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Abstract A high-protein meal causes an increase in the glomerular filtration rate (GFR) and is a
tool to assess renal functional reserve. This study aimed to assess the GFR and renal functional reserve in
lacto-vegetarians who had abstained from protein from animal sources for years. Twenty healthy lacto-
vegetarian adolescents (LVA) aged 12-15 years including ten males and ten females were recruited. They
had consumed no meat, poultry, fish or eggs for 10 - 4.8 years (average 2.13 + 1.03 years). An age-and-sex
matched control group composed of adolescents who regularly consumed a mixed diet from both animal
and vegetable sources (MDA}, The baseline GFR was assessed in each subject using the 24-hour creatinine
clearance method. Then each subject consumed a meal containing 1.2 grams of protein per kg body weight
in the form of steamed chicken breast. After this meal, urine and blood specimens were collected for GFR
assessment every 30 minutes for three-and-a-half hours. The result showed that the LVA had a lower
haseline GFR compared to the MDA ( 72.6 £7.7 vs 89.3 £ 14.9 ml/min/1.73 m*). A high-protein meal caused
an increase in GFR of 60.3 per cent in the LVA and 76.2 per cent in the MDA, The LVA group whose protein
intake was rather low and who had abstained from animal protein for several years showed a smaller and
slower response to the renal-hyperfiltration effect of a high animal-protein diet. This might be due to
changes in gastro-intestinal digestion and absorption of protein, or changes in renal hemodynamics, other
renal functions or structures. In addition, the study revealed that the LVA group had lower body weight,
height, body surface area, hemoglobin, serum cholesterol and uric acid concentrations. The female LVA
reached menarche at a later age compared to the MDA group. In eonclusion, lacto-vegetarian adolescents
showed a lower baseline GFR and less renal functional reserve compared to those regularly consuming
protein from animal sources,
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INTRODUCTION

The new wave of interest in health and
physical fitness has encouraged increasing number
of individuals to reject meat and turn to eating more
vegetables and fruits. A vegetarian diet has become
increasingly popular for health, ecological,
philosophical and religious reasons. Vegetarian diets
are classified into 5 types : semi-vegetarian, lacto-
ovo-vegelarian, lacto-vegetarian, vegan and
fruitarian'. The lacto-vegetarian diet includes grain,
pulps, nuts, seeds, fruit and vegetable, and excludes
all meat, poultry, game, fish and eggs, while milk
and dairy products are consumed. The diet is high in
fiber which may be either water-soluble or insoluble,
Dietary fiber plays an important role in modifying
digestive functions®. The diet is also low in protein.
Since a high protein diet increases the solute load to
the kidneys and causes renal hyperperfusion and

hyperfiltration, many physicians recommend that
patients with renal insufficiency and elderly people
should watch their protein intake®. The effect of
protein on renal function lasts for many hours after a
meal*, so in the long run it may result in permanent
renal functional and structural modification. In
Thailand, certain groups of adolescents have been
put on vegetarian diet for economic, cultural or
religious reasons. The effect of diet on renal function
is thus worth investigating in this selected group.

MATERIALS AND METHODS

The study was conducted in two groups of
adolescents, the LVA (lacto-vegetarian adolescent)
and MDA (mixed-diet adolescent) groups, each
composed of ten male and ten female subjects aged
12-15 years. The LVA subjects had taken a strict
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vegetarian diet for at least one year before the study
(1.0 - 475 years or 12-57 months, mean duration
2.13 + 1.03 years or 25.60 + 12.31 months). Their
food was mostly grains and vegetables. Meat and
erps were excluded but milk and dairy products were
included. These healthy subjects were volunteers
from Santi Asoke, a private owned religions campus
in a suburban area of Bangkok,

The MDA subjects consumed a regular diet
of both animal and plant products, They were stodents
from Chinoros Vithayalai School in Bangkoknoi
District, Bangkaok,

All forty subjects underwent peneral
physical examination. Screening uristix test for urine
protein and sugar showed negative results. Written
informed consent was obtained from each subject
and his or her parents.

Yenous blood samples were drawn o
determine fasting blood sugar (FBS), chelesterol,
triglyceride, total protein, uric acid, blood urea
nitrogen (BUN), creatinine, hematocrit and
hemoglobin, Urine samples were also collected to
measure uring creatining excretion.

