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Abstract 

Background There is conflicting evidence on the relationship between dietary choline and betaine with metabolic 
markers and anthropometric characteristics. The aim of this study is to investigate the relationship between the inter-
action effects of dietary choline and betaine and physical activity (PA) on circulating creatine kinase (CK), metabolic 
and glycemic markers, and anthropometric characteristics in active youth.

Methods In this cross-sectional study, data were collected from 120 to 18 to 35-year-old people. The food frequency 
questionnaire was used to assess dietary data; United States Department of Agriculture website was used to calculate 
choline and betaine in foods. CK, fasting blood sugar (FBS) and lipid profile markers were measured with ELISA kits. 
Low-density lipoprotein, and insulin sensitivity markers were calculated. Sociodemographic status, physical activ-
ity, and anthropometric characteristics were assessed based on a valid and reliable method. Analysis of co-variance 
(ANCOVA) tests adjusted for sex, PA, age, energy, and body mass index were used.

Results Increasing dietary betaine and total choline and betaine was positively related to weight, waist-to-hip ratio, 
fat-free mass and bone mass (P < 0.05). Increasing dietary betaine lowered total cholesterol (P = 0.032) and increased 
high density lipoprotein (HDL) (P = 0.049). The interaction effect of dietary choline and physical activity improved 
insulin resistance (P < 0.05). As well as dietary betaine interacted with physical activity increased HDL (P = 0.049). In 
addition, dietary total choline and betaine interacted with physical activity decreased FBS (P = 0.047).

Conclusions In general, increasing dietary choline and betaine along with moderate and high physical activity 
improved insulin resistance, increased HDL, and lowered FBS in the higher tertiles of dietary choline and betaine.
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Background
The evidence and results of medical research show that 
having regular physical activity as one of several com-
ponents of a healthy lifestyle is the most effective and 
accepted way to prevent the rise of noncommunicable 
diseases [1, 2]. For adults to earn health benefits, 75 min/
week of intensive activity or 150 min/week of normal-
intensity aerobic physical activity is suggested. There 
is evidence that recommended amounts of activity can 
reduce the hazard of some kinds of cancer, obesity, high 
blood pressure, osteoporosis, cardiovascular disease, dia-
betes, anxiety, stress, and depression [3–5]. Because of 
the importance of proper dietary choices in people who 
engage in regular physical activity, some nutrients have 
received special attention [4, 6–8]. Choline and betaine 
are essential nutrients obtained from the diet or de novo 
synthesis, and they are rich in different kinds of foods. 
Foods high in choline include liver, eggs, pork, seafood, 
milk, and beef, while seeds, grains, spinach, and beets are 
high in betaine [9–12]. As a methyl donor and precursor 
for phospholipids, lipoproteins, and acetylcholine, cho-
line plays a critical role in cell membrane signaling, lipid 
transport, and neurotransmitter synthesis [9, 13, 14]. 
The derivative of choline, betaine, can serve as a methyl 
donor in many ways, including methylating homocyst-
eine [15]. As part of a neurotransmitter, choline is effec-
tive in transmitting messages to skeletal muscles and thus 
plays a role in physical activity [16]. Inadequate dietary 
choline leads to decreased choline levels, followed by 
several changes in myoblasts, including muscle wasting, 
and finally increased serum creatine kinase (CK). There 
may be a relationship between insufficient of dietary cho-
line and increase serum CK [17–19].

Studies have demonstrated that reducing weight, 
increasing activity, and changing eating habits or dietary 
components can increase glucose tolerance and modify 
lipid profiles [4, 20–23]. There has been conflicting evi-
dence regarding the effects of dietary choline and betaine 
on glucose tolerance. Choline deficiency may modify 
glucose tolerance in some studies, but increasing dietary 
choline and betaine may also increase insulin sensitivity 
[6, 24–26]. The liver needs choline to transport triglyc-
erides and very low-density lipoproteins (VLDL) into 
the blood. Although some evidence has been established 
regarding choline’s role in lipid metabolism, few studies 
have examined its association with human lipid profiles 
[27, 28]. To date, the relationship between the interaction 
effects of dietary choline and betaine with physical activ-
ity on changes in blood sugar and lipid profiles has not 
been investigated in any study.

