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ABSTRACT

Background. According to the latest recommendation for patients with hyperuricemia and high cardiovascu-
lar risk, the serum uric acid (SUA) concentration should be lower than 5 mg/dL (<298 μmol/L). Additionally, 
studies have shown that SUA concentration in participants with hyperuricemia correlates with some dietary 
factors. The aim of this study was to assess the relationship between SUA concentration and some cardiovas-
cular risk factors. 
Material and methods. Fifty-six postmenopausal women with dyslipidemia and without hypertension were 
assigned to 2 groups based on SUA concentration. The first group consisted of women with a SUA con-
centration ≥5 mg/dL and without gout, and the second group comprised women with a SUA concentration  
<5 mg/dL. Anthropometric parameters, nutrition, structure of consumption, dietary potential renal acid load 
(PRAL), lipid profile parameters and blood pressure were evaluated.
Results. Postmenopausal women with a SUA ≥5 mg/dL had statistically significant higher values of serum 
triglyceride (TG) concentration, waist-to-hip ratio (WHR) and diastolic blood pressure than women with 
a SUA concentration <5 mg/dL. Analysis of nutrition showed statistically significant differences between the 
groups in the intake of starch, saturated and polyunsaturated fatty acids, cholesterol and vitamin E. Addition-
ally, we observed a correlation between PRAL value and SUA. The structure of consumption between the 
groups was varied. 
Conclusion. SUA concentration ≥5 mg/dL may increase the cardiovascular risk. The association observed 
between PRAL and SUA can be used to evaluate diet. 
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INTRODUCTION

Uric acid is the final product of purine metabolism in 
humans. About two-thirds of total body urate is pro-
duced endogenously in the liver, while the other part 
is derived from diet (Batta, 2016). In some disorders, 

the SUA concentration is higher than the norm. It is 
related to overproduction or insufficient excretion. In-
creased production may be due to a high level of pu-
rine in the diet and increased purine metabolism and 
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genetic factors (Luo et al., 2019). Causes of decreased 
excretion primarily include chronic kidney disease. 
Hyperuricemia occurs when the SUA concentration 
exceeds is 360 µmol/L (6 mg/dL) in women and 416 
µmol/L (7.0 mg/dL) in men (Wallace et al., 1977).

Hyperuricemia is often diagnosed in patients with 
cardiovascular disease: however, there is controver-
sy over considering uric acid as a risk factor, as the 
mechanism responsible for increased uric acid level in 
cardiovascular disease is not fully understood. Some 
studies suggest that high uric acid levels may be relat-
ed to other risk factors like hypertension, dyslipidem-
ia, obesity and diet, which contribute to an increase 
in cardiovascular risk. It has been shown that people 
with high uric acid levels may develop hypertension 
(De Becker et al., 2019). In addition, a high uric acid 
level contributes to lipid profile parameters such as TG 
and high-density lipoprotein cholesterol concentration 
(HDL-C) (Tian et al., 2015). On the other hand, there 
are factors that contribute to an increase in SUA con-
centration and correlate positively with an increased 
risk of cardiovascular disease. These include dietary 
factors like purine-rich products, fructose and alcohol. 

An increased SUA concentration is also observed in 
postmenopausal women, especially those with cardiovas-
cular disease and it is probably related to ovarian hormone 
deficiency. Some studies have shown that the SUA con-
centration in premenopausal women is about 20 µmol/L 
lower than in postmenopausal women (Wingrove et al., 
1998). Additionally, it is worth noting that according to 
the latest Experts group recommendations, the uric acid 
level in women with a high cardiovascular risk should 
be <5 mg/dL (<298 µmol/L) (Borghi et al., 2018). This 
suggests that a SUA concentration ≥5 mg/dL may in-
crease the cardiovascular risk in postmenopausal women. 

