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Abstract
Background  The potential role of dietary branched-chain amino acids (BCAA) in metabolic health, including 
cardiovascular disease and diabetes, is evolving, and it is yet to be understood if dietary BCAA intakes are associated 
with plasma lipid profiles or dyslipidaemia. This study tested the association of dietary BCAA intakes with plasma lipid 
profiles and dyslipidaemia among Filipino women in Korea.

Methods  Energy-adjusted dietary BCAA intakes (isoleucine, leucine, valine, and total BCAA) and fasting blood profiles 
of triglycerides (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-
cholesterol (LDL-C) were determined in a sample of 423 women enrolled in the Filipino Women’s Diet and Health 
Study (FiLWHEL). The generalized linear model was applied to estimate least-square (LS) means and 95% confidence 
intervals (CIs) and compare plasma TG, TC, HDL-C, and LDL-C across tertile distribution of energy-adjusted dietary 
BCAA intakes at P < 0.05.

Results  Mean of energy-adjusted dietary total BCAA intake was 8.3 ± 3.9 g/d. Average plasma lipid profiles were 
88.5 ± 47.4 mg/dl for TG, 179.7 ± 34.5 mg/dl for TC, 58.0 ± 13.7 mg/dl for HDL-C, and 104.0 ± 30.5 mg/dl for LDL-C. LS 
means, and 95% CIs across tertiles of energy-adjusted total BCAA intakes were 89.9 mg/dl, 88.8 mg/dl and 85.8 mg/
dl (P-trend = 0.45) for TG, 179.1 mg/dl, 183.6 mg/dl and 176.5 mg/dl (P-trend = 0.48) for TC, 57.5 mg/dl, 59.6 mg/dl 
and 57.1 mg/dl (P-trend = 0.75) for HDL-C and 103.6 mg/dl, 106.2 mg/dl and 102.3 mg/dl (P-trend = 0.68) for LDL-C. 
Furthermore, the multivariable-adjusted prevalence ratios and 95% confidence intervals for dyslipidaemia across 
increasing tertile distribution of energy-adjusted total BCAA intake were; 1.00, 0.67 (0.40, 1.13) and 0.45 (0.16, 1.27; 
P-trend = 0.03) for the first, second and third tertile, respectively.

Conclusions  Higher dietary intakes of BCAA presented a statistically significant inverse trend with the prevalence 
of dyslipidaemia among Filipino women in this study and testing these associations in longitudinal studies may be 
necessary to confirm these findings.
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Introduction
The role of branched-chain amino acids (BCAAs), isoleu-
cine, leucine, and valine, cannot be underscored in met-
abolic processes and nutrient signalling [1–4]. They are 
primarily from food sources of proteins such as eggs, fish, 
meats, and milk [3]. They account for more than fifty per-
cent of all essential amino acids food supply in mammals 
[5], and higher consumption of BCAAs has been linked 
to higher odds of diabetes mellitus [6–9], with diet qual-
ity playing a critical role in that relationship [8–10]. For 
example, dietary BCAA was associated with higher odds 
of diabetes mellitus among those reporting higher meat 
consumption [9] but not among those who reported 
higher consumption of plant-based diets [10].

Disturbances in glucose metabolism can negatively 
affect lipid and fatty acid metabolism [11, 12], but the 
significance of BCAA in this complex glucose-lipid 
metabolism is yet to be unravelled. It is yet to be clearly 
understood whether higher dietary BCAA intake can 
manipulate lipid metabolism. Some studies have reported 
that elevated circulating BCAA concentrations confers 
a significant cumulative risk of developing metabolic 
disorders [13], including dyslipidaemia [14–16], but if 
dietary BCAA is associated with dyslipidaemia remains 
unclear. For example, a previous study demonstrated that 
plasma BCAAs were positively correlated with higher 
odds of disordered lipid profiles in a Chinese population 
[15] without clarifying the role of dietary BCAAs in the 
observed associations.

Dyslipidaemia is a constellation of disorders attribut-
able to the accretion of unfavourable lipids [11, 17] with 
adverse health consequences and a significant burden 
on the cost of care [18]. It is a multifaceted metabolic 
disorder that predominantly interfaces with environ-
mental, lifestyle, and genetic factors [19]. While several 
epidemiological studies have reported the association 
of dietary and circulating BCAA with chronic diseases 
such as diabetes [6, 13] and obesity [13, 20, 21], there is 
limited data on the association of dietary BCAA with 
plasma lipid profiles and dyslipidaemia. Whether dietary 
intakes of BCAAs can interact with the complex archi-
tecture of lipid metabolism in the vasculature to promote 
the accumulation of unfavourable lipids is yet to be well 
understood.

Discerning the relationship of dietary BCAA with dys-
lipidaemia is vital for extending the frontiers of under-
standing on the role of dietary and circulation BCAAs in 
metabolic disorders. Such information is likely to guide 
dietary recommendations and public health interven-
tions for the primary prevention and management of 

metabolic disorders. In a broader context, nutrients (such 
as the dietary BCAAs) are consumed in the complex 
conundrum of dietary exposures associated with meta-
bolic disorders. It would be worthwhile to account for the 
role of diet quality in assessing the relationship of dietary 
BCAAs with plasma lipid profiles and dyslipidaemia.

This study hypothesizes that dietary BCAAs, including 
isoleucine, leucine and valine, are associated with dys-
lipidaemia. Similarly, we hypothesize that dietary BCAAs 
are associated with plasma lipid profiles; triglycerides 
(TG), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein choles-
terol (LDL-C). Therefore, this study tested the associa-
tion of dietary BCAA intakes with plasma lipid profiles 
and dyslipidaemia among Filipino women in Korea.

Methods
Study population
We analyzed the relationship between dietary BCAAs 
and plasma lipid profiles among women in the Filipino 
women’s diet and health (FiLWHEL) study in Korea. 
The FiLWHEL study is an ongoing study among Fili-
pino women in Korea. At baseline, it commenced in 
2014 to characterize the contribution(s) of health-related 
behaviour(s), lifestyle and acculturation among Filipino 
women in Korea. The Institutional Review Board of 
Sookmyung Women’s University (SMWU-1311-BR-012) 
approved the study, and all respondents gave written 
informed consent. Convenience sampling was adopted 
to recruit respondents from some cities in Korea. Com-
plete information on the protocol, recruitment [22] and 
primary findings [23–25] in the FiLWHEL study has been 
reported elsewhere [22–25].

Information on demographic characteristics, health-
related behaviour, medical history, quality of life, and 
acculturation were provided by respondents using inter-
viewer-administered questionnaires. Respondents’ height 
and waist circumference (WC) was measured to the near-
est 0.1 cm using a stretch-resistant tape rule, and weight 
(in kg) was measured using bioelectric impedance equip-
ment (In Body 620, Biospace Company Limited, Seoul, 
Korea). Body mass index (BMI) was calculated as weight 
(kg) divided by the square of height (m), and obesity 
was defined as BMI ≥ 25  kg/m2 according to the recom-
mendations of the World Health Organization (Western 
Pacific Regional Office), the International Association for 
the Study of Obesity, and the International Obesity task 
force [26].

