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Background and Objectives: Notable inter-individual differences in cholesterol-lowering effects following oat-
meal consumption have been previously reported. Genetic variations may among the reasons for the heterogene-
ous response to lipid modulations. And to determine whether SNP of cytochrome P450 family 7 subfamily A 
member 1 gene rs3808607 and isoforms of apolipoprotein E are associated with the inter-individual variations in 
cholesterol-lowering effects of oatmeal consumption, we did this study. Methods and Study Design: Data in this 
study were extracted from a parallel, controlled trial, in which 62 medication-naive hypercholesterolemic patients 
provided with staple food substitute of either 80 g/d oatmeal (n=31) or 80 g/d refined white rice (n=31) for 45 
days. Fasting blood samples were collected at baseline and endpoint of the study for lipid profiling, glycemic test-
ing, and genotyping. Results: Totally, 56 of 62 participants completed the study and were thus included. Geno-
type–diet interactions were observed between oatmeal consumption and SNP in the cytochrome P450 family 7 
subfamily A member 1 gene rs3808607 in regulating LDL cholesterol (p=0.04); rs3808607-TT homozygotes ex-
hibited significantly higher responsiveness to oatmeal (reduction in LDL cholesterol) than G allele carriers 
(GG/GT) (p=0.02). However, obvious genotype–diet interactions were not observed between oatmeal consump-
tion and apolipoprotein E isoforms in cholesterol and glycemic modulation (p>0.05). Conclusions: SNP in cyto-
chrome P450 family 7 subfamily A member 1 gene rs3808607 was associated with the extent of LDL cholesterol 
reduction following oatmeal consumption. Trials with larger sample sizes are required to confirm the findings. 
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INTRODUCTION 
Oatmeal has been widely known for its considerable cho-
lesterol-lowering effect;1,2 however, notable interindivid-
ual variations in the aforementioned effect have been re-
ported.3,4 Data from genotype–diet interaction studies 
have provided a new perspective for understanding indi-
vidual heterogeneity in cholesterol-lowering responses 
after oatmeal consumption.5,6 Apolipoprotein E (APOE) 
isoforms, which have gained considerable attention be-
cause of their associations with lipoprotein metabolism 
and plasma lipid phenotypes, have been reported to be 
related to the extent of cholesterol reduction in response 
to oatmeal and plant sterol consumption.7-9 Furthermore, 
the SNP in the rs3808607 locus of the cytochrome P450 
family 7 subfamily A member 1 gene (CYP7A1 
rs3808607), which encodes cholesterol 7 α-hydroxylase, 
was also reported to affect the responsiveness of individ-
uals to oatmeal consumption in terms of reductions in 
LDL cholesterol following plant sterol consumption.9,10 

Considering the limited evidence available on the rela-
tionships between the heterogenous response to oatmeal-
induced cholesterol reduction and genetic variations, we 
explored whether changes in lipid profiles following oat 
meal consumption differed according to the genotypes of 

 
 
CYP7A1_rs3808607 or isoforms of APOE. Besides, gly-
cemic parameters were also reported to be regulated after 
oatmeal consumption. Genotype–diet interactions of oat-
meal consumption in glycemic modulation were also 
evaluated in this study. 
 
METHODS 
Participants and Study Design 
Data of lipid profiles, anthropometric measurements, die-
tary intakes and physical activity in this study were all 
extracted from an open-labelled, parallel, placebo-
controlled trial conducted in Shanghai, which mainly fo-
cused on the cholesterol-lowering effect of oatmeal con-
sumption. Informed consent was obtained from all qualif- 
ied participants before the beginning of the trial and the 
protocol was approved by the Institutional Review Board 
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of Huadong Hospital (No.20180059). The study was reg-
istered at Chinese Clinical Trial Registry as 
ChiCTR180001864. Relevant study details are provided 
in Supplementary File 1. 