The identification of anthropometric measurements 
is a useful method for studying the nutritional status 
of adults. Regular physical activity is related to better 

anthropometric measurements in youth [29, 30]. Among 
them are: weight loss, fat reduction, decreased waist-to-
hip ratio, and waist circumference [31]. The relationship 
between higher dietary choline and betaine with favora-
ble anthropometric characteristics, such as lower waist 
circumference (WC), lower body fat %, and weight loss, 
has been investigated in different studies [32–35]. How-
ever, additional investigation is required to understand 
the interaction effects of dietary choline and betaine and 
physical activity on these parameters. The aim of this 
study is to investigate the relationship between the inter-
acted effects of dietary choline and betaine and physical 
activity (PA) on circulating CK, metabolic and glycemic 
markers, and anthropometric traits in active youth.

Methods
Participant population
A total of 120 young people from Tabriz participated in 
this cross-sectional study (Fig.  1). HOMA-IR (homeo-
static model assessment for insulin resistance) was used 
to calculate the sample size [6], Z = 1.96, E = 8% mean, 
SD = 1.49 using the following formula: n =  (z2×sd2)/e2 
the total number of samples reached 120, considering 
10% missing. Inclusion criteria are as follows: preparing 
to participate in the project, moderate physical activity 
for at least 4 h per week; age range 18–35 years; blood 

Fig. 1 Study flowchart
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sampling was done 24 h after the last exercise to prevent 
acute changes in plasma volume caused by exercise that 
affect serum creatine kinase levels [18]; and having the 
physical ability to complete the measurement process 
and fill out the questionnaires. Exclusion criteria also 
included chronic conditions affecting food intake, includ-
ing digestive problems and cancer, anorexia, alcohol and 
drug use, and the use of drugs and dietary supplements 
containing choline and betaine.

Dietary intake and choline estimate
Food data were collected through a food frequency ques-
tionnaire whose validity and reliability was proven by Nik 
Niaz et  al.; this questionnaire was adjusted for the Ira-
nian population [36]. Every participant is asked to report 
accurately and honestly how much and how often they 
consume each food item on a yearly, monthly, weekly, or 
daily basis. Based on household standards, participants’ 
dietary intakes were converted into grams. An Iranian 
diet was adapted using NUTRITIONIST 4 software (ver-
sion 7.0; N Squared Computing, Salem, OR), and calorie 
and nutrient intakes were calculated. Each gram of each 
food was multiplied by the amount of choline and betaine 
in each gram based on tables in the USDA database [37–
39]. To calculate the total dietary choline, different forms 
of choline (phosphatidylcholine, phosphocholine, free 
choline, and glycerophosphocholine) were considered. 
For total choline and betaine, we summed the columns 
of total dietary choline and betaine. The table provided 
by USDA includes different types of foods with differ-
ent preparation methods and indicates the choline con-
tent per 100 g of the food. We calculated this amount for 
each gram of a food that is closest to Iranian food culture 
in terms of cooking and storage methods and used it in 
the next steps. For example, in beef and beef products, 
there are about 37 different types of beef with different 
fat percentages and preparation methods. In Iranian cul-
ture, this type of meat is mostly used as a stew, so for the 
further calculations, the moderately fat-cooked type was 
used, which was selected based on the closest similarity. 
For eggs, the USDA food table lists 5 items, two of which 
are fried and two of which are boiled, and in this case, 
we calculated the average of these two and used it for the 
next steps [37, 38, 40–42].