Furthermore, respondents recalled diet information 
using a 24-hour recall, and portion sizes were projected 
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using food miniatures, photographs, household mea-
sures, weight/volume, and standard units and portions. 
Trained Filipino volunteers conducted all interviews with 
the same protocol in all sites under the supervision of the 
principal investigators. All information on the question-
naire was inspected on-site. Before data coding, ques-
tionnaires were rechecked, inconsistencies were clarified 
over the phone, and codes were double-checked for data 
reliability. A trained phlebotomist drew fasting blood 
samples from respondents after at least 8h of overnight 
fast. Blood samples were centrifuged and kept at 2-80 C 
before processing,  and storage (at -860C). Out of the 504 
women enumerated in the study, 81 respondents were 
excluded; pregnant and lactating (n = 68) or those with 
missing information (24-hour recall, n = 07, and anthro-
pometry, n = 06). Finally, 423 respondents were included 
in the final analysis of this study.

Determination of lipid profiles and definition of 
dyslipidaemia (Outcome)
TG, TC and HDL-C in milligrams per decilitre were 
determined by Seegene Medical Foundation (Seoul, 
Korea) using the Cobas 8000 C702-I (Roche Diagnos-
tics, Basel, Switzerland) [27]. Also, using the Friedewald 
Eq.   [28], we estimated the LDL-C profiles. Coefficients 
of variations of samples for the lipid profile analysis 
were typically below 3%. Dyslipidemia was defined as 
one of the following conditions; a previous diagnosis 
of elevated lipid profiles, current use of statins or lipid-
lowering medications, TG ≥ 150  mg/dl, TC ≥ 200  mg/dl, 
HDL-C < 50 mg/dl or LDL-C ≥ 130 mg/dl according to the 
National Cholesterol Education Program Adult Treat-
ment Panel III NCEP-ATP (III) guidelines [29].

Dietary BCAA intake assessment (Exposure)
Dietary BCAAs; isoleucine, leucine, and valine were esti-
mated from food and dietary information using 24-hour 
recalls, and total BCAA (tBCAA) was computed as a sum 
of isoleucine, leucine, and valine. Respondents provided 
information on all food items, portion sizes and food 
amount consumed on the previous day preceding the 
survey. Nutrient data were computed and transformed 
into grams per day (g/d) using the computer-aided analy-
sis program 4.0 for professionals by the Korean Society 
of Nutrition, Seoul, Korea [30]. Where food information 
was unavailable, the food composition tables of the Food 
and Nutrition Research Institute of the Philippines (for 
Filipino diets) [31], Korean Rural Development Admin-
istration [32], United States Department of Agriculture 
[33] or manufacturers’ information was used to derive 
nutrient information.

Estimation of diet quality scores
Diet quality was estimated using the minimum dietary 
diversity for women (MDD-W) developed by the Food 
and Agriculture Organization. The MDD-W was devel-
oped as a proxy for micronutrient adequacy among 
women of reproductive age from low and middle-income 
countries in the women’s dietary diversity project [34]. 
Ten [10] food groups, including grains, white roots, and 
tubers; pulses (beans, peas, and lentils); nuts and seeds; 
dairy; meat, poultry, and fish; eggs; dark green leafy veg-
etables; other vitamin A-rich fruits and vegetables; other 
vegetables; and other fruits were used in computing the 
MDD-W score. Each respondent was allotted a unit point 
score for a minimum dietary intake of 15  g (one serv-
ing) or more for each food group; otherwise, zero points 
and the summation of the scores (which ranged from 0 
to 10) represented the overall MDD-W. The higher the 
MDD-W score, the better the dietary quality of respon-
dents. Details of how the MDD-W scores were estimated 
have been reported elsewhere [34, 35].

Demographic and lifestyle characteristics (Covariates)
Respondents offered information on age (in years and 
dichotomized as < 35 and ≥ 35 years using the median 
age), length of stay in Korea [in years and categorized ≤ 4 
years (25th percentile), 5–9 years (> 25th – 75th) and 10 
years (≥ 75th percentile)], level of education (‘Elemen-
tary and high school’ and ‘College education and above’), 
employment status (‘no’ and ‘yes’), ever smoked 100 
cigarettes in a lifetime (‘no’ and ‘yes’) and current alco-
hol use (‘no’ and ‘yes’). The average number of hours and 
the number of days spent on physical activity (moderate, 
vigorous or walking) were provided and vigorous physi-
cal activity was defined as having spent at least an hour 
daily of vigorous physical activity [36]. Respondents were 
asked if they were diagnosed with diabetes or hyperten-
sion by a certified clinician or are currently taking medi-
cations to lower blood glucose or blood pressure.

Statistical analysis
Isoleucine, leucine, valine, and tbCAA were adjusted 
for energy intake using the residual method [37, 38] and 
categorized into tertiles to include a reasonable num-
ber of respondents in each category. Characteristics of 
respondents were presented across tertile distribution 
of energy-adjusted dietary BCAA intakes. Multivariable-
adjusted regression was applied to estimate the preva-
lence ratios (PRs) and 95% confidence intervals (CIs) of 
having dyslipidaemia by tertile distribution of energy-
adjusted dietary BCAA intakes. We assessed changes 
in PRs when deciding on variables to be included in the 
final model. In model 1, we adjusted for age (continuous 
years), years of stay in Korea (≤ 4 years, 5–9 years, ≥ 10 
years), education (elementary and high school, college 
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education and above), employment status (no, yes), ever 
smoked 100 cigarettes in a lifetime (no, yes), current 
alcohol use (no, yes) and energy intakes (continuous, 
kcal/d). Model 2 was adjusted for vigorous physical activ-
ity (no, yes) in addition to variables in model 1. Model 3 
was adjusted for a history of diabetes (no, yes) and a his-
tory of hypertension (no, yes) in addition to variables in 
model 2. In model 4, we adjusted for BMI (continuous, 
kg/m2) in addition to variables in model 3. In model 5, 
we adjusted for MDD-W scores (continuous) in addi-
tion to covariates in model 4. Test for trend was carried 
out by assigning the median value of tertile distribution 
as a continuous variable in the model. Furthermore, 
we estimated least-square (LS) means and 95% confi-
dence interval (CIs) of total TG, TC, HDL-C and LDL-C 
across tertile distribution of energy-adjusted dietary 
BCAA intakes using a generalized linear model adjust-
ing for the same covariates. All food items were classi-
fied into 21 food groups (fruits, vegetables, tubers, nuts 
and seeds, grains, noodles, pasta, bread, snacks, sugars, 
meat, fast foods, fish, seafood, eggs, poultry, beverages, 
dairy, condiment, oils, and alcohol; based on macronutri-
ent composition and mode of preparation), and percent-
age contribution of each food group to dietary isoleucine, 
leucine and valine intakes was estimated by weighting the 
total of each BCAA on the overall sum of the BCAA in all 
food groups. Details of the estimation method have been 
reported elsewhere [39, 40]. All statistical analyses were 
conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, 
USA) at P < 0.05.

