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Introduction

Congenital lower limb deficiencies (CLLD) are 
heterogeneous group of diseases characterizing 
a wide spectrum of pathology, ranging from mild 
to severe limb deformations. In this group the 
most common are: congenital femoral deficiency 
(CFD), fibular hemimelia (FH) and tibial hemimelia 
(TH) [1]. Although, in each disease from CLLD the 
main problem is situated in different localization 
of the lower limb and requires different ortho-

pedic solutions (eg in CFD the main problem is 
a hip deformation and in FH the main problems 
are foot, ankle and cruise deformations), in most 
cases whole limb is involved with various sever-
ity. There are similarities in CLLD and all of them 
need complex treatment with many stages and 
many surgical procedures [2–4]. One of the most 
important common feature in all types of CLLD 
is the lower limbs length discrepancy of vari-
ous severity accompanied by wide range of axial 
deformity [1, 3, 5, 6]. The goal of the treatment of 

AbSTRACT

Introduction. SUPERknee procedure (SK) is a treatment for complex knee instability in children with con-
genital deformations. Due to wide surgical approach and long time of surgery (ST) the skin around the knee 
is in risk of ischemic necrosis (SN) or healing complications (HC). 
Aim. The purpose of the study is to compare incidence of SN in SK using typical and modified approach.
Material and Methods. Sixteen patients underwent SK since 2015 till 2016, in mean age 8.1 (4.3–12.7) y.o. 
In 8 cases SK and in 8 SK combined with SUPERhip (SK+SH) was performed. In 6 patients (3 SK and 3 
SK+SH) the approach was performed from one incision (OIA). In 10 patients (5 SK and 5 SK+SH) a modified 
approach was performed, involving additional skin incision (DIA). The occurrence of SN, ST and risk factors 
of HC were evaluated. 
Results. SN appeared in 2 cases treated with OIA (33%). There was no SN in DIA (0%). With this number of 
patients the difference was below level of significance, p = 0.1250, OR = 11.7. In one patient treated with 
SK+SH area of SN was 17.5 cm2. In the other patient treated with SK 35 cm2. Mean ST in SK was 3.4h (2.5–
4.0) and in SK+SH 4.6h (4.0–5.5). ST of the surgery with OIA was 4.1h (2.5–5.5) and in DIA 3.7h (3.0–4.5), 
p = 0.4746. No additional risk factor relevant to SN was found.

Keywords: SUPERknee, SUPERhip, super knee, super hip, healing complications, skin necrosis.
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children born with congenital CLLD is to achieve 
an optimal function in adult life and as little mus-
culoskeletal pain and complaints, including cos-
metic aspects, as possible [7]. It in this purpose 
normal alignment with equal limb length and 
a normal gait pattern with full weight-bearing is 
required [8].

Another typical finding in CLLD is instabil-
ity of the knee. Depending on the severity of 
the deficiency, the instability can be detected 
in early infancy or later during life, sometimes 
without clinical significance. However, instabil-
ity can appear during deformity correction and 
bone-lengthening procedures, leading to flex-
ion contracture or subluxation of the knee and 
appears to be one of the biggest challenges in 
deformity correction and lengthening [1, 7]. Pre-
vention of subluxation during lengthening in 
patients with congenital knee instability can be 
achieved with bridging of the knee with monolat-
eral or circular fixators. Intensive physical therapy 
and bracing may prevent knee subluxation dur-
ing lengthening using intramedullary nails. Knee 
stability as well as early detection and treatment 
of knee subluxation have the highest priority in 
lengthening procedures in all patients with CFD 
and/or FH [7].

When analyzing the knee deformation in CLLD, 
not only the stability of the knee must be taken 
into consideration, but also the patella alignment 
and the joint contracture [2]. The complex recon-
structive procedure for children with significant 
instability of the knee in course of CLLD called 
SUPERknee (SK) was introduced by D. Paley [2]. 
According to Paley SUPER is an acronym for 
Systematic Utilitarian Procedure for Extremity 
Reconstruction. This procedure has three goals: 
reconstruct ACL/PCL, realign patella and cor-
rect flexion contracture. In case of CFD may be 
performed with or independent of the complex 
hip reconstruction SUPERhip (SH), as well as in 
FH with distal part of the lower limb reconstruc-
tion [3, 5]. In CFD the instability pattern is differ-
ent than in an isolated tear of ACL and there is 
more of a rotary instability. Therefore, according 
to Paley, a purely intra-articular ligament recon-
struction is insufficient and can lead to recurrent 
instability. Thus, the combination of extra- and 
intra‑articular ACL ligament reconstruction is 
ideal and it can now be safely done as young as 2 
years of age [5].

SK is a complex procedure combining two 
or more of the following five procedures: (1) the 
Langenskiöld procedure for congenital dislo-
cation of the patella [9]; (2) the MacIntosh pro-
cedure for ACL deficiency including extra and 
intra‑articular ACL reconstruction using the 
fascia lata [10]; (3) the Grammont procedure for 
recurrent dislocation of the patella [11]; (4) as the 
reverse MacIntosh to prevent external rotatory 
instability and to act as an extra-articular pos-
terior cruciate ligament introduced by Paley [10]; 
and (5) the Paley anterior approach to posteri-
or capsulotomy of knee [2]. The procedure each 
time is customized and not all steps are needed 
in each case.

The surgical approach proposed for this sur-
gery was described as a long S-shaped distal to 
the tibial tuberosity distally and midlateral proxi-
mally which can be extension of the SUPERhip 
surgical approach or performed as isolated inci-
sion. It was indicated to perform additional medi-
al incision when capsulotomy is needed [2, 12]. 

Taking into consideration of benefits of SK 
procedure we have used it in our Department 
since 2015 as a preparatory step to the thigh 
lengthening in children with CLLD. However, 
when we have used described surgical approach 
with the single skin incision, in some cases we 
have revealed skin necrosis at the level of lateral 
area of the knee. We could not find in the litera-
ture a single publication concerning this topic in 
aspect of SK procedure. Thus, we have analyzed 
influence of the type of the surgical approach 
and risk factors affecting the wound healing on 
the occurrence of the skin necrosis in patients 
with CLLD.

Material and Methods

All patients treated in our clinic with SK proce-
dure since March 2015 till December 2016 were 
included into the study. The criterion for the SK 
procedure was the knee instability due to the 
congenital limb deficiency (CFD, FH). SK was per-
formed either as a single procedure or in combi-
nation with SH procedure. Two types of skin inci-
sions for surgical approach were used: (1) single 
skin incision surgical approach (OIA) started at 
the lateral aspect of the thigh and extended lat-
erally around the patella up to the medial part of 
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the tibial tuberosity (Figure 1) or (2) double skin 
incisions surgical approach (DIA) with additional 
incision at the medial aspect of the knee served 
to attach the PCL graft — Figure 2. 

All patients have been evaluated before sur-
gery, on the first day after surgery the 2, 6, 12 

weeks after surgery, 6, 12 and 24 months after 
surgery. In case of the wound healing problems, 
the evaluation was performed weekly until the 
skin healed. The wound healing complications 
and the incidence of the skin necrosis, the necro-
sis area, the type of the surgery and the time of 

    

Figure 1. Single incision surgical approach for combination of SUPERhip with SUPERknee surgery, a) during tissues dissection, b) 
after skin sutured

Figure 2. Double incisions surgical approach for SUPERknee surgery: a) lateral, b) medial
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the surgery (ST) were evaluated. From the medi-
cal history previously described potential risk 
factors for the wound healing such as: diabe-
tes, cachexia, immunodeficiency, immunosup-
pressive therapy, poor nutrition, diverticulosis, 
infection elsewhere, obesity, smoking, renal fail-
ure, hypothyroidism, alcohol abuse and previous 
surgeries at the area of present treatment were 
established [13].

Statistical analysis

For each parameter, the mean values, standard 
deviation and range were calculated. The nor-
mal distribution of data was analyzed with the 
Kruskal‑Wallis test. The unpaired t‑test was used 
to compare means between the patients with 
single vs. double incision surgical approach. The 
nonparametric parameter distribution was com-
pared using Fisher’s exact test. A p-level of 0.05 
was considered significant. The data were ana-
lyzed using GraphPad InStat statistical software 
(Graph Pad Software, San Diego, CA, USA).

Results

Sixteen patients were enrolled: 8 boys and 8 girls 
in the mean age at the time of surgery 8.1 years 
old (SD ± 2.6, range: 4.3–12.7). The diagnoses 
were as follow: 9 patients with CFD, 3 patients 
with FH and 4 patients with combination of CFD 
and FH. In 6 patients (3 SK and 3 SK+SH) OIA was 
performed. In 10 patients (5 SK and 5 SK+SH) DIA 
was performed. The mean follow-up was 30.2 
months (SD ± 8.1, range (26–41). 

The wound healing problems with the skin 
necrosis appeared in 2 patients treated with OIA 
(33%). There was no wound healing problems in 
DIA (0%), p = 0.1250, OR = 11.7 — Figure 3. 

In both cases the skin necrosis was situ-
ated at the anterolateral aspect of the knee. The 
first patient underwent SK+SH, the area of the 
skin necrosis after surgery was 17.5 cm2. In this 
case surgery time was 4.5 h. The second patient 
underwent SK the area of the skin necrosis after 
surgery was 35 cm2. In this case surgery time 
was 3.5h (Figure 4). Both patients healed with the 
skin scar in 4 months. 

Figure 3. Graph presenting number of the skin necrosis for surgeries per-
formed with single incision surgical approach and double incisions surgical 
approach

Table 1. The time of the surgery for patients with the skin necrosis and the mean surgery time for all patients

Surgery time of surgery for the 
patient with skin necrosis

Mean time of surgery 
for all patients

SUPERknee procedure 3.5h (n = 1) 3.4h (n = 7)
Combination of SUPERknee with SUPERhip procedure 4.5h (n = 1) 4.6h (n = 7)

Table 2. Number of the patients with the knee surgeries prior to SUPERknee operation

Prior surgeries at the knee area No prior surgeries at the knee area
Single incision 

surgical approach
Double inactions 

surgical approach
Single incision 

surgical approach
Double inactions 

surgical approach
Patients with skin necrosis 1 0 1 0
Patients with normal healing wounds 0 3 4 7
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The mean surgery time was in SK 3.4h 
(SD ± 0.6, range: 2.5–4.0) and in SK+SH 4.6h 
(SD ± 0.5 range: 4.0–5.5). The surgery time in 
cases with skin necrosis was similar to the mean 
surgery time for each group — Table 1.

There was no difference in the surgery time 
between OIA and DIA. The mean surgery time 
was 4.1h (SD ± 1.0, range: 2.5–5.5) in OIA and 3.7h 
(SD ± 0.6 range: 3.0–4.5) in DIA, p = 0.4746.

The prior knee surgeries with the skin scars 
was present in one patient with skin necrosis 
(50% of all wound healing problems) when one 
incision was applied and in 3 patients with nor-
mal wound healing, however, all of them have DIA 
— Table 2. 

No patient revealed additional disease or risk 
factor relevant to the wound healing process. No 
incidence of: diabetes, cachexia, immunodefi-
ciency, immunosuppressive therapy, poor nutri-
tion, diverticulosis, infection elsewhere, obesity, 
smoking, renal failure, hypothyroidism and alco-
hol abuse in both groups was noted. 

Discussion

The complex method of ACL and PCL reconstruc-
tion and improvement stability in CLLD proposed 

by Paley is nowadays one of the most promising 
procedures for children with CFD, FH and TH. This 
procedure, together with external fixator bridging 
the knee, allowing the knee motion preservation 
and accompanied by intensive physiotherapy, 
provides safe possibility of the femur lengthening 
with good functional result. Until use this com-
bination, a lengthening of the femur in patents 
with the knee instability had great burden of the 
potential risk of knee subluxation [1].

Although, this method is very promising, it is 
technically demanding and can be associated 
with severe complications. One of the compli-
cations is early wound healing problem. In this 
method large approach with deep and wide skin 
dissection is necessary. Even if the surgery is 
limited only to ACL and PCL reconstruction, with-
out additional steps, the skin and the subcutane-
ous layer dissection is still very extensive. Such 
a large approach is needed for a proper graft 
positioning according to the description of the 
procedure: there have to be access to posterior 
capsule, lateral and anterior aspect of the knee as 
well as medial part of the join up to the intermus-
cular septum [2]. Especially the PCL attachment 
to the intermuscular septum at the medial aspect 
of the knee requires skin dissection from the lat-
eral through the anterior to the medial aspect 

Figure 4. Patient treated with single incision surgical  approach at 2 week (a), 6 weeks (b) and 12 months (c) after super knee surgery
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of the knee creates large the skin flap, enhance 
risk of destruction of the skin blood supply and 
increase chance of the skin necrosis in this area 
[13, 14].

The early healing problem with skin necro-
sis may lead to the joint infection and the sever 
scars at the level of knee joint. Except obvi-
ous adverse cosmetic effect and skin sensa-
tion disturbance, may cause the knee join con-
tractures and secondary deformities (Figure 4) 
[13–15]. In our group of patents we deal with 
the soft tissues very gently. We paid atten-
tion to keep the skin flap as thick as possible, 
we kept the exposed tissues moist, we tried 
not to pull to hard tissues with retractors and 
we used a wound drainage. All this means are 
described as helpful to decrease risk of skin 
necrosis [13]. Nevertheless, we have observed 
two cases of the sever wound healing problem. 
Thus, when we evaluated our previous cases 
we observed that patients who needed addi-
tional medial incisions due to capsulotomy or 
8-plate implantation have better wound heal-
ing. The second medial incision allows us to 
attach properly PCL graft to the intramuscular 
septum and decrease skin flap dissection at 
the antero-medial aspect of the knee. Accord-
ing the studies concerning the wound healing, 
careful attention should be paid to limiting the 
size of skin flaps and keeping them thick to pre-
serve the skin blood supply [13, 14]. The blood 
supply to the skin over the knee joint is fascio-
cutaneous and is more robust on the medial 
side [16] and additional small medial incision 
may reduce devascularization of the skin flap. 
We are aware that with this number of patients 
the difference was below level of statistical 
significance, p = 0.1250, however, due to sever-
ity of this complication we perform all SK sur-
geries with the additional medial skin incision 
and we do not have new cases of wound heal-
ing problem. 

Another issue which is associated with the 
wound healing problems is prolonged time of the 
surgery [13], however the surgery time in cases 
with skin necrosis was similar to mean time of 
each type of surgery in our group (Table 1).

In search of the additional risk of the wound 
healing complication, due to paucity of literature 
concerning SK procedure, we based our possi-
ble risk factors on the literature concerning the 

wound healing problem after total knee arthro-
plasty (TKA). It was motivated by similar area 
of the surgery and great number of publications 
concerning the surgical approach complication 
in TKA [13, 14]. Unfortunately, most of the risk 
factors are not suitable for the pediatric patients 
(eg alcohol abuse or smoking) another are rare 
in this group (eg diverticulosis or hypothyroism). 
Thus, probably this was the reason why we could 
not find many of them in our study. 

Another important risk factor in the wound 
healing problems are skin scars after previous 
surgeries at the knee area [13, 14]. In our study 
the number of patients is too small to demon-
strate statistically significant difference, howev-
er in our group prior surgeries in single incision 
approach were had greater impact than in double 
incision approach. 

The wound healing problem was not men-
tioned by the author of the procedure. However in 
early technique description the additional medial 
incision was suggested when the knee posterior 
capsulotomy is needed [2, 12]. Whereas, in the 
most recent publication there is suggestion that, 
if performed with a SH procedure, the incision is 
a distal extension of the SH incision. If performed 
as an isolated procedure, it can be done through 
one midline anterior incision or one medial and 
one lateral incision [5]. In our opinion the sec-
ond incision is beneficial and can be used in each 
case of SK for PCL graft placement.

The strong site of this study is the fact that 
this is a first study concerning this problem. 
The SK procedure address important problem 
of the knee instability in patients with CLLD. 
The popularity of this technique increases and 
more surgeons use it in practice. Thus, the 
study may help other surgeons avoiding signif-
icant complications with wound healing in SK 
procedure. 

One of the limitations of this study is small 
sample size, however, these procedures are 
not routinely performed surgeries. On the one 
hand further evaluation with the larger sample 
size could give some additional results, on the 
other it is ethically controversial to use the sin-
gle incision approach when the risk of the skin 
necrosis is known. Another limitation is that is 
single center study. It would be beneficial to 
compare our observations with patients from 
other hospitals.
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Conclusions

The double skin incision surgical approach for the 
SUPERknee procedure may decrease incidence 
of the wound healing complications and the skin 
necrosis. It does not extend the time of surgery. 
It should be considered in all cases, especially in 
patients with previous surgeries in the knee area 
and with additional risk factors. 
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Introduction

Fat excretion and concentration in the 72-hour 
stool collection by the titrimetric Van de Kamer 
method is considered the gold standard for the 
diagnosis of fat malabsorption [1–4]. Although 
it is a non-invasive, simple and inexpensive test, 
it is also time‑consuming, difficult to perform, 

especially in infants using diapers, and undesira-
ble for patients and laboratory personnel [3, 5, 6]. 
Furthermore, this method requires proper train-
ing of the patient to improve the reliability of the 
test. For this reason, other methods have been 
investigated.

An alternative test is the measurement of acid 
steatocrit (AS), which was first described by Tran 

AbSTRACT

Introduction. The measurement of acid steatocrit (AS) is an established method to assess faecal fat bal-
ance. However, data regarding AS in healthy infants and toddlers are sparse. 
Aim. This study aimed to determine the range of normal values for AS in the first two years of life and evalu-
ate the correlations with other faecal fat balance tests.
Material and Methods. AS (%) was assessed by 72‑hour stool collection in 160 children aged 1–24 months 
(8 groups of 20: aged 1–3, 4–6 months, etc.).
Results. AS was higher in infants < 6 months than in those aged 7–12, 13–18 and 19–24 months (p < 0.05, 
p < 0.001 and p < 0.001, respectively). The correlations between AS and age and faecal fat concentration 
(FFC) were statistically significant, but moderate or weak (r = ‑0.48, p < 0.0001; r = 0.28, p < 0.001, respec-
tively). A 90th/95th percentile nomogram of AS was created based on these results, with values ranging 
from 23.6/23.9% at 1 month to 12.1/12.9% at 24 months. 
Conclusions. Healthy infants have a significantly higher AS than older children. For this reason, we pro-
pose an upper limits nomogram, providing detailed reference values for infants and children in their first 
two years of life. However, it should be noted that AS does not reflect adequately FFE and FFC in this popu-
lation.
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et al. [7] in 1994 as a simple screening test for 
steatorrhea. This method remains not only fac-
ile (no 3-day collection) but is also cost-effec-
tive. AS is considered very reliable as it correlates 
well with the coefficient of fat absorption (CFA) 
and faecal fat excretion (FFE) in defining signifi-
cant steatorrhea in alcoholic chronic pancreati-
tis [8, 9]. However, it is not standardised, possi‑[8, 9]. However, it is not standardised, possi‑. However, it is not standardised, possi-
bly influenced by dietary fat intake, and unhelpful 
in patients with mild steatorrhea [2, 10]. It should 
also be emphasised that despite evidence of the 
clinical usefulness of AS in cystic fibrosis, chron-
ic pancreatitis, small bowel disease and untreat-
ed coeliac disease, data on normal AS in healthy 
infants and toddlers are sparse [2, 4, 9, 11, 12]. 