Sociodemographic, anthropometric, and physical activity 
measurements
Sociodemographic information such as marital status, 
age, gender, and education level was gathered by ques-
tionnaire. Anthropometric features such as participant 
body mass index (BMI), weight, height, waist-to-hip 
ratio (WHR), hip circumference (HC), WC, mid-arm 
circumference (MAC), thigh circumference, and leg 

circumference were assessed. A Seca 753E electronic 
scale was used to precisely measure the subject’s weight 
(down to 0.1 kg) over a minimal range. The standing 
height of the participants was measured in a stationary 
position and without shoes (accurate to 0.1 cm), and 
then the BMI was computed (kg/m2) based on the for-
mula. While the participants were lightly dressed, WC 
was measured as the distance between the smallest area 
below the ribs and above the iliac spine. Maximum HC 
was measured as hip circumference. The middle point 
between the elbow and shoulder distance was measured 
as the MAC. Approximately 10 cm below the groin was 
measured as the largest circumference of the thigh. The 
largest calf circumference was measured as calf circum-
ference. All measurements will be measured with the 
help of an inflexible tape measure without any pressure 
on the meter with an accuracy of 0.1 cm. Body composi-
tion measurements were recorded while the participants 
were fasting for 12 h. While wearing light clothing, sub-
jects were weighed after emptying their bladders using a 
bioelectrical impedance analysis (BIA) machine (Tanita, 
BC-418 MA, Tokyo, Japan). AIPAC or the short 7-item 
international physical activity questionnaire (IPAQ) was 
used to determine physical activity levels worldwide [30]. 
The short form of this questionnaire consists of 7 simple 
questions (validity and reliability having already been 
measured).

Biochemical measurements
First, 5 cc of venous blood samples from the participants 
were drawn by a laboratory technician while fasting for 
8 to12 hours and then centrifuged for 10 min to separate 
serum and plasma. Creatine kinase (CK), fasting insu-
lin, total cholesterol (TC), triglycerides (TG), and high-
density lipoprotein cholesterol (HDL-C) were tested by 
spectrophotometry and ELISA (enzyme-linked immuno-
sorbent assay). Low-density lipoprotein (LDL-C) was also 
calculated using the Friedwald Eq. [43]. The homeostatic 
model of insulin resistance (HOMA-IR) was assessed 
using the formula fasting insulin (µIU/mL), fasting blood 
glucose (mmol/L)/22.5, and quantitative insulin sensitiv-
ity index (QUICKI) as 1/[log fasting insulin (mU/L) + log 
(fasting plasma glucose (mmol/L)×18.0182)] [44–46].

Analyzing data statistically
Statistical analysis of the collected data was performed 
using SPSS software (version 21.0; SPSS Inc, Chicago, 
IL). A P value of less than 0.05 was considered signifi-
cant. Normality was tested with the Shapiro-Wilk test 
(P > 0.05), and Levene’s test (P > 0.05) for equality of 
error variance was used to test for equality of variance. 
The mean standard deviation (SD) was used to indicate 
quantitative data, and numbers and percentages (%) were 



Page 4 of 16Soleimani et al. BMC Endocrine Disorders          (2023) 23:158 

used for qualitative data. Differences between discrete 
and continuous variables in the different tertiles of die-
tary choline, betaine, and total choline and betaine were 
compared using the chi-square test and one-way analy-
sis of variance (ANOVA), respectively. Bonferroni’s post 
hoc multiple comparison analysis revealed a significant 
mean difference between groups. Analysis of covariance 
(ANCOVA), general linear model (GLM), and univari-
ate analysis were used to compare the biochemical and 
anthropometric variables after adjustment for confound-
ing factors such as age and sex, BMI, PA, and energy 
intake. Additionally, the same method was used to inves-
tigate the interaction effect of dietary choline and betaine 
and physical activity and biochemical characteristics.