In brief, 62 medication-naive hypercholesterolemic 
men and women with elevated total cholesterol (TC) (5.2 
mmol/L≤TC≤6.8 mmol/L; triglyceride [TG] <2.3 mmol/L) 
aged 18 to 65 years were recruited from the general popu-
lation by using a questionnaire (containing a total of 17 
simple questions, including some regarding basic contact 
information and the primary inclusion and exclusion cri-
teria) for preliminary screening. The preliminarily quali-
fied participants then visited the nutrition department of 
Huadong Hospital in a fasting state for further anthropo-
metric, hematological, and biochemical measurements. 
Additional inclusion criteria included willingness to take 
no hypocholesterolemic drugs for the duration of the 
study. Principal exclusion criteria were as follows: (a) 
having diabetes, having heart, liver, kidney, gastrointesti-
nal, or hematopoietic system diseases, or being mentally 
ill; (b) body mass index (BMI) ≥28 kg/m2; (c) being cur-
rently pregnant or in lactation; (d) having a history of 
using any lipid-lowering drugs in the past 3 months; (e) 
having had a regular intake (≥3 times per week) of oats or 
other foods rich in β-glucan in the past 6 months; (f) hav-
ing a history of excessive smoking or alcoholism; (g) be-
ing allergic or intolerant to oat; (h) having special eating 
habits such as vegetarianism, a weight loss diet, or a ke-
togenic diet; (i) showing a likelihood of poor compliance. 

 
Interventions and measurements 
Participants were equally randomized to either the oat-
meal group or control group. According to evidences pro-
vided by meta-analyses, consumption of  3 g/d oatmeal β-
glucan can cause a notable reduction in serum cholester-
ol,1 thus, in this study, the oatmeal group was required to 
replace part of their daily staple food with 80 g of oatmeal 
(providing 3 g of β-glucan) per day at breakfast and din-
ner (40 g per meal) for 45 days, whereas the control 
group was provided with an equal amount of refined 
white rice (containing no β-glucan) instead. Both the 
oatmeal and refined white rice were provided in packages 
of 40 g per individual. The participants were instructed to 
boil the oatmeal or refined white rice in hot water before 
consumption. The compositions of the two food were 
presented in Table 1. All participants were required to 
maintain their original habitual diet and physical activities 
throughout the study. Weekly follow-ups were carried out 
by telephone to record the corresponding food consump-
tion, adverse reactions, and drug use. The oatmeal and 
refined white rice were provided in an amount that was 

sufficient for 2 weeks (during the last visit, the provided 
amount was expected to last for 17 days) each time. Thus, 
participants were required to visit Huadong Hospital eve-
ry 2 weeks throughout the study to replenish the eaten-up 
corresponding food and in addition, attending face-to-face 
follow-up sessions. If participants completely stopped 
eating the oatmeal or refined white rice for 2 days con-
secutively or if the amount consumed was less than half 
of the specified amount (40 g/d) for 6 days within a week, 
then the participants were categorized as having poor 
compliance; and the researchers were allowed to with-
draw them from the experiment. Fasting venous blood 
samples were collected at the baseline and the endpoint. 
Serum was extracted and stored at −80℃ until further 
lipid testing and genotype analysis. Lipid profiles testing 
involved the assessment of TC, TG, LDL cholesterol, 
HDL cholesterol, small dense LDL (sdLDL) cholesterol, 
apolipoprotein B (apoB), fasting blood glucose (FBG) 
and glycated albumin (GA), which were tested using 
commercial kits with the help of fully automated analyzer. 
Non-high-density lipoprotein (non-HDL) cholesterol 
were calculated as the absolute difference of concentra-
tion between TC and HDL cholesterol. 