The aim of this study was to analyse the relation-
ship between the SUA concentration and cardiovascu-
lar risk factors such as lipid profile parameters, blood 
pressure, dietary factors and nutritional status in nor-
motensive postmenopausal women with dyslipidemia. 
We have also estimated the correlation between PRAL 
value and SUA. 

MATERIAL AND METHODS

The study included a group of 56 postmenopausal 
women characterized by normal blood pressure with 

dyslipidemia. The inclusion criteria in the study were 
serum total cholesterol (TC) concentration above 190 
mg/dL (~5.0 mmol/L), natural menopause (absence of 
menstrual period for at least 12 months), normal blood 
pressure (systolic blood pressure <140 mm Hg and 
diastolic blood pressure <90 mm Hg) and not under-
going any medical treatment. Exclusion criteria were 
impaired glucose tolerance or diabetes; kidney, liver, 
thyroid or coronary heart disease; cancer, and cigarette 
smoking.

Women participating in the study were character-
ized by low physical activity, which was estimated by 
an activity questionnaire.

Participants in the study were classified into two 
groups according to their uric acid levels. The first 
group, the study group, consisted of women with 
a SUA concentration ≥5 mg/dL (≥298 μmol/L) but 
without a diagnosis of gout. The second group, the 
control group, comprised women whose SUA concen-
tration <5 mg/dL (<298 μmol/L). These values were 
based on recommendations, in women with increased 
cardiovascular risk, the target SUA concentration 
should be <5 mg/dL (Borghi et al., 2018).

Women participating in this study were informed 
about the purpose of the research, anonymity and op-
tion of voluntary participation. Patients expressing 
a willingness to participate in the study and fulfilling 
the criteria signed the necessary statements, including 
consent to blood samples. The meetings with the wom-
en were carried out face-to-face. The study was ap-
proved by the Bioethics Committee at the Poznan Uni-
versity of Medical Sciences – Resolution No. 561/13. 

Anthropometric measurements including body 
weight, height and waist, and hip circumferences were 
made. Measurements were taken according to current 
recommendations (Ness-Abramof and Apovian, 2008; 
WHO, 2000). The body-fat mass was assessed by the 
bioimpedance method using a Tanita Body Fat Analyz-
er (model – BC 420 S MA with a medical certificate).

The assessment of nutrition was evaluated through 
the method of 24-hour dietary recall over 4 days (in-
cluding one day off work), according to the guide-
lines elaborated by the National Institute of Food and 
Nutrition (Charzewska, 1998). Each participant was 
trained to complete the dietary questionnaire properly. 
The amount of food consumed was estimated based 
on the photo album of products and dishes published 
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by the Institute of Food and Nutrition (Szponar et al., 
2000). The results obtained made it possible to cal-
culate the energy and nutritional values of the all-day 
food rations. Relational databases developed in Mi-
crosoft Access 2010 were used to analyze the compo-
sition of the diet (Kunachowicz et al., 2005). The cal-
culations include the loss of vitamins during culinary 
and technological processes, amounting to vitamin 
C – 55% and vitamin E – 20% (Nadolna, 1995). The 
energy and nutrient intake recommendations of the 
Institute of Food and Nutrition were taken into con-
sideration while determining the degree to which the 
recommended energy and nutrients intakes were met 
(Jarosz, 2017). The cholesterol, fiber and saturated 
fatty acid (SFA) intake were compared with nutritional 
recommendations for cardiovascular disease preven-
tion (Catapano et al., 2016).

Additionally, the structure of consumption in the 
two groups of women was estimated considering 10 
groups of products (grain products, milk and dairy 
products, meat and fish products, eggs, butter, veg-
etable fats, vegetable and fruits and products of these, 
potatoes, legumes, sugar and sweets).