Results
A total of 250 individuals were screened for eligibility 
and 130 were found to be eligible for participation in the 
current study. However, 10 individuals were excluded 
due to incomplete biochemical, anthropometric or die-
tary data. Therefore, 120 individuals were completed the 
study (Fig. 1). General characteristics and anthropomet-
ric measurements of study participants across differ-
ent tertiles of dietary choline, betaine, and total choline 
and betaine are shown in Table  1. After controlling for 
potentially confounding variables (age, sex, BMI, energy 
intake, PA), an increase in dietary betaine was signifi-
cantly related to an increase in weight (P = 0.045), height 
(P = 0.001), MAC (P = 0.038) and WHR (P = 0.044). 
According to Bonferroni’s post hoc test, the average 
WHR difference was between T3 and T2 dietary betaine 
(P = 0.019). Additionally, there was a significant direct 
relationship between total dietary choline and betaine 
and weight (P = 0.038), WC (P = 0.005), and WHR 
(P = 0.011). According to Bonferroni’s post hoc test, the 
average weight (P = 0.021), WHR (P = 0.034), and HC 
(P = 0.005) differences were between T3 and T2 dietary 
total choline and betaine and about MAC (P = 0.007) 
the difference was between T3 and T1 (Table 1). Addi-
tionally, after considering the confounding variables, the 
increase in dietary betaine was related to the increase in 
FFM (P = 0.002), MM (P = 0.002), and BM (P = 0.001). 
Additionally, the increase in dietary choline and betaine 
was directly related to the increase in FFM (P = 0.047) 
and BM (P = 0.041). The average difference in FFM 
(P = 0.049), MM (P = 0.033) and BM (P = 0.044) between 
T3 and T1 was determined by Bonferroni’s post hoc test 
(Table  2). Additionally, after considering the confound-
ing variables, the increase in dietary choline was related 
to the increase in the intake of calcium (P = 0.015), 
vitamin B8 (P = 0.043) and vitamin D (P = 0.037). Addi-
tionally, the increase in dietary betaine was related 
to protein (P = 0.007) and fat (P < 0.001), vitamin B1 

(P < 0.001), vitamin B3 (P < 0.001), polyunsaturated fatty 
acid (PUFA) (P = 0.044), monounsaturated fatty acid 
(MUFA) (P < 0.001), and saturated fatty acid (SAFA) 
(P = 0.007) intake. There was also a direct relationship 
between dietary choline and betaine and vitamin B3. 
(P = 0.044) (Table 3). After considering the confounding 
variables, the increase in dietary betaine was related to 
the decrease in total cholesterol (P = 0.032) and increase 
in HDL (P = 0.049). According to Bonferroni’s post hoc 
test, the average HDL in the T2 dietary betaine had 
significant differences compared to T1 (P = 0.009) and 
TC in the T3 dietary betaine had a significant differ-
ence compared to T2 (P = 0.051). After considering all 
the confounding variables, the increase in dietary cho-
line was associated with the increase in serum creatine 
kinase (P = 0.063), although this relationship was not 
significant (Table  4). The interaction between dietary 
choline and physical activity on biochemical markers is 
presented (Fig. 2). Subjects were divided into three cate-
gories based on the duration of their physical activity per 
week: less than 5 h (low), between 5 and 8 h (moderate), 
and more than 8 h (high). At moderate and high physical 
activity levels, increased dietary choline decreased insu-
lin (P = 0.029) and HOMA-IR (P = 0.029) and increased 
QUICKI (P = 0.034). The interaction between dietary 
betaine and physical activity on biochemical markers 
is shown (Fig.  3). At all levels of physical activity, HDL 
levels were significantly higher in the moderate betaine 
intake group than in the lowest intake group. Even in the 
moderate physical activity group, the HDL trend was 
completely increasing with increasing dietary betaine 
(P = 0.049). The interaction between dietary choline and 
betaine and physical activity on biochemical markers is 
shown (Fig. 4). In the group that had the most physical 
activity, the highest level of dietary choline and betaine 
decreased FBS levels (P = 0.047). For the other biochemi-
cal variables, the interaction between dietary choline, 
betaine or combination of both was non-significant 
(Sup. Figures 1, 2, 3).

Discussion
As far as we know, there are no other studies that have 
examined the interactive relationship between dietary 
choline and betaine and physical activity on circulating 
creatine kinase (CK), metabolic and glycemic markers, 
and anthropometric characteristics in physically active 
young people.

An increase in dietary betaine is associated with a 
decrease in TC and an increase in HDL and an increase 
in height, weight, MAC, WHR, FFM, MM, BM in anthro-
pometric measurements (P < 0.05). In addition, there was 
a significant direct relationship between the total amount 
of dietary choline and betaine and weight, WC, WHR, 
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FFM, and BM (P < 0.05). The interaction effect of dietary 
choline and moderate or high physical activity improved 
insulin resistance (P < 0.05). Higher dietary betaine along 
with high physical activity increased HDL in the highest 
tertile of dietary choline content compared with the low-
est tertile (P < 0.05).

