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Association between Dietary Intake, Profibrotic Markers, and
Blood Pressure in Patients with Chronic Kidney Disease
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Background: Among profibrotic and oxidant factors, matrix metalloproteinases (MMPs) and advanced glycation end products (AGEs) have a
major impact on the progression of chronic kidney disease (CKD). However, very limited studies evaluated the relationships between nutrient
intake and the mentioned factors in patients with CKD. Therefore, the present study aimed to investigate the correlation between dietary intake
and the levels of MMPs, AGEs, and blood pressure (BP) in these patients.

Materials and Methods: This cross-sectional study was performed on 90 patients with CKD (stages 2—5). To evaluate the dietary intake of
patients, three days of 24-hour food recall were completed through face-to-face and telephone interviews. Measurement of MMP-2 and MMP-9
concentration was done by enzyme-linked immunosorbent assay. The fluorimetric technique was used to measure the total serum AGEs.

Results: The patients’ average dietary intake of sodium, potassium, phosphorus, energy, and protein was 725 mg/day, 1600 mg/day, 703 mg/day,
1825 keal/day, and 64.83 g/day, respectively. After adjustment of confounding variables, a significant inverse relationship was observed between
dietary intake of insoluble fiber and serum levels of MMP-2 (f =-0.218, P = 0.05). In addition, a significant positive relationship was found
between molybdenum (Mo) intake and diastolic BP (3 =0.229, P = 0.036).

Conclusion: A higher intake of insoluble fiber might be associated with lower serum levels of MMP-2. Also, a higher Mo intake can be
correlated to a higher DBP in patients with CKD. It is suggested to conduct future studies with longitudinal designs and among various
populations to better elucidate the observed relationships.
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he general population worldwide.?>?! Based on the results of
INTRODUCTION the general population
a meta-analysis study in 2018, the overall prevalence of CKD

Chronic kidney disease (CKD) is associated with decreased in Iranian general population was 15.14%.1

kidney function, and the factor used to determine kidney N . . . .
function is glomerular filtration rate (GFR). A person with Nutritional planning plays an important role in slowing down
a GFR of less than 60 ml/min/1.73 m?2 for at least three the decline in kidney function.”) Recently, the relationship
months is diagnosed with CKD.["" CKD is one of the most
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between nutritional factors, and the inflammatory and
profibrotic indicators of CKD progression has been attractive
to researchers.

Among the profibrotic factors that play a crucial role in the
pathogenesis of CKD, matrix metalloproteinase-2 (MMP-2)
and MMP-9 can be mentioned.! MMP-2 and MMP-9 are
zinc-dependent endopeptidases and can cause the progression
of CKD through interaction with monocyte chemo-attractant
proteins, tumor necrosis factors (TNFs), growth factors, and
oxidative stress.l”8! Some previous animal studies evaluated
the effects of dietary interventions on MMP-2 and MMP-9.P-11]
However, human studies investigating the relationship between
nutrient intake and the serum levels of MMP-2 and MMP-9 are
very scarce. The study by Foroumandi et a/.l'"” has reported a
significant positive correlation between dietary protein intake
and serum MMP-9 in patients with diabetes mellitus.

Another important factor in the progression of CKD is
advanced glycation end products (AGEs).l'*! AGEs are a
heterogeneous group of substances that are increased in
hyperglycemia or oxidative stress conditions, such as diabetes.
The kidney plays a vital role in clearing and metabolizing
AGEs. As a result, serum concentrations of AGEs increase
in CKD due to increased oxidative and carbonyl stress.!'*!
Increased levels of AGEs in patients with CKD are associated
with decreased GFR, anemia, malnutrition, and an increased
risk of cardiovascular diseases (CVDs).['"] There have been
very limited studies regarding the relationship between dietary
intake and serum levels of AGEs in patients with renal diseases.
The study conducted by Demirci et al.l'®! found a significant
inverse correlation between dietary fiber intake and AGEs in
patients undergoing hemodialysis; however, such a relationship
has not been investigated in predialysis CKD patients until
Now.

Hypertension affects the progression of the disease and
increases the risk of CVD in patients with CKD.[') Recently,
a clinical trial study was conducted by Turban et al.l'® to
compare the effect of a diet containing high versus low
amounts of potassium on blood pressure (BP) in patients with
CKD. They reported no significant effects of treatment diets
on BP.'" It seems that more studies are needed to shed light
on the relationship between dietary factors and BP in patients
with CKD.

