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Abstract

Background & Objectives

Cardiovascular disease remains the most common cause of death for patients on chronic
dialysis. End stage renal disease patients undergoing dialysis imposed to reduce phospho-
rus intake, which likely contributes to development of vegetarian diet behaviors. Vegetarian
diets are often lower in protein content, in contradiction to the recommendation that a high
protein diet is followed by patients undergoing dialysis. The purpose of the study was to
investigate the effects of a vegetarian diet on the nutritional and cardiovascular status of
dialysis patients.

Design, Setting, Participants, Measurements

A study of 21 vegetarian dialysis patients and 42 age- and sex-matched non-vegetarian
dialysis patients selected as controls was conducted in the Kaohsiung Veterans General
Hospital. Brachial-ankle pulse wave velocity and biochemistry data including total homocys-
teine levels, serum lipid profiles, high-sensitivity C-reactive protein, vitamin D levels, albu-
min, and normalized protein catabolic rate were measured.

Results

Compared with the non-vegetarian control group, vegetarian subjects had lower body
weight, body mass index, serum phosphate, blood urea nitrogen, serum creatinine, vitamin
D, uric acid, albumin, and normalized protein catabolic rate (p < 0.05). The vegetarian group
showed higher brachial-ankle pulse wave velocity than the non-vegetarian group (1926.95
1+ 456.45 and 1684.82 + 309.55 cm/sec, respectively, p < 0.05). After adjustment for age,
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albumin, pre-dialysis systolic blood pressure, and duration of dialysis, vegetarian diet
remained an independent risk factor for brachial-ankle pulse wave velocity.

Conclusions

The present study revealed that patients on dialysis who follow vegetarian diets may experi-
ence subclinical protein malnutrition and vitamin D deficiency that could offset the beneficial
cardiovascular effects of vegetarianism.

Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality among patients
with end-stage renal disease (ESRD) who are on chronic dialysis [1]. According to the United
States Renal Data System, CVD accounts for approximately 40% of mortality among patients
on dialysis and is the principal cause of hospitalization [2]. Both traditional and non-traditional
risk factors have been implicated in the development of CVD in chronic dialysis patients. Tra-
ditional risk factors are those used to predict coronary heart disease outcomes in the general
population and include hypertension, smoking, hyperlipidemia, hyperglycemia, and obesity
[3]. Non-traditional risk factors are uremia-related factors that increase in prevalence as kidney
function declines and contribute to the excess risk of CVD observed in patients with chronic
kidney disease (i.e., anemia, abnormal calcium/phosphorus metabolism, hyperhomocysteine-
mia, extracellular fluid volume overload, oxidative stress, malnutrition, and inflammation) [4].
Recently, increased cardiovascular morbidity and mortality have been correlated with various
estimates of elevated left ventricle afterload, such as arterial wall stiffness, in patients on
chronic dialysis [5].

Arterial stiffness results from fibro-elastic intima thickening, increased collagen accumula-
tion, and fragmentation of elastic lamellae with secondary fibrosis and calcification of the
media. Arterial stiffness has been measured as aortic stiffness using a tonometric sensor on the
carotid and femoral arteries [6-8]. Carotid femoral pulse wave velocity (cfPWV) is measured
in order to reflect aortic pulse wave velocity. However, this technique is limited by low repro-
ducibility due to its technical difficulty. Brachial-ankle pulse wave velocity (baPWV) is auto-
matically measured by applying blood pressure cuffs over the arms and ankles; this is simple
and reproducible compared with cfPWV measurement. Aortic stiffness (cfPWV) and baPWV
are correlated [6], and the power of baPWV measurements for predicting the presence of CVD
is comparable to that of aortic pulse wave velocity in the general population. Increased arterial
stiffness, which can be examined by baPW'V, is a powerful and independent predictor of all-
cause and cardiovascular mortality in the general population and ESRD patients [7-11].

The number of vegetarians is increasing in many developed countries and different popula-
tions, including in people on chronic dialysis. Various dietary restrictions are imposed on dial-
ysis patients in order to control hyperphosphatemia, hyperkalemia, and calcium balance.
Dietitians may recommend the reduction of excessive reliance on high phosphorus-to-protein
ratio animal sources (i.e., fish, meat, and chicken) and avoidance of milk and milk products
(i.e., yogurt and cheese) because these foods have higher phosphorus content. The dietary
restrictions that are imposed to reduce phosphorus intake likely contribute to increasing vege-
tarianism among patients on dialysis.

Vegetarian diets have long been considered beneficial for health. Several investigators have
shown that vegetarian diets have a positive impact in altering serum lipids, reducing blood

PLOS ONE | DOI:10.1371/journal.pone.0156297 June 13,2016 2/11



@’PLOS ‘ ONE

Nutritional and Cardiovascular Status of Dialysis Patients

pressure, improving glycemia control and insulin sensitivity, reducing weight, and lowering
mortality [12, 13]. However, other studies have found no beneficial effects and indicated that
vegetarian diets were associated with the development of subclinical protein malnutrition and
vitamin deficiency [14, 15]. The National Kidney Foundation™ offers guidelines through the
Kidney Disease Outcomes Quality Initiative, recommending an intake of 1.2 g of protein/kg of
body weight for people on dialysis, with at least 50% of the dietary protein being of high biolog-
ical value [16]. The challenge is to ensure that dialysis patients have adequate intake of com-
plete proteins containing all nine essential amino acids; these are mainly found in animal
products. Vegetarian diets are often lower in protein, in contrast to the high protein diet rec-
ommended for dialysis patients. The present case-control study was designed to investigate the
effects of vegetarian diets on nutritional and cardiovascular status, including arterial stiffness,
in chronic dialysis patients.

