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Abstract 
Hematological parameters and serum ferritin were compared between 179 vegetarians 

and 58 control subjects using Hematology analyzer H3 and microparticle enzyme immunoassay, 
respectively. Serum Vitamin B !2 was also compared between 68 vegetarians and 30 control sub­
jects using microparticle enzyme immunoassay. It was found that hemoglobin, hematocrit, mean 
corpuscular hemoglobin, mean corpuscular hemogolbin concentration, white blood cells, neutro­
phils, serum ferritin and serum vitamin B 12 in vegetarian were significantly lower than control 
subjects (P<0.05). In addition, red cell distribution width and lymphocytes in vegetarians were sig­
nificantly higher than control subjects (P<0.05). 

There were 34 cases of iron deficiency in 179 vegetarians (19.%) which can be classified 
to iron depletion (4 cases), iron deficient erythropoiesis (12 cases) and iron deficiency anemia 
(18 cases). Vitamin B 12 deficiency was found in 27 cases of 68 vegetarians ( 40o/c ). 
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Iron is an essential micronutrient which 
has several functions in the body. The main part of 
the iron in the body is present in the red cells as 
hemoglobin. In addition, iron is also an important 

component of myoglobin, heme enzymes, and non 
heme enzymes0.2). 

Iron deficiency is probably the most fre­
quent nutritional deficiency disorder in the world. 

Iron deficiency can be classified in three stages as 
follows; 

First, iron depletion which is diagnosed by 
the absence of iron stores in reticuloendothelial cells 
in bone marrow and the low level of serum ferritin. 

Second, iron deficient erythropoiesis which 
is diagnosed by a low level of serum ferritin, serum 
iron (SI) and a high level of total iron binding capa­
city (TIBC) 
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The last stage is iron deficiency anemia 
which is diagnosed not only the same as the second 
stage but also the low level of hemoglobin because 
of anemia. 

Vitamin B 12 is essential for the conver­
sion of inactive folate to active folate for the pro­
duction of nucleic acid(3). 

It is already known that iron deficiency 
and B 12 deficiency can be found in some vegeta­
rians with poor nutrition( 4-6). 

In Thailand, several studies have been done 
about iron deficiency and B 12 deficiency in vegeta­
rians(8-12). However, in the present study, the 
behavior pattern of eating among vegetarians may 
change with more knowledge about nutrition. 

The purpose of the research is to compare 
hematological parameters, serum ferritin and serum 
vitamin B 12 between vegetarians and control sub­
jects. In addition, correlations of hematological 
parameters, serum ferritin and serum vitamin B 12 
with duration of practising vegetarianism were also 
studied. 

MATERIAL AND METHOD 
Subjects 

For the study of hematological parameters 
and serum ferritin, the subjects were classified as 
179 vegeterians (62 males, 117 females) and 58 
control subjects (30 males, 28 females). 

For the study of serum vitamin B12• the 
subjects were classified as 68 vegetarians (35 
males, 33 females) and 30 control subjects (4 males, 
26 females). 

All of the control subjects were screened 
for a - thalassemia by PCR and B- thalassemia by 
HPLC. a or B- thalassemia cases, either diseases or 
traits were excluded as control subjects. Moreover, 
those who had anemia and I or a history of hemato­
logical diseases were excluded as control subjects. 
All of the control subjects were healthy and con­
sumed an ordinary Thai diet. The screening of con­
trol subjects was performed at the blood disease 
diagnosis center, Sirikit Research Center, Ramathi­
bodi Hospital. 

Questionnaires of demographic data of 
vegetarians were also studied. 

Specimens 
All the specimens were taken after 12 

hours fasting. The specimens were used as foll-,.vs; 
1. Two ml of EDT A blood was u~ed for 

complete blood count (CBC). 

