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SUMMARY AT A GLANCE

Wu et al. compared the nutritional status

of 19 vegetarian versus 299 non-vegetarian

stable HD patients and found that

vegetarian patients have smaller BMI and

require higher EPO usage, but their

subjective global assessment score and

functions of daily activity are similar to

their non-vegetarian counterparts.

ABSTRACT:

Aim: Vegetarian diets have long been thought of as beneficial to health.
However, vegetarian diets are often low in protein, which is contradictory to
the high protein diet guideline for uraemia patients. The purpose of the
study was to investigate the impact of a vegetarian diet on the nutritional
status of haemodialysis (HD) patients.
Methods: Patients on chronic HD for over 6 months were included in the
study. The normalized protein catabolic rate (nPCR) was used to reflect daily
protein intake. Biochemical markers of nutrition, anthropometric param-
eters, subjective global assessment (SGA) and functional activity of daily
living were assessed to evaluate the nutritional status of vegetarians on
chronic HD.
Results: Nineteen out of 318 HD patients were vegetarians. The nPCR was
lower in the vegetarian group (1.20 1 0.24 vs 1.10 1 0.29 g/kg per day, non-Veg
vs Veg, P < 0.05). The serum albumin and prealbumin were similar in veg-
etarian and non-vegetarian HD patients. The body mass index (BMI) and
mid-arm muscular circumference (MAMC) were lower in vegetarian
patients (P < 0.05). The haematocrit of vegetarians can be maintained at a
level similar to that of non-vegetarian patients but erythropoietin doses
needed were higher in vegetarian patients (P < 0.05). The muscle strength
evaluated by the hand-grip test, SGA and activities of daily living were
similar in vegetarians and non-vegetarians.
Conclusion: The present study revealed that HD patients on vegetarian diets
might have a smaller BMI, but SGA and function of daily activities were
similar to those of the non-vegetarians. The haematocrit of vegetarians can
be maintained with a higher erythropoietin dose.

Nutritional status is one of the most important predictors of
mortality and morbidity in long-term haemodialysis (HD)
patients. Malnutrition is a prevalent cause of death among
these patients.1 Protein energy wasting heralds the underly-
ing systemic inflammatory disorder which usually leads
to the fatal infectious or cardiovascular diseases in HD
patients.2

Many serum biomarkers such as serum albumin, prealbu-
min or transferrin have long been used as predictors of the
nutrition status of HD patients.3 Physical anthropometric
parameters like body mass index (BMI), triceps skin fold
thickness (TSF) and mid-arm muscular circumference
(MAMC) can also be used as indicators of nutrition.4–6 Some
subjective measurements like subjective global assessment

(SGA) or activities of daily living are frequently used to assess
nutrition performance of HD patients.7

To achieve the goal of biomedical and physical parameters,
a diet rich in meat, poultry, fish or fresh pork are advocated
for HD patients. A diet with 1.2 g protein/kg per bodyweight
(BW) is suggested.8 Normalized protein catabolic rate (nPCR)
is often used to estimate daily protein intake of dialysis
patients.9 A high protein diet can increase protein nitrogen
balance and lead to serum albumin and muscle mass
increase. Increased serum albumin is associated with lower
mortality in HD patients. High protein diets are, however,
usually also high in saturated fat from animals. Long-term
consumption of these foods raise the risk of coronary heart
disease, diabetes, stroke and certain kinds of cancer.10

Nephrology 16 (2011) 582–587

© 2011 The Authors
Nephrology © 2011 Asian Pacific Society of Nephrology582



Vegetarian diets are either totally vegetarian diets which
include only foods from plants or lacto-ovo-vegetarian diets
which include plant foods plus diary products or eggs.11

These vegetarian diets are low in animal products and they
are usually lower in fat. Many studies have shown that
vegetarians have a lower risk of cardiovascular disease,
hypertension, diabetes and some forms of cancer.12 Most
vegetarian diets are frequently low in protein contents and
are not compatible with current nutrition guidelines for HD
patients.13 Most HD patients consume high protein diets after
starting dialysis therapy following the suggestion of physi-
cians, nurses or nutritionists. There are, however, some HD
patients consume vegetarian diets because of personal habits,
personal beliefs or religious reasons. A cross-sectional study
of patients on maintenance HD was performed and their
nutritional status was studied and discussed.