Results
Overall, mean ± standard deviation(SD) of energy-
adjusted dietary BCAA intake was 8.3 ± 4.9  g/d for 
tBCAA, 2.1 ± 1.3 g/d for isoleucine, 3.7 ± 2.2 g/d for leu-
cine, and 2.5 ± 1.5  g/d for valine. Also, the mean ± SD 
of lipid profiles was 88.5 ± 47.4  mg/dl for total TG, 
179.7 ± 34.5  mg/dl for TC, 58.0 ± 13.7  mg/dl for HDL-
C, 104.0 ± 30.5  mg/dl for LDL-C and 208 (49.2%) had 
dyslipidaemia.

Characteristics of respondents by tertile distribution 
of energy-adjusted dietary tBCAA intake are presented 
in Table  1. The proportion of those ≥ 35 years in the 
first, second, and third tertile of energy-adjusted dietary 
tBCAA intake was 67 (47.5%), 72 (51.1%), and 76 (53.9%), 
respectively. The proportion of those employed increased 
across tertiles of energy-adjusted dietary tBCAA intake; 
71 (50.3%), 76 (53.6%) and 84 (59.3%) for the first, sec-
ond and third tertile, respectively. Mean BMI and WC 
differed insignificantly across tertile distribution of 
energy-adjusted dietary tBCAA intakes. The mean of 
energy-adjusted tBCAA intakes by tertile distribution 
of energy-adjusted tBCAA intakes were 4.4 ± 1.9  g/d, 
8.0 ± 0.8  g/d and 12.5 ± 3.1  g/d for first, second and 

third tertile, respectively. Also, mean intakes of energy-
adjusted individual dietary BCAA, by tertile distribution 
of energy-adjusted dietary tBCAA, were 1.1 ± 0.5  g/d, 
2.1 ± 0.2 g/d and 3.2 ± 0.8 g/d for isoleucine, 1.9 ± 0.8 g/d, 
3.6 ± 0.4 g/d and 5.6 ± 1.5 g/d for leucine and 1.3 ± 0.6 g/d, 
2.4 ± 0.3  g/d and 3.7 ± 0.9  g/d for valine across the first, 
second and third tertile, respectively. Similarly, mean 
MDD-W scores were 6.0 ± 1.9, 6.5 ± 1.7 and 6.8 ± 1.5 
for the first, second and third tertile of energy-adjusted 
tBCAA intake, respectively. Mean energy intakes 
were; 1844.4 ± 799.1  kcal/d, 1558.1 ± 588.0  kcal/d and 
1810.1 ± 605.8  kcal/d for the first, second and third ter-
tile of energy-adjusted dietary tBCAA intake, respec-
tively. Prevalences of dyslipidaemia by tertile distribution 
of energy-adjusted tBCAA intake were 76 (53.9%), 67 
(47.5%) and 65 (46.1%) for the first, second and third ter-
tile, respectively. Characteristics of respondents by tertile 
distribution of energy-adjusted dietary isoleucine (Table 
S1), leucine (Table S2) and valine (Table S3) intakes fol-
lowed a similar trend as the tertile distribution of energy-
adjusted dietary tBCAA intake. Primary food sources of 
dietary BCAA in this population are presented in Table 
S4. Dietary contributions to BCAAs were highest for 
red meat (isoleucine – 23.8%, leucine – 24.8%, valine – 
24.8%), grains (isoleucine – 19.2%, leucine – 20.8%, valine 
– 17.9%) and fish (isoleucine – 11.7%, leucine – 10.8%, 
valine – 11.1%).

Multivariable-adjusted PR and 95%CIs of the associa-
tions between energy-adjusted dietary BCAA intakes and 
dyslipidaemia are presented in Table  2. Multivariable-
adjusted PRs and 95% CIs for dyslipidaemia across ter-
tile distribution of energy-adjusted tBCAA intake were; 
1.00, 0.67 (0.40, 1.13) and 0.45 (0.16, 1.27; P trend = 0.03) 
for the first, second and third tertile, respectively after 
adjusting for age, years of stay in Korea, education, 
employment, ever smoked, current alcohol use, total 
energy intake, vigorous physical activity, history of dia-
betes or hypertension, BMI and MDD-W scores. A 
similar trend was observed by tertile distribution of 
energy-adjusted dietary isoleucine [first tertile – 1.00, 
second tertile – 0.77 (0.46, 1.29) and third tertile – 0.59 
(0.21, 1.65), P trend = 0.07], leucine [first tertile – 1.00, 
second tertile – 0.75 (0.45, 1.27) and third tertile – 0.57 
(0.20, 1.62), P trend = 0.04] and valine [first tertile – 1.00, 
second tertile – 0.66 (0.39, 1.11) and third tertile – 0.43 
(0.15, 1.22), P trend = 0.02] intakes.

Also, trends of total TG, TC, HDL-C or LDL-C were 
not significant with increasing tertiles of energy-adjusted 
tBCAA intakes (Table  3) after adjusting for age, years 
of stay in Korea, education, employment, ever smoked, 
current alcohol use, total energy intake, vigorous physi-
cal activity, history of diabetes or hypertension, BMI and 
MDD-W scores. For example, LS means and 95% CIs 
of TG by tertile distribution of energy-adjusted tBCAA 
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were 89.9 (82.4, 97.4), 88.8 (81.3, 96.2) and 85.8 (78.2, 
93.4) mg/dl (P trend = 0.45) for first, second and third 
tertile respectively. Similarly, LS means and 95% CIs of 
HDL-C by tertiles of energy-adjusted tBCAA intakes 
were 57.5 (55.3, 59.8), 59.6 (57.4, 61.8) and 57.1 (54.9, 
59.4) mg/dl (P trend = 0.75) for first, second and third 
tertile respectively. Likewise, LS means and 95% CIs of 

total TG, TC, HDL-C, and LDL-C did not show signifi-
cant trends across increasing tertiles of energy-adjusted 
dietary isoleucine (Table S5), leucine (Table S6) and 
valine (Table S7) intakes.

Table 1  Characteristics of Filipino women by tertile distribution of energy-adjusted total BCAA intake in the FiLWHEL study
Tertile distribution of energy-adjusted total BCAA intake

Characteristics Tertile 1 Tertile 2 Tertile 3
N 141 141 141

Age (years) 34.4 ± 8.1 35.7 ± 8.3 35.6 ± 7.4

  < 35 years 74 (52.5) 69 (48.9) 65 (46.1)

  ≥ 35 years 67 (47.5) 72 (51.1) 76 (53.9)

Length of stay (years) 7.8 ± 5.1 7.5 ± 4.6 7.7 ± 4.9

  ≤ 4 years 44 (31.2) 41 (29.1) 39 (27.6)

  5–9 years 49 (33.7) 59 (41.8) 62 (44.1)

  ≥ 10 years 48 (34.1) 41 (29.1) 40 (28.3)

Education

  Elementary and high 
school

44 (31.4) 42 (30.0) 44 (31.4)

  College education and 
above

97 (68.6) 99 (70.0) 97 (68.6)

Employment status (Yes) 71 (50.3) 76 (53.6) 84 (59.6)

Ever smoked (Yes) 12 (8.6) 9 (6.5) 15 (10.8)

Current alcohol use (Yes) 84 (59.5) 83 (58.9) 80 (56.7)