Of 62 participants, 56 (29 and 27 from the oatmeal and 
control groups, respectively) completed the trial; thus, 
they were included in this study for further genotype test-
ing. Two participants dropped out, one because of time 
constraints and one because of loss of interest. Four par-
ticipants were suspended because of noncompliance with 
the intervention. Six participants (four and two from the 
oatmeal and control groups, respectively) reported vari-
ous degrees of gastrointestinal reactions, such as bloating, 
which were basically relieved within 3 weeks. Only one 
participant from the oatmeal group reported persistent yet 
tolerable bloating throughout the entire study. The flow 
chart was shown in the Figure 1. 

 
DNA extraction and genotyping 
DNA was extracted from the serum samples by applying 
the proteinase K cleavage method, and 
CYP7A1_rs3808607, APOE_rs429358 and AP-
OE_rs7412 were specifically amplified by a polymerase 
chain reaction (PCR) with suitable primers.11,12 The PCR 
product was sequenced using Sanger’s method with the 
help of ABI PRISM 3730XL analyzer (PE Applied Bio-
systems, USA) and Clone Manager software (version 
7.11) was used for further sequence alignment and target 
SNP analysis. CYP7A1 rs_3808607 genotypes were pre-
sented as GG, GT, and TT, whereas, APOE isoforms, 
which were mainly decided by SNPs in rs429358 and 
rs7412 with six possible genotypes, were presented as 

 
Table 1. Composition of oatmeal and refined white rice (per 80 g) 
 
Nutrients Oatmeal Control 
Energy (Kcal) 304 311 
Protein (g) 8.8 5.3 
Fat (g) 7.4 1.5 
Carbohydrate (g) 48.4 67.7 
Total Fiber (g) 9.6 0.7 
β-glucan (g) 3.0 0.0 
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APOE E2 (sum of ε2/ε2 and ε2/ε3 genotypes), E3 (sum 
of ε3/ε3 and ε2/ε4 genotypes), and E4 (sum of ε3/ε4 and 
ε4/ε4 genotypes). Details of the primers, amplification 
conditions, and results of Sanger’s sequencing analysis 
were summarized in Supplementary File 1. 

 
Statistical analysis 
The statistician was blinded to the group allocations. All 
data were presented as the mean ± standard error (SE). 
The chi‐square test or Fisher’s exact test was used to veri-
fy the Hardy-Weinberg equilibrium. To minimize the 
effects of disequilibrium at baseline, dietary intakes and 
physical activity during the study period were evaluated 
by comparing the alterations from baseline. For data of 
baseline characteristics, dietary intakes and physical ac-
tivity, ANOVA was used when analyzing quantitative 
variables with normal distribution and homogenous vari-
ance; otherwise, the Kruskal Wallis test was used. For 
lipid profiles, ANCOVA was used for comparison of their 
changes from baseline during study period where baseline 
lipid concentrations, gender and age were used as covari-
ates into the linear model, along with post hoc test carried 
out by Bonferroni test in the situation of multigroup com-

parisons. Data were all analyzed by using SPSS (version 
23.0). A value of p<0.05 (two-tailed) was considered sig-
nificant. The pwr package in R (Version 1.2.1335) was 
used to conduct post-hoc power calculations for the geno-
type–diet interaction, which was based on ANOVA test 
(two-tailed) with the significance level set to 0.05. The 
results were presented in the Supplementary table 1. 
 
RESULTS 
Genotype Distributions 
All 29 participants in the oatmeal group (10 men and 19 
women) and 27 participants in the control group (11 men 
and 16 women) were successfully genotyped. The geno-
types of all three tested genes were in the Hardy–
Weinberg equilibrium (CYP7A1_rs3808607 [G al-
lele=43.8%]: X2＝0.15, p=0.93; APOE_rs429358 [C al-
lele=13.4%]: X2 ＝ 1.78, p=0.41; APOE_rs7412 [T al-
lele=4.5%]: p=0.72 [Fisher’s exact test]). The detailed 
distribution was provided in the Supplementary Table 2. 
Regarding APOE isoforms, only two participants had the 
APOE E2 isoform in the oatmeal group and no participant 
had APOE E2 isoform in the control group. Considering 
that compared with populations who have the APOE E2 

 

 
 

Figure 1. Flow chart.  
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and E3 isoforms, those with the APOE E4 isoform have 
been reported to exhibit unfavorable lipid profiles and a 
higher risk of cardiovascular diseases;13,14 thus, data of 
participants with APOE isoforms E2 and E3 were com-
bined to form a single group for further analysis (n=22 
and n=24 in the oatmeal and control groups, respectively). 
 
