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ABSTRACT

Background. The consumption of breakfast, salty meals, red meat, whole grain products, and dark chocolate 
are dietary habits that influence health, but the effects on arterial stiffness have not been well-investigated.
Aim. To assess the effects of selected dietary patterns on arterial stiffness, liver and renal function, inflamma-
tion, and glucose and lipid biochemical parameters.
Materials and methods. 829 patients completed health and food frequency questionnaires, and underwent 
anthropometric, arterial stiffness, and blood pressure measurements. Serum concentrations of lipids, glucose, 
alanine and aspartate aminotransferases, creatinine, uric acid, and C-reactive protein were determined.
Results. The aspartate aminotransferase serum concentration was lower in the breakfast-consuming group 
(25.88 ±7.05 U/L) compared to non-consumers (27.75 ±10.67 U/L). A lower concentration of creatinine and 
alanine aminotransferase and a higher concentration of C-reactive protein was found in whole grain prod-
uct consumers. Individuals consuming more red meat had higher alanine aminotransferase and low-density 
lipoprotein serum concentrations. Individuals with greater dark chocolate consumption had higher serum 
concentrations of uric acid (5.20 ±1.46 vs. 4.72 ±1.18) and more intensified arterial stiffness (peak-to-peak 
time 213.86 ±54.98 ms vs. 238.70 ±60.83 ms).
Conclusions. The investigated dietary patterns had a significant impact on serum lipid concentrations, bio-
chemical markers of liver and renal function and inflammation, and arterial stiffness. High consumption of 
red meat and dark chocolate intensified cardiovascular risk, contrary to the intake of whole grain products.
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INTRODUCTION

According to the Lalonde Report on lifestyle, diet is 
the lifestyle factor that most significantly affects the 
health of humans (Lalonde, 1974). It has been shown 
that the consumption of certain types of foods and 
meals may have a significant effect on health, espe-
cially the consumption of breakfast, which increases 
the risk of metabolic syndrome when omitted; salty 
meals, high consumption of which may lead to hyper-
tension; whole grain products, consumption of which 
decreases all-cause mortality; and dark chocolate. 
This has caused increasing scientific interest world-
wide (Al-Dujaili et al., 2015; Cocate et al., 2015; 
Gomes et al., 2017; Huang et al., 2015; Meksawan et 
al., 2014). Skipping breakfast may result in high waist 
circumference and increased blood glucose and tri-
glyceride levels compared to regular breakfast eating 
(Meksawan et al., 2014). High red meat consumption 
(≥81.5 g/d) correlates with high occurrence of central 
obesity (60%), hypertriglyceridaemia (43%), and met-
abolic syndrome (35%) (Cocate et al., 2015). Whole 
grain consumers in the highest quintile of consump-
tion were characterised by 6% lower all-cause mortal-
ity compared to those in the lowest quintile (Huang 
et al., 2015). Dark chocolate consumption with high 
levels of polyphenols compared to dark chocolate con-
sumption with low levels of polyphenols counteracts 
the increase in body mass index (0.17 vs. 0.32 kg/
m2, p = 0.007), blood glucose (0.44 vs. 1.08 mmol/l, 
p = 0.041) and triglycerides (0.13 vs. 0.23 mmol/l, 
p = 0.008) connected with fat and energy intake in 
chocolate (Al-Dujaili et al., 2015). Lee et al. (2016) 
examined the relationship between eating breakfast 
and blood pressure; body mass index (BMI); serum 
concentrations of low-density lipoprotein (LDL-C), 
haemoglobin (Hb), and red blood cells (RBCs); and 
the occurrence of metabolic disorders. The population 
that omitted breakfast, defined as subjects not eat-
ing any breakfast for a week, had higher blood pres-
sure; higher serum concentrations of LDL-C, Hb, and 
RBCs; and the rare occurrence of metabolic disorders 
compared to the population who ate breakfast more 
than 5 times per week. As for salty meals, the results of 
a range of studies support the thesis that a diet high in 
salt increases blood pressure. For example, in normal-
pressure rats fed a high salt diet, blood pressure was 

significantly elevated compared to animals on a regu-
lar diet after 5 days (165 ±4 vs. 146 ±5 mm Hg, P 
= 0.03) (Gomes et al., 2017; Oh et al., 2015; Stepien 
et al., 2018; Szulińska et al., 2017; Walkowska et al., 
2015). Tighe et al. (2010) found that the consumption 
of wholegrain products and oatmeal decreased the 
levels of serum glucose, cholesterol, and C-reactive 
protein (CRP) after 12 weeks. Strong positive associa-
tions between red meat consumption and serum con-
centrations of alanine aminotransferase (ALT), CRP, 
high-density lipoprotein (HDL-C), and triglycerides 
(TGs) were also observed (Montonen et al., 2013). 
In studies conducted so far, the effects of dark choco-
late intake have mainly been considered in reference 
to glucose and cholesterol serum concentrations and 
blood pressure. The beneficial effects of cocoa-rich 
dark chocolate on these biochemical markers have 
also been confirmed (Mellor et al., 2010; McKeown et 
al., 2014; Tokede et al., 2011).

Until now, studies on the effects of the consump-
tion of breakfast, salty meals, red meat, whole grain 
products, and dark chocolate have mainly investigated 
the influence of these dietary factors on serum glucose 
concentrations, lipid profiles, whole blood morpho-
logical analysis, and blood pressure. So far, the impact 
of the consumption of these five meals and products 
on parameters such as serum concentrations of cre-
atinine, uric acid, aspartate aminotransferase (ASP), 
ALT, CRP, and glomerular filtration rate (GFR) re-
mains poorly understood. To the best of our knowl-
edge, our study is the first to investigate the influence 
of the consumption of breakfast, salty meals, red meat, 
whole grain products, and dark chocolate on arterial 
stiffness, biochemical parameters of glucose and lipid 
metabolism, liver and renal function, and biochemical 
markers of inflammation. Moreover, no such study has 
been conducted in the Greater Poland (Wielkopolska) 
region so far. Despite a number of preventive pro-
grams, Poland remains in a group of countries with 
high cardiovascular risk (Trzeciak et al., 2017). Thus, 
studies on factors influencing cardiovascular risk pa-
rameters, and dietary patterns in this range, are urgent-
ly needed. 