2. Five ml of clotted blood was used for 
collection of serum to investigate for serum iron 
(SI). total iron binding capacity (TIBC), serum fer­
ritin and serum vitamin B 12· 

Laboratory Techniques 
Complete blood count was investigated by 

Hematology analyzer H3. (Bayer, Technicon, Tarry 
Town Newyork) The hematological parameters 
were hemoglobin (Hb), hematocrit (Hct), red blood 
cell count (RBC), white blood cell count (WBC), 
mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC) and red cell distribution 
width (RDW). 

Serum ferritin and serum vitamin B 12 
were investigated by microparticle enzyme immu­
noassay (MEIA) using an automated IMX and a 
reagent kit from Abbott Laboratories. 

Serum iron (SI) and total iron binding 
capacity (TIBC) were also investigated if serum fer­
ritin was less than 12 ng/ml to classify the stage of 
iron deficiency. 

Statistical analysis 
Non-parametric tests were applied for 

those parameters which dispersed from normal dis­
tribution or whose sample size was less than 30. 
Differences of medians and ranges of individual 
parameters of more than two groups were statisti­
cally analysed by Kruskal-Wallis test. The Mann­
Whitney U- Wilcoxon Rank Sum W test (two tailed) 
was used to investigate the differences between the 
two groups. Spherman's rank correlation was calcu­
lated for bivarants of hematological parameters. 
All statistical analysis were computed by Epi 6. 
Multiple comparison was also analysed if Kruskal­
W allis is significantC7). 

RESULTS 
Demographic data of vegetarians and con­

trol subjects are shown in Table 1. There were 129 
lactovegetarians, 25 ovovegetarians and 22 lac­
toovovegetarians. The duration of practising vegeta­
rianism ranged from one year to forty years. 

For comparison of hematological para-me­
ters, serum ferritin and serum viamin B 12 between 
vegetarians and control subjects, it was found that 
Hb, Hct, MCH, MCHC, WBC, neutrophils, serum 
ferritin and serum vitamin B 12, in vegetarians were 
statisitically lower than in the control subjects (P 
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Table 1. Demographic data of vegetarians and control subjects. 

Demographic data 

Sex male 
female 

Ages (year) 18-30 
30-40 
>40 

Types of vegetarians 
Lactovegtarians 
Ovovegetarians 
Lactoovovegtarians 

Duration of practising vegetarianism 

*mean 
**ranges 

1-5 years 
6-10 years 

11-15 years 
16-20 years 
21-40 years 

Vegetarians (n= 179) 

62 (34.6%) 
117 (65.4%) 

35 (19.5%) 
59 (33%) 
85 (47.5%) 

132 (73.7%) 
25 (14%) 
22 (12.3%) 

13* (1-40)** 
32 (18.5%) 
32 (18.5%) 
56 (32.4%) 
36 (20.8%) 
17 (9 8%) 

Control subjects (n=58) 

30 (51.7%) 
28 (48J'7c) 

30 (51.7%) 
19 (32.8'7c) 
9 ( 15.5%) 

Table 2. Median and ranges of hematological parameters serum ferriritin and serum vitamin B12 in vegeta­
rians. 

Hematological parameters Vegetarians (n= 179) 

Hb (g/dl) 12.7* 
(7.1-16.7) 

Hct(%) 40.6* 
(21.5-51.4) 

MCV (fl) 92.3 
(58-107.4) 

MCH(pg) 28.8* 
(18.4-33.3) 

MCHC (g/dl) 312* 
(29.4-34.3) 

ROW(%) 14.4* 
(12.7-23.7) 

RBC (xJOl2;J) 4.46 
(3.3-6.68) 

WBC (xl09/l) 5.57* 
(2 . .49-11.53) 

Plt (xI 09fi) 2515 
(102-367) 

Neutrophil(%) 53.4* 
(27.2-78.5) 

Lymphocytes(%) 33.8* 
(14.2-55.2) 

Ferritin (ng/ml) 24.3* 
(3.4-1-563.8) 

