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Abstract

Background Choline is an important metabolite involved in phospholipids synthesis, including serum lipids, and

is the immediate precursor of betaine. There are numerous studies with inconsistent results that evaluated the
association between dietary choline intakes with cardiovascular risk factors. In addition, the association between
dietary betaine and choline intakes with cardio-metabolic risk factors is not well studied. In the current study, our aim
was to evaluate dietary choline and betaine intakes in the usual diet of obese individuals and to assess its association
with serum lipids, blood pressure and glycemic markers among obese individuals.

Methods We recruited a total number of 359 obese people aged between 20 and 50 years in the present study.

A semi-quantitative food frequency questionnaire (FFQ) was used for dietary assessment; dietary choline and
betaine intakes were calculated using the United States Department of Agriculture (USDA) database. National
cholesterol education program adult treatment panel (NCEP-ATP)-IIl criteria was used metabolic syndrome (MetS)
definition. Enzymatic methods were used to assess biochemical variables. Body composition was measured with the
bioelectrical impedance analysis (BIA) method.

Results Higher body mass index (BMI), waist to hip ratio (WHR), fat-free mass (FFM) and basal metabolic rate (BMR)
were observed in higher tertiles of dietary choline intake (P <0.01). There was no significant difference in terms of
biochemical parameters among different tertiles of dietary choline intake, while systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were reduced in higher betaine tertiles (P <0.05). For total dietary choline and betaine
intakes, there was a reduction in DBP and low density lipoprotein (LDL) concentrations (P <0.05). Also, a non-
significant reduction in serum total cholesterol (TC), triglyceride (TG) and MetS prevalence was observed in higher
tertiles of dietary choline and betaine intakes. After classification of the study population according to MetS status,
there was no significant difference in biochemical variables in subjects with MetS (P >0.05), while in the non-MetS
group, SBP, DBP, TG and insulin levels reduced in higher tertiles of dietary betaine and choline (P> 0.05).
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Conclusion According to our findings, higher dietary intakes of choline and betaine were associated with lower
levels of blood pressure and LDL concentrations among obese individuals. Further studies are warranted to confirm

the results of the current study.

Keywords Choline, Betaine, Blood pressure, Lipid profile, Metabolic syndrome

Introduction

Obesity is considered as one of the most important health
problems worldwide and its prevalence is growing in dif-
ferent geographical regions [1]. The worldwide number
of overweight and obese adults in 2014, was more than
1.9 billion and 600 million adults respectively [2]. Along-
side of increased obesity prevalence, the occurrence of
non-communicable disease (NCDs) is also increasing
mostly because of changes in lifestyle and dietary behav-
iors [3]. In Iran, increased obesity prevalence mostly is
attributed to nutrition transition and the combined prev-
alence of overweight and obesity may be as high as 76%
in some regions [4—6]. Diet, is a modifiable risk factor for
chronic disease and in recent years, numerous studies
have been published focusing on the role of healthy ade-
quate diet in diet-disease relationships [7-10]. Numer-
ous studies have focused on the relationship between
single dietary ingredients (e.g. isolate effects of vitamins
or minerals) [11-14], or the role of dietary patterns [15—
19] dietary indices (e.g. glycemic indices, inflammatory
indices, etc.) [17, 20-22] or herbal medicine [23-25] in
developing obesity and related disorders; but, very lim-
ited number of studies have evaluated the role of dietary
compounds like betaine and choline in obesity-related
comorbidities.