The aim of our study was to assess the effects of 
the consumption of breakfast, salty meals, red meat, 
whole grain products, and dark chocolate on serum 
glucose and lipid concentrations, serum biochemical 
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parameters of liver and renal function and inflamma-
tion, whole blood morphology, blood pressure, and 
arterial stiffness in a population of the Greater Poland 
(Wielkopolska) region.

MATERIALS AND METHODS

Study design
The study protocol was approved by the Ethics Com-
mittee of the Poznan University of Medical Sciences 
(approval no. 359/15). Informed written consent was 
obtained from all participants. The study was per-
formed between March 2016 and September 2017 
in 7 randomly chosen cities of the Greater Poland 
(Wielkopolska) region located in western Poland: Os-
trów Wielkopolski, Chodzież, Pniewy, Koziegłowy, 
Kępno, Mosina, and Pleszew. Randomly selected 
citizens completed a self-reported standardised health 
questionnaire and a self-reported standardised food 
frequency questionnaire. All subjects subsequently 
underwent anthropometric measurements, arterial 
stiffness measurements, and blood pressure meas-
urements. Blood samples were collected from all 
participants.

Study patients
One thousand one hundred and twenty-eight subjects 
aged 18–70 years were recruited. The inclusion cri-
teria were as follows: written informed consent, ≥18 
years of age, ability to complete the health question-
naire and food frequency questionnaire, and citizen-
ship of the Greater Poland (Wielkopolska) region. The 
exclusion criteria were as follows: <18 years of age, 
inability to complete the health questionnaire and food 
frequency questionnaire, lack of citizenship in the 
Greater Poland (Wielkopolska) region, or the presence 
of a severe health condition (i.e. cancer) requiring im-
plementation of a medically prescribed diet.

After analysis of the health questionnaire and food 
frequency questionnaire, 299 subjects with missing 
data were excluded. Eight hundred and twenty-nine 
(587 women and 242 men) subjects met all the inclu-
sion criteria, had no exclusion criteria and no missing 
data, and underwent statistical analysis.

The standardised food frequency questionnaire 
(FFQ) was used. The FFQ included five questions 
on the consumption of the following five analysed 

dietary parameters: red meat, dark chocolate, whole 
grain products, salty meals, and breakfast. For each 
question, the frequency of consumption was rated on 
a six-point scale: 1 – never, 2 – seldom (1–2 times per 
month), 3 – one time a week, 4 – two times a week, 5 – 
four times a week, and 6 – twice a day or more. The 
FFQ was self-completed by the patient in conditions 
ensuring anonymity.

Study groups
Five analyses were performed separately for each of 
the following five dietary parameters: consumption of 
red meat, dark chocolate, whole grain products, salty 
meals, and breakfast. For each analysis, the patients 
were divided into two groups: a group who reported 
eating the foods listed above four times a week or 
more (answer no. 5 and 6 in FFQ; high consumption 
group – HC) and a group who reported eating these 
foods seldomly (1–2 times per month) or not at all 
(answer no. 1 and 2 in FFQ; low consumption group – 
LC). In each analysis, the investigated groups were 
homogenous in relation to the other four unanalysed 
parameters. The baseline characteristics of the patients 
are shown in Table 1. The number of patients included 
in each five analyses are presented in Tables 2–6.

Table 1. Characteristic of the study population

Mean ±SD

N 829

Women, % 70.81

Men, % 29.19

Age, years 54.49 ±14.59

BMI, kg/m2 27.59 ±7.73

Hyperlipidaemia, % 37.00

Atherosclerosis, % 7.50

Hypertension, % 32.00

Type-2 diabetes mellitus, % 8.20

Ischaemic heart disease, % 10.50

Brain stroke, % 2.10

Obesity, % 27.40
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Health questionnaire
A standardised health questionnaire was used. The 
questionnaire included questions on date of birth, sex, 
citizenship, and health conditions such as hyperlipi-
daemia, hypertension, obesity, ischemic heart disease, 
type 2 diabetes mellitus, atherosclerosis, and stroke. 
The health questionnaire was self-completed by the 
patient in conditions ensuring anonymity.

Anthropometry
Anthropometric measurements were obtained in pa-
tients wearing light clothes, without shoes, who fasted 
after resting all night. Body mass was measured to 
the nearest 0.1 kg with the use of the same electronic 
weighing scale for all participants (WPT 100/200 OW; 
Radwag, Radom, Poland), and height was measured to 
the nearest 1 cm with the use of a manual stadiometer 
(WPT 100/200 OW; Radwag, Radom, Poland). The 
BMI was calculated by dividing the body mass [kg] 
by the height [m] squared.

Blood pressure measurement
Blood pressure was measured using a digital electron-
ic tensiometer (705IT, Omron, Kyoto, Japan). Large 
or regular cuffs were used, depending on the subject’s 
arm circumference. Systolic blood pressure (SBP), 
diastolic blood pressure (DBP), and heart rate (HR) 
measurements were performed in fasting subjects after 
a night of rest following 15 minutes of rest in the sit-
ting position, with legs uncrossed and back and arms 
supported.