Subjects and Methods
Study protocol and participants

An age- and sex-matched case-control study was conducted in the dialysis unit of Kaohsiung
Veterans General Hospital in south Taiwan between January 1 and December 31, 2014. The
subjects were recruited for an investigation of the effect of Taiwanese vegetarian diets on arte-
rial stiffness and cardiovascular risk profiles in chronic dialysis patients. The study had
approved by Kaohsiung Veterans General Hospital Institutional Review Board and each sub-
ject provided informed written consent prior to participation. The inclusion criteria were
patients aged >18 years old, who had received dialysis therapy (including hemodialysis and
peritoneal dialysis) for >6 months and remained in a stable condition, and followed vegetarian
diet habits. The vegetarian subjects included strict vegetarians and ovo-lactovegetarians, all of
whom had consumed a vegetarian diet for >18 months prior to starting the study, and did not
consume any meat or fish (those who consumed small amounts of milk and egg products were
included in the vegetarian group). The patients were denied nutritional vitamin D supplemen-
tation during the study, which was confirmed by medical charts and interviews. The exclusion
criteria were presence of diabetes mellitus, active malignancy, active inflammation, atrial fibril-
lation, high-degree atrioventricular block, peripheral arterial occlusion disease (PAOD), or
waveform images inadequate for the calculation of baPWV. An ankle-brachial blood pressure
index <0.9 was accepted to be a reliable marker for PAOD. In patients who developed acute
coronary syndrome, congestive heart failure, peritonitis, exit site infections, other infective
complications, or any other complications that required hospitalization, all of the above assess-
ments were deferred for at least 3 months after complete resolution of the complication.

For each case, two non-vegetarian controls, matched with the case by age (within +5 years)
and sex, were randomly selected from hospital lists of patients on chronic dialysis. All control
group patients conformed to the study inclusion and exclusion criteria.

Data collection

Upon entering the study, all patients underwent baPWV measurements. All blood biochemical
analyses were conducted on samples obtained before the hemodynamic study. These included
serum blood urea nitrogen (BUN), serum creatinine, hematocrit level, albumin, high sensitivity
C-reactive protein (Hs-CRP), intact parathyroid hormone (iPTH), uric acid, vitamin B12,
homocysteine, normalized protein catabolic rate (nPCR), 25-hydroxyvitamin D (25(OH)D)
levels, and lipid profiles. In addition, personal dietary behavior was assessed through interviews
conducted by a qualified nutritionist. All participants were asked to keep 24-hour dietary
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records and were given detailed instructions on how to keep dietary records using household
measures. Completed records were checked and analyzed by a qualified nutritionist.

Biochemical analysis

Fasting blood samples were collected for measuring serum 25(OH) D, albumin, iPTH, alkaline
phosphate, plasma homocysteine levels, and lipid profiles. Serum 25(OH)D was measured
using ELISA (Immunodiagnostic Systems Inc., Fountain Hills, AZ, USA) that detected both
vitamins D2 and D3, with a detection limit of 5.0 nmol/L. Intact PTH was measured using an
iPTH immunoradiometric assay (IRMA; Scantibodies Laboratory, Inc., Santee, CA, USA) with
a normal range of 8-76 pg/mL. Serum cholesterol was determined with an enzymatic photo-
metric assay using a Hitachi 7600 analyzer (Roche, Hitachi system, Tokyo, Japan). Serum high-
density lipoprotein (HDL) and low-density lipoprotein (LDL) levels were determined using
homogeneous enzymatic colorimetric assays (Sekisui, Osaka, Japan); the coefficient of varia-
tion (CV) was 2.08% and 2.61%, respectively. Serum triglycerides were assessed with an enzy-
matic photometric assay (CHO-HMMPS method) (WAKO, Osaka, Japan), with a CV of
1.98%. Serum homocysteine and vitamin B12 levels were determined using the chemilumines-
cent microparticle immunoassay method on an Architect 11000 analyzer (Abbott, MA, USA).

Assessment of arterial stiffness by baPWV measurement

BaPWYV values were assessed using a VP-1000 vascular profiler (Nippon Colin Ltd., Komaki
City, Japan) that allowed online pulse wave recording and automatic calculation of PWV.
Briefly, baAPWV was calculated from the equation: (D1 — D2)/T, where D1 was the distance
between the heart and ankle, D2 was the distance between the heart and brachium, and T was
the transit time between the right brachial arterial wave and the right tibial arterial wave. Dis-
tances between sampling points were automatically calculated from the patient’s height and
divided by the time interval for the waveform from each measuring point. Two measurements
were performed in each arm and average values were used for the analysis. BAPWV was used as
a marker of arterial stiffness on the basis of its ease of measurement, reproducibility, and valid-
ity in previous studies [6-8]. All the baAPWV measurements were performed by the same expe-
rienced operator.