Vitamin B 12 (pg/ml)** 202* 
(75-2000) 

* statistically significant differences from control subjects 
Mann-Whitney U Wilkoxon Rank Sum W test (two tailed) 

Control subjects (n=68) 

14 
(10.5-168) 

42.7 
(318-50.8) 

92.25 
(51.7-103.8) 

30.15 
(22.3-33.9) 

32.2 
(28.9-36.1) 

13.5 
(12.3-201) 

4.6 
(3.53-6.54) 

7.41 
(6.25-11.1) 

245 
(28-567) 

58.2 
(41.4-779) 

27.8 
(12 7-46.9) 

77 08 
( 12.68-457.35) 

470.5 
(183-1432) 

** for vitamin B 12· there were 68 cases of vegetarians and 30 cases of control subjects 

P value 

<0.001 

0.007 

0.83 

<0.001 

<0.001 

<0.001 

0.24 

<0.001 

0.702 

<0.0()] 

<0001 

<0001 

<0.001 
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<0.05). In addition, RDW and lymphocytes in 
vegetarians were statistically higher than the con­
trol subjects (P<0.05) as shown in Table 2. 

RBC, and platelets were not statistically 
significantly different between vegetarians and con­
trol subjects (P>0.05), as shown in Table 2. In addi­
tion, monocytes and basophils in vegetarians were 
not statistically significantly different from the con­
trol subjects. (p>0.05) (data not shown) 

Hematolgical parameters, serum ferritin 
and serum vitamin B 12 were also compared in 
vegetarians with different years of practising vegeta­
rianism as shown in Table 3. It was found that there 
were no statistically significant differences in all 
hematological parameters, serum ferritin and serum 
vitamin B 12 among various durations of practising 
vegetarianism. However, many parameters were 
statistically significantly different between each 
group of different duration years of practising 
vegetarianism and the control subjects, except the 
group with 21-40 years of practising vegetarianism, 

as shown in Table 3. It may be the reason that the 
group with 21-40 years of practising vegetarianism 
was too small for statistical comparison. 

Hematological parameters, serum ferritin 
and serum B 12 were not statistically significantly 
correlated with duration of practising vegetrianism, 
as shown in Table 4. 

Hematological parameters were not stasis­
tically correlated with serum ferritin in 34 cases 
of iron deficiency. However, high percentages of 
microcyte and hypochromia were found in some 
cases of iron deficiency anemia who had a low level 
of ferritin and hemoglobin. (data not shown) 

In addition, hematological parameters were 
not statistcally correlated with serum vitamin B 12 
in 27 cases of B 12 deficiency. (data not shown) 

In conclusion, there were 34 cases of iron 
deficiency from 179 vegetarians (19. o/c) which can 
be classified into 3 stages of iron deficiency. In 
addition, there were 27 cases of vitamin B 12 defi­
ciency from 68 vegetarians (40 %), The classifica-

Table 3. Median and ranges of hematological parameters in control and vegetarians according to the 
duration of vegetarianism. 

Hematological parameters Control Duration of practising vegetarianism (years) 

(n=58) 1-5 (n=32) 6-10 (n=32) ll-15(n=56) 16-20 (n=36) 21-40 (n=l7) 

Hemoglobin (g/dl) 14 13 12.6* 12.8* 12.8* 12.7 
(12.8-16.8) (7.1-16) (10.1-16.1) (9.5-16.1) (10.5-15.3) ( 10.2-16 7) 

Hct(%) 42.7 41.35 40.65 40.5 40.75 40.1 
(31.8-50.8) (23.4-50.4) (31.3-48) (31.5-51.4) (34.7-50 I) (30.7-48 7) 

MCV (fl) 92.25 88.4 90.75 92.95 95.3 92.6 
(51.7-103.8) (62.3-107.4) (63 7-104.1) (58-104.3) (774-106.9) (64.6-103.8) 