Arterial stiffness measurements
Arterial stiffness measurements were performed using 
a non-invasive method (photoplethysmography) af-
ter a full night of rest. Pulse Trace PCA2 (CareFusion 
Corporation, San Diego, CA, USA) estimates large 
artery stiffness from the pulse waveform obtained 
from a finger by recording digital volume pulse (DVP) 
(Alaei-Shahmiri et al., 2015). The following three pa-
rameters were calculated: peak to peak time (PPT), 
defined as time from systolic inflection point or first 
peak to second peak or inflection point; stiffness index 
(SI), defined as the subject’s height divided by PPT; 
and reflection index (RI), defined as the height of the 
second peak or inflection point divided by the height 
of the first peak.

Blood sample collection
Blood samples were collected in the morning after 
a night of rest and a 10-hour fast and after 30 min of rest 
in the supine position. Blood was collected from an ul-
nar vein into serum-separated tubes and in another tube 
with ethylenediaminetetraacetic acid (EDTA) to obtain 
whole blood. Serum samples were frozen immediately 
after preparation and stored at –80℃ until analysis.

Biochemical measurements
Whole blood morphological parameters and the se-
rum concentration of total cholesterol (TCh), HDL-C,  
TGs, and glucose (G) were assayed using routine en-
zymatic methods in a clinical diagnostic laboratory 
(Aglab Laboratory, Poznań, Poland). The concentra-
tion of LDL-C in the serum was calculated using the 
Friedewald formula (Friedewald et al., 1972). The se-
rum concentrations of ALT, ASP, creatinine (Creat), 
and uric acid (UA) were estimated using the colori-
metric method. The serum concentration of CRP was 
measured using a rapid-spot immunoprecipitate as-
say method. The glomerular filtration rate (GFR) was 
calculated with the Cockcroft-Gault formula (National 
Kidney Foundation, 2002).

Statistical analysis
Statistical analysis was performed with Statistica for 
Windows 10.0 (StatSoft, Krakow, Poland). The results 
are shown as arithmetic means ±standard deviations 
(SDs). Normal distribution of the data was determined 
using the Shapiro-Wilk test. Comparison between 
groups was performed using the Mann-Whitney test 
and the chi2 test. Regression analysis was used to as-
sess the relationship between variables. A p-value of 
less than 0.05 was regarded as significant. It was cal-
culated that a sample size of at least 45 subjects in 
an analyzed group would yield at least 80% power of 
detecting an intervention effect that was statistically 
significant at the 0.05 α level.

RESULTS

The study population consisted of 829 subjects (587 
women and 242 men). The characteristics of the sub-
jects, including the percentage of participants with 
metabolic disorders reported in the health question-
naire, are presented in Table 1.
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Table 2 presents a comparison of the analysed 
parameters between two study groups according to 
breakfast consumption. The RBC concentration was 

higher and the ASP serum concentration was lower in 
the HC group than in the LC group. It was observed 
that in the group that skipped breakfast subjects 

Table 2. Comparison of analysed parameters between two study groups according to 
breakfast consumption

Parameters 
n = 215

High consumption 
group – group 1

mean ±SD
n = 120

Low consumption 
group – group 2

mean ±SD
n = 95

p

1 2 3 4
Characteristic of the groups

Women, % 48 68

Men, % 52 32

Age 54.34 ±14.92 54.26 ±14.77 NS

BMI 26.84 ±4.82 27.41 ±5.12 NS

Hyperlipidaemia, % 32.00 29.70 NS

Atherosclerosis, % 6.20 7.70 NS

Hypertension, % 34.30 36.80 NS

Type-2 diabetes mellitus, % 6.70 5.20 NS

Ischaemic heart disease, % 7.80 9.70 NS

Brain stroke, % 2.20 3.90 NS

Obesity, % 25.70 26.50 NS

Blood pressure and arterial stiffness

SI, m/s 7.59 ±2.77 8.34 ±7.33 NS

PPT, ms 236.12 ±58.58 233.18 ±66.98 NS

RI, % 54.74 ±16.82 57.52 ±25.38 NS

SBP, mm Hg 130.76 ±25.70 129.36 ±25.98 NS

DBP, mm Hg 79.62 ±11.50 79.43 ±10.80 NS

HR 75.34 ±12.36 77.26 ±12.16 NS

Haematological parameters

WBC, K/µl 6.81 ±1.71 7.15 ±1.86 NS

RBC, M/µl 4.63 ±0.42 4.55 ±0.41 0.05

Hb, g/Dl 13.86 ±1.24 13.68 ±1.14 NS

HCT, % 41.71 ±3.87 41.04 ±3.43 NS

MCV, fL 89.88 ±4.45 90.37 ±4.52 NS
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presented a non-significant trend to suffer more often 
from atherosclerosis, hypertension, ischemic heart 
disease, and obesity. 

Table 3 shows a comparison of the analysed pa-
rameters of two study groups according to salty meal 
consumption. It was found that subjects who more of-
ten ate salty meals had lower levels of mean corpus-
cular volume (MCV) and presented a non-significant 
trend to suffer more often from type-2 diabetes mel-
litus, ischemic heart disease, or obesity compared to 
the LC group. 

Table 4 presents a comparison of the analysed 
parameters of two study groups according to the 
consumption of wholegrain products. Lower serum 
concentrations of Hb, Create, and ALT and higher con-
centrations of CRP were found in the HC group com-
pared to the LC group. Higher frequencies (though 
without statistical significance) of hyperlipidaemia, 

atherosclerosis, hypertension, and type-2 diabetes 
mellitus were observed in the LC group. 

Table 5 shows a comparison of the analysed pa-
rameters of two study groups according to red meat 
consumption. Individuals consuming more red meat 
had significantly higher ALT and LDL-C serum con-
centrations and significantly lower MCV compared 
to the LC group. Individuals who ate red meat also 
(though without statistical significance) had type-2 di-
abetes mellitus more often than those in the LC group.