Statistical analysis

Continuous variables were expressed as mean + standard deviation. Comparisons between the
two groups were performed using the student’s t test or ” test as appropriate. Non-parametric
data were compared using the Mann-Whitney U test, because cardiovascular risk factors influ-
ence aortic stiffness. Significant factors determining PWV values were also evaluated, using
multiple linear regression models to estimate the effects of vegetarianism after controlling for
major CVD risk factors. Statistical significance was set at a two-tailed p value< 0.05. All statisti-
cal analyses were performed using SPSS statistical software 17.0 for Windows (SPSS, Chicago
Davis, IL, USA).

Results

A total of 63 subjects (21 vegetarians and 42 sex- and age-matched non-vegetarians) were
enrolled in this study. According to their clinical characteristics and biochemical parameters,
12 male and 51 females were included, with a mean age of 56.27 + 12.28 years. Causes of ESRD
in the study group included chronic glomerulonephritis (n = 22; 34.9%), chronic interstitial
nephritis (n = 32; 50.8%), autosomal dominant polycystic kidney disease (n = 2; 3.2%), IgA
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nephropathy (n = 5; 7.9%), and lupus nephritis (n = 2; 3.2%). The median and average dura-
tions of dialysis were 115 months and 125 + 70 months, respectively. The vegetarian group
contained 18 lacto-ovo vegetarians, 1 vegan, 1 lacto-vegetarian, and 1 ovo-vegetarian. All
patients had constant and stable vegetarian behaviors during ESRD while undergoing renal
replacement therapy. The patients followed vegetarian diets for religious reasons, rather than
for body weight control or for treatment of illness. The median and average durations of vege-
tarian diet were 300 months and 286.29 + 128.41 months, respectively.

Clinical characteristics were compared between the two groups (Tables 1 and 2). The vege-
tarian group had a lower body weight and body mass index (p < 0.05). The serum BUN, serum
creatinine, uric acid, serum phosphate, serum calcium x phosphate products, 25(OH) D,
serum albumin, and nPCR levels were significantly lower in the vegetarian group than in the
non-vegetarian group (p < 0.05). In contrast, the vegetarian group had significantly higher
serum triglyceride levels than the non-vegetarian group (p < 0.05). There were no significant
differences in age, duration of dialysis, systolic arterial pressure, mean arterial pressure, dia-
stolic arterial pressure, hematocrit, hemoglobin, total cholesterol, HDL, LDL, alkaline phospha-
tase, serum calcium levels, iPTH, Hs-CRP, homocysteine, or serum vitamin B12 level between
the two groups.

As shown in Table 3, dietary compositions were compared between different groups using
24-hour dietary record analysis. The vegetarian group consumed less protein and fat than the
non-vegetarian group (p < 0.05). No significant differences were found in total energy gain
between these two groups. Values for baPWV were significantly higher in the vegetarian group
compared with the non-vegetarian group (1926.95 + 456.45 cm/sec vs. 1684.82 + 309.55 cm/
sec, respectively; p < 0.05) (Table 4). Independent factors associated with baPWV were further
evaluated using multiple linear regression analysis (Table 5). Vegetarian diet remained an inde-
pendent risk factor for elevated baPW'V, even after adjusting for age, pre-dialysis systolic arte-
rial blood pressure, duration of dialysis, and serum albumin.

Table 1. Demographic differences between the vegetarian and non-vegetarian groups.

Parameter

Sex (male/female)
Age (years)
Duration of dialysis (months)
Body weight (kg)*

Body mass index (kg/m?)*
Duration of vegetarian (months)
Underlying disease
Chronic interstitial nephritis
Chronic glomerular nephropathy
IgA nephropathy
Autosomal dominant polycystic kidney disease
Lupus nephritis
Comorbid conditions
Smoking
Previous MI episode

Values are expressed as mean = standard dev
*p <0.05
**p <0.01

doi:10.1371/journal.pone.0156297.t001

Vegetarians (n = 21) Non-vegetarians (n = 42) p value
417 8/34 1.000
56.24 + 13.71 56.29 + 11.67 0.989
112.20 + 80.37 131.77 + 64.81 0.304
50.26 +7.18 55.88 +9.18 0.018
20.39+2.14 22.46 + 3.38 0.013

286.29 + 128.41 = =

13 (61.90%) 19 (45.24%) 0.212
5 (23.81%) 17 (40.48%) 0.191
1 (4.76%) 4 (9.52%) 0.657

1 (4.76%) 1 (2.38%) 1.000

1 (4.76%) 1 (2.38%) 1.000

0 1 (2.38%) 1.000

0 4 (9.52%) 0.292

iation
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Table 2. Differences in biochemical and nutritional markers between the vegetarian and non-vegetarian groups.