Since the gastrointestinal tract is immature in 
infants and young children, it may be expected that 
not only FFE and faecal fat concentration (FFC) but 
also AS will be higher than in older subjects [13, 
14]. Therefore, the aims of the present study were 
to determine the range of normal AS values in the 
first two years of life and to evaluate the correla-
tions with other faecal tests assessing fat loss.

Material and Methods

Patients
One hundred and sixty infants and toddlers (82 
boys, 78 girls; aged 4 weeks–24 months) were 
recruited for the purpose of the study, all of whom 
had normal pancreatic status determined using 
the faecal elastase-1 concentration as described 
previously [15]. In all patients, FFC and FFE 
were defined as described earlier [15]. The chil‑[15]. The chil‑. The chil-
dren were divided into 8 groups of 20 aged 1–3 
months, 4–6 months, etc. The exclusion criteria 
were prematurity and the presence of comor-
bidities (e.g., chronic gastrointestinal diseases, 
inflammatory processes or other). The inclusion 
criteria were age ≤24 months and agreement 

to participate in the study. The anthropometric 
parameters describing the healthy subjects are 
presented in Table 1.

Methods
A 72-hour stool collection was performed on 
all children. Faecal samples were weighed and 
homogenised before analysis using the method 
of Tran et al. [7] to determine AS. After centrifuga‑[7] to determine AS. After centrifuga‑ to determine AS. After centrifuga-
tion, the individual layers were measured and the 
percentage AS was calculated using the formula: 

AS (%) = Fatty layer length
/ (Fatty layer length + Solid layer length)

The flow chart showing the accuracy of AS 
compared with other faecal fat tests was prepared 
based on STARD 2015 guidelines for reporting 
diagnostic accuracy studies [16]. Abnormal val‑[16]. Abnormal val‑. Abnormal val-
ues were assumed in flow chart A: AS higher than 
20%, FFE higher than 5 g/day and FFC higher than 
5% (AS values lower than 10% were considered 
normal). In flow chart B every result higher than 
the 90th percentile was considered as abnormal. 

Statistical methods

The study size was calculated using G*Power v. 3 
(University of Dusseldorf, Dusseldorf, Germany). 
The unpaired comparisons between subgroups 
of size not smaller than 17 were determined to be 
sufficient assuming power of the test at 80% and 
a 5% significance level.

GraphPad Prism 5.01 software (GraphPad 
Software, Inc., La Jolla, CA, USA) was used for sta-
tistical analysis. AS values are given as medians 
and 1st–3rd quartiles. Differences between groups 
were evaluated by the Kruskal‑Wallis test with 
post‑hoc testing (Dunn's multiple comparison 
test). The influence of FFC, FFE, faecal elastase-1 

Table 1. Basic anthropometric data of the studied healthy infants and young children. The number of children in each group was 20

Age (months)

1–3 4–6 7–9 10–12 13–15 16–18 19–21 22–24 p
Median values [1st-3rd quartiles]

Z‑score for 
body weight

-0.03
[-0.46–1.04]

-0.05
[-0.90–0.85]

0.14
[-0.49–0.55]

0.09
[-0.44–0.65]

-0.14
[-0.73–0.47]

0.08
[-0.35–0.89]

0.02
[-0.92–0.53]

0.01
[-0.61–0.43] Ns.

Sex ratio 
(male/female) 8 / 12 10 / 10 10 / 10 10 / 10 7 / 13 11 / 9 14 / 6 12 / 8 Ns.
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concentration, age, sex, Z‑score for body mass 
on AS value was assessed using multiple linear 
logistic regression. Correlations were evaluated 
using the Pearson test and p-values < 0.05 were 
considered statistically significant.

For the graphical presentation of AS, results 
were smoothed by the least squares weighted 
distances method (Stata/SE 15.0 64 bit for Win-
dows, College Station, USA). To determine the 
reference values for AS, the 90/95th percentile 
was calculated and estimated on the nomogram 
according to the respective percentile for each 
age group.

Ethical considerations

The study protocol was approved by the Ethical 
Committee of the Poznań University of Medical 
Sciences, Poland (decision no. 1275/05). Written 
informed consent was obtained from all the sub-
jects’ parents. The study was carried out in accor-
dance with the revised Declaration of Helsinki.

Results

Differences in AS between younger and old-
er age groups were found and are presented 
in Table 2. AS values in the first 6 months were 

higher (p < 0.05, p < 0.001 and p < 0.001, respec-
tively) than in children aged 7–12, 13–18 and 
19–24 months (median [1st–3rd quartile], 14.6% 
[12.1–18.0], 11.7% [9.2–14.0], 9.9% [6.8–12.5], 9.8% 
[6.9–12.0], respectively) and in the first year of life 
higher than in the second year (13.3% [10.7–15.5] 
vs 9.9% [6.8–12.2]; p < 0.0001) (Figure 1). The 
dependence of AS values on age smoothed using 
the LOWESS method is shown in Figure 2.

The relationship between AS and age and 
FFC/FFE is depicted in Figure 3. The correla-
tions between AS and age as well as FFC were 
statistically significant but moderate or weak (r = 
-0.4788, p < 0.0001; r = 0.2812, p < 0.001; respec-
tively). There were no correlations between AS 
and faecal elastase-1 or FFE.

In multiple regression analysis, values of 
AS were predicted by age (p model < 0.000001, 
p = 0.000042, b = ‑0.25453). 

All infants aged 1–3 months, 75% of those 
aged 4–6 and 7–9 months, and 55% of those 
aged 10–12 months had higher AS than normal 
values proposed for older children (<10%) [2]. For 
this reason, a nomogram representing 90th/95th 
percentiles of AS was generated (Table 3). The 
reference percentile curves for AS are shown in 
Figure 4 AB. 

A flow diagram according to the STARD initia-
tive describing the accuracy of AS to determine 
FFE and FFC was also created (Figure 5 AB).

Table 2. Acid steatocrit in healthy infants and young children. The number of subjects in each group was 20

Fecal test

Age (months)
1–3 4–6 7–9 10–12 13–15 16–18 19–21 22–24

Median values [1st–3rd quartiles]
Acid 
steatocrit (%)

15.5abcde

[13.7–18.7]
13.2f

[10.6–15.7]
13.0

[11.0–14.3]
10.8a

[8.1–13.7]
9.9b

[6.9–12.2]
9.3c

[6.9–13.1]
10.4d

[8.4–12.6]
8.7ef

[6.2–10.8]
a p < 0.05, b, c p < 0.01, d, f p < 0.05, e p < 0.001

Table 3. Nomogram for the assessment of acid steatocrit (AS) in the first two years of life. The 90th and 95th percentiles are shown. 
Smoothing for AS was performed using the method of least squares weighted distances

Age (months) 1 3 5 7 9 11 13 15 17 19 21 23
2 4 6 8 10 12 14 16 18 20 22 24

P90th AS (%) 23.6 20.9 19.4 17.7 16.2 15.6 15.1 15.2 15.4 14.9 13.6 12.6
21.7 20.0 18.3 16.4 15.9 15.4 15.1 15.3 15.2 14.2 13.2 12.1

P95th AS (%) 23.9 22.8 21.5 19.8 19.0 19.7 17.3 16.2 15.9 15.3 14.2 13.3
23.2 22.2 20.6 19.2 19.0 18.0 16.7 16.0 15.7 14.6 13.8 12.9
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Figure 1. Acid steatocrit (AS; %) value in healthy infants and young children in different age 

subgroups. 
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Figure 1. Acid steatocrit (AS; %) value in healthy infants and young children in different age 

subgroups. 

1-6 7-1
2

13
-18

19
-24

0

10

20

30

Age [months]
AS

 [%
]

 
 
 
 

 

1-1
2

13
-24

0

10

20

30

Age [month]

AS
 [%

]

 
 
 

 

 

p<0.0001 

p<0.05 

p<0.001 

p<0.001 

Figure 1. Acid steatocrit (AS; %) value in healthy infants and 
young children in different age subgroups

 

Age [months]

A
S 

[%
]

Figure 2. The dependence of acid steatocrit (AS; %) on age smoothed using the LOWESS method 
(bandwidth = 0.8)



86 Journal of Medical Science 2019;88(2)

Figure 3. Correlation of acid steatocrit value (AS; %) and fecal fat concentration (FFC; 

p<0.001, r=0.2812), fecal fat excretion (FFE; p=0.3790) and age of children (p<0.0001, r=-

0.4788).
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Figure 3. Correlation of acid steatocrit value (AS; %) and fecal fat 
concentration (FFC; p < 0.001, r = 0.2812), fecal fat excretion (FFE; 
p = 0.3790) and age of children (p < 0.0001, r = -0.4788)
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Figure 4. The reference 90th (A) and 95th (B) percentile curves generated for acid steatocrit 

(AS) smoothed by the least squares weighted distances method. 
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Figure 4. The reference 90th (A) and 95th (B) percentile curves generated for acid steatocrit (AS) smoothed by 
the least squares weighted distances method
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Figure 5. Flow diagram of diagnostic accuracy of acid steatocrit (AS) and stool collection 

(fecal fat excretion (FFE) & fecal fat concentration (FFC)).  
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Figure 5. Flow diagram of diagnostic accuracy of acid steatocrit (AS) and stool collection (fecal fat excretion (FFE) & fecal fat con-
centration (FFC))
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Discussion

This study provides new AS reference values and 
evaluated the applicability of AS in the first two 
years of life. The preceding literature described 
AS only in the context of significant steatorrhea 
in patients with gastrointestinal diseases com-
pared to healthy subjects. However, the produced 
data could not be reliably extrapolated to healthy 
infants because the studies involved small groups 
of children with a large age range (in none of the 
manuscripts the infants were delineated as an 
individual subgroup). This is the first study to pro-
pose reference intervals based on a large number 
of healthy infants and toddlers. Nonetheless, this 
study is limited as the effects of diet (breast-fed 
vs non-breast-fed infants) on the obtained results 
were not taken into consideration.

AS has been described as a reliable tool in 
screening for steatorrhea in a paediatric popula-
tion [17]. A few studies [7, 9, 17, 18] documented 
its high correlation with FFE and/or FFC in cystic 
fibrosis or chronic pancreatitis patients. Although 
three of these articles described healthy sub-
jects as a control group, these results cannot be 
used for creating reference values. The first study 
included only 6 children aged from 3 to 12 years 
(mean age of 5.8 years) [7], showing a high cor‑[7], showing a high cor‑, showing a high cor-
relation between faecal fat content and AS (0.81) 
and a lower AS value in healthy children (3.8%) as 
compared with cystic fibrosis patients (26.9%), 
but infants and toddlers were not included in the 
study. In the second study, Amann et al. [9] only 
analysed stool samples from 15 healthy adults. In 
the third study, the median AS [10th–90th percen-
tile] in 29 healthy children was 7.2% [3.0%–15%] 
[17], but interpretation of the results is difficult 
due to the broad age range (0.6–16 years). All 
subjects were analysed as one group, therefore 
no age-related differences in FFE could be ana-
lysed. 

Van de Neucker et al. [11] compared AS val‑[11] compared AS val‑ compared AS val-
ues in healthy children with those of sick chil-
dren without (asthma patients) or with gas-
trointestinal involvement (patients with cystic 
fibrosis, untreated coeliac disease, various gas-
trointestinal problems). The control group com-
prised 25 boys and 25 girls with a mean age of 
3.9 years (the youngest infant was 6 months-old) 
and their median AS was 3.3% [5th–90th percen-
tile: 0–21.0%]. It should be emphasised that very 

high AS up to 44.8% were also found, however no 
analysis of the influence of age on AS values was 
performed. It is worth noting that in the present 
study, the obtained results were also higher than 
the earlier suggested cut‑off level of 10% (median 
AS for all children up to 1 years was 13.3%; maxi-
mum was 24.8%) [2, 3].

The evaluation of the applicability of AS in 
cystic fibrosis patients without or with mild stea-
torrhea (< 10 g/day) was the main goal of our pre-
vious study [2]. In the 72-hour stool collection, 
there were rather weak or moderate correlations 
between AS and FFE/FFC (r = 0.394, p < 0.005; 
r = 0.454, p < 0.001, respectively). Using two 
cut‑off values for normal AS (10%) and abnormal 
AS (20%), the sensitivity, specificity, negative, and 
positive predictive values in the determination 
of abnormal FFC and FFE were not satisfactory. 
Therefore, it was concluded that AS has a limit-
ed practical value in patients without or with only 
mild steatorrhea. Undoubtedly, healthy infants are 
an interesting group for similar analysis. The lim-
ited usefulness of AS was reflected in the results 
obtained in the present study (flow chart), with no 
regard to the cut-off level values of AS and FFC/
FFE (Figure 5). Overall, AS does not seem to be 
useful in subjects other than those with severe 
steatorrhea.

In conclusion, healthy infants have a signifi-
cantly higher AS than older children. For this rea-
son, we propose an upper limits nomogram, pro-
viding detailed reference values for infants and 
children in their first two years of life. However, 
it should be noted that AS does not reflect ade-
quately FFE and FFC in this population. 
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Force decay of intermaxillary orthodontic elastics: 
in vitro study
Hubert Kardach1, a, Aneta Olszewska1, b, Ewa Firlej1, c, Agnieszka Bogdanowicz1, d,  
Ewelina Golusińska‑Kardach2, e, Anna Szponar‑Żurowska1, f, Barbara Biedziak1, h
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Introduction

As technology evolves, orthodontic elastics are 
being increasingly used in orthodontics when 
treating with the use of permanent braces. They 
are the source of force necessary in the biome-
chanics of tooth movement [1]. The idea for using 
elastic material started in mid 1960s [2]. In 1970 
Andreasen and Bishara conducted first research 

on elastomeric chains. In the years that fol-
lowed, more researchers have provided benefits 
of elastic material used in orthodontics, involving 
elastomeric chains and intraoral elastics, such 
as ease of use, low cost [3–5]. However, there 
are disadvantages, mainly degradation of elas-
tic material that result in force decay in time and 
increased entrapment of biofilm [6–7].

AbSTRACT

Introduction. Orthodontic elastics are widely used in orthodontic treatment. It’s been proved that they have 
advantages such as low cost, ease of use, but also disadvantages, mainly force decay in time and increased 
entrapment of biofilm. Amount of the force is of extreme significance. This force can be altered by physical 
or chemical factors. 
Material and Methods. Latex elastics in 3 different diameters were selected for this study. Each elastic was 
stretched and placed on hooks that are at specified distances that equal 3 times the diameter of each elas-
tic. The forces produced by stretching was measured using tension gauge and the measurement were tak-
en at specific time intervals of 0h, 3h, 12h, 24h. The same process was repeated for elastics in dry and arti-
ficial environment. 
Results. Elastics in the dry environment showed progressive force decay cause by stretching over time. 
Just after 3 hours force decay between 6,07% and 8,75% was observed. The biggest loss of force between 
13,61 — 16,13 % was measured after 24 hours. Compared to the dry environment, an even more significant 
force decay was observed in the artificial saliva. After first 3 hours force loss was between 4,99% — 9,22%. 
The biggest force decay was observed after 24 hours and it was 5 % higher compared to dry environment. 
Conclusions. 1) The artificial saliva environment and time of exposure to it, have a negative effect on the 
properties of elastomeric. 2) To maintain the effective orthodontic strength of elastics, they should be 
replaced every 12 hours. 

Keywords: force decay, orthodontic elastics, artificial saliva, elastomeric.
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The amount of orthodontic force depends on 
the type and size of the elastics used. The two 
types of elastics that are used to achieve this 
effect are the latex and non-latex types. Both 
ensure biocompatibility with the mucosa, and 
patient comfort. The non-latex are made of syn-
thetic material (polyurethane) and are used in 
patients who are allergic to latex [8–9]. 

Orthodontic elastics have two defining param-
eters: their diameter (1/8″, 3/16″, 1/4″, 5/16″, 3/8″) 
and the force they generate (2.5 oz, 3.5 oz, 4.5 
oz, 6.5 oz). Elastics as the source of orthodon-
tic power can be applied in orthopedic treatment 
e.g. extraorally in combination with a facial mask 
or they can be applied intraorally — stretched 
between the upper and lower aligners [10]. The 
amount of force applied is of extreme signifi-
cance to the success of the treatment. This force 
can be altered by physical or chemical factors. 
Laboratory research assessing the properties of 
latex and non-latex elastics has shown that force 
decay is more significant in the non‑latex [11–12]. 

Aim

The aim of this study was to assess the changes 
in force produced by orthodontic elastics in the 
oral cavity environment. 

Material and Methods

The latex elastics chosen for the study came from 
one manufacturer (American Orthodontics) and 
in three different diameters (3/16″, 4/16″, 5/16″), 
all generating the same force (4.5 oz). Accord-
ing to the manufacturer, at three times the inner 
lumen stretch, the elastomer should produce 
a force of 4.5 oz. All the elastics used in the study 
were delivered on the same day, checked for use 
by dates and stored according to the instruction 
manual. 500 elastics of each size were submit-
ted to the presellection process of the study. Torn 
or deformed pieces were discarded. This process 
was repeated for each of the diameters. 50 elas-
tics of each diameter (3/16″, 4/16″, 5/16″) were 
selected for the study in which the force they 
generate at different time intervals (0.3h, 12h, 
24h) and in two different environments (dry and 
with artificial saliva) was observed. To observe 

the behavior of elastomers in vitro in the environ-
ment of the oral cavity, an artificial saliva solu-
tion has been prepared according to the data in 
Table 1 [13]. 

In order to carry out the study, plexiglass tiles 
with metal hooks placed at set distances (14.4 
mm, 19.2 mm, 23.7 mm) that equal three times 
the diameter of each elastic were prepared. The 
elastics remained stretched on those hooks for 
the entirety of the study. The force produced by 
stretching the elastic three times, was measured 
in g/pound using a Haag‑Streit Diagnostics Cor-
rex 250 g tension gauge (Figure 1) and the mea-
surements were taken at specific time intervals of 
0h, 3h, 12h, 24h — separately for each size of elas-
tic. All those measurements were recorded by the 
same researcher. The same process was repeat-

Table 1. Artificial saliva components

Table 1. Artificial saliva components

Table 2. Elastics mean force values (g/pound + SD)

Figure 1. Correx tension gauge
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ed for the elastics submerged in room-tempera-
ture artificial saliva. 

