EFFECT OF FOLIC ACID SUPPLEMENTATION
ON PLASMA HOMOCYSTEINE LEVEL IN OBESE CHILDREN:
A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL

Mrs. Orawan lamopas

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Health Development
Faculty of Medicine
Chulalongkorn University
Academic Year 2012

Copyright of Chulalongkorn University

uwﬁmfjﬂLLaxLLﬁ”/\Im%HmﬁuLﬁmmﬁwmﬁwuﬁﬁqLwiﬂmiﬁﬂm 2554 mﬁﬁmﬂumﬁqﬁmm%}vﬁw (CUIR)
Huuindeyaaestidniivednginusndaunaiugiainends
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



navems linsa Ivdndeszau e Tugamdulwaea ludihadndu

MINeFInaaeuuguilnlatazinguaiuauy

119932359 108y Toma

a a P J : % = a v oA
Ininusiiludunilsvesmsanmaurangasliyaninemaasuviniuga
AINMIRAIFUAW
AUUNNIANTAT PDINTNUMIINGSD

= =
Unsfnm 2555

J
fl"llﬁ‘l’]ﬁ"ll’f]ﬂﬂWWﬁﬂﬂiﬂfllﬂ??l‘ﬂfﬂﬁﬂ



Thesis Title EFFECT OF FOLIC ACID SUPPLEMENTATION ON
PLASMA HOMOCYSTEINE LEVEL IN OBESE CHILDREN:
A RANDOMIZED, DOUBLE-BLIND, PLACEBO-

CONTROLLED TRIAL
By Mrs. Orawan lamopas
Field of study Health Development
Thesis Advisor Assistant Professor Sirinuch Chomtho, MD, PhD

Accepted by the Faculty of Medicine, Chulalongkorn University in
Partial Fulfillment of the Requirements of the Master’s Degree
............................................. Dean of the Faculty of Medicine

(Associate Professor Sophon Napathorn, MD)

THESIS COMMITTEE
............................................ Chairman

(Associate Professor Sungkom Jongpiputvanich, MD)

............................................. Thesis Advisor

(Assistant Professor Sirinuch Chomtho, MD, PhD)

............................................. Examiner

(Associate Professor Somrat Lertmaharit)
............................................. External Examiner

(Associate Professor Umaporn Suthutvoravut, MD)



0373501 196 Toner: naveanms Wnsa TrldnaeseduTaTudmasuludoaludiedn
821 midedinaaswuuguinillanaziinguaiuan (EFFECT OF FOLIC ACID
SUPPLEMENTATION ON PLASMA HOMOCYSTEINE LEVEL IN OBESE
CHILDREN: A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED

~ a a J o an Y
TRIAL) a.mﬁﬂynmmwuwaﬂ: WA.AT. WY, ATUY ‘lﬁJI‘VI, 67 i

o < { v a a 1 X I~
unii: Gndauduur Tdunez 185u3e5u Iiaaaineo1viis Idioane &a Ivlaanily

thssswndaglumsasulaludmaduiun s Toliu msvaimiulvaa v ldsedy

TeTugamouluaengala

agilszaan: iioAnyravesnis Iinsa liandeszaiuTs ludaaduludandiu

ad = I Ay A U a =\ 1 < PRI |
IBNIIANHE: L‘].I“LJﬂWi’J%EJW\WIﬂa’l’NLL‘U‘Ui:ﬁJ‘1Jﬂ‘]JﬂLLﬁ%NﬂQNﬂ’JUﬁINiMLﬂﬂ@TQ 9-159) @4

lasumsiteseidulsadiunaz 185umsguiiu 2 ngu nguanuiunquit 1d5unsalvana

q

v
(2 ! aAa v a

<3 Aa A U ]
YUIANAAS 5 Uaansy muﬂqummu"lﬁlsufm/iaaﬂmaﬂymzmﬂuaﬂuamﬁ%mmﬁau

9 9 [

a 1 a Yo Y i I a (Y] A = dyd
ﬂﬁﬂTV‘Iﬁﬂ I%J!ﬂmam%”lmmrnua: 1 59 Wluszoznaiaaneni 2 1wou MSANEINNNITATIY
v

A A A A 9 A o ) = = a A A ) F
laﬂﬂlu@ﬂ@uﬁullagﬁu@:ﬂﬂ'ﬁGL‘VifJ’]LW@’JﬂﬁzﬂUIaIN“IfﬁL@]@u INTNUDIL2 TV\ILﬁ@] “hmu HINA

a =) gJ/ = =) 1 =) d’ 1 = =) =) d‘
dugau saunaimsdsziumninssumanaeu Ivaneseme Suaiaiui2 wag Twaain
Tasuaneiig

Y 9 o &

= =\ 1 a I < =\ = = =\
AANIIANHE: UALUTTINIVYNINYUA 50 518 Lﬂumﬂﬁlﬂﬂ 31 AU uD1ginay 10.9 ‘]J!,!,’dgll

' ' r Y
ﬂzuuummmmummgmmmwﬁmamﬂmaammu 3.41 Lﬁaﬁuqﬂmi‘lﬁ}mm nauNAaol

v =

imsanasvesszaulaluGmadu 00a215.75 dAUNqUAILRNAAAIS00AY 6.99 BaTina W

a 9

uananued Nilsd gy neananasnniinisnruauaulsszaulaludaadwilosudu
J A Y dyw = = <] (=] a
tazduilsduual uenantdanumsanasvedla ludamaduluanmesuinninannaaay
@ = = ToAA [ A :: 9y ' 1oAA %
danumsanauesla ludmadulunguiliszauTviaalwdead 1dunniinquidiszanTo

A
anluaeaga

agil: mslinsalv@aawsoanlalugaaduldludndrnulaommniz eg1eaaln
3 VoA o a = A a A A
wnmenaznguidl lmad luewaanisimsfnyunu@nssezeuielsziiiunaves s

H 1 a @ <
Tudaadunanasaemanalanialauazvasamoaludndu

A1UIPT MTWALNTUDIN AVIHOTOLTDN oo

,,,,,,,,,,,,,,,,, R LA e ——

= 4 d' a a o (Y]
msdny 2555 AUDY0 8. MU NHIINGTWUTHED oo



##547 49203 30: MAJOR HEALTH DEVELOPMENT

KEYWORDS: FOLIC ACID/ FOLATE/ HOMOCY STEINE/ OBESE/ CHILDREN
ORAWAN IAMOPAS: EFFECT OF FOLIC ACID SUPPLEMENTATION ON
PLASMA HOMOCYSTEINE LEVEL IN OBESE CHILDREN: A RANDOMIZED,
DOUBLE BLINDED, PLACEBO-CONTROLLED TRIAL.ADVISOR: ASST.
PROEF.SIRINUCH CHOMTHO, MD, PhD, 67 pp.

Background: Obese children tend to consume low dietary folate which is an
important cofactor in remethylation of homocysteine to methionine, leading to
hyperhomocysteinemia.

Objective: To determine whether folic acid supplementation could reduce plasma
homocysteine in obese children.