Parameter

Hemoglobin
Hematocrit
Blood urea nitrogen (mg/dL)**
Serum creatinine (mg/dL)**
Triglyceride (mg/dL)**

Total cholesterol (mg/dL)
High-density lipoprotein cholesterol (mg/dL)
Low-density lipoprotein cholesterol (mg/dL)

Uric acid (mg/dL)**
Albumin (g/dL)**
Calcium (mg/dL)

Serum phosphate (mg/dL)**
Calcium x Phosphate (mg?/dL?)**
Alkaline phosphatase (U/L)

Intact parathyroid hormone (pg/mL)
High-sensitivity C-reactive protein (mg/dL)
Normalized protein catabolic rate (g/day/kg)*
Homocysteine level (umol/L)
Vitamin B12 level (pg/mL)

25 (OH) Vitamin D level (ng/mL)**

25 (OH) Vitamin D level =10 (ng/mL) **

Vegetarians (n = 21)

10.53 +1.32
32.00 + 3.96
51.66 + 13.78
8.55+ 1.84
205.24+ 123.47
186.86 + 44.20
44.71 £ 12.94
87.52 + 26.77
5.74 +1.58
3.77 £ 0.35
9.58 £ 0.90
3.96 + 1.27
37.74 £12.13
119.19 + 70.57
328.92 + 362.96
0.67 +0.98
1.02 £0.27
21.62 +7.62
901.70+ 665.00
14.43 £ 8.00
7/21

Values are are expressed as mean + standard deviation.

* p < 0.05
** b < 0.01

doi:10.1371/journal.pone.0156297.t002

Discussion

Non-vegetarians (n = 42)

10.54 £1.17
32.39+3.72
67.58 £ 16.43
10.35 +£1.72
141.76 + 107.95
196.05 + 34.19
48.12 + 17.65
93.19 + 26.86
7.10+1.45
4.02 +0.35
9.77 £ 0.76
5.36 + 1.50
52.44 +15.25
119.38 + 93.46
600.78 + 584.27
0.66 +1.12
1.24 £ 0.36
24.97 £9.71
994.80 * 568.97
23.78 £ 9.68
2/42

p value

0.994
0.706
<0.001
<0.001
0.003
0.366
0.436
0.432
0.001
0.009
0.382
<0.001
<0.001
0.884
0.139
0.354
0.011
0.088
0.243
<0.001
0.005

The major findings of this study were: (1) patients who followed vegetarian diets had lower
serum BUN, creatinine, phosphate, serum calcium X phosphate products, uric acid, vitamin D,
albumin, and nPCR levels; and (2) patients who followed vegetarian diets had increased vascu-

lar stiffness as assessed by baPWV compared with non-vegetarians. Kuang et al. [17] previously

showed that baAPWV had an independent correlation with age and serum albumin level among
peritoneal patients. Additionally, Kim et al. [18] found that age, pre-dialysis systolic blood
pressure, and diabetes were independent variables of baPWV in ESRD patients. After adjusting
for these known factors, we still found that vegetarian diet was a novel independent risk factor
for vascular stiffness in chronic dialysis patients.
In Taiwanese society, vegetarianism commonly originates from personal or family religious

reasons (i.e., Buddhism and Taoism), and has been practiced for centuries. As part of Taoist

and Buddhist practice, followers have incorporated lifestyle rituals including vegetarianism,
good moral conduct, and the use of appropriate incantations, amulets, and charms. In this
study, all patients had chosen a vegetarian diet for religion reasons and not as a treatment for a
previous illness. Furthermore, patients were enrolled in the vegetarian diet group only if they

had consistent and stable diet behavior. The average duration of vegetarian diet was

286.29 + 128.41 months. Therefore, the vegetarian group in this study can be considered to

represent the true effects of a vegetarian diet on biochemical and vascular functions, unbiased

by personal disease.
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Table 3. Comparison of dietary composition between vegetarians and non-vegetarians.

Energy (Cal)
Protein (g)*
Carbohydrate (g)
Fat (9)*

Vegetarians (n = 21)
1439.66 + 404.64
47.29 + 15.42
197.98 + 61.75
48.71 £ 16.55

Values are expressed as mean * standard deviation

*p<0.05
**p <0.01

doi:10.1371/journal.pone.0156297.t003

Non-vegetarians (n = 42) p value
1669.47 £ 512.02 0.078
60.57 + 21.88 0.016
211.83 + 75.87 0.472
57.36 £ 19.39 0.012

In the present study, the vegetarian group had significantly lower serum BUN, creatinine,
phosphate, calcium x phosphate, uric acid, albumin, and nPCR levels compared with the non-
vegetarian group. The nPCR, known as the protein equivalent of nitrogen appearance, is an
indicator of protein catabolism and appropriately reflects dietary protein intake in a steady
condition. Albumin can serve as indicator of visceral protein storage. These markers showed
that vegetarian diets include lower protein intake than non-vegetarian diets. All data generated
in this study, including 24-hour dietary record analyses, support the hypothesis that usual Tai-
wanese vegetarian diets have lower protein content and decreased nitrogen load, resulting in
lower BUN, phosphate, and serum uric acid levels. These findings were compatible with those

from a previous study [19].