The results were analyzed using the 
Mann-Whitney test in order to assess the sta-
tistical differences between the effect of force 
produced by each size of the elastics in both dry 
and artificial saliva environments. The Dunn test 
was used to compare paired results (0–3h, 0–12h, 
0–24h, 3–12h, 3–24h, 12–24h). The statistical 
significance threshold was set at p = 0.05.

Results

The average amount of force generated by orth-
odontic elastics in the dry and artificial saliva 
environments at different time intervals is pre-
sented in Table 2. The force decay of orthodon-
tic elastics expressed in % at given time intervals 
(t1 = 0–3h, t2 = 0–12h, t3 = 0–24h) is pictured in 
Figures 2, 3 and 4. 

The elastics in the dry environment showed 
progressive force decay caused by stretch-
ing over time and the differences were statisti-
cally significant. Just after 3 hours of stretch-
ing, a force decay between 6,07% and 8,75% was 
observed. After 12 hours the force decay was at 
11,39–11,94%. The biggest force decay of 13,61–
16,13% was observed after 24 hours. 

Compared to the dry environment, an even 
more significant force decay caused by stretch-
ing over time was observed in the artificial saliva 
environment. In the first three hours of stretching 
the force decay was at 4,99–9,22%. After 12 hours 
the force decay was at 10,60–14,64%. The biggest 
force decay was observed after 24 hours and it 
was 5% higher than in the elastics placed in the 
dry environment. 

While conducting the study, it has been 
observed that the oral cavity environment and 
particularly the saliva solution, influence the 
mechanical properties of the elastic elements 

Fig 2. Force decay percentage comparison of  3/16 elastics in two enviroments

Fig 2. Force decay percentage comparison of 3/16 elastics in two enviroments

Figure 2. Force decay percentage comparison of 3/16 elastics in two enviroments

Table 2. Elastics mean force values (g/pound + SD)

Table 1. Artificial saliva components

Table 2. Elastics mean force values (g/pound + SD)



94 Journal of Medical Science 2019;88(2)

used in orthodontics. Kumar et al. came to sim-
ilar conclusions when studying force decay of 
another type of orthodontic elastic elements 
— elastomeric chains. The researchers have 
observed a force decay of almost 50% after expo-
sure to tea solutions and a 22% force decay after 
exposure to Coca‑Cola [14]. In their in vivo study 
of mechanical properties of orthodontic elastics, 
Pithon et al. have compared force decay of latex 
and non-latex elastics. After 12 hours of usage by 
the patient, the 1/4″ and 5/16″ non‑latex elastics 
have produced more orthodontic force then their 
latex counterparts. After 24 hours of wear, the 
1/8″ diameter latex elastics recorded the smallest 
force decay of those observed [15]. 

During orthodontic treatment, the elastic 
elements are exposed to the influence of many 
different factors such as solutions, individual 

composition of a patients saliva which includes 
a changing pH, dental hygiene treatments, vari-
ous types and temperatures of ingested food, or 
the muscle force of the stomatognathic system 
during speaking and chewing. When analysing 
the force required in the biomechanics of orth-
odontic treatment, it is necessary to take into 
account the physical, mechanical and chemical 
factors that influence the elastic elements. 

Conclusions

1. The orthodontic elastics have shown a pro-
gressive force decay. 

2. The artificial saliva environment and time of 
exposure to it, have a negative effect on the 
properties of elastomers. 

Fig 3. Force decay percentage comparison of  4/16 elastics in two enviroments

Fig 4. Force decay percentage comparison of  5/16 elastics in two enviroments

Figure 4. Force decay percentage comparison of 5/16 elastics in two enviroments

Fig 3. Force decay percentage comparison of  4/16 elastics in two enviroments

Fig 4. Force decay percentage comparison of  5/16 elastics in two enviromentsFigure 3. Force decay percentage comparison of 4/16 elastics in two enviroments
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3. To maintain the effective orthodontic strength 
of elastics, they should be replaced every 12 
hours
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The influence of the shift work system on dietary 
factors contributing to the development  
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Introduction

Cardiovascular disease is the most common 
cause of death in the world and contribute a sig-
nificant epidemiological issue. Modern lifestyle 
can create a number of circumstances that aid 
inappropriate nutrition and inadequate health 

habits, which may contribute to the development 
of cardiovascular disease. Fast pace of life, shift 
work system and the duties related to it result in 
reduced time to prepare home-cooked meals and 
favour the consumption of ready-made meals, 
highly-processed or fast-food products, becom-
ing at the same time one of the most signifi-

AbSTRACT

Aim. The aim of this study was to assess eating behavior in the groups of women who are working on differ-
ent, unchanged shifts as well as identifying differences in the consumption of nutrients that may increase 
the risk of cardiovascular disease.
Material and Methods. The study was carried out among 300 randomly selected women working in a per-
manent shift (morning, afternoon, night). In the study, the assessment of the daily intake was carried out 
using 24-h dietary recall. Anthropometric measurements were carried out to assess the nutritional status. 
The interview regarding the food consumption was complemented by dietary questionnaire about selected 
lifestyle parameters contributing to the development of cardiovascular disease and the type of their work.
Results. The body mass index (BMI) in all groups was within the adequate values. The analysis of waist 
to hip ratio (WHR) showed that in the morning and night shift, was exceeded the adequate values recom-
mended in the prevention of cardiovascular disease (WHR = 0.83 ± 0.1 in both groups). The analysis of the 
daily food rations of women revealed disparities regarding nutritional recommendations. Statistically sig-
nificant differences in protein and saccharose intake were observed (p > 0.05). The average vitamin D con-
tent in the daily food rations of women was insufficient (average 1.4 µg per day); however, it was not statis-
tically significant.
Conclusions. The shift work system was influence on eating behaviors in study women. In particular in 
women which were worked on the night shift, which may contribute to the development of cardiovascular 
disease in the future.

Keywords: work system; nutritional status; dietary intake; dietary habits; cardiovascular disease; vitamin D.

O R I G I N A L  PA P E R

a 
 https://orcid.org/0000-0001-9589-522X

b 
 https://orcid.org/0000-0002-9652-0785

c 
 https://orcid.org/0000-0002-6380-7704

d 
 https://orcid.org/0000-0002-6484-5462

e 
 https://orcid.org/0000-0001-6780-3105

f 
 https://orcid.org/0000-0002-6957-0509

g 
 https://orcid.org/0000-0001-9205-2817



97Shift work and cardiovascular disease

cant risk factors for the development of disease 
of affluence [1, 2]. On the other hand, fashion for 
slimness among women leads to reduction of 
the energy value of food rations, which may also 
contribute to the development of cardiovascular 
disease [3, 4]. Moreover, inadequate health habits 
may be caused by the shift work system. An irreg-
ular sleep-wake rhythm and the long-term reduc-
tion of sleep contribute to a change in metabo-
lism, a decrease in the resting metabolic rate and 
an increase in the glucose level in blood serum, 
which may eventually increase occurrence of 
obesity, diabetes, cardiovascular disease, gastro-
intestinal disease, sleep disorders or depression, 
thus leading to the development of the cardiovas-
cular disease [5–9]. Additionally, vitamin D defi-
ciency may occur among people working night 
shifts due to limited exposure to the sun [10, 11]. 
Additional factors that may contribute negatively 
to the development of cardiovascular disease are 
stress and low physical activity [12, 13].

Aim

The aim of this study was to asses eating behav-
ior in the groups of women who are working on 
different, unchanged shifts. Simultaneously, 
comparison the consumption of selected nutri-
ents which may increase the risk of cardiovascu-
lar disease. 

Material and Methods

The study was carried out among 300 randomly 
selected women working in a different shift sys-
tem, from the Wielkopolska Voivodeship aged 
between 18 and 61 years. The women participat-
ing in the study were divided into three groups, 
depending on their shift time (morning, after-
noon, night).

The dietary intake level was assessed through 
the 24-hour dietary recall method according to 
the National Institute of Food and Nutrition (NIFN) 
quidelines [14]. Each woman was instructed on 
how to fill in the questionnaire for diet assess-
ment. The 24-h dietary recall interviews were 
carried out individually (face to face) with each 
participating woman. Album of Photographs of 
Food Products and Dishes [15] was used to deter-

mine the amount of consumed foodstuffs. To 
analyse the qualitative and quantitative composi-
tion of daily food rations, databases prepared in 
the MS Access 2010 program were applied. The 
assessment of the nutrition was conducted the 
Standards of Human Nutrition [16].

The anthropometric measurements (body 
weight, height, waist and hip circumferences) 
were measured and use it to estimate nutritional 
status. The body mass index (BMI) was calculat-
ed as weight/height squared (kg/m2) and waist to 
hip ratio (WHR) as the proportion of waist to hip 
circumferences. 

The dietary intake was completed by dietary 
questionnaire about selected lifestyle parame-
ters which may contribute to the development of 
cardiovascular disease.

The statistical analysis was conducted using 
the statistical program StatSoft, Inc. (2011) STA-
TISTICA (data analysis software system), version 
10. Distribution normality of the study groups 
was determined use the Shapiro-Wilk test. 

Analyzing the differences between variables 
within three groups (for independent variables), 
for the normal distribution and equal variances, 
ANOVA test was used. In the absence of normal-
ity, the Kruskal‑Wallis test was used. In the data 
analyses carried out, α = 0.05 was assumed as 
the materiality level.

Results

The anthropometric characteristics of the stud-
ied groups of women was presented in Table 1.

There were no statistically significant differ-
ences between the studied groups in the age, 
body weight, high and BMI value. It is worth not-
ing that the BMI value in all groups was within 
the adequate. The analysis of the WHR indicated 
that in the group of women working in the morn-
ing and the night shifts the adequate values were 
slightly exceeded. In the group of women work-
ing in the night shift, the WHR value was correct. 
The differences between the studied groups were 
statistically significant. 

The analysis of food rations pointed out dif-
ferences between the studied groups (Table 1). 

Statistically significant differences between the 
studied groups were observed only in energy val-
ue, protein content and in the percentage of energy 
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from saccharose. The estimate energy requirement 
in the all studied groups was insufficient — the aver-
age energy value for this group of women should be 
around 2000 kcal per day. While assessing the per-
centage of energy derived from saccharose, some 
insignificant excess of the recommended values 
was stated in the morning and night shifts. In the 
third group, this value was correct. 

The analysis of energy from fat showed, that 
in all studied groups, it exceeded the adequate 

values. Similar results were obtained in the case 
of the dietary cholesterol content in the food 
rations, which in all groups exceeded 300 mg per 
day. The next analysed parameter was the dietary 
fiber content. It was revealed that the average 
content of this component was insufficient in all 
studied groups, and did not exceed 52% of ade-
quate intake. The average vitamin D content in 
the studied groups was only 9.5% of adequate 
intake. 

Table 1. Characteristics of the studied groups of women depending on the shift work

Morning shift
(N = 100)

Afternoon shift
(N = 100)

Night shift
(N = 100) P-value*

Mean SD Mean SD Mean SD
Demographies

Age (year) 33.9 10.5 33.3 10.2 32.3 10.1 0.5066**
Height (cm) 166 6.3 166 6.1 165 11.8 0.2741**
Body weight (kg) 60.5 8.7 57.9 5.5 59.1 8.1 0.1249**
BMI (kg/m2) 21.9 3.1 21.1 2.1 21.7 2.6 0.1944**
Waist circumference (cm) 70.6 12.0 72.2 9.2 76.0 10.8 0.0012**
Hip circumference (cm) 84.7 13.6 90.6 8.4 91.4 10.0 0.0002**
WHR 0.83 0.1 0.79 0.1 0.83 0.1 0.0009**

Diet
Energy (kcal) 1485 528 1608 423 1547 394 0.0365** 
Protein (g) 60.2 23.1 68.5 17.0 67.9 17.3 0.0004**
Protein (%) 16.4 4.3 17.5 4.0 18.0 4.1 0.0124**
Fat (g) 57.8 24.5 62.6 21.5 62.9 22.6 0.1674** 
Fat (%) 35.2 10.5 35.4 10.3 36.6 10.4 0.4845** 
Carbohydrates (g) 185 79.3 196 79.4 181 67.0 0.4570** 
Carbohydrates (%) 49.5 11.2 47.9 10.8 46.4 10.8 0.1882** 
Cholesterol (mg) 369 260 331 203 369 260 0.4493* 
Dietary fiber (g) 12.8 6.9 12.9 6.2 13.5 6.6 0.7538*
Saccharose (%) 11.1 7.9 10.3 6.2 8.72 5.6 0.0348*
Vitamin D (µg) 1.1 1.7 1.4 1.5 1.7 0.9 0,2525*

* ANOVA test 
** Kruskal-Wallis test
SD — standard deviation, P — ns – not significant, BMI — Body mass index, WHR — waist to hip ratio

Figure 1. Selected dietary habits of the studied groups of women depending on the shift work
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Discussion

The diet plays a significant role in the maintaining 
health. It can also contribute to the development 
of cardiovascular disease by influence on many 
factors such as: blood pressure, anthropomet-
ric parameters and lipid profile parameters. It is 
widely known that shift work affecting the nutri-
tion [17–21]. However, there is still a lack of infor-
mation about what differences in the nutrition in 
different shift work and how these differences 
influence on the risk of cardiovascular disease.

The analysis of the selected anthropomet-
ric parameters showed that the BMI value in the 
studied groups was within the adequate values; 
however, the highest values of this parameter 
were stated in the group of the morning and night 
shifts. It can increase the risk of development of 
cardiovascular disease in these groups of wom-
en. It is also confirmed by research carried out 
by other authors, which indicated that night shift 
work correspondents to an increase in body mass 
and an occurrence of higher BMI values [21–25]. 
A similar relationship was stated in the case of the 
WHR, which may prove that people working the 
morning and night shifts have an increased ten-
dency toward an excessive body mass [22, 23].

According to the American Heart Associa-
tion guidelines, inadequate nutritional habits may 
contribute to the development of cardiovascular 
disease. An increase in the fat intake in the diet, in 
particular of saturated fatty acids, increased the 
content of energy from saccharose, decreased the 
content of fibre or increased dietary cholesterol 
content and inappropriate content of vitamins 
and minerals may significantly increase the risk 
of development of cardiovascular disease [26].

In this studied, there were statistically sig-
nificant differences between the groups regard-
ing specific parameters of diet assessment. The 
analysis of the intake level among the groups of 
women taking part in this studied showed sta-
tistically significant differences between energy 
intake as well as in the protein and saccharose 
content. The daily food rations did not provide 
sufficient energy intake. In the morning and night 
shifts, these values were slightly higher than the 
Basal Metabolic Rates, which may result from 
lack of time for preparing and eating meals dur-
ing the day (frequent meals, but with low energy 
value). It cannot be ruled out that the participants 

undervalued the declared levels. According to the 
most recent dietary guidelines, the demand for 
energy among women, taking into account low 
physical activity level, should reach from 1650 to 
2350 kcal per day [16]. Low energy value of the 
daily food rations as compared to anthropomet-
ric values may indicate frequent changes in the 
diet, which may increase the risk of cardiovascu-
lar disease.

The analysis of protein intake and the indicat-
ed statistically significant differences between 
the groups may suggest that female night shift 
workers consumed so-called ‘comfort foods’ 
such as yogurt, cream cheese, kefir, quark, and 
meat, which are rich in protein more frequently in 
comparison to the other groups. Further analysis 
indicated that the highest percentage of energy 
derived from saccharose, with the adequate value 
reaching up to 10% of the energy value of the diet, 
was observed in the morning and night shifts [16]. 
The daily food rations of these groups were abun-
dant in sweet snacks such as candy bars, cook-
ies, and chocolate, which are the primary sources 
of saccharose. Moreover, an increased sacchar-
ose content could be the reason for a higher WHR 
values in these groups. Nevertheless, Assis et al. 
studied presents different results. In this research 
night shift workers consumed more saccharose 
as compared to the people working the morn-
ing shift, which was due to more frequent con-
sumption of sweets [17]. The differences in the 
obtained results may be triggered by the diversity 
of cultural and nutritional habits.

The observed low intake of fiber and excessive 
intake of dietary cholesterol in all studied group 
may significantly increase the risk of the cardio-
vascular disease in the future. 

According to the current literature, vitamin D 
plays a significant role in the prevention of car-
diovascular disease. The research results con-
ducted over the last few years reveal an increased 
risk of the occurrence of vitamin D deficiency 
among people doing shift work. That applies par-
ticularly to the people working the night shift. 
Therefore, the studied also takes into consid-
eration the assessment of the consumption of 
vitamin D in the daily food rations. [10, 27]. The 
vitamin D intake within the diet should reach 15 
µg per day, and in the case of women participat-
ing in the studied, it constituted about 10% of the 
demand [16]. However, it should be noted that the 
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primary source of vitamin D is its production in 
the skin, and its synthesis depends on exposure 
to the sun. 

Thy analysis of the daily food rations revealed 
irregularities concerning the intake of specific 
nutrients within all the examined groups of wom-
en. In the group of night shift workers, the daily 
food rations were characterized by the percent-
age of energy derived from protein, fats, and car-
bohydrates that came closest to the standard; 
however, the percentage of saccharose was the 
highest in this group. This group had the highest 
number of meals during a day as compared to the 
others and consumed the lowest number of flu-
ids. The results comply with the research of other 
authors. Reeves et al. underline in their research 
the difference between the number of consumed 
meals between the groups — the morning group 
had more meals during a day. What is more, 
a statistically significant difference in fluid (bev-
erages containing caffeine) intake was observed 
in the group of women working the night shift 
[20]. Based on the analysis it was stated that in 
the case of night shift participants, the content 
of specific energy components and nutrients was 
the most deviated from the standard and was 
characterized by the highest percentage of energy 
derived from protein and fats and rich in dietary 
cholesterol. This group had the lowest number of 
meals per day as compared to the other groups 
and relatively large amounts of liquids, including 
a high intake of caffeine-rich beverages. Similar 
results were obtained in Love et al. [28].

Summing up the obtained results of the stud-
ied it should be noted that the shift work sys-
tem has an impact on eating behaviors among 
the examined group of women. The impact of 
the shift work system is particularly visible in 
the case of night shift, which favours inadequate 
dietary habits, and its long-term effects may 
contribute to the occurrence of nutrient deficien-
cy and may aid obesity, arterial hypertension and 
development of cardiovascular disease. 

Acknowledgements

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

Funding sources
There are no sources of funding to declare.