An important strength of the current study is the 
systematic control of all confounding factors and the 

accurate measurement of all anthropometric and bio-
chemical characteristics. In population-based studies, 
in order to obtain more reliable results, it is essential to 
recognize and control the most important confounding 
factors. The factors that influence anthropometric and 
biochemical markers as confounding factors include age, 
sex, body mass index, physical activity, and energy intake 

Fig. 2 The interaction between dietary choline and physical activity on biochemical markers. HOMA-IR; Homeostatic model assessment for insulin 
resistance; QUICKI; quantitative insulin-sensitivity check index. P values of interaction are obtained from ANCOVA model after adjustment 
for the confounding effects of age, sex, BMI and calorie intake. *P Significant at P < .05; 95th confidence intervals of the difference in parentheses
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[47, 48]. In the present study, all these confounders were 
adjusted for in all analyses.

Similar to our findings, in the study by Azad Bakht 
et  al. dietary betaine was significantly related to MAC 
(r = 0.093, P = 0.009) and obesity risk (P < 0.05), but there 
was no association between choline and anthropometric 
measurements [49]. in general population. Similar to our 
study, Gao X et al. showed that increasing dietary betaine 
and dietary total choline and betaine increases FFM [35].
Unlike the present study, increased WHR by increased 
dietary choline were observed in the study by Dibaba D 
et  al. [24]. like the present study a study by Xiang Gao 
et  al. showed that serum choline was positively associ-
ated with weight, BMI, and WC (r ranged from 0,09 to 
0.10, and p < 0.05 for all) [50]. In two different studies 
conducted in obese adults and men, supplementation 
with betaine had no significant effect on the body com-
position of the participants [27, 51]. Increasing dietary 
choline and betaine significantly correlated with a reduc-
tion in BMI, waist circumference, and weight loss [52].

The results of the various studies appear to be incon-
sistent because of differences in the general and demo-
graphic characteristics of their populations. Some studies 

also differ in terms of the mode of investigation; some 
have used dietary choline and betaine, others have used 
choline or betaine supplements, and still others have 
examined serum levels of these micronutrients.

Insulin resistance is a multifaceted pathophysiologic 
condition whose development and progression are 
influenced by many factors. Recognizing, assessing, and 
monitoring these characteristics in analyzes is criti-
cal to uncovering meaningful associations. Age, gen-
der and total daily caloric intake are among the factors 
that influence insulin sensitivity and should be moni-
tored [53–56]. The interaction effect of dietary choline 
and moderate or high physical activity improved insulin 
resistance (decreasing insulin and HOMAIR and increas-
ing QUICKI) (P < 0.05). In addition, increased dietary 
choline and betaine along with high physical activity 
decreased FBS in the third tertile of dietary choline and 
betaine compared with the first tertile (P < 0.05). The 
results of the study by X. Gao et  al. showed an inverse 
correlation between dietary choline and betaine and fast-
ing glucose and insulin levels and HOMA-IR (r = -0.08 
to -0.27 for choline and r = -0.06 to -0.16 for betaine; 
P < 0.05), indicating that higher intake was associated 

Fig. 3 The interaction between dietary betaine and physical activity on biochemical markers. HDL; high density lipoprotein. P values of interaction 
are obtained from ANCOVA model after adjustment for the confounding effects of age, sex, BMI and calorie intake*P Significant at P < .05; 95th 
confidence intervals of the difference in parentheses
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with lower insulin resistance. Choline and betaine were 
positively related to QUICKI (r = 0.16–0.25 for choline 
and r = 0.11–0.16 for betaine; P < 0.01), indicating higher 
insulin sensitivity [6]. Choline supplement could alleviate 
inflammation and suppress oxidative stress, which play 
important roles in the development of IR, they noted, 
before adding that choline can also be metabolized to 
betaine, which could impact IR via a couple of different 
routes, including improving signaling pathways for gly-
cogen synthesis and enhancing insulin sensitivity in fat 
tissue. Betaine may also reduce inflammatory markers 
levels [57–59].