Table 4. Comparison of index of artery stiffness between vegetarian and non-vegetarian groups.

Parameter

Systolic arterial blood pressure (mmHg)
Mean arterial blood pressure (mmHg)
Diastolic arterial blood pressure (mmHg)
Brachial-ankle pulse wave velocity (cm/sec)*

Ankle-brachial index

Vegetarians (n = 21)

139.71+ 18.52
107.67 + 13.31
82.14 +9.98

1.16£0.10

Values are expressed as mean * standard deviation

*p < 0.05
** p < 0.01

doi:10.1371/journal.pone.0156297.t004

1926.95+ 456.45

Non-vegetarians (n = 42) p value
141.79 + 24.88 0.737
108.28 + 18.14 0.890
80.79 £ 12.77 0.878

1684.82 + 309.55 0.036
1.16 £ 0.11 0.956

Table 5. Output from multiple stepwise regression analyses between multiple factors and brachial-
ankle pulse wave velocity in 63 dialysis patients.

Parameter

Vegetarian diet
Age (years)

Pre-dialysis systolic blood pressure (mmHg)

Duration of dialysis (months)
Albumin

B
0.256
0.499
0.337

-0.093

-0.154

95% ClI p value
49.163-358.986 0.011
9.400-21.413 <0.001
2.476-8.713 0.001
-1.563-0.555 0.342
-366.478-44.780 0.123

The regressions coefficients and 95% coefficient interval value are indicated. All models are after
adjustment for all above covariates including diet, age, and pre-dialysis systolic blood pressure, duration of

dialysis and serum albumin.

doi:10.1371/journal.pone.0156297.t005

PLOS ONE | DOI:10.1371/journal.pone.0156297 June 13,2016

7/11



@’PLOS ‘ ONE

Nutritional and Cardiovascular Status of Dialysis Patients

In the present study, the vegetarian group showed no significant differences in serum homo-
cysteine or vitamin B12 levels compared with the non-vegetarian group. Homocysteine is a
byproduct of methionine metabolism, a sulthydryl-containing essential amino acid that is
observed at the junction of two metabolic pathways: transsulfuration and re-methylation.
Although it is highly possible that patients who are on chronic dialysis and consume a vegetar-
ian diet may have lower serum vitamin B12 levels, which may induce higher serum homocyste-
ine levels, this was not observed in the present study. In Taiwan, water-soluble vitamins
including B12 have generally been provided for chronic dialysis patients in recent decades. As
a result, serum vitamin B12 and homocysteine levels were not observed to be significantly dif-
ferent between different diets in this study.

We demonstrated significantly lower serum 25(OH) D levels in patients who consumed
vegetarian diets. This finding was compatible with results from a previous study in Finland, in
which strict Western vegetarian diets were found to be at risk for vitamin D deficiency in the
winter, primarily due to low dietary vitamin D3 intake and despite normal sunlight exposure
in the summer [20]. Humans obtain vitamin D through exposure to sunlight, diet, and dietary
supplements. Foods that provide the highest quantities of natural vitamin D3 per gram all
come from animal sources, primarily fish oil. However, the dietary resources (plant, yeast, and
fungi) available to vegetarians only contain Vitamin D2. Vitamin D3 is more potent in raising
and maintaining serum 25(OH) D concentrations and leads to 2- to 3-fold greater storage of
vitamin D than does equimolar vitamin D2 [21]. In our study, vegetarian diets contained lower
protein intake; this was confirmed by 24-hour dietary records and normalized protein catabolic
rate (Tables 2 and 3). Vegetarian diets appear to result in higher risk of 25(OH) D deficiencies
due to insufficient protein intake and vitamin D3 deficiencies.

The influence of vegetarian diet on vascular stiffness remains a major issue, especially for
high-risk groups such as chronic dialysis patients. The primary endpoint of baPWV was cho-
sen in this study as a surrogate for CVD risk. However, presence of severe PAOD decreases
baPWYV due to decreased blood flow and internal pressure. Arrhythmias, such as atrial fibrilla-
tion and atrioventricular block, also interfere with the results of baPWV analysis. In the present
study, patients with atrial fibrillation, high-degree atrioventricular block, and PAOD had wave-
form images that were inadequate for the calculation of baPWV. Hence, all confounding fac-
tors of baPWV were excluded. BAPWV measurement in this study was a valid and acceptable
representation of aortic PWV measured using conventional methods. Vascular stiffness in veg-
etarians, assessed by baPWV, was worse than that in non-vegetarians. Consuming a vegetarian
diet was an independent risk factor for vascular stiffness, even after adjusting for other known
factors of arterial stiffness (Table 5). Vegetarian diet resulting in 25(OH) D deficiencies may be
a possible etiology. The vitamin D hormone is essential for the preservation of serum calcium
and phosphate levels, but may also be a regulator of endothelial nitric oxide synthase and arte-
rial stiffness [22]. As many previous studies have revealed, lower serum 25(OH) D concentra-
tions are associated with higher arterial calcification score, more LV hypertrophy and
dilatation, and increased risk of cardiovascular events in patients on chronic dialysis [23-25].
Furthermore, a vegetarian diet may also lead to low dietary protein intake. A low protein diet
has been confirmed to enhance vascular calcification in uremic rats with hyperphosphatemia
[26]. The combination of these factors may limit the beneficial cardiovascular effects of a vege-
tarian diet and even result in adverse effects.

