the per-
centage share of irreqgular vocal folds vibrations
(expressed as CFx - vocal folds irregularity coef-
ficient). Typically in healthy patients CFx results
should be lower than 10-12%; which corresponds
to insignificant irregular vocal folds vibrations.
In most of the examined patients the adductive
type of dystonia was found (45 patients), while
the respiratory type occured in 4 patients and
1 patient presented mixed type of dystonia. In
every patient of this study botulinum toxin type-A
(BOTOX™) injections into thyro-arytenoid muscle
(through cricothyroid membrane) were used as a
treatment. It was decided that every first injec-
tion will be done on the right side, while the fol-
lowing injections will be done by turns. All injec-
tions were guided by the EMG (electromiogra-
phy) device. Moreover, every participant of the
study was informed about possible side effects
of botulinum toxin A (e.g. dyspnea). In case of
occurence of acute shortness of breath there is a
risk of urgent action in form of intubation or per-
forming either the cricothyroidotomy or treache-
otomy. After being informed about aboutsaid
risks patients with mixed and respiratory types of
dystonia refused the constent to treatment with
BOTOX™ and as a result this material was not
included in this study. The dose of 7.5 units of
BOTOX™ was applied to each side which is in line
with other studies. The follow-up examinations
(otolaryngological-phoniatric) were done respec-
tively 4 and 12 weeks after end of treatment with
botululinum toxin. Besides phoniatric-neurolog-
ical care the patients undertook neurologopedic
rehabilitaion (e.g. lax-vox exercises).

Results and analysis
Before the study we observed the high values of

R and S parameters of the GRBAS scale. In the
analysis the values of G parameter were elevat-
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Figure 1. The patient 4 weeks after injection of botulinum toxin type into
the right vocal fold area (phonatory position)

Figure 2. The patient 4 weeks after injection of botulinum toxin type into
the right vocal fold area (respiratory position)

Figure 3. Patient qualified for botulinum toxin type A treatment (inspiratory
phase)
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Figure 4. Patient qualified for botulinum toxin type A treatment (phonatory
phase)

ed to 1 (22 patients; 48,89%) and 2 (23 patients,
51,11%) in all patients, while the values of Rand S
parameters were in most cases 3 or in selected
cases 2 (e.g. the value of S parameter was as fol-
lows: 2 — 17 patients; 37,78% and 3 — 28 patients;
62,22%). The results translates into followings: 0
— normal, physiological voice, 1T — mild changes
of voice; 2 — average changes of voice; 3 — major
changes of voice, very severe. The improvement
in movability of vocal folds in terms of regular-

400

ity of vibrations and phonatory contraction was
observed in GRBAS scale results (with simulta-
neous decrease of hyperfunction of vestibular
folds); e.g. in case of G parameter after the ther-
apy the results were as follows: 0 — 10 patients;
22,22%, 1 - 57,78% and 2 — 9 patients; 20%.
These results correspond to the observations in
the control videolaryngostroboscopy, where in all
patients an improvement in mobility and regular-
ity of vocal cords movements was observed. In

380

360

340

320

Frequency [Hz]

300

280

260

-/ Mmean

mean+confidence

Female before

interval 0.95

Female after

Figure 5. The change of Fmean in female population before and after BOTOXtm treatment (p=0.05).
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Figure 9. Pie graph showing the distribution of values of S parameter (0-3) of GRBAS scale
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Figure 10. CFx control histogram before botulinum toxin type A therapy with coefficient of
irregularity of vocal folds vibrations = 65,26% (p=0.05)

videolaryngostroboscopy before the study the
irregular vocal folds vibrations with low mobility
were observed in all patients, as well features of
as so-called "laryngeal stuttering”. The observa-
tions in case of this examination may be subjec-
tive (depending on the experience of the clinician);
due to this fact other controls were performed
(e.g. GRBAS scale or laryngographic examina-
tion). Before the injection of BOTOX'™ the average

values for men were as follow: Fmin = 41,50 Hz,
Fmax = 806,40 Hz and Fmean = 150,19 Hz, while
for females were as follow: Fmin=94,01 Hz, Fmax
= 416,87 Hz and Fmean = 374,16 Hz. After the
therapy with botulinum toxin type A the follow-
ing average results were obtained for Fmin, Fmax
and Fmean, respectively: 58,98 Hz, 505,63 Hz and
143,00 Hz in males and 86,12 Hz, 334,12 Hz and
277,67 Hz in females. Despite observed algebra-
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ic changes no statistically significant changes
were detected in change of Fmean parameter for
2 populations (p=0.05). The high dispersion of
measurement value for each patient versus mean
value may be the reason behind such results.
Therefore it may be challenging to obtain the
statistically significant results. The next study
should focus on bigger number of patients.

Nevertheless we observed that the change of
Fmean in females is bigger than in males. More-
over there is a significant statistical relationship
between the decrease of Fmean value (p=0.05)
and the clinical improvement of laryngeal func-
tion after BOTOX'™ administration. The changes
of Fmean results for female population were pre-
sented in Fig5.

In laryngographic control examinations (per-
formed approximately 4 weeks after the end of
therapy) we observed the decrease of value of
CFx coefficient to about 45+5% from initial value
of more than 60 % in all patients — mean 6515
(Normal value of CFx should be between 0 and
10/12%) and the results were statistically signifi-
cant (p=0.05) (Fig. 12).In addition, the lower the
value of coefficient the bigger share of regular
vocal folds vibrations in phonation process, what
itself is the aim of the botulinum toxin therapy. In
the following laryngographic examination, done
12 weeks after the first dose of toxin, the values of
results increased slighty to CFx level of 50-58%.
In case of voice field measurement after the toxin
injection the decrease of minimal (Fmin), maxi-
mal (Fmax) as well as avarage (Fmean) voice fre-
quency was observed.

The results suggested the stabilization of
voice as a result of applied treatment. After 12
weeks the second injection of BOTOX™ was
applied into thyro-arytenoid muscles on the
opposite site of the first iniection site. In control
examination we obtained the similar results.

Discussion

Laryngeal dystonia is a serious neurological
and otolaryngological problem and is still being
explored and studied by clinicians from across
the world. The described above symptoms of res-
piratory distorders with presence of paradoxal
vocal folds vibrations are commonly observed.
(30) Animal studies play a big part in an improve-

ment of dystonia diagnostics. It is worth to obtain
information about laryngeal dystonia based on
animal models because of the similarity between
anatomy of larynx in humans and other mam-
malian species. (18) Despite similarity in men-
tioned above anatomy and physiology of larynx,
partial or complete paralysis of laryngeal mus-
cles occurs more often in animals in compari-
son to humans (idiopatic paralysis of left recur-
rent laryngeal nerve in horses). The studies were
also performed in dogs, in which laryngeal dys-
tonia was induced after performing tracheotomy
and connecting Harvard electrodes with recur-
rent laryngeal nerve (19). Stimulation of laryngeal
muscles was used (cricothyroid and crico-ary-
tenoid) and subsequently the impact of exces-
sive muscles contraction on intraglottal pressure
was investigated. Arytenoid cartilages were sus-
tained in imposed, constant adduction as a result
of this stimulation. The aim of these studies was
to compare intraglottal pressure before and after
stimulation of mentioned above muscles, which
confirmed the impact of excessive muscle spasm
on obtained results.

The current recommended method for laryn-
geal dystonia treatment (as well as for other
focal dystonias) is the injection of botulinum
toxin (BTX) into affected muscles (26). It is one
of the strongest known neurotoxins of natural
origin. Lethal dose for human is 0,2-2,0 pg/kg
and is exposure-dependent (27). Gram-positive
Clostridium botulinum is responsible for its pro-
duction as a result of anaerobic fermentation
(27). Currently there are 8 serotypes of botuli-
num toxin (A-H). The differences between them
are as follows: molecular weight, antigenic struc-
ture, immunogenicity, receptors (and localisation
of genes which are responsible for coding tchem)
and half life time (27). In case of laryngeal dys-
tonia type A of botulinum toxin was used, first in
1988 (28). Usually 2,5 units of botox are injected
bilaterally or 5 units unilaterally. The effects of
using the toxin appear about 3-7 days after the
injection, when BTX binds with SV2C receptor
and as a result SNARE protein is being blocked.
Novakovich and associates (20, 27) report that
even 28,5% of examined patients reported initial
decrease of function of voice after administration
of the toxin. Such effect is maintained for about 2
weeks, while during the next 6 weeks the normal-
ization of voice occurs and the patient notices an
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improvement in speech. After this time during the
next 4 weeks the gradual worsening of phonation
occurs. Moreover he reports that the disorders of
phonation may be a result of f.ex wrong admin-
istration technique or drug dose. The resistance
to botulinum toxin iniection is possible too. Mar-
shall E. Smith and Charles N. Ford report 2 cases,
where after long-term application of botulinum
toxin the resistance to this substance and lack
of effect after injection occured as a result. How-
ever, this phenomenon rarely occurs but in order
to prevent it from happening the administra-
tion of the lowest effective dose and maintain-
ing minimum 3 month-breaks between subse-
quent injections are advised. (33) The experience
of University Hospital of Cracow in using botu-
linum neurotoxin is in line with other research-
ers as it prevails as the standard of care in LD,
especially with a large body of evidence attest-
ing to its efficacy. In Japan Hirose et al. demon-
strated its therapeutic efficacy through a place-
bo-controlled, randomised, double-blind clinical
trial. Botulinum Toxin therapy has been accepted
and funded by the Japanese medical insurance
scheme as a treatment for LD as a result of men-
tioned above study. Along with the work of Hyo-
do et al. (34) Dongren Yao et al. point that bot-
ulinum toxin injections are considered the first
line of therapy of dystonia, with the highest use
of botulinum toxin is reported in laryngeal dys-
tonia and blepharospasm .(35) Moreover, Robert
J. Stachler et al. in the United States recommend
using botulinum toxin therapy along with regular
laryngoscopy and prior to voice therapy in treat-
ment of LD, what is in line with the experience of
the Otolaryngology Clinic of Cracow. (36)
Currently there are no effective alternatives to
therapy using injections of botulinum toxin type
A. Berke and associates (21) have proposed sur-
gical treatment of patients with adductive type of
laryngeal dystonia. It is based on selective den-
ervating and reinnervation of muscles responsi-
ble for adductive function of larynx - initially uni-
laterally, finally bilaterally. Even though the short-
term results had brought hope for an improvment
of phonatory function of larynx, the phonatory
disorders returned in the long-term time. Thyro-
plasty type Il is another surgical method and was
introduced by Isshiki and associates (28). The
aim of this method was prevention of excessive
closure of glottis during phonation as a result of

Journal of Medical Science 2024 December;93(4)

abnormal contractions. Failures of using above
method in treatment of LD may be the result of
difficulties in performing such type of surgery.
Moreover, despite attempts with oral pharmaco-
therapy (e.g. anticholinergic drugs) no drug has
been registered for laryngeal dystonia treatment.
Pharmacotherapy itself is allowed as supportive
therapy for treatment of patients with botulinum
toxin type A. Speech therapy may play a role in
treatment of laryngeal dystonia but currently
there are no results of clinical studies confirming
its effectiveness (22). Neurologopedic therapy
can be an important part of the treatment due to
the necessity of rehabilitation of communicative
proces (which is disturbed to a large extent as a
result of laryngeal dystonia).

Furthermore among new methods of treatment
of laryngeal dystonia 2 groups are mentioned:
central nervous system-focused methods and
larynx-oriented therapies. First group includes
e.g. deep brain stimulation. Itis used in neurolog-
ical disorders, like Parkinson disease; but in case
of laryngeal dystonia using it requies special per-
misson. DEBUSSY (Thalamic Deep Brain Stimu-
lation for Spasmodic Dysphonia) trial is an exam-
ple of using deep brain stimulation in treatment
of LD. In case of receiving positive results of the
expermient this method may be used in patients
with laryngeal dystonia. Second group consists
of so called vibrostimulation of larynx and neuro-
modulation of larynx as a result of electrostimu-
lation. The first of mentioned aboved methods is
based on treating somatosensory dysfunction of
the phonatory organ with usage of non-invasive
vibrostimulation of lateral surfaces of thyroid
cartilage (time duration: 40 minutes). In analysis
after the stimulation the effect was mantained for
about 20 minutes in 69% of examined patients.
Currently studies are underway with aim of find-
ing of optimal level of stimulation for obtaining
the best effects of the treatment (29, 28). Neu-
romodulation of larynx is the second method. in
the conducted study the stimulation of left thyro-
arytenoid muscles through hooked electrode was
done. It was carried out for 5 days, 1 hour a day
on a level lower than required for motor neuron
activation. In 4 out of 5 patients the improvement
in phonatory function was observed after the end
of therapy and it lasted maximum of 14 days. Cur-
rently the new studies are underway with bigger
number of examined patients. (28).



Conculsions

Laryngeal dystonia is an example of a disease,
where the interdisciplinary cooperation is nec-
essary. Videolaryngostroboscopic examination
plays the key role in diagnostics of the disease.
Non-invasive visualization of speech apparatus
(phonatory) and determination of degree of voice
disorders are both possible by using the laryn-
gographic examination. GRBAS scale, as well as
voice field measurement are another examples of
useful, non-invasive phoniatric methods, which
can be used to measure progress for both botu-
linum toxin type A therapy, as well as neurologo-
pedic rehabilitation. The clinical results of our
study suggest that botulinum toxin A injections
improve phonatory function of the larynx, which
provides an argument for its continuous use for
layngeal dystonia.
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ABSTRACT

Introduction. Stridor in newborns and infants is a common manifestation of airway obstruction that can be
caused by both benign and severe pathologies.

Aim. This literature review examines the diseases that can present with stridor in children after birth, with
the aim of better understanding their etiology, clinical course, and treatment.

Material and methods. The literature reviewed included published studies, reports, guidelines, and consen-
sus statements on pediatric laryngeal pathologies associated with stridor.

Results. Laryngomalacia is the leading cause of stridor (up to 75% of cases) with a mostly mild course that
requires only observation. However, stridor may also indicate other, often more serious laryngeal patholo-
gies, such as vocal cord paralysis, subglottic stenosis, laryngeal cleft, and subglottic haemangioma, usually
requiring surgical intervention.

Conclusions. Stridor is not a specific symptom of only laryngomalacia. Laryngeal pathologies manifested as
stridor can have different etiology and, as a result, require a fundamentally different approach to treatment.

Introduction

Stridor is included as an entity in the Interna-
tional Classification of Diseases (R06.1 in ICD 10
and MD11.B in ICD 11), but it is only a symptom,
not a diagnosis. It is described as noisy breathing
that occurs due to obstruction at different seg-
ments of the airway. Due to the areas of obstruc-

tion in the airways of the child, a turbulent airflow
is formed, which causes a characteristic whis-
tling noise while breathing. Depending on the
level of airway obstruction, the stridor can appear
both in the inspiratory and the expiratory stages,
and it can be biphasic in case of pathology at the
level of the vocal fold, subglottis, or upper trachea
areas. To make a correct diagnosis, it is important
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to know the anatomy and understanding of the
nature of the stridor, a thorough anamnesis, and
of course, modern airway examination capabili-
ties and methods. Voice condition also provides
additional information to understand the level
of obstruction and possible diagnosis. Hoarse-
ness of the voice usually indicates an obstruction
at the level of the vocal folds. A muffled voice is
usually a symptom of processes at the level of the
epiglottis. Stridor with congenital diseases can
develop from the first hours of a child's life, as well
as during the first days, weeks, or even months
after birth. Patients of different age groups often
have different congenital and acquired conditions
that can manifest as stridor, which are impor-
tant to recognize. A thorough examination of the
patient, collecting anamnesis, and a deep under-
standing of the nature of the stridor will help to
establish a preliminary diagnosis of the patient
and provide an algorithm of actions for further
invasive diagnostics and evaluation of the possi-
bilities of conservative and surgical treatment of
such patients. The authors aim to review the most
common causes of stridor in children as well as
modern approaches to the diagnosis and treat-
ment of these conditions in pediatric patients.

Laryngomalacia

Laryngomalacia is the most common congeni-
tal laryngeal disease in children and reaches up
to 75% of all stridor cases according to the lit-
erature [1,2]. Laryngomalacia is characterized by
the collapse of the supraglottic structures during
inspiration, which leads to a spurting airflow and
high inspiratory stridor typical for the disease. In
children with congenital laryngomalacia, stridor
does not manifest immediately after birth, but
rather a more typical progression of symptoms
and the appearance of an obvious stridor at the
age of several weeks. Symptoms may become
more severe during the first 4-8 months of life.
The stridor worsens with the baby's supine posi-
tion, when the baby is nervous, during the crying
and feeding process, and with upper respiratory
tract infections. Approximately half of children
with mild to moderate laryngomalacia will have
feeding problems and problems in addition to
respiratory symptoms. However, almost all chil-
dren with mild laryngomalacia have feeding dif-
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ficulties, which may be associated with episodes
of cyanosis, cough, and choking. In children
with severe disease, there is a lag in the rate of
weight gain due to feeding disorders, which may
be accompanied by aspiration pneumonia. Such
patients have an unpredictable amount of calo-
ries consumed due to more frequent feeding and
increased metabolic demand due to elevated
respiratory work [3]. In the literature, there are
usually three different types of laryngomalacia
characterized by prolapse of excess mucosa into
the lumen of the larynx, a combination of short-
ened scooped epiglottis and twisted omega epi-
glottis, a mobile epiglottis that collapses into the
larynx during breathing [4].

Historically, laryngomalacia was consid-
ered to be a congenital anatomical pathology,
but modern theories relate the disease more to
a neuromuscular etiology, which is based on the
failure of the peripheral nerves to maintain the
shape of the airway, which ensures its patency
and coordinates the act of swallowing in children.
Some studies have investigated the threshold of
stimulus to induce a normal motor response of
the laryngeal structures in children with LM, the
results of which were correlated with the sever-
ity of the disease [1]. As well as histological stud-
ies that revealed differences in the size of the
branches of the upper laryngeal nerve in children
with LM and healthy children of the same age.
The neuromuscular etiology and the possibility
of further development of the nervous system of
newborns may explain the spontaneous improve-
ment and recovery that is usually observed in
children with LM [5].

A preliminary diagnosis of laryngomalacia
can be made based on a characteristic anamne-
sis, symptoms, and a thorough physical exami-
nation of the child. The most characteristic of
congenital laryngomalacia is the manifestation
of symptoms from 2—-4 weeks of life, unlike other
pathologies that can manifest themselves with
stridor from the first hours of life. Inspiratory stri-
dor is characterized by worsening in the supine
position, when the child is worried and during
crying, in severe cases of the disease, weight lag
is characteristic, so it is important to measure the
child's height and weight. Feeding disorders may
be accompanied by frequent aspiration pneu-
monia. Respiratory disorders can be accompa-
nied by suffocation and cyanosis, it is important



to examine the child's chest for chest retraction
or contraction during the act of inhalation. In
most cases, a definitive diagnosis can be made
by fibrolaryngoscopy without anesthesia during
spontaneous breathing. Although fibrolaryngos-
copy is the gold standard for the diagnosis of LM,
it still has its limitations, such as the inability to
assess structures below the vocal folds. It is also
important to remember that the course of stridor
and the severity of symptoms do not always have
a direct correlation with the identified collapse of
laryngeal structures and the severity of this col-
lapse. If concomitant airway pathologies are sus-
pected or if the clinical picture is inconsistent
with the results of fibrolaryngoscopy, a deeper
laryngotracheoscopy using rigid optics under
general anesthesia should be performed. Such
a technique makes it possible to visualize the
larynx more accurately, unlike fiberoptic exami-
nation, which has its limitations in image quality
due to the optical fibers. As well as performing
endoscopy with rigid optics, it is even possible to
examine the airways more completely to exclude
comorbidities. There are also recommendations
for performing polysomnography in children with
severe LM and in children in whom surgical treat-
ment has not given a significant improvement [6].

In children with mild laryngomalacia manifest-
ed by only a minor inspiratory stridor, a control
examination should be performed once a month,
in case of symptom stability or improvement, the
interval between control examinations can be
increased to 3—6 months. In the case of severe
laryngomalacia that is additionally manifested
by cough, choking, regurgitation, feeding difficul-
ties, apnea, cyanosis, failure to thrive, pulmonary
hypertension, and cor-pulmonale, it is necessary
to start treatment with acid suppression thera-
py and consider feeding therapy and swallowing
evaluation as well as laryngotracheoscopy and
supraglottoplasty (which is the gold standard of
surgical treatment). In the case of multiple severe
comorbidities or multilevel airway obstruction
not amenable to surgical management, it is nec-
essary to consider tracheostomy [6].