METHODS

All chronic HD patients receiving dialysis therapy for at least

6 months in three different dialysis centres in central and northern

Taiwan were included in the present study. A 24 h dietary recall

method for 3 days was used for diet evaluation. Complete blood

count, serum ferritin and transferrin saturation were checked. Bio-

chemistry studies including serum albumin, prealbumin, choles-

terol, triglyceride, aspartate aminotransferase (AST), alanine

aminotransferase (ALT), blood urea nitrogen (BUN), creatinine,

electrolyte and uric acid were measured using fasting blood. Intact

parathyroid hormone (iPTH) was checked via the radioimmunoas-

say method. Adequate of dialysis Kt/V was calculated using the

Daugirdas formula. A high-sensitivity C-reactive protein (hsCRP)

test was measured using the nephelometry method. SGA based on

medical physical history and physical examination was used to

evaluate the nutrition status. Well-nourished people were rated as

SGA A, moderately nourished SGA B and severely malnourished

SGA C.7 For fat and muscle study, TSF and MAMC were measured

trice for each person. MAMC was calculated using the equation

MAMC (cm) = MAC (mid-arm circumference) - 3.142 ¥ TSF (cm).14

The muscle strength was evaluated using a CWL-1 power handgrip

(China Sports Science Research Institute, Beijing, China). For func-

tional evaluation, patients who performed daily activities including

eating, going to the toilet and ambulation independently were clas-

sified as 0. Patients who needed an orthosis (e.g. walking stick,

walker, wheelchair) to perform daily activities were classified as 1.

Patients who performed daily activities with the help of an orthosis

or other people, and patients totally dependent on others to perform

daily activities were classified as 2.

Statistical analysis

Continuous variables were expressed as mean 1 standard deviation

and categorical variables were expressed as the number or percentage

for each item, unless otherwise stated. Data was routinely tested for

normality of distribution and equality of standard deviations before

analysis. For comparison of continuous variables, Student’s t-test was

used. For categorical variables, a cross-table with c2-test was used. For

all statistical analyses, P < 0.05 was deemed significant.

RESULTS

Demography data

There were 318 patients enrolled in this study, including 299
non-vegetarians (non-Veg) and 19 (5.9%) vegetarians
patients (Veg). Among the 19 Veg, six patients followed a
vegetarian diet due to religious beliefs. Four patients fol-
lowed strict vegetarian diets and 15 patients followed lacto-
ovo-vegetarian diets. Most of the 19 Veg took vegetarian
diets long before uraemia. Only three patients in the lacto-
ovo-vegetarian subgroup started a vegetarian diet after ini-
tiation of HD therapy; one on a vegetarian diet for 11 years
and the other two patients for 5 years. The important nutri-
tional parameters of lacto-ovo-vegetarians were compared
with those of the strict vegetarians. BMI, nPCR, serum
albumin, serum cholesterol, uric acid and haematocrit were
not different between these two vegetarian subgroups
(Table 1). We therefore merged these two subgroups in our
study. The ratio of male to female patients of the non-Veg
and Veg were not statistically different (140:159 vs 9:10,
non-Veg vs Veg, NS). The mean age of the non-Veg was
57.5 1 1.2 and that of the Veg was 63.3 1 2.6 years. There
was no significant age difference between these two groups.
The mean duration of HD of the non-Veg was not different
from that of the Veg (70.1 1 5.0 vs 71.5 1 13.5 months, non-
Veg vs Veg, NS). In the non-Veg, 79 patients (28.4%) had
diabetes mellitus (DM); in the Veg, five patients (26.3%) had
DM (Table 2).