Data seen in Table 3 show that fat intake is significantly higher in non-vegetarians. Such
high intake of fat is not conducive from a cardiac point of view. Although it would seem intui-
tive to extrapolate recommendations for low dietary fat in the general population, virtually no
convincing data exist to suggest that restricting dietary fat has any advantage in dialysis groups.
A surprising observation, which is not well known, is that in most epidemiologic studies lower
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body fat is associated with greater mortality in dialysis patients [27]. Previous study showed
that tissue levels of long-chain n-3 fatty acids are depressed in vegetarians [28]. n-3 fatty acids
have a beneficial effect on the vascular system, reducing pulse wave velocity and modulating
inflammation [29]. For example, vegetarians have much lower plasma concentrations of eico-
sapentaenoic acid and docosahexaenoic acid, both of which are strongly related to human
health. Vegetarians do not eat fish and thus consume virtually no eicosapentaenoic acid and
docosahexaenoic acid. Besides, conversion of the plant-derived n-3 fatty acid o-linolenic acid
to eicosapentaenoic acid and docosahexaenoic acid is very low. Despite similar lipid profiles in
this study (Table 2), vegetarian diets with lower fat intake may have offset the beneficial cardio-
vascular effects of vegetarianism. Furthermore, it is possible, although not yet proven, that
properly administered dietary fat could have additional benefits on the vessel system [30, 31].

There were several limitations to the present study that must be considered. Firstly, causal
relationships could not be determined owing to the cross-sectional study design. Secondly, the
study sample size was relatively small; hence, the study may not have been adequately powered
to detect other potential risk factors. Thirdly, patients with malignancy, diabetes mellitus, or
active inflammation have been excluded; thus, the results cannot be applied to these popula-
tions. Despite these limitations, this was the first study investigating the effects of Taiwanese
vegetarianism on nutritional and cardiovascular status in chronic dialysis patients.

In conclusion, enforcing dialysis-related dietary restrictions in vegetarian Taiwanese
patients with ESRD may contribute to subclinical protein malnutrition and vitamin D defi-
ciency, offsetting the beneficial cardiovascular effects of vegetarianism. A prospective random-
ized controlled study will be needed to evaluate whether correction of vitamin D deficiency
and protein supplement will improve cardiovascular outcomes in patients with ESRD who are
vegetarians.

Supporting Information
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supporting information file.
(XLSX)

Acknowledgments

The authors thank the participants in this study and dialysis centers staffs.

Author Contributions

Conceived and designed the experiments: CLC. Performed the experiments: CLC. Analyzed
the data: SHO MYC CWH NCC CHW CYH KJC PTL HCF CLC. Contributed reagents/mate-
rials/analysis tools: CLC. Wrote the paper: SHO CLC.

References

1. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular disease in chronic renal dis-
ease. Am J Kidney Dis. 1998; 32: S112—-119. PMID: 9820470

2. United States Renal Data System. (2010) USRDS 2010 Annual Data Report: Atlas of End-Stage Renal
Disease in the United States. 2010.

3. Muntner P, He J, Astor BC, Folsom AR, Coresh J. Traditional and non-traditional risk factors predict
coronary heart disease in chronic kidney disease: results from the atherosclerosis risk in communities
study. J Am Soc Nephrol. 2005; 16: 529-538. PMID: 15625072

4. Muntner P, Hamm LL, Kusek JW, Chen J, Whelton PK, He J. The prevalence of non-traditional risk fac-
tors for coronary heart disease in patients with chronic kidney disease. Ann Intern Med. 2004; 140(1):
9-17. PMID: 14706967

PLOS ONE | DOI:10.1371/journal.pone.0156297 June 13,2016 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156297.s001
http://www.ncbi.nlm.nih.gov/pubmed/9820470
http://www.ncbi.nlm.nih.gov/pubmed/15625072
http://www.ncbi.nlm.nih.gov/pubmed/14706967

@’PLOS ‘ ONE

Nutritional and Cardiovascular Status of Dialysis Patients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Danielski M, Ikizler TA, McMonagle E, Kane JC, Pupim L, Morrow J, Himmelfarb J. Linkage of hypo-
albuminemia, inflammation, and oxidative stress in patients receiving maintenance hemodialysis ther-
apy. Am J Kidney Dis. 2003; 42(2): 286—294. PMID: 12900810

Tanaka H, Munakata M, Kawano Y, Ohishi M, Shoji T, Sugawara J, et al. Comparison between carotid-
femoral and brachial-ankle pulse wave velocity as measures of arterial stiffness. J Hypertens. 2009; 27
(10): 2022—-2027. doi: 10.1097/HJH.0b013e32832e94e7 PMID: 19550355

Yamashina A, Tomiyama H, Takeda K, Tsuda H, Arai T, Hirose K, et al. Validity, reproducibility, and
clinical significance of non-invasive brachial-ankle pulse wave velocity measurement. Hypertens Res.
2002; 25(3): 3569-364. PMID: 12135313