References
Lowden A, Moreno C, Holmbäck U, Lennernäs M, 1. 
Tucker P. Eating and shift work — effects on habits, 
metabolism and performance. Scand J Work Environ 
Health. 2010;36(2):150–162.
Puttonen S, Härmä M, Hublin C. Shift work and cardi-2. 
ovascular disease — pathways from circadian stress 
to morbidity. Scand J Work Environ Health. 2010; 
36(2):96–108. 
Zhao I, Turner C. The impact of shift work on people’s 3. 
daily health habits and adverse health outcomes. 
Aust J Adv Nurs. 2008;25:8–22.
Wang XS, Armstrong ME, Cairns BJ, Key TJ, Travis RC. 4. 
Shift work and chronic disease: the epidemiological 
evidence. Occup Med (Lond). 2011;61(2):78–89.
Buxton OM, Cain SW, O'Connor SP, Porter JH, Duffy 5. 
JF, Wang W, et al. Adverse metabolic consequenc-
es in humans of prolonged sleep restriction com-
bined with circadian disruption. Sci Transl Med. 
2012;4(129):129ra43. 
Antunes LC, Levandovski R, Dantas G, Caumo W, 6. 
Hidalgo MP. Obesity and shift work: chronobiological 
aspects. Nutr Res Rev. 2010; 23(1):155–168.
Brum MC, Filho FF, Schnorr CC, Bottega GB, Rodrigues 7. 
TC. Shift work and its association with metabolic dis-
orders. Diabetol Metab Syndr. 2015;7:45.
Proper K, van de Langenberg D, Rodenburg W, Ver-8. 
meulen R, van der Beek A, van Steeg H, et al. The rela-
tionship between shift work and metabolic risk fac-
tors — a systematic review of longitudinal studies. 
Am J Prev Med. 2016;50(5):e147–e157.
Hall AL, Franche RL, Koehoorn M. Examining expo-9. 
sure assessment in shift work research: A studied 
on depression among nurses. Ann Work Expo Health. 
2018;62(2):182–194.
Daugaard S, Garde AH, Hansen AM, Vistisen HT, Rejn-10. 
mark L, Kolstad HA. Indoor, outdoor, and night work 
and blood concentrations of vitamin D and par-
athyroid hormone. Scand J Work Environ Health. 
2018;pii:3745.
Alefishat E, Abu Farha R. Determinants of vitamin D 11. 
status among Jordanian employees: Focus on the 
night shift effect. Int J Occup Med Environ Health. 
2016;29(5):859–870.
Van Amelsvoort LG, Schouten EG, Kok FJ. Impact of 12. 
one year of shift work on cardiovascular disease risk 
factors. J Occup Environ Med. 2004;46(7):699–706.
Ha M, Park J. Shiftwork and metabolic risk fac-13. 
tors of cardiovascular disease. J Occup Health. 
2005;47(2):89–95.
Charzewska J. Instrukcja przeprowadzania wywi-14. 
adu o spożyciu z 24 godzin. Zakład Epidemiologii 
Żywienia Instytutu Żywności i Żywienia, Warszawa, 
1998.
Szponar L, Wolnicka K, Rychlik E. Album Fotografii 15. 
Produktów i Potraw. IŻŻ, Warszawa, 2000.
Jarosz M. Normy żywienia dla populacji Polski. IŻŻ, 16. 
Warszawa, 2008.
De Assis MA, Kupek E, Nahas MV, Bellisle F. Food 17. 
intake and circadian rhythms in shift workers with 
a high workload. Appetite. 2003;40(2):175–183.



101Shift work and cardiovascular disease

Van Horn L, Carson JA, Appel LJ, Burke LE, Econo-26. 
mos C, Karmally W. Recommended Dietary Pattern 
to Achieve Adherence to the American Heart Asso-
ciation/American College of Cardiology (AHA/ACC) 
Guidelines: A Scientific Statement From the American 
Heart Association. Circulation. 2016;134(22):e505‑
e529. 
Coppeta L, Papa F, Magrini A. Are Shiftwork and 27. 
Indoor Work Related to D3 Vitamin Deficiency? A Sys-
tematic Review of Current Evidences. J Environ Public 
Health. 2018;2018:8468742.
Love HL, Watters CA, Chang WC. Meal composition 28. 
and shift work performance. Can J Diet Pract Res. 
2005;66(1):38–40.

Acceptance for editing: 2019-05-09 
Acceptance for publication: 2019-06-29

Morikawa Y, Miura K, Sasaki S, Yoshita K, Yoneyama 18. 
S, Sakurai M, et al. Evaluation of the effects of shift 
work on nutrient intake: a cross-sectional studied. J 
Occup Health. 2008;50(3):270–278.
Hemiö K, Puttonen S, Viitasalo K, Härmä M, Pelto-19. 
nen M, Lindström J. Food and nutrient intake among 
workers with different shift systems. Occup Environ 
Med. 2015;72(7):513–520.
Reeves SL, Newling‑Ward E, Gissane C. The effect 20. 
of shift‑work on food intake and eating habits. Nutr 
Food Sci. 2004;34(5):216–221.
Wirth M, Burch J, Shivappa N, Steck S, Hurley T, Vena 21. 
J, et al. Dietary inflammatory index scores differ by 
shift work status: NHANES 2005 to 2010. J Occup 
Environ Med. 2014;56(2):145–148.
Peplonska B, Bukowska A, Sobala W. Association 22. 
of rotating night shift work with BMI and abdomi-
nal obesity among nurses and midwives. PLoS One. 
2015;21:10(7):e0133761.
Van Amelsvoort LG, Schouten EG, Kok FJ. Duration of 23. 
shift work related to body mass index and waist to hip 
ratio. Int J Obes Relat Metab Disord. 1999;23(9):973–
978. 
McGlynn N, Kirsh VA, Cotterchio M, Harris MA, Nad-24. 
alin V, Kreiger N. Shift Work and Obesity among 
Canadian Women: A cross-sectional studied using 
a novel exposure assessment tool. PLoS One. 
2015;16;10(9):e0137561. 
Atkinson G, Fullick S, Grindey C, Maclaren D. Exercise, 25. 
energy balance and the shift worker. Sports Med. 
2008;38(8):671–685.

Correspondence address:
Małgorzata Dobrzyńska

Department of Bromatology
Poznan University of Medical Sciences

42 Marcelinska Street, 60‑354 Poznań, Poland
phone: +48 618547198

e-mail: mdobrzynska@ump.edu.pl



102 Journal of Medical Science 2019;88(2)

© 2019 by the author(s). This is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY‑NC) licencse. Published by Poznan University of Medical Sciences

 DOI: https://doi.org/10.20883/jms.352

Causes and mechanisms of peritoneal fibrosis 
and possible application of NF‑κB inhibitor for 
prevention and treatment
Andrzej Breborowicz1, a, Kazuo Umezawa2

1 Department of Pathophysiology, Poznan University of Medical Sciences, Poland
2 Department of Molecular Target Medicine, Aichi Medical University, Nagakute, Japan

Peritoneal membrane fibrosis 
during dialysis: causes and 
mechanisms
Peritoneal dialysis is an established form of 
the renal replacement therapy in patients with 
end stage renal failure. Development in 1975 by 
Moncrief and Popovich technique of Continuous 
Ambulatory Peritoneal Dialysis was a revolutio-
nary event which strongly contributed to wide 
application of that form of treatment in uremic 
patients [1]. Peritoneal dialysis is cheaper than 
hemodialysis and provides better quality of life 
and results in comparable to hemodialysis survi-
val during first 5 years of treatment [2]. Additio-

nally peritoneal dialysis, better than hemodia-
lysis, preserves residual kidney function what 
may result in lower amount of systemic compli-
cations [3]. Patients treated with peritoneal dia-
lysis have lower risk, than hemodialysis patients, 
of complications after renal transplantation [4]. 
In 2008 about 200,000 and in 2012 approximate-
ly 300,000 patients were treated with peritoneal 
dialysis worldwide [5].

The weak point of peritoneal dialysis is relati-
vely short viability of the peritoneum as the dia-
lysis membrane. Approximately 50% of patients 
treated with chronic peritoneal dialysis for more 
than 6 years develop ultrafiltration failure what 
translates into lower efficiency of removal of 
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Peritoneal dialysis is an established form of the renal replacement therapy in patients with end stage renal 
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lutionary event, and contributed much to wide application of that form of treatment in uremic patients. On 
the other hand, the weak point of peritoneal dialysis is relatively short viability of the peritoneum as the dia-
lysis membrane. Two main peritoneal pathologies are observed in patients treated with that form of renal 
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to osmotic solutes and ultrafiltration failure, and fibrosis which results also in ultrafiltration failure due to 
its decreased hydraulic conductivity and reduced permeability to uremic toxins. Meanwhile, an NF‑κB inhi-
bitor DHMEQ was discovered in 2000 and has been successfully used to suppress various inflammatory 
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neal mesothelial cells, and intraperitoneal administration of NF‑κB inhibitors would be useful to suppress 
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water and uremic solutes into the dialysate [6]. 
Two main peritoneal pathologies are observed in 
patients treated with that form of renal replace-
ment therapy: neovascularization of the membra-
ne what causes increased peritoneal permeabi-
lity to osmotic solutes and ultrafiltration failure, 
and fibrosis which results also in ultrafiltration 
failure due to its decreased hydraulic conductivi-
ty and reduced permeability to uremic toxins [7]. 
In the extreme situations peritoneal overgrowth 
of the connective tissue causes encapsulating 
peritoneal sclerosis, which consequence is not 
only ultrafiltration failure but also entrapment of 
intestines in the fibrotic tissue leading to life thre-
atening bowels obstruction [8]. Prevalence of that 
pathology in peritoneal dialysis patients is pro-
portional to length of the renal replacement the-
rapy and in some studies approaches 18.4% [9].

Besides length of therapy the other factors 
predisposing to the morphological changes in 
the peritoneum are diabetes mellitus and uremia, 
however dialysis related factors are much more 
important [10]. Episodes of peritonitis may acce-
lerate progression of the dialysis induced changes 
in the structure and function of the peritoneum 
leading to ultrafiltration failure [11]. However even 
without episodes of peritonitis repeated infusion 
of the dialysis fluid into the peritoneal cavity indu-
ces chronic “sterile” inflammatory reaction which 
contributes both to neovascularization of the peri-
toneum and its fibrosis [12]. Implantation of the 
peritoneal catheter and intraperitoneal infusion 
of the sterile dialysis fluid induce inflammation, 
simply due to mechanical irritation of the perito-
neum [13]. 

One of the most important factor causing 
intraperitoneal inflammation and fibrotic chan-
ges in the peritoneum is low biocompatibility of 
the fluids used during peritoneal dialysis. Bioin-
compatibility of the dialysis solutions is related 
to their low pH, hyperosmolality, high concen-
tration of glucose, presence of glucose degrada-
tion products (GDP) and lactate. Exposure of the 
mesothelial cells in in vitro culture to the acidic 
dialysis fluid which subsequently, to imitate the 
in vivo conditions, was diluted with the effluent 
dialysate from dialyzed patients resulted in their 
stimulation reflected by increased synthesis of 
interleukin 6 [14]. In rats dialyzed during 6 weeks 
with dialysis fluid with neutral pH and low con-
centration of GDP, intraperitoneal inflammation 

was lower than in animals treated with standard 
acidic, high GDP dialysis fluid. Additionally efflu-
ent dialysate collected from the first group of ani-
mals caused weaker in vitro synthesis of collagen 
in mesothelial cells, what was reflected in vivo by 
reduced fibrosis of the peritoneum [15]. 

Glucose is used in the dialysis fluids in the 
unphysiologically high concentrations up to 235 
mmol/L to create osmotic gradient between blo-
odstream and dialysate, necessary for induction 
of the transperitoneal ultrafiltration of fluid. 
However glucose toxic effect towards the perito-
neal mesothelial cells in such scenario depends 
not only on hyperosmolality [16]. Oxidative stress 
in mesothelial cells exposed to high glucose con-
centration induces their senescence [17] apopto-
sis [18] and epithelial to mesenchymal transfor-
mation (EMT) [19]. Mesothelial senescence, apo-
ptosis or mesenchymal transformation may lead 
to progression of the peritoneal fibrosis [20, 21]. 

Molecular mechanisms of EMT of mesothe-
lial cells and peritoneal fibrosis are described in 
various recent publications, but still some details 
are missing. [22]. Mechanisms of these disorders 
are not identical in various pathological proces-
ses and therefore we should not translate directly 
observations from studies on various models of 
fibrosis to the conditions in the peritoneum during 
chronic peritoneal dialysis. Some mechanisms 
causing EMT in various experimental models 
have opposite effect in peritoneal mesothelium. 
For example, Hepatocyte Growth Factor prevents 
EMT in mesothelial cells, whereas has opposite 
effect in hepatocytes [22, 23]. Another example is 
the role of p38MAPK, which induces synthesis of 
inflammatory cytokines potentially favoring pro-
cess of EMT but on the other hand it stimulates 
E-cadherin expression in mesothelial cells, which 
prevents their EMT by modulating the TAK1‑
NF‑κB pathway [24].

An important role in EMT of the mesothe-
lial cells during peritoneal dialysis plays TGF‑β1, 
which production in these cells is enhan-
ced in presence of high glucose concentration 
[25]. TGFβ cytokines induce mesothelial EMT 
by Smad-dependent and Smad-independent 
pathways [26]. TGFβ1 downregulates in mesothe-
lial cells BMP-7 signaling, which determines the 
maintenance of the epithelial phenotype of these 
cells [27]. TGFβ1 causes p38 and JNK MAPK acti-
vation pathway due to activation of TAK1, which 
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is an activator of NF‑κB. Inhibition of NF‑κB in 
mesothelial cells may slow down and even partial-
ly reverse their EMT [28]. Activation of JNK MAPK 
pathway via ligand binding to Toll-like receptor 
that has a cytoplasmic signaling homologous 
to IL‑1, results in activation of NF‑κB and MAPG. 
IL‑1 is a stronger inducer of NF‑κB activation in 
mesothelial cells than TGFβ1 but their effects are 
additive. Inhibition of NF‑κB in mesothelial cells 
from peritoneal dialysis patients prevents their 
EMT after treatment with TGFβ and IL‑1 [29]. The-
se observations prove the role of intraperitoneal 
inflammation during peritoneal dialysis in pro-
gression of the peritoneal fibrosis.

Can we slow down progression of 
peritoneal fibrosis during chronic 
peritoneal dialysis? 
Bioincompatible dialysis fluids and unphysio-
logical procedure of peritoneal dialysis which 
result in constant induction of the intraperitone-
al inflammatory response are the main causes of 
the peritoneal pathology in that group of patients. 
Despite several improvements in the composition 
of the dialysis fluids such as introduction of dia-
lysis solutions with neutral pH, lower GDP con-
centrations, alternative to glucose osmotic solu-
tes, problem of peritoneal damage during chronic 
dialysis still exists. Results from clinical studies 
are conflicting. In long term study performed in 
Netherlands, reduced incidence of peritonitis, 
better transperitoneal ultrafiltration were obser-
ved in patients dialyzed with low GDP and neu-
tral pH solutions, as compared to a group treated 
with standard fluids with high GDP and low pH. 
However no differences were observed between 
the two studied groups in peritoneal transport 
characteristics, or intensity of the intraperitone-
al inflammation [30]. In another study from Korea 
application of a new dialysis fluid with normal pH 
and low GDP level did not affect the peritoneal 
permeability to solutes and water but the authors 
observed reduction in the intensity of the intrape-
ritoneal inflammation [31]. One can say that intro-
duction of new more biocompatible dialysis fluids 
reduced but not eliminated the negative effect of 
peritoneal dialysis on the peritoneal structure and 
function. Problem of the peritoneal damage pro-
bable cannot be totally eliminated because pro-

cedure of peritoneal dialysis based on repeated 
intraperitoneal infusions of the dialysis fluid into 
the peritoneal cavity is not biocompatible per se. 
An interesting study, supporting that statement 
was done by Aoki and colleagues, who con-
structed in vitro model of peritoneal cavity lined 
with mesothelial and endothelial cells. Repeated 
infusion of physiological solutions (ie. Eagles 
medium) or dialysis fluids resulted in inhibition 
of nitric oxide synthase activity both in endothe-
lial and mesothelial cells and EMT of mesothelial 
cells [32]. These results suggest that repeated 
infusion of any solution into the peritoneal cavity 
will trigger EMT of mesothelium. Therefore the-
re is still a big interest in search for mechanisms 
and agents which can reduce the peritoneal inju-
ry during chronic peritoneal dialysis.

Some investigators hypothesized that high 
glucose induced peritoneal fibrosis is linked with 
angiotensin II acting via AT1Rs with subsequent 
activation of the intracellular signaling, such as 
ie. NF‑κB, leading to fibrosis [33] Mesothelial cells 
exposed to high glucose concentration synthesize 
various elements of the renin- angiotensin system 
[34]. In addition to high glucose effect, low pH of 
the dialysis fluid may increase angiotensin recep-
tors expression, what may result in enhancement 
of fibrosis [35] In experimental model of chronic 
peritoneal dialysis in rats use of angiotensin inhi-
bitors valsartan or lisinopril resulted in reduced 
peritoneal fibrosis caused by repeated exposure 
to high glucose dialysis fluid [36].

Recently various treatment leading to 
reduction of peritoneal fibrosis in conditions of 
peritoneal dialysis were proposed. The final tar-
get of these studies was defined as inhibition of 
the dialysis induced peritoneal fibrosis. Yang and 
coworkers found that during 4 months peritoneal 
dialysis performed with high glucose fluid in mice, 
intraperitoneal supplementation of 1,25(OH)2D3 
at weekly intervals, attenuated dialysis induced 
mesothelial apoptosis, EMT and fibrosis of peri-
toneum [37]. In another study Wu and cowor-
kers found increased expression of TGF‑β, EMT 
and autophagy in peritoneal mesothelial cells 
obtained from the effluent dialysate from patients 
treated with chronic peritoneal dialysis. In exper-
iments on mesothelial cells in in vitro culture 
they demonstrated that inhibition of the cellular 
autophagy reduced glucose induced EMT and 
expression of fibrotic markers [38]. Researchers 



105Causes and mechanisms of peritoneal fibrosis and possible application of NF‑κB inhibitor for prevention and treatment

from Italy demonstrated that extract from olive 
leafs blocks in in vitro cultured mesothelial cells 
their TGF‑β induced EMT and expression of cellu-
lar markers of fibrosis [39]. Cheng and coworkers 
demonstrated that hydrogen sulfide inhibits EMT 
of mesothelial cells in in vitro culture and reduced 
peritoneal fibrosis in a rat model of chronic perito-
neal dialysis [40]. Inhibition of heparanase blocks 
glucose induced EMT of the mesothelial cells and 
changes of their monolayers permeability studied 
in in vitro model [41]. Another approach leading 
to prevention of peritoneal fibrosis is use of the 
antioxidants. Wakabayashi and coworkers indu-
ced peritoneal fibrosis in rats with chlorhexidine 
gluconate and simultaneous oral supplemen-
tation with the natural antioxidant astaxanthin 
reduced the peritoneal expression of TGF‑β, snail 
mRNA and type 3 collagen with decrease of the 
peritoneal thickness [42]. Similar observations 
with the another antioxidant selenium come from 
in vitro experiments on human mesothelial cells 
[43]. In another study on rats repeatedly infused 
with the dialysis fluid and endotoxin to indu-
ce peritonitis, inhibition of TAK1‑NF‑κB pathway 
with the PPARβ/δ agonist GW501516 prevented 
peritoneal fibrosis. Additionally in in vitro cultu-
red rat mesothelial cells inhibition of TAK1‑NF‑κB 
pathway reduced glucose induced inflammation 
[44]. Kitamura and coworkers reported protective 
effect against the GDP induced peritoneal fibro-
sis in mice, of a tea polyphenol (-)-epigallocate-
chin gallate which inhibited NF‑κB pathway [45]. 
Washida and coworkers injected male rats with 
chlorhexidine what induced peritoneal thickening 
with the overgrowth of the connective tissue, 
macrophage infiltration and angiogenesis [46]. 
In animals simultaneously treated with Rho-ki-
nase inhibitor fasudil fibrotic changes were sig-
nificantly reduced and the expression of markers 
of tissue fibrosis, such as TGF‑β, fibronectin and 
α‑smooth muscle cell actin was reduced [46].