Choline and betaine are quaternary ammonium com-
pounds that are synthesized from diet or de novo synthe-
sis in tissues; although an insufficient diet can develop
choline deficiency [26, 27]. Choline is considered as
the primary source of methyl groups in the diet, and its
major dietary sources are eggs, sea foods, milk, liver and
beef [28], while betaine is mostly, obtained from cere-
als and grains, beets and spinach, shrimp, wheat germ,
wheat bread, and raw mushrooms [29-31]. Choline has
numerous roles in the body such as its role in mem-
brane phospholipids, like phosphatidylcholine, choline
plasmalogens, and sphingomyelin, acting as cholinergic
neurotransmission, platelet-activating-factor ~ forma-
tion, hepatic secretion of very low density lipoprotein
cholesterol (VLDL), and methyl transport [32]. Choline
is a potent methyl donor that produces betaine through
oxidation and betaine functions as a compatible osmo-
lyte and methyl donor in many pathways, including the
homocysteine methylation [33]. Numerous studies,
have investigated the beneficial effects of dietary beta-
ine and choline on body composition or cardio-met-
abolic markers; the results of the studies evaluating the
effects of dietary choline and betaine on anthropometric

measurements like body mass index (BMI) or fat mass
(FM) are inconsistent [34—37]. The results of the studies
evaluating the effects of dietary choline or betaine intake
on cardiovascular risk factors (e.g. blood pressure or lipid
profile) are more consistent; while several studies showed
that an increase in dietary choline intake was associated
with a reduced prevalence of hypercholesterolemia [35]
and reduced risk of ischemic stroke [38], some others
showed no association between dietary betaine and cho-
line intakes with cardiovascular disease (CVD) risk fac-
tors [39] and its incidence [40]. Other studies reported
more favorable glycemic markers and lipid profile in
higher dietary intakes of choline and betaine; in the study
by Gao X et al. [41], higher dietary choline and betaine
intakes were associated with lower insulin resistance. In
a population-based study among 2332 male participants
that was performed by Virtanen JK et al., [42] dietary
choline and phosphatidylcholine intakes were associ-
ated with reduced diabetes risk; while in two other pop-
ulation-based studies, higher dietary choline and betaine
intakes were associated with increased diabetes risk [37,
43]. Therefore, there is a great between-study heteroge-
neity regarding the association between dietary choline
and betaine intakes and metabolic parameters in differ-
ent studies that is possibly due to differences in the dis-
ease status or geographical distributions; moreover, no
study is available to evaluate this hypothesis in obese
individuals in Tabriz and Tehran cities of Iran. Obesity is
the origin of numerous comorbidities and obese individ-
uals are at greater risk of numerous diseases. Therefore,
in the current study, we aimed to investigate the asso-
ciation between dietary choline and betaine intakes with
metabolic parameters including lipid profile, glycemic
markers, blood pressure and risk of metabolic syndrome
among obese adults in Iran.

Methods and materials

Participants

A cross-sectional study was conducted among 359 obese
individuals in Tabriz and Tehran cities, Iran. Study sub-
jects were invited by public announcements and were
included if they met inclusion criteria (e.g. being aged
20 to 50 years old, BMI>30 kg/m?). The exclusion cri-
teria were: being pregnant, lactating, menopause, hav-
ing recent bariatric surgery, or CVD, cancer, hepatic
and renal diseases, diabetes mellitus, and taking any
weight-affecting medications. Full-informed approved
written consent was taken from all of the participants
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and the study proposal was approved by the Ethics Com-
mittee of Tabriz University of Medical Sciences (Code:
IR TBZMED.REC.1401.648).

General characteristics and anthropometric assessments

Socio-demographic information including sex, age,
smoking status, education attainment, marital status,
occupation, medical histories, and family size were
obtained via questionnaire; then, socioeconomic sta-
tus (SES) score was calculated by quantifying the scores
of occupation, educational status, family size and home
ownership as individual indicators that were ranked from
lowest to highest. Body composition measurements was
done by bioelectrical impedance analysis (BIA) method
(Tanita, BC-418 MA, Tokyo, Japan). Participant’s height
and weight were measured using a wall-mounted stadi-
ometer and a Seca scale (Seca co., Hamburg, Germany)
to the nearest 0.5 cm and 0.1 kg respectively. Short
form of the International Physical Activity Question-
naire (IPAQ) was used for physical activity assessment
[44—46]. Waist circumference (WC) was measured at the
midpoint between the lower costal margin and the iliac
crest using a tape measure to the nearest 0.1 cm while hip
circumference (HC) was measured over the widest part
of the buttocks and was recorded to the nearest 0.1 cm.
BMI and waist-to-hip ratio (WHR) were calculated.
Blood pressure was measured with a standard mercury
sphygmo-manometer twice in the same arm after at least
15 min of rest and then mean of the two measurements
was used for analysis. Metabolic syndrome (MetS) was
defined according to the national cholesterol education
adult treatment panel (NCEP-ATP) - III criteria [47-49].