Baseline Characteristics of Participants 
The daily intake of the corresponding food was 78.0±0.8 
g/d (97.5%) and 75.0±1.2 g/d (93.8%) in the oatmeal and 
control groups, respectively, indicating a satisfactory 
compliance of participants. On the basis of groupings in 
CYP7A1_rs3808607 genotypes and interventions, signif-
icant imbalances of the baseline concentration of HDL 
cholesterol (p=0.02), non-HDL cholesterol (p=0.03), 
sdLDL cholesterol (p=0.01) and apoB (p<0.01) were ob-
served between groups. Besides, other indicators were 
comparable between the groups at baseline (p>0.05) (Ta-
ble 2). However, all indicators were comparable at base-
line between the groups categorized according to APOE 
isoforms and interventions (Supplementary table 3). 
 
Changes in dietary intakes and physical activity 
Results of comparing changes of dietary intakes and 
physical activity for groups categorized according to 
CYP7A1_rs3808607 genotypes and interventions were 
presented in the Supplementary Table 4. Briefly, except 
for a significant difference in the change of fiber intake 
(p<0.01), no significant difference was observed in the 
other indicators between the groups (p>0.05). Similarly, 
significant difference in change of fiber intake between 
groups was also observed on the basis of groups catego-
rized according to APOE isoform groups and interven-
tions (p<0.01). Besides, significant differences of changes 
in energy and fat intakes between four groups were ob-
served (p<0.05 and p=0.04, respectively) (Supplementary 
table 4). Thus, when evaluating the genotype–diet interac-
tion effect based on APOE isoforms groups and interven-
tions, changes in energy and fat intakes were also includ-
ed in the linear model as covariates. 
 
Genotype–diet interaction on blood lipid profile 
Compared to the control group, significant improvements 
were observed in the LDL cholesterol (−0.26±0.08 
mmol/L vs 0.08±0.06 mmol/L, p<0.01), non-HDL choles-
terol (−0.83±0.09 mmol/L vs −0.55±0.07 mmol/L, 
p=0.02), sdLDL cholesterol (−0.06±0.05 mmol/L vs 
0.14±0.04 mmol/L, p=0.03) and apoB (−0.11±0.02 
mmol/L vs −0.01±0.02 mmol/L, p<0.01) after oatmeal 
consumption (Table 3). A notable genotype–diet interac-
tion was observed between oatmeal consumption and 
CYP7A1_rs3808607 genotypes in regulating LDL cho-
lesterol (p=0.04). The results of further analysis indicated 
that compared with G allele carriers (GG/GT), partici-
pants with the TT homozygous genotype exhibited signif-
icantly greater reductions in LDL cholesterol after oat-
meal consumption (p=0.02); whereas GG homozygous 
individuals exhibited no significant difference in LDL 
cholesterol reduction after oatmeal intervention compared 
with T allele carriers (p=0.940) (Table 3). However, no 
significant genotype–diet interaction was observed be-
tween oatmeal consumption and APOE isoforms in lipid 

and glycemic modulations (p>0.05) (Supplementary table 
5). 
 