Creatinine clearance (Cer) was calculated
from the standard équation Cer = UV/P, where U =
urine creatinine concentration, ¥V = urine flow rate
and P = plasma creatinine concentration. The
clearance of creatinine represents the glomerular
filtration rate (GFR)".

Table 1. Demographic data {(mean + SD).

All subjects collected their urine for 24
hours before the high protein test meal so that
baseline values of 24-hour creatinine clearance were
obtained. Chicken breast was used as the source of
protein. Bach subject ingested 1.2 g of protein per kg
body weight together with cooked rice 1.5 p/kg body
weight to render the meal acceptable for lacto-
vegetarians. This meal gave 9.85 keal/kg body
weight.

Urine and blood samples were collected
every thirty minutes for three-and-a-half hours after
the meal for creatinine clearance measurements,

All results are expressed as mean + standard
deviation. On Kolmogorov-Smirnov tests all data
were normally distributed. Unpaired t-tests were used
to analyze parameters in the same group of subjects
at different periods of time. Paired i-tests were used
lo compare the same parameter between groups at
the same period of time. Pearson correlation was used
o analyze the correlation between two groups of
parameters. A p-value < 0,05 was considered statisti-
cally significant.

RESULTS
Dremographic data for the two groups of
subjects are shown in Table 1. Comparing the LVA
and the MDA groups, the vegetarians had a lower
body weight, height, BSA and BMI and later

menarche.

Variables LVA MDA Student t-test
{n=20) {n=207}
Age (years) 13.75 + 0.97 13.75 + 0.97 NS
Height {cm) 150.0 + 9.3 158.7 + 7.3 p=0.01
Weight (kg) 4154+ 74 496 + 108 p<0.0l
BSA (m?) 1,31 % 0.15 148 + 0.17 p<0.01
BMI (kgim?) 184 +1.7 196 + 3.4 NS
Systolic BP (mmHg) 1007 + 9.2 1050 + 100 NS
Diastolic BP (mmHg) 044 + 7.2 64.9 + T4 NS
Menarche (age in years) 130 + 1.1 11.8 + 1.2 p<0.035
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The mean blood chemisiry data are shown
in Table 2. All values were within normal limits, There
was no difference in the fasting blood sugar,
triglyceride and total protein concentrations between

Table 2. Blood chemistry data (mean + 5D).

the two groups of subjects. Hematocrit, blood
cholesterol and uric acid concentrations were
significantly lower in the vegetarian group,

Variables LVA MDA Student t-test
(n=20) (n=20)

FBS (mg/dl) 868 + 8.3 879 + 6.3 NS
Cholesterol (mg/dl) 1414 + 21.4 1724 + 273 =< 0.001
Triglyceride (mg/dl) TLO = 21,6 723 £ 351 NS

Uric acid (mg/dl) 4.04 + 0.72 530 + 1.08 p=0.001
Systolic BP (mmHg) 1007 + 92 105.0 + 10.0 NS

Total protein (gm/dl) 7.61 + 041 7.66 + 0.35 NS
Hemoglobin (gm/dl) 11.42 + 1.66 12,65 + 0.97 p=<0.05

The creatinine clearances representing the
GER before and after the meat meal are shown in
Table 3 and Figure 1. The LVA had a lower baseline
GFR and their GFR increased to a much lower extent
in response 10 a high protein meal, At three-and-a-

half hours after meal, the GFRs were still a bit higher
than the baseline values (before meal) in both groups
of subjects. Comparison of renal function in male
and female was not assessed in this study,

Table 3. Creatinine clearance {ml/min/1,73m?) before and after the meat meal.