Vocal cord paralysis

Vocal Cord Paresis or Paralysis (VCP) is another
common cause of stridor in infants and older chil-

dren, constituting up to 60% of stridor cases [7]. It
is defined as an absence of vocal fold movement
and can be bilateral (BVCP) or unilateral (UVCP).
VCP is the effect of damaged nerve supply to the
muscles of the larynx [8]. In approximately 40% of
patients with VCP, another airway disease coex-
ists, and laryngomalacia is the most common [3].
UVCP is more frequent, with a left fold predomi-
nance. Around 70% of UVCP cases have an iatro-
genic origin, being mainly a result of cardiovascu-
lar or thoracic procedures. Prolonged intubation
along with neurologic diseases and birth trauma
compose approximately 50% of cases of BVCP
and 21% are considered idiopathic [9]. In patients
with BVCP who did not undergo any surgical pro-
cedures, neurologic diseases such as Arnold
Chiari malformation or congenital myasthenic
syndromes (CMS) need to be suspected, and so,
further imaging and a careful neurologic exami-
nation is recommended [10]. In patients with
Arnold Chiari malformation the protrusion of the
brainstem through the foramen magnum is con-
nected with compressing the vagus nerve which
in effect contributes to VCP development [11].

Symptoms differ between patients with UVCP
and BVCP and are more severe in BVCP. Neonates
with BVCP present with a weak cry, dyspnoea,
inspiratory stridor, or even cyanosis, whereas in
patients with UVCP, a typical sign is dysphonia.
In both cases, symptoms intensify upon agita-
tion, although some UVCP might pass unrec-
ognized [12]. Another great concern amongst
patients with VCP is the risk of silent aspiration,
reaching over 50% according to recent data, mak-
ing the evaluation of swallowing function neces-
sary [13]. To set the diagnosis in a stable patient
a flexible fiberoscopy seems to be a procedure of
choice [7].

The main goal of surgery in VCP is to achieve
safe airway and feeding at the same time, as many
neonates with VCP have concomitant problems
with nursing and might require a gastrostomy or
nasogastric tube feeding until a “safe swallow" is
obtained [9]. The surgical approach depends on
the patient's general condition, his comorbidities,
especially the risk of aspiration, and spreads from
endoscopic procedures such as adenoidectomy,
vocal fold cordectomy, fold lateralization to open
laryngotracheoplasty with a posterior cartilage
graft or in some cases — a tracheostomy [14]. In
cases of BVCP where surgical management is
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focused on widening the posterior glottic space,
the risk of future aspiration and voice disorders
increases [15].

When establishing the best moment for surgi-
cal intervention, the surgeon should keep in mind
that up to 70% of VCP cases recover spontane-
ously. The rehabilitation of damaged laryngeal
nerve is frequently unpredictable and might last
up to 12 months, with iatrogenic VFP unfortu-
nately having the lowest percentage of healing.
According to that, a patient should be observed
for at least a year and, in cases of open surgeries,
even up to two years before a surgical procedure
is undertaken [7,16].

Congenital subglottic stenosis

Congenital subglottic stenosis (SGS) is usually
identified by the authors as the third most com-
mon congenital laryngeal malformation after lar-
yngomalacia and vocal fold paralysis [17]. About
30% of all congenital anomalies of the larynx that
provoke stridor may be congenital subglottic
stenosis [18]. Congenital SGS is defined as a con-
striction of less than 4 mm for full-term infants
and less than 3 mm for preterm infants [19] at the
level of the cricoid cartilage with the maximum
level of constriction 2—=3 mm below the vocal
folds in children who had no previous episodes
of intubation or endoscopic examinations. Con-
genital SGS requires evaluation of the larynx with
fiberoptic endoscopy for dynamic assessment
of the vocal folds and a further endoscopy using
rigid optics as the best possible method of visu-
alization and evaluation of the larynx.

Congenital SGC can be divided into two types:
a membranous and a cartilaginous type, both of
which occur as a result of incomplete recanaliza-
tion of the laryngeal lumen during embryogen-
esis. The membranous type is much more com-
mon and occurs due to hypertrophy of the sub-
mucosa with an excess of fibrous connective tis-
sue and is a milder type of congenital SGS. The
cartilaginous type occurs due to an abnormal,
usually elliptical, shape of the cricoid cartilage
and is a more severe form of congenital SGS that
can be classified as grade IlI-1V stenosis accord-
ing to the Cotton-Myer grading system [20].

In children with mild subglottic stenosis,
manifestations may appear only during recurrent
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respiratory infections, during which mild ede-
ma of the laryngeal mucosa can provoke airway
obstruction (recurrent croup). In most cases, such
mild forms of subglottic stenosis resolve sponta-
neously with the patient’s growth, in other cases,
endoscopic surgery with radial incisions of the
membrane and following laryngeal dilation can
be performed [21]. More severe cases can mani-
fest as biphasic stridor and even as acute airway
compromise during delivery, and such patients
may require endotracheal intubation or even an
emergency tracheostomy. In the case of endotra-
cheal intubation, the risk of more severe acquired
subglottic stenosis increases significantly, which
may require open laryngotracheal reconstruction
using costal cartilage as a laryngeal graft or cri-
cotracheal resection [22].

Laryngeal webs

Congenital laryngeal webs (LW) constitute 5%
of laryngeal congenital defects causing airway
obstruction and arise between the 6th and 10th
week of embryogenesis [23]. LW can present
a wide range of symptoms — from voice disor-
ders — such as hoarseness to severe dyspnea
with stridor depending on the grade of larynx
lumen involved in the process [24]. Since 1985,
LW grading has been based on the Cohen scale,
where type 1 are described as thin, membranous
webs, occupying less than 35% of the glottis.
Type 2 is defined as a web covering up to 50% of
glottic space. Type 3 involves not only 50—-75% of
the glottis, but might spread to the anterior cri-
coid in the subglottic space. In type 4 — the most
severe type — up to 99% of glottis is involved
[25]. In cases of complete congenital laryngeal
stenosis, a rare and fetal congenital high airway
obstruction syndrome (CHAOS) might be sus-
pected, as laryngeal atresia is its most frequent
cause [26].

The way of treatment depends on the type of
web and symptoms, where type 1 and 2 might
not require any surgical intervention if asymp-
tomatic, and remain only under observation. If
symptomatic, they are almost always managed
endoscopically. Web can be cut with the use of
a cold steel laryngeal knife or a CO2 laser. In
some cases, the laryngeal keel needs to be fixed
in the anterior part of the glottis to inhibit scar-



ring. Types 3 and 4 usually require an emergen-
cy tracheostomy in the first days or months of
life, before the target surgical approach is taken,
which often consists of open laryngoplasty with
rib graft placement [24,27].

Cases of type 2 webs give most concerns
regarding surgical approach as they present
a wide range of both morphological features and
in consequence symptoms. They can be thin and
membranous or thick with subglottic involve-
ment which would demand different surgical
treatments, and the approach must be tailored to
a certain case not only to a web type [28].

In patients with laryngeal webs, there is
a higher prevalence of other laryngeal abnor-
malities such as laryngeal subglottic stenosis or
trachea-esophageal fistulas [24]. According to
recent data, 30% up to 65% of patients with the
laryngeal web have 22q11.2 deletion syndrome,
commonly called DiGeorge syndrome. It is the
most common chromosomal microdeletion and
its characteristic features as well as comorbidi-
ties should be kept in mind when diagnosing
a patient with LW [29].

Subglottic hemangioma

Hemangiomas are benign tumors, appearing in
childhood, caused by abnormalities in angiogen-
esis. They are built up of endothelium cells and
some parts of stroma such as fibroblasts, mac-
rophages, and pericytes[30]. They are quite com-
mon as they occur in 4-10%of infants and they
have a phase of rapid proliferation and involution
[31]. Hemangiomas are a challenge in case they
are part of some syndrome or are located in the
airway tract, narrowing air flow, causing respira-
tory stridor and other severe breathing disorders.

Hemangiomas have two times higher preva-
lence among females [32]. They are more com-
mon among caucasian infants [33]. Around 60%
of infantile hemangiomas are located around the
head and neck but in contrast, subglottic heman-
giomas (SGH) are infrequent benign tumors of
airways and are responsible for 1,5% of congen-
ital laryngeal anomalies [30]. Syndromes con-
nected with hemangioma are hemangiomatosis,
PHACE(s), sacral, and PELVIS syndrome.

The typical clinical course in infants with sub-
glottic hemangioma (SGH) is asymptomatic in

the early weeks of life. The first symptoms are
biphasic stridor, recurrent or prolonged croup,
and barking cough occur between 2—4 months.
[32]. The basic diagnostic method consists of
medical reconnaissance and rigid endoscopy.
The most frequent SGH occurs in the left poste-
rior portion of the subglottis. Pink or bluish, sub-
mucosal, smooth, round, compressible subglottic
mass which leads to asymmetry and stenosis of
the airway is a typical view in endoscopy. Diagno-
sis is based on endoscopic findings. Performing
a biopsy is not recommended in this case [30].

Infantile hemangiomas are an interdisciplin-
ary issue. There are a lot of advantages to using
propranolol, a nonselective beta blocker. Treat-
ment is initiated usually in the hospital to observe
patients for unwanted reactions, at 1 mg/kg of
propranolol 3 times a day, then increase to 2 mg/
kg and is continued for 6—=12 months [34]. Pro-
pranolol is considered the best treatment option
for SGH nowadays but it is still under evaluation
[32]. Response to treatment is confirmed by seri-
al endoscopy. Other alternative treatment meth-
ods include intralesional and systemic steroids,
CO2 laser resection, microdebrider submucosal
resection, or open surgery. All these options have
side effects and are considered only in certain
cases [31].

Laryngeal cleft

Laryngotracheoesophageal clefts are a group
of rare congenital anomalies characterized by
the presence of pathological communication
between the esophagus and the airway tract and
are estimated to occur from 1in 10,000 newborns
to 1in 20,000 newborns [35].

Classification of laryngeal clefts proposed by
Benjamin and Inglis in 1989 remains the most
popular and functional and identifies 4 main
types [36]: Type | is a supraglottic intraaratenoid
defect above the level of the true vocal folds; Type
Il includes a partial defect of the posterior cricoid
cartilage below the level of the true vocal folds;
Type lll extends completely through the entire cri-
coid cartilage; Type IV extends to the intrathorac-
ic trachea. Laryngeal cleft occurs due to abnor-
mal embryogenesis, due to the absence of the
interaretinoid muscle, the first type develops, the
second type occurs due to incomplete develop-
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ment of the posterior cricoid cartilage, the third
and fourth types due to incomplete formation of
the tracheoesophageal septum. Depending on
the degree of cleft, the symptoms and the time
of their manifestation may be different. In infants
born with a low degree of cleft, the course may be
asymptomatic at first. The main symptoms are
respiratory distress, frequent coughing, recurrent
croup or stridor, and recurrent respiratory tract
infections. Deeper clefts of the larynx manifest
more severely and quickly after birth and may
present with severe respiratory distress immedi-
ately after birth. The most serious consequenc-
es of an undiagnosed laryngeal cleft are chron-
ic aspiration and recurrent aspiration infections
that can lead to lung damage.

Medical treatment is possible for type 1 laryn-
geal clefts, which includes primarily thickening of
the fluid and food to prevent aspiration, as well as
treatment of associated diseases that may lead
to swallowing dysfunction or additional swell-
ing (e.g. GERD or food allergies). Types 2, 3, and 4
clefts should be managed through surgical treat-
ment. For type 1 and type 2 clefts, and with the
rare exception of type 3, endoscopic cleft repair
is the method of choice. Surgical treatment of
clefts of types Il and IV is mainly performed via
the open approach [37].

Laryngeal cysts and Laryngocele

Congenital laryngeal cysts are a rare congeni-
tal anomaly occurring in 1.82 [38] to 3.49 [39]
per 100,000 newborns or 2% of all patients with
stridor [39] (congenital laryngeal saccular cysts
represent 1.5% of all patients with stridor) [40].
There are several classifications of congeni-
tal laryngeal cysts, among which the classifi-
cation of DeSanto [41], who identified saccular
and ductal types of cysts, should be highlighted.
Forte's classification, which was based on the
differentiation into types as a basis for treatment
approaches, defined two types depending on the
size and embryologic tissue origin. Type | cysts
consist only of endodermal elements are locat-
ed entirely in the larynx, and can be removed
completely with endoscopic surgery. Cysts of
the second type have extralaryngeal extension,
open surgical access is used for their removal,
and depending on the presence of mesodermal
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tissues in addition to endodermal tissues, the
author divided the type into additional subtypes
2a and 2b [42]. The most common symptoms in
children with laryngeal cysts are stridor, feed-
ing difficulties and failure to thrive, episodes of
cyanosis. It should also be noted that in recent
studies [43] it was reported that 2/3 of patients
with vallecular cysts had coexisting laryngomal-
acia, and in a study by Yang Xiao et al. 35.7%
of patients with congenital laryngeal saccu-
lar cysts were misdiagnosed as laryngomalacia
[44]. Flexible fiberoptic laryngoscopy is used for
initial diagnosis, endoscopic laryngotracheos-
copy under general anesthesia is the gold stan-
dard, and CT scanning can also be useful for the
evaluation of cyst extralaryngeal extension [44].
Treatment of congenital laryngeal cysts consists
of surgical removal or marsupialization. In the
case of ductal cysts and saccular cysts without
extralaryngeal extension, it is recommended to
perform surgery at the time of diagnostic laryn-
gotracheoscopy [45].

Laryngocele is a very rare congenital anomaly
of the larynx, which is an air-filled cystic dilated
laryngeal saccule [46]. It is manifested by a stri-
dor, in severe cases it can cause respiratory dis-
tress, and significant airway obstruction in the
infant, and can be life-threatening [47]. A tra-
cheostomy should be performed as an emergen-
cy treatment for a newborn with severe dyspnoea
and laryngocele. Treatment of laryngocele is only
surgical, marsupialisation of the cyst walls under
endoscopic control is the optimal minimally inva-
sive treatment.

Conclusions

Although stridor is usually a symptom of laryn-
gomalacia, which in most cases has a benign
course, this symptom is not specific only to laryn-
gomalacia and can be a sign indicating the pres-
ence of another serious disease. Children with
stridor require significant attention and appropri-
ate diagnostics because stridor can be a mani-
festation of many different laryngeal pathologies
in terms of symptoms, etiology, course, and con-
sequences, which may require completely differ-
ent approaches to the treatment of such patients.
Stridor in children after birth should not be under-
estimated or ignored.
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ABSTRACT

Clove, the dried flower bud of the Syzygium aromaticum tree, has been used for thousands of years in tradi-
tional medicine for its medicinal properties. One of the most well-known properties of clove is its antimicro-
bial activity attributed to a compound called eugenol. It has been found to be effective against a wide range
of microorganisms, including bacteria, viruses, fungi, and parasites. In addition to its antimicrobial activ-
ity, clove has also been found to have anti-inflammatory, antioxidant, and pain-relieving properties. These
properties make it an ideal natural remedy for a wide range of conditions, including toothaches, sore throat,
and skin infections. With this background a systematic review was conducted wherein we explored the arti-
cles relevant to the research questions through databases like PubMed, Scopus, Web of Science, etc. Out of
150 articles explored, 30 were selected through online and snowballing literature searches. Out of these, 19
were original research articles, 8 systematic reviews, and three books/online resources. The selected arti-
cles were further assessed on quality reporting. In the current scenario of increasing prevalence of bacte-
rial infections and emergence of multidrug resistant strains it is essential to explore alternative options like
herbal antimicrobials to combat this problem.

Introduction properties. One of the most well-known proper-

ties of clove is its antimicrobial activity.

Clove, the dried flower bud of the Syzygium aro-
maticum tree, has been used for thousands of
years in traditional medicine for its medicinal

Clove contains a compound called eugenol,
which is responsible for its antimicrobial activity.
Eugenol has been found to be effective against
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a wide range of microorganisms, including bac-
teria, viruses, fungi, and parasites. In particular, it
has been found to be effective against some of
the most common bacterial and fungal patho-
gens, such as Escherichia coli, Staphylococcus
aureus, and Candida albicans [1,2].

In addition to its antimicrobial activity, clove
has also been found to have anti-inflammatory,
antioxidant, and pain-relieving properties. These
properties make it an ideal natural remedy for
a wide range of conditions, including toothaches,
sore throat, and skin infections [3,4].

Clove oil is the most commonly used form of
clove in traditional medicine, and it is used as a nat-
ural remedy for toothaches, sore throat, and skin
infections. The oil is also used as a natural remedy
for headaches and as an insect repellent [5].

With this background a systematic review was
conducted wherein we explored the articles rele-
vant to the research questions through databas-
es like PubMed, Scopus, Web of Science, etc. Out
of 150 articles explored, 30 were selected through
online and snowballing literature searches. Out of
these, 19 were original research articles, 8 sys-
tematic reviews, and 3 books/online resources.
The selected articles were further assessed on
quality reporting.

Table 1. Taxonomy and Scientific Clssification of Clove.

Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsida
Order Myrtales
Family Myrtaceae
Genus Syzygium
Species aromaticum

Clove oil can also be used as a natural preser-
vative for food, as it has been found to be effec-
tive in preventing the growth of bacteria and fun-
gi. The oil can be added to food products in small
amounts to help preserve their freshness.

Clove oil is also commonly used in aromather-
apy, as its strong, spicy aroma is believed to have
a soothing and relaxing effect on the mind and
body [6].

Syzygium aromaticum, commonly known as
clove, is a small, evergreen tree native to tropi-
cal regions. It is also referred to as Eugenia aro-
maticum or Eugenia caryophyllata. The plant pro-

Journal of Medical Science 2024 December;93(4)

duces highly aromatic, unopened flower buds
that are harvested and dried for use as a spice.
The spice is widely recognized by the same name
as the tree and is often used in its plural form as
"cloves" [7].

Cloves are highly valued for their culinary,
medicinal, and commercial uses. As a culinary
spice, cloves are widely used for their strong
aroma and pungent taste, which adds a unique
flavor to various dishes from different cuisines
around the world. The essential oil extracted
from the buds is highly valued for its flavoring
and perfuming properties, as well as its medici-
nal properties, such as antiseptic, analgesic, and
anesthetic effects [5].

The origins of clove can be traced back to the
Spice Islands (Maluku Islands), where it played
a central role in the early spice trade. Cloves were
highly prized and were considered a valuable
commodity that was sought after by traders from
all over the world. Even today, clove remains an
important spice and is used in various applica-
tions, including cooking, perfumery, and medi-
cine. Its unique flavor and medicinal properties
make it a popular ingredient in a variety of tradi-
tional and modern preparations [5].

The Myrtle family Myrtaceae, to which the
clove tree belongs, is a group of dicotyledon
plants categorized under the order Myrtales. This
family is comprised of 130-150 genera and has
over 3000 species, including popular plants like
guava, myrtle, allspice, eucalyptus, and feijoa.
The species in this family are typically woody,
with essential oils, and have flower parts in mul-
tiples of four or five. Although the flowers usually
have a base number of five petals, some genera
have very minute or even absent petals. The sta-
mens are usually numerous, brightly coloured,
and easily noticeable. The leaves of the Myrtace-
ae family are simple, alternate or opposite, ever-
green, and have an entire margin. A notable fea-
ture of this family is that the phloem can be found
on both sides of the xylem, not just outside, as is
common in most other plants [8].

The clove tree, Syzygium aromaticum, is
a conical evergreen that grows to a height rang-
ing from ten to 20 meters, having large oval
leaves and crimson flowers in numerous groups
of terminal clusters. The flower buds are at first
pale in colour and gradually become green, after
which they develop into a reddish brown or bright



red when they are ready for collecting. Cloves are
harvested when 1.5 to two centimetres (cm) long
and consist of a long calyx, terminating in four
spreading sepals and four unopened petals that
form a small ball in the centre. The flower buds
are strongly aromatic and impart a flavour that
can be described as hot and pungent [9].

The term "clove” derives from the French word
clou, meaning nail, as the buds resemble small,
irregular nails in shape. According to the Food
and Agriculture Organization (FAO), Indonesia
produced almost 80 percent of the world's clove
output in 2005, followed at a distance by Mada-
gascar and Tanzania. Cloves are also cultivated in
Pakistan, India, Sri Lanka, Mauritius, and the West
Indies. Cloves are one of the world's most essen-
tial, popular, and useful plants, It is commonly
used as a culinary spice, adding a strong aroma
and pungent flavor to a variety of dishes. The
essential oil extracted from cloves is also high-
ly prized for its various uses in flavourings, per-
fumes, and medicinal properties, including anti-
septic, analgesic, and anaesthetic properties [10].

Chemical compounds
isolated from clove

A diverse array of phenolic compounds is found
in clove, one of the major vegetal sources of these
compounds. Clove contains various phenolic
compounds such as flavonoids, hydroxybenzoic
acids, hydroxycinnamic acids, and hydroxyphe-
nyl propens, with eugenol being the predominant
bioactive compound present in fresh plant mate-
rial. Gallic acid is also present in high concentra-
tions, with 783.50 mg/100 g fresh weight, along
with other gallic acid derivatives such as hydro-
lyzable tannins, which are present in concentra-
tions of 2,375.8 mg/100 g. Additionally, the clove
plant contains other phenolic acids like caffeic,
ferulic, ellagic, and salicylic acids, as well as fla-
vonoids like kaempferol and quercetin and their
glycosylated derivatives, albeit in lower concen-
trations [11].