DISCUSSION 
Our study indicated that genotype–diet interaction was 
observed for the CYP7A1_rs3808607 genotypes in the 
response of oatmeal consumption in LDL cholesterol reg-
ulation. The efficacy of the oatmeal consumption in re-
ducing LDL cholesterol was associated with 
CYP7A1_rs3808607-G allele acting in a dominant fash-
ion, with its G allele carriers (GG/GT) being less respon-
sive to oatmeal consumption in reducing LDL cholesterol 
than TT homozygous individuals. 

Cholesterol 7α-hydroxylase, coded by the CYP7A1 
gene, is the rate-limiting enzyme in the classic bile acid 
biosynthesis process,15 which is the principal pathway for 
cholesterol excretion in body, and the locus rs_3808607 is 
located in the promoter region of the CYP7A1gene. A 
previous study reported a positive role of 
CYP7A1_rs3808607 G allele in responding to β-glucan-
induced improvements of TC and LDL cholesterol.16 It 
was supported by some reporter gene assays, which im-
plicated that the CYP7A1 gene with the G allele in this 
SNP locus exhibited higher transcriptional activity than 
that with the T allele.10,17 However, the results of our 
study indicated that the presence of CYP7A1_rs3808607 
G allele potentially flattened the reduction in LDL choles-
terol after oatmeal consumption. The result is similar to 
those reported in several statin-interventional studies, 
which showed that the rs3808607 G allele was associated 
with lower statin-induced LDL cholesterol reduction18 
and that a high activity of cholesterol 7α-hydroxylase 
status was associated with a lower likelihood of reaching 
the optimal cholesterol goal.19 The underlying mechanism 
of this phenomenon remains unknown. Nevertheless, our 
data suggest that an individual’s genetic pattern may 
serve as potentially predictive markers for identifying the 
most responsive hypercholesterolemic individuals who 
would benefit from oatmeal consumption, and pave the 
way for personalized nutritional recommendations and 
treatments. Simultaneously, the question of whether oat-
meal and statin have any common effects on cholesterol 
metabolism involving cholesterol 7α-hydroxylase was 
worthy to be explored since oatmeal and statin exhibit 
similar intervention–genotype interactions. 

The receptor-binding ability and lipoprotein clearance 
rate of APOE showed an isoform-specific characteristic; 
thus, APOE isoforms are related to the heterogeneity of 
cholesterol metabolizing ability.20,21 The relationship be-
tween APOE isoforms and interindividual variations in 
cholesterol reduction following oatmeal consumption 
remains complicated; some reports have suggested a 
greater responsiveness of the E2 or E3 allele to oatmeal 
consumption in terms of cholesterol modulation,8,22 

whereas others have reported contrasting results.17 In the 
present study, a genotype–diet interaction was not ob-
served between APOE isoforms and oatmeal consump-
tion in serum lipid regulation; thus, the findings of the 
present study support the idea that differences in respon-
siveness in cholesterol and glycemic modulation follow-
ing oatmeal consumption are not related to APOE 
isoforms.17 However, there was no denying that the quite  
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Table 2. Baseline Characteristics based on groupings in CYP7A1_rs3808607 genotypes and interventions 
 