Considering the importance of examining the relationship
between dietary intake and CKD risk factors, the present
study evaluated the association between dietary intake and
profibrotic factors (MMP-2 and MMP-9), AGEs, and BP in
patients with CKD.

MarteriALs AND METHODS
Study population

The present cross-sectional study was conducted on patients
with CKD referred to the renal disease clinic affiliated with
Kashan University of Medical Sciences during 2021-2022.
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Inclusion criteria were: 1: ages above 18; 2: estimated
GFR (eGFR) less than 90 ml/min/1.73 m?; 3: the absence of
pregnancy and breastfeeding; 4: not suffering from various
cancers, lung diseases, mental retardation, or dementia; 5: lack
of hemodialysis, peritoneal dialysis, and kidney transplant;
and 6: not receiving immunosuppressive medications, and
supplements containing antioxidants. The exclusion criteria
were unwillingness to participate and incomplete answers to
the questionnaires. In the present study, first, the objectives
and method of the study were explained to the participants
and then the written informed consent was signed by them.
All stages of the research have been approved by the Ethics
Committee of Kashan University of Medical Sciences (code
of ethics: IRKAUMS.MEDNT.REC.1400.065). The present
study was a secondary analysis of the previous research.!'”!
The method of sample size calculation and the details of the
study have been described elsewhere.!'” Briefly, the minimum
sample size of 80 subjects was required to detect a correlation
coefficient that differs from zero between serum zinc and
diastolic blood pressure (DBP), where the value of alpha (ct)
and beta (3) parameters were considered equal to 1% and 2%,
respectively.l'! Also, the simple random sampling method was
used to select the participants. After obtaining written consent
from the patients, the researcher used the general questionnaire
to collect demographic data (age, gender, education, marriage,
and employment), history of diseases, medications, and
nutritional supplements. To evaluate the diet of the patients,
three days of 24-hour food recall (one weekend and two
weekdays) were completed through face-to-face and telephone
interviews by a trained dietitian. Participants were trained
to recall the quantity of all food and beverages consumed
by portion size and household measures and to report brand
names, methods of food preparation, and ingredients or recipes.
Then the recalled consumed food items were converted to
grams based on the national references for household measures
and weights. The Nutritionist IV (N4) software was used to
calculate the total nutrient intake from the entered weights (in
grams) of food items. Of note, the food items in this software
were adapted to the native ones of the region under study.

In addition, the researcher evaluated anthropometric variables
at the beginning of the study, including height and weight.
Height was measured in a standing position without shoes
using a stadiometer with an accuracy of 0.1 cm. Weight was
measured using a scale without shoes and minimal clothing
with an accuracy of 0.1 kg.

Other variables evaluated in the study were the patients’
systolic and diastolic blood pressure (SBP and DBP), which
were measured by a digital sphygmomanometer (Glamor,
Model: TMB-1112). For this purpose, people were asked
to sit still for 5 to 10 min. Then, the patient’s right arm was
placed in front of the heart and BP was measured three times,
each time at an interval of 3—5 min. Then the average of three
measurements was recorded as the individual’s BP. If the
difference in the measurements was more than 10 mmHg, this
measurement was repeated three more times.*"
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Biochemical variables

In this study, to measure the concentrations of MMP-2,
MMP-9, AGEs, fasting blood glucose (FBG), and creatinine,
10 ml of venous blood samples were collected from the study
participants after fasting for 8-12 hours. The collected blood
samples were kept at the laboratory temperature for at least
30—45 min to form a clot. Then they were centrifuged for
10 min at a speed of 1,500-2,000 rpm to separate the serum
from the blood sample. Then, the isolated serum of each
patient’s sample was transferred to the microtubes using a
sampler. The patient’s profile, code, and sampling time were
written on each microtube, and it was kept in a freezer at —80°C
until biochemical analyses were performed.

The measurement of MMP-2 and MMP-9 concentrations in
the present study was done by enzyme-linked immunosorbent
assay method (Zellbio laboratory kit, Germany). To evaluate
the total serum concentration of AGEs, the fluorimetric
technique was used based on the fluorescence properties of
AGEs compounds. eGFR values in the present study were
estimated using the CKD-EPI formula.?!

Statistical analysis

Descriptive statistics such as mean and standard deviation
were used to show the dietary intake of participants. Pearson
or Spearman correlation coefficients were used to evaluate
the correlation of dietary intakes with the serum levels of
MMP-2, MMP-9, and AGEs as well as SBP and DBP values.
Multivariate linear regression was used to control confounding
variables to investigate the independent relationship of dietary
data with MMP-2, MMP-9, AGEs, SBP, and DBP. Data
analysis was done using SPSS software, version 16, and a
P value < 0.05 was considered as significance level.