Design: Obese children aged 9-15 years with body mass index > median plus 2 SD
according to the WHO reference were randomly allocated into 2 groups: receiving either 5
mg folic acid or placebo for 2 months. Fasting homocysteine, creatinine, folate, vitamin B12,
insulin, glucose and lipid profiles were taken at baseline and the end of study. Dietary folate
intake and physical activity were assessed using validated questionnaires.

Results: A total of 50 obese children (31 boys) took part in the study. Their mean
age was 10.9£1.6 years and mean BMI Z-score was 3.41+0.69. After the intervention,
plasma homocysteine decreased by 15.75% and 6.99% in the folic acid and placebo group,
respectively (mean difference 8.76%; 95%CI: 0.26%, 17.25%, p= 0.044). This divergence
was more pronounced in boys and it remained significant after adjusting for baseline
homocysteine and other confounders. Subgroup analysis showed a larger magnitude of

plasma homocysteine reduction in the low folate group

Conclusions: The homocysteine lowering effect of folic acid supplementation was
found in obese children especially in boys and those with low serum folate. The further long-
term interventional study is needed to determine the effect of the lowered plasma

homocysteine on the cardiovascular outcomes in obese children.
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CHAPTER I
INTRODUCTION

1.1 Rationale and backgrounds

Homocysteine (Hey) is a sulfur-containing intermediate product in the normal
metabolism of essential amino acid methionine. Hyperhomocysteinemia has been found
to be an independent risk factor for atherosclerosis and cardiovascular disease (CVD); it
is responsible for about 10% of total CVD risks [1-3]. Mechanisms of
hyperhomocysteine associated with atherosclerosis are alteration of vascular
morphology, inflammatory stimulation, blood clotting cascade, and inhibition of
fibrinolysis [2, 4, 5]. Contributing factors for hyperhomocysteinemia are increasing age,
male sex, gene mutation, drugs, smoking, excessive caffeine intake, physical inactivity,
renal dysfunction, and vitamin deficiency [6-8]. Several studies in adults showed that
reduction of elevated plasma homocysteine may prevent up to 25% of cardiovascular

events [2, 3,9, 10].

Many studies suggested that obesity induced atherosclerosis may start in
childhood because they demonstrated an increase in intima-media thickness, impaired
flow-mediated dilatation, endothelial dysfunction and vascular damage in obese
children [11-14]. Early intervention to improve endothelial function in obese children,
in addition to metabolic and weight control could potentially prevent atherosclerosis in
their adult life. Besides, more recent studies revealed that plasma homocysteine levels

in obese children were higher than their non-obese peers [15-17].

One of the modifiable causes of hyperhomocysteinemia is vitamin deficiency,
especially folate because it is an important cofactor in the remethylation of
homocysteine to methionine. Most common cause of folate deficiency is inadequate
intake. Folate is sensitive to heat, storage, and light. Good dietary sources of folate are

green leafy vegetables, fruits, and cereals. Recommendation for dietary folate intake is



5 servings of fruits and vegetables a day (600-700 g), approximately 400 pg of dietary
folate equivalent (DEF).Previous report showed that daily intake in EU adult was
approximately 250 -300 pug DEF [2, 18, 19]. Then it is difficult to meet dietary folate
requirement in most population. Previous studies showed that obese children consumed
less dietary folate than normal children [20] and demonstrated inadequate dietary folate
intake according to the Dietary Reference Intake (DRI) [21]. We postulated that Thai
obese children might be at risk of folate deficiency due to an unbalanced diet (low

vegetables and high fat intake) as well as a high prevalence of thalassemia.

Folic acid supplementation is safe, inexpensive and has been found to improve
homocysteine levels in children with different types of diseases [22-27]. However, no
data has been reported about the effect of folic acid supplementation on homocysteine

level in obese children.



2.1 Review of Related Literatures

CHAPTER 11

LITERATURE REVIEW

Homocysteine in children

Many studies reported on homocysteine levels in children. The level were

approximately between 6-11 umol/L, depended on country, study population, age, sex

and serum folate level. Most studies concluded that homocysteine levels were

increasing with age and boys were found to have higher level than girls and there were

negative association with serum folate and vitamin B 12. Some studies reported that

homocysteine levels were higher in obese children than in non- obese.

Authors Country Population Mean homocysteine
year level (umol/L)
Taiwan 1,234 school children M: 10.50+4.13
Chang JB[28]
2003 agel2-15y F: 8.95+£2.61
Austria 264 children M: 6.5+1.1
Huemer M[29]
2006 Age2-17y F: 6.6+1.1
) Turkey 40 obese, 20 non-obese Obese: 14.3+11.8
Narin F[15]
2005 Age 7-17y Non-ob: 8.7+ 5.9
Economou Greece 72 obese, 42 non-obese Obese: 8.4+0.5
EV[30] 2005 Age9-10y Non-ob: 7+ 0.3
Medi
Greece 524 school children edian(range)
Papandreou D[31] Obese: 8.4(6.2-29)
2007 Age 6-15y
Non-ob: 7.8(3.4-12.2)
China 41 obese27 non-obese Obese: 7.8+2.8
Zhu W[16]
2008 Age~1ly Non-ob: 5.5+ 2.1
. ) 63 obese
Codofier-Franch Spain Obese: 7.92+3.31
44 non-obese
P[17] 2010 Non-ob: 6.84+ 1.67

Age 7-14y
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Dietary folate intake and serum folate in children

Gillis L[20] reviewed dietary information from the charts of 156 obese children
and 90 non- obese children and reported that obese consume less dietary folate &
vitamin B12 compare with non-obese. Moreover, prevalence of folate inadequacy in
obese were higher than those in non obese peers ( 47% vs 38%).

Homocysteine lowering intervention

Homocysteine lowering trialists’ collaboration [32]did meta-analysis of
randomized controlled trials to determine the size of reduction in homocysteine
concentration produced by folic acid supplementation and with the addition of vitamin
B12 and vitamin B6. They found that reductions in homocysteine concentration
produced by folic acid supplementation by 25% (95% CI 23% to 28%; P< 0.001) with
similar effects in range of 0.5-5 mg folic acid daily. Vitamin B12 produced an
additional 7% (3% to 10%) reduction in homocysteine level.

Solini A and team [33] investigated the effect of folic acid acid supplementation
on insulin sensitivity and inflammatory markers in overweight adults (BMI 25-29
kg/mz). The study was a randomized placebo controlled trial. Participants (n=41) were
assigned to receive either placebo or folic acid 2.5 mg/day for 3 months. The results
showed that serum folate levels increased and serum homocysteine decreased from
baseline but no statistical significant difference.

Sheu WH et al [34] studied in obese woman (n=74) who were randomized to
take either folic acid 5 mg/day or placebo for 12 weeks. In the folic acid group, serum
folate concentrations increased and there was a trend of lower serum homocysteine
concentrations (7.6+ 0.2 vs 7.3+0.3 umol/L) but no statistical significant difference (p=
0.17). However, they found that serum homocysteine concentrations decreased
significantly in those with higher baseline homocysteine concentrations (8.7+1.3 vs

7.8+ 1.5umol/L, p=0.004).
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Gargari BP and team [35] performed a double blinded controlled trial to
determine the effects of Smg/day of folic acid supplementation on biochemical indices
in overweight and obesity men with type 2 DM. A significant increment in serum folate
and vitamin B12 level were observed (19% and 17.3%, p <0.001, respectively). Plasma
homocysteine level decreased significantly (21%, p< 0.000).