Presented above studies show the wide ran-
ge of possible approaches aimed at inhibition of 
the dialysis induced peritoneal fibrosis. Howe-
ver most of the results come from acute studies 
or experiments lasting 3–4 weeks and the used 
doses of the tested substances sometimes were 
very high what potentially could induce the nega-
tive side effects [45]. Therefore further studies 
are required to find out/exclude the potential side 
effects of such a long term treatment. It seems 

to be an option to test more than one substan-
ce at the same time to evaluate if due to different 
mechanisms of action they can have synergistic 
effect preventing the peritoneal fibrosis in con-
ditions of peritoneal dialysis. After verification 
of these substances in further in vitro and in vivo 
experiments on animals, their final suitability for 
prevention of the peritoneal fibrosis in patients 
treated with chronic peritoneal dialysis requires 
the clinical studies.

Discovery and inhibitory mecha-
nism of NF‑κB inhibitor DHMEQ

In the course of our search for NF‑κB inhibitors of 
low molecular weight, we designed and synthe-
sized new NF‑κB inhibitors based on the struc-
ture of epoxyquinomicin C (Figure 1). Epoxyqui-
nomicin C was isolated as a weak antibiotic, but 
it showed no toxicity in animals. Although the 
structurally related compounds such as panepo-
xydone [47] and cycloepoxydone [48] were repor-
ted to inhibit NF‑κB, epoxyquinomicin C did not 
inhibit NF‑κB. However, after the removal of the 
protruding hydroxymethyl moiety, the designed 
compound, dehydroxymethylepoxyquinomicin 
(DHMEQ, Figure 1), did inhibit NF‑κB activity [49]. 
We also found that DHMEQ ameliorated inflam-
mation in a collagen-induced rheumatoid arthri-
tis in mice when administered by the IP route [49]. 
In this way, we found a new NF‑κB inhibitor active 
in animal experiment.

Racemic DHMEQ can be synthesized from 
2,5‑dimethoxyaniline in 5 steps [50], and can be 
separated into each enantiomer practically by 
lipase [51]. Lipase reacts with racemic dihexa-
noyl‑DHMEQ to give (‑)‑DHMEQ and monohexa-
noyl‑(+)‑DHMEQ that can be easily removed by 
difference of solubility. (‑)‑DHMEQ is about 10 
times more effective than (+)‑DHMEQ in inhibi-
ting NF‑κB [50]. (‑)‑DHMEQ is mainly used for the 
cellular experiments, and racemic DHMEQ for the 
animal experiments. For the development into 
drugs, racemic DHMEQ is being used.

For the mechanism of DHMEQ, we have firstly 
reported that it inhibits the nuclear translocation 
of NF‑κB [52]. However, later, we have found that 
DHMEQ directly binds to the Rel‑family proteins 
to inhibit their DNA‑binding activity [53]. Inhibi-
tion of NF‑κB nuclear translocation is likely to be 
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a result after the inhibition of DNA binding [54]. 
Rel family proteins are the constituents of NF‑κB 
molecules including p65, RelB, c-Rel, p50, and 
p52. (‑)‑DHMEQ was found to bind to p65 cova-
lently with a 1:1 stoichiometry as revealed by sur-
face plasmon resonance (SPR) and MALDI‑TOF 
mass spectrum (MS) analyses. MS analysis of 
the chymotrypsin-digested peptide suggested 
the binding of (‑)‑DHMEQ to a specific cysteine 
residue. In the case of p65, DHMEQ only binds to 
the Cys38 residue, which is located close to the 
DNA. The binding is specific, since it does not 
bind to other cysteine residues such as Cys120 
in p65. Observation of the adduct in MALDI‑TOF 
MS would indicate that the (‑)‑DHMEQ‑cystei-
ne binding is a covalent one. The formation of 
DHMEQ‑cysteine covalent binding in the protein 
was supported by chemical synthesis of the con-
jugate molecule [55]. Since (‑)‑DHMEQ covalently 
binds to the cysteine residue in an NF‑κB molecu-
le, the inhibitory effect is irreversible. LPS induces 
NF‑κB activation in 30 min in a macrophage‑like 
mouse monocytic leukemia cell line RAW264.7. 
In our experiment, (‑)‑DHMEQ was added for 
only 15 min and then washed out in this experi-
mental system. Even after 8 h of the removal of 
(‑)‑DHMEQ, the cells were dormant, and LPS did 
not activate NF‑κB, suggesting that NF‑κB would 
be inhibited irreversibly [56].

All Rel family proteins possess specific cyste-
ine residues essential for their DNA binding. 
(‑)‑DHMEQ binds to those cysteine residues of 
p65, cRel, RelB, and p50, but not of p52. In case 
of RelB, (‑)‑DHMEQ inhibits not only DNA‑binding 
of RelB, but also its interaction to importin [57]. It 
also induces instability of RelB. Thus, (−)‑DHMEQ 
specifically binds to a cysteine residue in both 
the canonical (p65 and p50) and the noncanoni-
cal (RelB) NF‑κB components [53, 57]. It is likely 
that DHMEQ can enter into a specific pocket via 

a key and lock mechanism to bind to the limited 
cysteine residue.

These mechanisms may explain the highly 
selective NF‑κB inhibition and the low toxic effect 
of DHMEQ in cells and in animals.

Therapeutic activity of DHMEQ in 
animal models of inflammation 
and cancer

DHMEQ has been widely used to study the 
mechanism of diseases, especially to study the 
role of NF‑κB in various disease models in situ 
and in vivo. The most important transcription fac-
tor in osteoclastogenesis is NFATc1. DHMEQ inhi-
bited the expression of NFATc1 in mouse prima-
ry culture macrophages to show the involvement 
of NF‑κB in the mechanism of expression [58]. 
DHMEQ also inhibited the expression of NFATc1 
in mouse rheumatoid arthritis model [59]. Cancer 
stem cell is still a popular topic in cancer rese-
arch. They say it is important to suppress cancer 
stem cell activity to eliminate the cancer growth. 
DHMEQ was used to study the essential factors 
of cancer stem cells. Goto and coworkers demon-
strated that NF‑κB and Akt may be essential for 
the activity of breast cancer cells using DHMEQ 
[60, 61]. Involvement of NF‑κB in the mechanism 
of early phase [62] and late phase [63] of meta-
stasis was suggested by the experiments using 
DHMEQ, which was reviewed in [64].

Not only for the mechanistic study, DHMEQ 
is likely to be useful as new chemothrapeutic 
agent. Recently reported therapeutic activities of 
DHMEQ in animal experiments are shown below.

Firstly, topical application to skin of rodents 
ameliorated atopic dermatitis models. DHMEQ 
ointment showed anti-inflammatory activity in the 
mouse genetic atopic dermatitis model, It sho-
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wed similar or stronger anti-inflammatory acti-
vities compared with betamethasone and tacro-
limus ointments [65]. Accumulation of mast cells 
was inhibited by DHMEQ ointment in this model. 
Later DHMEQ was found to inhibit MMP‑2 expres-
sion and cellular invasion of mouse primary cul-
ture mast cells treated with DNP antigen and IgE 
[66]. More recently, DHMEQ ointment was shown 
to suppress development of chemically induced 
atopic dermatitis‑like lesions in mice [67, 68]. 
This atopic dermatitis model in BALB/c mice was 
chronically induced by the repetitive and alter-
native application of 2,4-dinitrochlorobenzene 
(DNCB) and oxazolone (OX) on ears, and stratum 
corneum of the ear skin was additionally stripped 
off with surgical tapes before each challenge with 
DNCB/OX. The lesions reaches to peak as well as 
DHMEQ arrives to its efficacy on day 38. The pro-
cedure using adhesive tape in preparation signifi-
cantly accelerated the skin inflammation. Results 
showed that the drug reduced the ear thickness, 
epidermal thickness, mast cell infiltration, and 
gene expressions of interleukin (IL)−4, IL‑13 and 
interferon (IFN)‑γ in ear tissues [68]. Secondly, 
DHMEQ is being developed for anti‑inflammatory 
and anticancer therapy by intraperitoneal admini-
stration, which is discussed later

Secondly, intraperitoneal (IP) administra-
tion of DHMEQ ameliorated various inframma-
tory and neoplastic disease models in animal 

experiments. Amniotic apoptosis is essential for 
the onset of delivery. On the other hand, too ear-
ly amniotic apoptosis causes baby loss. Activa-
ted macrophages around the amniotic epithelial 
cells are considered to cause amniotic apopto-
sis producing TNF‑α and NO. The TNF‑α recep-
tor 1 is expressed in the amniotic epithelial cells. 
IP administration of DHMEQ inhibited TNF‑α and 
iNOS expressions in pregnant mice to inhibit 
amniotic apoptosis in this model [69]. 

Recently, it was reported that IP administra-
tion of DHMEQ ameliorates dinitrobenzene sul-
fonic acid (DNBA)‑induced colitis in rats [70]. IP 
administration of DHMEQ also inhibited dextran-
‑sulfate‑sodium‑induced colitis in rats [71].

DHMEQ inhibits cancer progression in various 
animal models. IP administration of DHMEQ inhi-
bited the growth of hormone-insensitive prostate 
carcinoma [72] and breast carcinoma [73]. It also 
inhibited thyroid carcinoma [74], regional model of 
glioma [75], and various lymphomas including adult 
T‑cell leukemia [76], and multiple myeloma [77].

Fluke-induced cholangiocarcinoma is still 
common in Thailand, and it is one of the most 
difficult cancers to treat, and there is no effective 
chemotherapeutic regimen at present. Seubwai 
and coworkers reported that IP administration 
of DHMEQ inhibited the growth of cholangiocar-
cinoma in mice [78]. Normal bile duct epithelia 
rarely expressed NF‑κB subunits such as p50, 
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p52 and p65, whereas all cholangiocarcino-
ma patient tissues over‑expressed these NF‑κB 
subunits. DHMEQ increased apoptosis by decre-
asing the expressions of anti-apoptotic proteins 
such as Bcl-2 and XIAP in cultured cholangiocar-
cinoma cells. Moreover, DHMEQ effectively redu-
ced tumor size in cholangiocarcinoma-inocula-
ted mice.

Recently, Ito and coworkers investigated the 
anticancer effect of DHMEQ in CDDP‑resistant 
bladder cancer cells [79]. Invasive bladder carci-
noma cell line T24 and its CDDP-resistant cell line 
T24PR were used. The NF‑κB activity was stron-
ger in T24PR cells than in T24 cells. DHMEQ alo-
ne effectively lowered cell viability and induced 
apoptosis in T24PR cells. Moreover, using mou-
se xenograft models, the mean volume of tumors 
treated with the combination of DHMEQ and pac-
litaxel was significantly smaller than those trea-
ted with paclitaxel alone. Thus, IP administration 
of DHMEQ showed anticancer activity alone, and 
also increased the sensitivity to paclitaxel.

Anti-inflammatory and anticancer activities 
of DHMEQ in animal models are summarized in 
Figure 2, where DHMEQ was given to animals by 
IP injection in all cases. 

Possible application of DHMEQ for 
the prevention and and treatment 
of peritoneal fibrosis
Thus, IP administration of DHMEQ is quite effec-
tive to suppress various inflammattory and neo-
plastic disease models in animals. No toxicity has 
been reported so far. For the mechanism of anti-
-inflammatory and anticancer activity, it is likely 

that DHMEQ acts only in the peritoneal cavity [80, 
81], because it is easily metabolized in the blood. 
Because DHMEQ does not enter systemic circu-
lation, IP administration of DHMEQ is considered 
to be a safe therapy.

Recently, we have demonstrated that DHMEQ 
inhibits primary cultured human peritoneal cells 
[82]. We studied the effects of DHMEQ on the 
functions of human peritoneal mesothelial cells 
(HPMC) in situ. DHMEQ was not toxic at 1–10 
μg/ml to HPMC. Synthesis of IL‑6, MCP‑1 and 
hyaluronan in unstimulated and stimulated with 
interleukin‑1 was measured. DHMEQ at 10 μg/ml 
reduced in unstimulated and stimulated HPMC 
synthesis of IL‑6, MCP‑1 and hyaluronan (Figu-
re 3). The observed effects should be due to the 
suppression of gene expression responsible for 
the synthesis of these molecules. DHMEQ also 
modified the effects of the effluent dialysates 
from continuous ambulatory peritoneal dialysis 
(CAPD) patients on the function of HMPC. In the 
presence of dialysate, DHMEQ inhibited the colla-
gensynthesis by HMPC. These results show that 
DHMEQ effectively reduces inflammatory respon-
se in HMPC and prevents dialysate‑induced pro-
liferation and collagen synthesis in these cells. 
Therefore, IP administration of DHMEQ would be 
useful for the prevention of progressive dialysis-
-induced damage to the peritoneum.
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Introduction

Spirometry is the most frequently performed 
functional test of the respiratory system. In pul-
monological practice it is a basic tool used to 
diagnose ventilation disorders and to moni-
tor treatment. The results obtained during the 
test are compared to predicted values, that is, 
assumed parameter values, computed on the 
basis of anthropometrical data such as: age, 
gender and height, with the use of complex equa-
tions. The use of additional variables including, 

e.g. an ethnic group or a race as well as correc-
tive factors, enables a more exact determination 
of their values [1]. Spirometry can be conducted 
in a sitting or standing position; however, for the 
subject safety reasons it is usually performed 
in a sitting position [2]. It allows to eliminate the 
risk of fall as a result of syncope or impaired bal-
ance. Spirometry in a standing position should 
be considered in measurably obese patients or 
in patients with a wide abdominal circumference 
caused by other reasons. Patients with normal 

AbSTRACT

Spirometry is the most frequently performed functional test of the respiratory system. In pulmonologi-
cal practice it is a basic tool used to diagnose ventilation disorders and to monitor treatment. The results 
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body weight obtain equivalent or slightly higher 
spirometric values in a standing position [3].

In the selected clinical situations some prob-
lems with the measurement of the actual hight of 
patients in a standard way (measurement with-
out shoes, feet together, upright position, eyes 
straight ahead) and with correct calculation of 
predicted values occur. They are, among oth-
ers, silhouette-disturbing disorders or diseases 
causing changes in body proportions, from the 
less often occurring, like Marfan syndrome or 
achondroplasia, to more frequent posture defects 
and mobility impairments [4]. These diseases 
influence the change of the predictive function-
al parameter values which are used to compare 
with the obtained results. 

Aim

The aim of the study is to demonstrate the meth-
ods of height and predicted values determination 
on the basis of measurements of ranges between 
different body points with the use of simple and 
complex equations in a group of patients in whom 
the application of standard measurement meth-
ods is impossible. 

Height determination on the basis 
of rigid body proportions

A simple method of patient’s height determina-
tion allowing to minimize errors in the determina-
tion of predicted spirometric values, is to deter-
mine averaged, rigid body proportions in healthy 
subjects in a particular population [5]. Know-
ing the proportions, predicted height of a per-
son can be estimated with the help of selected 
body parts’ measurements [6]. It is a simple and 
fast method used in practice, however burdened 
with a margin of error due to non-consideration 
of other factors, such as age or an ethnic group 
[7]. In the group of patients with achondroplasia 
or Marfan syndrome the margin of error may be 
even bigger due to impaired body proportions [8]. 
This method may be successfully used in screen-
ing examination of patients with skeletal malfor-
mations, mobility problems or faulty postures. 
There are numerous formulas for the prediction of 
height with the use of proportional equations, the 

most frequent employ: arm span measurement 
(height in a standing position = arm span/1.06), 
measurement of height in a sitting position 
(height in a standing position = height in a sitting 
position/0.52), measurement of feet-navel range 
(height in a standing position = feet‑navel range 
x 1.618). The arm span is measured between the 
tips of middle fingers, the height of a sitting posi-
tion is determined from the top of the head to the 
base on which the patient is sitting, the feet-navel 
range is measured in a standing position [9].

Height determination based on 
regression equations 

The inadequacy of the method of height deter-
mination on the basis of rigid body proportions 
caused the search for better solutions in the form 
of regression equations based on anthropometric 
parameters and different variables, which enable 
more exact estimation of patients’ height. 

Based on a group of 5415 healthy adults and 
13,821 healthy children Cameron developed the 
regression equation which allows to compute 
the predicted height of patients with mobility and 
psychophysical impairments. During the devel-
opment of the equations he considered param-
eters like: age, gender, ethnic group, absolute 
height, height in a sitting position, height from the 
ground to knees, range from the buttock to knees. 
The most credible regression equation estimating 
proper height of women, men and children whose 
measurement was impossible with a standard 
method included the knee height. The expansion 
of the margin of error in the calculated height was 
connected with posture impairment intensifica-
tion [10]. 

Based on arm span measurements, Miller 
developed similar regression equations, which 
predicted the height of patients with chest defor-
mations equally well [11]. 

Arm span as an independent pre-
dictor of lung function parameters

Golshan created equations of pulmonary sys-
tem function parameters based directly on arm 
span measurements in a group of 1865 healthy, 
non‑smoking subjects [12]. He performed height 
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measurements in a standing position, arm span 
measurements and pulmonary function tests. 
Then, he compared the obtained results of 
spirometry with the predicted values comput-
ed with the use of different methods. He dem-
onstrated that the predicted values computed 
with the use of a prediction equation, based on 
the arm span, are the most exact ones when it 
comes to the prediction of values obtained dur-
ing spirometry of healthy subjects. Slightly big-
ger discrepancies between the estimated and the 
obtained results were observed in the case of the 
predicted values computed with the use of the 
height of subjects. However, the predicted values 
determined for height, which were computed with 
a regression equation based on the arm span, did 
not correspond to the spirometric results [13]. 

