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Abstract

The dynamic changes of socio-economics leading to the industrialisation of countries are
known to affect lifestyle and nutritional behaviours of the population. Review of the literature on
the prevalence of obesity showed increasing numbers of the overweight and obese during the past
decade. However, information on health and nutritional status of the obese in Thailand has not
been widely publicized. This study reveals the vitamin status and hematological picture in 270
overweight and obese Thais in Bangkok, Thailand, compared with 175 normal subjects. No statis-
tically significant differences in haemoglobin and hematocrit were observed in the overweight
compared with the control subjects. The prevalence of anaemia was 9.8 per cent among male and
17.2 per -cent among female overweight and obese subjects compared with 2.6 per cent and 21.2
per cent in male and female normal controls using the cut-off point of haemoglobin concentration
as an indicator of anaemia. Prevalence of hypertension was exhibited in both male and female
overweight and obese subjects. Even if there were no statistically significant differences in vitamin
B,, B, and B, in overweight and obese subjects compared with the controls, high percentages of
vitamin C and vitamin B, deficiencies were observed. Vitamin B, deficiency was detected in 19.7
per cent of overweight and obese males as well as in 28.7 per cent of overweight and obese
females using glutathione reductase activity coefficient (0 EGR) < 1.5 as the cut-off point. How-
ever, clinical signs of vitamin B, deficiencies were rare. There was also a high percentage of
vitamin C (antioxidant vitamin) deficiency in 51.5 per cent of the overweight and obese subjects
and 41.7 per cent of the controls, respectively. The results suggest more attention should be paid
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to health study and nutritional problems for the overweight and obese population, especially con-
cerning vitamins and oxidative stress. Further research is still needed in these aspects.
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The prevalence of obesity has increased
dramatically over the past decade(1). It has been
reported that over 22 per cent of the adult American
population is obese (body mass index, BMI >30
kg/m2), with the prevalence in some ethnic groups
approaching 40 per cent(1,2), The prevalence of
overweight and obesity (BMI >25 kg/mz) has not
increased in the same manner, but it includes ano-
ther one-third of the population. The fact that Thai-
land is rapidly approaching the status of a newly
industrialised country is well reflected in some
demographic and economic indicators(3). A total
of 23.6 per cent of Thai female construction site
workers was reported to be obese(4), Obesity is
found in 11 per cent of Thai elderly(5). Moderate
to severe obesity is increasingly found and might be
associated with clear health risks, including hyper-
tension, diabetes and dyslipidemia(6).

In the past few years, there have been
dramatic advances in the research of overweight
and obese Thais. Exploratory papers have reported
abnormal lipid profiles(7), erythrocyte antioxidant
enzyme(8), and serum leptin(9). Therefore, this study
investigated vitamin B and C status and hemato-
logical measurements in healthy, overweight and
obese Thai people compared with apparently healthy
subjects in order to provide preliminary baseline
information for further studies, health promotion and
nutritional intervention.

MATERIAL AND METHOD
Study Population

Sixty-one male and 209 female overweight
and obese Thai volunteers, including 38 male and 137
female normal subjects, comprised the study popu-
lation. Thai volunteers who attended the Out-patient
Department, General Practice Section, Rajvithi Hos-
pital, Bangkok, for a physical check-up, were inves-
tigated in this study. They all attended the clinic of
their own accord and were well except for minor
ailments and the typical diseases of obese people
such as hypertension, mild to moderate degree of
cardiovascular diseases and non-insulin dependent
diabetes mellitus, which were diagnosed by physical
and biochemical laboratory examinations for the
inclusion criteria. Age, marital status, place of origin,
drinking and smoking habits were assessed by stan-
dardised questionnaires. The same medical doctor
conducted physical examinations throughout the
study.