Papandreou D et al [22] examined the effects of folic acid on serum
homocysteine, folate, vitamin Bl12 and blood pressure in healthy
hyperhomocysteinemia children aged 6-15 years. The study compared the intervention
group with 5 mg of oral folic acid twice per week for 2 months (n=20) and control
group with folate-riched food (500 mcg/day) (n=6). Results shown that serum
homocysteine as well as blood pressure were statistically significant decreased in the
intervention group compared with the controls, while serum folate levels were
statistically significant increased.

Pefia AS et al [36] did the randomized, double-blinded, placebo-controlled
crossover trial to evaluate effect of folic acid supplementation on endothelial function
in children and adolescents with type 1 diabetes (n=36) using brachial artery response
to flowed-mediated dilatation (FMD). Each subject received 5 mg per day of folic acid
for 8 weeks and 8 weeks for placebo, with 8 weeks washout period. Results showed
folic acid increased FMD whereas placebo did not change. Homocysteine was not
changed by the intervention.

Pefia AS et al [27] also did the other randomized, double-blinded, placebo-
controlled trial to evaluate effect of folic acid supplementation on endothelial function
in obese children (n=53). There were no significantly changes of FMD with the
intervention. Folic acid supplementation increased serum folate and decreased

homocysteine by 0.95 pmol/L (95% CI,-1.45 to -0.45; p = 0.008).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pe%C3%B1a%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pe%C3%B1a%20AS%22%5BAuthor%5D

Homocysteine and folate in Thailand

Leowattana W et al [37] investigated the association between serum
homocysteine, vitamin B12 and folate levels with ischemic heart disease in 178
coronary artery disaese patients and 178 healthy controls by age and sex matching.
They concluded that serum homocysteine concentrations were significantly higher in
CAD patients than in controls (23.83+ 11.29 vs 19.69+8.51 pmol/L; p< 0.001). Serum
vitamin B12 and folate levels were not statistically significantly different between 2
groups.

Leowattana W et al [38] performed a survey in 3,345 healthy subjects. They
found that prevalence of hyperhomocysteine (Hcy> 12 umol/L) were 33.6% in males
and 6.7% in females.

Tuntrongchitr R et al [39] did cross-sectional study in obese and normal-weight
volunteers. Statistically significantly higher levels of homocysteine were found in the
overweight adults. Serum folates in overweight and obese were found to be statistically
significantly lower than in the control adults.

Kwanbunjan K et al [40] surveyed the health and nutritional status, especially
folate, of school children and women of childbearing age in a remote area of Thailand.
They found that the children had low dietary folate intake and low serum folate level
(22%-47% depending on age).

Parinyapoonno S [21] studied in the students of the secondary school in
Bangkok. She founded that overall had low dietary folate intake and low serum folate
level (<3 ng/mL) were detected in both obese group and normal-weight group (48% and

43% respectively).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kwanbunjan%20K%22%5BAuthor%5D

CHAPTER III
RESEARCH METHODOLOGY

3.1 Research Questions
Primary research question

Is there any difference in the mean change of homocysteine level in folic acid
supplementation group comparing with those of placebo group?
Secondary research question

Are there any factors correlating with baseline of homocysteine level?
3.2 Research Objectives
Primary objective

To determine whether folic acid supplementation could reduce plasma
homocysteine in obese children
Secondary objective

To determine the correlation between factors and baseline of homocysteine level
3.3 Hypothesis
Research hypothesis

The mean change of homocysteine level in folic acid supplementation group
comparing with those of placebo group should be similar.
Statistical hypothesis

Null hypothesis

Ho: p-p,=0

Alternative hypothesis

Ha:p - p, 70
u, = the mean change of homocysteine level in folic acid supplementation group

u, = the mean change of homocysteine level in placebo group



3.4 Conceptual framework

Folate level <:| Dietary intake of folate

Age @
Sex |:> Homocysteine <:| Vitamin B12 level
BMI

Physical activity Dietary intake of vitamin B12

Figure 1 Illustration of conceptual framework

3.5 Keywords

Folic acid, Folate, Homocysteine, Obese, Children
3.6 Operational Definitions

Obesity is defined by body mass index more than median plus 2SD for age and
sex according to WHO reference 2007 [41].

Secondary obesity: obesity from other causes eg. syndromic obesity (such as
Prader-Willi syndrome, Laurence—Moon-Biedl syndrome, Bardet-Biedl syndrome),
skeletal dysplasia, and Cushing syndrome.

Body mass index (BMI) is calculated by weight in kilograms divided by the
square of height in meters.

Semi quantitative food frequency questionnaire composes of food lists,
serving size and frequency of various food items [21]. The results were reported in

Ig/day of dietary folate intake.



3 days dietary record: the 3 days dietary record technique is used to collect
dietary intake information for a total of 3 days (2 weekdays and 1 weekend day).

Physical activity

International Physical Activity Questionnaire (IPAQ) in short last 7 days
format was used to assess physical activity (PA). This questionnaire was validated and
tested for reliability by international collaboration on IPAQ in 2002 [42]. The IPAQ
criteria by which PAs are classified as of vigorous or moderate intensity were
underlined. The physical activity score for each vigorous, moderate and walking PA
was calculated and expressed in MET-minutes per week. According to the [IPAQ MET-
scoring method, vigorous PA score is equal to vigorous weekly PA expenditure
multiplied by 8 METs. Moderate weekly PA expenditure is multiplied by 4 METs and
walking PA by 3.3 METs to calculate moderate and walking PA score, respectively.

Total PA score is the sum of vigorous, moderate and walking PA scores.

3.7 Research Design

A randomized, double-blind, placebo-controlled trial

3.8 Research Methodology
3.8.1 Population and Sample
Target population: Obese children
Study population: Obese children at OPD nutrition, Queen Sirikit National Institute of
Child Health
Sample: Obese children at OPD nutrition, Queen Sirikit National Institute of Child

Health within approximately 1 year (May 2012- February 2013)
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3.8.2 Inclusion Criteria/Exclusion Criteria

Inclusion criteria: all the followings.
1. Age between 9-15 years
2. Diagnosed obesity: BMI > median plus 2SD for age and sex according to WHO
reference 2007 [41]
Exclusion criteria: one of the followings
1. Secondary obesity
2. Thalassemia disease
3. Renal and hepatic dysfunction
4. Medications that alter the level of blood pressure, homocysteine, glucose or
lipid profiles such as anticonvulsant, estrogen, thiazides, metformin,

cholestyramine, methotrexate, fibrates, and nicotinic acid

5. Previous vitamin supplementation 1 month before study

3.8.3 Sample Size Estimation

As primary objective of this study aimed to detect the difference in 2

independent means, therefore sample size was calculated from this formula

n/group= 2 o’ (Z ot ZB)2

(X, - X,)

Given the alpha error = 0.05 (2-sided), Z,, = 1.96

The beta error = 0.1 (power is 90%), Z p=128

X, = the mean change of homocysteine level in control group

X, = the mean change of homocysteine level in intervention group

O = standard deviation of change of homocysteine from control
and intervention groups

From previous study [32], O = 6.08 and the difference of mean change of

plasma homocysteine was 2.5 lmol/L which would represent minimal clinically



11

significant difference, and then calculated n per group is approximately 20. We
estimated drop out patients for 20%, then adjusted n is 25 patients per group and total

sample size is 50.