ResuLts

At the beginning of the study, the researchers evaluated
2,500 files of CKD patients according to the inclusion
and exclusion criteria to collect the desired samples. After
reviewing the existing files and making telephone calls to the
target patients, 2,410 were not included in the present study
due to the exclusion criteria or unwillingness to participate.
Finally, 90 patients with CKD were eligible to participate.
Then, the researchers examined the selected patients regarding
demographic and disease characteristics. Out of 90 patients
included in the study, 64 were men and 26 were women. The
age range of the studied subjects was 34—76 years, and their
mean age was 60.68, with a standard deviation of 8.81. The
average body mass index of the participants in the present
study was 30.47 + 5.65 kg/m? and the average eGFR of the
participants in the study was 43.23 = 7.19 ml/min/1.73 m?,
Blood lipid-lowering drugs were the most commonly used
drugs and hyperlipidemia was the most common underlying
disease among the participants in this study. Regarding the
use of supplements, 51.1% of the patients in the study were
taking Nephrovite supplements (supplements containing zinc
plus vitamin B complex) and 10% of them were taking iron
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supplements. Based on the eGFR, most of the participants in
this study (62.2%) are in stage 3 of CKD. The patients’ average
dietary intake of sodium, potassium, phosphorus, energy, and
protein was 725 mg/day, 1,600 mg/day, 703 mg/day, 1,825
kcal/day, and 64.83 g/day, respectively [Table 1]. The mean
and standard deviation of the other nutrients’ daily intake
have been presented in Table 1. In addition, Table 2 shows
the mean values of blood pressure and biochemical variables
in the study participants.

Figure 1 shows the correlation between dietary intake and the
outcome variables. Significant inverse correlations were found
between dietary intake of insoluble fiber and serum MMP-2,
dietary intake of vitamin K and serum MMP-9, dietary intake
of iron and SBP, and dietary intake of vitamin B1 and SBP.
However, a significant positive correlation was observed
between the dietary intake of molybdenum (Mo) and DBP. The
results of the linear regression analysis are shown in Table 3.
After adjusting for confounding variables such as age, gender,
energy, BMI, diabetes, and taking supplements, the association
between dietary intake of insoluble fiber and MMP-2 levels (3
=-0.218, P =0.050) as well as the dietary intake of Mo and
DBP (f =0.229, P = 0.036) remained significant.

Table 1: The average daily dietary intake of the
participants

Variables Values (mean=8D) (n=90)
Energy (Kcal/d) 18254661
Carbohydrate (g/d) 259+118
Protein (g/d) 64.83+30.45
Fat (g/d) 60.26+26.35
SFA (g/d) 15.16+8.75
MUFA (g/d) 18.01+10.96
PUFA (g/d) 17.74+9.79
Total fiber (g/d) 13.48+7.90
Soluble fiber (g/d) 0.43+0.49
Insoluble fiber (g/d) 2.48+2.73
Sodium (mg/d) 725+542
Potassium (mg/d) 1600+808
Calcium (mg/d) 548+309
Phosphorus (mg/d) 703+365
Magnesium (mg/d) 14777
Iron (mg/d) 14.2+6.33
Zinc (mg/d) 6.26+4.18
Molybdenum (ug/d) 15.78+22.19
Vitamin A (ug RAE/d) 104943686
Vitamin E (mg/d) 2.46x1.73
Vitamin B1 (mg/d) 1.68+0.76
Vitamin B2 (mg/d) 0.96+0.90
Vitamin B3 (mg/d) 18.249.58
Vitamin B6 (mg/d) 1.04+0.94
Folic acid (pg/d) 190+131
Vitamin B12 (pg/d) 4.15+19.26
Vitamin C (mg/d) 97.9+82.8
Vitamin K (ng/d) 91.7+94.6

MUFA=Monounsaturated fatty acids, PUFA=Polyunsaturated fatty acid,
SFA=Saturated fatty acid, SD=Standard deviation