This study calculated the value of PRAL, an es-
tablished variable for estimating the dietary acid load 
from dietary intake. An earlier population-based, 
cross-sectional study showed that PRAL value could 
be an independent predictor of SUA concentration. 
Some dietary factors, including PRAL, may be related 
to uric acid excretion. Thus, dietary alkalization may 
elevate SUA concentration. Potential renal acid load – 
PRAL value was calculated according to the following 
formula (Esche et al., 2018): 

PRAL, mEq/d = 0.49 protein, g/d + 0.037 phospho-
rus, mg/d – 0.021 potassium, mg/d – 0.026 magne-

sium, mg/d – 0.013 calcium, mg/d

Biochemical tests were performed in the Cen-
tral Laboratory of Gynecology and Obstetrics of the 
Clinical Hospital of Poznan University of Medical 
Sciences and they included the determination of uric 
acid concentration and lipid profile parameters (total 
cholesterol concentration and its fraction, triglyceride 
concentration) in serum.

Blood pressure was measured once, using a mer-
cury column sphygmomanometer after the subject had 
been at rest in a seated position for ≥15 minutes.

Statistical methods
The data were analyzed using the statistical program 
STATISTICA (version 13.1. StatSoft, Inc. 2017). The 
normality of the distribution was assessed using the 
Shapiro-Wilk test for normal distribution and equal 
variances and the Student’s t-test for two independent 
groups. In the absence of normality, the Mann-Whit-
ney U test was used. To estimate the possible influence 
of SUA concentration on the PRAL value, we used the 
Spearman rank correlation in this study. Statistical sig-
nificance was set at a P value of less than 0.05. 

RESULTS

The characteristics of the study subjects are presented 
in Table 1. Serum uric acid – SUA concentration was 
5.9 mg/dL (351 µmol/L) in the study group and 4.1 
mg/dL (244 µmol/L) in the control group. For the an-
thropometric parameters, statistically significant dif-
ferences were found between the groups only in the 
waist and hip circumferences and the WHR values. 

Statistically significant differences in TG concen-
tration were also observed. In other lipid profile pa-
rameters, no statistically significant differences were 
observed. Despite the normal values of systolic and dias-
tolic blood pressures in all participants (according to the 
study criteria) a statistically significant difference was 
found between the groups in diastolic blood pressure. 

The characteristics of the selected nutrients and en-
ergy are presented in Table 2. 

The daily energy intake in the subjects in both the 
groups was slightly higher. The percentage of energy 
from protein and carbohydrates was consistent with 
the recommended values but those from fat were high-
er (norm: less than 35%). 

The statistically significant differences were ob-
served between the groups in vitamin E, cholesterol, 
polyunsaturated fatty acid (PUFA), SFA and starch 
values. In other nutrients, no statistically significant 
differences were observed. An analysis of the struc-
ture of consumption showed differences between the 
groups in the consumption of some product groups 
such as grain products, milk and dairy products, meat 
and fish, butter, vegetables and fruits, and potatoes. 
The consumption of grain products, meat/fish and their 
products, butter and potatoes was significantly higher 
in the study group, while the consumption of milk and 
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dairy products, vegetable and fruits was higher in the 
control group. There were no differences in the con-
sumption of eggs, vegetable fats, legumes, sugar, and 
sweets (Fig. 1).

Furthermore, a correlation was observed between 
SUA concentration and the PRAL value (PRAL =  
–19.4316 + 4.2695 SUA) (Fig. 2).

Table 1. The characteristics of the study subjects

Parameter Study group
(n = 22)