3.8.4 Randomization and Allocation Concealment

Since homocysteine level maybe influenced by sex, the participants were
stratified by sex to make a balance between two study groups before randomly
allocated. The two separate randomization lists was performed by using computer
generated mixed-size block randomization (1:1 ratio), strata one for male and strata two
for female. The participants were stratified into these strata and assigned a treatment
code. Each treatment code was concealed in opaque envelop. The investigators,
participants and personnel involved in the study were blinded to the treatment
assignment. Only one pharmacist, who was unrelated to the study, knew the codes of

treatment and placebo which were revealed after data analysis.

3.8.5 Interventions

All participants were randomly allocated into two groups receiving either 5 mg
folic acid or placebo orally for two months. Both folic acid and placebo tablets were
produced by the Government Pharmaceutical Organization, Ministry of Public Health,
Thailand; they were similar in characteristic and taste. All participants were advised to
follow a standard weight management program which was based on current dietary
recommendations for obese children [43] and followed up every month. In order to
control co-intervention, other vitamins supplementations were not allowed during the
study. Moreover, both participants and investigators were blinded to equalize unknown

co-intervention.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Spear%20BA%22%5BAuthor%5D
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3.9 Research Administration

Assessed for eligibility (n=)

v

Excluded (n=)

A

Baseline assessment

Stratified by sex

A4

Randomization (n=)

l | l

Folic acid (n=) Placebo (n=)

Follow up q 1 month

Outcome measurement

A A 4

Analyzed (n=) Analyzed (n=)

Figure 2 Illustration of research administration

3.10 Data Collection
1. Demographic data: age, gender
2. Baseline characteristics and anthropometric assessment
Weight and height were measured without shoes and with light clothing using
stadiometer to the nearest 0.1 cm and electronic digital scale to the nearest 0.1 kg,
respectively. BMI and BMI Z score were calculated based on WHO 2007 growth
reference using WHO AnthroPlus program [41]. Waist circumference was measured

with participants in a standing position at the midpoint between the lower edge of the
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ribs and the top of the iliac crest after normal exhalation. Blood pressure was
measured after 10 minutes rest in sitting position using sphygmomanometer and the
appropriate cuff according to the size of the upper arm. Anthropometric assessment
and blood pressure measurement were done every visit.
3. Biochemical analysis
Venous blood samples were collected after 12-hour overnight fasting by trained
nurses at baseline and the end of the study. The tubes were immediately centrifuged to
obtain either plasma or serums which were stored at -20 °c until analysis. Routine
enzymatic methods were used to analyze for hemoglobin, creatinine, lipid profiles,
glucose, and insulin levels. Plasma homocysteine was determined using fluorescence
polarization immunoassay method (ABBOT IMx Analyzer, Axis-shield, Dundee,
UK). Serum folate and vitamin B12 were measured using electrochemiluminescence
immunoassay method (Roche Diagnostics, Mannheim. Germany).The homeostasis
model for assessment of insulin resistance (HOMA-IR) was calculated using the
following equation: [fasting glucose (mmol/L) x fasting insulin (LUIU/mL)}/22.5[44].
4. Dietary and physical activity assessment
Dietary intakes of folate and vitamin B12 were assessed at every visit with a 3-day
dietary record and a validated semi-quantitative food frequency questionnaire for
dietary folate intake [21]. Physical activity was assessed at every visit by using The

International Physical Activity Questionnaire in the short last 7 days format [42].

5. Compliance

All participants were called once a week to ensure their compliance with the dosing
regimen. During the follow-up visit, they were also asked to return the remained
tablets which were counted and calculated for the percentage of compliance. Eighty

percent of compliance was considered acceptable.
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Data MO M1 M2
height, weight, waist circumference, BP X X X
Hb, creatinine
lipid profile, fasting blood sugar, vitamin B12, homocysteine, X X

folate
Semi quantitative food frequency questionnaire
3 days dietary record

Physical activity questionnaire

3.11 Data Analysis
1. Demographic data and baseline variables
Demographic data and health characteristics were analyzed by descriptive statistics
and presented according to type of data; categorical data were presented with number
and percentage and continuous data were presented with mean = SD or median (range),
where appropriate. One-sample Kolmogorov-Smirnov test was used to evaluate if data
were normally distributed.
2. Primary and secondary outcome variables
Primary outcome
Change of homocysteine levels from baseline to completion of treatment were
calculated from homocysteine level at the end of the study minus baseline
homocysteine level. Change of homocysteine levels of both study groups were
presented with mean = SD or median (interquartile range), where appropriate.
Independent samples t-test was used to compare the difference in mean change of
homocysteine level between groups if the data appeared in normal distribution. If the
data were not normal distribution the Mann-Whitney U test will be applied. Subgroup

analyses were performed by baseline serum folate levels (below or above median).



15

Multiple linear regression analysis was applied to adjust the effects of baseline

homocysteine and vitamin B12 on the change in homocysteine level between treatment

groups.

Characteristics Types of variables Statistics
Age (yrs) Continuous Mean, SD
Male/female Categorical N (%)
Weight (kg) Continuous Mean, SD
Height (cm) Continuous Mean, SD
BMI (kg/ mz) Continuous Mean, SD
Hb (g/dl) Continuous Mean, SD
Creatinine (mg/dL) Continuous Mean, SD
Total cholesterol (mg/dL) Continuous Mean, SD
HDL-C (mg/dL) Continuous Mean, SD
LDL-C (mg/dL) Continuous Mean, SD
Triglyceride (mg/dL) Continuous Mean, SD
FBS (mg/dL) Continuous Mean, SD
Insulin (uIU/mL) Continuous Mean, SD
HOMA-IR Continuous Mean, SD
Homocysteine(umol/L) Continuous Mean, SD
Serum folate (ng/ml) Continuous Mean, SD
Serum vitamin B12(pg/ml) Continuous Mean, SD
Average dietary folate (ug/day) Continuous Mean, SD
Average dietary vitamin B12 (ug/day) Continuous Mean, SD
Average physical activity score Continuous Mean, SD
(Met-minutes /week)
Compliance (%) Continuous Mean, SD
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Secondary outcome
Pearson’s correlation analysis was used to determine the associations between
baseline homocysteine and independent variables including insulin, lipid profiles,

folate, vitamin B12 levels and dietary factors.

3.12 Ethical Consideration

The research proposal must be approved by the ethics committee before starting the

study. Consent form and/or assent form should be informed.