Vigorous physical activity (Yes) 31 (22.1) 22 (15.6) 26 (18.4)

History of diabetes* (Yes) 2 (1.4) 2 (1.4) 6 (4.3)

History of hypertension* (Yes) 11 (7.9) 9 (6.4) 9 (6.4)

BMI (kg/m2) 23.7 ± 3.8 23.4 ± 3.6 23.7 ± 4.3

  ≥ 25 kg/m2 48 (34.0) 42 (29.8) 38 (27.3)

Waist circumference (cm) 79.4 ± 8.8 79.0 ± 8.8 79.7 ± 10.4

  ≥ 80 cm 60 (42.6) 63 (44.7) 55 (39.0)

Total energy (kcal/d) 1844.4 ± 799.1 1558.1 ± 588.0 1810.1 ± 605.8

Dietary total BCAA intake 
(g/d)†

4.4 ± 1.9 8.0 ± 0.8 12.5 ± 3.1

  Isoleucine intake (g/d)† 1.1 ± 0.5 2.1 ± 0.2 3.2 ± 0.8

  Leucine intake (g/d)† 1.9 ± 0.8 3.6 ± 0.4 5.6 ± 1.5

Valine intake (g/d)† 1.3 ± 0.6 2.4 ± 0.3 3.7 ± 0.9

MDD-W score 6.0 ± 1.9 6.5 ± 1.7 6.8 ± 1.5

TG (mg/dl) 87.3 ± 44.1 90.2 ± 46.6 87.9 ± 51.6

  ≥ 150 mg/dl 13 (9.3) 14 (10.1) 14 (10.5)

TC (mg/dl) 177.6 ± 33.9 184.3 ± 34.2 177.1 ± 35.2

  ≥ 200 mg/dl 35 (25.0) 44 (31.9) 32 (23.9)

HDL-C (mg/dl) 57.7 ± 13.9 59.4 ± 13.8 57.0 ± 13.4

  ≤ 50 mg/dl 42 (30.0) 30 (21.7) 41 (30.6)

LDL-C (mg/dl) 102.4 ± 31.4 106.9 ± 29.7 102.5 ± 30.2

  ≥ 130 mg/dl 23 (16.4) 30 (21.7) 23 (17.2)

Dyslipidaemia‡ (Yes) 76 (53.9) 67 (47.5) 65 (46.1)
mean ± SD for continuous variables and n (%) for categorical variables

*Self-reported clinical diagnosis or current use of medication; BMI: body mass index; MDD-W: minimum dietary diversity for women; TG: triglycerides; TC: total 
cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol
†Amino acid intake was adjusted for energy intake using the residual method
‡Dyslipidemia was defined as one of the following conditions; a previous diagnosis of elevated lipid profiles, current use of statins or lipid-lowering medications, 
TG ≥ 150 mg/dl, TC ≥ 200 mg/dl, HDL-C < 50 mg/dl or LDL-C ≥ 130 mg/dl according to the NCEP-ATP (III) guidelines.
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Discussion
This study evaluated whether energy-adjusted dietary 
BCAA intakes were related to plasma lipid profiles and 
dyslipidaemia. There was no statistically significant rela-
tionship with individual plasma lipid profiles, but higher 
dietary BCAA intakes presented a statistically significant 
inverse trend with the prevalence of dyslipidaemia in 
this study. Two longitudinal studies from Japan [16, 41] 
have reported a direct association between higher plasma 
BCAA and dyslipidaemia. Similarly, increased plasma 

BCAA has been associated with a higher risk of hypertri-
glyceridemia in a sample of Germans [42] and metabolic 
dyslipidaemia in a Chinese population [43]. However, 
these report did not examine the role of dietary BCAA 
intakes only.

Elevated plasma BCAA profiles in metabolic disorders 
are well-established in the literature [6, 7, 13, 42]. How-
ever, the role of dietary BCAA intake in that association 
remains equivocal. Some studies have reported the rela-
tionship between dietary BCAA and metabolic disorders 

Table 2  Prevalence ratios and 95% confidence intervals for the dyslipidaemia* by tertile distribution of energy-adjusted dietary BCAA 
intakes†

Tertile 1 Tertile 2 Tertile 3 P for trend
total BCAA

cases/total 76/141 67/141 65/141

Age-adjusted 1.00 0.75 (0.47, 1.20) 0.57 (0.22, 1.45) 0.16

  Model 1 1.00 0.73 (0.45, 1.20) 0.50 (0.20, 1.43) 0.11

  Model 2 1.00 0.73 (0.45, 1.19) 0.53 (0.20, 1.41) 0.11

  Model 3 1.00 0.73 (0.45, 1.19) 0.53 (0.20, 1.42) 0.09

  Model 4 1.00 0.75 (0.45, 1.25) 0.57 (0.21, 1.56) 0.08

  Model 5 1.00 0.67 (0.40, 1.13) 0.45 (0.16, 1.27) 0.03

Isoleucine

cases/total 74/141 69/141 65/141

  Age-adjusted 1.00 0.85 (0.53, 1.36) 0.72 (0.28, 1.85) 0.25

  Model 1 1.00 0.85 (0.52, 1.40) 0.73 (0.27, 1.94) 0.17

  Model 2 1.00 0.85 (0.52, 1.39) 0.72 (0.27, 1.93) 0.17

  Model 3 1.00 0.85 (0.52, 1.39) 0.72 (0.27, 1.92) 0.15

  Model 4 1.00 0.85 (0.51, 1.41) 0.72 (0.26, 1.99) 0.16

  Model 5 1.00 0.77 (0.46, 1.29) 0.59 (0.21, 1.65) 0.07

Leucine

cases/total 75/141 69/141 64/141

  Age-adjusted 1.00 0.82 (0.51, 1.32) 0.68 (0.26, 1.73) 0.16

  Model 1 1.00 0.79 (0.48, 1.30) 0.63 (0.24, 1.70) 0.13

  Model 2 1.00 0.79 (0.48, 1.30) 0.62 (0.23, 1.68) 0.13

  Model 3 1.00 0.79 (0.48, 1.30) 0.63 (0.23, 1.69) 0.11

  Model 4 1.00 0.84 (0.50, 1.40) 0.70 (0.25, 1.96) 0.10

  Model 5 1.00 0.75 (0.45, 1.27) 0.57 (0.20, 1.62) 0.04

Valine

cases/total 76/141 67/141 65/141

  Age-adjusted 1.00 0.75 (0.47, 1.19) 0.55 (0.22, 1.43) 0.16

  Model 1 1.00 0.75 (0.46, 1.22) 0.56 (0.21, 1.49) 0.12

  Model 2 1.00 0.74 (0.45, 1.21) 0.55 (0.20, 1.47) 0.11

  Model 3 1.00 0.74 (0.45, 1.22) 0.55 (0.21, 1.48) 0.10

  Model 4 1.00 0.73 (0.44, 1.21) 0.53 (0.19, 1.47) 0.08

  Model 5 1.00 0.66 (0.39, 1.11) 0.43 (0.15, 1.22) 0.02
*Dyslipidemia was defined as one of the following conditions; a previous diagnosis of elevated lipid profiles, current use of statins or lipid-lowering medications, 
TG ≥ 150 mg/dl, TC ≥ 200 mg/dl, HDL-C < 50 mg/dl or LDL-C ≥ 130 mg/dl according to the NCEP-ATP (III) guidelines. TG: triglycerides; TC: total cholesterol; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol
†Amino acid intake was adjusted for energy intake using the residual method

Model 1 was adjusted for age (continuous, years), years of stay in Korea (‘≤4 years, 5–9 years, ≥ 10 years), education (elementary and high school, college education 
and above), employment (no, yes), ever smoke (no, yes), current alcohol use (no, yes) and energy intake (continuous, kcal/d).