Analytical method

The body weight, of each individual dressed
in light clothing, was measured using a carefully
calibrated beam balance (Detecto®, Detecto Scale
Manufacturing, USA). Height measurements were
taken using a vertical-measuring rod. The BMI or
Quetelet’s index was conventionally calculated as~
weight in kg/(height in metres)2. The classifications
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of BMI employed were those used by the WHO
Expert Committee 1995(10), overweight grade L
BMI=25.00-29.99 kg/mZ; grade I (obese): BMI=
30.00-39.99 kg/m2; grade III (obese): BMI240 kg/
m2,

From the subjects under study, about 10 ml
of venous blood was taken in the morning after
fasting overnight. Heparinised blood was used to
determine haemoglobin and hematocrit (packed cell
volume). Haemoglobin concentration in whole blood
was determined by the modified cyanomethemo-
globin method(11). Hematocrit was measured by
the micromethod using calibrated heparinised capil-
lary tubes. The tubes of blood were centrifuged for
five minutes at 14,000 g (IEC MB microhemato-
crit centrifuge). Hematocrit was measured using a
microhematocrit reader (Hawksley, England). Mean
corpuscular haemoglobin concentrations (MCHC)
were calculated by dividing the haemoglobin con-
centration (g/dl) with the hematocrit (%), multi-
plied by 100.

Red blood cell haemolysate was prepared
and stored at -20°C for not longer than one week and
used afterwards for vitamin By, B, and Bg deter-
minations. The active form of vitamin By, B,, and
B¢ are very important coenzymes in many biologi-
cal mechanisms. In particular, the activity of the
erythrocyte enzymes transketolase (ETK), gluta-
thione reductase (EGR) and aspartate aminotrans-
ferase (EAST) and their activation coefficients (AC)
after stimulation with the respective toenzymes are
sensitive indicators of the nutritional status of thia-
min, riboflavin and pyridoxin, respectively(12),
Vitamin B; status was assessed using erythrocyte
transketolase activity(12). The values of 1.25 ot ETK
(activation coefficient) and above indicate a real
deficiency in vitamin B status. Vitamin B, status
was assessed’using erythrocyte glutathione reductase
activity(13), Values of 1.5 ot EGR and above indi-
cate a deficiency in vitamin B, status(14). Vitamin
Bg status was assessed using erythrocyte aspartate
aminotransferase activity(15). Values of 2.00 o
EAST and above indicate a deficiency in vitamin
Bg status. Serum vitamin C was determined accord-
ing to the method described by Liu et al(16). Valyes
below 5 ug/l indicate a deficiency in vitamin C.

Blood pressure was recorded in a sitting
position, using a standardised automatic electronic
blood pressure meter.
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Statistical analysis

The results were expressed as median,
range, and 95 per cent confidence interval (CI). The
data were coded and analyzed by using a standard
statistical method provided by the Minitab computer
programme(17),

RESULTS

Median, range and 95 per cent confidence
interval (CI) of age, anthropometric variables, hema-
tological measurements and vitamin status in over-
weight and control subjects are shown in Table 1.
No statistically significant differences in haemo-
globin and hematocrit from controls were observed
in the overweight, except for MCHC which was
higher in the overweight and obese than in the con-
trol subjects. Blood pressure was found to be statis-
tically significantly higher in the overweight and
obese than that of the control subjects. No statisti-
cally significantly differences in vitamin By, B, Bg
in the overweight and obese were found compared
with the control subjects. The medians of vitamin
C concentration of the overweight and obese was
significantly lower than those of the controls (Table
1). However, only the female overweight and obese
showed a statistically significant difference of vita-
min C concentration compared with female control
subjects (Table 2).

The number and percentage of individuals
with hypertension, anaemia and-vitamin deficiencies
in overweight and obese subjects are shown in
Table 3. Prevalence of hypertension was found in
both male and female overweight and obese sub-
jects when compared with controls. Prevalence of
anaemia was found in the female overweight and
obese subjects (17.2% in females, 9.8% in males).
The magnitude of anemia was not different from the
control group.

The vitamin status of the overweight and
obese subjects represented as deficiencies in per-
centage using the reference cut-off point is shown
in Table 3. Vitamin B, deficiency in the overweight
and obese males was 19.7 per cent compared to
28.7 per cent in the overweight and obese females.
There was a high percentage of vitamin C deficiency
(51.5% in both sexes) compared to 41.7 per cent in
the controls.