Mohtashamian, ef al.: Correlation of dietary intake with biomarkers of CKD

5 )
- (=] -
2 67 r=-0226 £ 4000 )
~ P =0.036 2 r=-0.529
o [° @ 3000-P o P =0.002
g 2
c 7]
° °
o s
S a o k)
= :
@ £
£ X
x -
:E 0 ] 1 1 1 g
S 0 5 10 15 20
a| Insoluble fiber (g/day) b
=) 5
JE: 200 & r =_- 0.243 JE:
£ o o (800 P =0.023 é
= ©
£ 150 &R © 5
E @
? 3
g S
-g_ 100 g
§ % 50
o] 50 .2
L2 °
§ E 0 T T T T 1
o 0 T T T 1 [7) 0 1 2 3 4 5
a 0 10 20 30 40 Dietary vitamin B1 (mg/day)
Dietary iron (mg/day)
[d]
- r=0.244
2 P=0.023
€ 150
E
e
? 100
7]
e
o
T
8 504
]
L
°
g Ty
fa) 0 50 100 150
a Dietary molybdenum (ug/day)

Figure 1: Association between serum levels of matrix metalloproteinase-2 and dietary insoluble fiber intake (a), association between serum level of
matrix metalloproteinase-9 and dietary vitamin K (b), association between systolic blood pressure and dietary iron (c), association between systolic
blood pressure and dietary vitamin B1 (d), association between diastolic blood pressure and dietary molybdenum (e)

Discussion

In the present study, we found a significant inverse correlation
between the intake of insoluble fiber and serum MMP-2
in patients with CKD. In addition, a significant positive
relationship was obtained between the Mo intake and DBP in
these participants.

Previously, Kerem et al.?? reported that a diet supplemented
with soluble fiber decreased the MMP-2 levels significantly and
consequently improved colon anastomosis in rats undergoing
radiation therapy. They proposed that the short-chain fatty
acids (SCFAs), which are produced by the fermentation of
the soluble fibers in the colon, might be a mediated factor in
reducing the MMP levels.??) SCFAs (propionate and butyrate)
reduce the expression of some pro-inflammatory factors such

4

as TNF-c, which play an important role in the expression of
the MMPs gene.?3 Also, in a study conducted by Kawamura
et al.,”*" the inhibitory effects of SCFAs on the secretion of
MMP from human colonic subepithelial myofibroblasts were
observed. Contrary, in the present study, it was insoluble fibers
that were inversely correlated with MMP-2 levels. Some
studies have shown that insoluble fibers can also increase the
production of SCFAs in the colon, although the evidence in
this field is very limited.l**? A hypothetical mechanism for
finding such a relationship in the present study may be the
role of other factors along with insoluble fibers. For example,
food sources containing insoluble fibers (such as fruits and
vegetables) are also good sources of antioxidants in the diet.
There is a lot of evidence about the anti-inflammatory role of
antioxidants by which they reduce inflammatory factors such
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Table 2: The mean and standard deviation of the
blood pressure and biochemical variables in the study
patients (7=90)

Variables Mean SD

SBP (mmHg) 137.97 20.7
DBP (mmHg) 83.8 13.5
FBG (mg/dl) 119.62 44.82
AGE:s (arbitrary unit) 207.97 43.22
MMP-2 (ng/ml) 2.5 0.54
MMP-9 (ng/ml) 1.62 0.325

AGEs=Advanced glycation end products, DBP=Diastolic blood pressure,
FBG=Fasting blood glucose, MMP-2=Matrix metalloproteinase-2,
MMP-9=Matrix metalloproteinase-9, SBP=Systolic blood pressure,
SD=Standard deviation

Table 3: The results of linear regression analysis for the
prediction of MMP-2, MMP-9, SBP, and DBP in patients
with CKD

Outcome variables Crude model Adjusted model*
Dietary predictors B P B P
MMP-2

Insoluble fiber -0.222 0.062 -0.218 0.05
MMP-9

Vitamin K -0.155 0.156 -0.130 0.264
DBP

Molybdenum 0.243 0.023 0.229 0.036
SBP

Vitamin B1 -0.251 0.019 -0.106 0.592

Iron —0.243 0.023 -0.109 0.604

CKD=Chronic kidney disease, DBP=Diastolic blood pressure,
MMP-2=Matrix metalloproteinase-2, MMP-9=Matrix
metalloproteinase-9, SBP=Systolic blood pressure * Adjusted for
age, gender, BMI, energy intake, having diabetes mellitus and taking
supplements

as TNF-o. and CRP.??I The reduction of these inflammatory
factors also reduces the expression of the MMPs genes.[3%3!
Future studies with a different design may better reveal the
possible mechanisms of the relationship between insoluble
fibers and MMPs.