In the present investigation, Increasing dietary betaine 
decreased serum levels TC and increased HDL (P < 0.05). 
Higher dietary betaine along with high physical activ-
ity increased HDL in the highest tertile of dietary cho-
line compared with the lowest tertile (P < 0.05). In other 
research, there was an adverse association between 
serum betaine and some lipid profile factors (triglycer-
ides, non-HDL cholesterol, and HDL cholesterol) [60]. 
Participants who were involved in a lipid clinic showed 
that betaine had an adverse relationship with apolipo-
protein B (Apo B) and body fat [61, 62]. Current research 
demonstrates the function of BHMT (betaine homocyst-
eine S-methyltransferase) in lipid metabolism, such that 

dietary induction of BHMT in mice causes elevated liver 
VLDL secretion, ApoB, ApoB mRNA, and triglyceride 
production [63]. Betaine homocysteine S-methyltrans-
ferase, as the most abundant protein in the liver of mam-
mals, in addition to homocysteine remethylation, binds 
to membranes and is related to various proteins. There-
fore, it can be concluded that BHMT probably indicates 
a metabolic link between 1-carbon metabolism and lipids 
[60, 64].

Creatine phosphokinase is an enzyme that is found in 
skeletal and cardiac muscle cells (MM and MB isoform) 
and brain tissue (BB isoform). Higher CK in the blood is 
typical because of muscle damage or muscular dystro-
phy [65–67]. Adequate dietary choline is important for 
maintaining muscle cell integrity, as a choline-deficient 
diet is associated with increased serum creatine phos-
phokinase in humans [17]. Progressive muscular dys-
trophy in rabbits is associated with choline deficiency 
[65, 68–70]. Deficiency of choline through the reduc-
tion of phosphatidylcholine in muscle cells induces 
apoptosis, increases the fragility of the membrane, and 
eventually leaks creatine phosphokinase to the outside 
of the cell. Additionally, receiving a low choline diet 
in men significantly increased the activity of serum 
creatine phosphokinase [17]. In various studies, it has 

Fig. 4 The interaction effect of dietary choline + betaine and physical activity on biochemical markers. FBS; fasting blood sugar. P values 
of interaction are obtained from ANCOVA model after adjustment for the confounding effects of age, sex, BMI and calorie intake. *P Significant at P 
< .05; 95th confidence intervals of the difference in parentheses
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been shown that there is a relationship between serum 
creatine kinase levels and some metabolic and glyce-
mic indicators. In other words, elevated serum creatine 
kinase is associated with obesity, increased WC and 
BMI, WC, WHR and increased insulin resistance, and 
increased risk of heart disease [71–73]. However, serum 
creatine kinase levels depend on various factors such as 
age, sex, muscle mass, and physical activity [74–76]. In 
the present study, the group with the highest tertile of 
dietary choline and betaine had higher serum creatine 
kinase levels, although this association was not signifi-
cant. This relationship can be explained by the fact that 
the group that received the most choline and betaine 
had the highest physical activity and muscle mass.

This is a cross-sectional study that cannot estab-
lish a cause-and-effect relationship.There is a need for 
another longitudinal study to fill this knowledge gap. In 
addition, although several factors were fully controlled 
in our analysis, including age, sex, BMI, physical activ-
ity, and caloric intake, genetic factors and unknown or 
poorly measured factors were not fully eliminated. The 
cross-sectional design of the current study makes it dif-
ficult to draw causal conclusions; In addition, a semi-
quantitative dietary assessment questionnaire was used 
that could introduce recall bias because of its subjec-
tive nature; however, the validity and reliability of the 
questionnaire have been confirmed in previous studies. 
Other strengths of this study include the numerous var-
iables examined.

Conclusions
In our cross-sectional study of Iranian youth, the inter-
action effect of dietary choline and moderate or high 
physical activity improved insulin resistance (P < 0.05). 
Higher dietary betaine along with high physical activity 
increased HDL in the highest tertile of dietary choline 
compared with the lowest tertile (P < 0.05). Addition-
ally, increased dietary choline and betaine together 
with high physical activity decreased FBS in the third 
tertile of dietary choline and betaine compared with the 
first tertile (P < 0.05).
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