MCH(pg) 30.15 27.45* 28.25* 28.8* 29.5 29.4 
(223-33 9) (18.9-33 I) (21-32.4) (18.4-33 I) (23.8-33.3) (21.5-31 7) 

MCHC (g/dl) 32.2 31.3 31.25 31.3* 31* 31.3 
(28.9-361) (30.1-32.9) (29 8-33.5) (29.8-32 7) (29.4-33.8) (29 6-34.3) 

ROW(%) 13.5 14.85* 14.65* 14.5* 14.45* 13.9 
(123-20.1) (13.4-23.7) (13.1-17.1) (13.0-18 3) (12.8-17.5) (13.3-156) 

RBC (xi012;1) 4.595 4.75 4.42 4.47 4.44 4.45 
(3.53-6.54) (3.3-6.47) (3.83-5.81) (3.47-6.68) (3.85-5 65) (3 38-5 26) 

WBC (xJ09/J) 7.41 5.74* 5.89* 5.56* 5.64* 5.33 
(2.9-11.13) (2.85-11.53) (3.22-9.75) (2.87-8.32) (2.49-1 0.42) (2.77-741) 

Pit (xI 09/1) 251.5 239 257 250 249 256 
(I 02-367) (71-432) (169-382) (53-567) (28-358) ( 110-306) 

Ferritin (ng/ml) 7708 20.74* 25* 22.67* 26.32* 35.3 
(12.6-457.35) (3.41-194.8) (4.7-94.71) (4.3-563.8) (5.5-206.4) ( 18.8-203.21) 

Vitamin s 12 (pg/ml) 470.5 (n=28) 202* (n=21) 173* (n=8) 181* (n=l9) 305.5 (n=l2) 233 (n=5) 
(183-1432) (75-20000) (128-391) (109-1163) (99-1213) (170-1610) 

* statistically significant different from control subject. (p<0.05) 
Kruskal Wallis test and multiple comparison. 
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Table 4. The correlation of hematological para­
meters, serum ferritin and serum vitamin 
B12 with duration of practicing vegeta­
rianism. 

Hematological y 
Parameter 

Hb (g/dl) -0.04 

Hct (%) -0.03 
ferritin (ng/ml) 0.10 
MCV (fL) 0.15 
MCH (pg) 0.14 
MCHC (g/dl) -0.03 
RBC (xiol211) -0.18 
WBC <x 1 o9;1) -0.13 
Pit (x!0911) -0.02 
ROW (%) -0.22 
Vitamin s 12 (pg/ml) 0.22 

tion of these cases IS shown m Table 5. 

DISCUSSION 
From this study, almost all the cases were 

derived from Santi-Asoke (166 cases). The re­
mainded were derived from Pho Man Arama which 
is Chinese vegetarians and all of them were male 
( 13 cases). The duration of practising vegetarianism 
from Santi-Asoke was longer than Pho Man Arama. 
However, all cases were true vegetarians. 

It was found, in this study, that Hb and Hct 
in vegetarians were statistically lower than the con­
trol subjects which is not in accordance with Tung­
trongchitr et a1(8). In cases of iron deficiency, the 
lower Hb concentration may be due to the imba­
lance of equilibrium between inhibitor and enhan­
cer of iron absorbtion. In Santi-Asoke a high con­
sumption of citrus fruits leads to an excess intake 
of vitamin C(8). So, the reason for the imbalance 
of iron may be due to the high intake of fibre, tan­
nate as well as phytate which inhibits iron absorb­
lion. Moreover, the lower Hb concentration was 

seen in some cases of B 12 deficiency. In these 
cases, it may be due to the impairment of Hb syn­
thesis because the deficiency in specific enzyme is 
due to inadequate protein intake of vegetarians02l. 

MCH and MCHC were statistically lower 
than the control subjects because Hb which is the 
content of red blood cells was low in the vegeta­
nans. 

RDW in the vegetarians was statistically 
higher than the control subjects because marked 
anisocytosis can be found in both iron deficiency 
and B 12 deficiency. 