Model 2 was adjusted for vigorous physical activity (no, yes) in addition to covariates in model 1

Model 3 was adjusted for history of diabetes (no, yes) or hypertension (no, yes) in addition to covariates in model 2

Model 4 was adjusted for BMI (continuous, kg/m2) in addition to covariates in model 3

Model 5 was adjusted for minimum dietary diversity for women scores (continuous, points) in addition to covariates in model 4
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such as diabetes [9, 10, 44–46], obesity [8, 47–49] and 
insulin resistance [50, 51] with discordant conclusions. 
For example, in the Nurses’ Health Study and the Health 
Professional Follow-up study, higher dietary consump-
tion of BCAA was associated with the risk of developing 
diabetes in the United States [45]. On the contrary, the 
Takayama study from Japan found that higher dietary 
BCAA was inversely related to the risk of diabetes [10]. 
The primary source(s) of dietary BCAA intakes differed 
widely between the two cohort studies. While primary 
sources of dietary BCAA intake were meat, milk, and fish 
in the report from the United States, cereals, potatoes, 
and starch were the primary sources of dietary BCAA 
intake in the Japanese study. The difference in the findings 
of these studies might be possible as the risk of diabetes 

has been reported to differ by protein sources. Animal 
protein consumption was associated with higher odds of 
diabetes, but consumption of plant protein sources was 
inversely related to diabetes [52, 53]. In our study, dietary 
BCAA were consumed primarily from both animal and 
vegetable food sources, including meat, grains, eggs, 
fish, legumes, and vegetables. However, to our knowl-
edge, no study to date has tested whether higher dietary 
BCAA is associated with dyslipidaemia. Our study offers 
new insights into the significance of dietary BCAA in 
dyslipidaemia.

The statistically significant inverse trend between 
higher dietary BCAA intakes and the prevalence of dys-
lipidaemia in our study can be explained in several ways. 
First, the dietary environment of BCAA exposure might 

Table 3  Least-square means and 95% confidence intervals of lipid profiles by tertile distribution of energy-adjusted total BCAA 
intakes*

Tertile 1 Tertile 2 Tertile 3 P for trend
TG(mg/dl)

  Age-adjusted 87.9 (80.1, 95.8) 89.6 (81.7, 97.5) 87.8 (79.8, 95.8) 0.98

  Model 1 88.2 (80.4, 96.0) 89.4 (81.4, 97.3) 87.8 (79.9, 95.8) 0.94

  Model 2 88.5 (80.7, 96.4) 89.1 (81.2, 97.0) 87.7 (79.8, 95.7) 0.88

  Model 3 88.3 (80.5, 96.1) 89.2 (81.3, 97.1) 87.9 (79.9, 95.8) 0.93

  Model 4 87.9 (80.4, 95.3) 89.7 (82.1, 97.2) 87.0 (79.4, 94.6) 0.87

  Model 5 89.9 (82.4, 97.4) 88.8 (81.3, 96.2) 85.8 (78.2, 93.4) 0.45

TC(mg/dl)

  Age-adjusted 178.4 (172.9, 184.0) 183.5 (178.0, 189.1) 177.0 (171.3, 182.6) 0.70

  Model 1 178.3 (172.8, 183.8) 184.1 (178.6, 189.6) 176.6 (171.0, 182.1) 0.64

  Model 2 178.6 (173.1, 184.0) 183.9 (178.4, 189.4) 176.5 (170.9, 182.0) 0.57

  Model 3 178.6 (173.1, 184.1) 183.8 (178.2, 189.3) 176.6 (171.0, 182.1) 0.59

  Model 4 178.4 (173.0, 183.8) 183.9 (178.4, 189.3) 177.0 (171.4, 182.5) 0.70

  Model 5 179.1 (173.6, 184.6) 183.6 (178.1, 189.0) 176.5 (171.0, 182.1) 0.48

HDL-C(mg/dl)

  Age-adjusted 57.8 (55.5, 60.1) 59.3 (57.0, 61.6) 56.9 (54.6, 59.3) 0.59

  Model 1 57.7 (55.5, 60.0) 59.5 (57.3, 61.8) 56.8 (54.5, 59.1) 0.55

  Model 2 57.7 (55.4, 59.9) 59.6 (57.3, 61.8) 56.8 (54.5, 59.1) 0.58

  Model 3 57.7 (55.4, 60.0) 59.6 (57.3, 61.8) 56.8 (54.5, 59.1) 0.55

  Model 4 57.8 (55.6, 60.0) 59.5 (57.3, 61.7) 56.9 (54.7, 59.2) 0.56

  Model 5 57.5 (55.3, 59.8) 59.6 (57.4, 61.8) 57.1 (54.9, 59.4) 0.75

LDL-C(mg/dl)

  Age-adjusted 103.0 (98.1, 108.0) 106.3 (101.3, 111.3) 102.5 (97.4, 107.5) 0.86

  Model 1 102.9 (98.0, 107.9) 106.7 (101.7, 111.7) 102.2 (97.2, 107.2) 0.82

  Model 2 103.2 (98.3, 108.1) 106.5 (101.5, 111.4) 102.1 (97.2, 107.1) 0.75

  Model 3 103.2 (98.3, 108.1) 106.4 (101.4, 111.3) 102.2 (97.2, 107.2) 0.77

  Model 4 103.0 (98.2, 107.8) 106.5 (101.6, 111.3) 102.6 (97.7, 107.6) 0.91

  Model 5 103.6 (98.7, 108.5) 106.2 (101.3, 111.1) 102.3 (97.2, 107.2) 0.68
*Amino acid intake was adjusted for energy intake using the residual method

TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol

Model 1: adjusted for age (continuous, years), years of stay in Korea (≤ 4 years, 5–9 years, ≥ 10 years), education (elementary and high school, college education and 
above), employment (no, yes), ever smoke (no, yes), current alcohol use (no, yes) and energy intake (continuous, kcal/d)

Model 2 was adjusted for vigorous physical activity (no, yes) in addition to covariates in model 1

Model 3 was adjusted for history of diabetes (no, yes) or hypertension (no, yes) in addition to covariates in model 2

Model 4 was adjusted for BMI (continuous, kg/m2) in addition to covariates in model 3