Another result from the current study was a significant positive
correlation between dietary intake of Mo and DBP in patients
with CKD, even after adjusting for some confounders such as
energy intake. Contrary to the findings of our research, in the
study by Li et al.,** which aimed to investigate the relationship
between Mo plasma levels and metabolic syndrome in a
case-control design on 5,356 patients, a significant inverse
relationship was observed between Mo plasma levels and
hypertension. Mo is a trace element found naturally in many
foods, and it is also available as a dietary supplement. As a
cofactor, Mo is synthesized by the body and required by four
enzymes: sulfite oxidase, xanthine oxidase, aldehyde oxidase,
and mitochondrial amidoxime-reducing component.?3! These
enzymes metabolize sulfur-containing amino acids, purines,
and pyrimidines.®® Mo is found in abundance in legumes.
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Also, whole grains, nuts, and beef liver are high in Mo.B4
Of note, Mo is mainly excreted through the kidneys, which
regulate its levels.*! As a result, it seems that in conditions
of reduced kidney function, the levels of this element in the
blood and body fluids increase. Previous research findings
have shown that serum Mo levels were higher in CKD patients
than in healthy people.?*3) Also, there is some evidence that
Mo accumulation in the body might be associated with higher
BP in occupationally exposed workers.?”! This could be an
explanation for finding a connection between Mo intake and
BP in the present study. Since the subjects of the present study
were suffering from CKD, the urinary Mo excretion might
decrease and consequently, the serum and body levels of this
element would increase due to its intake from diet. This rise
in Mo levels may have caused an increase in BP. The causes
of the relationship between Mo and BP in the human body
are still unknown and the findings of the present study may
provide a basis for further studies in this regard.

One of the results of the present study was the existence of
a significant inverse correlation between dietary intake of
thiamine (vitamin B1) and SBP in patients with CKD; however,
after adjusting for confounding variables, this relationship did
not remain significant. There are many contradictions regarding
the relationship between thiamine and BP in previous study
findings. For example, the results of a trial by Rabbani et al.,*"!
which aimed to investigate the effect of high-dose thiamine
supplementation on BP in patients with type 2 diabetes
mellitus, showed no significant effect of thiamine on SBP
and DBP. However, in the study by Alaei-Shahmiri et al.,*!
which aimed to assess the effect of thiamine supplementation
on BP in patients with hyperglycemia, a dose of 300 mg/day
of thiamine decreased DBP significantly. Of note, thiamine has
several effects on the cardiovascular system. It has important
hemodynamic effects on the circulatory system and a direct
positive pharmacological impact on the heart. Thiamine
deficiency has been shown to cause cardiac hypertrophy,
decreased cardiac contractility, and rhythm disturbances.?

In the current study, we found a significant negative correlation
between dietary iron intake and SBP in patients with CKD;
however, this relationship was not significant after adjusting
for confounding variables. Similarly, Kim et al.™! did not
find any correlation between dietary iron intake and SBP or
DBP among healthy subjects. However, a significant inverse
relationship was observed between total dietary iron intake
and SBP and DBP in the study by Tzoulaki et al.[*Y Further
studies are needed to shed light on the association between
dietary iron intake and BP, especially in patients with CKD.

Finally, we obtained a significant negative correlation between
dietary intake of vitamin K and MMP-9 levels in patients with
CKD; however, after adjusting for confounding variables,
this result remained insignificant. Some previous studies
that have been conducted on cells, animals, and human
samples have shown the protective function of vitamin K
against inflammation.>*#”! Some investigators proposed that
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vitamin K might have an inhibitory effect on inflammation via
deactivating nuclear factor kappa B (NF-kB) and reducing the
production of TNF-o which is important in the production of
MMPs.1 A previous study reported lower levels of MMP-3
in patients with rheumatoid arthritis (RA) treated with vitamin
K2 than in the control group.*J However, in a clinical trial
by Shishavan et al.,* vitamin K supplementation could not
decrease the MMP-3 levels significantly in women with RA.
Even though in the present study, no association was found
between dietary intake of vitamin K and the levels of MMPs
after controlling for confounding factors, the presence of
evidence of the anti-inflammatory effects of this vitamin
requires further research in this field among patients with CKD.

This study had some limitations. One of them is the study’s
cross-sectional nature, which does not determine the
cause-and-effect relationship. Another limitation was using
the 24-hour food recall questionnaire, which does not give us
accurate information about dietary intake because it depends
on the subject’s memory. However, we tried to increase the
accuracy of estimating food intake by completing the three-day
food recalls (two weekdays and one weekend).