Control 
group

(n = 34)
P value

Age, yr 54.5 ±5.5 56.4 ±4.3 0.1439*

Weight, kg 75.9 ±20.7 65.6 ±9.9 0.0602**

Height, cm 162.1 ±5.4 162.1 ±4.8 0.9985*

BMI, kg/m2 28.8 ±7.6 25.0 ±3.7 0.0547**

Waist circum-
ference, cm

95.7 ±15.8 84.9 ±8.5 0.0021**

Hip circum-
ference, cm

105.0 ±13.6 101.1 ±11.9 0.0133**

WHR 0.91 ±0.05 0.86 ±0.05 0.0005*

Body fat mass, % 37.5 ±7.1 34.0 ±6.1 0.0602*

Muscle mass, kg 43.8 ±6.4 40.6 ±3.2 0.1187**

Systolic blood  
pressure, mm Hg

126.7 ±9.4 123.6 ±10.0 0.3600**

Diastolic blood  
pressure, mm Hg

79.9 ±6.2 75.4 ±8.4 0.0362*

TC, mg/dL 236.2 ±32.7 240.6 ±32.7 0.6688**

LDL-C, mg/dL 144.1 ±33.8 145.3 ±34.4 0.9006*

HDL-C, mg/dL 66.6 ±14.4 75.1 ±18.4 0.0825**

TG, mg/dL 127.0 ±66.5 97.3 ±40.2 0.0298**

SUA, mg/dL 5.9 ±1.0 4.1 ±0.5 0.0000*

Study group – women with a SUA concentration ≥5 mg/dL.
Control group – women with a SUA concentration <5 mg/dL.
BMI – body mass index, HDL-C – high-density lipoprotein 
cholesterol concentration, LDL-C – low-density lipoprotein 
cholesterol concentration, SUA – serum uric acid, TC – total 
cholesterol, TG – triglycerides, WHR – waist to hip ratio.

*Student’s t-test for two independent groups.
**Mann-Whitney U test.
P values < 0.05 are considered significant.

Table 2. The characteristics of the energy and selected nu-
trients in the groups

Parameter
Study 
group 

(n = 22)

Control 
group

(n = 34)
P value

Energy, kcal/d 2 257 ±445 2 124 ±375 0.2333*

Protein, E% 15.2 ±2.1 15.5 ±2.6 0.7285*

Carbohydrates, E% 48.0 ±4.7 49.8 ±7.1 0.3142*

Saccharose, E% 8.4 ±2.8 9.7 ±3.3 0.1558*

Starch, g/d 155 ±34 128 ±39 0.0087*

Fructose, g/d 1.5 ±1.1 2.3 ±2.3 0.2505**

Dietary fibre, g/d 22.6 ±5.4 24.9 ±9.1 0.2926*

Fat, E% 40.0 ±4.4 38.6 ±5.9 0.3486*

SFA, E% 14.2 ±4.0 11.5 ±2.9 0.0059*

MUFA, E% 15.7 ±2.4 15.3 ±2.8 0.6236*

PUFA, E% 6.6 ±1.7 8.4 ±3.1 0.0146**

Cholesterol, mg/d 567 ±245 399 ±185 0.0052*

Vitamin D, µg/d 1.2 ±1.4 0.8 ±0.8 0.2646**

Vitamin E, mg/d 11.1 ±2.7 13.0 ±3.3 0.0235*

Vitamin C, mg/d 47.6 ±23.1 59.5 ±33.4 0.1613**

Sodium, mg/d 2 361 ±735 2 269 ±652 0.5403**

Potassium, mg/d 3 451 ±707 3 598 ±780 0.4776*

Magnesium, mg/d 352 ±105 375 ±112 0.4348*

Phosphorus, mg/d 1 450 ±335 1 414 ±379 0.7179*

PRAL, mEq/d 5.7 ±11.6 –2.0 ±12.2 0.0258*

Study group – women with a SUA concentration ≥5 mg/dL.
Control group – women with a SUA concentration <5 mg/dL.
MUFA – monounsaturated fatty acids, PRAL – potential renal 
acid load, PUFA – polyunsaturated fatty acids, SFA – saturated 
fatty acids, SUA – serum uric acid.

*Student’s t-test for two independent groups.
**Mann-Whitney U test.
P values < 0.05 are considered significant.
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DISCUSSION

Many studies have shown a relationship between hy-
peruricemia and cardiovascular disease (Kostka-Je-
ziorny et al., 2019; Kowalski et al., 2009; Zhang et al., 
2019). Several studies on hyperuricemia patients have 
reported SUA concentration as a marker of pathophys-
iology processes that correlated with the development 
of cardiovascular disease (Zhang et al., 2019). Only 
a few studies have investigated the correlation be-
tween SUA concentration and cardiovascular disease 
in patients without hyperuricaemia. Currently, it is be-
lieved that the risk of cardiovascular disease increases 
from 5.0 mg/dL, before the diagnosis of hyperurice-
mia (Kostka-Jeziorny et al., 2019). 