The determination of the values of the pul-
monary functional parameters with the use of 
prediction equations, based on the arm span, is 
equally reliable as the use of equations based on 
height measurements in a standing position. It is 
an effective method in patients in whom standard 
measurement methods are not possible [14].

Chest deformations and lack of 
limbs

Inborn and acquired skeletal abnormalities such 
as profound kyphosis (syringomyelia, muscu-
lar atrophy) or kyphoscoliosis disable standard 
height measurements. In these cases, an esti-
mation of height is possible with the use of the 
above‑mentioned equations: patient’s height = 
arm span/1.06, patient’s height = range from the 
top of the head do the base which the patient is 
sitting on/0.52 or patient’s height = feet‑navel 
range x 1.618 [15]. 

The application of the above-mentioned equa-
tions causes some uncertainty when it comes to 
the accuracy of the calculated predicted values 
of the functional parameters and the measured 
to predicted value ratio. It especially concerns 
extreme cases such as: significant chest defor-
mations or problems with proper arm spread-
ing. A possible outcome of the determination of 
predicted values in this way is a misdiagnosis 
or a false exclusion of ventilation disorders [16]. 
A more precise method of height estimation is the 
use of developed by Parker regression equations 

including the measurement of the arm span, race, 
age and patient’s gender. A standard estima-
tion error in height measurement is within 3.0 to 
3.7 cm [17]. The application of similar equations 
using knee height in a patient’s height estimation 
is also possible. Such equations were developed 
in 1994 by Chumlea [18]. 

Regression equations and the above-men-
tioned formulas may be used in a height esti-
mation in patients with no lower limbs (congeni-
tal abnormalities, post-amputation condition). 
In exceptional situations when a patient is also 
deprived of one upper limb, the measurement 
is taken from the middle of a body to the tip of 
a middle finger with a wide‑open arm and the 
obtained value is multiplied x2 and is used in the 
chosen formula [2]. 

Marfan syndrome

Marfan syndrome is a genetic disorder of con-
nective tissues caused by a mutation in the FBN1 
gene, resulting in abnormalities in the creation of 
elastic fibres, elastin and the ground substance 
of connective tissues. This disease is inherited in 
an autosomal dominant fashion and its de novo 
mutation frequency is estimated at about 25%. 
In a general population the frequency of the dis-
order occurrence is estimated at 10–20:100 000. 
The clinical picture includes: tallness (average 
final height for men: 191 cm, for women: 175 cm), 
body proportion abnormalities — including limb 
prolongation, degenerative spine arthritis, chest 
deformations, eyesight, nervous system and car-
diovascular defects [19]. 

One of the first reports regarding the neces-
sity to use in Marfan syndrome patients separate 
predicted values to evaluate spirometic results, is 
a study by Streeten [20]. The author of the pub-
lication analysed the results of 79 patients with 
diagnosed Marfan syndrome. He demonstrated 
that patients without significant chest deforma-
tions had lower values of forced vital capacity 
(FVC) than the predicted values determined on 
the basis of a standard height measurement (83 
percentile). However, when prediction equations 
were used in prediction value calculations with 
the use of sitting position height, the obtained 
values were higher (FVC: 105 percentiles, FEV1: 
92 percentiles). In the case of significant chest 
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deformations, lower FVC and forced expiratory 
volume in 1-st second (FEV1) were demonstrated 
regardless of the predicted value determination 
method [10]. 

Giske performed spirometry tests in a group of 
17 Marfan syndrome patients at the age of 18–30. 
He demonstrated normal or slightly lowered FVC 
and FEV1/FVC values. Nevertheless, the results 
of functional tests were based on predicted val-
ues calculated with a standard height measure-
ment method [21]. 

Achondroplasia

Achondroplasia is a genetically conditioned dis-
order with an autosomal dominant inheritance 
pattern, caused by a mutation of a gene respon-
sible for a receptor synthesis for the fibroblast 
growth factor. The origin of the disorder is abnor-
mal endochondral ossification leading to osteo-
chondral dysplasia with long bones and spine 
growth impairments, which result in dwarfism. 
Clinical picture includes, among others, short 
stature (average height: 125 cm) and limb size 
reduction with a normal length of torso (ratio of 
height in a sitting position is 0.66 with the norm 
of 0.52–0.53 for healthy population) [22].

Dennis conducted spirometry tests in 102 sub-
jects at the age of 7–60 who suffered from achon-
droplasia. Then, on the basis of the obtained 
results, he developed prediction equations which 
may be used to calculate proper predicted values 
for this group of patients. They included sitting 
position height and age and referred to FEV1 and 
FVC (Table 1) [23]. 

The author additionally compared the 
obtained spirometric results with the predicted 
values obtained with the use of other methods, 
e.g.: he used the predicted values for height, cal-
culated with a regression equation including sit-
ting position height. The obtained in the regres-

sion equation values did not correspond to the 
predicted values calculated with the prediction 
equations [24].

Acknowledgements

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

Funding sources
There are no sources of funding to declare.

References
Boros P, Franczuk M, Wesołowski S. Zalecenia pol-1. 
skiego towarzystwa chorób płuc dotyczące wykony-
wania badań spirometrycznych. Pneumonologia 
i Alergologia Polska. 2006.
Boros P, Franczuk M, Wesołowski S. Zalecenia pol-2. 
skiego towarzystwa chorób płuc dotyczące wykony-
wania badań spirometrycznych. Pneumonologia 
i Alergologia Polska. 2006.
Miller MR, Crapo R, Hankinson J, Brusasco V, Bur-3. 
gos F, Casaburi R, Coates A, Enright P, van der Grint-
en CPM, Gustafsson P, Jensen R, Johnson DC, Mac-
Intyre N, McKay R, Navajas D, Pedersen OF, Pellegri-
no R, Viegi G, Wanger J. General considerations for 
lung function testing. European Respiratory Journal. 
2005;26:153–161.
Cameron Chumlea WM, Guo SS, Steinbaugh ML. Pre-4. 
diction of stature from knee height for black and white 
adults and children with application to mobility-im-
paired or handicapped persons. Journal of the Ameri-
can Dietetic Association. 1994;94:1385–1391.
Haeuslerab M, McHenry HM. Body proportions of 5. 
Homo habilis reviewed. Journal of Human Evolution. 
2004;46:433–465.
Bogin B, Varela‑Silva MI. Leg Length, Body Propor-6. 
tion, and Health: A Review with a Note on Beauty. Int J 
Environ Res Public Health. 2010;7:1047–1075.
Bogin B, Varela‑Silva MI. Leg Length, Body Propor-7. 
tion, and Health: A Review with a Note on Beauty. Int J 
Environ Res Public Health. 2010;7:1047–1075.
 Ng BKW, Hung VWY, Cheng JCY, Lam TP. Limb Length-8. 
ening for Short Stature: A 10-year Clinical Experience. 
J Paediatr. 2003;8:307–317.
Bogin B, Varela‑Silva MI. Leg Length, Body Propor-9. 
tion, and Health: A Review with a Note on Beauty. 
Int J Environ Res Public Health. 2010;7:1047–1075. 
Haeuslerab M, McHenry HM. Body proportions of 

Table 1. Examples of prediction equations for the predicted FVC values. Source: own elaboration based on 
D.C. Stokes, R.E. Pyeritz, R.A. Wise, D.L. Fairclough, E.A. Murphy, Spirometry and Chest Wall Dimensions in 
Achondroplasia, Chest 1988;93;364–369

Men under the age of 25 FVC(L) = -3.56+0.162*height in a sitting position (in)+0.067*age (in years)
Men over the age of 25 FVC(L) = -0.73+0.162*height in a sitting position (in)+0.047*age (in years)
Women under the age of 20 FVC(L) = -3.56+0.150*height in a sitting position (in)+0.067*age (in years)
Women over the age of 20 FVC(L) = -1.92+0.150*height in a sitting position (in)+0.016*age (in years)

in — inch.



116 Journal of Medical Science 2019;88(2)

Homo habilis reviewed. Journal of Human Evolution. 
2004;46:433–465.
Cameron Chumlea WM, Guo SS, Steinbaugh ML. Pre-10. 
diction of stature from knee height. Journal of the 
American Dietetic Association. 1994;94:1385–1391.
Miller MR, Crapo R, Hankinson J, Brusasco V, Bur-11. 
gos F, Casaburi R, Coates A, Enright P, van der Grint-
en CPM, Gustafsson P, Jensen R, Johnson DC, Mac-
Intyre N, McKay R, Navajas D, Pedersen OF, Pellegri-
no R, Viegi G, Wanger J. General considerations for 
lung function testing. European Respiratory Journal. 
2005;26:153–161.
Golshan M, Crapo RO, Amra B, Jensen RL, Golshan R. 12. 
Arm span as an independent predictor of pulmonary 
function parameters: validation and reference values. 
Respirology. 2007;12:361–366.
Golshan M, Crapo RO, Amra B, Jensen RL, Golshan R. 13. 
Arm span as an independent predictor of pulmonary 
function parameters: validation and reference values. 
Respirology. 2007;12:361–366.
Golshan M, Crapo RO, Amra B, Jensen RL, Golshan R. 14. 
Arm span as an independent predictor of pulmonary 
function parameters: validation and reference values. 
Respirology. 2007;12:361–366.
Haeuslerab M, McHenry HM. Body proportions of 15. 
Homo habilis reviewed. Journal of Human Evolution. 
2004;46:433–465.
Aggarwal AN, Grupa D, Jindal SK. Interpreting spiro-16. 
metric data: impact of substitution of arm span for 
standing height in adults from North India. Chest. 
1999;115:557–562.
Parker JM, Dillard TA, Phillips YY. Arm span-height 17. 
relationship in patients referred for spirometry. Am J 
Respir Crit Care Med. 1996;154:533–536.
Cameron Chumlea WM, Guo SS, Steinbaugh ML. Pre-18. 
diction of stature from knee height for black and white 
adults and children with application to mobility-im-
paired or handicapped persons. Journal of the Ameri-
can Dietetic Association. 1994;94:1385–1391.

Chiu HH, Wu MH, Chen HC, Kao FY. Epidemiological 19. 
profile of Marfan syndrome in a general population: 
a national database study. Elsevier Inc. 2014.
Streeten EA, Murphy EA, Pyeritz RE. Pulmonary Func-20. 
tion in the Marfan Syndrome. Chest. 1987;91:408–
412.
Giske L. Pulmonary Function, Working Capacity and 21. 
Strenght in Young Adults with Marfan Syndrome. J 
Rehabil Med. 2003;35:221–228.
Giudicelli MD, Serazin V, Le Sciellour CR, Albert M. 22. 
Increased achondroplasia mutation frequency with 
advanced age and evidence for G1138A mosaicism 
in human testis biopsies. Fertil Steril. 2008:89;1651–
1656.
Stokes DC, Pyeritz RE, Wise RA, Fairclough DL, Mur-23. 
phy EA. Spirometry and Chest Wall Dimensions in 
Achondroplasia. Chest. 1988;93;364–369.
Stokes DC, Wohl ME, Wise RA, Pyeritz RE, Fairclough 24. 
DL. The Lungs and Airways in Achondroplasia: Do 
Little People Have Little Lungs? Chest. 1990;98:145–
152.

Acceptance for editing: 2019-05-09 
Acceptance for publication: 2019-06-29

Correspondence address:
Piotr Szczechowiak

Chair and Clinic of Pulmonology
Allergology and Pulmonary Oncology

Poznan University of Medical Sciences
84 Szamarzewskiego Street, 60‑569 Poznań, Poland

e-mail: p.szczechowiak@gmail.com



117Journal of Medical Science 2019;88(2)

© 2019 by the author(s). This is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY‑NC) licencse. Published by Poznan University of Medical Sciences

 DOI: https://doi.org/10.20883/jms.349
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Cardiopulmonary exercise test (CPET) is 
a non-invasive method that combines progres-
sive exercise stress with measures of the func-
tion of the cardiovascular and respiratory system 
[1–3]. During this test, a set of signals is continu-
ously monitored, for instance: ECG, arterial blood 
pressure, oxygen saturation (sO2), breathing rate, 
tidal volume, carbon dioxide output (VCO2) or 
oxygen uptake (VO2) [1–9]. The complex informa-
tion delivered by CPET goes beyond the lungs, 
airways, and heart. CPET results also depend on 
the neuropsychological factors, hemoglobin con-
centration (e.g., anemia) and quality (e.g., thalas-
semia), peripheral circulation, the function of leg 
muscles and even mitochondria [1–3, 5–7]. For 
these reasons, it is believed that CPET gives an 
insight into integrative responses of several sys-
tems involved in the exercise physiology. 

Many patients with respiratory or cardiac 
diseases complain about dyspnea which starts, 

evolves or exacerbates on exertion. Employing 
diagnostic tests performed at rest is mislead-
ing in such individuals. Therefore, using a con-
trolled exercise in clinical conditions to provoke 
and reproduce patient’s symptoms is common-
ly accepted. In contrast to the standard exer-
cise test with ECG, the CPET provides much 
more useful physiological and clinical informa-
tion [1–3, 5–10]. This test permits to evaluate 
a patient at the submaximal or even maximal 
exercise, until limiting symptoms or exhaustion 
appear. 

During the CPET, patients either walk or run on 
a treadmill or sit and ride a cycle ergometer [3]. 
A set of ECG electrodes, a sO2 sensor, a brachial 
cuff for blood pressure monitoring, and a mouth-
piece or mask with a system measuring breathing 
rate, gas volumes and exchange are attached to 
a patient before the test [1–3]. Exercise during the 
CPET initiates after a short warm-up, followed by 

AbSTRACT

The cardiopulmonary exercise test (CPET) is designed to measure some physiological variables related to 
the function of the cardiovascular and respiratory systems during exercise. Usually, the CPET is performed 
either on a treadmill or a cycle ergometer. In this mini-review, we describe a set of parameters which are 
most commonly used to quantify CPET. We also summarize clinical indications for this test and interpreta-
tion of the obtained results in patients with respiratory system diseases. The CPET, if made appropriately, 
may deliver valuable information helpful in the diagnosis, e.g., of unexplained dyspnea, and prognosis, e.g., 
in chronic obturatory pulmonary disease, pulmonary hypertension, or interstitial lung diseases.
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T h O U S A N d  w O R d S  A b O U T. . .

a 
 https://orcid.org/0000-0002-7433-4236

b 
 https://orcid.org/0000-0002-2257-4967

c 
 https://orcid.org/0000-0001-9052-5027



118 Journal of Medical Science 2019;88(2)

Fi
gu

re
 1

. N
in

e-
pa

ne
l p

lo
t g

ra
ph

ic
al

 d
is

pl
ay

 w
ith

 re
su

lts
 o

f t
he

 C
PE

T 
in

 a
 2

5-
ye

ar
 o

ld
 fe

m
al

e 
pa

tie
nt

 w
ith

 o
be

si
ty

 (b
od

y m
as

s —
 9

4 
kg

, b
od

y m
as

s i
nd

ex
 —

 3
1.1

 k
g/

m
2 ) co

m
pl

ai
ni

ng
 a

bo
ut

 e
xe

rti
on

al
 d

ys
pn

ea
 

of
 u

nk
no

w
n 

or
ig

in
. T

he
 te

st
 w

as
 te

rm
in

at
ed

 w
he

n 
th

e 
dy

sp
ne

a 
be

ca
m

e 
a 

lim
iti

ng
 s

ym
pt

om
; t

he
 p

er
ce

iv
ed

 e
xh

au
st

io
n 

by
 th

e 
10

-g
ra

de
 B

or
g 

sc
al

e 
wa

s 
9/

10
 [1

2]
. T

he
 m

ax
im

al
 v

al
ue

 o
f V

O 2
m

ax
 w

as
 2

.5
 l/

m
in

 
bu

t n
or

m
al

iz
ed

 to
 b

od
y m

as
s V

O 2
m

ax
/k

g 
wa

s 2
6.

6 
m

l/k
g/

m
in

 w
ha

t c
or

re
sp

on
de

d 
to

 7
3%

 o
f t

he
 p

re
di

ct
ed

 V
O 2

m
ax

/k
g.

 T
he

re
 w

as
 n

o 
dr

op
 in

 sO
2. 

Th
e C

PE
T 

re
su

lts
 w

er
e w

ith
in

 n
or

m
al

 ra
ng

e (
wi

th
 th

e e
xc

ep
tio

n 
of

 V
O 2

m
ax

), 
ne

ith
er

 c
ar

di
ac

 n
or

 p
ul

m
on

ar
y d

ys
fu

nc
tio

n 
wa

s o
bs

er
ve

d.
 T

he
 p

at
ie

nt
 re

ac
he

d 
ne

ar
ly

 m
ax

im
al

 p
re

di
ct

ed
 h

ea
rt 

ra
te

. T
he

re
 w

as
 a

 s
ho

rt 
in

cr
ea

se
 o

f p
ul

se
 O

2 (
Pa

ne
l 2

), 
m

ai
nl

y d
ur

in
g 

th
e 

wa
rm

-u
p 

an
d 

th
e 

ea
rly

 p
ha

se
 o

f t
he

 e
xe

rc
is

e,
 w

hi
ch

 th
en

 fl
at

te
ne

d 
in

to
 a

 p
la

te
au

. A
fte

r t
he

 p
re

m
at

ur
e 

in
cr

ea
se

 o
f R

ER
 a

bo
ve

 1
 (d

ue
 to

 in
iti

al
 h

yp
er

ve
nt

ila
tio

n)
, t

he
re

 w
as

 a
 ra

pi
d 

no
rm

al
iz

at
io

n 
an

d 
RE

R 
re

ac
he

d 
th

e 
va

lu
e o

f 1
 a

ga
in

 in
 th

e s
ec

on
d 

ha
lf 

of
 e

xe
rc

is
e.

 N
ei

th
er

 S
T‑

se
gm

en
t c

ha
ng

es
 su

gg
es

tiv
e o

f m
yo

ca
rd

ia
l i

sc
he

m
ia

 n
or

 c
ar

di
ac

 a
rrh

yt
hm

ia
s w

er
e o

bs
er

ve
d.

 T
he

 fi
na

l C
PE

T 
re

su
lt 

wa
s n

or
m

al
. O

th
er

 p
ul

m
on

ar
y 

an
d 

ca
rd

ia
c 

te
st

s,
 in

cl
ud

in
g 

ec
ho

ca
rd

io
gr

ap
hy

 a
nd

 s
pi

ro
m

et
ry

, w
er

e 
no

rm
al

 a
s 

we
ll.