To the best of our knowledge, the present study was the first
one that evaluates the relationship between dietary intake and
the levels of MMP-2, MMP-9, AGEs, and BP among patients
with CKD. In addition, the significant association between
dietary intake and outcome variables in the present study was
independent of some potentially confounding factors.

ConcLusioN

According to the results of the present study, a higher intake
of insoluble fiber was associated with lower serum levels of
MMP-2. Also, a higher Mo intake was correlated to a higher DBP
in patients with CKD. It is suggested to conduct future studies
with longitudinal designs and among various populations to
better elucidate the observed relationships in the current research.

Acknowledgment

We thank the Vice-Chancellor for Research and Technology
of Kashan University of Medical Sciences and the Research
Center for Biochemistry and Nutrition in Metabolic Diseases,
Kashan University of Medical Sciences, Kashan, Iran.

Financial support and sponsorship
This work was supported by the Vice-Chancellor for Research
and Technology of Kashan University of Medical Sciences,
Kashan, Iran (grant number: 400054).

Conflicts of interest

The authors have no competing interests to declare that are
relevant to the content of this article. The authors have no
relevant financial or non-financial interests to disclose.

REFERENCES

1. Webster AC, Nagler EV, Morton RL, Masson P. Chronic Kidney
Disease. Lancet 2017;389:1238-52.

2.

20.

21.

Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, er al.
Chronic kidney disease: Global dimension and perspectives. Lancet
2013;382:260-72.

Kovesdy CP. Epidemiology of chronic kidney disease: An update 2022.
Kidney Int Suppl (2011) 2022;12:7-11.

Bouya S, Balouchi A, Rafiemanesh H, Hesaraki M. Prevalence of
chronic kidney disease in iranian general population: A meta-analysis
and systematic review. Ther Apher Dial 2018;22:594-9.

Anderson CA, Nguyen HA, Rifkin DE. Nutrition interventions in
chronic kidney disease. Med Clin North Am 2016;100:1265-83.
Provenzano M, Andreucci M, Garofalo C, Faga T, Michael A, Ielapi N,
et al. The association of matrix metalloproteinases with chronic kidney
disease and peripheral vascular disease: A light at the end of the tunnel?.
Biomolecules 2020;10:154.

Cheng Z, Limbu MH, Wang Z, Liu J, Liu L, Zhang X, ef al. MMP-2 and
9 in chronic kidney disease. Int J Mol Sci 2017;18:776.

Visse R, Nagase H. Matrix metalloproteinases and tissue inhibitors of
metalloproteinases: Structure, function, and biochemistry. Circ Res
2003;92:827-39.

Wotosowicz M, Lukaszuk B, Kasacka I, Chabowski A. Diverse
impact of N-acetylcysteine or alpha-lipoic acid supplementation
during high-fat diet regime on matrix metalloproteinase-2 and matrix
metalloproteinase-9 in visceral and subcutaneous adipose tissue. Cell
Physiol Biochem 2022;56:166-79.

. Bagheri Varzanech M, Rahmani H, Jahanian R, Mahdavi AH,

Perreau C, Perrot G, et al. Effects of dietary copper-methionine on
matrix metalloproteinase-2 in the lungs of cold-stressed broilers as
an animal model for pulmonary hypertension. Biol Trace Elem Res
2016;172:504-10.

. Kavazos K, Nataatmadja M, Wales KM, Hartland E, Williams C,

Russell FD. Dietary supplementation with omega-3 polyunsaturated
fatty acids modulate matrix metalloproteinase immunoreactivity in
a mouse model of pre-abdominal aortic aneurysm. Heart Lung Circ
2015;24:377-85.

. Foroumandi E, Kheirouri S, Nosrati R, Ghodsi R. Association of

dietary intake, medication and anthropometric indices with serum
levels of advanced glycation end products, caspase-3, and matrix
metalloproteinase-9 in diabetic patients. J Diabetes Metab Disord
2021;20:719-25.

. Bohlender JM, Franke S, Stein G, Wolf G. Advanced glycation

end products and the kidney. Am J Physiol Renal Physiol
2005;289:F645-59.

. Busch M, Franke S, Riister C, Wolf G. Advanced glycation end-products

and the kidney. Eur J Clin Invest 2010;40:742-55.

. Kratochvilova M, Zakiyanov O, Kalousova M, Kiiha V, Zima T, Tesai V.