Table 1 Anthropometric and biochemical parameters of lacto-ovo-vegetarian

and strict vegetarian (Veg) haemodialysis patients

Lacto-ovo Veg Strict Veg

Number 15 4

BMI 20.1 1 3.1 20.3 1 3.6

nPCR 1.12 1 0.26 0.99 1 0.40

Albumin (g/dL) 3.81 1 0.09 3.57 1 0.18

Creatinine (mg/dL) 8.7 1 1.1 8.8 1 0.4

Haematocrit (%) 32.8 1 1.1 32.1 1 0.8

Cholesterol (mg/dL) 161.2 1 13.8 152.1 1 11.1

Uric acid (mg/dL) 6.3 1 0.3 6.8 1 0.3

BMI, body mass index; nPCR, normalized protein catabolic rate.

Table 2 Demographic characters of non-vegetarian (non-Veg) and vegetarian

(Veg) haemodialysis (HD) patients

Non-Veg Veg

Number 299 19

Male : female 140:159 9:10

Age (years) 57.5 1 1.2 63.3 1 2.6

Duration of HD (months) 70.1 1 5.0 71.0 1 13.5

DM : non-DM 85:214 5:14

DM, diabetes mellitus.
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Biomarker

The nutritional markers were compared between the non-
Veg and Veg groups. The daily calorie intakes were not
different between these two groups (30.8 1 1.8 vs
28.7 1 1.9 kcal/kg per day, NS). The nPCR, an indicator of
protein intake, was slightly lower in the Veg (1.20 1 024 vs
1.10 1 029 g/kg per day, non-Veg vs Veg, P < 0.05). Serum
albumin (3.92 1 0.03 vs 3.76 1 0.08 g/dL, non-Veg vs Veg,
NS) and serum prealbumin (33.1 1 2.5 vs 29.7 1 1.8 g/L,
non-Veg vs Veg, NS) were not significantly different between
these two groups. BUN (70.4 1 1.4 vs 60.6 1 3.2 mg/dL,
non-Veg vs Veg, P < 0.05) and creatinine (10.0 1 0.2 vs
8.8 1 0.5 mg/dL, non-Veg vs Veg, P < 0.05) were significantly
lower in the Veg. Unlike the results of BUN and creatinine,
Kt/V was not different between these two groups
(1.40 1 0.24 vs 1.47 1 0.27, non-Veg vs Veg, NS). There was
also no statistical difference in cholesterol (170.7 1 9.5 vs
159.4 1 16.8 mg/dL, non-Veg vs Veg, NS) and triglyceride
(169.0 1 9.6 vs 174.2 1 19.7 mg/dL, non-Veg vs Veg, NS).
Serum uric acid was lower in the Veg (7.2 1 0.1 vs
6.4 1 0.3 mg/dL, non-Veg vs Veg, P < 0.05). Liver function
test serum AST and ALT were not significantly different
between these two groups (Table 3).

Haematological marker

Haemoglobin (10.5 1 0.1 vs 10.1 1 0.4 g/dL, non-Veg vs Veg,
NS) and haematocrit (32.5 1 0.4 vs 32.7 1 1.0%, non-Veg vs
Veg, NS) were not significantly different between non-Veg
and Veg. White blood cell count (WBC) was lower in the Veg
(6564 1 168 vs 4990 1 303/mL, non-Veg vs Veg, P < 0.01).
Serum ferritin (396.4 1 53.6 vs 5 05.5 1 147.8 ng/mL, non-
Veg vs Veg, NS) and Fe/total iron-binding capacity
(35.6 1 4.3% vs 36.7 1 5.1%, non-Veg vs Veg, NS) were not
different between these two groups. The weekly dose of

erythropoietin (EPO) used was higher in the Veg
(4488 1 296 vs 5523 1 423 U/week, non-Veg vs Veg,
P < 0.05) (Table 4).

Serum electrolyte

Potassium level was not different between the non-Veg and
Veg (4.8 1 0.12 vs 5.0 1 0.2 mg/dL, non-Veg vs Veg, NS).
Serum calcium (10.7 1 1.0 vs 9.1 1 0.3 mg/dL, non-Veg vs
Veg, P < 0.05) and serum phosphate were lower in the Veg
(4.8 1 0.1 vs 4.1 1 0.2 mg/dL, non-Veg vs Veg, P < 0.05).
Serum iPTH was also lower in the Veg (239.2 1 32.1 vs
111.0 1 25.9 pg/mL, P < 0.01). Alkaline phosphatase,
however, was not significantly different between these two
groups (117.5 1 6.9 vs 105.2 1 8.8 IU/L, non-Veg vs Veg, NS)
(Table 5).