 F
in

al
ly

, a
 m

ild
ly

 re
du

ce
d 

ex
er

ci
se

 to
le

ra
nc

e 
du

e 
to

 a
 s

ed
en

ta
ry

 li
fe

 a
nd

 o
be

si
ty

 w
as

 d
ia

gn
os

ed
. U

pp
er

 p
an

el
s:

 p
an

el
 

1:
 V

E 
pl

ot
te

d 
ov

er
 ti

m
e 

(o
r t

re
ad

m
ill

 s
pe

ed
); 

pa
ne

l 2
: h

ea
rt 

ra
te

 (H
R)

 a
nd

 o
xy

ge
n 

pu
ls

e 
(V

O 2
/H

R)
 p

lo
tte

d 
ov

er
 ti

m
e;

 p
an

el
 3

: V
CO

2 a
nd

 V
O 2

 p
lo

tte
d 

ov
er

 ti
m

e.
 M

id
dl

e 
pa

ne
ls

: p
an

el
 4

: V
E 

pl
ot

te
d 

ov
er

 V
CO

2 
to

 d
et

er
m

in
e 

th
e 

ch
an

ge
 in

 th
e 

VE
/V

CO
2 s

lo
pe

; p
an

el
 5

: H
R 

an
d 

VC
O 2

 p
lo

tte
d 

ov
er

 V
O 2

; p
an

el
 6

: v
en

til
at

or
y 

eq
ui

va
le

nt
s 

VE
/V

CO
2 a

nd
 V

E/
VO

2 p
lo

tte
d 

ov
er

 ti
m

e.
 L

ow
er

 p
an

el
s:

 p
an

el
 7

: V
T 

pl
ot

te
d 

ov
er

 V
E;

 
pa

ne
l 8

: R
ER

 a
nd

 b
re

at
hi

ng
 re

se
rv

e 
(B

R)
 p

lo
tte

d 
ov

er
 ti

m
e;

 p
an

el
 9

: e
nd

-t
id

al
 p

ar
tia

l p
re

ss
ur

es
 o

f O
2 (

PE
TO

2) 
an

d 
CO

2 (
PE

TC
O 2

) p
lo

tte
d 

ov
er

 ti
m

e.
 F

or
 p

an
el

s w
ith

 s
pe

ed
 o

n 
th

e 
X-

ax
is

, i.
e.

, 1
, 2

, 3
, 6

, 8
 a

nd
 9

, 
di

ffe
re

nt
 p

ha
se

s o
f C

PE
T 

ar
e 

m
ar

ke
d 

wi
th

 c
ol

or
s:

 w
ar

m
-u

p 
wi

th
 g

re
en

, e
xe

rc
is

e 
wi

th
 re

d,
 a

nd
 re

co
ve

ry
 w

ith
 y

el
lo

w



119Cardiopulmonary exercise test in respiratory system diseases

a gradually increasing exercise and ending with 
post-exercise recovery. A list of directly mea-
sured or indirectly derived parameters acquired 
during the CPET is shown in Table 1.

The CPET can be used in healthy people, ath-
letes for fitness evaluation or to determine their 
training loads. In clinical practice, this test is 
applied in a number of patients suffering from 
heart and pulmonary diseases such as heart 
failure or chronic respiratory failure or other dis-

eases of the respiratory system [1–10]. The CPET 
may be used to distinguish cardiac from pulmo-
nary causes of dyspnea, to assess the response 
to applied therapy both in cardiac and pulmo-
nary patients, to perform pre-rehabilitation or 
pre‑surgery evaluation in high‑risk patients [5, 6]. 
This test can also be applied in individuals with 
heart or respiratory failure who are potential can-
didates for heart or lung transplantation, respec-
tively [1–3, 5–10]. 

Figure 2. The nine-panel diagram used to describe the results of the CPET. Panels mainly applied for the evaluation of the function 
of the respiratory system are 1 & 7 (yellow) for the ventilation and 4, 6 & 9 (blue) for the ventilation efficiency. Panels for the cardio-
vascular function are 2 and 5 (green). Panel 8 (red) is used to determine metabolic abnormalities, and panel 3 (orange) depends on 
the function of the respiratory system, cardiovascular system, and metabolic factors [1, 11]

Table 1. Typical signals and parameters measured or derived during a standard CPET [1–9]

Measured Signals
HR Heart rate from ECG in beats/minute
Vt Tidal volume of each breath in ml
BF Breathing frequency or rate in breaths/minute
VCO2 The volume of carbon dioxide output in ml/minute
VO2 The volume of oxygen uptake in ml/minute. An index of aerobic exercise capacity
PETO2 Peak end-tidal oxygen partial pressure in mmHg

PETCO2
Peak end-tidal carbon dioxide partial pressure in mmHg. An index of the ventilation-perfusion matching in the 
lung and the level of arterial PCO2

sO2 Peripheral arterial oxygen saturation in %
Treadmill speed The speed of the treadmill in km/h
Watt The workload for cycle ergometer in Watt

Derived parameters
VE Minute ventilation — accumulative volume of all tidal volumes during one minute in l/minute
RER Respiratory exchange ratio, i.e., the ratio of VCO2 to VO2 — it shows the balance between VCO2 and VO2

Pulse O2
The ratio of VO2 to heart rate in ml/beat — it shows how much oxygen is delivered to tissues during one cardiac 
beat and is proportional to the stroke volume

VE/VCO2

The ventilatory equivalent for CO2 — it shows the amounts of air in ml ventilated in a minute (VE) needed to 
exhale and remove 1 ml of CO2 (VCO2) or efficiency for CO2 pulmonary clearance. It reflects a proper matching of 
pulmonary ventilation to perfusion

VE/VO2
The ventilatory equivalent for O2 — it shows the amounts of air in ml ventilated in a minute (VE) needed to deliver 
with inhalation 1 ml of oxygen (VO2) or ventilatory efficiency for oxygen delivery

BR Breathing reserve, i.e., the difference between the predicted maximal VE and peak VE measured during the CPET
VO2peak The peak or highest oxygen uptake during CPET — it corresponds to the patient’s aerobic capacity

VO2max
The highest VO2 value that can be attained by the patient regardless of still increasing treadmill speed or 
workload on a cycle ergometer

VO2max/kg VO2max divided by body weight in kilograms

AT or VT1 Anaerobic threshold (AT) or the first ventilatory threshold — the point during a CPET beyond which the aerobic 
metabolism is supplemented with anaerobic metabolism

RCP or VT2

Respiratory compensation point (RCP) or the second ventilatory threshold — the point beyond which there is 
respiratory compensation for metabolic acidemia generated during an extensive exercise with anaerobic 
metabolism. After this point, the acidemia becomes an additional (to CO2) stimulus (through chemoreceptors) 
for increased ventilation
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Table 2. The most common clinical indications for CPET in patients with confirmed or suspected respiratory system disease or 
involvement of the respiratory system in other diseases [1–3, 5–10]

Clinical indication Explanation

Dyspnea of unknown 
origin

Diagnostic assessment of possible causes of dyspnea –
Differentiation between potential cardiac and respiratory causes of dyspnea –

COPD

Diagnostic assessment of COPD –
Prognostic stratification of a patient with COPD –
Determination of exercise capacity and its limitation –
Monitoring of treatment and therapeutic interventions –
Evaluation of the disease progression –
Screening for secondary pulmonary hypertension –

Pulmonary 
hypertension (PAH)

Diagnostic assessment of patients with a higher risk of PAH –
Differentiation between the primary and secondary PAH –
Prognostic stratification of a patient with PAH –
Guiding and monitoring of the applied treatment –
Evaluation of the disease progression –

Pulmonary surgery

Pre‑operative assessment for risk quantification in moderate‑ and high‑risk patients with cardiac and  –
pulmonary diseases — more accurate than standard pulmonary functional testing
Prediction of postoperative pulmonary complications –
Prediction of exercise limitation in patients undergoing lung volume reduction surgery –

Interstitial Lung 
Disease (ILD)

Diagnostic assessment of ILD –
Prognostic stratification of a patient with ILD –
Screening for secondary pulmonary hypertension –
Detection of pulmonary gas exchange abnormalities –
Determination of the O – 2 concentration value in the treatment
Evaluation of the disease progression –

Exercise-Induced 
Bronchospasm (EIB)

Diagnostic assessment of EIB. Pulmonary function tests must be performed before and after the CPET  –
to determine FEV1 and PEF. If FEV1 drops more than 10% compared with the pre-exercise level, then 
EIB is diagnosed
Evaluation of the disease progression –

Cystic Fibrosis

Prognostic stratification of a patient with cystic fibrosis –
Evaluation of the effectiveness of the applied treatment –
Guiding and monitoring of the applied treatment –
Evaluation of the progression of respiratory system involvement –

Heart failure
Assessment of the contribution of lung disease to the severity of HF –
Detection of pulmonary gas exchange abnormalities accompanying HF –
Evaluation of the clinical effects of secondary PAH due to HF on the function of the respiratory system –

There are many different reasons to order 
CPET in patients with respiratory system diseas-
es or symptoms. A list of clinical indications for 
CPET in such patients is presented in Table 2.

Parameters measured during CPET are pre-
sented in a graphical display [1–3, 5, 6, 9, 11]. Typ-
ically, results of the CPET are presented in 9 sep-
arate panels (Figure 1) showing either changes of 
values of measured parameters (e.g. VO2, pulse 
O2, VCO2, VE/VCO2, PETO2, RER) during the CPET 
or mutual relations between different parameters 
(e.g. VT and VE, VO2 and VCO2). 

The nine‑panel plot was first proposed by 
Wasserman et al. in 1977, and, with some modifi-
cations, is still in use. Each of the nine plots can 
be assigned to mainly evaluate the respiratory 
system, circulatory system, their mutual interac-
tion or some features of body metabolism relat-

ed to energy production [1, 11]. An example of the 
nine-panel graph with results of a CPET performed 
in a 25-year old woman with unexplained exertion-
al dyspnea is shown in Figure 1. The general rule 
for reading and interpretation of such nine-pan-nine-pan-
el graphs is given in Figure 2 — a set of different 
panels is used to estimate the ventilation, ventila-
tory efficiency, heart and circulation, or their com-
bined effects. Panel number with RER is used to 
describe body metabolism related to O2 and CO2. 
The RER shows the balance between O2 consump-
tion and the total amount of CO2 which first comes 
from burning fats and carbohydrates, and later 
when anaerobic processes also begin from buff-
ering lactic acid by bicarbonate [1, 2, 8, 9, 11].

In practice, out of many possible parameters, 
only some have earned special attention for their 
usefulness in the diagnostic and prognostic eval-



121Cardiopulmonary exercise test in respiratory system diseases

Table 3. Summary of the most common CPET parameters used for the evaluation of the respiratory system with clinical interpreta-
tion [1–3, 5–9]

Parameter CPET result Interpretation related to pulmonary diseases

VO2max

Low

Lung or airway disease with low capacity of getting O2 into the lungs or from the lungs into the blood.
An unfit patient who cannot reach maximum exercise capacity;
The degree of the impairment of the cardiorespiratory function based on VO2max:
< 20 ml/kg/min — minor 
< 15 ml kg/min — moderate; 
< 10 ml kg/min — severe.

Normal/high
No lung disease; 
VO2max >80% of predicted value — low probability of clinically significant pathology of either the 
cardiovascular or respiratory systems.

HR

Low

Not reaching predicted value with dyspnea or exhaustion suggests lung disease;
unfit patient;
Bradyarrhythmias (e.g., sick sinus syndrome, 2nd-degree atrioventricular block);
Effect of drugs slowing heart rate, e.g., beta-blockers, verapamil, diltiazem.

Normal/high

Does not suggest lung disease; 
HR >80% of the predicted maximal HR at peak exercise equals a low HR reserve; 
A fast increase in HR in patients with heart failure or unfit individuals;
Well preserved or high HR reserve if exercise is limited by other than cardiac causes, for example by 
lung disease. 

VE

Low/normal Excludes lung disease; 
Should not reach 80% of the predicted value during a CPET in a healthy individual.

High

Suggests a lung disease, particularly when VE reaches 80% of predicted value (a low ventilatory 
reserve) and VO2max is low.
A flatter Vt/VE slope with a visible plateau in patients with lung disease; 
Poor or no Vt increase during a CPET suggests a lung disease.

Pulse O2
Low A plateau in the O2 pulse at a low value and during low workload or treadmill speed suggests 

a limited cardiac output or presence of anemia or pathology within pulmonary circulation;
Normal/high O2 pulse of at least 10 ml/beat at peak exercise should be observed in healthy people;

VCO2
Low High VE with low VCO2 suggests a lung disease
High Exclusion of lung disease as CO2 is effectively eliminated from the blood.

VE/VCO2

Low A lack of fall of VEqCO2 below 30 suggests an impaired gas exchange in the lungs — usually in 
pulmonary vascular disease.

High
High VE/VCO2 (>30) suggests poor perfusion of some lung areas not participating in the gas 
exchange and increased dead space in the respiratory system. Most commonly it translates to the 
presence of pulmonary vascular disease. In patients with HF indicates a poor prognosis.

RER

Low < 1.0
< 1.0 only in the early and middle part of a CPET. The exercise phase should be near or cross 1 at the 
end.
 If CPET ends with RER < 1, then exercise intensity was too low. 

Normal/high 
> 1.0

If in the latter part of CPET then submaximal or maximal exercise capacity is reached; 
If at the beginning then probably due to hyperventilation and agitated emotional status;
Erratic RER behavior during a CPET (falls and increases) suggests dysfunctional breathing.
Value > 1 indicate an intense effort and >1.1 corresponds to exhaustion or near-exhaustion level 
reached during CPET.

VE/VO2
Low Suggests a lung disease or pulmonary vascular disease.
Normal/high Excludes a lung disease.

PETCO2
Low Acute or chronic hyperventilation
High Increase by 3–8 mm Hg suggests pulmonary vascular disease

RCP

Not visible or 
uncertain

Presence of lung disease or poor ventilation is a limiting factor of exercise capacity, and a patient is 
unable able to exercise until academia develops.

Normal/high
A clear RCP is a marker of acidemia developed during exercise (an expected physiological response 
to maximal physical effort). If RCP is present, then ventilation is not a limiting factor of exercise and 
excludes a lung disease.

BR
Low

When accompanied by low VO2 then typical for COPD.
When accompanied by normal/high VO2 then typical for people with high cardiovascular capacity, 
e.g., endurance athletes.

Normal/High In patients with cardiac disease, for example, HF.

SpO2

Low
A fall of more than 4% during CPET suggests a disease of the lungs or the pulmonary circulation 
accompanied by impaired gas exchange. It may also be present in patients with right-to-left 
cardiac or aortic-pulmonary shunts.

Normal Usually in patients with cardiac diseases and no right-to-left shunts. 
Should exclude lung disease
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uation of a patient with respiratory diseases. For 
example, VO2max is the most commonly measured 
single parameter during CPET. When VO2max is 
less than 80% of the predicted value, then it may 
indicate some lung pathology [1–3, 5–11]. Howev-
er, a reduced VO2max can also be found in patients 
with heart failure, ischemic heart disease, some 
cardiomyopathies, anemia or unfit individuals. It 
is worth mentioning that typically VO2max gradu-
ally declines with aging. Although VO2max is the 
most popular parameter in the CPET description, 
it is not sufficient to describe and diagnose all 
pathologies responsible for exertional dyspnea or 
other pathologies from the respiratory system. 

Unfortunately, there is no single variable 
exclusively characteristic for the respiratory sys-
tem diseases. For this reason, a set of different 
parameters, including HR, VE, pulse O2, VE/VCO2, 
sO2, must always be reviewed in concert to make 
an appropriate clinical decision. Table 3 summa-
rizes such CPET parameters with their clinical 
interpretation. 

It is worth mentioning that CPET is useful 
not only as a confirmatory but also in ruling out 
respiratory diseases and pathologies as causes 
of exertional dyspnea or poor exercise capac-
ity [2, 3, 5–8]. The probability that dyspnea origi-
nates in the respiratory system is low if a patient 
has achieved at least predicted value of VO2, HR, 
pulse O2, VE/VO2, and RCP with low to normal VE, 
no or irrelevant (< 4%) drop in sO2 and a distinct 
RCP during this test. 

The CPET is a valuable method in the diagno-
sis and risk stratification of patients with dysp-
nea, suspected and confirmed respiratory sys-
tem diseases. It is also helpful in monitoring the 
progress of respiratory diseases and guiding the 
applied therapy. This test quantifies an integra-
tive response of the cardiovascular and respira-
tory systems combined with metabolic factors 
(hemoglobin concentration, aerobic and anaer-
obic metabolism) to a controlled exercise. The 
examination of patients with respiratory diseases 
during exercise reveals new and clinically signifi-
cant information which, in another case, might be 
inaccessible with resting measurements. 
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Introduction

Amyloidosis is characterized by the extracellu-
lar deposition of a structurally abnormal protein 
called ‘amyloid’ [1]. Cardiac amyloidosis (CA), 
or amyloid cardiomyopathy, refers to a group 
of inherited and acquired forms of amyloidosis 
involving the heart. Current classification of amy-
loidosis is based on a biochemical characteris-
tic of amyloid fibrils [2]. Nomenclature includes 
a capital letter ‘A’, which denotes amyloid fibril 
protein, followed by a suffix that is an abbrevia-
tion of the parent or precursor protein name [3]. 
For example, for AL‑type amyloidosis, the letter 
‘A’ is a common index for amyloid and letter ‘L’ 
refers to an immunoglobulin light chain or light 
chain fragment.

CA occurs in two main forms, which accounts 
for 98% of clinical cases. The most common type 
(80% of cases) is AL‑type amyloidosis, where the 
amyloid protein derives from misfolded immuno-
globulin light chains. 

The second most common type is transthyre-
tin (ATTR) amyloidosis, resulting from the accu-
mulation of the protein transthyretin. Transthyre-
tin acts as a transport protein for thyroxine and 
retinol, and it is produced primarily in the liver. 
About 120 mutations in the TTR gene have been 
found to cause transthyretin amyloidosis. The 
most common mutation in patients with ATTR 
amyloidosis replaces valine with methionine at 
position 30 in the transthyretin protein (Val30-
Met or V30M). V122I variant is another common 
mutation, mainly present in black Americans (3 to 
4% of the population) or West African populations 
[4, 5]. ATTR amyloidosis accounts approximately 
for 18% of diagnosed cases of amyloidosis. This 
type of amyloidosis is further sub-divided into 
two types of disease: wild-type ATTR (ATTRwt) 
and hereditary (or mutant) ATTR (ATTRm) CA. 
Since the estimated survival form the onset of 
heart failure in patients with CA is of 3–4 years, 
early recognition is essential. These three most 
common forms of CA are described in Table 1.

AbSTRACT

Cardiac amyloidosis is an infiltrative disease which usually occurs under the form of restrictive cardiomy-
opathy. Advances in the treatment have changed the unfavorable outcomes of this disease. Thus, early 
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The diagnosis of CA remains challenging due 
to its non‑specific presentation. CA is consid-
ered a rare disease [6], which could also be the 
reason for misdiagnosis. Indeed, in the study by 
González‑López et al. [7], the percent of the pre-
vious misdiagnosis was as high as 35%. Fur-
thermore, ATTR amyloidosis seems also to be 
underdiagnosed [8]. Even if the majority of cases 
show a characteristic hypertrophic pattern, the 
full range of morphological findings in CA is more 
diverse. ATTR amyloidosis has been diagnosed in 
older patients with aortic stenosis [9] or patients 
with previously diagnosed hypertrophic cardio-
myopathy [10]. No marked hypertrophy could also 
be observed [11]. Currently, noninvasive cardiac 
imaging including echocardiography and cardiac 
magnetic resonance are the first line modalities 
in the diagnosis of CA.