The clove flower buds can contain up to 18%
essential oil, with eugenol accounting for approx-
imately 89% of the oil content, while eugenol
acetate and B-caryophyllene make up 5% to 15%.
a-humulene is another important compound
present in the essential oil of clove, with con-

centrations of up to 2.1%. B-pinene, benzalde-
hyde, farnesol, limonene, 2-heptanone, and ethyl
hexanoate are some other compounds of volatile
nature that are present in clove oil [4].

Biologically active compounds

Eugenol is the primary compound responsible for
the unique and strong aroma of cloves. It is pres-
ent in the essential oil obtained from cloves and
constitutes a significant portion ranging from 72
to 90 percent of the oil's composition. Eugenol
is widely known for its potent antiseptic and
anaesthetic properties and is commonly used in
mouthwashes and germicides [3].

Apart from eugenol, there are several other
active compounds found in cloves that contrib-
ute to their various medicinal properties. Acetyl
eugenol, beta-caryophyllene, and vanillin are
among the other essential oils present in cloves,
while crategolic acid, tannins, and gallotannic
acid are non-volatile compounds with pharmaco-
logical activity [12].

Methyl salicylate, one of the major constitu-
ents of wintergreen oil, is also present in cloves
and acts as a painkiller.Flavonoids such as
eugenin, kaempferol, rhamnetin, and eugenitin
also add up to its medicinal benefits. Oleanolic
acid, stigmasterol, and campesterol are some
triterpenoids that have been identified in clove
extracts [13].

The combination of these active compounds
is responsible for the numerous therapeutic prop-
erties of cloves, including their analgesic, anti-
septic, anti-inflammatory, antioxidant, and anti-
cancer effects. The use of cloves as a traditional
medicine dates back centuries and continues to
be an important part of many natural medicine
practices around the world [14].

Medicinal properties of clove

Antibacterial and antifungal properties

The antimicrobial properties of clove have been
extensively studied against various bacteria and
fungi. Sofia et al. conducted a study to assess
the antimicrobial effects of several Indian spice
plants, including cinnamon, garlic, ginger, mint,
mustard, and clove, against food-borne patho-
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gens such as Escherichia coli (E. coli), Staphylo-
coccus aureus, and Bacillus cereus. The results
showed that only clove's aqueous extract, at
a concentration of 3%, demonstrated complete
bactericidal activity against all the tested patho-
gens. At alower concentration of 1%, clove extract
displayed significant inhibitory activity [15].

Another study by Dorman and Deans evaluat-
ed the antibacterial activity of black pepper, clove,
geranium, nutmeg, oregano, and thyme against
25 strains of Gram-positive and Gram-negative
bacteria. The oils with the broadest spectrum of
activity were oregano, thyme, and clove, respec-
tively [16].

Clove, oregano, bay, and thyme essential oils’
antibacterial activity against E. coli 0157:H7 was
tested, with different levels of inhibition observed.
Additionally, formulations containing eugenol and
carvacrol encapsulated in a non-ionic surfactant
were tested against E. coli O157:H7 and Listeria
monocytogenes. The results demonstrated that
eugenol could be used to inhibit the growth of these
microorganisms on food-contact surfaces [17].

Rana et al. investigated the antifungal activity
of clove oil against different strains and report-
ed that it was most effective against Mucor sp.,
followed by Microsporum gypseum, Fusarium
moniliforme NCIM 1100, Trichophyton rubrum,
Aspergillus sp., and Fusarium oxysporum MTCC
284. The antifungal activity of eugenol was dem-
onstrated by the lysis of spores and micelles in
the chromatographic analysis [18].

The efficacy of pure clove oil or clove oil mixed
with rosemary oil was assessed against various
bacteria, including Staphylococcus epidermidis,
Staphylococcus aureus, Bacillus subtilis, E. coli,
Proteus vulgaris, and Pseudomonas aeruginosa.
The results indicated minimum inhibitory con-
centrations ranging from 0.062% to 0.500% (v/v),
highlighting the potential use of clove oil as an
anti-infectious agent or food preservative [19].

Eugenol and carvacrol's anticandidal activity
was evaluated in a vaginal candidiasis model, and
the results indicated that these compounds could
be promising antifungal agents for the treatment
and prophylaxis of vaginal candidiasis [20].

Furthermore, a study demonstrated that
eugenol and cinnamaldehyde inhibited the growth
of 31 strains of Helicobacter pylori at 2 pg/mL
after 9 and 12 hours of incubation, respectively,
without developing resistance. The activity and
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stability of these compounds were also examined
at low pH values since Helicobacter pylori resides
in the stomach [21].

Solid lipid nanoparticles containing eugenol
were developed using stearic acid, caprylic trig-
lyceride, and Poloxamer 188 at various concen-
trations by a modified hot homogenisation ultra-
sonication method. The particles were charac-
terised by their particle size, polydispersity index,
morphology, zeta potential, crystalline state, and
encapsulation efficiency [22].

Anti-oxidant effects

Based on the database created by the United
States Department of Agriculture, Perez-Jimenez
et al. classified the 100 richest dietary sources
of polyphenols and concluded that spice plants
have the highest polyphenol content, followed by
fruits, seeds, and vegetables [23].

Among all spices, cloves contain the high-
est amounts of polyphenol and antioxidant
compounds. Shan et al. identified and quanti-
fied the main phenolic compounds in 26 spices
by high-performance liquid chromatography
and in vitro antioxidant activity analysis. Results
showed that clove had the highest antioxidant
activity and polyphenol content [24].

The antioxidant activity of aqueous extracts
of clove was tested by different in vitro methods,
and clove and other plants proved to have enor-
mous potential as food preservatives. The pow-
erful antioxidant activity of ethanol and aqueous
extracts of clove and lavender may be attributed
to their strong hydrogen-donating ability, met-
al-chelating ability, and scavenging of free radi-
cals, hydrogen peroxide, and superoxide [25].

A study exposed male rats to hepato-toxic
and nephrotoxic stress showed higher antioxi-
dant effect of eugenol when compared to S. aro-
maticum oil and Nigella sativa oil [4].

Oxidative stress can also impact brain cells
leading to cognitive decline and memory defi-
cits. A study on mice's brain demonstrated the
positive effects of clove oil in reducing oxidative
stress. Implications of clove oil in reverting mem-
ory and learning deficits in some cases need to
be studied more [26].

Anti-viral properties
Researchers conducted a study to test the antivi-
ral activity of eugeniin, a compound derived from



S. aromaticum and Geum japonicum, against
various herpes virus strains. The results showed
that eugeniin was effective at a concentration of
5 pg/mL, and it was found that one of the prima-
ry targets of eugeniin was the inhibition of viral
DNA synthesis through the inhibition of viral DNA
polymerase. This finding suggests that eugeniin
has the potential to be developed as an antiviral
drug [4].

In another study, researchers examined the
antiviral activity of aqueous extracts from several
plants, including S. aromaticum, Geum japoni-
cum, Rhus javanica, and Terminalia chebula,
against Herpes simplex virus type 1 (HSV-1) when
combined with acyclovir. The results showed that
the combination of these extracts with acyclo-
vir exhibited strong synergistic activity against
HSV-1, with the strongest activity observed in
the brain compared to the skin. Furthermore, it
was demonstrated that these combinations were
non-toxic to mice. These findings suggest that
a combination of these plant extracts and acy-
clovir may be an effective treatment option for
HSV-1 infections [27].

Analgesic action

Since the 13th century, clove has been employed
as an analgesic for relieving toothaches, joint
pain, and spasms. The main compound respon-
sible for this activity is eugenol. It has been
observed that the mechanism of action involves
the activation of calcium and chloride channels
in ganglion cells. This activation, in turn, leads to
a reduction in pain. The analgesic effect of clove
can also be attributed to the voltage-dependent
effects of eugenol in sodium and calcium chan-
nels and in receptors expressed in the trigeminal
ganglion. The activation of these channels and
receptors contributes to the analgesic effect of
clove. Another study has shown that the analge-
sic effect of clove is due to the action of eugenol
as a capsaicin agonist. Eugenol has also been
reported to have significant peripheral antinoci-
ceptive activity [28].

Studies have also shown the benefits of
cloves in reducing metastasis of some cancers
when given along with the chosen therapy. It is
not proven to cure cancers individually but can be
beneficial during recovery [29].

Toxicity and pharmacokinetics

According to scientific research, the consumption
of clove essential oil in concentrations lower than
1,500 mg/kg is considered safe. Moreover, the
World Health Organization (WHO) has established
that the acceptable daily intake of clove for humans
is 2.5 mg/kg of body weight. However, the toxicity
of clove oil was tested in two species of aquarium
fish, namely Danio rerio and Poecilia reticulata. The
results showed that the medium lethal concentra-
tions (LD50) at 96 hours were (18.2 + 5.52) mg/mL
and (21.7 £ 0.8) mg/mL, respectively [4].

When eugenol, the main component of clove
essential oil, is administered orally, it is quickly
absorbed and reaches the plasma and blood in
a short period. The mean half-lives for plasma
and blood are approximately 14.0 hours and 18.3
hours, respectively. It has been hypothesized
that a cumulative effect may occur, which could
be associated with the relief of neuropathic pain
after repeated daily administrations [30].

Conclusion

Clove is a powerful natural remedy that has
been used for centuries for its medicinal proper-
ties. Its antimicrobial activity is one of the most
well-known properties of clove and it is effective
against a wide range of microorganisms. Clove
has also been found to have anti-inflammatory,
antioxidant, and pain-relieving properties, mak-
ing it a versatile natural remedy. Clove oil is the
most commonly used form of clove in tradition-
al medicine, it is widely used in dental care, aro-
matherapy, and food preservation. The potential
of plant-based antimicrobials like cloves, neem,
and turmeric may help devise an effective strat-
egy to reduce antibiotic misuse and break the
resistance among microbes.

Acknowledgements

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

Authorship

All authors contributed significantly in the process and
approved to the final version of manuscript.

Journal of Medical Science 2024 December;93(4)

319



320

References

1.

10.

11.

12.

13.

Nufez L, Aquino MD. Microbicide activity of clove

essential oil (Eugenia caryophyllata). Braz J Micro-

biol. 2012 Oct;43(4):1255-60. doi: 10.1590/S1517-

83822012000400003.

. Jingwen B, Jiangiang L, Zhiyuan C, Xuedong B,
Zhenyuan Y, Zitong W, et al. Antibacterial activity and
mechanism of clove essential oil against food borne
pathogens. LWT 2023;173:114249. doi: 10.1016/j.
1wt.2022.114249.

. Ulanowska M, Olas B. Biological Properties and
Prospects for the Application of Eugenol-A Review.
Int J Mol Sci. 2021 Apr 1;22(7):3671. doi: 10.3390/
ijms22073671.

. Cortés-Rojas DF, de Souza CR, Oliveira WP. Clove
(Syzygium aromaticum): a precious spice. Asian
Pac J Trop Biomed. 2014 Feb;4(2):90-6. doi: 10.1016/
$2221-1691(14)60215-X.

. Pandey VK, Srivastava S, Ashish, Dash KK, Singh R,
Dar AH, Singh T, Farooqui A, Shaikh AM, Kovacs B.
Bioactive properties of clove (Syzygium aromaticum)
essential oil nanoemulsion: A comprehensive review.
Heliyon. 2023 Nov 30;10(1):e22437. doi: 10.1016/j.
heliyon.2023.e22437.

. Vora LK, Gholap AD, Hatvate NT, Naren P, Khan S,
Chavda VP, Balar PC, Gandhi J, Khatri DK. Essen-
tial oils for clinical aromatherapy: A comprehensive
review. J Ethnopharmacol. 2024 Aug 10;330:118180.
doi: 10.1016/j.jep.2024.118180.

. Suppakul, P. Cinnamaldehyde and Eugenol: Use in
Antimicrobial Packaging. Antimicrobial Food Pack-
aging. 2016:479-490. doi: 10.1016/B978-0-12-
800723-5.00039-5.

. Kholiya S, Pandey H, Padalia RC, Tiwari A, Prakash O.
Phytochemical analysis, post-harvest shade drying,
and biological activities of Melaleuca linariifolia Sm.
from foothills of Kumaun Himalayas, India. Biochem-
ical Systematics and Ecology. 2024;114:104824. doi:
10.1016/j.bse.2024.104824.

. Clove. (2023, January 14). New World Encyclo-

pedia. Retrieved 00:36, October 21, 2024 from

https://www.newworldencyclopedia.org/p/index.
php?title=Clove&oldid=1095559.

Bruneton, J. (1995) Pharmacognosy, Phytochemistry

and Medicinal Plants, English Translation by Hatton,

C. K., Lavoisier Publishing, Paris, 265.

Guldiken B, Ozkan G, Catalkaya G, Ceylan FD, Ekin

Yalcinkaya I, Capanoglu E. Phytochemicals of herbs

and spices: Health versus toxicological effects. Food

Chem Toxicol. 2018 Sep;119:37-49. doi: 10.1016/j.

fct.2018.05.050.

Arshad U, Muhammad A, Hassan A. Role of Clove

in Human Medical History. SAR Journal of Anato-

my and Physiology 2023;4:10-19. doi: 10.36346/sar-
jap.2023.v04i02.001.

Liu H, Schmitz JC, Wei J, Cao S, Beumer JH, Stry-

chor S, Cheng L, Liu M, Wang C, Wu N, Zhao X, Zhang

Y, Liao J, Chu E, Lin X. Clove extract inhibits tumor

growth and promotes cell cycle arrest and apoptosis.

Oncol Res. 2014;21(5):247-59. doi: 10.3727/0965040

14X13946388748910.

Journal of Medical Science 2024 December;93(4)

14.

15.

16.

7.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mekky AE, Emam AE, Selim MN. Antibacterial and
antineoplastic MCF-7 and HePG-2 characteristics of
the methanolic (80%)clove (Syzygium aromaticum
L.) extract. Biomass Conv Bioref. 2024;14:16787-98.
doi: 10.1007/s13399-023-03862-1.

Sofia PK, Prasad R, Vijay VK, Srivastava AK. Evalua-
tion of antibacterial activity of Indian spices against
common foodborne pathogens. Int J Food Sci Tech-
nol. 2007;42(8):910-15. doi: 10.1111/J.1365-2621
.2006.01308.X.

Dorman HJ, Deans SG. Antimicrobial agents from
plants:antibacterial activity of plant volatile oils. J
Appl Microbiol. 2000;88(2):308-16. doi: 10.1046/
j-1365-2672.2000.00969.x.

Pérez-Conesa D, McLandsborough L, Weiss J. Inhibi-
tion and inactivation of Listeria monocytogenes and
Escherichia coli O157:H7 colony biofilms by micel-
lar-encapsulated eugenol and carvacrol. J Food
Prot. 2006 Dec;69(12):2947-54. doi: 10.4315/0362-
028x-69.12.2947.

Rana IS, Rana AS, Rajak RC. Evaluation of antifungal
activity in essential oil of the Syzygium aromaticum (L.)
by extraction, purification and analysis of its main com-
ponent eugenol. Braz J Microbiol. 2011 Oct;42(4):1269-
77. doi: 10.1590/S1517-83822011000400004.

FuY, Zu Y, Chen L, Shi X, Wang Z, Sun S, Efferth T.
Antimicrobial activity of clove and rosemary essen-
tial oils alone and in combination. Phytother Res.
2007 Oct;21(10):989-94. doi: 10.1002/ptr.2179.
Chami F, Chami N, Bennis S, Trouillas J, Remmal A.
Evaluation of carvacrol and eugenol as prophylax-
is and treatment of vaginal candidiasis in an immu-
nosuppressed rat model. J Antimicrob Chemother.
2004 Nov;54(5):909-14. doi: 10.1093/jac/dkh436.

Ali SM, Khan AA, Ahmed |, Musaddiq M, Ahmed KS,
Polasa H, Rao LV, Habibullah CM, Sechi LA, Ahmed
N. Antimicrobial activities of Eugenol and Cinnamal-
dehyde against the human gastric pathogen Helico-
bacter pylori. Ann Clin Microbiol Antimicrob. 2005
Dec 21;4:20. doi: 10.1186/1476-0711-4-20.

Garg A, Singh S. Enhancement in antifungal activity
of eugenol in immunosuppressed rats through lipid
nanocarriers. Colloids Surf B Biointerfaces. 2011 Oct
15;87(2):280-8. doi: 10.1016/j.colsurfb.2011.05.030.
Pérez-Jiménez J, Neveu V, Vos F, Scalbert A. Identifi-
cation of the 100 richest dietary sources of polyphe-
nols: an application of the Phenol-Explorer data-
base. Eur J Clin Nutr. 2010 Nov;64 Suppl 3:5112-20.
doi: 10.1038/ejcn.2010.221.

Shan B, Cai YZ, Sun M, Corke H. Antioxidant capac-
ity of 26 spice extracts and characterization of their
phenolic constituents. J Agric Food Chem. 2005 Oct
5;53(20):7749-59. doi: 10.1021/jf051513y.

Gulcin I, EImastas M, Aboul-Enein HY. Antioxidant
activity of clove oil-A powerful antioxidant source.
Arab J Chem. 2012;5(4):489-99. doi: 10.1016/j.
arabjc.2010.09.016

Halder S, Mehta AK, Kar R, Mustafa M, Mediratta PK,
Sharma KK. Clove oil reverses learning and mem-
ory deficits in scopolamine-treated mice. Plan-
ta Med. 2011 May;77(8):830-4. doi: 10.1055/s-0030-
1250605.



27.

28.

Yukawa TA, Kurokawa M, Sato H, Yoshida Y, Kageya-
ma S, Hasegawa T, Namba T, Imakita M, Hozumi T,
Shiraki K. Prophylactic treatment of cytomegalovirus
infection with traditional herbs. Antiviral Res. 1996
Oct;32(2):63-70. doi: 10.1016/0166-3542(95)00978-7.
Daniel AN, Sartoretto SM, Schmidt G, Caparroz-Assef
SM, Bersani-Amado CA, Cuman RKN. Anti-inflam-
matory and antinociceptive activities A of eugenol
essential oil in experimental animal models. Rev bras
farmacogn. 2009;19(1b):212-17. doi: 10.1590/S0102-
695X2009000200006.

29.

30.

Nirmala MJ, Durai L, Gopakumar V, Nagarajan R.
Anticancer and antibacterial effects of a clove bud
essential oil-based nanoscale emulsion system. Int
J Nanomedicine. 2019;14:6439-6450. doi: 10.2147/
IJN.S211047.

Haro-Gonzalez JN, Castillo-Herrera GA, Martinez-
Velazquez M, Espinosa-Andrews H. Clove Essential
Oil (Syzygium aromaticum L.Myrtaceae):Extraction,
Chemical Composition, Food Applications, and
Essential Bioactivity for Human Health. Molecules.
2021;26(21):6387. doi: 10.3390/molecules26216387.

Journal of Medical Science 2024 December;93(4)

321




322

Journal
REVIEW PAPER JMSofMedicaIScience

Efficacy and safety of intravenous iron therapy
In heart failure patients with iron deficiency:

a systematic review and meta-analysis

of randomized controlled trials

Mohammad Tanashat
Faculty of Medicine, Yarmouk University, Irbid, Jordan
https://orcid.org/0000-0002-8819-1803

Mohamed Abouzid

Department of Physical Pharmacy and
Pharmacokinetics, Faculty of Pharmacy, Poznan
University of Medical Sciences, Poznan, Poland

https://orcid.org/0000-0002-8917-671X

Corresponding author: mabouzid@outlook.com

Yehya Khlidj
Faculty of Medicine, Algiers University, Algiers, Algeria
https://orcid.org/0000-0002-3448-9946

Mohamed Abuelazm
Faculty of Medicine, Tanta University, Tanta, Egypt
https://orcid.org/0000-0003-2047-2235

Alaa Ramadan
Faculty of Medicine, South Valley University, Qena, Egypt

Obieda Altobaishat

Faculty of Medicine, Jordan University of
Science and Technology, Irbid, Jordan

https://orcid.org/0000-0001-7213-0507

Aya Aboutaleb
Faculty of Medicine, Zagazig University, Zagazig, Egypt
https://orcid.org/0000-0001-6979-9867

Irfan Ullah

Department of Internal Medicine, Kabir
Medical College, Gandhara University & Khyber
Teaching Hospital, Peshawar, Pakistan

https://orcid.org/0000-0003-1100-101X

Basel Abdelazeem

Department of Cardiology, West Virginia
University, Morgantown, West Virginia, USA

doi: https://doi.org/10.20883/medical.e1183

Keywords: iron, heart failure, deficiency, review,
meta-analysis

Received 2024-12-09
Accepted 2024-01-08
Published 2024-01-11

How to Cite: Tanashat M, Abouzid M, Khlidj Y, Abuelazm
M, Ramadan A, Altobaishat O, et al. Efficacy and safety of
intravenous iron therapy in heart failure patients with iron
deficiency: a systematic review and meta-analysis of ran-
domized controlled trials. Journal of Medical Science. 2024
December;93(4);e1183. doi:10.20883/medical.e1183

© 2024 by the author(s). This is an open access article distributed
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of
Medical Sciences

ABSTRACT

Introduction. Heart failure is a diverse life-threatening condition with complex biology and demanding ther-
apeutic goals. Even when anemic patients are excluded, up to 59% of heart failure patients have low ferri-
tin levels, making them especially vulnerable to iron deficiency. We aim to explore the benefits and safety of
intravenous iron therapy among patients with heart failure and iron deficiency.