Dietary assessments

Dietary information was collected using a validated
semi-quantitative food frequency questionnaire (FFQ),
adapted for Iranian population [50]. Participants were
asked to report the frequency and amount of each food
item consumed on a daily, weekly, monthly or yearly
basis. Then, the reported frequency of consumed foods
and portion sizes for each food item were converted to
gram using household measures. Choline, glycero-phos-
pho-choline, phospho-choline, phosphatidyl-choline,
and betaine were calculated by multiplying each food
item based on the United States Department of Agricul-
ture (USDA) food content databases [51]. Total choline
intake was calculated as the sum of choline intake from
free choline, glycero-phospho-choline, phospho-choline,
and phosphatidyl-choline. The sum of total choline and
betaine together was used to calculate total choline and
betaine intake.
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Biochemical assessment

A 10 ml venous blood samples was obtained from each
subject and centrifuged at 4500 rpm for 10 min to sepa-
rate serum and plasma. Serum total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), and fasting blood sugar (FBS) were evaluated
using commercial kits (Pars Azmoon, Tehran, Iran).
Furthermore, low-density lipoprotein cholesterol (LDL-
C) level was estimated by the Friedewald equation [52].
Enzyme-linked immunosorbent assay kits were used to
measure serum insulin, concentrations (Bioassay Tech-
nology Laboratory, Shanghai Korean Biotech, Shanghai
City, China). Homeostatic model assessment for insu-
lin resistance (HOMA-IR) was calculated using the for-
mula: fasting insulin (p IU/ml) x fasting glucose (mmol/l)
/22.5 and quantitative insulin sensitivity check index
(QUICKI) as 1/ [log fasting insulin (uU/mL)+log glucose
(mmol/L)].

Statistical analyses

Statistical Package for Social Sciences (version 21.0; SPSS
Inc, Chicago IL) was used for data analysis. Data were
represented as mean*SD and frequency and percent for
continuous and discrete quantitative variables. The com-
parison of continuous and discrete quantitative variables
across tertiles of dietary choline, betaine and total choline
and betaine intakes were performed using Chi-square
and one-way analysis of variance (ANOVA) respectively.
Analysis of co-variance (ANCOVA) was used for com-
parison of biochemical variables after adjustment for
confounders (age, sex, BMI, PA, history of CVD, smoking
and total energy intake).

Results

The comparison of general characteristics and anthropo-
metric features among different tertiles of dietary cho-
line, betaine and total choline and betaine intakes are
presented in Table 1. There was a total of 57.9% males
and 41.5% females in the current study. As shown, BMI,
WHR, fat free mass (FFM) and BMR were higher in
higher tertiles of dietary choline intake (P<0.01). WHR
was also higher in higher tertiles of dietary betaine intake
than in lower tertile. For total dietary choline and beta-
ine intakes, BMI, WC and FFM were higher in highest
tertiles. The comparison of dietary energy and nutri-
ent intakes across tertiles of dietary betaine and choline
intakes is presented in Table 2. There was an increase in
almost all of the dietary micronutrients’ intake in higher
tertiles of dietary choline, betaine and total choline and
betaine intakes (P<0.001). In Table 3, the comparison
of serum lipids and glycemic markers across different
tertiles of dietary choline, betaine and total choline and
betaine intakes is shown in Table 3. As shown, no sig-
nificant difference in terms of biochemical parameters in