Model 5 was adjusted for minimum dietary diversity for women scores (continuous, points) in addition to covariates in model 4
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play a role in the inverse trend between dietary BCAA 
and dyslipidaemia. Some reports [8, 9, 44] have demon-
strated that the dietary environment may be related to 
the significance of dietary BCAA intakes in the odds of 
metabolic disorders. For example, a report from China 
[9] revealed that the association between dietary BCAA 
and odds of diabetes might depend on the context of 
dietary patterns of exposure and not solely on dietary 
BCAA intake. In that study, significantly high odds of 
diabetes with higher dietary BCAA intake was observed 
among participants with dietary adherence to diets dense 
in animal sources of proteins, but not among those who 
adhered to plant protein sources. Similarly, another 
related study demonstrated the effect modification of 
higher meat intake on the relationship between dietary 
BCAA and the odds of diabetes [44]. Also, a recent meta-
analysis has reported that higher dietary BCAA intakes 
exhibited a divergent association with odds of diabetes 
and obesity [54]. Protein sources of dietary BCAA in 
our population were from both animal and plant ori-
gins (red meat, fish, legumes and vegetables). Second, in 
tandem with our report, some studies have reported an 
inverse association between dietary BCAA supplemen-
tation and lipogenic indices in animal models [55–57]. 
Isoleucine supplementation was associated with lower 
TG accumulation in obese mice [55]. Also, leucine sup-
plementation has been linked to reduced adiposity in 
high-fat diet-induced obesity among C57BL/6J male 
mice [56]. BCAA supplementation inhibited insulin-like 
growth factor receptor activation to prevent the growth 
of hyperlipidaemia-related colonic preneoplastic lesions 
in obese-hyperinsulinemic mice models [57]. Similarly, 
a six-week intervention trial among people with diabe-
tes on an isocaloric protein-based diet (rich in BCAA) 
revealed reduced intrahepatic lipids independent of body 
weight through the down-regulation of lipolytic enzymes 
and lipogenic pathways in the adipose tissues [58]. 
Despite these reports, evidence alluding to the inverse 
association of dietary BCAA with dyslipidaemia is still 
evolving. Therefore, longitudinal studies and randomized 
controlled trials are necessary to elucidate associations 
of dietary BCAA intake with plasma lipid profiles and 
dyslipidaemia.

There are strengths and limitations worth mentioning 
in this study. Our report is the first (to our knowledge) 
to discuss the relationship between dietary BCAA and 
dyslipidaemia, considering diet quality. Multivariate 
adjustment for potential confounding minimized bias(es) 
in our findings, although we cannot rule out the possi-
bility of residual or unknown confounding factors. The 
causal inference of our findings is limited, given that it 
was a cross-sectional study. A lack of statistical power 
to detect a significant difference for the tested associa-
tions is probable due to the study’s small size. Because 

the recruitment of respondents was by convenience sam-
pling, the generalizability to the entire Filipino popula-
tion may be limited. Dietary information was acquired 
using a single 24-hour dietary recall; therefore, the 
assessment of habitual dietary exposure might not be 
optimal. Future longitudinal studies are necessary for 
clarifying these associations.

Conclusion
In this study, even though higher dietary intakes of 
BCAA were not associated with plasma lipid profiles, 
we observed a statistically significant inverse trend with 
the prevalence of dyslipidaemia in this sample of Filipino 
women in Korea.

Abbreviations
BCAA	� Branched-chain amino acids
BMI	� Body mass index
CI	� Confidence interval
FiLWHEL	� Filipino Women’s Diet and Health Study
HDL-C	� High-density lipoprotein-cholesterol
LDL-C	� Low-density lipoprotein-cholesterol
LS	� Least-square
MDD-W	� Minimum dietary diversity for women
NCEP-ATP	� National Cholesterol Education Program Adult Treatment Panel
PR	� Prevalence ratio
SD	� Standard deviation
tbCAA	� Total branched-chain amino acids
TC	� Total cholesterol
TG	� Triglycerides
WC	� Waist circumference

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12937-023-00861-w.

Supplementary Material 1

Acknowledgements
The authors are grateful to all volunteers for participating in this study.

Authors’ contributions
APO conceptualized and designed the study; HJ and SMPP conducted the 
data acquisition and curation; APO conducted analysis; SH, GHC, and SHY 
contributed to the interpretation; HJ contributed to the data analysis and 
interpretation; APO drafted the manuscript; CBL and JEL critically revised the 
manuscript for important intellectual content. All authors read and approved 
the final version to be published and agreed to be accountable for the work.

Funding
This research work was supported by the Brain Pool Program through 
the National Research Foundation of Korea, funded by the Ministry of 
Science and ICT (2020H1D3A1A04081265), Hanmi Pharmaceutical Co., 
Ltd. (No. 201300000001270), Chong Kun Dang Pharm., Seoul, Korea (No. 
201600000000225), Handok Inc., Seoul, Korea and the Research Grants 
from Asian Studies funded by Seoul National University Asia Center 
(0448 A-2021077). The funders had no role in the study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.

Data Availability
The data for this study cannot be made publicly available because the 
FiLWHEL study is still ongoing, and during the signing of consent, the 
respondents were not informed that their information would be stored in 
a publicly accessible database. However, other researchers can collaborate 
with the study team under approval procedures posted on the study website 

https://doi.org/10.1186/s12937-023-00861-w
https://doi.org/10.1186/s12937-023-00861-w


Page 9 of 10Okekunle et al. Nutrition Journal           (2023) 22:34 

(www.filwhel.org). Requests to access the data may be sent to the data access 
committee (nutepid@gmail.com).

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate
The Institutional Review Board (IRB) of Sookmyung Women’s University, Korea, 
approved this study (SMWU-1311-BR-012), and all respondents provided 
written informed consent before participation. All procedures in this study 
followed the ethical standards of the IRB of Sookmyung Women’s University, 
Korea and the 1964 Helsinki declaration with its later amendments or 
comparable ethical standards.

Consent for publication
All respondents provided consent to publish their data, and all authors 
approved the final manuscript for publication.

Author details
1Department of Food and Nutrition, College of Human Ecology, Seoul 
National University, 1 Gwanak- ro, Gwanak-gu, Seoul 08826, Korea
2Research Institute of Human Ecology, Seoul National University, 1 
Gwanak-ro, Gwanak-gu, Seoul 08826, Korea
3Department of Child Development & Family Studies, Seoul National 
University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, Korea
4Division of Endocrinology and Metabolism, Department of Internal 
Medicine, Hanyang University Guri Hospital, Hanyang University College 
of Medicine, 153 Gyeongchun-ro, Guri 11923, Korea

Received: 12 May 2022 / Accepted: 24 June 2023

References
1.	 Green CR, Wallace M, Divakaruni AS, Phillips SA, Murphy AN, Ciaraldi TP, et al. 

Branched-chain amino acid catabolism fuels adipocyte differentiation and 
lipogenesis. Nat Chem Biol. 2016;12(1):15–21.

2.	 Shimomura Y, Kitaura Y, Kadota Y, Ishikawa T, Kondo Y, Xu M et al. Novel 
physiological functions of branched-chain amino acids. J Nutr Sci Vitaminol 
(Tokyo). 2015;61 Suppl:S112-4.

3.	 Wu G. Amino acids: metabolism, functions, and nutrition. Amino Acids. 
2009;37(1):1–17.

4.	 Jung MK, Okekunle AP, Lee JE, Sung MK, Lim YJ. Role of branched-chain 
amino acid metabolism in Tumor Development and Progression. J Cancer 
Prev. 2021;26(4):237–43.