Material and methods. We have searched the literature on PubMed (MEDLINE), Scopus, Cochrane Central
Register of Controlled Trials (CENTRAL), Web of Science (WoS), and EMBASE until 31st August, 2023. We
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used RevMan V. 5.4 to pool dichotomous data using a risk ratio (RR) with a 95% confidence interval (Cl). This
review has been registered and published in PROSPERO (CRD42023471419)

Results. Fourteen randomized controlled trials with 6,626 patients were included. The intravenous iron group
was favored over the control group in reducing hospital admissions for heart failure (first event) (RR= 0.83,
95% C1 0.71 to 0.97; p = 0.02) and (total events) (RR= 0.81,95% CI 0.74 to 0.89; p < 0.0001). Also, the iron group
had a 21% lower risk in terms of cardiovascular death and hospital admission for heart failure (hnumber of
events, rate per 100 patients in a year) (RR= 0.79, 95% CI 0.74 to 0.85; p < 0.00001). Concerning the adverse
events, both ferric carboxymaltose and ferric derisomaltose showed a beneficial effect in reducing the cardi-
ac disorder (RR=0.81,95% Cl 0.76 to 0.87; p <0.0001), and (RR= 0.82, 95% CI 0.71 to 0.95; p = 0.009), respec-
tively.

Conclusions. Intravenous iron infusion in patients with heart failure has a favorable safety profile. It reduc-
es total hospitalizations for heart failure and cardiovascular mortality, with no effect on all-cause mortality,

cardiovascular mortality alone, or first-time hospitalization for heart failure.

Introduction

Heart failure (HF) is a multifaceted, life-threat-
ening syndrome with a complex pathophysiol-
ogy and challenging management goals. HF is
a clinical syndrome characterized by symptoms
and/or signs resulting from structural and/or
functional cardiac abnormalities. This condi-
tion is confirmed by elevated levels of natriuretic
peptides and/or objective evidence of pulmonary
or systemic congestion. [1]. In 2017, The Global
Burden of Disease report stated that 64.3 mil-
lion people live with HF worldwide [2]. According
to more recent estimates, one to three percent of
individuals in low-income nations are believed
to have HF. However, this incidence is expected
to rise due to advancements in both diagnosis
and treatment options that extend the lives of
HF patients. In contrast, the incidence of HF has
steadily declined over the past few decades, with
an estimated 1-20 cases per 1,000 individuals
identified annually [3].

Even after excluding anemic individuals, up
to 59% of HF patients exhibit low ferritin levels,
rendering them particularly susceptible to iron
deficiency [4]. While the precise etiology of iron
deficiency remains elusive, it has been suggest-
ed that increased iron depletion (due to gastro-
intestinal bleeding), reduced iron intake, absorp-
tion, and systemic bioavailability may contribute
to the development of the disease [4]. It is cru-
cial to note that iron deficiency in HF patients
can manifest as either absolute (total body iron
is decreased) or functional (total body iron is nor-
mal or increased). In the latter form, iron becomes

sequestered in storage tissues (such as the liver),
transferring insufficient amounts to the myocar-
dium to meet its needs [5].

The activation of the neuroendocrine system
can downregulate the messenger ribonucleic
acid (mRNA) expression of Transferrin Receptor
1, leading to increased secretion of aldosterone
and norepinephrine. Consequently, this down-
regulation can hinder iron uptake by cardiomyo-
cytes [6]. The insufficient supply of iron to the
myocardium gives rise to a condition known as
myocardial iron deficiency, characterized by poor
mitochondrial structure and function, oxidative
stress, and increased detrimental cardiac remod-
eling [7]. Regardless of whether the iron deficien-
cy is absolute or functional, it is associated with
a poor prognosis in HF and has been demon-
strated to be a robust and independent predictor
of mortality [8].

Therefore, studies have aimed to evaluate the
effectiveness of intravenous (IV) iron therapy in
improving the condition of HF patients with iron
deficiency. Among these, a multicenter random-
ized controlled trial (RCT) known as the CON-
FIRM-HF study, published in 2015, demonstrated
the superiority of IV ferric carboxymaltose over
placebo in ameliorating several outcomes, includ-
ing functional capacity, symptoms, quality of life,
martial deficiency, and hospitalization risks [9].
Other RCTs, such as the AFFIRM-AHF study, found
that IV ferric carboxymaltose effectively lowers
the risk of HF hospitalization among stabilized
patients with iron deficiency and left ventricular
ejection fraction < 50% after discharge from acute
episodes, later corroborating these findings [10].
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However, some results were not as positive.
For example, the recent HEART-FID trial found
no statistically significant difference in a hierar-
chical endpoint including mortality, HF hospital-
izations, and six-minute walk distance between
ambulatory HF patients with reduced ejection
fraction and iron deficiency who took either fer-
ric carboxymaltose or placebo [11], narrowly
missing its prespecified target despite the large
sample size.

In light of the ongoing controversy and incon-
sistency in the existing literature, we under-
took a comprehensive systematic review and
meta-analysis to evaluate the entirety of data
derived from RCTs concerning the efficacy and
safety of intravenous iron therapy in patients with
HF and iron deficiency. The findings from our
study hold substantial therapeutic implications.

Methods.

Protocol Registration

This systematic review and meta-analysis
adhered to the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRIS-
MA) statement [12] and the Cochrane Hand-
book for systematic reviews and meta-analyses
[13]. The review was registered and published in
PROSPERO on 10th November 2023 under the ID
CRD42023471419.

Data Sources & Search Strategy.

We have searched the literature on PubMed
(MEDLINE), Scopus, Cochrane Central Register
of Controlled Trials (CENTRAL), Web of Science
(WoS), and EMBASE until 31st August 2023. We
adjusted the search terms and keywords for each
database; the results are presented in (Table S1).

Eligibility Criteria and Study Selection.
We included studies that followed the following
PICOS criteria:
> Population (patients with HF and iron defi-
ciency, no age criterion);
> Intervention (IV iron);
> Comparison (placebo or standard care);
> Outcomes:
— Primary outcomes are (cardiovascular
mortality, all-cause mortality, Hospital
admission for heart failure (first event),
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hospital admission for heart failure (total
event), cardiovascular death and hospi-
tal admission for heart failure (number of
events, rate per 100 patients in a year), hos-
pital admission for heart failure (number of
events, rate per 100 patients in a year).

— Secondary outcomes included adverse
events: cardiac disorder, gastrointestinal
disorder, injection site condition, infec-
tion, nervous system disorder, respiratory,
thoracic, or mediastinal disorder, vascular
disorder, any adverse effect, any serious
adverse event, any adverse event lead-
ing to withdrawal, abnormal lab test, vital
signs, or physical finding. Studies included
were parallel RCTs.

Papers that met any of the following criteria
were excluded: (1) non-original studies (e.g., book
chapters, reviews, comments, letters to the edi-
tor, guidelines); (2) any other study design except
RCTs; (3) studies involving duplicate or overlap-
ping datasets; (4) non-human and in vitro experi-
ments; and (5) studies not reported in English.

Study Selection.

We utilized the Covidence web tool to con-
duct the review. After eliminating duplicates, all
obtained records were independently assessed
by four authors. During the initial eligibility crite-
ria full-text screening, the full texts of the records
were reviewed by four authors. Any disagree-
ments were resolved through discussion and
consensus with a senior author.

Data Extraction.

After acquiring the full texts of relevant publica-
tions, we conducted a pilot extraction to effec-
tively organize the data extraction sheet. The
Excel-based data extraction sheet is divided into
three sections.

The first part encompasses the summary
characteristics of the included studies, such as
the name of the first author, year of publication,
country, follow-up period, population, iron prep-
aration, comparator, iron dosing strategy, defini-
tion of iron deficiency, inclusion criteria, and pri-
mary outcome.

The second part consists of baseline infor-
mation about the participants, covering race, The
New York Heart Association (NYHA) class, age,
gender, N-terminal prohormone of brain natri-



uretic peptide (NT-proBNP), B-type natriuretic
peptide (BNP), left ventricular (LV) ejection frac-
tion, 6-minute walk test distance (6MWT), systolic
and diastolic blood pressure, hemoglobin, serum
ferritin, transferrin saturation, estimated glom-
erular filtration rate (eGFR), phosphorus, hospital
admissions for heart failure, de novo (new) hos-
pital admissions for heart failure, comorbidities
(atrial fibrillation (AF), acute coronary syndrome
(ACS), hypertension, diabetes, chronic kidney
disease (CKD), anemia, dyslipidemia), and medi-
cations (implantable cardioverter—defibrillator
(ICD), cardiac resynchronization therapy (CRT),
angiotensin-converting enzyme (ACE) inhibitor,
angiotensin Il receptor blocker (ARB), sacubitril—
valsartan, ACE inhibitor, ARB, beta-blocker, min-
eralocorticoid receptor antagonist (MRA), digox-
in, sodium-glucose cotransporter-2 (SGLT2)
inhibitor, loop diuretic, insulin, and any other
glucose-lowering medication). Finally, the third
part covers outcomes data. Four reviewers (A.R.,
O0.A., AA, and L.U) were responsible for data
extraction, and any discrepancies were resolved
through discussion and agreement with a senior
author.

Risk of Bias and Certainty of Evidence.

Four reviewers (A.R., 0.A., A.A,, and |.U.) indepen-
dently assessed the quality of the studies using
the Cochrane RoB2 method [14]. Any disagree-
ments were resolved through discussion with
a senior author. Simultaneously, two reviewers
(M.A. and B.A)) employed the Grading of Rec-
ommendations Assessment, Development, and
Evaluation (GRADE) criteria [15, 16] to assess the
certainty of evidence. A consensus was reached
to resolve any disagreements.

Statistical Analysis.

The statistical analysis was performed using
RevMan v5.3 software. For dichotomous out-
comes, we calculated the risk ratio (RR), and for
continuous outcomes, we computed the mean
difference (MD), both presented with a 95% confi-
dence interval (Cl) under the fixed-effects model.
In cases of significant heterogeneity, we applied
the random-effects model. Heterogeneity was
assessed using the Chi-square and I-square tests;
the Chi-square test determined the presence of
heterogeneity, and the I-square test gauged its
extent. As per the Cochrane Handbook (chapter

nine) [17], an I-square exceeding 50% signified
significant heterogeneity, while a Chi-square test
with an alpha level below 0.1 indicated consider-
able heterogeneity.

We performed a subgroup analysis based on
(i) chronic or acute heart failure and (ii) type of
iron preparation. Furthermore, trial sequential
analysis was employed to validate desired or
undesired intervention effects by analyzing data
from ongoing trials. Sensitivity analysis was also
conducted to assess the impact of alternative
assumptions or analyses on the pre-specified
research questions. In essence, sensitivity anal-
ysis aims to evaluate the validity and certainty
of the primary methodological or analytic strat-
egy. Finally, if at least 10 studies were reported in
the outcome, the asymmetry analysis was per-
formed to determine the publication bias by visu-
al inspection of the funnel plot of the studies, and
Egger's test confirmed the results [18]. A p-val-
ue = 0.05 was considered statistically significant
for all tests.

Results

Study selection

Our database search yielded 2740 studies. After
duplicate removal, we screened the remaining
1225 Studies, and only 35 were eligible for full-text
retrieval. Only 14 studies met our inclusion crite-
ria and were included in our review [9-11, 19-29]
(Figure 1).

Study characteristics

Our included studies reported the data of a total
of 6,626 patients who were assigned to IV iron
as the intervention group (3,408 patients) or the
control group (3,218 patients). The mean age
of the Intervention group was 68.4 + 4.95, and
68.1 + 5.89 for the control group. Nine studies
were single-centered, while the rest were mul-
ticenter studies. The follow-up duration ranged
from two weeks to 2.7 years. The included stud-
ies’ summary and detailed patient baseline
characteristics are described in (Table 1 and 2),
respectively [9-11, 19-29].

Risk of bias

The risk of bias assessment for each outcome is
depicted in Figure 2. Overall, most included stud-
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ies exhibited a low risk of bias across all assessed al. 2015: there is no evidence that the result was

domains. Notably, two studies raised some con- unaffected by missing outcomes, and the miss-
cerns regarding bias (Karla et al. 2022: the data ingness in the outcome could be dependent on
leading to this result was not analyzed as per its true value). A GRADE evidence profile outlines
the pre-specified analysis plan; Ponikowski et The certainty of evidence (Table 3).

Studies from databases/registers (n = 2740)
Embase (n = 985)
PubMed (n = 598)
Scopus (n = 500)
Web of Science (n = 417)
CENTRAL (n = 240)

c
=2
=
(1]
=
&
-
c
)
o

References removed (n = 1515)
Duplicates identified manually (n = 0)
Duplicates identified by Covidence (n = 1515)
Marked as ineligible by automation tools (n = 0)
Other reasons (n = 0)

A4
Studies screened (n = 1225) >| Studies excluded (n = 1190)
Studies sought for retrieval (n = 35) Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 35)

Studies excluded (n = 21)
Abstract (n = 3)
Duplicate (n =2)
Wrong outcomes (n = 3)
Wrong comparator (n = 6)
Wrong study design (n = 4)
Full text not found (n = 2)
Conference, data extraction not possible (n = 1)

Screening
A4

A4

Studies included in review (n = 14)

Figure 1. PRISMA chart showing the research strategy and inclusion and exclusion criteria.
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Risk of bias domains
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Figure 2. Risk of bias assessment is represented in traffic light and summary plots according to the Cochrane
risk-of-bias tool, created using robvis.
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Table 3. GRADE evidence profile.

Certainty assessment

Summary of findings

Participants Riskof Inconsis- Indirect- Impre- Publication  Overall Study event rates (%) Relative Anticipated absolute effects
(studies) bias tency ness cision bias certainty With With IV Iron effect Risk with Risk difference
Follow-up of Placebo or (95%C1) Placebo or with IV Iron

evidence gyandard Standard Care
Care

Cardiovascular Mortality

6145 not not not not none OPDdD  509/2994 462/3151 RR 0.90 170 per 1,000 17 fewer per

(6 RCTs) serious  serious  serious  serious High (17.0%) (14.7%) (0.80to 1,000

1.01) (from 34 fewer
to 2 more)

All cause mortality

5281 not not not not none dPDdPD  376/2557 336/2724 RR0.88 147 per 1,000 18 fewer per

(8 RCTs) serious  serious  serious  serious High (14.7%) (12.3%) (0.78 to 1,000

1.01) (from 32 fewer
to 1 more)

Hospital admission for heart failure (first event)

2813 not not not not none OPDd  451/1326 393/1487 RR0.85 340 per 1,000 51 fewer per

(5RCTs) serious  serious  serious  serious High (34.0%) (26.4%) (0.77 to 1,000

0.95) (from 78 fewer
to 17 fewer)

Hospital admission for heart failure (total events)

5978 not not not not none [SleISTe) 877/2912 707/3066 RR0.80 301 per 1,000 60 fewer per

(7 RCTs) serious  serious  serious  serious High (30.1%) (23.1%) (0.73 to 1,000

0.86) (from 81 fewer
to 42 fewer)

CVD death and hospital admission for heart failure (number of events) rater per 100 patient year

2704 not not not not none SO 799/1273 649/1431 RR 0.79 628 per 1,000 132 fewer per

(3RCTs) serious  serious  serious  serious High (62.8%) (45.4%) (0.74 to 1,000

0.85) (from 163 fewer
to 94 fewer)

Hospital admission for heart failure (number of events) rater per 100 patient year

2704 not not not not none DOPP 617/1273 478/1431 RR0.76 485 per 1,000 116 fewer per

(3RCTs) serious  serious  serious  serious High (48.5%) (33.4%) (0.70 to 1,000

0.83) (from 145 fewer
to 82 fewer)
6-min. walk distance at follow up

4820 not very not not none 00 2341 2479 - The mean MD 23.56

(8 RCTs) serious  serious®  serious  serious Low 6-min. walk higher

distance at  (21.42 higher to
follow up 25.71 higher)
was 0

Change in 6-min. walk distance from baseline

3865 not not not not none QODOO 1858 2007 - The mean  MD 2.34 higher

(4RCTs) serious  serious  serious  serious High change in (0.69 higher to

6-min. walk 4 higher)
distance
from
baseline was
0

Any adverse effect

343 not not not very none o000 116/170 124/173 RR1.06 682 per 1,000 41 more per

(2RCTs) serious  serious  serious  serious® Low (68.2%) (71.7%) (0.94 to 1,000

1.20) (from 41 fewer
to 136 more)

Any seriious adverse event

2748 not not not not none deOd  771/1363 707/1385 RR0.91 566 per 1,000 51 fewer per

(7 RCTs) serious  serious  serious  serious High (56.6%) (51.0%) (0.85to 1,000

0.97) (from 85 fewer
to 17 fewer)

Any adverse event leading to withdrawal

344 not not not very none ®@d0O0O 19171 14/173(8.1%) RRO.74  111per1,000 29 fewer per

(2RCTs) serious  serious  serious  serious® Low (11.1%) (0.38 to 1,000

1.42) (from 69 fewer
to 47 more)

Abnormal lab test, vital sign or physical finding

763 not not not very none o000 2/306 1/457(0.2%) RR0.50 7 per 1,000 3 fewer per

(2RCTs) serious  serious  serious  serious® Low (0.7%) (0.05to 1,000

5.46) (from 6 fewer to
29 more)

Cl: confidence interval; MD: mean difference; RR: risk ratio
Explanations:

a. | square test > 90%

b. Low number of events < 300 events.
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Primary Outcomes

Overall analysis

A. Cardiovascular mortality

There was an insignificant risk ratio between the
IV iron group and control (RR = 0.90, 95% CI 0.80
to 1.07; p = 0.07, n = 7), with no heterogeneity
(I = 0%, p = 0.84) (Figure 3a and Figure 4).

B. All-cause mortality

There was an insignificant risk ratio between the
IV iron group and control (RR = 0.88, 95% CI 0.78
to 1.01; p = 0.06, n = 6), with no heterogeneity
(1= 0%, p = 0.47) (Figure 3b and Figure 4).

C. Hospital admission for heart failure (first event)
There was a significant risk ratio between the IV
iron group and control (RR = 0.92, 95% CI 0.84
to 1.00; p = 0.04, n = 3), with moderate hetero-
geneity (1> = 44%, p = 0.12) (Figure 3¢ and Fig-
ure 4). Heterogeneity reduced when exclud-
ing Mentz et al., and results remained signifi-
cant in favor of IV iron (RR = 0.85, 95% CI 0.77
to 0.95; p = 0.004), with moderate heterogeneity
(1= 29%, p = 0.23).

D. Hospital admission for heart failure (total event)
IV iron group had lower hospital admissions than
the control group (RR = 0.78, 95% CI 0.72 to 0.85;
p < 0.00001, n = 2), with moderate heterogeneity
(1 = 55%, p = 0.03). Heterogeneity was reduced
by excluding Ponikowiski et al., and the results
remained significant in favor of the IV iron group
(RR = 0.80, 95% Cl 0.73 to 0.86; p < 0.0001), with
moderate heterogeneity (I = 30%, p = 0.20) (Fig-
ure 3d and Figure 4).

E. Cardiovascular death and hospital admission
for heart failure (number of events, rate per
100 patients in a year)

IV iron group was favored over the control group

(RR =0.81,95% CI1 0.76 to 0.87; p < 0.00001, n = 6),

with high heterogeneity (I” = 63%, p = 0.04). Het-

erogeneity was reduced by excluding Mentz et al.,
and the results remained significant in favor of

the 1V iron group (RR = 0.79, 95% CI 0.74 to 0.85;

p < 0.00001, n = 5), with no heterogeneity (I* = 0%,

p = 0.58) (Figure 3e and Figure 4).

F. Hospital admission for heart failure (number
of events, rate per 100 patients in a year)
IV iron group was favored over the control group
(RR=0.75,95% Cl 0.68 to 0.81; p < 0.00001, n = 5),
with moderate heterogeneity (I* = 38%, p = 0.19).
Heterogeneity was reduced by excluding Pon-
ikowiski et al., and the results remained signifi-
cant in favor of the IV iron group (RR = 0.76, 95%
Cl1 0.70 to0 0.83; p < 0.00001, n = 4), with no hetero-
geneity (I*= 0%, p = 0.46) (Figure 3f and Figure 4).

Subgroup analysis of main outcomes
Subgroup analysis according to chronic or acute
heart failure

In cardiovascular mortality, neither acute or
chronic conditions showed significant differ-
ences with no heterogeneity observed (RR = 0.89,
95% C1 0.78 t0 1.01; p = 0.06, n = 1), and (RR = 0.97,
95% Cl 0.73 to 1.30; p = 0.85, n = 5), respectively
(Figure S1).