Associations of serum levels of advanced glycation end products with
nutrition markers and anemia in patients with chronic kidney disease.
Ren Fail 2011;33:131-7.

. Demirci BG, Tutal E, Eminsoy 10, Kulah E, Sezer S. Dietary fiber

intake: Its relation with glycation end products and arterial stiffness in
end-stage renal disease patients. ] Ren Nutr 2019;29:136-42.

. Sarafidis PA, Sharpe CC, Wood E, Blacklock R, Rumjon A, Al-Yassin A,

et al. Prevalence, patterns of treatment, and control of hypertension in
predialysis patients with chronic kidney disease. Nephron Clin Pract
2012;120:c147-55.

. Turban S, Juraschek SP, Miller ER 3" Anderson CAM, White K,

Charleston J, ef al. Randomized trial on the effects of dietary potassium
on blood pressure and serum potassium levels in adults with chronic
kidney disease. Nutrients 2021;13:2678.

. Mohtashamian A, Soleimani A, Gilasi HR, Kheiripour N, Moeini

Taba SM, Sharifi N. Association of zinc status with matrix
metalloproteinases, advanced glycation end-products, and blood
pressure in patients with chronic kidney disease. Biol Trace Elem Res
2023;201:4275-85.

Edwards RL, Lyon T, Litwin SE, Rabovsky A, Symons ID, Jalili T.
Quercetin reduces blood pressure in hypertensive subjects. J Nutr
2007;137:2405-11.

Matsushita K, Selvin E, Bash LD, Astor BC, Coresh J. Risk implications
of the new CKD epidemiology collaboration (CKD-EPI) equation
compared with the MDRD study equation for estimated GFR: The

Advanced Biomedical Research | 2024



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

Mohtashamian, ef al.: Correlation of dietary intake with biomarkers of CKD

atherosclerosis risk in communities (ARIC) Study. Am J Kidney Dis
2010;55:648-59.

Kerem M, Bedirli A, Karahacioglu E, Pasaoglu H, Sahin O, Bayraktar N,
et al. Effects of soluble fiber on matrix metalloproteinase-2 activity
and healing of colon anastomosis in rats given radiotherapy. Clin Nutr
2006;25:661-70.

Pender SL, Quinn JJ, Sanderson IR, MacDonald TT. Butyrate
upregulates stromelysin-1 production by intestinal mesenchymal cells.
Am J Physiol Gastrointest Liver Physiol 2000;279:G918-24.
Kawamura T, Andoh A, Nishida A, Shioya M, Yagi Y, Nishimura T, ef a/.
Inhibitory effects of short-chain fatty acids on matrix metalloproteinase
secretion from human colonic subepithelial myofibroblasts. Dig Dis Sci
2009;54:238-45.

LiY, Li L, Tian J, Zheng F, Liao H, Zhao Z, et al. Insoluble fiber in
barley leaf attenuates hyperuricemic nephropathy by modulating gut
microbiota and short-chain fatty acids. Foods 2022;11:3482.

Ge Q, Li HQ, Zheng ZY, Yang K, Li P, Xiao ZQ, et al. In vitro fecal
fermentation characteristics of bamboo insoluble dietary fiber and its
impacts on human gut microbiota. Food Res Int 2022;156:111173.
Koebnick C, Black MH, Wu J, Shu YH, MacKay AW, Watanabe RM,
et al. A diet high in sugar-sweetened beverage and low in fruits and
vegetables is associated with adiposity and a pro-inflammatory
adipokine profile. Br J Nutr 2018;120:1230-9.

Gao Q, Ma R, Shi L, Wang S, Liang Y, Zhang Z. Anti-glycation and
anti-inflammatory activities of anthocyanins from purple vegetables.
Food Funct 2023;14:2034-44.

Jahns L, Conrad Z, Johnson LK, Whigham LD, Wu D,
Claycombe-Larson KJ. A diet high in carotenoid-rich vegetables and
fruits favorably impacts inflammation status by increasing plasma
concentrations of IFN-02 and decreasing MIP-1f3 and TNF-a in
healthy individuals during a controlled feeding trial. Nutr Res
2018;52:98-104.

Tan RJ, Liu Y. Matrix metalloproteinases in kidney homeostasis and
diseases. Am J Physiol Renal Physiol 2012;302:F1351-61.

Nakai K, Tanaka H, Yamanaka K, Takahashi Y, Murakami F,
Matsuike R, et al. Effects of C-reactive protein on the expression of
matrix metalloproteinases and their inhibitors via Fcy receptors on
3T3-L1 adipocytes. Int J Med Sci 2017;14:484-93.