About the folic acid, there is few side effect of folic acid. This drug is safe and we
can use it even in pregnant woman. However, excessive folic acid supplements (> 1
mg/day) may obscure and potentially delay diagnosis of vitamin B12 deficiency.

Therefore we check baseline B12 level before start treatment.

There were a lot of personal data, so all the data was kept in personal computer
belonging to the investigator and accessing the data need specific code. Results of the
study would be presented in general, not in individual data.

3.13 Limitation

Homocysteine is a surrogate marker for atherosclerosis risk. End results of
atherosclerosis such as stroke, ischemic heart disease, and cardiovascular death cannot

be identified in the study of children.

3.14 Expected benefit of the study

If folic acid supplementation can decrease plasma homocysteine, this intervention
could initiate further study on early intervention for obese children to reduce CVD risk.
In addition, we will have data to convince physician to give an advice and encourage

obese children and their parents about the benefit of folate-rich food.



CHAPTER IV

RESULTS

4.1 Participants characteristics

Eighty-nine participants were assessed for eligibility. There were 9 participants
who were excluded due to usage of vitamins, metformin as well as anticonvulsants and
30 participants declined to participate in the study. A total of 50 participants were
recruited and randomly allocated into 2 groups: 26 for folic acid group and 24 for
control group. Three participants in the folic acid group and one in the control group
withdrew their consent during the follow up due to lack of time to participate (Figure
3). The demographic data and baseline characteristics of both groups were compared
and presented in Table 1. The mean age of the participants was 10.9+ 1.6 years (range
9- 14.5 years) and 62 %were boys. Their mean BMI Z score was 3.41 + 0.69. The
hemoglobin and creatinine were within normal range. According to the International
Diabetes Federation criteria[45], metabolic syndrome risk factors were determined as
follows: hypertension,12%; hypercholesterolemia,32%; high LDL cholesterol, 32%;
low HDL cholesterol, 30%; hypertriglyceridemia, 22%; impaired fasting glucose, §%.
There were no significant differences in the baseline anthropometry and clinical
characteristics except for systolic blood pressure (SBP), high density lipoprotein
cholesterol (HDL- C) and serum vitamin B12 which were higher in the placebo group.
Baseline homocysteine were comparable in both groups (8.02 + 2.12 and 8.18 + 1.39,
range 4.47-13.31umol/L). There was no significant difference of baseline homocysteine
between boys and girls (8.08 + 1.69 and 8.14 + 2.01 umol/L). Prevalence of
hyperhomocysteinemia was found to be 10% according to the age specific reference
cut-off values that were more than 95" percentiles [46]. None of the participants had
low serum folate or vitamin B12 according to the reference range at > 3 ng/ ml and 130-

785 pg/ml, respectively [47]. The average dietary folate intakes were similar in the two
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groups (78.46 = 24.96 and 91.27 + 42.24 Llg per day in folic acid group and control
group, respectively) but much lower than the recommended intake at 300-400 |lg per
day of Thai DRI. On the contrary, average dietary vitamin B12 intakes were above the
Thai DRI at 1.8-2.4 Llg per day [48].There were no differences in their physical activity
levels between the two groups. The compliance rate was similar at around 84% which

was acceptable. No adverse side effects were reported.

Assessed for eligibility (n = 89)

Excluded (n = 39)
Declined to participate (n = 30)

v

Usage of vitamins, metformin,

anticonvulsants (n =9)

A 4

Baseline assessment
Stratified by sex

\ 4

Randomization (n = 50)

A\ 4 l
Folic acid (n = 26) Follow up q 1 month Control (n =24)
A 4
Withdrawal Withdrawal
-Lack of time to participate -Lack of time to participate
(n=3) (n=1)

A 4

Outcome measurement

A 4 A\ 4

Analyzed (n = 23) Analyzed (n = 23)

Figure 3 Illustration of flow diagram of subject progress through the phase of

randomized trial
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Folic acid (n=26)

Placebo (n=24)

Age (years)

Sex (male)

Weight (kg)

Height (cm)

BMI (kg/ m’)

BMIZ score

Waist circumference (cm)
SBP (mmHg)*

DBP (mmHg)

Hb (g/dl)

Creatinine (mg/dL)

Total cholesterol (mg/dL)
HDL-C (mg/dL)**
LDL-C (mg/dL)
Triglyceride (mg/dL)
FBS (mg/dL)

Insulin (uIU/mL)
HOMA-IR
Homocysteine (umol/L)

Serum folate (ng/ml)

Serum vitamin B12 (pg/ml)**

Average dietary folate (ng/day)
Average dietary vitamin B12

(ng/day)

11.08 £1.57
16 (61.5%)
74.99 £17.06
152.29 £10.91
31.96 £4.15
3.32+0.61
96.47 £10.18
112.12 £8.10
67.69 £ 11.40
12.94 +1.23
0.48 £0.93
161.58 +40.44
42.08 +£10.72
104.45 +31.80
116.04 +62.68
88.96 £ 8.59
26.80 +16.56
6.02 £4.37
8.02+2.12
8.06 +2.92
594.82 +£168.49
78.46 £ 24.96

340+1.10

10.73 £ 1.64
15 (62.5%)
72.98 £ 18.86
148.79 + 9.66
32.57+5.62
3.52+0.77
96.06 £ 10.38
118.46 £9.10
67.38 +£7.65
13.0 £0.80
0.47+0.78
181.25 £37.54
49.12 +£10.58
116.40 +31.55
128.13 + 68.83
87.63 £7.02
21.44 +£9.48
4.67+£2.12
8.18 +1.39
9.03+3.44
719.23 £186.18
91.27 £42.24

3.56 +£1.00

'Data were presented in mean = SD or number (%)

*Significantly different at p =0.01 ** significantly different at p = 0.02
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Table 1 Demographic and baseline characteristics data (continued)

Folic acid (n=26) Placebo (n=24)
Average physical activity score 920.29 £543.76  1,417.39 +1,646.13

(Met-minutes /week)

Compliance (%) 84.30 £ 12.94 83.85+16.90

Data were presented in mean = SD

4.2 Outcome of treatment
Primary outcome analysis: Changes in plasma homocysteine

Mean changes for both groups appeared in normal distribution according to
analysis using one-sample Kolmogorov-Smirnov test. Thus, independent t-test was used
to compare the difference in change of homocysteine. After completion of the
intervention, there were no significant changes in the clinical characteristics between
the two groups except for plasma homocysteine and serum folate, data shown in Table
2. As expected, serum folate significantly increased in the folic acid group while there
was no change observed in the placebo group. In the folic acid group, the mean change
of homocysteine was -1.35 £ 1.32 umol/L or decreased by 15.75% which was
significantly different from the magnitude of change in the control group (decreased by
6.99%, mean difference 8.76; 95%CI: 0.26%, 17.25%, p= 0.044). As a result, plasma
homocysteine after the intervention was significantly lower in the folic acid group (6.37
+ 1.37 pmol/L) compared to the placebo group (7.50 + 1.17 pmol/L, p=0.004; data
shown in Table 3). Interestingly, this divergence was more pronounced in boys where
plasma homocysteine significantly decreased more in the folic acid than in the placebo
group as shown in Table 4 (19.46% vs. 5.52%, mean difference 13.93%; 95% CI:
3.48%, 24.03%, p = 0.009). Whereas, there was no statistically significant difference
between the folic acid and the placebo group in girls as shown in Table 5 (mean

difference 0.23%; 95% CI:-15.78%, 16.24%, p = 0.98). (Figure 4)
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Table 2 Comparison of changes in clinical characteristics after the intervention period1