Kitahara T, Ono K, Tsuchida A, Kawai H, Shinohara M, Ishii Y, et al. Impact of brachial-ankle pulse
wave velocity and ankle-brachial blood pressure index on mortality in hemodialysis patients. Am J Kid-
ney Dis. 2005; 46(4): 688—-696. PMID: 16183424

Willum-Hansen T, Staessen JA, Torp-Pedersen C, Rasmussen S, Thijs L, Ibsen H, et al. Prognostic
value of aortic pulse wave velocity as index of arterial stiffness in the general population. Circulation.
2006; 113(5): 664—-670. PMID: 16461839

Laurent S, Boutouyrie P, Asmar R, Gautier |, Laloux B, Guize L, et al. Aortic stiffness is an independent
predictor of all-cause and cardiovascular mortality in hypertensive patients. Hypertension. 2001; 37(5):
1236—1241. PMID: 11358934

Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM. Arterial calcifications, arterial stiffness, and
cardiovascular risk in end-stage renal disease. Hypertension. 2001; 38(4): 938—-942. PMID: 11641313

Chen CW, Lin CT, Lin YL, Lin TK, Lin CL. Taiwanese female vegetarians have lower lipoprotein-associ-
ated phospholipase A2 compared with omnivores. Yonsei Med J. 2011; 52(1): 13—19. doi: 10.3349/ymj.
2011.52.1.13 PMID: 21155029

Kahleova H, Matoulek M, Malinska H, Oliyarnik O, Kazdova L, Neskudla T, et al. Vegetarian diet
improves insulin resistance and oxidative stress markers more than conventional diet in subjects with
Type 2 diabetes. Diabet Med. 2011; 28(5): 549-559. doi: 10.1111/j.1464-5491.2010.03209.x PMID:
21480966

Obersby D, Chappell DC, Dunnett A, Tsiami AA. Plasma total homocysteine status of vegetarians com-
pared with omnivores: a systematic review and meta-analysis. Br J Nutr. 2013; 109(5): 785-794. doi:
10.1017/S000711451200520X PMID: 23298782

Ingenbleek Y, McCully KS. Vegetarianism produces sub-clinical malnutrition, hyper-homocysteinemia
and atherogenesis. Nutrition. 2012; 28(2): 148—153. doi: 10.1016/j.nut.2011.04.009 PMID: 21872435

Kopple Joel D.. The National Kidney Foundation K/DOQI clinical practice guidelines for dietary protein
intake for chronic dialysis patients. Am J Kidney Dis. 2011; 38(4 Suppl 1): S68-73.

Kuang DW, Li CL, Kuok Ul, Cheung K, Lio WI, Xin J. Risk factors associated with brachial-ankle pulse
wave velocity among peritoneal dialysis patients in Macao. BMC Nephrol 2012; 13: 143. doi: 10.1186/
1471-2369-13-143 PMID: 23113871

Kim EY, YiJH, Han SW, Shin J, Lee JU, Kim SG, Kim HJ. Clinical factors associated with brachial-
ankle pulse wave velocity in patients on maintenance hemodialysis. Electrolyte Blood Press. 2008; 6
(2): 61-67. doi: 10.5049/EBP.2008.6.2.61 PMID: 24459524

Wu TT, Chang CY, Hsu WM, Wang IK, Hsu CH, Cheng SH, et al. Nutritional status of vegetarians on
maintenance haemodialysis. Nephrology (Carlton). 2011; 16(6): 582-587.

Hung CJ, Huang PC, Lu SC, Li YH, Huang HB, Lin BF, etE al. Plasma homocysteine levels in Taiwan-
ese vegetarians are higher than those of omnivores. J Nutr. 2002; 132(2): 152—-158. PMID: 11823571

Heaney RP, Recker RR, Grote J, Horst RL, Armas LA. Vitamin D (3) is more potent than vitamin D (2)
in humans. J Clin Endocrinol Metab. 2011; 96(3): E447—-452. doi: 10.1210/jc.2010-2230 PMID:
21177785

Andrukhova O, Slavic S, Zeitz U, Riesen SC, Heppelmann MS, Ambrisko TD, et al. Vitamin D is a regu-
lator of endothelial nitric oxide synthase and arterial stiffness in mice. Mol Endocrinol. 2014; 28(1): 53—
64. doi: 10.1210/me.2013-1252 PMID: 24284821

Lamberg-Allardt C, Karkkainen M, Seppanen R, Bistrom H. Low serum 25-hydroxyvitamin D concentra-
tions and secondary hyperparathyroidism in middle-aged white strict vegetarians. Am J Clin Nutr. 1993;
58(5): 684-689. PMID: 8237875

London GM, Guérin AP, Verbeke FH, Pannier B, Boutouyrie P, Marchais SJ, et al. Mineral metabolism
and arterial functions in end-stage renal disease: potential role of 25-hydroxyvitamin D deficiency. J Am
So Nephrol. 2001; 18(2): 613—-620.