High sensitive CRP

Similar to WBC count results, another inflammatory marker
hsCRP was lower in Veg patients (8.8 1 0.4 vs 4.0 1 0.3 mg/L,
non-Veg vs Veg, P < 0.05).

Anthropometry study

Body mass index was lower in the Veg (22.7 1 0.3 vs
20.2 1 0.8 kg/m2, P < 0.05). TSF (21.3 1 0.7 vs 17.8 1
2.1 mm, non-Veg vs Veg, P < 0.05) and MAMC were also
lower in the Veg (26.2 1 0.4 vs 23.6 1 1.2 cm, non-Veg vs Veg,
P < 0.05). For SGA of nutritional status, in the Veg group 10

Table 3 Biochemical parameters of non-vegetarian (non-Veg) and vegetarian

(Veg) haemodialysis patients

Non-Veg Veg

Albumin (g/dL) 3.92 1 0.03 3.76 1 0.08

Pre-albumin (mg/dL) 33.1 1 2.5 29.7 1 1.8

BUN (mg/dL)* 70.4 1 1.4 60.6 1 3.2

Creatinine (mg/dL)* 10.0 1 0.2 8.8 1 0.5

nPCR (g/kg per day)* 1.20 1 024 1.10 1 029

Kt/V 1.40 1 0.24 1.47 1 0.27

Cholesterol (mg/dL) 170.7 1 9.5 159.4 1 16.8

Triglyceride (mg/dL) 169.0 1 9.6 174.2 1 19.7

Uric acid (mg/dL)* 7.2 1 0.1 6.4 1 0.3

AST (mg/dL) 22.6 1 0.9 26.3 1 3.3

ALT (mg/dL) 19.4 1 1.0 217 1 3.2

*P < 0.05. ALT, alanine aminotransferase; AST, aspartate aminotransferase;

BUN, blood urea nitrogen; nPCR, normalized protein catabolic rate.

Table 4 Haematological parameters and erythropoietin (EPO) doses of non-

vegetarian (non-Veg) and vegetarian (Veg) haemodialysis patients

Non-Veg Veg

Haemoglobin (g/dL) 10.5 1 0.1 10.1 1 0.4

Haematocrit (%) 32.5 1 0.4 32.7 1 1.0

WBC (/mL)** 6564 1 168 4990 1 303

Ferritin (ng/mL) 396.4 1 53.6 505.5 1 147.8

Fe/TIBC (%) 35.6 1 4.3 36.7 1 5.1

EPO (U/week)* 4488 1 296 5523 1 423

*P < 0.05; **P < 0.01. TIBC, total iron-binding capacity; WBC, white blood

cells.

Table 5 Electrolyte and parathyroid hormone of non-vegetarian (non-Veg)

and vegetarian (Veg) haemodialysis patients

Non-Veg Veg

K (mEq/L) 4.8 1 0.12 5.0 1 0.2

Ca (mg/dL) 10.7 1 1.0 9.1 1 0.3

P (mg/dL)* 4.8 1 0.1 4.1 1 0.2

iPTH (pg/mL)** 239.2 1 32.1 111.0 1 25.9

Alkaline phosphatase (IU/L) 117.5 1 6.9 105.2 1 8.8

*P < 0.05; **P < 0.01. iPTH, intact parathyroid hormone.
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patients were rated as A (52.6%), five as B (26.3%), four as
C (21.1%) in the 19 vegetarian patients; among the non-
Vegetarians, 165 patients (55.2%) were rated as A, 76
(25.4%) as B and 58 (19.4%) as C. The results were not
different from the SGA of the non-Veg (Fig. 1A).

