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Abstract

Advanced glycation end products (AGEs) are considered as uremic toxins and contribute to
cardiovascular complications in HD patients. Consumption of specific foods is associated with
increased AGEs. In this study we investigated the AGE food consumption as a potential risk of
mortality in dialysis patients.

A study group of 150 dialysis patients were asked to fill in a 7-day diet questionnaire where
from the data on protein, calorie and AGEs daily food intakes were extrapolated. Patients were
followed for 36 months. Kaplan-Meier survival curves were applied to estimate difference in survival
in patients with low (below median intake), or high (above median intake) of AGEs. The median CRP
level was obtained for survival correction by inflammation.

The mean age of study participants was 55 years and 62% of them were men. The average
amount of daily intake of AGEs was 9.4 + 4.0 MU/24 hours. The average daily protein and calories
intake were within current recommendations. The median level of daily AGEs intake was 8.9
MU/day. When patients were stratified by AGEs rich or poor diet and inflammatory state, no
difference for survival was found in all groups. Patients with high inflammation did not differ in
survival in relation to rich or poor AGEs diet (p=0.614). In patients with low CRP better survival had
patients consuming more AGEs, but the difference was not statistically significant (p= 0.167).

Inflammation strongly impacts survival of dialysis patients. Rich AGEs food diet was not
found to be at risk of mortality. Traditional diet explains better outcomes in dialysis patients.
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Introduction

Advanced glycation end products (AGEs) are considered as uremic toxins and contribute to
cardiovascular complications of HD patients [1, 2]. Consumption of specific foods is associated with
increased AGEs. Food AGEs content depends on the quality, quantity of food and also the way of
preparation [3]. Efforts are being done towards modelling a diet low in these products, as a way of
improving life span [4]. The link between nutrition, body mass index and AGEs from food was found
to be in a linear correlation [5]. Dialysis patients suffer from malnutrition. Protein energy wasting is
one of the independent risk factors associated with high mortality rate [6]. In this study we
investigated the AGE food consumption as a potential risk of mortality in dialysis patients.

Material and methods

A study group of 150 dialysis patients were asked to fill in a 7-day diet questionnaire. Patients
were advised for food and portions recording. Daily AGEs intake was estimated by Goldbergs tables
[3], which were adapted to traditional local meals. The protein and calorie intake per day were
estimated from tables by the United States Department of Agriculture Nutrition’s Database [7].
Dialysis, nutritional and laboratory variables were used from patients’ regular monthly sheets and
medical history. Patients were followed for 36 months until death, transplantation or change of
dialysis modality. Statistical analysis: Continuous variables are shown as mean values and categorical
as percentages. Kaplan-Meier survival curves were applied to estimate difference in survival in
patients with low (below median intake), or high (above median intake) AGEs. The median CRP level
was obtained for survival correction by inflammation. Inflammation strongly impacts survival of
dialysis patients. Rich AGEs food diet was not found to be at risk of mortality. Traditional diet
explains better outcomes in dialysis patients.

Results
The mean age of study participants was 55 years and 62% of them were men (Tab.1). On
average, patients were dialyzed for more than 8 years and the vast majority achieved good dialysis
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adequacy. Renal anemia was treated with erythropoietin and the mean hemoglobin level of the
population was well — 116 g/L. The nutritional indices as albumin and BMI were in target ranges. The
values of C-reactive protein (CRP) as marker of inflammation showed marked variations between
subjects.

Table 1. Demographic, dialysis and nutritional indices of study population

N=150 Mean St. Dev.
Male 94 (62%)

Age (years) 55.69 135
Vintage (years) 8.89 5.78
KT/V 1,38 0.2
Hb (g/l) 116.17 8.6
Ab (g/L) 38.8 2.7
CRP (mg/L) 7.21 8.73
BMI (Kg/m?) 23.25 4.6