In all-cause mortality, groups of chronic con-
ditions hovered around significance, while over-
all results were insignificant (RR = 0.88, 95% Cl
0.77 to 1.00; p = 0.05, n = 6), with no heterogeneity
(= 0%, p = 0.55) (Figure S2).

For hospital admission for heart failure (first
event), the chronic heart failure group showed
only significant preferences toward iron after
removing HEART-FID due to heterogeneity
(RR = 0.85,95% CI 0.73 to 0.98; p = 0.03, n = 4),
heterogeneity (1* = 56%, p = 0.1). (Figure S3).

In terms of total hospital admission for heart
failure, in both acute and chronic conditions,
iron was effective in reducing the total events
(RR =0.80,95% CI 0.72 to 0.89; p < 0.0001, n = 5),
heterogeneity (I” = 63%, p = 0.02), reduced by
removing Ponikowski 2015 (1> = 32%, p = 0.21),
and (RR = 0.73, 95% Cl 0.64 to 0.83; p < 0.001),
respectively (Figure S4).

Similar results were obtained for both drugs for
CVD death and hospital admission for heart fail-
ure (number of events) rater per 100 patient-year
[chronic heart failure (RR = 0.84, 95% Cl 0.77 to
0.92; p < 0.0001, n = 3), heterogeneity (I> = 75%,
p = 0.02), reduced by removing HEART-FID
(I = 0%, p = 0.44); acute heart failure (RR = 0.78,
95% CI 0.70 to 0.86; p < 0.0001, n = 1)], and hospi-
tal admission for heart failure (number of events)
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(d)
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Figure 3. Forest plots examining the cardiovascular outcomes of intravenous iron infusion in patients with heart failure: (a) cardio-
vascular mortality; (b) all-cause mortality; (c) hospital admission for heart failure (first event); (d) hospital admission for heart failure
(total event); (e) cardiovascular death and hospital admission for heart failure (number of events, rate per 100 patients in a year); (f)
hospital admission for heart failure (number of events, rate per 100 patients in a year).
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Figure 4. Sequential analysis for the main outcomes, cardiovascular mortality; all-cause mortality; hospital admission for heart fail-
ure (first event); hospital admission for heart failure (total event); cardiovascular death and hospital admission for heart failure (num-
ber of events, rate per 100 patients in a year); hospital admission for heart failure (number of events, rate per 100 patients in a year).
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rater per 100 patient-year [chronic heart fail-
ure (RR = 0.76, 95% CI 0.68 to 0.86; p < 0.0001,
n = 3), heterogeneity (I> = 54%, p = 0.22), reduced
by removing Ponikowski 2015 (I = 0%, p = 0.41);
acute heart failure (RR = 0.73,95% Cl 0.64 to 0.83;
p < 0.0001), n = 2] (Figure S5 and Figure S6).

Subgroup analysis according to the iron
preparation

In cardiovascular mortality, neither Ferric car-
boxymaltose nor ferric derisomaltose showed
significant preferences with no heterogeneity
observed (RR = 0.92,95% CI 0.80 to 1.05; p = 0.20,
n =5),and (RR =0.86,95% Cl 0.69 to 1.07; p = 0.17,
n = 1), respectively (Figure S7).

In all-cause mortality, despite overall results
being insignificant, only the ferric carboxymalt-
ose group significantly favored iron over the
control (RR = 0.80, 95% Cl 0.65 to 0.98; p = 0.03,
n = 5), with no heterogeneity (> = 0%, p = 0.50).
Ferric derisomaltose and sodium ferric gluconate
complex results were insignificant (Figure S8).

For hospital admission for heart failure (first
event), ferric carboxymaltose (only after removing
HEART-FID due to heterogeneity) and ferric deri-
somaltose showed a significant reduction in hos-
pital admissions (RR = 0.84, 95% CI 0.72 to 0.99;
p = 0.03, n = 4), heterogeneity (I = 56%, p = 0.1,
and were not reduced after removing HEART-FID,
neither influencing the results), and (RR = 0.86,
95% Cl 0.74 to 0.99; p = 0.04, n = 3). respectively
(Figure S9).

In terms of total hospital admission for heart
failure, ferric carboxymaltose and ferric deri-
somaltose results were effective in reducing
the total events (RR = 0.78, 95% CI 0.71 to 0.86;
p < 0.001, n = 6), heterogeneity (I> = 67%, p = 0.01),
reduced by removing Ponikowski 2015 (I = 50%,
p = 0.09), and (RR = 0.76, 95% CI 0.65 to 0.90;
p =0.001, n = 5), respectively (Figure S10).

Similar results were obtained for both drugs
for CVD death and hospital admission for
heart failure (humber of events) rater per 100
patient-year [ferric carboxymaltose (RR = 0.81,
95% CI 0.73 to 0.89; p < 0.001, n = 3), heteroge-
neity (I = 75%, p = 0.02), reduced by removing
HEART-FID (I* = 0%, p = 0.54); ferric derisomalt-
ose (RR = 0.82, 95% CI 0.75 to 0.89; p < 0.0001),
n = 1], and hospital admission for heart failure
(number of events) rater per 100 patient-year
[ferric carboxymaltose (RR = 0.73, 95% CI 0.61 to
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0.79; p < 0.0001), n = 3, heterogeneity (I = 35%,
p = 0.22), reduced by removing Ponikowski 2015
(> = 0%, p = 0.54); ferric derisomaltose (RR = 0.80,
95% CI 0.71 to 0.90; p < 0.0001), n = 2] (Figure S11
and Figure S12).

Adverse effects

Overall analysis

A. Cardiac disorder

IV iron group had fewer cardiac disorders than
the control group (RR = 0.81, 95% CI 0.76 to
0.87; p < 0.00001, n = 7), with high heterogeneity
(1 = 66%, p = 0.01). Heterogeneity was reduced by
excluding Anker et al., and the results remained
significant in favor of the IV iron group (RR = 0.84,
95% Cl 0.78 to 0.90; p < 0.00001, n = 6), with no
heterogeneity (I* = 0%, p = 0.65) (Figure 5a).

B. Gastrointestinal disorder
There were no significant results between the IV
iron and control groups (RR = 0.94, 95% Cl 0.68 to
1.29; p = 0.69, n = 6), with no high heterogeneity
(1 = 0%, p = 0.52) (Figure 5b).

C. Injection site condition

There were no significant results between the IV
iron and control groups (RR = 1.12,95% Cl 0.79 to
1.59; p = 0.56, n = 3), with no high heterogeneity
(I = 0%, p = 0.59) (Figure 5c).

D. Infection

There were no significant results between the 1V
iron and control groups (RR = 0.88,95% CI 0.73 to
1.07; p = 0.20, n = 2), with no high heterogeneity
(1 = 0%, p = 0.49) (Figure 5d).

E. Nervous system, disorder
There were no significant results between the IV
iron and control groups (RR = 1.16, 95% CI 0.81 to
1.66; p = 0.41, n = 6), with no high heterogeneity
(1 = 0%, p = 0.86) (Figure 5e).

F. Respiratory, thoracic, or mediastinal disorder
There were no significant results between the IV
iron and control groups (RR = 0.76, 95% Cl 0.55 to
1.05; p = 0.10, n = 5), with moderate heterogeneity
(I = 40%, p = 0.15). Heterogeneity was reduced by
excluding Okonko et al., and the results remained
insignificant (RR = 0.81, 95% Cl 0.58 to 1.12;
p = 0.21, n = 4), with low heterogeneity (I2 = 20%,
p = 0.29) (Figure 5f).
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Figure 5. Forest plots examining the adverse effects of intravenous iron infusion in patients with heart failure: (a) cardiac disorder;
(b) gastrointestinal disorder; (c) Injection site condition; (d) Infection; (e) nervous system disorder; (f) respiratory, thoracic, or medi-
astinal disorder.
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G. Vascular disorder

There were no significant results between the IV
iron and control groups (RR = 0.83,95% Cl 0.55 to
1.27; p = 0.40, n = 4), with no high heterogeneity
(= 0%, p = 0.86) (Figure 6a).

H. Any adverse effect

There were no significant results between the IV
iron and control groups (RR = 1.09, 95% CI 0.96
to 1.24; p = 0.17, n = 3), with low heterogeneity
(I = 25%, p = 0.26). Heterogeneity was reduced by
excluding Martens et al. insignificant (RR = 1.06,
95% ClI 0.94 to 1.20; p = 0.35, n = 2), with low het-
erogeneity (1= 0%, p = 0.38) (Figure 6b).

I. Any serious adverse event

There were no significant results between the IV
iron and control groups (RR = 0.98, 95% CIl 0.93 to
1.03; p = 0.37, n = 8), with moderate heterogene-
ity (1> = 54%, p = 0.06). Heterogeneity was reduced
by excluding Mentz et al.,, and the results were
altered in favor of IV iron group (RR = 0.91, 95% ClI
0.85100.97; p = 0.003, n = 7), with no heterogene-
ity (I*= 0%, p = 0.66) (Figure 6c).

J. Any adverse event leading to withdrawal
There were no significant results between the IV
iron and control groups (RR = 0.74, 95% Cl 0.38 to
1.42; p = 0.36, n = 2), and heterogeneity analysis
was not applicable (Figure 6d).

K. Abnormal lab test, vital signs, or physical finding
There were no significant results between the IV
iron and control groups (RR = 0.50, 95% Cl 0.05 to
5.46; p = 0.57, n = 2), and heterogeneity analysis
was not applicable (Figure 6e).

Subgroup analysis for the adverse effects
Subgroup analysis according to chronic or acute
heart failure

Concerning the adverse events, iron reduced car-
diac disorders in chronic and acute heart failure
despite the lack of studies on the latter (Figure
S13). Also, iron effectively reduced the serious
adverse events in acute heart failure (RR = 0.87,
95% CI 0.77 10 0.99; p = 0.03, n = 6). In the case of
chronic heart failure, the results became signifi-
cant only after removing HEART-FID due to het-
erogeneity (I> = 52%, p = 0.08) that had the high-
est number of events (RR = 0.93% Cl 0.87 to 1.00;

Journal of Medical Science 2024 December;93(4)

p = 0.04, n = 5) without heterogeneity (I> = 0%,
p = 0.72) (Figure S14).

Moreover, regarding respiratory, thoracic or
mediastinum disorder, we observed a moderate
heterogeneity in the chronic heart failure group
(I = 50%, p = 0.11) which was resolved by remov-
ing the IRONMAN study and resulted in altering
both the overall and chronic heart failure results
(RR =0.23,95% Cl 0.07 t0 0.75; p = 0.01, n = 5), low
heterogeneity (1> = 32%, p = 0.27), and (RR = 0.10,
95% Cl 0.02 to 0.54; p = 0.007, n = 4), without het-
erogeneity (I> = 0%, p = 0.75). These results may
highlight the importance of iron injections in
reducing the serious adverse effects of chronic
and acute cases and those related to respirato-
ry, thoracic or mediastinum disorders in chronic
cases (Figure S15).

No significant differences were observed in
acute or chronic conditions in gastrointestinal,
nervous system, or vascular disorders (Figures
S16, S17, S18). It was not possible to subgroup
these outcomes: injection site condition, infec-
tion, any adverse effect, any adverse event lead-
ing to withdrawal, abnormal lab tests, and vital
signs or physical findings.

Subgroup analysis according to the iron
preparation
Concerning the adverse events, both ferric car-
boxymaltose and ferric derisomaltose showed
a beneficial effect in reducing the cardiac disorder
(RR =0.81,95% CI 0.76 to 0.87; p < 0.0001, n = 4),
and (RR = 0.82, 95% CI 0.71 to 0.95; p = 0.009,
n = 1), respectively. Heterogeneity was resolved
in the ferric carboxymaltose group by removing
FAIR-HF without altering the results. Iron sucrose
did not show any significance regarding cardiac
disorders; however, it included only one study
with an overall small sample size (Figure S19).
Moreover, in terms of the presence of any
serious adverse effect, despite the insignifi-
cant results overall, that was altered when we
removed HEART-FID, which resulted in making
only ferric carboxymaltose (compared with deri-
somaltose, iron isomaltoside, and iron sucrose)
ferric shows significant reduction (RR = 0.86,95%
Cl 0.77 to 0.97; p = 0.01, n = 5) with no heteroge-
neity. Hence, overall results also became signif-
icant (RR = 0.91, 95% CI 0.85 to 0.97; p = 0.009,
n = 8) (Figure S20).



All formulation results were comparable, and Discussion
they did not significantly influence gastrointes-
tinal disorder, injection site condition, infection,
nervous system disorder, respiratory, thoracic
or mediastinum disorder, vascular disorder, any
adverse effect, any adverse event leading to with-
drawal and abnormal lab test, vital sign or physi-

cal finding (Figures S20-S29).

The current body of evidence shows that IV fer-
ric carboxymaltose treatment reduces the risk of
hospital admission for the first and total events
of HF worsening. Moreover, it is associated with
a lower risk of the combination of cardiovascular
death and HF hospitalization (number of events,
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Figure 6. Forest plots examining the adverse effects of intravenous iron infusion in patients with heart failure: (a) vascular disorder;

(b) any adverse effect; (c) any serious adverse event; (d) any adverse event leading to withdrawal; (e) abnormal lab tests, vital signs,
or physical finding.
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rate per 100 patients in a year). However, ferric
carboxymaltose does not affect all-cause mortal-
ity or cardiovascular mortality. Regarding safety,
patients treated with iron therapy experienced
fewer cardiac adverse effects than controls. At
the same time, they displayed no additional risks
of other adverse effects. Our findings confirmed
what was previously shown by systematic reviews
and meta-analyses, which reported the effective-
ness of IV iron supplementation in reducing hospi-
talization and the combined endpoint of death and
hospitalization for decompensated HF [30-32].

Events of acute decompensation are the pri-
mary cause of hospital admission for heart fail-
ure. According to its mechanism, HF decompen-
sation represents the situation in which neurohor-
monal signaling, preload, afterload, and intrinsic
inotropy are all out of balance, and compensated
HF has reached this point [33]. Ventricular filling
pressure elevation, venous and arterial conges-
tion, vasoconstriction, and inotropy depression
could result from this. Inotropy depression pres-
ents clinically as acute symptoms and congestion
indicators that necessitate immediate, typically
IV, therapy [33]. It has been demonstrated that
iron deficiency, whether absolute or functional,
can enhance the processes leading to decompen-
sated heart failure by aggravating cardiac con-
gestion, supporting unfavorable cardiac remod-
eling, and reducing myocardial inotropy. Thus,
greater sensitivity to sympathetic stimulation has
been observed in iron-deficient mice with cardiac
hypertrophy [34]. This may favor peripheral vaso-
constriction, a major element in the pathogenesis
of HF decompensation by worsening central (i.e.,
cardiopulmonary) congestion [33].

Iron deficiency may weaken the heart's
defenses against oxidative stress because iron is
a co-factor for anti-oxidative enzymes. This phe-
nomenon has been linked to the cardiac remodeling
process during heart failure [35]. Cardiac remod-
eling is a deleterious process in HF that leads to
cardiac dysfunction with subsequent symptoms
of exacerbation [36]. In line with this, experimental
evidence has shown that myocardial iron deficien-
cy aggravates acute myocardial ischemia as well
as post-ischemic remodeling, which worsens the
clinical outcomes of myocardial infarction-associ-
ated HF [37]. Moreover, iron deficiency impairs the
contractility and relaxation of human cardiomyo-
cytes by downregulating RyR2 channels and sup-
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pressing SERCA pump activity [38, 39]. This would
then change the inotropy, which would aggravate
systolic dysfunction and increase the risk of heart
failure decompensation. Conversely, rodents sup-
plemented with IV ferric carboxymaltose had nor-
mal Ca2+ signaling again [38]. Therefore, we can
assume that iron replacement therapy can reverse
the harmful effects of systemic iron deficiency and
myocardial iron deficiency on cardiac function in
the context of HF, inducing disease control and
lesser susceptibility to acute symptomatic events
that require hospitalization.

Notably, the latest months have seen progress
in research on the impact of IV supplementation in
heart failure, which warrants discussion. Further
analysis of data from the IRONMAN trial [28] sug-
gested that patients with anemia or with low trans-
ferrin saturation (even with adequate ferritin) bene-
fit the most from intravenous iron supplementation
[40]. Improved response in patients with low trans-
ferrin saturation was also highlighted in a recent
meta-analysis by Martens et al. [41]. Furthermore,
IRONMAN investigators showed data that indicate
a general increase in resilience due to iron supple-
mentation, with effect seen in hospitalizations for
both cardiac and non-cardiovascular indications
[42]. It is also noteworthy that further evidence
for the beneficial influence of intravenous iron in
patients with heart failure and preserved ejec-
tion fraction emerged from the FAIR-HFpEF trial,
which demonstrated a benefit in 6-minute walking
test distance [43]. The interplay between ejection
fraction and the capacity to utilize and store iron
appears as an interesting research topic.

Notably, the combined outcome of cardiovascu-
lar mortality and hospitalizations was decreased in
the IV iron group, likely due to the reduced odds of
HF hospitalization. Nevertheless, iron therapy had
no effects on cardiovascular or all-cause mortal-
ity. Notably, both AFFIRM-AHF and HEART FID tri-
als showed that supplementation with IV iron does
not impact the risk of cardiovascular death. The
positive effects of iron therapy in reducing mortal-
ity were noted in the IRONMAN study. All of these
three studies were conducted during the COVID-19
pandemic, which could have a major influence on
the effect of treatment, as the authors disclosed it.
Especially in the context of COVID-19, HF popula-
tion has witnessed a substantial reduction in hos-
pitalizations and an increase in in-hospital mor-
tality [44]. Moreover, in the HEART FID trial, iron



supplementation did not benefit in reducing car-
diovascular hospitalizations. Here too, the authors
reported possible interference of the COVID-19
pandemic with the treatment outcomes. Further
studies outside of COVID-19 are needed to confirm
the previous findings [45, 46].

Ferric carboxymaltose demonstrated good tol-
erability in clinical trials involving patients with iron
deficiency. Most adverse events associated with its
use were mild to moderate in severity. Commonly
reported side effects included headache, dizziness,
nausea, abdominal pain, constipation, diarrhea,
rash, and injection-site reactions [47]. According
to our analysis, we affirm that FC has a good safe-
ty profile in HF patients who are iron deficient as
it did not increase the risk for any particular side
effects relatively. It reduces the risk for cardiovas-
cular side effects. Moreover, we observed that iron
injections may reduce any adverse severe event for
acute and chronic conditions, and respiratory, tho-
racic, or mediastinal disorders for chronic condi-
tions mainly. This encourages further investigation
of IV ferric carboxymaltose in large-scale studies.

Our study aligens with the newly published
meta-analyses, Mhanna et al. conducted a sys-
tematic review and meta-analysis analyzing data
from 14 RCTs involving 6,614 patients. The study
demonstrated that IV iron therapy significantly
improved quality of life and the 6-minute walk test
compared to standard care, although it did not sig-
nificantly affect left ventricular ejection fraction.
[48] Awad et al. data from 18 RCTs found signifi-
cant improvements in quality of life, as indicated
by Kansas City Cardiomyopathy Questionnaire
(KCCAQ) scores, and enhanced clinical outcomes,
including increased serum ferritin and hemoglobin
levels. While all-cause hospitalizations and heart
failure-related deaths showed no significant differ-
ence, IV iron therapy reduced hospitalizations due
to heart failure. [49] Sephien et al. found that IV iron
therapy was associated with a significant improve-
ment in quality of life and a notable reduction in first
heart failure hospitalizations. However, there was
no significant change in all-cause mortality [50].

Implications for future research
and clinical practice

The transition from inpatient to outpatient care
is a vulnerable period for HF patients, particular-

ly the elderly and those with comorbidities [51].
Additionally, HF hospitalization is associated with
an elevated risk of mortality [52]. From an eco-
nomic standpoint, HF hospitalizations are con-
sidered costly, with mean HF-specific inpatient
costs in the USA ranging from $10,737 to $17,830
per hospitalization [53].

While recent HF treatments have demonstrat-
ed mortality reduction benefits, their impact on
hospitalization rates remains neutral [51]. Pre-
venting iron deficiency through iron supplemen-
tation can mitigate the risk of HF-related hospi-
talizations. Notably, IV iron therapy is safe and
effective for HF patients, irrespective of anemia.
This is because iron deficiency in HF patients can
be functional, selectively affecting the myocardi-
um—a condition known as myocardial iron defi-
ciency, which is challenging to diagnose. Conse-
quently, even patients with normal iron levels may
benefit from iron therapy.

Therefore, it may become an integral part of
routine treatment strategies aimed at preventing
decompensation events. However, the promising
benefits of IV iron supplementation in patients
with HF must be carefully weighed against the
potential safety concerns associated with iron
overload [54]. IV iron administration introduces
substantial amounts of non-transferrin-bound
iron, bypassing hepatic regulatory mechanisms,
which can lead to iron overload. Most published
studies have utilized IV iron sucrose (with a max-
imum dose of 200 mg per session) or ferric car-
boxymaltose (with a maximum dose of 1000 mg
per week) [55]. Due to gut wall edema, oral iron
preparations, typically containing Fe?, have been
associated with poor absorption, a high incidence
of side effects (affecting up to 40% of patients),
and the necessity for up to six months of intake
to restore iron stores [55].