Echocardiography in the diagnosis 
of CA

Echocardiography is the first‑line screening tool, 
and virtually every patient with unexplained car-
diac hypertrophy should be suspected of amyloi-
dosis. Before harmonic imaging was commonly 
used, the echocardiographic pattern of sparkling 
myocardium was considered to be diagnostic for 
CA. However, myocardial speckling in amyloido-
sis has been shown to have low diagnostic sensi-

tivity and specificity [12]. This echocardiographic 
phenomenon could also be found in hypertrophic 
cardiomyopathy, myocarditis, as well as in oth-
er infiltrative diseases of the myocardium. Most 
common echocardiographic representation of CA 
is the thickening of the left and right ventricular 
wall, thickening of the heart valves, and enlarged 
atria [13, 14] (Figure 1, Video 1 – online). Extracel-
lular deposition of amyloid fibrils contributes to 
ventricular stiffening and left ventricular diastol-
ic dysfunction. Doppler analysis of mitral inflow 
reveals a restrictive pattern with a high E wave 
velocity and E/A ratio (Figure 1). Elevated E/e` 
ratio reflects the high filling pressures. 

Although all these echocardiographic fea-
tures are typical for CA, none of them are specific 
enough to be diagnostic. 

Introduction of myocardial deformation anal-
ysis with the use of speckle tracking echocar-
diography significantly expanded the diagnostic 
potential of echocardiography. This technique 
utilizes the speckle pattern of two-dimensional 
gray-scale echocardiographic images. By group-
ing of the speckles into blocks and tracing it 
frame-by-frame, it allows measuring myocar-
dial deformation in the longitudinal, circumfer-
ential and radial axis (Figure 2). During the last 
ten years, this modality has become a recognized 
method in the assessment of the left ventricular 
systolic function [15]. It has also been shown to 
be a valuable tool in the diagnosis of CA – the 

Table 1. Characteristics of main types of cardiac amyloidosis

AL amyloidosis Acquired ATTR amyloidosis
(wild type; senile amyloidosis) Hereditary ATTR amyloidosis

Underlying reason Plasma cell dyscrasia Senile deposition of amyloid  in 
myocardium

mutations in transthyretin 
gene (>100)

Precursor protein Immunoglobulin light chains Transthyretin, wild type (non-
mutated, otherwise normal)

Mutated transthyretin (or 
prealbumin)

Percentage of cardiac 
amyloidosis (%) 80 18

Age at manifestation (years) > 40 > 60 (> 70) 30 to 70

Population No specific population, both 
sexes Older black men (mainly)

Afro-American, Afro-
Caribbean, Portugal, 

Sweden, Japan

Course of disease Poor prognosis, depending on 
specific organ involvement Better prognosis, slower progression (compared to AL type)

Organ involvement
One or more organs;

In 50% of patients cardiac 
involvement

Mainly cardiomyopathy;
Carpal tunnel syndrome;

Involvement of other organs absent

Depending on mutation; 
cardiomyopathy, neuropathy, 

vitreous amyloidosis

Specific treatment
Chemotherapy (Bortezomib);

Autologous bone marrow 
transplantation

Liver transplant, heart transplant
Tafamidis
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Figure 1. Echocardiographic image of cardiac amyloidosis. Panel A: apical four chamber view; thickening of the left ventricular wall, 
thickening of the heart valves, and enlarged atria thickened interatrial septum and pericardial effusion. Panel B: Parasternal short axis 
view: small, hypertrophied left ventricle. Panel. Doppler inflow of the mitral valve, high velocity of E‑wave, no A‑wave (atrial fibrillation) 
showing restrictive pattern of the mitral inflow. Panel D. Tissue Doppler echocardiography – decreased velocities of the myocardium

Figure 2. Normal values of longitudinal strain. Panels A, B and C show strain curves for left ventricular segments in apical four 
chamber-, two chamber and three chamber view, respectively. Dotted with line shows average value. Panel D – planar map of the peak 
systolic strain values for 17 segments of the left ventricle. Global longitudinal strain is – 19%.
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global longitudinal strain (GLS) is impaired early 
in the course of the disease, even when left ven-
tricular ejection fraction is preserved [16]. Impor-
tantly, the segmental longitudinal strain has an 
unusual and typical for CA pattern, with greater 
reduction of strain values in basal and mid seg-
ments of the left ventricle with relative sparing of 
apical segments (Figure 3). This phenomenon of 
‘apical sparing’ is clearly visible on planar maps 
(so-called “bullseye”) of segmental myocardial 
strain, and it is sensitive and specific for the diag-
nosis of CA [17]. 

Apical sparing could be expressed with the 
use of the formula: average longitudinal apical 
strain/(average basal longitudinal strain+average 
mid longitudinal strain). Furthermore, echocar-
diographic measurement of myocardial strain 
parameters can discriminate CA from the oth-
er causes of cardiac hypertrophy [18, 19]. Most 
recently, the dissociation between preserved left 
ventricular ejection fraction and reduced GLS 
(LVEF/GLS ratio), has been reported as a repro-

ducible and accurate index to differentiate CA 
from other causes of LV thickening [20].

Cardiac magnetic resonance imaging

Cardiac magnetic resonance (CMR) is a very sen-
sitive and specific tool for the diagnosis of CA. 
The main advantage of CMR over echocardiog-
raphy is the ability of tissue characterization. 
The myocardial deposition of amyloid increases 
extracellular volume, which results in the accu-

mulation of gadolinium contrast. For this rea-
son, late gadolinium enhancement (LGE) imaging 
has been proven to be effective in identifying CA 
[21]. Although the typical pattern for CA is diffuse 
subendocardial LGE in a non‑coronary artery 
territory distribution, transmural or focal patchy 
LGE could also be observed [22]. Figure 4 shows 
common LGE patterns that may be encountered 
in patients with CA. Another promising tech-
nique is non-contrast T1 CMR. Of note, it is safe 

Figure 3. Global longitudinal strain in cardiac amyloidosis. Panels A, B, C show 2-dimesional apical four chamber-, two chamber, 
and three chamber view, respectively. In panel D, the strain map shows particular patterns suggestive of amyloidosis with relative 
preserved strain in apical segments and decreased on mid and basal level (apical sparing pattern).
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Figure 4. Cardiac magnetic resonance. Panel A: 4 ‑chamber view. LGE image. Diffuse amyloid infiltration with interstitial fibrosis 
of interventricular septum and lateral wall of left ventricle (arrows). Panel B: short axis view. LGE image. Subendocaridial amyloid 
infiltration in mid segment of left ventricle (arrow)

in patients with renal failure, which is a common 
problem in this group of patients. In this tech-
nique, the direct quantitative myocardial signal is 
measured before and after the application of con-
trast. It has been found that native myocardial T1 
mapping has a high diagnostic accuracy for both 
types of CA (AL and ATTR), and is more sensitive 
for detecting early disease in gene mutation car-
riers than LGE imaging [23]. Furthermore, CMR 
allows differentiating between ATTR and AL amy-
loidosis [24].

The diagnosis of CA remains a diagnostic 
challenge. Reduced GLS with the unique regional 
deformation pattern is used for the initial diagno-
sis and differentiation from other types of cardiac 
hypertrophy. CMR with the LGE assessment could 
be applied for the confirmation of diagnosis.
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General Information

The research project entitled „Characterization of 
the selected honeybee products based on omics 
techniques” was awarded by the Polish National 
Science Center (NCN) in the SONATA12 competi-
tion under grant number 2016/23/D/NZ7/03949. 
The project is run by Department of Inorganic 
and Analytical Chemistry at Poznan University of 
Medical Sciences, Poland. The principal investi-
gator is Jan Matysiak (Ph.D.). The duration of the 
grant is 36 months, from 29th August 2017 to 28th 

August 2020. 

This proposed study will contribute to broa-
dening the knowledge of the honeybee products 
(HBP), such as honeybee venom, royal jelly, pro-
polis, and pollen. It is known, that HBP contain 
many bioactive components with potential bio-
logical, toxic or allergic properties [1–3]. Because 
of their beneficial effects on the human organism, 
HBP have been used in medicine since ancient 
times. The present‑day medical field utilizing HBP 
in the treatment of various diseases is termed 
apitherapy and is gaining popularity [4]. Nevert-
heless, despite increasing interest in natural 
honeybee-derived products, the composition and 

AbSTRACT

The research project “Characterization of the selected honeybee products based on omics techniques” is 
to comprehensively characterize honeybee venom, royal jelly, propolis, and pollen, by applying advanced 
analytical and bioinformatics methodologies. Honeybee products (HBP) contain many bioactive compo-
nents with both beneficial and harmful effects on the human organism. Nevertheless, the overall composi-
tion of the HBP remains not fully investigated. Thus, this research is focused on complementary proteomic 
and metabolomic characterization of biologically active compounds derived from HBP, regarding their toxi-
cological and pharmacological properties. The objectives of the study will be achieved by the application of 
up to date mass spectrometry techniques. Due to increasing interest in using of HBP in medicine, this pro-
ject will contribute to improving the safety of HBP‑derived dietary supplements and drugs. 
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the molecular basis of HBP activities remain not 
fully characterized. This project, using innovative 
approaches with the most modern LC‑MS (mass 
spectrometry-liquid chromatography) techni-
ques, will result in the discovery of new biologi-
cally and pharmacologically active compounds. 
Moreover, it will contribute to the evaluation of 
the biological activity of HBP. This is of great sig-
nificance for assessing the quality and safety of 
HBP‑based products (dietary supplements and 
drugs). Thus, this research will positively affect 
healthcare, improving human wellness.

Finance

This project is mainly financed by a grant from the 
NCN Life Science Panel in the SONATA12 compe-
tition. The total grant value is 1,199,810 Polish 
Zloty. Grant funds were earmarked to purcha-
se new laboratory instrumentation, disposable 
laboratory equipment and reagents for the con-
ducting of proposed research. In particular, MAL-
DI Imaging Equipment is planned to be purcha-
sed for MALDI imaging studies. Also, grant funds 
were designed to cover personnel costs of pro-
ject participants and costs associated with the 
promotion of research results and publications in 
reviewed journals.

Research project objectives

This research is focused on complementary pro-
teomic and metabolomic characterization of bio-
logically active compounds derived from HBP 
(honeybee venom, royal jelly, propolis, and pol-
len). There are three main hypotheses in this pro-
ject:

Proteomic and metabolomic study of HBP will  ›
lead to the discovery of new compounds with 
biological activity. 
HBP contain compounds with toxic properties  ›
(their presence and concentration are related 
to environmental contamination in HBP sam-
pling locations) that impact on the specific 
biological activity of HBP.
The applied bioanalytical methods will allow  ›
gaining detailed knowledge of the biological 
activity of the studied compounds. That will 

contribute to the explanation of the influence 
of HBP on the human organism.
The objectives of the study will be achieved 

by the application of up to date mass spectro-
metry techniques supported by advanced bioin-
formatics tools. Mass spectrometry is a modern 
technique that deals with the identification and 
studying of the structure of the chemical com-
pound. In this proposed research, novel metho-
dologies based both on nanoLC‑MALDI‑TOF‑MS 
(nano-liquid chromatography-matrix assisted 
laser desorption/ionization-time of flight mass 
spectrometry) and LC‑ESI‑QTOF‑MS (liquid 
chromatography-electrospray ionization-hybrid 
quadrupole-time of flight mass spectrometry) 
will be developed. Mass spectrometry coupled 
with liquid chromatography allows for detection 
and identification of thousands of low‑abundan-
ce molecules in biological matrices. Thus, app-
lying complex targeted and untargeted prote-
omic and metabolomic approach will lead to the 
discovery of new biologically active HBP compo-
nents. Moreover, the proposed strategy will ena-
ble to assess the variability of the composition 
of HBP. Factors responsible for that variability 
will be pointed out, as a biological activity of HBP 
depends on their constituents. 

Quality of HBP is not only associated with 
their composition. The contaminants (i.e., pesti-
cides, organic pollutants, pharmaceutical residu-
es, and heavy metals) may significantly weaken 
the properties of bee-derived products. In parti-
cular, accumulation of pesticides in HBP should 
be examined in terms of their toxic effect both 
on humans and on bees [5]. Therefore, this study 
aims to evaluate the impact of the contaminants 
on HBP and to assess exposure of honeybees to 
various chemicals. The multi-compound scre-
ening methods enabling simultaneous analy-
sis of miscellaneous groups of pollutants will be 
developed.

As mentioned before, the constituents of 
HBP, due to different biological properties, may 
affect the functioning of the human organism. 
To investigate the mechanism of HBP activity 
and effects on live organisms, the bioassay ana-
lysis will be performed. According to the literatu-
re, the insect model was successfully applied in 
the characterization of the mechanism underly-
ing human diseases [6–8]. Therefore, in this stu-
dy insect tissues will be used instead of those 
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derived from humans, as the insect tissues’ phy-
siology is considered to be similar to the human 
organism. Therefore, the aim of this project is to 
explore potential pharmacological and toxic pro-
perties of HBP and their constituents by com-
plementary use of bioassay and mass spectro-
metry analysis. The alternative to the classical 
MS techniques is mass spectrometry imaging 
(MSI). MSI coupled with matrix assisted laser 
desorption/ionization (MSI‑MALDI) has been 
previously reported in honeybee venom compo-
unds monitoring in envenomed tissues [9]. Thus, 
in this project, novel MSI‑MALDI procedures will 
be implemented.

Research plan and basic concept

The main goal of this project is to comprehensi-
vely characterize natural HBP by applying advan-
ced analytical and bioinformatics methodolo-
gies. The HBP may be a valuable source of com-
ponents with potential biological activity. Prote-
omic and metabolomic techniques will allow for 
detection of novel low molecular compounds 
(including amino acids), peptides and proteins 
which can be used in medicine. To date, most of 
the reported studies were focused on honeybee 
venom investigations [1, 2, 10]. Therefore, in order 
to extend knowledge of HBP, within this project, 
large-scale omics research will be conducted. In 
particular, the study will focus on:

Collecting of HBP and bee samples and cre- ›
ation of biorepository in which the samples 
and data will be stored. Materials and data 
retained in biorepository could be used for 
future investigations.
Development of innovative methods based on  ›
modern analytical techniques. These metho-
dologies may be implemented to the charac-
terization of HBP as well as other natural pro-
ducts.
Compilation of data obtained from proteomic,  ›
metabolomic, toxicological and bioassay ana-
lyses.
Creation of a database of HBP and their con- ›
stituents. This database will consider biolo-
gical, toxicological and pharmacological pro-
perties of the HBP. It will collect the results of 
this research and could be extended by results 
obtained from other projects. 

Research methodology

The research will be conducted using HBP sam-
ples collected from 4 apiaries located in Poland. 
During three years, from each apiary, three sam-
ples of each HBP type will be collected within 
four months of each year. Samples will be sto-
red at -80ºC in a newly created biorepository. In 
order to perform comprehensive analyses, two 
mass spectrometers coupled with liquid chroma-
tography systems will be used: nanoLC‑MALDI-
‑TOF‑MS and LC‑ESI‑QTOF‑MS. The combination 
of multiple strategies will ensure the complete 
insight into HBP. Thus, in this study, the applica-
tion of both targeted and untargeted mass spec-
trometry-based methodologies is planned. The 
project is planned for 36 months, and the main 
assumptions include the following tasks:

Development of toxicological methods and  ›
study of toxicology. To isolate the HBP com-
pounds, different sample preparation stra-
tegies will be tested, such a lyophilization, 
solid phase extraction (SPE), homogenization, 
liquid‑liquid extraction (LLC) and QuEChERS 
method (Quick, Easy, Cheap, Effective, Rugged 
and Safe). The targeted analysis will be per-
formed using LC‑ESI‑QqQ‑MS (hybrid triple 
quadrupole-linear ion trap mass spectrome-
ter) system. For untargeted analysis, LC‑ESI-
‑QTOF‑MS will be used.
Development of bioassay methods and study of  ›
bioassays. Different isolation methods (isoelec-
tric focusing, liquid chromatography, gel elec-
trophoresis, capillary electrophoresis) for HBP 
components will be tested. Studied substances 
derived from HBP will be injected into insect 
samples. The mass spectrometry analyses will 
be performed using MSI‑MALDI system. 
Development of proteomic methods and pro- ›
teomic studies. To achieve proteomics pur-
poses of this project, for the protein-peptide 
profiling of HBP compounds, MALDI‑TOF‑MS 
and ESI‑QTOF‑MS systems will be used. New 
protocols for HBP analysis will be developed. 
Moreover, because of the sensitivity of mass 
spectrometry analyses, various sample pret-
reatment strategies will be tested, like SPE, 
isoelectric focusing, two-dimensional gel 
electrophoresis, and combinatorial ligand lib-
rary. Additionally, isobaric labeling for semi-
-quantitative analysis will be implemented. 
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Development of metabolomic methods and  ›
metabolomic studies. Untargeted and tar-
geted metabolomic studies will be per-
formed by using the hyphenated LC‑MS tech-
niques. LC‑ESI‑QTOF‑MS and nanoLC‑MAL-
DI-TOF-MS platforms will be used for investi-
gation of HBP components. 
Data analysis and omics data compilation.  ›
The results obtained from HBP investigations 
will be statistically analyzed by univariate and 
multivariate approaches. Correlation analyses 
between the obtained results and pathway 
analyses will be performed. The data will be 
interpreted using various databases. Statisti-
cal analysis will enable to assess the variabil-
ity in HBP composition and the responsible 
factors.
HBP database constitution. Creation of a new  ›
open access database of HBP and their con-
stituents, regarding their biological, toxi-
cological and pharmacological properties 
is planned. This database could be used in 
future HBP studies.

Measurable effects and expected 
results

This project will result in the deep characteriza-
tion of HBP. We expect, that applying combined 
proteomic and metabolomic strategies, including 
mass spectrometry techniques, allows to signifi-
cantly extend the knowledge of HBP composition 
and their biological properties. Due to increasing 
interest in using of HBP in medicine, this project 
will contribute to improving the safety of HBP‑de-
rived dietary supplements and drugs. Moreover, 
a compilation of the obtained data will result in 
a better understanding of the molecular mecha-
nism of HBP activities. The impact of the con-
taminants (in particular pesticides) on the HBP 
properties will also be assessed. In addition, the 
development of novel advanced omics strategies 
and creation of unique HBP database will allow to 
comprehensively investigate the HBP and other 
natural products in the future. 
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