Variable Oatmeal group (n=29)  Control group (n=27) p value TT (n=9) GT (n=11) GG (n=9)  TT (n=10) GT (n=14) GG (n=3) 
Age, year 47.3±2.5 47.6±3.0 48.9±3.8  43.7±3.9 47.6±1.8 54.7±3.3 0.627 
Gender, (% for men) 33.3% 36.4% 33.3%  30.0% 42.9% 66.7% 0.896† 
Body weight, kg 65.6±2.9 62.3±3.1 62.6±2.3  66.2±3.7 64.2±2.6 62.0±5.2 0.916 
BMI, kg/m2 23.5±0.6 23.7±0.7 22.4±0.8  24.4±0.7 22.8±0.7 22.5±1.4 0.417 
Waistline, cm 82.9±1.8 83.0±2.4 82.8±2.3  84.4±1.9 81.2±2.0 79.6±3.9 0.861 
Hip Circumference, cm 98.1±1.7 95.5±1.8 97.0±1.9  97.0±1.6 95.1±1.3 95.5±4.4 0.807 
Blood pressure, mmHg         
 Systolic 120±4.3 117±4.1 122±3.6  120±6.3 119±3.5 119±0.4 0.984 
 Diastolic 73.7±2.2 68.5±2.8 70.1±1.4  70.7±5.2 72.9±2.4 65.7±4.8 0.730 
Serum measurement, mmol/L         
 TC 6.03±0.16 5.80±0.09 5.89±0.11  5.85±0.05 5.72±0.11 5.80±0.13 0.441 
 TG 1.50±0.19 1.46±0.14 1.14±0.12  1.19±0.14 1.09±0.11 1.08±0.22 0.178‡ 
 LDL cholesterol 3.71±0.19 3.43±0.15 3.28±0.15  3.50±0.06 3.26±0.15 3.31±0.13 0.283 
 HDL cholesterol 1.60±0.09ab 1.67±0.07ab 1.98±0.13a  1.58±0.06b 1.77±0.08ab 1.91±0.17ab 0.022 
 non-HDL cholesterol 4.43±0.16 4.13±0.11 3.91±0.15  4.28±0.07 3.95±0.11 3.89±0.07 0.029 
 sdLDL cholesterol 1.14±0.17a 0.96±0.08abc 0.67±0.04b  0.85±0.07abc 0.72±0.06bc 0.64±0.05abc 0.011‡ 
 apoB 1.22±0.05a 1.13±0.04abc 0.99±0.03b  1.11±0.03abc 1.03±0.04bc 1.04±0.02abc 0.002 
 FBG 5.30±0.13 5.25±0.14 5.14±0.10  5.25±0.14 4.91±0.10 5.00±0.15 0.172 
 GA, % 13.4±0.6 13.1±0.6 13.9±0.4  13.1±0.4 13.7±0.3 13.3±0.3 0.656‡ 
 
CYP7A1: cytochrome P450 family 7 subfamily A member 1 gene; TC: total cholesterol; TG: triglyceride, LDL: low-density lipoprotein; HDL: high density lipoprotein; non-HDL: non-high-density lipoprotein; 
sdLDL: small dense low-density lipoprotein; apoB: apolipoprotein B; FBG: fasting blood glucose; GA: glycated albumin. 
Values labeled without a common superscript letter differ from each other in the same row, p<0.05.  
†Chi-square test; ‡Kruskal-Wallis Test; otherwise, One-way ANOVA is used. Bonferroni was used for post Hoc tests. 
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Table 3. Differences in cholesterol-lowering and glycemia-modulation effect following oatmeal consumption between different CYP7A1_rs3808607 genotypes in hypercholester-
olemic adults 
 