On the other hand, unlike the IV form, oral iron
absorption is tightly regulated by the effects of
hepcidin; thereby, it can rarely lead to iron excess
[54]. Oral iron can improve cardiac function, as
measured by changes in left ventricular ejection
fraction, among HF patients with iron deficiency,
according to a recent meta-analysis of four RCTs
(n = 582 patients); exercise capacity did not sig-
nificantly increase [56]. Oral iron supplementa-
tion is more practical than IV ferric carboxymalt-
ose due to higher availability and cheaper costs,
making the former option worthy of greater inves-
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tigation [24]. This points to the need for further
research comparing the effects of IV and oral iron
on HF-related outcomes.

Notably, the European Cardiology Society heart
failure guidelines (2023 update; Recommendation
Table 5) indicate that IV should be used to reduce
the risk of hospitalization and increase quality of
life in patients with iron deficiency and symptom-
atic heart failure with at least mild reduction of
ejection fraction [57]. It is supposed that further
extension of this recommendation might follow
to include patients with preserved ejection frac-
tion or additional comments on symptoms or the
optimal way of diagnosing iron deficiency.

Strengths and limitations

This systematic review and meta-analysis repre-
sent the most updated study assessing the safe-
ty and efficacy profile of IV ferric carboxymalt-
ose among heart failure patients. Similar work
was previously conducted by Zhou et al. in 2019
[32] and Osman et al. in 2021 [31]. However, sig-
nificant studies have been published since then,
such as IRONMAN, HEART-FID, and AFFIRM-AHF,
phase 3 RCTs. More recently, Reinhold et al. in
2023 [30], explored the effects of IV iron replace-
ment therapy on cardiovascular outcomes in HF
patients. Notably, their focus was solely on effi-
cacy outcomes, lacking examination of safety-re-
lated outcomes, which are highly interesting. Our
study incorporated updated data from 14 RCTs,
involving 6,626 patients, some of which were
large-scale, multicenter, double-blind studies.
Concerning the limitations, firstly, not all
included studies maintained optimal method-
ological quality, with some being open-label or
single-blind and/or having few participants. Sec-
ondly, due to incomplete information, we did not
assess the impact of iron supplementation on
cardiac function-related outcomes such as left
ventricular ejection fraction, HF symptoms (e.g.,
dyspnea), quality of life, and cardiorespiratory per-
formance. Thirdly, the included studies did not
achieve the long-term follow-up needed to iden-
tify IV iron-based therapy's benefits fully. Fourthly,
comparing the effects of differentiron-based treat-
ments (e.g., infused doses and used molecules)
was impossible. Regarding iron preparation, most
of the included studies covered only ferric car-
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boxymaltose and ferric derisomaltose, both show-
ing good efficacy and a comparable safety pro-
file. However, there is a need for additional stud-
ies exploring the outcomes of other iron-based
supplementations, including iron isomaltoside,
iron sucrose, and sodium ferric gluconate com-
plex, as the number of patients who received these
treatments in the included studies was very small,
hence insufficient to indicate any differences.

Conclusions

IV iron infusion is an effective option to reduce
hospitalization episodes and cardiovascular mor-
tality among HF patients. Additionally, it is a safe
and well-tolerable treatment that can be given
to this group of patients as an adjuvant therapy
to traditional medications. Nevertheless, further
studies are still required to confirm the clinical
advantages of iron-based supplementations in
the context of HF.
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failure”ti,ab,kw OR hfref:ti,ab,kw OR
hf:ti,ab,kw OR hfpef:ti,ab,kw

Journal of Medical Science 2024 December;93(4)




Figure S1. Subgroup analysis according to chronic or acute heart failure for cardiovascular mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Chronic heart failure
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] 1[
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07]
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03]
Subtotal (95% CI) 2593 2444 84.6% 0.89 [0.78, 1.01]
Total events 385 431

Heterogeneity: Chi = 1.78, df =4 (P = 0.78); I? = 0%
Test for overall effect: Z = 1.88 (P = 0.06)

3.1.2 Acute heart failure

Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] -
Subtotal (95% CI) 558 550 15.4% 0.97 [0.73, 1.30] <
Total events 77 78
Heterogeneity: Not applicable
Test for overall effect: Z=0.18 (P = 0.85)
Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢
Total events 462 509
Rz = _ _ 2= 0o | ) ; )
Heterogeneity: Chi? = 2.09, df =5 (P = 0.84); I? = 0% '0.01 0f1 1 1'0 100'

Test for overall effect: Z = 1.79 (P = 0.07)

Favours [iron] Favours [control
Test for subaroup differences: Chi? = 0.32. df =1 (P = 0.57). I>= 0% e i 1

Figure S2. Subgroup analysis according to chronic or acute heart failure for all-cause mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.2.1 Chronic heart failure
Anker et al (FAIR-HF) 5 305 4 154 1.4% 0.63[0.17, 2.32] —
Karla et al IRONMAN) 184 569 193 568 50.9% 0.95[0.81, 1.12] *
Martens et al (IRON-CRT) 0 37 3 38 0.9% 0.15[0.01, 2.74] * '|
Mentz et al (HEART-FID) 131 1532 158 1533 41.6% 0.83[0.67, 1.03]
Okonko et al 1 24 0 11 0.2% 1.44 [0.06, 32.80]
Ponikowski et al 2015 12 151 14 151 3.7% 0.86 [0.41, 1.79] /T
Veldhuisen et al 0 88 4 86 1.2% 0.11[0.01, 1.99] *
Subtotal (95% CI) 2706 2541  99.9% 0.88 [0.77, 1.00] ¢
Total events 333 376

Heterogeneity: Chiz = 4.95, df =6 (P = 0.55); I = 0%
Test for overall effect: Z = 1.99 (P = 0.05)

3.2.2 Acute heart failure

Marcusohn et al 3 18 0 16  0.1% 6.26 [0.35, 112.70] >
Subtotal (95% CI) 18 16 0.1% 6.26 [0.35, 112.70] e —
Total events 3 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P =0.21)

Total (95% Cl) 2724 2557 100.0% 0.88 [0.78, 1.01] 4
Total events 336 376

ity i2 = = = - 12 =09 I t } 1
Heterogeneity: Chi .6.6_5, df =7 (_P 0.47); 7= 0% 0.01 01 1 10 100
Test for overall effect: Z = 1.86 (P = 0.06) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 1.78, df =1 (P = 0.18), I? = 43.7%
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Figure S3. Subgroup analysis according to chronic or acute heart failure for Hospital admission for heart failure (first event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 Chronic heart failure
Anker et al (FAIR-HF) 7 305 9 154 2.6% 0.39[0.15, 1.03]
Karla et al IRONMAN) 198 569 231 568 50.7% 0.86 [0.74, 0.99] |
Martens et al (IRON-CRT) 4 37 1 38 0.2% 4.11[0.48, 35.06] I
Mentz et al (HEART-FID) 351 1532 353 1533 0.0% 0.99[0.87, 1.13]
Subtotal (95% Cl) 911 760 53.6% 0.85[0.73, 0.98] ¢
Total events 209 241

Heterogeneity: Chi? = 4.52, df = 2 (P = 0.10); I* = 56%
Test for overall effect: Z = 2.22 (P = 0.03)

3.3.2 Acute heart failure

Marcusohn et al 3 18 1 16 0.2% 2.67 [0.31, 23.14] —
Ponikowski et al 2021 181 558 209 550 46.2% 0.85[0.73, 1.00] a
Subtotal (95% ClI) 576 566 46.4% 0.86 [0.74, 1.01]

Total events 184 210

Heterogeneity: Chiz = 1.06, df = 1 (P = 0.30); I> = 6%
Test for overall effect: Z = 1.81 (P = 0.07)

Total (95% CI) 1487 1326 100.0% 0.85[0.77, 0.95] ]
Total events 393 451
Heterogeneity: Chi? = 5.60, df = 4 (P = 0.23); I? = 29%

Test for overall effect: Z = 2.85 (P = 0.004)

Test for subaroup differences: Chiz = 0.03, df = 1 (P = 0.86). I* = 0%

)
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S4. Subgroup analysis according to chronic or acute heart failure for Hospital admission for heart failure (total event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.4.1 Chronic heart failure
Anker et al (FAIR-HF) 12 305 13 154 2.0% 0.47 [0.22, 1.00]
Karla et al IRONMAN) 163 527 218 536 24.5% 0.76 [0.65, 0.90] -
Martens et al (IRON-CRT) 1 38 4 37 0.5% 0.24 [0.03, 2.08] —
Mentz et al (HEART-FID) 297 1532 332 1533 37.6% 0.90[0.78, 1.03] »
Ponikowski et al 2015 10 150 32 151 0.0% 0.31[0.16, 0.62]
Veldhuisen et al 13 88 13 86 1.5% 0.98 [0.48, 1.99] .
Subtotal (95% ClI) 2490 2346 66.1% 0.83 [0.75, 0.92] ¢+
Total events 486 580

Heterogeneity: Chi? = 5.90, df =4 (P = 0.21); 1= 32%
Test for overall effect: Z = 3.51 (P = 0.0004)

3.4.2 Acute heart failure

Marcusohn et al 4 18 3 16 0.4% 1.19[0.31, 4.51] - 1
Ponikowski et al 2021 217 558 294 550 33.6% 0.73 [0.64, 0.83] =
Subtotal (95% ClI) 576 566 33.9% 0.73 [0.64, 0.83] ¢

Total events 221 297

Heterogeneity: Chiz = 0.51, df = 1 (P = 0.48); I>=0%
Test for overall effect: Z = 4.72 (P < 0.00001)

Total (95% CI) 3066 2912 100.0% 0.80 [0.73, 0.86] '
Total events 707 877
ity i2 = = = 12 = 0, } } 1
:_iet;e;ogeneltyl.l Cff;l . 36_15d;4 '(:3’(<P0 0(())383 12=30% -0-01 0:1 1 110 1001
estioroverall e<‘: 1 Z=5.44 ( o ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 2.17, df =1 (P = 0.14), I = 53.9%
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Figure S5. Subgroup analysis according to chronic or acute heart failure for cardiovascular death and hospital admission for heart
failure (number of events) rater per 100 patient-year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.5.1 Chronic heart failure
Anker et al (FAIR-HF) 20 304 16 155 2.6% 0.64 [0.34, 1.19] — "
Karla et al IRONMAN) 336 569 411 568 51.0% 0.82[0.75, 0.89] |
Mentz et al (HEART-FID) 16 1532 0 1533 0.0% 33.02[1.98, 549.91]
Subtotal (95% CI) 873 723 53.6% 0.81[0.74, 0.88] [)
Total events 356 427

Heterogeneity: Chi?2 = 0.61, df =1 (P = 0.44); 1> = 0%
Test for overall effect: Z = 4.88 (P < 0.00001)

3.5.2 Acute heart failure

Ponikowski et al 2021 293 558 372 550 46.4% 0.78 [0.70, 0.86] u
Subtotal (95% CI) 558 550 46.4% 0.78 [0.70, 0.86] [}
Total events 293 372

Heterogeneity: Not applicable
Test for overall effect: Z = 5.07 (P < 0.00001)

Total (95% CI) 1431 1273 100.0% 0.79 [0.74, 0.85] )
Total events 649 799

L Rz = _ _ 2= 0o | I ; )
g W
est for overall effect: Z=7.03 ( ) ) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.35, df = 1 (P = 0.56), I> = 0%

Figure S6. Subgroup analysis according to chronic or acute heart failure for hospital admission for heart failure (number of events)
rater per 100 patient-year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.6.1 Chronic heart failure
Anker et al (FAIR-HF) 11 304 10 155 21% 0.56 [0.24, 1.29] =
Karla et al IRONMAN) 250 569 313 568 50.3% 0.80[0.71, 0.90] |
Ponikowski et al 2015 10 150 25 151 0.0% 0.40[0.20, 0.81]
Subtotal (95% Cl) 873 723 52.4% 0.79 [0.70, 0.89] )
Total events 261 323

Heterogeneity: Chi> = 0.68, df =1 (P = 0.41); I?=0%
Test for overall effect: Z = 3.96 (P < 0.0001)

3.6.2 Acute heart failure

Ponikowski et al 2021 217 558 294 550 47.6% 0.73[0.64, 0.83] |
Subtotal (95% CI) 558 550 47.6% 0.73 [0.64, 0.83] )
Total events 217 294

Heterogeneity: Not applicable
Test for overall effect: Z = 4.80 (P < 0.00001)

Total (95% CI) 1431 1273 100.0% 0.76 [0.70, 0.83] ()
Total events 478 617

Hye Chi2 = - = L12=09 } } 1 |
Heterogeneity: Chiz = 1.57, df = 2 (P = 0.46); 1> = 0% 0.01 01 1 10 100
Test for overall effect: Z =6.18 (P < 0.00001) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.79, df = 1 (P = 0.38), 12 = 0%

348 Journal of Medical Science 2024 December;93(4)




Figure S7. Subgroup analysis according to the iron preparation for cardiovascular mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07] |
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03] .
Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] .
Subtotal (95% CI) 2582 2426 73.0% 0.92 [0.80, 1.05] 4
Total events 343 371

Heterogeneity: Chi? = 1.84, df = 4 (P = 0.76); 12 = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

2.1.2 Ferric derisomaltose

Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] j
Subtotal (95% CI) 569 568 27.0% 0.86 [0.69, 1.07]
Total events 119 138

Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢

Total events 462 509
i Chiz = = - - 12 =09 t }
?ettterfogeneltyl.I Cfl’;l ) 220_91 d?f9 g(_P0 0()7.84), 2=0% b.01 0:1 1'0 100'
estioroverall efiect: 2 =1. ( =0 ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.23. df =1 (P = 0.63). I = 0%

Figure S8. Subgroup analysis according to the iron preparation for all cause mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07] [ |
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03] T
Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] -
Subtotal (95% CI) 2582 2426 73.0% 0.92 [0.80, 1.05] ¢
Total events 343 371

Heterogeneity: Chiz = 1.84, df =4 (P = 0.76); I? = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

2.1.2 Ferric derisomaltose

Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] j
Subtotal (95% CI) 569 568 27.0% 0.86 [0.69, 1.07]
Total events 119 138

Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢

Total events 462 509
[T 2 = = = - 12 = QY t }
?euterfogeneltyl.I Cf|';| ) 220_91 d?f9 g(_P0 007.84), 2=0% b.01 0:1 1'0 100'
est for overall effect: Z = 1.79 (P = 0.07) Favours [iron] Favours [control]
Test for subaroup differences: Chiz = 0.23, df = 1 (P = 0.63), I? = 0%
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Figure S9. Subgroup analysis according to the iron preparation for hospital admission for heart failure (first event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.3.2 Ferric carboxymaltose
Anker et al (FAIR-HF) 7 305 9 154 26% 0.39[0.15, 1.03]
Martens et al (IRON-CRT) 4 37 1 38 0.2%  4.11[0.48, 35.06] ]
Mentz et al (HEART-FID) 351 1532 353 1533  0.0% 0.99[0.87, 1.13]
Ponikowski et al 2021 181 558 209 550 46.2% 0.85[0.73, 1.00] |
Subtotal (95% Cl) 900 742 49.0% 0.84[0.72, 0.99] ¢
Total events 192 219
Heterogeneity: Chi? = 4.51, df =2 (P = 0.10); I* = 56%
Test for overall effect: Z=2.12 (P = 0.03)
2.3.3 Ferric derisomaltose
Karla et al IRONMAN) 198 569 231 568 50.7% 0.86 [0.74, 0.99] |
Subtotal (95% CI) 569 568 50.7% 0.86 [0.74, 0.99] ¢
Total events 198 231
Heterogeneity: Not applicable
Test for overall effect: Z = 2.04 (P = 0.04)
2.3.4 Sodium ferric gluconate complex
Marcusohn et al 3 18 1 16  0.2%  2.67[0.31,23.14] -
Subtotal (95% Cl) 18 16 0.2% 2.67[0.31, 23.14] e
Total events 3 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.89 (P = 0.37)
Total (95% CI) 1487 1326 100.0% 0.85[0.77, 0.95] ¢
Total events 393 451
T 2 = = - <12 = 299 | I } |
e e s s o R R T
Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 1.09, df = 2 (P = 0.58). I = 0%
Figure S10. Subgroup analysis according to the iron preparation for hospital admission for heart failure (total event).
Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.2 Ferric carboxymaltose
Anker et al (FAIR-HF) 12 305 13 154  2.0% 0.47 [0.22, 1.00] ]
Martens et al (IRON-CRT) 1 38 4 37 05% 0.24 [0.03, 2.08] —
Mentz et al (HEART-FID) 297 1532 332 1533 37.6% 0.90[0.78, 1.03] |
Ponikowski et al 2015 10 150 32 151 0.0% 0.31[0.16, 0.62]
Ponikowski et al 2021 217 558 294 550 33.6% 0.73[0.64, 0.83] L
Veldhuisen et al 13 88 13 86 1.5% 0.98 [0.48, 1.99] -1
Subtotal (95% Cl) 2521 2360 75.1% 0.81[0.73, 0.89]
Total events 540 656
Heterogeneity: Chi? = 8.04, df = 4 (P = 0.09); 12 = 50%
Test for overall effect: Z = 4.44 (P < 0.00001)
2.4.3 Ferric derisomaltose
Karla et al IRONMAN) 163 527 218 536 24.5% 0.76 [0.65, 0.90] b
Subtotal (95% CI) 527 536 24.5% 0.76 [0.65, 0.90] ¢
Total events 163 218
Heterogeneity: Not applicable
Test for overall effect: Z = 3.28 (P = 0.001)
2.4.6 Sodium ferric gluconate complex
Marcusohn et al 4 18 3 16  0.4% 1.19[0.31, 4.51] — 1
Subtotal (95% CI) 18 16  0.4%  1.19[0.31,4.51] —~al—
Total events 4 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)
Total (95% CI) 3066 2912 100.0% 0.80 [0.73, 0.86] '
Total events 707 877
Heterogeneity: Chiz = 8.61, df = 6 (P = 0.20); I2 = 30% 0 o1 0? ] } 150 p oo:

Test for overall effect: Z = 5.44 (P < 0.00001)

Test for subaroup differences: Chiz = 0.72, df =2 (P = 0.70). I? = 0%
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Figure S11. Subgroup analysis according to the iron preparation for cardiovascular death and hospital admission for heart failure
(number of events) rater per 100 patient year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 20 304 16 155  2.6% 0.64 [0.34, 1.19] "
Mentz et al (HEART-FID) 16 1532 0 1533  0.0% 33.02[1.98, 549.91]
Ponikowski et al 2021 293 558 372 550 46.4% 0.78 [0.70, 0.86] |
Subtotal (95% CI) 862 705 49.0% 0.77 [0.70, 0.85] )
Total events 313 388

Heterogeneity: Chi? = 0.38, df =1 (P = 0.54); I? = 0%
Test for overall effect: Z = 5.26 (P < 0.00001)

2.5.2 Ferric derisomaltose

Karla et al IRONMAN) 336 569 411 568 51.0% 0.82[0.75, 0.89] |
Subtotal (95% CI) 569 568 51.0% 0.82[0.75, 0.89] [
Total events 336 411
Heterogeneity: Not applicable
Test for overall effect: Z = 4.67 (P < 0.00001)
Total (95% CI) 1431 1273 100.0% 0.79 [0.74, 0.85] }
Total events 649 799
ity i2 = = = - 12 = 0Y k t 1 {
Heterogeneity: Chi .1.0_8, df =2 (P =0.58); I?=0% 0.01 01 1 10 100
Test for overall effect: Z = 7.03 (P < 0.00001) Favours firon] Favours [control]

Test for subaroup differences: Chi? = 0.81, df =1 (P = 0.37), I? = 0%

Figure S12. Subgroup analysis according to the iron preparation for hospital admission for heart failure (number of events) rater per
100 patient year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.6.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 11 304 10 155 2.1% 0.56 [0.24, 1.29] =T
Ponikowski et al 2015 10 150 25 151 0.0% 0.40[0.20, 0.81]
Ponikowski et al 2021 217 558 294 550 47.6% 0.73 [0.64, 0.83] u
Subtotal (95% CI) 862 705 49.7% 0.72 [0.63, 0.82] ¢
Total events 228 304

Heterogeneity: Chi> = 0.37, df =1 (P = 0.54); I? = 0%
Test for overall effect: Z = 4.98 (P < 0.00001)

2.6.2 Ferric derisomaltose

Karla et al IRONMAN) 250 569 313 568 50.3% 0.80[0.71, 0.90] [ |

Subtotal (95% Cl) 569 568 50.3% 0.80 [0.71, 0.90] )

Total events 250 313

Heterogeneity: Not applicable

Test for overall effect: Z = 3.74 (P = 0.0002)

Total (95% CI) 1431 1273 100.0%  0.76 [0.70, 0.83] (]