Table 6 presents a comparison of the analysed 
parameters of two study groups according to dark 
chocolate consumption. Individuals with greater dark 
chocolate consumption had higher serum concentra-
tions of UA and lower values of PPT than the LC 
group. The HC group was characterised by a non-sig-
nificant trend to show a lower occurrence of obesity 
and atherosclerosis.

Table 2 cont.

1 2 3 4
Biochemical parameters

Creat, mg/dL 0.78 ±0.16 0.76 ±0.16 NS

eGFR, ml/min/m² 60.49 ±2.72 60.78 ±1.38 NS

UA, mg/Dl 5.21 ±1.35 5.076 ±1.24 NS

CRP, mg/L 4.34 ±6.07 5.30 ±7.36 NS

ASP, U/L 25.88 ±7.05 27.75 ±10.67 0.05

ALT, U/L 27.33 ±10.52 27.39 ±11.41 NS

G, mg/dl 92.69 ±19.11 90.34 ±15.01 NS

TCh, mg/Dl 202.29 ±39.18 200.64 ±42.78 NS

HDL-C, mg/Dl 64.98 ±16.11 65.23 ±16.40 NS

LDL-C, mg/Dl 112.12 ±44.43 110.11 ±47.82 NS

TG, mg/Dl 146.16 ±83.70 140.72 ±71.34 NS

Si – stiffness index, PPT – peak to peak time, Ri – reflection index, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate, WBC – white blood cells, RBC – 
red blood cells, Hb – haemoglobin, HCT – haematocrit, MCV – mean corpuscular volume, 
MCH – mean corpuscular haemoglobin, MCHC – mean corpuscular haemoglobin concentra-
tion, RDW – red cell distribution width, PCT – plateletcrit, PDW – platelet distribution width, 
MPV – mean platelet volume, Creat – creatinine, eGFR – estimated glomerular filtration rate, 
UA – uric acid, CRP – C-reactive protein, ASP – aspartate aminotransferase, ALT – alanine 
aminotransferase, G – glucose, TCh – total cholesterol, HDL-C – high-density lipoprotein, 
LDL-C – low-density lipoprotein, TG – triglycerides.
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Table 3. Comparison of the analysed parameters of two study groups according to salty 
meal consumption

Parameters
n = 218

High consumption 
group – group 3

mean ±SD
n = 103

Low consumption 
group – group 4

mean ±SD
n = 115

p

1 2 3 4
Characteristic of the groups

Women, % 50 64

Men, % 50 36

Age 54.07 ±14.68 54.77 ±14.73 NS

BMI 27.49 ±5.37 27.71 ±9.52 NS

Hyperlipidaemia, % 34.70 35.10 NS

Atherosclerosis, % 5.70 8.50 NS

Hypertension, % 33.20 36.30 NS

Diabetes mellitus II, % 8.40 8.30 NS

Ischaemic heart disease, % 10.00 9.70 NS

Brain stroke, % 2.20 3.60 NS

Obesity, % 27.40 26.10 NS

Blood pressure and arterial stiffness

SI, m/s 8.44 ±8.57 7.95 ±5.07 NS

PPT, ms 236.31 ±66.79 236.53 ±68.54 NS

RI, % 53.72 ±22.09 54.09 ±38.23 NS

SBP, mm Hg 133.07 ±23.28 131.74 ±24.71 NS

DBP, mm Hg 81.26 ±11.50 80.50 ±11.30 NS

HR 76.78 ±12.84 76.93 ±12.50 NS

Haematological parameters

WBC, K/µl 7.05 ±1.72 6.96 ±1.73 NS

RBC, M/µl 4.59 ±0.42 4.56 ±0.43 NS

Hb, g/Dl 13.75 ±1.19 13.76 ±1.42 NS

HCT, % 41.29 ±3.62 41.35 ±3.91 NS

MCV, fL 89.77 ±6.32 90.63 ±4.21 0.02

Biochemical parameters

Creat, mg/Dl 0.77 ±0.17 0.77 ±0.16 NS

eGFR, ml/min/m² 60.73 ±1.88 60.46 ±3.21 NS

UA, mg/dL 5.11 ±1.32 5.09 ±2.66 NS
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Table 3 cont.

1 2 3 4
CRP, mg/L 4.25 ±3.20 4.04 ±4.24 NS

ASP, U/L 28.50 ±10.76 27.44 ±8.93 NS

ALT, U/L 30.35 ±16.60 29.33 ±12.95 NS

G, mg/dl 91.45 ±16.46 91.89 ±18.28 NS

TCh, mg/dL 199.23 ±40.65 201.34 ±43.15 NS

HDL-C, mg/dL 65.52 ±16.90 64.93 ±17.60 NS

LDL-C, mg/dL 107.98 ±39.80 109.55 ± 42.64 NS

TG, mg/dL 138.01 ±76.21 137.64 ±77.60 NS

Si – stiffness index, PPT – peak to peak time, Ri – reflection index, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate, WBC – white blood cells, RBC – 
red blood cells, Hb – haemoglobin, HCT – haematocrit, MCV – mean corpuscular volume, 
MCH – mean corpuscular haemoglobin, MCHC – mean corpuscular haemoglobin concentra-
tion, RDW – red cell distribution width, PCT – plateletcrit, PDW – platelet distribution width, 
MPV – mean platelet volume, Creat – creatinine, eGFR – estimated glomerular filtration rate, 
UA – uric acid, CRP – C-reactive protein, ASP – aspartate aminotransferase, ALT – alanine 
aminotransferase, G – glucose, TCh – total cholesterol, HDL-C – high-density lipoprotein, 
LDL-C – low-density lipoprotein, TG – triglycerides.