Serum ferritin levels in the vegetarians 
were statistically lower than the control subjects 
which is in accordance with previous studiesC8-ll), 
it may be due to high intakes of inhibitor of iron 
absorbtion. 

Surprisingly, WBC in the vegetarians was 
statistically lower than the control subjects, which 
is not in accordance with previous studies(8-ll l. 
Neutrophils in the vegetarians were statistically 
lower than the controls but lymphocytes were statis­
tically higher than the controls. These results are 
not in accordance with the previous study( 8) which 
found that lymphocytes in vegetarians were statisti­
cally lower than the control subjects. The result of 
neutropenia may be the sign of ineffective granulo­
poiesis in bone marrow which may be due to 
megaloblastic changes in cases of B 12 deficiency. 

Serum vitamin B 12 levels in the vegeta­
rians were statistically lower than the control sub­
jects which is in accordance with previous studies 
(8-12). There were fewer males than females as 
control subjects of serum B 12 in this study ( 4 males 
and 26 females). However, the serum vitamin B 12 
levels were compared in the total controls, not sepe­
rated by sex. In addition, it was found from previous 
studies that serum B l2 levels in male and female 
controls were not significantly different(8, 12). 

Tungtrongchitr et a1Cl2) reported that baso­
pilic stippling can be found in most cases of B 12 

Table 5. The classification of vegetarians in various stages of iron deficiency and B12 deficiency. 

State of deficiency Lactovegetarians Lactoovovegetarians Vegan 

I. Iron depletion (male I, female 3) 3 
2. Iron deficient erythropoiesis (male 3, female 9) 7 2 3 
3. Iron deficiency anemia (male I, female 17) 10 6 2 
4. B 12 deficiency (male 14, female 13) 19 4 4 
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deficiency. Unfortunately, we couldn't find any 
basophilic stippling in B 12 deficiency, because we 
used dip-quick which is the rapid staining method 
instead of the standard method of Wright's stain. 

For comparison of hematological para­
meters, serum ferritin and serum vitamin B 12 in 
various groups with different years of practising 
vegetarianism, no significant differences of all para­
meters among various groups with different years 
of practising vegetarianism were found. This result 
is in accordance with the correlation study, of hema­
tological parameters, serum ferritin and serum vita­
min B I2 with duration of practising vegetarianism, 
in which no correlation was found. 

However, significant differences were 
found in many parameters between each group of 
duration years of practising vegetarianism and con­
trol subjects. First, Hb levels in groups of more 
than five years were statistically lower than the con­
trol subjects (p<0.05). The comparison of MCH was 
not in accordance with Hb. It may be due to the 
imprecision of MCH in Technicon H3 which cal­
culates MCH from Hb and RBC count. MCHC levels 
after more than 10 years of practising vegetarianism 
were statistically lower than the control subjects. 
MCHC results correlated with the Hb level because 
Technicon H3 can measure Hb content in RBC 
directly. MCHC levels were significantly decreased 
after more than 10 years, while Hb levels were sig­
nificantly decreased after more than 5 years. This 
means that Hb is a more sensitve index than MCHC. 

Serum ferritin levels in all duration years 
of practising vegetarianism were lower than the 
control subjects because ferritin is the most sensi­
tive index for iron deficiency before anemia can be 
present(2). 

RDW levels in vegetarians were statisti­
cally higher than the control subjects in all durations 
of practising vegetarianism because anisocytosis 
can be found in both B 12 and iron deficiency. 