Functional survey

A handgrip test was used to measure muscle strength of
the dominant hand. For the non-Veg, the muscle power
was 203.3 1 9.8 N (Newton) and that of the Veg was
222.8 1 24.8 N; there existed no statistical difference
between these two groups. The performance of daily living
activities was also comparable between these two groups. In
the 19 Veg patients, only three (15.7%) people needed
others’ help for daily activities, two (10.5%) patients needed
a walking stick and the remaining 14 (83.8%) could do daily
activities without any help. For non-Veg, 226 (75.5%) could
do daily activities freely, 49 (16.3%) needed the aide of
orthosis and 24 (8.2%) needed the help of other people for

daily activities (Fig. 1B). Patients’ employment rate and hos-
pital admission rate were also investigated, and 26.3% (5/19)
of Veg HD patients and 24.7% (74/299) of non-Veg had
regular jobs. These employment rates were not statistically
different.

Two patients in the Veg had ever been hospitalized within
6 months before SGA evaluation; this rate was almost the
same as that of the non-Veg (1.7 vs 2.0 per 100 patient-
months, non-Veg vs Veg, NS).

DISCUSSION

Our study showed a vegetarian diet for HD patients might
have impacts on nutritional and anthropometry markers
without compromising the ability to perform daily activities.
Patients on vegetarian diet had lower serum BUN, creatinine,
muscle mass and BMI. BUN and creatinine have been used as
a marker of store of muscle protein. Patients on a vegetarian
diet have a lower protein intake as showed by lower nPCR.
The lower protein intake decreases the nitrogen load and
results in lower BUN, creatinine and the subsequent
decreased muscle mass in vegetarian patients as presented by
MAMC and BMI. However, with a lower muscle protein
store, vegetarian patients still could maintain predialysis
BUN in the 50–80 mg/dL range recommended for dialysis
patients.15 Albumin and prealbumin can serve as indicators
of visceral protein store.16 The most important protein
sources of vegetarian patients are eggs, milk and tofu.
Albumin and prealbumin were not different between the
non-Veg and Veg groups. Studies in patients with uraemia
implicated that albumin not only is an indicator of nutrition
but also is an important indicator of inflammation. A lower
protein diet lowers the ingredients for albumin synthesis.
The lower WBC count and lower CRP value in the Veg group
may implicate lower inflammation, which decreases the
protein catabolism rate. The lower inflammation may help
explain how Veg patients maintain their blood albumin and
prealbumin levels. The results from albumin and prealbumin
might indicate that visceral protein store can be maintained
in vegetarians. The skeletal muscle store, however, is
decreased in vegetarian patients as manifested by the
decreased MAMC and BMI.

Serum uric acid level in HD patients can be affected by
dialysis dosage, underlying gouty nephropathy, diet and the
usage of uric acid lowering agents. Increased dialysis dosage
reduces serum uric level. Increased protein intake or diets
rich in bean products raise serum uric acid level. Our study,
however, showed a higher uric acid level in non-Veg. Four-
teen patients in the non-Veg had gouty nephropathy as the
primary cause of uraemia and another 36 had hyperuricae-
mia on allopurinol therapy but denied gout attack episodes.
There were no gouty nephropathy patients in Veg and only
two patients in this group were receiving allopurinol. The
non-significantly lower dialysis dosage (manifested by lower
Kt/V), slightly higher increased protein intake (manifested

Fig. 1 (A) Rating of subjective global assessment (SGA) and (B) classification of

functional activities of daily living (ADL) of non-vegetarian (non-Veg) and veg-

etarian (Veg) haemodialysis patients.
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by higher nPCR) and slightly increased gouty nephropathy
patients (4.6%) in the non-Veg may make serum uric acid of
the non-Veg higher than that of the Veg. Bean product con-
sumption, which may lead to hyperuricaemia and are the
main dietary protein source before initiation of HD in veg-
etarians, may be partly replaced by milk products after HD
because of less fluid and food restrictions. All the above-
mentioned factors in the non-Veg and Veg in combination
make the percentage of hyperuricaemia patients higher in
the non-Veg. We did not, however, find significant correla-
tion between uric acid and other nutritional status param-
eters in our study (data not shown).