Table 4. Comparison of the analysed parameters of two study groups according to the 
consumption of wholegrain products

Parameters
n = 213

High consumption 
group – group 5

mean ±SD
n = 122

Low consumption 
group – group 6

mean ±SD
n = 91

p

1 2 3 4
Characteristic of the groups

Women, % 43 72

Men, % 57 28

Age 54.16 ±14.89 55.30 ±14.01 NS

BMI 27.97 ±6.03 27.25 ±5.44 NS

Hyperlipidaemia, % 33.10 36.10 NS

Atherosclerosis, % 6.30 8.20 NS

Hypertension, % 31.90 36.10 NS

Diabetes mellitus II, % 8.10 8.20 NS

Ischaemic heart disease, % 9.40 7.40 NS

Brain stroke, % 8.80 6.60 NS

Obesity, % 31.30 26.20 NS
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Table 4 cont.

1 2 3 4

Blood pressure and arterial stiffness

SI, m/s 7.59 ±2.18 7.84 ±3.64 NS

PPT, ms 235.51 ±58.04 234.06 ±56.58 NS

RI, % 51.35 ±16.31 51.36 ±17.77 NS

SBP, mm Hg 131.98 ±24.13 133.89 ±18.95 NS

DBP, mm Hg 79.77 ±9.94 80.30 ±11.53 NS

HR 77.98 ±12.15 75.75 ±10.92 NS

Haematological parameters

WBC, K/µl 6.95 ±1.54 7.19 ±1.82 NS

RBC, M/µl 4.57 ±0.43 4.62 ±0.41 NS

Hb, g/Dl 13.55 ±1.55 13.90 ±1.17 0.04

HCT, % 41.09 ±3.66 41.712 ±3.69 NS

MCV, fL 90.03 ±5.11 90.62 ±3.72 NS

Biochemical parameters

Creat, mg/dL 0.74 ±0.18 0.78 ±0.16 0.05

eGFR, ml/min/m² 60.66 ±1.81 60.54 ±2.93 NS

UA, mg/Dl 4.90 ±1.32 5.06 ±1.20 NS

CRP, mg/L 4.19 ±2.58 3.77 ±1.49 0.05

ASP, U/L 26.71 ±7.73 28.08 ±9.93 NS

ALT, U/L 26.93 ±10.05 29.50 ±13.95 0.04

G, mg/dl 92.62 ±17.81 93.29 ±20.07 NS

TCh, mg/Dl 201.67 ±42.02 204.04 ±36.40 NS

HDL-C, mg/Dl 65.08 ±18.32 65.80 ±16.46 NS

LDL-C, mg/Dl 106.99 ±36.27 112.20 ±39.02 NS

TG, mg/Dl 142.24 ±77.71 143.68 ±71.72 NS

Si – stiffness index, PPT – peak to peak time, Ri – reflection index, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate, WBC – white blood cells, RBC – 
red blood cells, Hb – haemoglobin, HCT – haematocrit, MCV – mean corpuscular volume, 
MCH – mean corpuscular haemoglobin, MCHC – mean corpuscular haemoglobin concentra-
tion, RDW – red cell distribution width, PCT – plateletcrit, PDW – platelet distribution width, 
MPV – mean platelet volume, Creat – creatinine, eGFR – estimated glomerular filtration rate, 
UA – uric acid, CRP – C-reactive protein, ASP – aspartate aminotransferase, ALT – alanine 
aminotransferase, G – glucose, TCh – total cholesterol, HDL-C – high-density lipoprotein, 
LDL-C – low-density lipoprotein, TG – triglycerides.
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Table 5. Comparison of the analysed parameters of two study groups according to red 
meat consumption

Parameters
n = 221

High consumption 
group – group 7

mean ±SD
n = 50

Low consumption 
group – group 8

mean ±SD
n = 171

p

1 2 3 4
Characteristic of the groups

Women, % 58 57

Men, % 42 43

Age 53.26 ±14.88 55.60 ±13.69 NS

BMI 27.11 ±4.61 27.27 ±5.44 NS

Hyperlipidaemia, % 32.00 37.20 NS

Atherosclerosis, % 4.00 8.10 NS

Hypertension, % 24.00 33.70 NS

Type-2 diabetes mellitus, % 10.00 7.00 NS

Ischaemic heart disease, % 10.00 11.60 NS

Brain stroke, % 2.00 2.30 NS

Obesity, % 18.00 27.90 NS

Blood pressure and arterial stiffness

SI, m/s 7.13 ±1.86 8.24 ±9.03 NS

PPT, ms 244.70 ±52.02 236.93 ±61.38 NS

RI, % 50.85 ±16.65 50.86 ±16.29 NS

SBP, mm Hg 129.90 ±15.52 133.51 ±22.29 NS

DBP, mm Hg 79.18 ±11.37 80.33 ±10.91 NS

HR 78.87 ±12.95 77.19 ±11.43 NS

Haematological parameters

WBC, K/µl 7.16 ±1.64 7.03 ±1.70 NS

RBC, M/µl 4.61 ±0.39 4.56 ±0.42 NS

Hb, g/Dl 13.62 ±1.04 13.68 ±1.08 NS

HCT, % 41.00 ±3.21 41.15 ±3.55 NS

MCV, fL 89.10 ±3.49 90.60 ±4.59 0.04

Biochemical parameters

Creat, mg/Dl 0.77 ±0.14 0.74 ±0.16 NS

eGFR, ml/min/m² 60.80 ±1.06 60.76 ±1.92 NS

UA, mg/Dl 4.75 ±1.33 4.82 ±1.23 NS
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Table 5 cont.