The average amount of daily intake of AGEs was 9.4 + 4.0 MU/24 hours. The average daily
protein intake per body weight was 1.27 + 0.68 g/24hours/Kg and calorie intake 30.27 + 9.4
kcal/24h/kg. The median level of daily AGEs intake was 8.9 MU/day. There were 76 patients
consuming AGEs rich diet and 74 patients consuming AGEs low diet. In the follow up period 49
(33%) of patients died. In the AGEs rich diet group 25 (26%) died and similar number of deaths
occurred in the AGEs low diet group (24 (32%)), respectively. When patient’s survival was analyzed
in relation to low or high daily AGEs food intake by median level, no difference was found in both
groups (32.9 months vs. 33.7 months, p=0.627), (Fig. 1).
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Figure 1. Kaplan-Meier estimates of survival with regard to all-cause mortality in relation to low
(below median intake), or high (above median intake) of Advanced Glycation End Products (AGES).

Patients survival was seriously affected by inflammation (Fig.2). When patients were dived
by CRP median level (4.6 mg/L), 76 patients showed high and 74 patients’ low inflammatory status.
The mortality was lower in the group of patients with low than high CRP (21 (28%) vs (28 (36%))
and survival was significantly better in patients with lower inflammation (32.0 months vs. 34.4
months, p=0.038).

30



Trajceska L.Does the advanced glycation end products food intake influence mortality in dialysis patients?

: I TLH

High CRP
087 N=74

Survival

Mean survival time:
High CRP - 32,0 mo

CRP - 34,4 mo, Log Rank, P=0.038
0,5

T T T T
o] 10 20 30 40

Time of follow up, months

Figure 2. Kaplan-Meier estimates of survival with regard to all-cause mortality in relation to low
(below median levels), or high (above median levels) of CRP.

When patients were stratified by AGEs rich or poor diet and inflammatory state, no difference
for survival was found in all groups (Fig.3). Patients with high inflammation did not differ in survival
in relation to rich or poor AGEs diet (p=0.614). In patients with low CRP better survival had patents
consuming more AGEs, but the difference was not statistically significant (p= 0.167).
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Figure 3. Kaplan-Meier estimates of survival with regard to all-cause mortality in relation to different
combinations of low (below median levels), or high (above median levels) of CRP and low (below
median intake), or high (above median intake) AGEs.

Discussion

The role of chronic inflammation in related adverse cardiovascular outcomes and high
mortality rate of dialysis patients have been demonstrated in many studies, and several pathogenetic
mechanisms have been introduced in this regard. Mortality is influenced by interaction of nutrition,
inflammation and comorbidities [8,9,10]. As a marker of inflammatory status, in many studies CRP
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showed wide range of standard deviation [11]. Our study confirmed those results and also the
connection of CRP with mortality. The group of patients with less inflammation lived longer in
our study. The present K/DOQI clinical practice guideline for hemodialysis suggested stabilized
serum albumin equal to or greater than 4.0 g/dL [12]. Our patients presented with well-preserved
albumin levels. Low hemoglobin level and erythropoiesis-stimulating agents could lead to
cardiovascular events, fatigue, and even mortality, while low serum albumin level in dialysis patients
is also known to be associated with malnutrition, inflammation, and all-cause and cardiovascular
mortality [13]. Our results showed appropriate achievement of target hemoglobin level in vast
majority of patients. Arsov et al. found that calories, protein and AGEs intake hardly influence the
AGE products body accumulation. BMI of dialysis patients of around 24 kg/m® resulted in a lower
accumulation [5]. Also, this study showed that calories, AGE and protein intake correlated with each
other. Another study showed that patients consuming less than 16 MU/24 hours survived longer [4].
The daily AGE intake of our patients was lower than 12 MU/24 hours. Our survival analysis
according to rich or poor AGEs diet showed no difference in life span. When patients were divided
according to presence of inflammation in combination with AGEs intake, best survival was seen in
patients with rich AGE diet and lower CRP. Since most of the patients had good nutritional indices as
BMI, albumin and hemoglobin, and also good calorie and protein intakes, the bigger AGEs intake we
understood as better nutritional status. Inflammatory status remained the most influencing factor on
mortality.

Conclusion
Inflammation strongly impacts survival of dialysis patients. Rich AGEs food diet was not found
to be at risk of mortality. Traditional diet explains better outcomes in dialysis patients.
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