Our study showed that the SUA concentration 
≥5.0 mg/dL was related with a few cardiovascular risk 
factors in the group of normotensive postmenopausal 
women with dyslipidemia. This applies to selected an-
thropometric parameters, such as serum TG concen-
trations and some dietary factors. 

As currently understood, the relationship between 
SUA concentration and anthropometric parameters 
like BMI, WHR and body fat content is probably ex-
plained by the influence of diet. In our study, a positive 
correlation was observed in WHR values. A strong 
positive correlation between SUA and WHR was also 
observed in the study by Lee et al. (1995). The mecha-
nism of this effect has not yet been fully elucidated. 
It is probably related to visceral fat content. Some 
studies have shown that higher waist circumference 
and SUA concentration are independently related to 
leptin concentration (Bedir et al., 2003). No correla-
tion was observed between the BMI value and SUA 
concentration in our study (p = 0.0547). Interestingly, 
in the study by Zhou et al. (2017) the relationship be-
tween BMI and SUA was observed only in patients 
with SUA ≥6 mg/dL. 

Regarding lipid profile parameters, we observed 
a statistically significant difference between the groups 
only in TG concentration. As per the latest literature, 
the association between lipid profile parameters and 
SUA level varies with participants and sample sizes 
(Tian et al., 2015). Generally, SUA concentration posi-
tively related to TG, TC, and low-density lipoprotein 
cholesterol concentration (LDL-C) and negatively 
related to HDL-C. The mechanism that links these 

parameters is not yet fully understood and needs fur-
ther study. Some studies assume that the synthesis of 
TG requires nicotinamide adenine dinucleotide phos-
phate, which results in increased SUA production 
(Greiling et al., 1977). Co-occurrence of increased TG 
concentration and SUA level may be associated with 
strong interactions between them or with another fac-
tor that simultaneously affects these two parameters. 
Nevertheless, the observed association between SUA 
level and TG suggests that their concentrations should 
be monitored together. 

An interesting observation in the study concerned 
blood pressure. Despite the exclusion of women with 
hypertension from the study, we observed a statisti-
cally significant difference between the groups in di-
astolic blood pressure. According to the current litera-
ture, SUA has a positive association with both systolic 
and diastolic blood pressures. However, some studies 
have shown the correlation of SUA with only diastolic 
blood pressure (Kostka-Jeziorny et al., 2019). Some 
epidemiological studies have shown that SUA concen-
tration strongly correlates with diastolic blood pres-
sure, even in patients without hypertension (Yano et 
al., 1977).

This may indicate that the effect of SUA on dias-
tolic blood pressure is observed even from a concen-
tration lower than 5 mg/dL. 

Many multiple observational studies have shown 
a strong association between hyperuricemia and hy-
pertension, both for systolic and diastolic blood pres-
sures (De Becker et al., 2019). This is related to higher 
uric acid levels increasing the activation of the renin-
angiotensin-aldosterone system, resulting in elevated 
blood pressure. 

The relation between diet and SUA concentration 
has not yet been fully understood (Krupp et al., 2017). 
In recent years, attention has been paid to some dietary 
factors which may affect thte SUA concentration. Fac-
tors that may increase the SUA concentration include 
purine-rich products, a low-sodium diet, increased 
consumption of red meat, fructose and alcohol, and 
added sugar. However, increased consumption of dairy 
products, legumes and products rich in vitamin C may 
reduce the SUA concentration (Beydoun et al., 2018).