1 2 3 4
CRP, mg/L 3.58 ±1.16 4.18 ±2.45 NS

ASP, U/L 28.04 ±7.70 28.10 ±11.81 NS

ALT, U/L 30.51 ±13.32 25.95 ±9.18 0.01

G, mg/dl 90.64 ±16.17 93.20 ±17.22 NS

TCh, mg/Dl 204.89 ±31.99 199.98 ±41.84 NS

HDL-C, mg/Dl 65.31 ±15.63 66.34 ±16.54 NS

LDL-C, mg/Dl 117.84 ±44.80 105.97 ±35.97 0.05

TG, mg/Dl 140.70 ±85.60 138.26 ±79.24 NS

Si – stiffness index, PPT – peak to peak time, Ri – reflection index, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate, WBC – white blood cells, RBC – 
red blood cells, Hb – haemoglobin, HCT – haematocrit, MCV – mean corpuscular volume, 
MCH – mean corpuscular haemoglobin, MCHC – mean corpuscular haemoglobin concentra-
tion, RDW – red cell distribution width, PCT – plateletcrit, PDW – platelet distribution width, 
MPV – mean platelet volume, Creat – creatinine, eGFR – estimated glomerular filtration rate, 
UA – uric acid, CRP – C-reactive protein, ASP – aspartate aminotransferase, ALT – alanine 
aminotransferase, G – glucose, TCh – total cholesterol, HDL-C – high-density lipoprotein, 
LDL-C – low-density lipoprotein, TG – triglycerides.

Table 6. Comparison of the analysed parameters of two study groups according to dark 
chocolate consumption

Parameters
n = 217

High consumption 
group – group 9

mean ±SD
n = 62

Low consumption 
group – group 10

mean ±SD
n = 155

p < 0.05

1 2 3 4
Characteristics of the groups

Women, % 39 64

Men, % 61 36

Age 55.91 ±14.52 55.26 ±14.00 NS

BMI 26.98 ±4.68 27.09 ±5.46 NS

Hyperlipidaemia, % 42.30 37.00 NS

Atherosclerosis, % 4.00 8.10 NS

Hypertension, % 36.40 33.50 NS

Type-2 diabetes mellitus, % 9.00 6.90 NS

Ischaemic heart disease, % 16.70 11.60 NS

Brain stroke, % 4.50 2.30 NS

Obesity, % 25.80 28.30 NS
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Table 6 cont.

1 2 3 4

Blood pressure and arterial stiffness

SI, m/s 8.08 ±2.34 8.23 ±9.47 NS

PPT, ms 213.86 ±54.98 238.70 ±60.83 0.02

RI, % 55.12 ±14.36 50.36 ±15.37 NS

SBP, mm Hg 135.03 ±27.09 132.77 ±22.64 NS

DBP, mm Hg 80.75 ±12.58 80.18 ±10.97 NS

HR 75.03 ±10.92 75.74 ±9.95 NS

Haematological parameters

WBC, K/µl 6.91 ±1.74 7.01 ±1.67 NS

RBC, M/µl 4.53 ±0.39 4.52 ±0.39 NS

Hb, g/Dl 13.41 ±1.76 13.52 ±0.96 NS

HCT, % 40.86 ±2.97 40.65 ±3.18 NS

MCV, fL 90.40 ±4.84 90.36 ±4.57 NS

Biochemical parameters

Creat, mg/Dl 0.75 ±0.16 0.73 ±0.16 NS

eGFR, ml/min/m² 61.00 ±0.00 60.74 ±2.01 NS

UA, mg/Dl 5.20 ±1.46 4.72 ±1.18 0.01

CRP, mg/L 3.91 ±2.12 4.22 ±2.46 NS

ASP, U/L 28.93 ±11.14 27.60 ±11.22 NS

ALT, U/L 28.02 ±12.55 27.06 ±12.26 NS

G, mg/dl 90.50 ±13.69 93.70 ±18.66 NS

TCh, mg/Dl 203.63 ±38.91 200.50 ±42.38 NS

HDL-C, mg/Dl 66.63 ±17.21 67.27 ±16.79 NS

LDL-C, mg/Dl 107.72 ±34.38 105.93 ±10.06 NS

TG, mg/Dl 136.13 ±63.77 139.15 ±83.66 NS

Si – stiffness index, PPT – peak to peak time, Ri – reflection index, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate, WBC – white blood cells, RBC – 
red blood cells, Hb – haemoglobin, HCT – haematocrit, MCV – mean corpuscular volume, 
MCH – mean corpuscular haemoglobin, MCHC – mean corpuscular haemoglobin concentra-
tion, RDW – red cell distribution width, PCT – plateletcrit, PDW – platelet distribution width, 
MPV – mean platelet volume, Creat – creatinine, eGFR – estimated glomerular filtration rate, 
UA – uric acid, CRP – C-reactive protein, ASP – aspartate aminotransferase, ALT – alanine 
aminotransferase, G – glucose, TCh – total cholesterol, HDL-C – high-density lipoprotein, 
LDL-C – low-density lipoprotein, TG – triglycerides.
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The regression analysis showed that red meat con-
sumption (β = 0.17, p = 0.041) and BMI (β = 0.434, 
p = 0.0003) are independent predictors of serum ALT 
concentration (among age and other analysed dietary 
patterns). It was also found that dark chocolate con-
sumption (β = 0.16, p = 0.031) and BMI (β = 411, 
p = 0.0002) had a significant effect on the serum UA 
concentration (among age and other analysed dietary 
patterns).

DISCUSSION

Our study revealed that dark chocolate consumption 
has a significant influence on arterial stiffness. Dark 
chocolate consumers had lower PPT compared to non-
consumers, which indicates higher large artery stiff-
ness in the group of subjects consuming dark chocolate 
(Millasseau et al., 2006). The study showed that two 
seemingly healthy food products can also have a nega-
tive effect on health. Dark chocolate consumption has 
been found to be an independent prognostic factor for 
increases in uric acid serum concentrations. In addi-
tion, the intake of whole grains has been shown to in-
crease CRP levels in the blood.