Folic acid Placebo Mean difference  p-value
(n=23) (n=23) (95%CI)
BMIZ score 20.22 +0.20 20.17 + 0.20 0.05 0.43
(-0.07, 0.17)
Waist -1.40 + 2.66 1334252 0.70 0.93
circumference (cm) (-1.47, 1.60)
SBP (mmHg) 152+9.76 13524983 ~2.00 0.48
(-7.68,3.68)
DBP (mmHg) 478+ 1464 -0.26+9.96 4.48 0.23
(-2.96, 11.92)
Total cholesterol 52641647  -039+2137 -5.65 0.32
(mg/dL) (-16.99, 5.96)
HDL-C (mg/dL) 123 £4.79 1,60 +£7.29 ~2.83 0.12
(-6.51, 0.85)
LDL-C (mg/dL) 1.89£13.89  0.03+16.34 -1.81 0.68
(-10.87, 7.15)
Triglyceride 13024469  -15.13 £47.11 "16.43 0.23
(mg/dL) (-43.72, 10.85)
Insulin (WIU/mL)  -2.90+1078  -1.13+8.71 177 0.54
(-4.05, 7.59)
HOMA-IR -0.83 +2.81 2022 +1.96 0.61 0.40
(-0.83, 2.04)
Homocysteine 1354132 20.68 4 1.25 0.68 0.08
(umol/L) (-0.09,1.44)
Homocysteine (%)  -15.75+14.46  -6.99 = 14.12 8.76 0.044
(0.26,17.25)

: Change in parameter = parameter at the end of the study- baseline parameter

Data were presented in mean = SD



22

Table 2 Comparison of changes in clinical characteristics after the intervention period

(continued)1
Folic acid Placebo Mean difference  p-value
(n=23) (n=23) (95%CI)

Serum folate 38.52 + 28.78 0.12+£2.92 -38.39 <0.001
(ng/ml) (-50.89, -25.89)
Serum vitamin B12 11 594 10158 -11.19 % 142.90 0.40 0.99
(pg/ml) (-73.29, 74.10)
Dietary folate 2899+ 68.83  -33.14+53.94 -4.43 0.80
(Ug/day) (-39.55. 30.69)
Dietary vitamin 0.13 + 1.81 20.17 + 3.03 -0.04 0.96
B12 (Llg/day) (-1.61,1.52)
score (Met-minutes 1129.65 (-703.6, 575.9)

1Change in parameter = parameter at the end of the study- baseline parameter

Data were presented in mean + SD

Table 3 Comparison of the mean change in homocysteine level in two study groups

Folic acid Placebo Mean difference  p-value
(n=23) (n=23) (95%CI1)
Baseline Hcy 8.02+2.12 8.18 £ 1.40 0.16 (-0.86, 1.18) 0.75
Hcy at 8 wk 6.37 £1.37 7.50+1.17 1.13(0.37,1.89) 0.004
Absolute change of 1351132 0684125  0.68(-0.09,1.44)  0.08
Hcy (umol/L)
% Change of Hey -15.75+14.46 -699+14.12  8.76 (0.26,17.25) 0.044

Data were presented in mean + SD
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Folic acid Placebo Mean difference  p-value
(n=14) (n=15) (95%CI)
Baseline Hcy 8.26 +1.77 7.88+1.63 -0.37 (-1.63, 0.88) 0.55
Hcy at 8 wk 6.45 +0.99 7.33 £1.33 0.88 (-0.02, 1.78) 0.05
Absolute change of 1 734 106 0554128  1.18(0.21,2.15)  0.02
Hcy (umol/L)
% Change of Hcy  -19.46 +11.76 -5.52+14.48 13.93(3.84,24.03)  0.009
Data were presented in mean = SD
Table 5 Subgroup analysis in girls
Folic acid Placebo Mean difference  p-value
(n=9) (n=8) (95%CI)
Baseline Hey 7.65 +2.66 8.69+£0.71 1.04 (-0.90, 2.97) 0.26
Hcy at 8 wk 6.24 +1.87 7.81 £0.80 1.57 (0.06, 3.07) 0.04
Absolute change of 0781125  -092+124  -0.14(-143,1.16)  0.83
Hcy (umol/L)
% Change of Hcy -998+17.00 -9.75+13.92 0.23(-15.78,16.24) 0.98

Data were presented in mean = SD
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Boys Girls

B Folic acid

Placebo

Change in homocysteine (%)

-19.46

J
£=0.009
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Figure 4 Comparison of the percentage change in homocysteine levels by gender

Since there were the differences of baseline SBP, HDL- C and serum vitamin
B12 between the two groups, multiple linear regression analysis was applied to assess
the effect of treatment groups after adjusting for these covariates. The results showed
that the change of homocysteine levels depended on treatment groups after adjusting for
baseline homocysteine, SBP, HDL- C and vitamin B12. The reduction of homocysteine
at 11.04% was observed in folic acid group (p = 0.012). An elevation of 1 [imol/L in
baseline plasma homocysteine decreased plasma homocysteine levels by 4.35% (p =

0.001), as shown in Table 6. The R’ of this model was 0.42.
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Table 6 Percent change of homocysteine level: multiple linear regression analysis

Unstandardized Standardized

Coefficients Coefficients
Model B Std. Error Beta t p-value
(Constant) 29.199 32.280 0.905 0.371
Treatment group -11.038 4.188 -0.377 -2.636 0.012
Serum vitamin B12 0.012 0.011 0.153 1.112 0.273
HDL-C -0.317 0.176 -0.234 -1.801 0.079
SBP 0.142 0.238 0.082 0.598 0.553
Baseline homocysteine  -4.347 1.261 -0.483 -3.448  0.001

The subgroup analyses were performed by baseline serum folate levels using the
median folate level at 7.89 ng/ml as the cut-off value (Figure 5). In the low folate
group, the homocysteine levels were reduced more in the folic acid than in the placebo
group (21.2% vs. 9%, mean difference 12.24%; 95% CI: 1.39%, 23.09%, p = 0.029) as
shown in Table 7. On the contrary, there was no statistically significant difference in
the high folate group (mean difference 5.27%; 95% CI:-7.66%, 18.19%, p = 0.40)
(Table 8).