Total events 478 617

Heterogeneity: Chi? = 1.57, df = 2 (P = 0.46); I2= 0% f f f |
Test for overall effect: Z = 6.18 (P < 0.00001) 0.01 Fg.\jours firon] 1 Favours [(:100r1trol] 100

Test for subaroup differences: Chi2 = 1.29, df = 1 (P = 0.26), 1> = 22.3%
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Figure S13. Subgroup analysis according to chronic or acute heart failure for cardiac disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.7.1 Chronic heart failure
Anker et al (FAIR-HF) 12 305 23 154 0.0% 0.26 [0.13, 0.52]
Karla et al IRONMAN) 200 569 243 568 34.5% 0.82[0.71, 0.95] L
Martens et al (IRON-CRT) 1 37 0 38 0.1% 3.08 [0.13, 73.25]
Okonko et al 1 24 2 11 0.4% 0.23[0.02, 2.27]
Ponikowski et al 2015 0 152 1 152 0.2% 0.33[0.01, 8.12]
Subtotal (95% Cl) 782 769 35.2% 0.82[0.71, 0.94] ¢
Total events 202 246

Heterogeneity: Chi? = 2.16, df = 3 (P = 0.54); 12 = 0%
Test for overall effect: Z =2.72 (P = 0.007)

3.7.2 Acute heart failure

Ponikowski et al 2021 391 558 453 550 64.8% 0.85[0.80, 0.91] [ |
Yeo et al 0 24 0 25 Not estimable

Subtotal (95% CI) 582 575 64.8% 0.85[0.80, 0.91] ]
Total events 391 453

Heterogeneity: Not applicable
Test for overall effect: Z = 4.76 (P < 0.00001)

Total (95% CI) 1364 1344 100.0% 0.84 [0.78, 0.90] {
Total events 593 699

ity: Chiz = = = -2 = 09 I } } {
Heterogeneity: Chi? = 2.45, df =4 (P = 0.65); I> = 0% 0.01 01 1 10 100
Test for overall effect: Z =5.16 (P < 0.00001) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.25, df = 1 (P = 0.62). I* = 0%

Figure S14. Subgroup analysis according to chronic or acute heart failure for any serious adverse event.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.15.1 Chronic heart failure
Charles-Edwards et al (FERRIC-HF 1) 1 21 0 19 0.1%  2.73[0.12,63.19]
Karla et al IRONMAN) 410 569 435 568 56.2% 0.94[0.88, 1.01] |
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Mentz et al (HEART-FID) 581 1532 537 1533  0.0% 1.08[0.99, 1.19]
Okonko et al 3 24 1 1 0.2% 1.38[0.16, 11.78]
Ponikowski et al 2015 43 152 53 152 6.8% 0.81[0.58, 1.13] T
Subtotal (95% CI) 803 788 63.3% 0.93 [0.87, 1.00] U
Total events 457 489
Heterogeneity: Chi? = 1.33, df =3 (P =0.72); I? = 0%
Test for overall effect: Z = 2.02 (P = 0.04)
3.15.2 Acute heart failure
Ponikowski et al 2021 250 558 282 550 36.7% 0.87[0.77, 0.99]
Yeo et al 0 24 0 25 Not estimable ]
Subtotal (95% CI) 582 575 36.7% 0.87 [0.77, 0.99]
Total events 250 282

Heterogeneity: Not applicable
Test for overall effect: Z=2.15 (P = 0.03)

Total (95% CI) 1385 1363 100.0% 0.91 [0.85, 0.97] \
Total events 707 771

ity: Chi2 = = = -2 =09 k t } U
Heterogeneity: Chi -2.4_2, df=4 (_P 0.66); 1> = 0% 0.01 01 1 10 100
Test for overall effect: Z = 2.95 (P = 0.003) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.74. df = 1 (P = 0.39). I? = 0%
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Figure S15. Subgroup analysis according to chronic or acute heart failure for respiratory, thoracic, or mediastinum disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.12.1 Chronic heart failure
Anker et al (FAIR-HF) 0 305 3 154 40.6% 0.07 [0.00, 1.39] * L
Charles-Edwards et al (FERRIC-HF II) 0 21 1 19 13.7% 0.30[0.01, 7.02] -
Karla et al IRONMAN) 55 569 64 568 0.0% 0.86 [0.61, 1.21]
Okonko et al 0 24 3 11 41.4% 0.07 [0.00, 1.22] * L)
Subtotal (95% Cl) 350 184 95.7% 0.10 [0.02, 0.54] ——
Total events 0 7

Heterogeneity: Chiz = 0.58, df =2 (P = 0.75); I = 0%
Test for overall effect: Z = 2.69 (P = 0.007)

3.12.2 Acute heart failure

Yeo et al 1 24 0 25 4.3%  3.12[0.13,73.04]
Subtotal (95% CI) 24 25  4.3% 3.12[0.13,73.04] e —
Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Z=0.71 (P = 0.48)

Total (95% CI) 374 209 100.0% 0.23 [0.07, 0.75] -
Total events 1 7

ity i2 = = = S22 = 0 I t t d
Heterogeneity: Chi -349_2, df=3 (_P 0.27); 12 =23% 0.01 01 1 10 100
Test for overall effect: Z = 2.45 (P = 0.01) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 3.51, df = 1 (P = 0.06). I = 71.5%

Figure S16. Subgroup analysis according to chronic or acute heart failure for gastrointestinal tract disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.8.1 Chronic heart failure
Anker et al (FAIR-HF) 2 305 2 154 3.9% 0.50 [0.07, 3.55] - 1
Karla et al IRONMAN) 56 569 64 568 93.0% 0.87 [0.62, 1.23] .
Martens et al (IRON-CRT) 3 37 1 38 1.4% 3.08 [0.34, 28.30]
Okonko et al 2 24 0 11 1.0% 2.40[0.12, 46.19]
Ponikowski et al 2015 2 152 0 152 0.7% 5.00 [0.24, 103.29] >
Subtotal (95% CI) 1087 923 100.0% 0.94 [0.68, 1.29] <&
Total events 65 67

Heterogeneity: Chi? = 3.22, df = 4 (P = 0.52); 12 = 0%
Test for overall effect: Z = 0.40 (P = 0.69)

3.8.2 Acute heart failure

Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 24 25 Not estimable
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 1111 948 100.0% 0.94 [0.68, 1.29] ‘
Total events 65 67
ity: Chiz = =4(P= 2= 09 t } : |
?etfrfogeneltyl.I Cf:l . 1;2_20?:0 4;(_P0 6(;.52), 2=0% 0.01 01 1 10 100
est for overall effect: Z = 0.40 (P = 0.69) Favours [iron] Favours [control]

Test for subaroup differences: Not applicable
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Figure S17. Subgroup analysis according to chronic or acute heart failure for nerves system disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.11.1 Chronic heart failure
Anker et al (FAIR-HF) 3 305 3 154 7.7% 0.50[0.10, 2.47] —
Karla et al IRONMAN) 54 569 45 568 87.1% 1.20[0.82, 1.75] .‘
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Okonko et al 1 24 0 11 1.3% 1.44 [0.06, 32.80]
Ponikowski et al 2015 2 152 1 1562 1.9% 2.00[0.18, 21.82]
Subtotal (95% CI) 1087 923 98.1% 1.16 [0.81, 1.66] <&
Total events 60 49

Heterogeneity: Chi? = 1.30, df =3 (P = 0.73); I? = 0%
Test for overall effect: Z = 0.82 (P = 0.41)

3.11.2 Acute heart failure

Yeo et al 1 24 1 25 19%  1.04[0.07, 15.73]
Subtotal (95% Cl) 24 25  1.9% 1.04[0.07, 15.73] ——e R —
Total events 1 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

Total events 61 50

Heterogeneity: Chi? = 1.30, df =4 (P = 0.86); I> = 0% f
Test for overall effect: Z=0.82 (P = 0.41)

Test for subaroup differences: Chiz = 0.01, df = 1 (P = 0.94). I = 0%

Total (95% CI) 1111 948 100.0%  1.16 [0.81, 1.66] T

} i
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S18. Subgroup analysis according to chronic or acute heart failure for vascular disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.13.1 Chronic heart failure
Anker et al (FAIR-HF) 3 305 1 154 3.0% 1.51[0.16, 14.44]
Karla et al IRONMAN) 34 569 42 568 94.8% 0.81[0.52, 1.25] ‘-'
Ponikowski et al 2015 1 152 1 152 2.3% 1.00 [0.06, 15.84]
Subtotal (95% Cl) 1026 874 100.0% 0.83 [0.55, 1.27] ‘
Total events 38 44

Heterogeneity: Chi? = 0.31, df =2 (P = 0.86); I> = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

3.13.2 Acute heart failure

Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 24 25 Not estimable
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% Cl) 1050 899 100.0% 0.83 [0.55, 1.27] L 2
Total events 38 44

ity i2 = = = - 12 = 09 I } 1 1
Heterogeneity: Chi .0.31, df =2 (P =0.86); 1= 0% 001 01 1 10 100
Test for overall effect: Z = 0.84 (P = 0.40) Favours [iron] Favours [control]
Test for subaroup differences: Not applicable
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Figure S19. Subgroup analysis according to the iron preparation for cardiac disorder

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.7.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 12 305 23 154 0.0% 0.26 [0.13, 0.52]
Martens et al (IRON-CRT) 1 37 0 38 0.1% 3.08 [0.13, 73.25]
Ponikowski et al 2015 0 152 1 152 0.2% 0.33[0.01, 8.12]
Ponikowski et al 2021 391 558 453 550 64.8% 0.85[0.80, 0.91] [ |
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 771 765 65.1% 0.85[0.80, 0.91] ]
Total events 392 454

Heterogeneity: Chi? = 0.96, df = 2 (P = 0.62); 1> = 0%
Test for overall effect: Z = 4.71 (P < 0.00001)

2.7.2 Ferric derisomaltose

Karla et al IRONMAN) 200 569 243 568 34.5% 0.82[0.71, 0.95] L

Subtotal (95% CI) 569 568 34.5% 0.82[0.71, 0.95] ¢

Total events 200 243

Heterogeneity: Not applicable

Test for overall effect: Z = 2.63 (P = 0.009)

2.7.3 Iron sucrose

Okonko et al 1 24 2 11 0.4% 0.23[0.02, 2.27]

Subtotal (95% CI) 24 1 0.4% 0.23 [0.02, 2.27] e

Total events 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 1.26 (P = 0.21)

Total (95% CI) 1364 1344 100.0% 0.84 [0.78, 0.90] {

Total events 593 699 . . . .
Heterogeneity: Chi? = 2.45, df = 4 (P = 0.65); I = 0% '0.01 Of1 1 1'0 100'

Test for overall effect: Z = 5.16 (P < 0.00001)

Favours [iron] Favours [control
Test for subaroup differences: Chi2 = 1.44, df = 2 (P = 0.49), I? = 0% firon] e I

Figure S20. Subgroup analysis according to the iron preparation for any serious adverse effect.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.15.1 Ferric carboxymaltose
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Mentz et al (HEART-FID) 581 1532 537 1533 0.0% 1.08 [0.99, 1.19]
Ponikowski et al 2015 43 152 53 152 6.8% 0.81[0.58, 1.13] ==
Ponikowski et al 2021 250 558 282 550 36.7% 0.87[0.77, 0.99] L]
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% Cl) 771 765 43.5% 0.86 [0.77, 0.97] ()
Total events 293 335
Heterogeneity: Chi? = 0.17, df = 1 (P = 0.68); I = 0%
Test for overall effect: Z = 2.47 (P = 0.01)
2.15.2 Ferric derisomaltose
Karla et al IRONMAN) 410 569 435 568 56.2% 0.94[0.88, 1.01] | |
Subtotal (95% Cl) 569 568 56.2% 0.94 [0.88, 1.01] [
Total events 410 435
Heterogeneity: Not applicable
Test for overall effect: Z = 1.75 (P = 0.08)
2.15.3 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 1 21 0 19 0.1%  2.73[0.12,63.19]
Subtotal (95% Cl) 21 19  01% 2.73[0.12,63.19] e —
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)
2.15.4 Iron sucrose
Okonko et al 3 24 1 11 0.2% 1.38[0.16, 11.78] = -
Subtotal (95% Cl) 24 1 0.2% 1.38[0.16, 11.78] e
Total events 3 1
Heterogeneity: Not applicable
Test for overall effect: Z=0.29 (P = 0.77)
Total (95% CI) 1385 1363 100.0% 0.91 [0.85, 0.97] [
Total events 707 771
Heterogeneity: Chiz = 2.42, df = 4 (P = 0.66); > = 0% :0.01 Oi1 1 1=0 100=

Test for overall effect: Z = 2.95 (P = 0.003)

Favours [iron] Favours [control
Test for subaroup differences: Chi? = 2.13, df = 3 (P = 0.55). I = 0% firon] e 1
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Figure S21. Subgroup analysis according to the iron preparation for any gastrointestinal tract disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.8.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 2 305 2 154 3.9% 0.50 [0.07, 3.55] —
Martens et al (IRON-CRT) 3 37 1 38 1.4% 3.08 [0.34, 28.30]
Ponikowski et al 2015 2 152 0 152 0.7% 5.00[0.24, 103.29] >
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% Cl) 518 369 6.0% 1.66 [0.51, 5.41] ~al—
Total events 7 3
Heterogeneity: Chi2 = 2.24, df =2 (P = 0.33); I2=11%
Test for overall effect: Z = 0.84 (P = 0.40)
2.8.2 Ferric derisomaltose
Karla et al IRONMAN) 56 569 64 568 93.0% 0.87 [0.62, 1.23] !
Subtotal (95% Cl) 569 568 93.0% 0.87 [0.62, 1.23]
Total events 56 64
Heterogeneity: Not applicable
Test for overall effect: Z=0.78 (P = 0.43)
2.8.3 Iron sucrose
Okonko et al 2 24 0 11 1.0% 2.40[0.12, 46.19]
Subtotal (95% Cl) 24 11 1.0% 2.40[0.12, 46.19] e ——
Total events 2 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
Total (95% CI) 1111 948 100.0% 0.94 [0.68, 1.29] <
Total events 65 67
Heterogeneity: Chi2 = 3.22, df = 4 (P = 0.52); I = 0% =0 o1 o: ] ; 110 " 00=

Test for overall effect: Z = 0.40 (P = 0.69)

Favours [iron] Favours [control
Test for subaroup differences: Chiz = 1.45, df = 2 (P = 0.48). I? = 0% firon] e 1

Figure S22. Subgroup analysis according to the iron preparation for injection site condition

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.9.1 Ferric carboxymaltose

Anker et al (FAIR-HF) 4 305 1 154 2.5% 2.02[0.23, 17.92] e
Subtotal (95% CI) 305 154 2.5% 2.02[0.23,17.92] ——e
Total events 4 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.63 (P = 0.53)

2.9.2 Ferric derisomaltose

Karla et al IRONMAN) 57 569 52 568 97.5% 1.09[0.77, 1.56] !
Subtotal (95% CI) 569 568 97.5% 1.09 [0.77, 1.56]

Total events 57 52
Heterogeneity: Not applicable

Test for overall effect: Z=0.49 (P = 0.62)

2.9.3 Iron isomaltoside

Charles-Edwards et al (FERRIC-HF 1) 1 21 0
Subtotal (95% ClI) 21

Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Not estimable
Not estimable

o o

Total (95% CI) 895 722 100.0% 1.12[0.79, 1.59]
Total events 62 53

ity: Chi2 = = = 2= 0Y k t t t J
Heterogeneity: Chi .0.3_0, df =1 (_P 0.59); 2= 0% 0.01 01 1 10 100
Test for overall effect: Z=0.62 (P = 0.54) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.29, df = 1 (P = 0.59). I = 0%
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Figure S23. Subgroup analysis according to the iron preparation for infection.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.10.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 2 305 0 154 0.4% 2.53[0.12, 52.43]
Subtotal (95% CI) 305 154 0.4% 2.53[0.12, 52.43] e
Total events 2 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

2.10.2 Ferric derisomaltose

Karla et al IRONMAN) 142 569 162 568 99.6% 0.88[0.72, 1.06] ’
Subtotal (95% CI) 569 568 99.6% 0.88 [0.72, 1.06]
Total events 142 162

Heterogeneity: Not applicable
Test for overall effect: Z=1.36 (P = 0.18)

Total (95% CI) 874 722 100.0% 0.88 [0.73, 1.07] ¢
Total events 144 162

ity: i2 = = = - 12 =09 } t } 1
Heterogeneity: Chi .0.47, df =1 (P =0.49); 2= 0% 0.01 01 1 10 100
Test for overall effect: Z =1.28 (P = 0.20) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.47, df =1 (P = 0.49). I = 0%

Figure S24. Subgroup analysis according to the iron preparation for nerves system disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.11.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 3 305 3 154 7.7% 0.50 [0.10, 2.47] _
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Ponikowski et al 2015 2 152 1 152 1.9% 2.00[0.18, 21.82]
Yeo et al 1 24 1 25 1.9% 1.04 [0.07, 15.73]
Subtotal (95% CI) 518 369 11.5% 0.84 [0.27, 2.64] -
Total events 6 5

Heterogeneity: Chi? = 0.93, df =2 (P = 0.63); I? = 0%
Test for overall effect: Z=0.29 (P = 0.77)

2.11.2 Ferric derisomaltose

Karla et al IRONMAN) 54 569 45 568 87.1% 1.20[0.82, 1.75] !‘
Subtotal (95% Cl) 569 568 87.1% 1.20 [0.82, 1.75]
Total events 54 45

Heterogeneity: Not applicable
Test for overall effect: Z = 0.94 (P = 0.35)

2.11.3 Iron sucrose

Okonko et al 1 24 0 11 13%  1.44[0.06,32.80]
Subtotal (95% Cl) 24 1 1.3% 1.44[0.06, 32.80] e —
Total events 1 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

Total (95% ClI) 1111 948 100.0% 1.16 [0.81, 1.66]
Total events 61 50
iy i2 = = = - 12 = 09 } t
_||-_|et<terfogene|tyl.l Cf|';| . 123—00dgfz Iz:t’(_P0 4(1.86), 2=0% b.01 Of1 1' 1'0 100'
est for overall effect: Z = 0. ( =0. ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.35. df =2 (P = 0.84). I>= 0%

Journal of Medical Science 2024 December;93(4) 357



Figure S25. Subgroup analysis according to the iron preparation for respiratory, thoracic or mediastinum disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.12.1 Ferric carboxymaltose

Anker et al (FAIR-HF) 0 305 3 154 0.0% 0.07 [0.00, 1.39]
Yeo et al 1 24 0 25  0.7% 3.12[0.13, 73.04]
Subtotal (95% CI) 24 25 0.7% 3.12[0.13, 73.04] ——ee—
Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Z=0.71 (P = 0.48)

2.12.2 Ferric derisomaltose

Karla et al IRONMAN) 55 569 64 568 90.4% 0.86 [0.61, 1.21] !
Subtotal (95% ClI) 569 568 90.4% 0.86 [0.61, 1.21]

Total events 55 64
Heterogeneity: Not applicable

Test for overall effect: Z = 0.88 (P = 0.38)

2.12.3 Iron isomaltoside

Charles-Edwards et al (FERRIC-HF 1) 0 21 1 19 22% 0.30[0.01, 7.02]
Subtotal (95% CI) 21 19 2.2% 0.30[0.01,7.02] e —
Total events 0 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.74 (P = 0.46)

2.12.4 Iron sucrose

Okonko et al 0 24 3 1 6.7% 0.07 [0.00, 1.22] *
Subtotal (95% CI) 24 11 67%  0.07[0.00,1.22] =—
Total events 0 3
Heterogeneity: Not applicable

Test for overall effect: Z=1.82 (P = 0.07)

Total events 56 68
Heterogeneity: Chi* = 4.01, df = 3 (P = 0.26); I* = 25%

Test for overall effect: Z = 1.27 (P = 0.20)

Test for subaroup differences: Chi? = 3.98. df = 3 (P = 0.26). I = 24.7%

Total (95% Cl) 638 623 100.0%  0.81[0.58,1.12] “

L \
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S26. Subgroup analysis according to the iron preparation for vascular disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.13.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 3 305 1 154 3.0% 1.51[0.16, 14.44]
Ponikowski et al 2015 1 152 1 152 2.3% 1.00 [0.06, 15.84]
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 481 331 5.2% 1.29 [0.23, 7.37] —e
Total events 4 2

Heterogeneity: Chi2 = 0.05, df =1 (P = 0.82); 2= 0%
Test for overall effect: Z = 0.29 (P = 0.77)

2.13.2 Ferric derisomaltose

Karla et al IRONMAN) 34 569 42 568 94.8%  0.81[0.52, 1.25] !
Subtotal (95% Cl) 569 568 94.8%  0.81[0.52, 1.25]
Total events 34 42

Heterogeneity: Not applicable
Test for overall effect: Z=0.96 (P = 0.34)

Total (95% ClI) 1050 899 100.0% 0.83 [0.55, 1.27] <&
Total events 38 44

Heterogeneity: Chi .0.3_1, df =2 (_P 0.86); I = 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.84 (P = 0.40) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.26, df =1 (P = 0.61), 12 = 0%
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Figure S27. Subgroup analysis according to the iron preparation for any adverse effect.