Our observations regarding the percentage of peo-
ple suffering from hypertension, diabetes, or obesity 
are consistent with the incidence of these diseases in 
Poland and Europe.

Our results show that skipping breakfast may de-
crease RBC levels and increase ASP concentrations. 
Such results imply that skipping breakfast may lead 
to anemia and disordered liver function. Other stud-
ies have indicated that populations who skip breakfast 
have a worse quality diet and irregular meal intake 
(Kant et al., 2008; Min et al., 2011). This decreased 
quality of diet is associated with a lower intake of nu-
trients, including iron (Fe) and vitamin C, which si-
multaneously affects Fe absorption (Atanassova and 
Tzatchev, n.d.). Iron transport by transferrin is essen-
tial for the synthesis of haemoglobin and for RBCs, 
and its lower levels may result in decreased concen-
trations of RBCs in the blood (Johnson-Wimbley and 
Graham, 2011). The omission of breakfast, a lower 
quality diet, and the resulting lower nutrient intake 
may have negative effects on liver function, which 
may, in turn, increase ASP concentrations. It is known 
that higher ASP levels are associated with obesity and 

heart disease (Giboney, 2005), and in this study we 
also observed that these conditions – along with hy-
pertension and atherosclerosis – occur more often in 
those who skip breakfast. A similar correlation was 
observed in a cohort study of the American popula-
tion where skipping breakfast was associated with 
an increased number of deaths due to cardiovascular 
disease.

In contrast to our findings, Lee et al. (2016) showed 
that skipping breakfast increases RBC concentrations. 
Another author showed that populations that consume 
breakfast more often have higher concentrations of 
iron in their serum (Min et al., 2011). Furthermore, the 
omission of breakfast leads to greater consumption of 
meat at dinner, which may explain the higher iron sta-
tus (Lee et al., 2016). Other studies have demonstrated 
that omitting breakfast may have a negative impact 
on TCh, G, HDL-C, LDL-C, and TG concentrations, 
suggesting a greater risk of hypercholesterolemia 
and metabolic syndrome, hypertension, and type-2 
diabetes mellitus. Previous studies have indicated the 
positive impact of not eating breaking on triglycer-
ides (Min et al., 2011), showing that populations who 
skipped breakfast had lower TG levels. The reason for 
the divergent results may be the design of the research, 
such as different breakfast compositions, energy bal-
ances, age groups, fasting periods before eating break-
fast, or forgetfulness regarding consumption.

Our results also showed that subjects who ate salty 
meals more often had lower levels of MCV than sub-
jects who ate salty meals less often. The reason for 
the lower MCV is not clear, but we also observed low 
levels of MCV in subjects that consumed more red 
meat. Some authors have suggested that these two eat-
ing behaviours are related. Populations who consume 
red meat more often also consume more salt, as well as 
more processed red meat. These authors also indicat-
ed a greater prevalence of type-2 diabetes mellitus in 
both the red meat and salt consumption groups, which 
is similar to our findings. The results from our pre-
sent study also indicate a likely association between 
the occurrence of type-2 diabetes mellitus, ischemic 
heart disease, and obesity and more frequent salty 
meals. Salty meal eaters also had higher blood pres-
sure than non-eaters, which has also been observed by 
other authors. In contrast to our findings, other authors 
have found associations between salty meals and red 
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meat consumption and a high risk of developing hy-
pertension (Gomes et al., 2017; Larsson et al., 2011; 
Oh et al., 2015; Walkowska et al., 2015). Interestingly, 
in a study by Wahab, the RI (reflection index) value, 
which is a measure of the stiffness of the arteries, was 
higher after eating a salty meal. In our study, both 
groups (HC and LC) had similar RI values.

The present findings also showed higher levels of 
ALT and LDL-C in the red meat consumption group. 
LDL-C concentration correlates positively with body 
weight and is a risk factor for non-alcoholic fatty liver 
disease (NAFLD) (Vernon et al., 2011).

Greater red meat intake may have negative effects 
on liver function (Montonen et al., 2013). A randomised 
study by Bergeron et al. (2019) provided interesting 
information that both white meat and red meat cause 
a comparable increase in LDL-C cholesterol. Further-
more, the increase of this type of lipoprotein was more 
related to the large LDL-C (Ib LDL) with high athero-
genic potential than the high density LDL-C (dsLDL) 
(Bergeron et al., 2019). The results of 36 randomised 
controlled studies assessing the effects of red meat 
in various diets on cardiovascular risk factors were 
inconclusive. Despite the exclusion of red meat, no 
significant effects on metabolic parameters (LDL-C, 
HDL-C, total cholesterol, ApoA1, ApoB) were found 
(Oh et al., 2015). The surprising results of the study 
are explained by the beneficial effects of a properly se-
lected diet. In addition, it is suggested that replacing 
red meat with high-quality vegetable protein has hy-
polipomising potential. Similar conclusions suggesting 
the small impact of reducing the consumption of red 
meat on the main cardiometabolic factors, as well as 
mortality and the incidence of cancer, were issued by 
a team of experts from Nutritional Recommendations 
(NutriRECS) (Johnston et al., 2018). Our results dem-
onstrate that populations who consumed whole grain 
products more often had lower levels of Hb, Creat, and 
ALT and higher concentrations of CRP. Other authors 
have found negative correlations between CRP and 
whole grain products (Brownlee et al., 2010; de Mello 
et al., 2011; Lefevre and Jonnalagadda, 2012; Mann et 
al., 2015; Montonen et al., 2013; Tighe et al., 2010). 
Xu et al. (2018) analysed nine randomised control tri-
als that assessed the effects of wholegrain products on 
inflammatory markers (CRP, IL6, TNF-α, interleukin-
1β), obtaining a significant decrease in CRP as a result 

of the diet. The study by Jensen et al. (2006) also 
showed the beneficial effects of whole grains on glu-
cose profile and lipid profile, without affecting the con-
centration of CRP.