Time after meal LVA MDA Student t-test
(n=20) n=20) LVA to MDA group

Baseline (- 30 min) 726 + 7.7 893 + 149 p<0.001

30 min 114.1 + 19,1 *+ 157.3 + 58,7 ** p=0.01

60 min 1009 + 22,5 #w 115.1 + 403 # NS

90 min 106.0 + 6.4 ** 116.8 + 22.1 "* NS

120 min 1164 + 205 *# 1115 + 15.4 ** NS

150 min 101.5 + 18,2 ** 1091 + 162 * NS

180 min 101.9 4+ 10,3 ## 103.7 + 165 * NS

210 min 05.7 + 13.5 1021 4 19.4 NS

#p < 0.01 and **p < 0,001 compared to the baseline value in each group.
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Figure {. Creatinine clearance before and after the animal protein meal *p < 0.01, **p < 0,001 compared to
baseline value in each group. +p < 0.01, ++ p < 0.001 comparing between groups at the same period

of time.

DISCUSSION

This presented study found that vegetarian
adolescents LVA, who maintained their vegetarian
status for more than one year, showed lower baseline
GFR values and lower renal response to an acute ani-
mal protein load comparing to the omnivarous MDA,
The GFR increased to a peak at 30 minutes after meal
both in LVA and MDA, Though the peak GFR value
in LVA was not as high as the MDA, the hyperfiliration
effect persisted up to three-and-a-half hours in both
groups. This sugpgested that, in LVA| a high meat diet
could cause renal vasodilation or hyperfiltration simi-
lar to the MDA but the maximal response was not as
high.

A protein meal, either from plants (like soy
bean) or an animal source, can cause an increase in
GFR for at least a few hours™. Dietary protein and
cerlain amino acids cause glomerular afferent vasodi-
lation resulting in renal hyperperfusion and glo-
merular hyperfiltration®®. A chronic high intake of
prolein can cause permanent structural changes of
the renal vasculature.

In a prospective study, the effect of chronic
dietary protein intake on renal function in 88 healthy

subjects (vegetarians, body-builders and subjects
with no special diet) were examined for at least 4
months. This investigation showed that chronic
prolein intake of varying amounts was a crucial
conirol variable for the plomerular filiration rate. [t
15 suggested that these changes reflect in part
structural changes of the glomerulus and twbules due
to chronic protein intake™,

A vegetarian diet is generally low in pro-
tein and vegetable protein may not be fully avail-
able as it is not 50 easily digested and absorbed by
the human digestive tract’, Furthermore, long term
consumption of a vegetarian diet may alter the mor-
phology of the intestinal villi and their function'.
The plasma cholesterol was significantly lower in
the LVA subjects than in the MDA, A study in obese
rais suggested that a soy diet prevented the develop-
ment of hypercholesterolemia, primarily low-density
lipoprotein (LDL) andfor very low-density lipopro-
tein (VLDL) cholesterols, and slowed the develop-
ment of proteinuria and glomerular injury. An impor-
tanl determinant of the protective effects of soy was
related to the prevention of hypercholesterolemia in
this model. (ther factors such as differences in glo-
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merular capillary blood pressure or the effects of the
antioxidant properties of soy components also may
have contributed to the protective effects of soy™,

A study in 7 healthy men showed the GFR
and renal plasma flow (RPF) to be significantly de-
creased after decreasing the intake of animal protein
by one third while keeping the amount of vegetable
protein constant. Adding vegetable protein to a con-
stant amount of animal protein did not increase the
GFR and RPF. The lack of an effect after a 1-week
intake of vegetable protein added to animal protein
on the GFR and RPE suggests that vegetable protein
may be excluded from the list of food that are re-
stricted in a low protein diet therapy in patients with
renal insulficiency™.

The Medification of Diet in Renal Disease
(MDRD) Study published in 1994 did not favor a
low protein diet in the management of chronic renal
failure. But this is still a controversial issue especially
with respect to recommendation of the National
Institute of Diabetes, Digestive and Kidney Discases,
National Institutes of Health, USA. The balance of
evidence 1s more consistent with the hypothesis of a
beneficial effect of protein restriction than with the
contrary hypothesis of no beneficial effect™,

In mice, an increased protein intake resulted
in an incrense in the liver, kidney and stomach masses,
while digestive tract and other vital organ masses

REFERENCES

1. Mason P Mutrition and dietary advice in the pharmacy.
Loadon ; Blackwell Scientific Publications, 1994: 184-
a0,

2. Schweizer TF, Edwards CA. Dietary fiber a component
of food : nutritional function in health and disease. Lon-
don : Springer-Verlag, 1992 103-10.