Page 4 of 11

(2023) 23:67

Abbasi et al. BMC Endocrine Disorders

159) paJenbs-1yd Wouj PIALIDP SAN[BA ,d ‘suosiiedwod d0y-1sod s, a)N| YyUm YAONY AeM-9UQ WO.) PIALIDP SSN[eA ¢ "luddiad pue Jaquinu se pajuasald sijeyy
S19|A 1dadX® (QSF) UesW 3Je e1ep ||e 'DWOIPUAS dljogeIaw ‘SIS ‘ANIANDY [edISAUd ‘Vd ‘D1eY d1joqelIa [eseqd ‘YING ‘SSeIN 9344 1.4 ‘W44 ‘SSe|y 184 ‘N4 ‘onel diy 03 1s1em ‘YHAN @2Ua1ajwinduid Isiep ‘DM ‘xapul ssew Apog ‘|INgG

x055°0 (06'8€) ¥t (8¢€) € (06'7Y) 8v %1020 (0L7T8) L€ op) s oLy 9 %£02°0 (0L0%) 9% (6£'5¢) O (oTey) 6v S9A [(%)u] S
[adlizz4 Tt T Ivhe (61£6L5) (98'%597) (6678L2) (£97/8¢¢) (cT861€) (£1'98.2)
8010 STYSLT YSE6L1 681691 75¢€0 YL'L¥Se 8he/LL T LE0T ¥SE0 ov'L/EC S¥'S0vC 96'€591 (3139m/urw) vd
(8¥'z¥9l) (8€°2691) (80T 1) (60°28/1) woesrl) (950251) (690891) (oreLst) (16'7091)
44X} S60£18 0£'SSLL 16 LYSL w80 8/°7S8. 04056/ 85'8/LL 6v0°0 15'£608 85966/ 06'82¢L (1e2%) Hwg
(€91 (ssel) (leel) (9o0cl) Frel)
L£00 089 0519 9165 #89°0 6479 1529 (¢6'T1) 9809 9200 (6¥'LL) L9 (€87T1) 9879  (8L'CL)8'8S (6%) W44
(626) (08°6) (10'8) (898) #5'8)
9790 {0533 3423 YTve 8970 clee Leee (LS0L) ¥L'SE 6690  (S68)clee  (LS01)88¢€e  (LS/) LSvE (8) W4
(90°0) (80°0) (80°0) (L00) (80°0)
9670 ¥60 €60 60 LL0'0 €60 S6°0 (80°0) 160 £v0°0 (£00) S60 (L00) €60 (600) 260 YHM
(€86) (£€9) (¢56) (0£6) #0'6)
€20 SL9lL L6ELL 8SylLl S600 clolLlL LEELL (ce6)616LL S/60 (/86)T8YLL  (€98)78¥LL  (L€6)80GLL (wd) ybiaH
(6L0L) #t'8) (sool) (656) (€49
920°0 £9'801 L1901 97501 [210 S6'201 78901 (LS0L) €S0l 600 (Z00L)ST80L  (89%6) €90l  (S1'6) LS'SOL (wd) DM
(88%) (L€) (€T9) (167) (%)
€700 05 09 88'L¢ 8800 8cee S9ce (L£9) 96 L€ 0S0'0  (S8%) L0°¢€E (SLy)osce (L6%) eree (zw/B3) INg
(r6'6) (€T6) (9zol) (£96) (95°6)
1910 7691 LY L91 £6'991 1880 16/91 50891 (9€°01)€5°£91 7200 (196) P69l (8£6)9€89L  (G8%6) 06591 (wd) ybiaH
(szel) (68°¢€l) 09°51) (6¥'Cl)
1000 €856 8¢'16 16'88 6600 8016 (LL€1)0TT6 (0891) 7668 SL00  (€0%L)98¥6 (98%1)L0C6  (€TTL) 9768 (6) yb1r3M
(18'8) (89'9) (056) 6£8)
6500 L06€ LS0Y v6'lY 9500 80'6¢ #€'6) €S0F (rT6) 191y €850  (91'6)96'6¢ Ove) L¥or  (#S6) 0T LY (1e3k) aby
(€LL=u) (€LL=u) (TLL=u) (€LL=u) (ELL=u) (TLL=u) (€LL=u) (€LL=u) (TLL=u)
d 9|1319) pAE  3|1149) pug 9|13491 1S d 9|1349) pAE 3|1149) pug 3|11491 15| d 3|11} pAE 9|1349) pug 9|13191 15|
aule}aq pue auljoyd |ejol aule}aq |ejol auljoyd |ejop sa|gqeulep