5.	 Harper AE, Miller RH, Block KP. Branched-chain amino acid metabolism. Annu 
Rev Nutr. 1984;4:409–54.

6.	 Wang-Sattler R, Yu Z, Herder C, Messias AC, Floegel A, He Y, et al. Novel 
biomarkers for pre-diabetes identified by metabolomics. Mol Syst Biol. 
2012;8:615.

7.	 Floegel A, Stefan N, Yu Z, Muhlenbruch K, Drogan D, Joost HG, et al. Identifi-
cation of serum metabolites associated with risk of type 2 diabetes using a 
targeted metabolomic approach. Diabetes. 2013;62(2):639–48.

8.	 Jennings A, MacGregor A, Pallister T, Spector T, Cassidy A. Associations 
between branched chain amino acid intake and biomarkers of adiposity and 
cardiometabolic health independent of genetic factors: a twin study. Int J 
Cardiol. 2016;223:992–8.

9.	 Okekunle AP, Wu X, Duan W, Feng R, Li Y, Sun C. Dietary intakes of branched-
chained amino acid and risk for type 2 diabetes in adults: the Harbin Cohort 
Study on Diet, Nutrition and Chronic Non-Communicable Diseases Study. 
Can J Diabetes. 2018;42(5):484–92e7.

10.	 Nagata C, Nakamura K, Wada K, Tsuji M, Tamai Y, Kawachi T. Branched-chain 
amino acid intake and the risk of diabetes in a japanese community: the 
Takayama study. Am J Epidemiol. 2013;178(8):1226–32.

11.	 Martin SS, Blaha MJ, Blankstein R, Agatston A, Rivera JJ, Virani SS, et al. Dyslip-
idemia, Coronary Artery Calcium, and Incident Atherosclerotic Cardiovascular 
Disease. Circulation. 2014;129(1):77–86.

12.	 Verges B. Pathophysiology of diabetic dyslipidaemia: where are we? Diabeto-
logia. 2015;58(5):886–99.

13.	 Okekunle AP, Li Y, Liu L, Du S, Wu X, Chen Y, et al. Abnormal circulating 
amino acid profiles in multiple metabolic disorders. Diabetes Res Clin Pract. 
2017;132:45–58.

14.	 Semba RD, Gonzalez-Freire M, Moaddel R, Sun K, Fabbri E, Zhang P, et al. 
Altered plasma amino acids and lipids Associated with abnormal glucose 
metabolism and insulin resistance in older adults. J Clin Endocrinol Metabo-
lism. 2018;103(9):3331–9.

15.	 Wang F-H, Liu J, Deng Q-J, Qi Y, Wang M, Wang Y, et al. Association between 
plasma essential amino acids and atherogenic lipid profile in a chinese 
population: a cross-sectional study. Atherosclerosis. 2019;286:7–13.

16.	 Yamakado M, Nagao K, Imaizumi A, Tani M, Toda A, Tanaka T, et al. Plasma free 
amino acid profiles predict four-year risk of developing diabetes, metabolic 
syndrome, Dyslipidemia, and Hypertension in Japanese Population. Sci Rep. 
2015;5:11918.

17.	 Kopin L, Lowenstein C, Dyslipidemia. Ann Intern Med. 
2017;167(11):Itc81–itc96.

18.	 Smith DG. Epidemiology of dyslipidemia and economic burden on the 
healthcare system. Am J Manag Care. 2007;13(Suppl 3):68–71.

19.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, 
et al. Global Burden of Cardiovascular Diseases and Risk factors, 1990–2019: 
Update from the GBD 2019 study. J Am Coll Cardiol. 2020;76(25):2982–3021.

20.	 Badoud F, Lam KP, DiBattista A, Perreault M, Zulyniak MA, Cattrysse B, et al. 
Serum and adipose tissue amino acid homeostasis in the metabolically 
healthy obese. J Proteome Res. 2014;13(7):3455–66.

21.	 Lee A, Jang HB, Ra M, Choi Y, Lee HJ, Park JY, et al. Prediction of future risk of 
insulin resistance and metabolic syndrome based on korean boy’s metabolite 
profiling. Obes Res Clin Pract. 2015;9(4):336–45.

22.	 Abris GP, Hong S, Provido SMP, Lee JE, Lee CB. Filipino women’s diet and 
health study (FiLWHEL): design and methods. Nutr Res Pract. 2017;11(1):70–5.

23.	 Abris GP, Kim N-H, Provido SMP, Hong S, Yu SH, Lee CB, et al. Dietary diversity 
and nutritional adequacy among married filipino immigrant women: the 
Filipino Women’s Diet and Health Study (FiLWHEL). BMC Public Health. 
2018;18(1):359.

24.	 Abris GP, Provido SMP, Hong S, Yu SH, Lee CB, Lee JE. Association between 
dietary diversity and obesity in the Filipino Women’s Diet and Health Study 
(FiLWHEL): a cross-sectional study. PLoS ONE. 2018;13(11):e0206490.

25.	 Provido SMP, Abris GP, Hong S, Yu SH, Lee CB, Lee JE. Association of fried food 
intake with prehypertension and hypertension: the filipino women’s diet and 
health study. Nutr Res Pract. 2020;14(1):76–84.

26.	 World Health Organization. The Asia-Pacific perspective: redefining obesity 
and its treatment: Regional Office of the Western Pacific. WPRO) World Health 
Organization; 2000.

27.	 Kim S-Y, Jeong T-D, Lee W, Chun S, Min W-K. Performance evaluation 
of the Roche-Hitachi cobas 8000 c702 Chemistry Autoanalyzer. lmo. 
2014;4(3):132–9.

28.	 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of 
low-density lipoprotein cholesterol in plasma, without Use of the Preparative 
Ultracentrifuge. Clin Chem. 1972;18(6):499–502.

29.	 Expert Panel on Detection, Evaluation and Treatment of high blood 
cholesterol in Adults. Executive Summary of the third report of the national 
cholesterol Education Program (NCEP) Expert Panel on detection, evaluation, 
and treatment of high blood cholesterol in adults (Adult Treatment Panel III). 
JAMA. 2001;285(19):2486–97.

30.	 Korean Nutrition Society. Computer-aided Nutrition Analysis Program (CAN-
Pro 4.0). Seoul: Korean Nutrition Society; 2011.

31.	 Food and Nutrition Research Institute. The Philippine food composition 
tables. Santos Ave., Bicutan, Taguig City. Can Pr: Food and Nutrition Research 
Institute (FNRI); 1997.

32.	 Lim S-H, Kim J-B, Cho Y-S, Choi Y, Park H-J, Kim S-N. National Standard 
Food Composition tables provide the infrastructure for Food and Nutri-
tion Research according to policy and industry. Korean J Food Nutr. 
2013;26(4):886–94.

33.	 US Department of Agriculture (USDA), FoodData Central USDA.; 2019 
[updated October 2020. Available from: fdc.nal.usda.gov.

34.	 Women’s Dietary Diversity Project (WDDP) Study Group. Development of a 
Dichotomous Indicator for Population-Level Assessment of Dietary Diversity 
in Women of Reproductive Age. Curr Developments Nutr. 2017;1(12).