Confirmation of our results thus requires further re-
search. The lower Hb levels in the consumption group 
may be a consequence of higher fibre intake with who-
legrain products, which may inhibit absorption of iron 
in the bowels (Staffolo et al., 2012). The relationship 
between wholegrain product consumption and lower 
levels of Creat and ALT may be partly explained by 
the beneficial effects of these products on the kidneys 
and liver function (Garcin et al., 2008; Noyez et al., 
2006).

Findings have shown the beneficial effects of 
whole grains on kidney function, showing lower 
creatinine levels in people using these foods in their 
diet. Diet therapy is an important element of compre-
hensive therapy in patients with chronic kidney dis-
ease. However, KIDGO guidelines (Clinical Practice 
Guideline for Acute Kidney Injury) still do not apply 
to the consumption of whole grains and/or dietary fi-
bre in patients with renal failure.

The beneficial effects of dietary fibre contained in 
whole grains on the biochemical parameters of the kid-
neys (creatinine, urea) has been recognised. Moreover, 
the beneficial effects of antioxidants contained in bran 
and cereal germs, which include B vitamins, vitamin 
E, selenium, and zinc, have been recognised. These 
compounds, either directly or as part of antioxidant 
enzymes, reduce oxidative stress and, in a further re-
sponse to inflammatory processes, prevent the impact 
of free oxygen radicals on cellular structures. A well-
known example is the consequence of the oxidation 
of low-density lipoprotein (oxLDL, oxidised LDL), 
which becomes more atherogenic, increasing the risk 
of atherosclerosis and coronary heart disease. The ef-
fects of chronic low-grade inflammation (LGI) and ox-
idative stress on the development of chronic diseases 
has been reported many times (Steven et al., 2019).

The effects of whole grains on liver function param-
eters have also been proven. In the study by Montonen 
et al. (2013), lower levels of GGTP, ALT, and hs-CRP 
were found. In the context of these analyses, hepat-
ic enzymes can be considered potential non-specific 
markers of oxidative stress. Our observations under-
line the hypothesis that dietary factors can modulate 
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markers, which may be potential mediators associated 
with cardiometabolic risk factors. The high intake of 
whole grains can provide protection by improving in-
sulin sensitivity, lowering insulin and glucose levels, 
and inhibiting inflammation and oxidative stress.

Our results also demonstrate that eating who-
legrain products is not associated with hyperlipidae-
mia, atherosclerosis, hypertension, or type-2 diabetes 
mellitus. The prevalence of cardiovascular disorders 
may be connected with higher concentrations of CRP 
as an inflammation marker, which may partly explain 
our results. Some authors have shown that consuming 
wholegrain products more often may lower the risk of 
metabolic disorders (Huang et al., 2015; Tighe et al., 
2010).

Consumption of dark chocolate can reduce PPT 
(peak to peak time), which is the time that elapses from 
the onset of the first systolic and second diastolic peak 
of the pulse wave, resulting in increased vascular re-
sistance and increased risk of hypertension (Skrypnik 
et al., 2020). Our results have shown that populations 
consuming dark chocolate had reduced PPT, which 
correlates with the PTT (pulse transit time) pulse wave 
propagation speed and reflects vessel stiffness.

We have also shown that populations who con-
sume more dark chocolate have higher levels of UA. 
Higher levels of UA may be a consequence of the 
greater supply of purines in dark chocolate. Uric acid 
is the final product of the catabolism of purines (Staf-
folo et al., 2012). According to many authors, a higher 
UA concentration is positively associated with meta-
bolic disorders and may be a marker of the risk of de-
veloping cardiovascular disease and type-2 diabetes. 
An increased concentration of uric acid by 1 mg/dL 
above the norm increases the risk of total mortality 
by as much as 39% (Borghi et al., 2018). In this re-
search, dark chocolate eaters had a markedly lower 
PPT, which indicates stiffness of the arteries. The de-
velopment of hypertension associated with elevated 
uric acid results from several mechanisms, which in-
clude oxidative stress and inflammation, endothelial 
dysfunction, proliferation of the smooth muscle of the 
renal vessels, and activation of the renin-angiotensin- 
-aldosterone system.

However, it should be noted that dark chocolate 
has higher flavonoid content than red wine, black tea, 
or cranberry juice (Steinberg et al., 2003). In other 

studies, the beneficial effects of the consumption of 
polyphenol-rich dark chocolate on lowering glucose, 
cholesterol levels, and blood pressure have been dem-
onstrated (Al-Dujaili et al., 2015; Mellor et al., 2010), 
confirming the hypothesis that small doses of dark 
chocolate may have a positive impact on suppressing 
metabolic syndrome.

LIMITATIONS

Our study has several limitations. Our population was 
rather small, which may have affected the results. The 
population age range was broad (18–70 years), and 
different age brackets might be expected to present 
different findings. Moreover, we did not use 24-hour 
recall to assess dietary intake, and our results were 
based only on a food frequency questionnaire. We did 
not investigate the contents of the breakfasts, so we 
could not analyze the influence of particular ingredi-
ents on the studied parameters.

CONCLUSION

The results of our study show that the investigated di-
etary parameters have a significant impact on serum 
lipid concentrations, serum biochemical parameters 
of liver and renal function and inflammation, whole 
blood morphology, and arterial stiffness in a popula-
tion of the Greater Poland (Wielkopolska) region. 
Regular consumption of red meat and dark chocolate 
intensifies CV risk in the Greater Poland (Wielkopol-
ska) population, contrary to the consumption of whole 
grain products.
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