23PIUI DUIRISF PUB 2UIIOYD [RI0) PUB 2UIRI] ‘2UIjOYD AIRI3IP JO S|13J1 JU4ayIp Ssoioe siuedidiied Apnis JO siuawainseaw duiawodolyiue pue soisisideieyd [e1ausn) | ajqel



Abbasi et al. BMC Endocrine Disorders (2023) 23:67

different tertiles of dietary choline intake was observed,
while there was a reduction in SBP and DBP in higher
betaine tertiles (P<0.05). For total dietary choline and
betaine intakes, there was a decrease in DBP and LDL
concentrations (P<0.05). A clinically significant but sta-
tistically non-significant reduction in serum TC and TG
was also observed by increased dietary choline, beta-
ine and total choline and betaine intakes. As shown in
Table 4, after classification of study population into two
groups based on MetS status, no significant difference
was observed in any of the biochemical variables in indi-
viduals with MetS by tertiles of dietary choline, betaine
and total choline and betaine intakes (P.0.05), while in
individuals without MetS, in higher tertiles of dietary
choline, betaine and total choline and betaine intake,
lower levels of SBP and TG were observed. In higher
tertiles of dietary betaine and total choline and betaine
intakes, lower levels of DBP was observed. Also, in non-
MetS individuals, increased total choline and betaine
intakes were accompanied with reduced serum insulin
concentrations. Results of the biochemical variables were
achieved after adjustment for age, BMI, physical activity
level, smoking, history of CVD and total energy intake.
There was a reduction in the prevalence of MetS by
increase in tertiles of dietary choline, betaine and total
choline and betaine intakes among participants (Fig. 1).

Discussion

The results of the current study showed that higher
dietary choline and betaine intakes was associated with
increased BMI and WHR among obese individuals,
although FFM and BMR were also greater in higher ter-
tiles of dietary choline and betaine intakes. Moreover,
reduced blood pressure and LDL concentrations and
a non-significant reduction in TC and TG levels were
also observed even after adjustment for the confounding
effects of age, BMI, physical activity level, smoking, his-
tory of CVD and total energy intake.