Table 4 shows the correlation coefficients
between various parameters in the overweight males
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Table 1. Median, range and 95 per cent confidence interval (CI) of age, anthropometric variable, blood
pressure and vitamin status in the overweight and control subjects.
Parameter Total P-value*
Overweight (N=270) Control (N=175)
Median (range) 95%Cl1 Median (range) 95%ClI

Age (yrs) 40.0 38.0-41.0 39.0 36.0-40.0 0.546
(18.0-60.0) (18.0-60.0)

Weight (kg) 76.0 74.5-78.5 542 52.8-55.9 0.000
(54.0-153.0) (42.5-78.0)

Height (m) 1.57 1.56-1.58 1.58 1.56-1.59 0.222
(1.45-1.86) (1.43-1.85)

BMI (kg/mz) 30.68 30.26-31.23 21.90 21.55-22.22 0.000
(25.08-56.00) (18.47-24.97)

Hb (g/dl) 13.4 13.2-13.5 13.2 13.0-13.4 0.178
(8.3-17.2) (9.2-17.5)

Hct (%) 40.0 39.9-40.6 40.0 39.6-40.4 0.496
(26.6-50.0) (27.8-54.0)

MCHC (%) 339 33.7-34.1 33.6 33.3-33.7 0.001
(23.8-35.9) (31.5-36.4)

Diastolic blood pressure 80.0 80.0-84.0 70.0 70.0-75.0 0.000
(57.0-130.0) (48.0-109.0)

Systolic blood pressure 130.0 124.9-130.0 111.0 110.0-115.5 0.000
(96.0-190.0) (88.0-184.0)

Vitamin B1 (0ETK) 1.08 1.07-1.11 1.06 1.04-1.09 0.178
(0.64-2.39) (0.66-1.84)

Vitamin B2 (0dEGR) 1.34 1.31-1.39 1.32 1.30-1.38 0.136
. (0.91-2.26) (0.91-2.02)

Vitamin B6 (cEAST) 1.46 1.43-1.54 1.50 1.35-1.57 0.319
(0.80-2.59) (1.01-3.40)

Vitamin C (mg/l1) 5.00 4.50-5.56 6.00 5.41-6.59 0.023
(0.00-28.00) (0.00-23.00)

BMI = body mass index, Hb= haemoglobin, Hct= haematocrit, MCHC = mean corpuscular haemoglobin concentration
oETK = erythrocyte transketolase activity coefficient, t’EGR = erythrocyte glutathione reductase activity coefficient,
OoEAST = erythrocyte aspartate aminotransferase activity coefficient

*Mann-Whitney U-Wilcoxon Rank Sum W Test (Two-Tailed)

and females, respectively. Significant associations
were found between vitamin By, Bg, and vitamin C
in both the overweight males and females. A nega-
tive correlation was found between vitamin B,
haemoglobin and hematocrit.

DISCUSSION

The distribution of obese subjects in this
study, according to the grading of the 1995 WHO
group was 43.0, 51.8 and 5.2 per cent for grades
I, II and III, respectively, with a predomination of
grade II (BMI=30.0-39.99 kg/m2). This result may
indicate the need for counselling and controlling the
transformation from grade II to grade III. Overweight
and obese females in this study group had higher
weight and height than the male overweight and
obese subjects. Upon grading of overweight by BMI
(kg/m2), there was a higher prevalence of grade

III (BMI = 40 kg/mz) in females than in males.
Unequal numbers of male and female overweight
subjects participated in this study arising from the
fact that females are generally more willing to volun-
teer than males and females have a tendency to be
more socially active than males(18),