Table 7 Subgroup analysis in low folate level group*

Folic acid Placebo Mean difference  p-value
(n=11) (n=10) (95%CI)
Baseline Hey 9.09 +£2.10 8.66 £1.19 -0.43 (-1.90, 1.04) 0.55
Hcy at 8 wk 6.82 +1.38 7.81 £0.79 0.98 (-0.56, 2.03) 0.06

Absolute change of .1 931127  -088+1.19 1.06(-0.07,2.18)  0.06
Hcy (umol/L)

% Change of Hey -21.25+11.14 -9.01 £12.62 12.24(1.39,23.09)  0.029

Data were presented in mean + SD * folate level < 7.89 ng/ml
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Folic acid Placebo Mean difference  p-value
(n=12) (n=13) (95%CI)
Baseline Hey 6.78 +£1.37 7.78 +£1.48 1.00 (-0.18, 2.19) 0.09
Hcy at 8 wk 5.95+1.27 7.26 +£1.38 1.31(0.21, 2.40) 0.02

Absolute change of g7+ 117  -052+132 -030(-0.73,1.34)  0.55

Hcy (umol/L)

% Change of Hcy -10.70 £ 15.74 -544+15.49 5.27(-7.66, 18.19) 0.40

Data were presented in mean + SD * folate level > 7.89 ng/ml

Low folate group1 High folate group2

0
S s
k= -5.44
2
= -10
9 -9.01
£ -10.7
2 . _J
= p=0.40
(@)
c
gS -20
@)

-21.25
_25 ;}
p=0.029

B Folic acid

Placebo

Figure 5 Comparison of the percentage change in homocysteine levels by serum folate

'Low folate group, serum folate level < 7.89 ng/ml

2High folate group, serum folate level > 7.89 ng/ml
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Secondary outcome analysis: Correlations of baseline homocysteine and other

clinical parameters

The correlation between plasma homocysteineand other clinical parameters
were shown in Table 9. The plasma homocysteine was positively correlated with age (r
= 0.284, p = 0.046) and negatively correlated with serum folate (» = -0.397, p = 0.004),
serum vitamin B12 (» = -0.392, p = 0.005). There was no linear correlation between
plasma homocysteine and BMI Z score, waist circumference as well as diet and
physical activity, although there was a trend towards a positive association with serum

creatinine, systolic blood pressure, and fasting insulin.



Table 9 Correlations of baseline homocysteine and other clinical parameters

Pearson’s correlation (r)  p-value*

Age (years) 0.284 0.046
BMIZ score 0.08 0.578
WC (cm) 0.225 0.117
Creatinine (mg/dL) 0.261 0.067
SBP (mmHg) 0.242 0.091
DBP (mmHg) 0.166 0.248
Total cholesterol(mg/dL) 0.117 0.417
HDL-C (mg/dL) 0.111 0.444
LDL-C (mg/dL) 0.103 0.476
Triglyceride (mg/dL) 0.005 0.973
FPG (mg/dL) 0.052 0.719
Insulin (uIU/mL) 0.265 0.063
HOMA-IR 0.244 0.088
Serum folate (ng/ml) -0.397 0.004
Serum vitamin B12 (pg/ml) -0.392 0.005
Dietary folate intake (ug/day) 0.001 0.999
Dietary vitamin B12 intake (ng/day) 0.153 0.310
Physical activity score 0.148 0.328

*p-value from Pearson’s correlation analysis



CHAPTER V

DISCUSSION

Hyperhomocysteinemia is one of the potential risk factors for CVD. Treatment
of hyperhomocysteinemia by folic acid supplementation with or without vitamin B12 or
vitamin B 6 is generally accepted in populations at risk for CVD. In the context of
obese children, they are also at high risk for developing CVD in later life. In addition,
we presumed that they were susceptible for folate deficiency because of inadequate
dietary folate intake. Thus folic acid supplementation may be beneficial to these

children in order to reduce plasma homocysteine.

From our study, the mean plasma homocysteine at 8.10 £ 1.79 umol/L was in a
normal range and comparable with that of obese children in the previous studies [16,
17]. The prevalence of hyperhomocysteinemia in our study (10%) was higher than
those in previous study (5%) [23]. Larger studies in Thai pediatric population are

needed to explain whether the prevalence rate should be concerned or not.

The obese children in this study had much lower dietary folate intakes (84.87 +
34.91 Llg per day) than the recommended level (approximately only one-fourth of the
Thai DRI around 300-400 g per day). Our finding was consistent with the results of
Gillis L and Gillis A that obese youth consumed significantly lower folate than their
non-obese peers (122 vs. 146 |lg of dietary folate/1000 kcal) [20]. According to this
information, the folate-rich foods such as green leafy vegetables, fruits and cereals
should be recommended in obese children. Nevertheless, their serum folate was
remained within normal limit (range 4.47-18.19 ng/ml) which was different from results
of previous studies [21, 40]. This might be due to the fact that serum folate is not an

ideal indicator for long-term body storage of folate compared to RBC folate. The
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additional explanation could be due to the small sample size leading to insufficient

power to detect serum folate deficiency in our study.

The socioeconomic status of the participants which might influence to their
dietary folate and vitamin B12 intakes as well as physical activities did not be evaluated
in this study. However, our participants were recruited from the same nutrition clinic
which was considered similar in terms of socioeconomic status between 2 study groups.
Moreover, the investigators directly measured both dietary intakes and physical activity

level which are the main factors affecting to homocysteine level.

Changes in plasma homocysteine

After two months of folic acid supplementation, serum folate considerably
increased and plasma homocysteine decreased in the treatment group. Despite a
significant association of decrement of plasma homocysteine with baseline level which
was consistent with the previous studies in adults that the reduction of plasma
homocysteine levels was more obvious in those with higher pretreatment levels [32, 49,
50]. After adjusting for baseline homocysteine and other different baseline parameters
(SBP, HDL-C and vitamin B12), even using the non ideal sample size for 5
independent variables in multiple linear regression, we can still confirm that plasma
homocysteine levels were reduced significantly in the folic acid group compared to
placebo regardless of baseline homocysteine levels. Nevertheless, a slight decrease of
homocysteine level in the placebo group might be partly due to the routine dietary and
physical activity counseling in our weight management program. In addition, there were
no differences in the changes in other potential confounding factors such as dietary
intake and physical activity during the intervention period between the two study
groups. Therefore, homocysteine lowering effect in our study should be more likely the
consequences from the folic acid supplementation than from these potential

confounders.
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There were several studies that assessed homocysteine lowering effect of folic
acid supplementation in children with hyperhomocysteinemia [22], type 1 diabetes
[26],chronic renal failure [25], and more recently, obese children with endothelial
dysfunction [27].The magnitude of homocysteine reduction in our study was 15.75%
which was close to 17% reduction in obese children with endothelial dysfunction [27]
but lower than a 41.2% reduction in hyperhomocysteinemia children [22]. In
conclusion, the meta-analysis from the Homocysteine Lowering Trialists' Collaboration
found that 0.5-5 mg of folic acid supplementation would be estimated to reduce plasma
homocysteine level by about 25-33% [32, 49]. This might be explained by the normal
initial homocysteine level of our obese children. From subgroup analysis, the effect of
folic acid supplementation was more apparent in children with lower baseline serum
folate which agreed with the Homocysteine Lowering Trialists' Collaboration [32]
which showed that homocysteine lowering effect of folic acid was greater at lower
pretreatment serum folate (p for trend < 0.001). However, even in the low folate group,
serum folate levels were still in normal reference range. Therefore, we concluded that
folic acid administration could reduce plasma homocysteine level in obese children
with normal baseline folate and homocysteine levels. Moreover, we found that a daily
dose of 5 mg could demonstrate the same homocysteine lowering effect compared with
0.5 mg of folic acid [32]. Additionally, Wald DS et al. and Homocysteine Lowering
Trialists' Collaboration also showed evidence that only 0.8 mg of folic acid daily

appears to achieve the maximum reduction in plasma homocysteine [49, 51].