35.	 Kim HS, Lee H, Provido SMP, Kang M, Chung GH, Hong S et al. Association 
Between Diet Quality and Prevalence of Obesity, Dyslipidemia, and Insulin 

http://www.filwhel.org


Page 10 of 10Okekunle et al. Nutrition Journal           (2023) 22:34 

Resistance Among Filipino Immigrant Women in Korea: The Filipino Women’s 
Diet and Health Study. Front Public Health. 2021;9.

36.	 Kim HS, Lee H, Provido SMP, Kang M, Chung GH, Hong S et al. Association 
Between Diet Quality and Prevalence of Obesity, Dyslipidemia, and Insulin 
Resistance Among Filipino Immigrant Women in Korea: The Filipino Women’s 
Diet and Health Study. Front Public Health. 2021;9(865).

37.	 Willett W, Stampfer MJ. Total energy intake: implications for epidemiologic 
analyses. Am J Epidemiol. 1986;124(1):17–27.

38.	 Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epide-
miologic studies. Am J Clin Nutr. 1997;65(4):1220S–8S.

39.	 Block G, Dresser CM, Hartman AM, Carroll MD. Nutrient Sources in the Ameri-
can Diet: Quantitative Data from the NHANES II Survey. Macronutrients and 
Fats. Am J Epidemiol. 1985;122(1):27–40.

40.	 Bondia-Pons I, Serra-Majem L, Castellote AI, Carmen López-Sabater M. Iden-
tification of foods contributing to the dietary lipid profile of a Mediterranean 
population. Br J Nutr. 2007;98(3):583–92.

41.	 Fukushima K, Harada S, Takeuchi A, Kurihara A, Iida M, Fukai K, et al. Associa-
tion between dyslipidemia and plasma levels of branched-chain amino 
acids in the japanese population without diabetes mellitus. J Clin Lipidol. 
2019;13(6):932–9e2.

42.	 Mook-Kanamori DO, Römisch-Margl W, Kastenmüller G, Prehn C, Petersen AK, 
Illig T, et al. Increased amino acids levels and the risk of developing of hyper-
triglyceridemia in a 7-year follow-up. J Endocrinol Invest. 2014;37(4):369–74.

43.	 Yang P, Hu W, Fu Z, Sun L, Zhou Y, Gong Y, et al. The positive association of 
branched-chain amino acids and metabolic dyslipidemia in chinese Han 
population. Lipids Health Dis. 2016;15(1):120.

44.	 Isanejad M, LaCroix AZ, Thomson CA, Tinker L, Larson JC, Qi Q, et al. Branched-
chain amino acid, meat intake and risk of type 2 diabetes in the women’s 
Health Initiative. Br J Nutr. 2017;117(11):1523–30.

45.	 Zheng Y, Li Y, Qi Q, Hruby A, Manson JE, Willett WC et al. Cumulative con-
sumption of branched-chain amino acids and incidence of type 2 diabetes. 
Int J Epidemiol. 2016.

46.	 Tobias DK, Clish C, Mora S, Li J, Liang L, Hu FB, et al. Dietary intakes and circu-
lating concentrations of branched-chain amino acids in relation to Incident 
Type 2 diabetes risk among high-risk women with a history of gestational 
diabetes Mellitus. Clin Chem. 2018;64(8):1203–10.

47.	 Cogate PG, Natali AJ, de Oliveira A, Alfenas RC, Hermsdorff HH. Consumption 
of branched-chain amino acids is inversely Associated with central obesity 
and cardiometabolic features in a Population of brazilian middle-aged men: 
potential role of leucine intake. J Nutr Health Aging. 2015;19(7):771–7.

48.	 Qin LQ, Xun P, Bujnowski D, Daviglus ML, Van Horn L, Stamler J, et al. Higher 
branched-chain amino acid intake is associated with a lower prevalence of 
being overweight or obese in middle-aged east asian and western adults. J 
Nutr. 2011;141(2):249–54.

49.	 Okekunle AP, Lee H, Provido SMP, Chung GH, Hong S, Yu SH, et al. Dietary 
branched-chain amino acids and odds of obesity among immigrant filipino 
women: the filipino women’s diet and health study (FiLWHEL). BMC Public 
Health. 2022;22(1):654.

50.	 Asghari G, Farhadnejad H, Teymoori F, Mirmiran P, Tohidi M, Azizi F. High 
dietary intake of branched-chain amino acids is associated with an increased 
risk of insulin resistance in adults. J Diabetes. 2017.

51.	 Lu J, Gu Y, Liu H, Wang L, Li W, Li W, et al. Daily branched-chain amino acid 
intake and risks of obesity and insulin resistance in children: a cross-sectional 
study. Obesity. 2020;28(7):1310–6.

52.	 Fan M, Li Y, Wang C, Mao Z, Zhou W, Zhang L, et al. Dietary protein consump-
tion and the risk of type 2 diabetes: ADose-Response Meta-analysis of 
prospective studies. Nutrients. 2019;11(11):2783.

53.	 Tian S, Xu Q, Jiang R, Han T, Sun C, Na L. Dietary protein consumption and 
the risk of type 2 diabetes: a systematic review and Meta-analysis of Cohort 
Studies. Nutrients. 2017;9(9):982.

54.	 Okekunle AP, Zhang M, Wang Z, Onwuka JU, Wu X, Feng R, et al. Dietary 
branched-chain amino acids intake exhibited a different relationship 
with type 2 diabetes and obesity risk: a meta-analysis. Acta Diabetol. 
2019;56(2):187–95.

55.	 Nishimura J, Masaki T, Arakawa M, Seike M, Yoshimatsu H. Isoleucine prevents 
the accumulation of tissue triglycerides and upregulates the expression 
of PPARalpha and uncoupling protein in diet-induced obese mice. J Nutr. 
2010;140(3):496–500.

56.	 Kobayashi H, Hirabayashi Y, Murakami H, Ueda T. Anti-obesity 
effects of amino acid in high-fat diet induced obese mice. FASEB J. 
2009;23(1supplement):2275–5.

57.	 Shimizu M, Shirakami Y, Iwasa J, Shiraki M, Yasuda Y, Hata K, et al. Supple-
mentation with branched-chain amino acids inhibits azoxymethane-
induced Colonic Preneoplastic Lesions in male C57BL/KsJ-. Clin Cancer Res. 
2009;15(9):3068–75. <em > db/db</em > Mice.

58.	 Markova M, Pivovarova O, Hornemann S, Sucher S, Frahnow T, Wegner K, et al. 
Isocaloric diets high in animal or plant protein reduce Liver Fat and inflamma-
tion in individuals with type 2 diabetes. Gastroenterology. 2017;152(3):571–
85. e8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Dietary intakes of branched-chain amino acids and plasma lipid profiles among filipino women in Korea: the Filipino Women’s Diet and Health Study (FiLWHEL)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Determination of lipid profiles and definition of dyslipidaemia (Outcome)
	﻿Dietary BCAA intake assessment (Exposure)
	﻿Estimation of diet quality scores
	﻿Demographic and lifestyle characteristics (Covariates)
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