Obesity and hyperlipidaemia are major reasons that people
would follow a vegetarian diet in modern life. Serum trig-
lyceride was insignificantly higher and cholesterol was insig-
nificantly lower in the Veg group, but body fat content as
manifested by TSF was statistically lower in the Veg group.
Uraemia patients are prone to hypertriglyceridaemia and it is
common for HD patients to receive fibrate therapy. There
were 49 patients (16.4%) in non-Veg but only two patients
(13.3%) in Veg receiving fibrate therapy. This may be the
cause of non-significantly higher triglyceride seen in Veg
patients. Cardiovascular disease is the main cause of death
for uraemia patients. Only three out of the 19 vegetarian
patients had ever been to clinics due to heart problems in
the past 6 months. This may be a benefit of the vegetarian
diet.

Haematocrit is another indicator of nutrition status.17 Fer-
ritin is associated with oxidative stress and inflammation,
which then affect the nutritional status of non-dialysis
people. Transferrin per se has long been used as an indicator
of nutrition. Ferritin represents iron store and transferrin
saturation represents iron availability. Ferritin and transfer-
rin saturation can affect haemoglobin synthesis.18 Patients of
both groups had blood ferritin and transferrin saturation
monitored every 3 months. Iron or vitamin C were given if
ferritin was less than 300 ng/mL or transferrin saturation less
than 30%.19,20 There was no difference in ferritin and trans-
ferrin saturation in the non-Veg and Veg groups. Due to the
frequent medical intervention and the co-existent high oxi-
dative stress of HD patients, ferritin and transferrin may not
be very good markers of nutritional status in dialysis
patients.21 Veg patients can maintain haematocrit levels com-
parable with those of the non-Veg group. The EPO dose,
however, was higher in the Veg. Haemoglobin is the most
abundant protein of red blood cell formed by bone marrow
cells. EPO is an important growth factor that can promote
erythropoiesis. Protein works as the ingredient of haemoglo-
bin formation. As nPCR was lower in the Veg group, to
compensate for the lack of the ingredient for haemoglobin
synthesis, EPO requirement was increased in the Veg.22 Some
non-Veg patients can maintain haematocrit above 36%
without using EPO. None of the Veg patients could do so
without EPO and thus may help explain the higher dose
needed in the Veg group.

Electrolyte imbalance, especially hyperkalaemia, is the
most important concern for vegetarian dialysis patients.
Dialysis patients were taught to soak vegetables in hot water
and discard the soup before cooking vegetable dishes,
helping to lower the potassium content of the diet. With
adequate HD, Veg patients can maintain serum potassium
levels similar to those of non-Veg patients. Only one of these
19 Veg patients had to use oral iron exchange resin to main-
tain potassium within normal range. PTH, serum calcium
and phosphate are another concern. The serum calcium and
phosphate of vegetarian patients was within the guideline
suggested range, and had a mean value better than that of
the non-Veg group in light of cardiovascular health.23 To
promote cardiovascular health is an important reason for the
general population to consume a vegetarian diet; this infer-
ence suits HD patients as well. The number of Veg patients
who had visited clinics due to heart problems within the past
6 months was only two (10.5%), a value lower than that of
non-Veg patients (data not shown). PTH was an indicator of
protein malnutrition.24 Low protein diets can decrease the
iPTH level but lower iPTH may also be associated with lower
inflammation as seen in the Veg group. The mean iPTH in the
Veg group was 110 pg/mL; a moderately low PTH level may
be associated with good survival.25

Vegetarian patients can have muscle power no lower than
non-Veg patients. SGA and functional daily activities were
not different between these two groups. The employment
rate for HD patients in Taiwan was approximately 20%, a
value similar to our Veg and non-Veg group patients. The
similar employment rate and hospital admission rate imply
that HD patients can also enjoy a vegetarian diet.

In conclusion, HD patients on a vegetarian diet may com-
promise some nutrition status indicators like BMI or muscle
mass without compromising patients’ activities of daily
living. A vegetarian diet may have the benefit of lower
system inflammatory indicators. Dialysis adequacy can be
maintained in vegetarian patients and haematocrit can be
kept at a level similar to that of non-vegetarian patients with
a slightly higher EPO dosage. Because only 19 patients were
included in our studies, larger numbers of patients may be
needed for further study.
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