Wang AY, Lam CW, Sanderson JE, Wang M, Chan IH, Lui SF, et al. Serum 25-hydroxyvitamin D status
and cardiovascular outcomes in chronic peritoneal dialysis patients: a 3-y prospective cohort study. Am
J Clin Nutr. 2008; 87(6): 1631-1638. PMID: 18541550

PLOS ONE | DOI:10.1371/journal.pone.0156297 June 13,2016 10/11


http://www.ncbi.nlm.nih.gov/pubmed/12900810
http://dx.doi.org/10.1097/HJH.0b013e32832e94e7
http://www.ncbi.nlm.nih.gov/pubmed/19550355
http://www.ncbi.nlm.nih.gov/pubmed/12135313
http://www.ncbi.nlm.nih.gov/pubmed/16183424
http://www.ncbi.nlm.nih.gov/pubmed/16461839
http://www.ncbi.nlm.nih.gov/pubmed/11358934
http://www.ncbi.nlm.nih.gov/pubmed/11641313
http://dx.doi.org/10.3349/ymj.2011.52.1.13
http://dx.doi.org/10.3349/ymj.2011.52.1.13
http://www.ncbi.nlm.nih.gov/pubmed/21155029
http://dx.doi.org/10.1111/j.1464-5491.2010.03209.x
http://www.ncbi.nlm.nih.gov/pubmed/21480966
http://dx.doi.org/10.1017/S000711451200520X
http://www.ncbi.nlm.nih.gov/pubmed/23298782
http://dx.doi.org/10.1016/j.nut.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/21872435
http://dx.doi.org/10.1186/1471-2369-13-143
http://dx.doi.org/10.1186/1471-2369-13-143
http://www.ncbi.nlm.nih.gov/pubmed/23113871
http://dx.doi.org/10.5049/EBP.2008.6.2.61
http://www.ncbi.nlm.nih.gov/pubmed/24459524
http://www.ncbi.nlm.nih.gov/pubmed/11823571
http://dx.doi.org/10.1210/jc.2010-2230
http://www.ncbi.nlm.nih.gov/pubmed/21177785
http://dx.doi.org/10.1210/me.2013-1252
http://www.ncbi.nlm.nih.gov/pubmed/24284821
http://www.ncbi.nlm.nih.gov/pubmed/8237875
http://www.ncbi.nlm.nih.gov/pubmed/18541550

@’PLOS ‘ ONE

Nutritional and Cardiovascular Status of Dialysis Patients

26.

27.

28.

29.

30.

31.

Yamada S, Tokumoto M, Tsuruya K, Tatsumoto N, Noguchi H, Kitazono T, et al. Fetuin-A decrease
induced by a low protein diet enhances vascular calcification in uremic rats with hyperphosphatemia.
Am J Physiol Renal Physiol. 2015; 309(8): F744—754. doi: 10.1152/ajprenal.00017.2015 PMID:
26180236

Noori N, Kovesdy CP, Dukkipati R, Kim Y, Duong U, Bross R, et al. Survival predictability of lean and
fat mass in men and women undergoing maintenance hemodialysis. Am J Clin Nutr. 2010; 92(5):
1060-1070. doi: 10.3945/ajcn.2010.29188 PMID: 20844076

Davis BC, Kris-Etherton PM. Achieving optimal essential fatty acid status in vegetarians: current knowl-
edge and practical implications. Am J Clin Nutr. 2003; 78(3 Suppl): 640S—646S. PMID: 12936959

Pase MP, Grima NA, Sarris J. Do long-chain n-3 fatty acids reduce arterial stiffness? A meta-analysis
of randomised controlled trials. Br J Nutr. 2011; 106(7): 974-980. doi: 10.1017/S0007114511002819
PMID: 22005318

Noori N, Dukkipati R, Kovesdy CP, Sim JJ, Feroze U, Murali SB, et al. Dietary omega-3 fatty acid, ratio
of omega-6 to omega-3 intake, inflammation, and survival in long-term hemodialysis patients. Am J Kid-
ney Dis. 2011; 58(2): 248—256. doi: 10.1053/j.ajkd.2011.03.017 PMID: 21658827

Kalantar-Zadeh K, Stenvinkel P, Bross R, Khawar OS, Rammohan M, Colman S, et al. Kidney insuffi-
ciency and nutrient-based modulation of inflammation. Curr Opin Clin Nutr Metab Care. 2005; 8(4):
388-396. PMID: 15930963

PLOS ONE | DOI:10.1371/journal.pone.0156297 June 13,2016 11/11


http://dx.doi.org/10.1152/ajprenal.00017.2015
http://www.ncbi.nlm.nih.gov/pubmed/26180236
http://dx.doi.org/10.3945/ajcn.2010.29188
http://www.ncbi.nlm.nih.gov/pubmed/20844076
http://www.ncbi.nlm.nih.gov/pubmed/12936959
http://dx.doi.org/10.1017/S0007114511002819
http://www.ncbi.nlm.nih.gov/pubmed/22005318
http://dx.doi.org/10.1053/j.ajkd.2011.03.017
http://www.ncbi.nlm.nih.gov/pubmed/21658827
http://www.ncbi.nlm.nih.gov/pubmed/15930963