Intriguingly, despite no gender difference between baseline homocysteine found
in our study, we demonstrated the homocysteine lowering effect of folic acid
supplementation in obese boys but not in girls. Contrary to a meta-analysis of
randomized control trial which showed evidence that folic acid supplementation was

associated with greater proportional reduction in homocysteine concentrations in
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women than men. However, that was the study in elderly with various diseases [49]. To
our knowledge, there has been no study that explores the difference in homocysteine
lowering effects between genders in obese children. The possible explanation of our
findings might be that boys had more muscle mass than girls which is related to larger
amount of homocysteine formation in connection with the creatine-creatinine
synthesis[52, 53]. The authors were unable to demonstrate the gender differences of
homocysteine concentrations in this study. Some [28, 53-56] but not all [57, 58] studies
observed higher homocysteine in normal weight boys during and after puberty.
Therefore gender differences of homocysteine concentration in obese children are still

controversy.

In the context of the metabolic syndrome risk factors, we were unable to
demonstrate any significant changes in BMI Z score, waist circumference, blood
pressure, insulin resistance and lipid profiles between the two treatment groups after
completion of folic acid supplementation. On the other hand, the studies in
hyperhomocysteinemia children demonstrated that folic acid supplementation did not
only reduce homocysteine level but also reduced blood pressure and total cholesterol
level [23, 24]. Besides, folic acid supplementation improved glycemic control and
insulin resistance both in the overweight and type 2 diabetes adults [33, 35].The
possible explanation was that most of our participants were obese children who still had
normal homocysteine and other metabolic syndrome parameters. Thus, they were quite
different from adults or children with various diseases in the former studies who had
higher homocysteine level and abnormal metabolic syndrome parameters. The
alternative explanation was the short duration of our intervention. So, the longer
duration of supplementation might be able to demonstrate a beneficial effect on these

metabolic syndrome risk factors in these obese children.
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Factors affecting plasma homocysteine in obese children

Our small cross-sectional analysis from the baseline parameters showed a
positive association between plasma homocysteine levels with age and a negative
association with serum folate and serum vitamin B12. These findings agree with the
results of other studies [22, 56, 57]. However, we could not demonstrate the association
with dietary folate and dietary vitamin B12 intakes which were found in a previous
study [22]. Moreover, in context of obese children, we cannot find any significant
relationship between plasma homocysteine with the determinants for obesity such as
BMI Z score or waist circumference, or with obesity related co-morbidities, for
instance, glucose and lipid profiles. Although there is a trend toward a positive
association with serum creatinine, systolic blood pressure, and fasting insulin. The
explanation could be due to the small sample size leading to insufficient power to detect
these associations. Further and larger studies are needed to evaluate the clinical
significance of plasma homocysteine level and its association with these co-morbidities

in the obese children.



CHAPTER VI

CONCLUSION

The homocysteine lowering effect of folic acid supplementation was found in
obese children especially in boys and those with low baseline serum folate. However,
beneficial effects on the metabolic syndrome risk factors cannot be demonstrated.
Further long-term and larger interventional studies are needed to determine the effects
of the lowered plasma homocysteine on the cardiovascular outcomes in obese children.
In the meantime, due to their low dietary folate intake, folate-rich food should be

encouraged and folic acid supplementation may be considered in obese children.
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Case record form

Effect of folic acid supplementation on plasma homocysteine concentration in obese children

Case number I:I:l:l

Baseline Date [ [ | L[ | [ ][]
Date of birth (LTI T T T
Sex [ Jmale [ ]female
Weight (kg) [T T L] wecem [TT ][]
Height (cm) [T 1]

sBP/DBP(mmHg) [ | | | [ [ [ |

Smoking I:I No I:I Yes
Coffee I:I No I:I Yes

CBC  Hct % | — T MCV fl
WBC /mm N L M_E Pt

Creatinine _ mg/dL

Total cholesterol ~ mg/dL  Triglyceride ~ mg/dL

HDL- C ~ mg/dL LDL-C ~ mg/dL

FBS ~ mg/dL  Insulin ___ MU/mL

Homocysteine _ umol/L

Serum folate ~ ng/ml Serum vitamin B12  ~ pg/ml

Dietary folate (Ug/day)

Dietary vitamin B12 (HLg/day)

Physical activity MET-minutes /week




Case number I:I:I:I

Followup I"'mo  Date [ | [ [ | J[ [ ] [ ]

Weight (kg) L] weew T T ][]
Height (cm) I:I:l:l

SBP/DBP(mmHg) | | | || | | |

Drug left tablet

Dietary folate (LLg/day)
Dietary vitamin B12 (LLg/day)

Physical activity MET-minutes /week
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Follow up 2™ mo
Weight (kg)
Height (cm)
SBP/ DBP (mmHg)

Drug left

Total cholesterol
HDL-C

FBS

Homocysteine
Serum folate
Dietary folate
Dietary vitamin B12

Physical activity

Case number I:I:I:I

Dae [ [ J L] JLTTT]

(T 13- L] weem T[]

tablet

mg/dL  Triglyceride _ mg/dL
- mg/dL LDL-C ~ mg/dL
~ mg/dL Insulin __ MIU/mL
~_ umol/LL
~ ng/ml Serum vitamin B12  ~~ pg/ml
(Hg/day)
(MLg/day)

MET-minutes /week
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Information sheet
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International Physical Activity Questionnaire Case Number I:I:l:l

la. During the last 7 days, on how many days did you do vigorous physical activities
like heavy lifting, digging, aerobics, or fast bicycling,?

Think about only those physical activities that you did for at least 10 minutes at a

time.
days per week - 1b. How much time in total did you usually
or spend on one of those days doing
D none vigorous physical activities?

hours minutes

2a. Again, think only about those physical activities that you did for at least 10
minutes at a time. During the last 7 days, on how many days did you do moderate
physical activities like carrying light loads, bicycling at a regular pace, or doubles

tennis? Do not include walking.

days per week - 2b. How much time in total did you usually
or spend on one of those days doing
D none moderate physical activities?

hours minutes

3a. During the last 7 days, on how many days did you walk for at least 10 minutes at
a time? This includes walking at work and at home, walking to travel from place to

place, and any other walking that you did solely for recreation, sport, exercise or

leisure.

days per week - 3b. How much time in total did you usually
or spend walking on one of those days?
D none hours minutes

The last question is about the time you spent sitting on weekdays while at work, at
home, while doing course work and during leisure time. This includes time spent
sitting at a desk, visiting friends, reading traveling on a bus or sitting or lying down
to watch television.

4. During the last 7 days, how much time in total did you usually spend sitting on a

week day?

hours minutes
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