Iron Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.14.1 Ferric carboxymaltose
Martens et al (IRON-CRT) 7 37 3 38 73.8% 2.40[0.67, 8.57] ——
Ponikowski et al 2015 121 152 115 151 0.0% 1.05[0.93, 1.18]
Subtotal (95% Cl) 37 38 73.8% 2.40 [0.67, 8.57] —~ll—
Total events 7 3
Heterogeneity: Not applicable

Test for overall effect: Z=1.34 (P = 0.18)

2.14.2 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 3 21 1 19 26.2% 2.71[0.31, 23.93] -
Subtotal (95% Cl) 21 19 26.2% 2.71[0.31,23.93] ——
Total events 3 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.90 (P = 0.37)

Total (95% CI) 58 57 100.0% 2.48[0.83, 7.45] e
Total events 10 4

ity 2 = = = - 12 = 09 I 4 + |
Heterogeneity: Chi .0.0_1, df=1 (_P 0.92); 2= 0% 0.01 01 10 100
Test for overall effect: Z=1.62 (P = 0.11) Favours [iron] Favours [control]
Test for subaroup differences: Chiz = 0.01, df = 1 (P = 0.92), I = 0%

Figure S28. Subgroup analysis according to the iron preparation for any adverse event leading to withdrawal.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.16.1 Ferric carboxymaltose
Ponikowski et al 2015 14 152 19 152 100.0% 0.74[0.38, 1.42]
Subtotal (95% CI) 152 152 100.0% 0.74[0.38, 1.42]
Total events 14 19
Heterogeneity: Not applicable
Test for overall effect: Z=0.92 (P = 0.36)
2.16.2 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 0 21 0 19 Not estimable
Subtotal (95% CI) 21 19 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 173 171 100.0% 0.74 [0.38, 1.42] t
Total events 14 19 ) . . )
Heterogeneity: Not applicable r T T y 1
Test for overall effect: Z=0.92 (P = 0.36) 0.01 F%Jours firon] L Favours [clcr:trol] 100

Test for subaroup differences: Not applicable

Figure S29. Subgroup analysis according to the iron preparation for abnormal lab test, vital sign or physical finding

Iron Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Anker et al (FAIR-HF) 0 305 0 154 Not estimable

Ponikowski et al 2015 1 152 2 152 100.0% 0.50[0.05, 5.46] .

Total (95% CI) 457 306 100.0%  0.50 [0.05, 5.46] e ——

Total events 1 2

Heterogeneity: Not applicable f f f |
0.01 0.1 1 10 100

Test for overall effect: Z = 0.57 (P = 0.57) Favours [iron] Favours [control]
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ABSTRACT

Advanced glycation end products (AGEs) have been suggested to play an important role in osteoporosis.
However, no randomised controlled trial has investigated the effect of a diet with low AGEs on densitometric
parameters. This study will evaluate the effect of a 12-month low AGEs diet on bone health and cardio-met-
abolic parameters in postmenopausal overweight and obese women. In total, 80 subjects will be included
in the study and randomly divided into two groups: low AGEs diet and standard AGEs diet for 12 months.
The mineral density and content will be measured at the lumbar spine, femoral neck, and total body during
the pre- and post-intervention period. Selected markers of bone formation and resorption will be assessed.
Anthropometric parameters and body composition will be evaluated and markers of glucose, insulin, lipid
metabolism, inflammatory and endothelial parameters will be measured. Adherence to the diet will be moni-

tored using dietary records.

Research project objectives

The study's primary aim will be to assess the
effect of low advanced glycation end products
(AGEs) diet on bone mineral density (BMD) and
content (BMC), as well as markers of bone for-
mation and resorption in overweight and obese
postmenopausal women. Moreover, the study
will examine the impact of a low AGEs diet on
cardio-metabolic parameters, including anthro-
pometric parameters, body composition, glu-
cose and insulin homeostasis, lipid metabolism,
endothelial dysfunction parameters and inflam-
matory markers. The following research null
hypotheses were formulated:

1. Low AGEs diet does not affect BMD and BMC
in overweight and obese postmenopausal
women.

2. Low AGEs diet does not affect markers of
bone formation and resorption in overweight
and obese postmenopausal women.

3. Low AGEs diet does not affect anthropomet-
ric parameters and body composition in over-
weight and obese postmenopausal women.

4. Low AGEs diet does not affect glucose and
insulin homeostasis in overweight and obese
postmenopausal women.

5. Low AGEs diet does not affect lipid metabo-
lism in overweight and obese postmenopaus-
al women.

6. Low AGEs diet does not affect endothelial dys-
function parameters in overweight and obese
postmenopausal women.

7. Low AGEs diet does not affect inflammatory
parameters in overweight and obese post-
menopausal women.

8. Low AGEs diet does not affect blood pressure
in overweight and obese postmenopausal
women.

Research plan and basic concept

Basic concept

The menopause period is often a turning point
in a woman's life. Menopause is associated
with an increase in fat mass, insulin resistance,
dyslipidaemia and endothelial dysfunction, as
well as a higher prevalence of osteoporosis [1].
Decreased ovarian oestrogen production and rel-
ative androgen excess around menopause onset
are some of the most studied factors linking
menopause, bone and cardiometabolic health [2].
Excessive body weight, often observed in post-
menopausal women, seems to have a particular-
ly unfavourable effect on bone metabolism and
cardio-metabolic markers. Unfortunately, fac-
tors protecting against the development of peri-
menopausal disorders have not been identified
so far [3].

AGEs include a diverse group of compounds
that are the products of nonenzymatic reac-
tions between reducing sugars and proteins, lip-
ids or nucleic acids [4]. The majority of AGEs are
obtained from the consumption of food. Foods
of animal origin, particularly those rich in protein
and fat, exhibit the highest levels of AGEs, where-
as carbohydrate-rich foods demonstrate the
lowest amounts. Additionally, cooking methods
such as grilling, roasting, broiling, or frying pro-
duce higher levels of AGEs than boiling, poach-
ing, stewing, or steaming [5].
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AGEs have a significant impact on human
health. Previous studies showed an association
between AGEs levels and a variety of conditions
such as diabetes mellitus [6], cardiovascular dis-
eases [7], metabolic syndrome [8], Alzheimer's
disease [9], some cancer [10] or polycystic ova-
ry syndrome [11]. Elevated AGEs levels were also
associated with a higher risk of all-cause mor-
tality [12]. Several studies also investigated the
effects of AGEs on bone health [13-17]. It has
been suggested that AGEs might affect bone
through their accumulation in collagen fibres [13].
Moreover, AGEs have been found to significant-
ly inhibit osteoblast proliferation, differentiation
and mineralisation and induce osteoblast apop-
tosis [14]. Circulating AGEs also lead to decreased
bone strength by damage to structural bone [15].
Higher AGEs levels were observed in subjects
with osteoporosis and osteopenia compared to
healthy participants. Moreover, a negative corre-
lation was found between AGEs levels and BMD.
Yang et al. [16] demonstrated that women with
elevated AGEs concentrations had a 5.34 times
higher risk of developing osteopenia in terms of
the lumbar spine T-score and a 3.31 times higher
risk of osteopenia in relation to the hip T-score.
In another study, pentosidine, a type of AGEs,
was negatively correlated with BMC in adoles-
cents, suggesting that the accumulation of AGEs
may affect peak bone mass in young people [17].
While numerous studies have shown the negative
impact of a high AGEs diet on bone properties in
animal models [18—-19], research is scarce regard-
ing the role of dietary AGEs in human bone health.
Only one human study investigated the relation-
ship between AGEs intake and bone health. It
demonstrated a positive association with the
prevalence of prevalent vertebral, a non-signifi-
cant trend for major osteoporotic fractures, and
no association with BMD and trabecular bone
score [20].

Several studies demonstrated a relationship
between dietary AGEs intake and cardio-meta-
bolic parameters [21-25]. A recent meta-analysis
reported a reduction in insulin resistance, fast-
ing insulin, total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C) in the low AGEs
group compared with the high AGEs group [21].
Moreover, another meta-analysis has shown
a significant decrease in body mass index (BMI),
weight and leptin and an increase in adiponec-
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tin levels after consumption of the low AGEs diet
compared to the high AGEs diet [22]. On the oth-
er hand, other studies showed that consumption
of low AGEs diet did not improve the inflamma-
tory and endothelial markers [23-25]. Neverthe-
less, it has been reported that the reduction in
dietary AGEs with a low-fat plant-based diet was
associated with a significant reduction in the fre-
quency of severe and moderate-to-severe post-
menopausal hot flashes, independent of chang-
es in energy intake and weight loss [26]. How-
ever, most trials investigating the effect of a low
AGEs diet are limited by a short duration period
and a small sample size. Therefore, further ran-
domised controlled trials with a correct method-
ology and increased quality assessing the effect
of low AGEs diet on cardio-metabolic markers are
needed.

Research plan

The study followed a parallel-group, prospec-
tive, randomised controlled trial design. The
protocol was registered in the Deutsches Reg-
ister Klinischer Studien (registration number:
DRKS00034643, registration date: 16 July 2024)
and was developed in accordance with the Stan-
dard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) guidelines [27 28]. Ethi-
cal approval for the study was obtained from
the Bioethical Committee of Poznan University
of Medical Sciences (ref. 112/24, dated 8 Febru-
ary 2024), and the research will be conducted in
compliance with the principles of the Declaration
of Helsinki [29]. Funding for the study was pro-
vided by the Nutricia Foundation (Bobrowiecka 8
Str., Warsaw, Poland). However, the sponsor had
no involvement in the study design and will have
no role in data collection, management, analysis,
interpretation, manuscript writing, or the decision
to submit the paper for publication.

Research team members will obtain informed
consent from all study participants. Participants
will be informed that they can withdraw from
the study at any time without facing any conse-
quences. The informational materials provided
to potential volunteers include detailed informa-
tion about the study's objectives and nature. All
biological samples (e.g., blood samples) obtained
from participants will be anonymised and iden-
tified using unique patient codes. Study partici-
pants will be assured that their personal data will



Figure 1. The SPIRIT study schedule of enrolment, interventions and assessments.

STUDY PERIOD

Enrolment Allocation Post-allocation Close-out

TIMEPOINT -t1 0 11 (3 month) 12 (6" month) 13 (9" month) 14 (12" month)

ENROLMENT:

Eligibility screen X

Informed consent X

Medical history questionnaire X

Hormones levels
(FSH, FH, oestradiol, progesterone, PTH)

Allocation X

INTERVENTIONS:

Low AGEs diet ¢ ¢

Standard AGEs diet

<

ASSESSMENTS:

Primary outcomes:

Densitometric parameters
(BMC, BMD at the lumbar spine, femoral neck X X
and total body)

Markers of bone formation and resorption
(osteocalcin, BSAP and CTX-I) X X

Secondary outcomes:

Anthropometric parameters (body high,
body weight', waist and hip circumferences, X X
BMI, WHR)

Biochemical parameters

(fasting glucose and insulin levels, lipid
profile, inflammatory markers, markers
endothelial dysfunction)

Blood pressure X X

Body composition X X
(DEXA)

Others:

Food Frequency Questionnaire X X X

International Physical Activity
Questionnaire

Socioeconomic assessment X X

Three-day dietary record” X X X X X

* Assessed every month

BMI - body mass index; BSAP - bone-specific alkaline phosphatase; CTX-I - cross-linked C-terminal telopeptide of type I collagen; DEXA -
dual-energy X-ray absorptiometry; FSH - follicle-stimulating hormone; LH —luteinizing hormone; PTH - parathyroid hormone; WHR - waist-
to-hip ratio
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not be shared with others and that they retain the
right to access, correct, or delete their data. Addi-
tionally, participants may submit a complaint to
the Personal Data Protection Office in Warsaw
(Stawki 2 Str., Warsaw, Poland) if they believe
their data has been processed in violation of data
protection regulations. The study will utilise the
RedCap (Vanderbilt University, Nashville, Ten-
nessee, USA) tool for data collection, anonymisa-
tion, validation, quality control, and export. Data
storage procedures will comply with the regula-
tions of the Poznan University of Medical Sci-
ences, Poznan, Poland. All electronic data will
be encrypted and protected against unauthor-
ised access. Anonymised data stored in elec-
tronic files will follow strict security measures.
For any data stored in paper format, documents
will be organised according to participant codes
and kept in binders. These binders will be stored
in locked cabinets within secure rooms to prevent
unauthorised access. Before statistical analysis,
all collected data will undergo careful review to
identify and correct any errors or anomalies. The
final trial dataset will be retained by the Principal
Investigator and made available upon reasonable
request.

Recruitment for the study will be carried out
in clinics, primary healthcare facilities, and other
medical centres in Poznan (Poland) and the sur-
rounding areas. Additionally, information about
the recruitment will be sent by post to offices,
companies, universities, and other educational
institutions within the Poznan district, as well
as to senior clubs and local media outlets. The
recruitment campaign will also be promoted
through social media platforms.

Potential participants will be screened by
a physician at the Department of Pediatric Gas-
troenterology and Metabolic Diseases, Poznan
University of Medical Sciences, Poland, to ensure
compliance with the protocol requirements. The
following inclusion criteria will be used:
> Sex:women,
> BMI = 25.0 kg/m?,
> Age: 50—70 years,
> Menopause: at least 12 months prior to study

enrolment.

Exclusion criteria will include:
> Menopause before the age of 40 years,
> Previously diagnosed osteoporosis or other

serious bone diseases,
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»  Taking medications that affect bone metabo-
lism,

> Taking hormone replacement therapy,

»  Taking calcium or vitamin K supplements in
the last 3 months,

> Diagnosed acute or chronic autoimmune dis-
eases, inflammatory diseases, infectious dis-
eases, viral, bacterial or parasitic infections,

> Malignant neoplastic disease treated with

chemo- or radiotherapy within the last 5

years,

»  Acute and chronic kidney and liver diseases,
> Underactive or overactive parathyroid glands.

The study population (n = 80) will be ran-
domised (allocation ratio 1:1) into two groups: low
AGEs (n = 40) and standard AGEs (n = 40). Dur-
ing the one-year intervention period, participants
in the low AGEs group will receive guidance from
dietitians on reducing AGE intake. Dieticians will
monitor compliance through dietary records and
monthly phone calls with the study participants.
Based on results from previous studies [22,23],
it is estimated that the average AGEs intake in
the study population before the intervention will
exceed 15,000 kU AGEs/day. During the interven-
tion, the AGEs intake in the low AGEs group is
expected to be three times lower than in the stan-
dard AGEs group. All participants will be instruct-
ed to follow an isocaloric diet and supplement
with vitamin D throughout the intervention. They
will also be advised to maintain their usual level
of physical activity. Additionally, participants will
be required to report any adverse effects to the
research team.

The minimum sample size was calculated
using G*Power software (University of Kiel, Kiel,
Germany). To obtain a power of 90% (a = 0.05,
B = 0.1), at least 33 subjects per group should be
included in the study. Assuming a maximum 20%
drop-out rate, at least 40 subjects per group will
be recruited.

Randomisation will be performed by Python
using numpy library by an independent research-
er. Blocked randomisation (with stratification
according to age, 25(0H)D levels and whether
participants have previously taken vitamin D
supplementation) will be performed. A randomi-
sation list will be generated, and the allocation
sequence list will be concealed until the interven-
tions are assigned. Neither the study participants
nor the research staff will know the allocation



sequences. Due to the nature of the intervention,
only outcome assessors and data analysts will
be blinded.

Research methodology

The anthropometric parameters, including body
weight, body height, waist and hip circumferenc-
es, will be measured, and BMI and waist-to-hip
ratio (WHR) will be calculated pre- and post-in-
tervention. Self-measured body weight will also
be monitored monthly during the intervention.
Body composition (the percentage of fat (%FM)
and free-fat mass (%FFM) for the total body
and individual body regions (arms, trunk, legs,
head), male-specific (android) and female-spe-
cific (gynoid) area, visceral adipose tissue (VAT),
appendicular lean mass index (ALMI) and lean
mass index (LMI)) and densitometric parameters
(BMD and BMC at the lumbar spine (L1-L4), fem-
oral neck and total body) will be assessed before
and after the intervention using dual-energy
X-ray absorptiometry methods utilising the DEXA
Hologic QDR Discovery (Bedford, Massachu-
setts, USA) analyser. Pre- and post-intervention
systolic (SBP) and diastolic blood pressure (DBP)
will be measured using an electronic blood pres-
sure monitor (Omron M2, Kyoto, Japan). Prior to
and following the intervention the following bio-
chemical parameters will be assessed: osteocal-
cin, bone-specific alkaline phosphatase (BSAP),
cross-linked C-terminal telopeptide of type I col-
lagen (CTX-I), fasting glucose and insulin, TC,
low-density LDL-C, high-density lipoprotein cho-
lesterol (HDL-C), triglycerides (TG), asymmetric
dimethylarginine (ADMA), soluble vascular cell
adhesion molecule-1 (sVCAM-1), high-sensitivity
C-reactive protein (hs-CRP), 25-hydroxyvitamin
D (25(0H)D) and AGEs levels. Moreover, folli-
cle-stimulating, luteinising, oestradiol, proges-
terone and parathyroid hormones levels will be
measured during the enrolment phase to confirm
participants' menopausal status and to exclude
underactive or overactive parathyroid glands.
Glucose, insulin, lipid profile, hsCRP, osteocal-
cin, BSAP, 25(0OH)D and hormones will be meas-
ured in the commercial laboratory (Diagnostyka
sp. z 0.0., Zyczkowskiego 16 Str., Cracow, Poland)
using standard laboratory procedures and other
parameters will be evaluated in the Laboratory of

the Department of Pediatric Gastroenterology and
Metabolic Diseases using enzyme-linked immu-
nosorbent assay method. Homeostasis mod-
el assessment of insulin resistance (HOMA-IR)
and quantitative insulin sensitivity check index
(QUICKI) will be calculated. The intake of different
food groups will be evaluated using the Dietary
Habits and Nutrition Beliefs Questionnaire [30]
before, during and after the intervention. Dietary
habits will also be assessed using 3-day die-
tary records before and during the intervention
to check protocol requirements using the Aliant
software (Anmarsoft, Gdansk, Poland). AGEs con-
tents in diet will be estimated using Uribarri et al.
[5] database. Physical activity will be determined
before, during and after the intervention using the
International Physical Activity Questionnaire [31].
Study participants will also be asked to com-
plete medical history and socio-economic ques-
tionnaires before and after the intervention. The
study design is illustrated in Figure 1.

The study's primary outcomes will include
changes (post- minus pre-intervention values) in
BMD, BMC, osteocalcin, BSAP and CTX-I levels.
The secondary outcomes will be changes in fast-
ing glucose and insulin, HOMA-IR, QUICKI, TC,
LDL-C, HDL-C, TG, ADMA, sVCAM-1, hs-CRP, SBP,
DBP, body weight, waist, hip circumference, BMI,
%FM, %FFM, VAT, ALMI, LMI, AGEs, 25(0H)D.

Python (pandas, scipy and numpy libraries)
will be used for all data analysis. A two-sided
p-value < 0.05 will be considered statistically sig-
nificant. The overall characteristics of subjects
will be expressed as means and standard devia-
tions with a 95% confidence interval if the data
is normally distributed; otherwise, data will be
expressed as medians and interquartile ranges.
The normality of the distribution of the variable will
be verified using the Shapiro-Wilk test of normal-
ity. Comparisons between two unpaired groups
will be determined using t-tests or Mann-Whitney
U tests. The paired t-test or Wilcoxon test will be
used to analyse the statistical significance of the
pre- and post-intervention variables. Moreover,
a generalised linear model will be used to anal-
yse the influence of the intervention on analysed
parameters. Contingency tables will be used to
assess relationships between categorical vari-
ables. Depending on data distribution, paramet-
ric (Pearsons) or nonparametric tests (Spearman
rank) will be applied to assess correlations. Uni-
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and multivariate logistic and linear regression
analyses will be performed.

Measurable effects and
expected results

It has been shown that subjects with osteoporo-
sis have higher serum AGEs levels than healthy
individuals and serum AGEs concentrations are
negatively correlated with BMD [16]. AGEs have
also significantly inhibited osteoblast prolif-
eration, differentiation and mineralisation and
induced osteoblast apoptosis [14]. These obser-
vations suggest that AGEs may play an impor-
tant role in bone health. Moreover, several stud-
ies reported that a low AGE diet might improve
anthropometric parameters, body composition,
and lipid and inflammatory profiles [21-25].

This is the first randomised controlled trial to
assess the effect of low AGEs diet on BMD and
BMC, selected markers of bone formation and
resorption in postmenopausal overweight and
obese women. The study also fills gaps in the
knowledge of the effect of a low AGEs diet on
cardio-metabolic parameters. The results of this
study should give a better insight into the effect of
a low AGEs diet on bone health and cardio-met-
abolic parameters in overweight and obese post-
menopausal women.
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