High blood pressure, both systolic and
diastolic, in overweight and obese subjects presented
as an important problem. Obesity is an important
risk factor for the development of hypertension(19),
Weight gain promotes hypertension and the risk of
hypertension parallels the degree of obesity(20,21),
This might lead to an increased risk of heart disease.
Advice and support for behavioural modification,
including eating a healthy diet and not smoking,
which is a major health risk in males, should be
recommended, especially in obese subjects.
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Table 4. Correlation coefficients of age, anthropometric variables, blood pressure, vitamin B and C in both
overweight and obese males and females (BMI 2 25.0 kg/m2).
Parameter Hb Hct MCHC Dias BP Syst BP Vit By Vit By Vit Bg VitC
Age -0.023 -0.034 0.115 0.165** 0.268** -0.098 0.004 -0.066 -0.013
Weight 0.219%* 0.240** -0.219%* 0.205** 0.200** 0.004 0.059 -0.021 -0.039
Height 0.331** 0.339** -0.088 0.117 0.086 -0._026 -0.081 -0.013 -0.020
BMI 0.050 0.071 -0.234*x* 0.162** 0.177** 0.053 0.108 -0.014 0.000
Hb 1.000 0.971** 0.140* 0.140* 0.135* 0.006 -0.235%* 0.073 -0.102
Hct 0.971** 1.000 0.018 0.165** 0.137* -0.005 -0.233%x* 0.067 -0.095
MCHC 0.140* 0.018 1.000 -0.144* -0.108 0.104 -0.097 0.136 -0.022
Dias BP 0.140* 0.165** -0.144* 1.000 0.743** -0.008 0.017 0.046 -0.029
Syst BP 0.135* 0.137* -0.108 0.743%* 1.000 -0.045 -0.018 -0.015 -0.029
Vit Bl 0.006 -0.005 0.104 -0.008 -0.045 1.000 -0.036 0.175%* 0.138*
Vit B2 -0.235%* -0.233** -0.097 -0.036 0.018 -0.036 1.000 0.038 -0.005
Vit B6 0.073 0.067 0.136 0.046 -0.015 0.175** 0.038 1.000 0.148*
Vit C 0.102 -0.095 -0.022 -0.029 -0.029 0.138* -0.005 0.148* 1.000

Significant difference: *p<0.05, **p<0.01

The prevalence of anaemia in the male and
female overweight and obese subjects was 9.8 per
cent and 17.2 per cent, respectively using the cut-off
point of haemoglobin concentration as an indicator
of anaemia. The rates of anaemia in the overweight
and obese subjects were at the same magnitude as
those found in a group of Thai road sweepers
(14.8% in males and 15.2 per cent in females)(22),
and Thai labourers (11.3% in males and 24.5% in
females)(23).

The median values of vitamin C concen-
tration in both sexes of the overweight and obese
subjects were found to be lower than those of the
control subjects (Table 1). Serum vitamin C concen-
trations in the males were also found to be lower
than the female overweight and obese subjects
(Table 2). More than 50 per cent (139 out of 270)
of all overweight and obese subjects had vitamin C
levels below the normal cut-off point value of 5 mg/l.
In a previous report by the authors, it was also
found that the antioxidant enzyme superoxide dis-
mutase, glutathione peroxidase and catalase, which
are responsible for metabolising reactive oxygen
species (ROS), were significantly lower than the
normal groups(8). The low level of vitamin C con-
centration in overweight and obese subjects might
result from high activity metabolism and might be
related to decreased oxidative enzymes which require
a reducing agent such as vitamin C to maintain the
situation.

Although no statistically significantly diffe-
rences in vitamin By, By, and Bg were found when
comparing the overweight and obese with normal
subjects (Table 1), 26.7 per cent of the overweight
and obese subjects were found to have riboflavin
deficiency (Table 3). No clinical signs of this vita-
min deficiency were observed. The high rate of
vitamin By deficiency in Thailand is well known, as
confirmed by recent studies undertaken in the elderly
(5), road sweepers(22), construction site workers(24),
vegetarians(25), new-borns and their mothers from
the northeast(26), children and their mothers in a
well-baby clinic(12), and preschool children in the
northeast of Thailand(14). Vitamin B deficiency in
the overweight and obese subjects might be related
to insufficient dietary vitamin intake and increased
use of this vitamin in protein, lipid metabolism as
found in lower antioxidant enzymes(8). Therefore,
further investigation concerning vitamin B, require-
ments and the actual intake of riboflavin are needed.
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