Serum vitamin B 12 levels were statisti­
cally lower than the controls in those who practised 
vegetarianism for less than 15 years. This result 
supports the findings of previous studies that vita­
min B 12 deficiency was mostly found in persons 
practising vegetarianism for 6-10 years(S, 12). How­
ever, we found that a slight increase in serum vita­
min B 12 was observed in vegetarians practising 
vegetarianism for more than 15 years, rather than 10 

years for the previous study. It may be due to the 
bigger sample size and details of classification in 
this study. Although dietary intakes of vitamin B 12 
were low, the vegetarians can compensate for this 
by utilizing vitamin B I2 produced by their normal 
gut flora. Adults who choose a strict vegetarianism 
diet lacking in vitamin B 12 generally have enough 
vitamin B 12 stored in their liver to supply vitamin 
B l2 for 5-6 years before deficiency symptoms set 
in( IO). A high serum vitamin B 12 deficiency can 
therefore be observed only in vegetarians who have 
been practising vegetarianism for >6 years. 

WBC in all duration years of practising 
vegetarianism was statistically lower than the con­
trol subjects. The explanation for this in vegeta­
rians is unclear. 

From this study, cases of iron deficiency, 
may be due to the intake of food that suppresses iron 
absorption (such as tannate or phytate). In cases of 
B 12 deficiency, it is probable that they intake in­
sufficient soy bean or soy bean products which are 
the only major source of vitamin B I2 in vegeta-
nans. 

No correlation was found between hema­
tological parameters and ferritin in 34 cases of iron 
deficiency because stage I ( 4 cases) and stage 2 ( 12 
cases), with normal red blood cells, were included 
in these cases. There were only 18 cases of iron 
deficiency anemia but the number of cases was too 
small for correlation study. However, high percen­
tages of microcyte and hypochromia were found in 
some cases with low serum ferritin and hemoglo­
bin. 

In cases of vitamin B 12 deficiency, there 
was no correlation between hematological para­
meters and vitamin B 12 level. It may be that these 
cases had a mild form of B 12 deficiency because 
hemoglobin and per cent macrocyte were normal 

From this study we can conclude that the 
incidence of iron deficiency and B 12 deficiency 
was much lower than a previous study02) because 
of more advanced knowledge about nutrition in 
Santi-Asoke. Nevertheless, iron deficiency and B 12 
deficiency was found in some cases. 
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"llnm1Afll~ll~rJFI{~ifwu-llrJ~mu.Y'Ifll~~il~1'Wllll:;'l!llilm~ni1~l'Wl'Wvf~~'W 34 1u 1 79 11r1 ( 19.%) 

LLU~L U'W1:;rJ:;'l)i)~fll1'W"iil~L l1~mnuf!:::fl'-J 4 1lrl, "j:;rJ:::'lJmfll1'W-iD~m~n~"l:::ul1 u1i'tum1fl-l'l~Lili'ILllDI'ILL\i1~ 1 2 1lrl 

LL1'1:;1:::r1 :::~L uu Ti'i'i41il"ll'1Li1il~"llnm•'l!li'IL l1~n 1 8 "llrJ LLi'i:::wu-llrJ~mu.Y'Ifll ~.yji:l ~1 uml:::'lJll'lllil::::Quu~ufli:l~ il~ l'W l'W 

vr~~'W 27 1u 68 1lrl (40%) 

'Wl"lli1Liili:lfm~ Ti'i~lili'Y1m, L~i:l1&iu, "ilil:;:Quu~uflil~. rJ~mu.Y~fli~. rm:;'l!li'IL l1~n. rm:;'l!ll'lllil:;:Qu 

U~Uflf)~ 

• ml'l'i'lfl"J<1'YI"l"lfT"WI'llf!lii{F11i"Wn. l'lru:::LYlFI"WFim"lLLWYlrJ, l-Jm'imn~~rl'l~lil. U"']l-Jill"W 1 2000 

1•1\JltJlil,iJtJt "li'ILiiu\il, ~"W£Jm1LLW'Y1£!~">;fllil!il, l'lru:::LL WYltJfTlfllil-j 1 "l'IWtJll.Jl<1"lll-JlEiU\ii, l-J"I-nl"YltJl~tJl-JYl\il<1, n('IL"YIW'1 1 0400 
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