The diet of postmenopausal women with dyslipi-
demia should be balanced due to the increased risk 
of cardiovascular disease. Fat intake, especially of 
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saturated fatty acids, should be limited. Intake of di-
etary fibre, unsaturated fatty acids, and antioxidant vi-
tamins should be increased (Piepoli et al., 2016).

Analysis of all-day food rations showed that the 
women in both groups consumed too much fat, SFA 
and cholesterol. Interestingly, the total energy value 
in both groups only slightly exceeded the guidelines 
of the Institute of Food and Nutrition (Jarosz, 2017). 
Additionally, the diet contained inadequate amounts 
of dietary fibre, vitamin D and vitamin C. Statistical-
ly significant differences were observed between the 
groups in terms of starch, SFA, PUFA, cholesterol and 
vitamin E content. This suggests that the nutrient in-
take may have contributed to the SUA concentration.

Increased intake of SFA and cholesterol and re-
duced intake of PUFA in the group of women stud-
ied was associated with the increased consumption of 
meat products and butter. Therefore, the concentration 
of SUA in this group of women was associated either 
with an increased intake of purine-rich products (of-
fal) or with the intake of the abovementioned fatty ac-
ids. So far, no mechanisms that connect the SUA level 
with the fatty acid profile of the diet have been found. 
However, some studies have shown that dietary inter-
vention associated with a modification of the intake 
of fatty acids affects the SUA concentration (Galvão 
Cândido et al., 2018).

Increased intake of starch in the group of women 
who were studied was associated with increased con-
sumption of potatoes. No relationship between in-
creased intake of starch and SUA concentration has 
been observed yet in the available literature. The per-
centage from starch in the study group was higher than 
5%. In addition, it is worth noting that in this study, 
starch was derived from cooked potatoes, which are 
characterized by a high glycemic index. Moreover, 
there were no statistically significant differences in 
fructose intake between the groups, but the energy 
from fructose did not exceed 2.5%. Some studies have 
shown that a high fructose intake contributes to obe-
sity, hypertension, higher TG, and increased SUA con-
centration (Ha et al., 2013). According to the Cana-
dian Diabetes Association guidelines, the daily intake 
of fructose should not exceed 10% of the total energy 
intake. These guidelines also indicate that the increase 
in SUA concentration is observed if the daily fructose 
intake is higher than 60 g (Dworatzek et al., 2013). 

In our study, we observed a positive linear associa-
tion between dietary acid load and SUA concentration. 
Similar results were observed in a study of a German 
population (Esche et al., 2018). The mechanism link-
ing PRAL with SUA concentration is poorly under-
stood. Some studies have shown that an alkalizing diet 
(rich in fruits and vegetables) increases renal uric acid 
excretion and decreases SUA concentrations (Kanbara 
et al., 2012). An analysis of the consumption pattern 
in our study confirmed that the study group was eat-
ing fewer fruits and vegetables, and products of these, 
compared to the control group. Thus, a diet rich in 
vegetables and fruits may help reduce the SUA level. 
Furthermore, a low PRAL value may represent a po-
tentially SUA-reducing dietary pattern. 

The limitations of the present study include 
a relatively small number of participants. Larger ran-
domized, clinical trials will provide more definitive 
results. We used self-report techniques to estimate the 
physical activity level. In further research, it is worth 
using the International Physical Activity Question-
naire (IPAQ). In addition, blood pressure measure-
ments should be performed according to the current 
recommendations of the American Heart Association.

The research requires determining the relationship 
between SUA concentration and dietary factors in par-
ticular, determining which of the dietary factors play 
a role in cardiovascular risk, the food product or the 
nutrient component in this product.

CONCLUSION

In conclusion, the relationship between SUA and car-
diovascular risk factors depends on the concentration 
of SUA. A SUA concentration >5 mg/dL may positive-
ly related to some cardiovascular risk. Additionally, 
PRAL, as a dietary factor, may help estimate the cor-
rectness of the diet plan in patients with an increased 
SUA concentration. The results obtained indicate the 
need for further research on large groups.
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