LiB, Huang Y, Luo C, Peng X, Jiao Y, Zhou L, et al. Inverse Association
of plasma molybdenum with metabolic syndrome in a Chinese adult
population: A Case-Control Study. Nutrients 2021;13:4544.

Novotny JA, Peterson CA. Molybdenum. Adv Nutr 2018;9:272-3.
Barceloux DG. Molybdenum. J Toxicol Clin Toxicol 1999;37:231-7.
Fuse Y, Urakawa Y, Tsukada N, Ito Y, Yoshida M, Shishiba Y. Variability
and seasonal change of urinary selenium, molybdenum, and iodine
excretion in healthy young Japanese adults. Biol Trace Elem Res
2023;201:3706-16.

Advanced Biomedical Research| 2024

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Hosokawa S, Yoshida O. Clinical studies on molybdenum in patients
requiring long-term hemodialysis. ASAIO J 1994;40:M445-9.

Yang F, Yi X, Guo J, Xu S, Xiao Y, Huang X, ef al. Association of
plasma and urine metals levels with kidney function: A population-based
cross-sectional study in China. Chemosphere 2019;226:321-8.

Filler G, Belostotsky V, Kobrzynski M, Huang SS, Yang L. High
prevalence of elevated molybdenum levels in pediatric CKD patients.
A cross-sectional and longitudinal study. Clin Nephrol 2017;88:79-85.
Shi P, Jing H, Xi S. Urinary metal/metalloid levels in relation to
hypertension among occupationally exposed workers. Chemosphere
2019;234:640-7.

Rabbani N, Alam SS, Riaz S, Larkin JR, Akhtar MW, Shafi T, et al.
High-dose thiamine therapy for patients with type 2 diabetes and
microalbuminuria: A randomised, double-blind placebo-controlled pilot
study. Diabetologia 2009;52:208-12.

Alaei-Shahmiri F, Soares MJ, Zhao Y, Sherriff J. The impact of thiamine
supplementation on blood pressure, serum lipids and C-reactive
protein in individuals with hyperglycemia: A randomised, double-blind
cross-over trial. Diabetes Metab Syndr 2015;9:213-7.

Smithline HA. Thiamine for the treatment of acute decompensated heart
failure. Am J Emerg Med 2007;25:124-6.

Kim MH, Choi MK. Seven dietary minerals (Ca, P, Mg, Fe, Zn, Cu, and
Mn) and their relationship with blood pressure and blood lipids in healthy
adults with self-selected diet. Biol Trace Elem Res 2013;153:69-75.
Tzoulaki I, Brown 1J, Chan Q, Van Horn L, Ueshima H, Zhao L, et al.
Relation of iron and red meat intake to blood pressure: Cross sectional
epidemiological study. BMJ 2008;337:a258.

Ebina K, Shi K, Hirao M, Kaneshiro S, Morimoto T, Koizumi K, et al.
Vitamin K2 administration is associated with decreased disease activity
in patients with theumatoid arthritis. Mod Rheumatol 2013;23:1001-7.
Ohsaki Y, Shirakawa H, Hiwatashi K, Furukawa Y, Mizutani T, Komai M.
Vitamin K suppresses lipopolysaccharide-induced inflammation in the
rat. Biosci Biotechnol Biochem 2006;70:926-32.

Tanaka S, Nishiumi S, Nishida M, Mizushina Y, Kobayashi K,
Masuda A, et al. Vitamin K3 attenuates lipopolysaccharide-induced
acute lung injury through inhibition of nuclear factor-kappaB activation.
Clin Exp Immunol 2010;160:283-92.

Ohsaki Y, Shirakawa H, Miura A, Giriwono PE, Sato S, Ohashi A,
et al. Vitamin K suppresses the lipopolysaccharide-induced expression
of inflammatory cytokines in cultured macrophage-like cells via the
inhibition of the activation of nuclear factor kB through the repression
of IKKov/p phosphorylation. J Nutr Biochem 2010;21:1120-6.
Shishavan NG, Gargari BP, Kolahi S, Hajialilo M, Jafarabadi MA,
Javadzadeh Y. Effects of Vitamin K on Matrix Metalloproteinase-3
and Rheumatoid Factor in Women with Rheumatoid Arthritis:
A Randomized, Double-Blind, Placebo-Controlled Trial. J Am Coll
Nutr 2016;35:392-8.