Similar to our findings, increased BMI and WHR by
increased dietary choline intake were also observed in
the study by Golzarand M et al.,, [36] and Dibaba D et al,,
[37] in general population. While in several other stud-
ies no significant difference or reduced BMI level was
reported in different dietary betaine or choline catego-
ries [34, 35]. It seems that the inconsistency in results of
different studies is due to difference in the general and
demographic characteristics of the studies’ populations.
We enrolled obese individuals and observed a differ-
ence in BMI between tertiles of dietary choline and total
choline and betaine intakes after adjustment for dietary
energy intake. In the study by Wu G et al. [53], feeding
rats with choline-deficient diet led to body weight gain
and reduced fat mass among eight-week-old male ob/
ob mice; the observed weight gain was due to increased
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adipose tissue lipolytic activity and enhanced expres-
sion of active hormone-sensitive lipase by choline-defi-
cient diet. In another study by Raubenheimer PJ et al,,
[54, 55] total weight gain after feeding choline-deficient
diets in rats was lower than choline-supplemented diets.
Although BMI increased, but it seems that body compo-
sition rather than BMI is a better reflection of anthro-
pometric changes in our adult population, because
increased dietary choline and betaine intakes was associ-
ated with increased FFM and BMR and a non-significant
reduction in fat mas; this finding was very interesting and
confirming the previous study by Gao X et al., report-
ing higher dietary choline and betaine intakes was asso-
ciated with better body composition among the adult
Canadian population [34]. Reduced blood pressure due
to increased dietary betaine and total choline and beta-
ine intakes in our study was similar to previous studies;
in one population- based cross-sectional study among
individuals aged more than 20 years old, dietary choline
intake was inversely associated with incidence of hyper-
tension among women [1#=4748; odds ratio (OR): 0.89;
95% CI: 0.77, 1.02] [56]. In another study by Taesuwan S
et al, [57], dietary choline intake was inversely associated
with blood pressure in a cross-sectional study of National
Health and Nutrition Examination Survey (NHANES).
The proposed mechanisms for protective role of dietary
choline and betaine against hypertension is endogenous
production of a phosphatidylcholine (PC) molecule that
exerts anti-hypertensive effects due to its high docosa-
hexaenoic acid (DHA) content; it is shown that PC also
reduces heart rate and improves vascular reactivity in
human [57, 58]. Also, choline improves vagal activity
and inhibits the inflammatory response in spontaneous
hypertension and therefore, reduces the consequent car-
diovascular damage in hypertension [59-61].

In our study, increased dietary choline and betaine
intakes were also associated with reduced TC, TG and
LDL concentrations. Although, reduced TG and TC
were not statistically significant, but the reduction was
clinically meaningful. Choline supplementation normal-
izes cholesterol metabolism and the expression of genes
involved in cholesterol transport and esterification [62].
Similar to our study, in the study by Roe J et al. serum
betaine but not choline was associated with favor-
able cardio-metabolic risk factors (e.g. lower LDL and
TG) among older adults [63]. In another study choline
supplementation reduced serum cholesterol and LDL
concentrations in patients with type 2 diabetes mellitus
(T,DM) [64]. While several other studies found a posi-
tive association between dietary choline intake or cho-
line supplementation and serum lipids; in the study by
Pary AV et al, [65], a weak positive association between
dietary choline intake and serum LDL was reported
only up to an intake of £250 mg/day. In an experimental
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Fig. 1 The prevalence of metabolic syndrome in different choline, betaine and total choline and betaine intake categories (P=0.703, 0.201 and 0.550

respectively, by chi-square analysis)
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Fig. 2 Summarized beneficial effects of choline and betaine on blood pressure observed in the current study

model, choline deficiency reduced all kinds of serum
lipids among female rats [66]. In one study, three eggs
intake per day for four weeks, as the main dietary choline
source, increased total cholesterol, HDL, and LDL cho-
lesterol in healthy volunteers [67], while in another study,
phosphatidylcholine supplementation in healthy humans
did not alter serum cholesterol but increased TG levels
[68]. These findings indicate that choline form (e.g. its
biochemical structure, and dietary or supplemented cho-
line) and dosage are important determinants of its health
effects.

Concerning the limitations of the current study, the
study’s cross-sectional design makes it challenging to
draw conclusions about causality; longitudinal investi-
gations are required to clarify the cause-effect relation-
ships between dietary choline and betaine intake, and

cardio-metabolic risk factors. Also, we used semi-quanti-
tative FFQ for dietary assessment that because of its sub-
jective nature, it might stem for recall bias; however, the
FFQ’s validity and reliability was confirmed in the previ-
ous studies. The multiple variables investigated as well as
the relatively high number of samples are other strengths
of this study.

In conclusion, dietary choline and betaine intakes in
obese individuals were associated with lower levels of
blood pressure and low density lipoprotein (LDL) con-
centrations. The summarized beneficial effects of cho-
line and betaine is presented as graphical abstract in
Fig. 2. Due to great between-study heterogeneity about
the health effects of dietary choline and betaine in differ-
ent populations, further studies are warranted to expand
these findings to different geographical distributions.
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