3. Brenner BM, Meyer TW, Hostetter TH. Dietary protein
intake and the progressive nature of kidney disease. N
Engl J Med 1982; 307: 652-59,

4.  Lohsiriwat 8, Sriponyaskul M, Effect of high protein
diet on the glomerular filtration rate in adult and the
elderly. Siriraj Hosp Gaz 199%; 51: 21-26,

5. OkadaM, Imanishi M, Yoshioka K, KonishiY, Okumura
M, Tanaka 5, Fujii §. Creatinine clearance as a subsii-
tute for the glomerular filtration rate in the assessment
of glomerular hemodynamics. Hypertens Res 1999; 22:
279-84.

increased only in response o an increase of energy
intake. Glomerular filtration rates increased with in-
creases in dietary protein level in male mice but not
female mice!”.

The present study showed that the long-term
lacto-vegetarian adolescents had lower baseline GFR
and a lower renal response to an oral protein load.
This might be due to at least three possible factors.
Firstly, there may be some changes in gastrointesti-
nal morphology and function alter years of high
dietary fiber intake, Secondly, aliered nutritional sta-
tus may affect the ability of a specific tissue such as
the liver or intestinal mucosa to synthesize a hor-
monal substance in response to a stimulus, And
thirdly, a low protein diet provides a smaller
vasodilatory effect upon renal arteriole and long-term
deficit of vasodilatory stimuli may reduce the abi-
lity of the arterioles to dilate,

In conclusion, a long-term vegelarian diet
certainly causes a change in some body functions
compared to a mixed diet, Both the benefits and harms
should be kept in mind when adhering to any ex-
treme diet especially for young children, the elderly,
cancer patients, or some patients who can easily be-
come malnourished. Long-term follow up of renal
function and response as well as other system func-
tions and responses in these vegetarian subjects are
important and interesting.

6. Soroka M, Silverberg DS, Greemland M, BirkY, Blum
M, Peer G, laina A, Comparison of a vegetable-based
(soya) and an animal-based low-protein diet in
predialysis chronic renal failure patients. Mephron 1998;
79: 173-80,

7. Lohsiriwat 8, Thophon 3. Effects of vegetable and ani-
mial protein meals on glomenlar filtration rate. ] Nephol
Soc Thai 2000 6: 217-23.

%. Hosletter TH. Muman renal response to o meat meal,
Am I Physiol 1980, 250: Fo13-Foll.

9. Castellino P, Hunt W, Defronzo BA. Regulation of re-
nal hemodynamics by plasma amino acid and hormone
concentration. Kidney Int 1987; 32(Suppl 22): §15-
520.

10, Brandle E, Sicherth HG, Hautmann RE. Effect of
chronic dietary protein intake on the renal function in
healthy subjects. Eur I Clin Mutr 1996; 50: 734-40,




CREL ERRL

05t 54, nfiuT 4, WEou 2545

223

ffamisesuealaluioguilans3sm
st 14 o om A a
gpvina Tanis Tand, diyayiid dand7

1L

Sigleo §, Jackson M, Vahouny GV, Effect of dietary
fiber constiluents on intestinal morphology and nulnent
transport. Am J Phystol 1984, 246: G34-0339,

. Maddox DA, Alavi FK, Silbernick EM, Zawada ET.

Protective effects of 2 soy diet in preventing obesily-
linked renal disease, Kidney [nt 2002; 61: 96-104.
Kitazato H, Fujita H, Shimotomai T, Kagaya E, Narita
T, Kakei M, [to 5. Effects of chronic intake of vegelable
protein added 1o animal or fish protein on renal hemo-
dynamics. Nephron 2002; 90: 31-36.

14,

15.

Levey AS, Greene T, Beck GJ, Caggiula AW, Kusek
TW, Hunsicker LG, Klahr 8, Dietary protein restriction
and the progression of chronic renal disease : whal have
all of the results of the MDRD study shown? Modifica-
lion of Diet in Renal Disease Study group, | Am Soc
Mephrol 1999; 10: 2426-39,

Hammond KA, JTanes DM, The effects of increased
protein intake on kidney size and function, J Exp Biol
1998; 201: 2081-90.