Variable 
Genotype  p value 

TT GT GG Total Diet Genotype-diet 
interaction 

G allele vs. 
TT† 

T allele vs.  
GG‡ 

Control group, mmol/L          
 TC -0.49±0.11 -0.63±0.11 -0.69±0.06 -0.57±0.07  - - - - 
 TG 0.05±0.14 0.18±0.13 -0.26±0.15 0.08±0.09  - - - - 
 LDL cholesterol 0.18±0.11 0.01±0.08 0.07±0.25 0.08±0.06  - - - - 
 HDL cholesterol 0.05±0.05 -0.07±0.06 -0.06±0.11 -0.02±0.04  - - - - 
 non-HDL cholesterol -0.55±0.10 -0.56±0.12 -0.55±0.15 -0.55±0.07  - - - - 
 sdLDL cholesterol 0.17±0.07 0.12±0.05 0.13±0.13 0.14±0.04  - - - - 
 apoB 0.00±0.03 -0.01±0.02 -0.04±0.06 -0.01±0.02  - - - - 
 FBG 0.26±0.10 0.29±0.11 0.40±0.10 0.29±0.07  - - - - 
 GA, % 0.30±0.26 0.00±0.26 0.00±0.58 0.11±0.17  - - - - 
Oatmeal group, mmol/L          
 TC -1.03±0.17 -0.63±0.10 -0.77±0.18 -0.79±0.09  0.126 0.084 0.030 0.718 
 TG -0.18±0.19 -0.13±0.16 -0.10±0.15 -0.14±0.09  0.222 0.572 0.903 0.281 
 LDL cholesterol -0.45±0.16 -0.10±0.11 -0.27±0.15 -0.26±0.08  0.002 0.038 0.024 0.940 
 HDL cholesterol 0.04±0.09 0.03±0.05 0.05±0.07 0.04±0.04  0.255 0.756 0.347 0.760 
 non-HDL cholesterol -1.06±0.19 -0.65±0.09 -0.81±0.15 -0.83±0.09  0.018 0.118 0.086 0.872 
 sdLDL cholesterol -0.22±0.12 -0.02±0.08 0.05±0.05 -0.06±0.05  0.026 0.217 0.080 0.684 
 apoB -0.18±0.05 -0.08±0.02 -0.07±0.03 -0.11±0.02  0.003 0.088 0.047 0.491 
 FBG 0.24±0.15 0.36±0.14 0.24±0.17 0.28±0.09  0.361 0.346 0.242 0.847 
 GA, % 0.00±0.24 0.18±0.40 -0.56±0.24 -0.10±0.19  0.335 0.823 0.770 0.538 
 
CYP7A1: cytochrome P450 family 7 subfamily A member 1 gene; TC: total cholesterol; TG: triglyceride, LDL: low-density lipoprotein; HDL: high density lipoprotein; non-HDL: non-high-density lipoprotein; 
sdLDL: small dense low-density lipoprotein; apoB: apolipoprotein B; FBG: fasting blood glucose; GA: glycated albumin. 
Values are shown as changes of lipid profiles (difference of lipid concentrations of Endpoint and Baseline).  
p values were from ANCOVA, age, gender and baseline concentrations were taken as covariates.  
†Dominant model, the difference of G allele genotypes (GG homozygote and GT heterozygote) to the TT genotype in oatmeal group was compared with the corresponding difference in the control group.  
‡Recessive model, the difference of GG genotypes to the T allele genotypes (TT homozygote and GT heterozygote) in oatmeal group was compared with the corresponding difference in the control group.  
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small sample size (n=56), with an even smaller sample 
size in subgroup (only 3 participants were found to have 
the E4 isoform of APOE), had limited the ability to detect 
such higher order interactive effects in this study. Similar 
problems were encountered while exploring the relation-
ships between CYP7A1_rs3808607 genotypes and differ-
ential responsiveness in terms of cholesterol-lowering and 
glycemic-modulation following oatmeal consumption in 
this study. Consequently, additional studies with larger 
sample sizes are required to confirm the current findings. 

In conclusion, the genotype of CPY7A1_ rs3808607 
was associated with the extent of reduction in LDL cho-
lesterol following oatmeal consumption, with its G allele 
potentially being a passivate factor of oatmeal-induced 
improvements in LDL cholesterol. However, clinical tri-
als with larger sample sizes were needed to further verify 
and support this finding. 
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Supplementary table 1. Results of post-hoc power calculations 
 

Variables 
CYP7A1 

(Genotype-diet interaction) 
CYP7A1 

(Addictive model) 
CYP7A1 

(Dominant model) 
APOE 

(E2+E3 vs E4) 
Effect-size Power  Effect-size Power Effect-size Power Effect-size Power 

TC 0.1 5.53% 0.066 6.04% 0.092 6.64% 0.000078 5.00% 
TG 0.023 5.03% 0.005 5.01% 0.000308 5.00% 0.002666 5.00% 
LDL cholesterol 0.13 5.90% 0.113 8.18% 0.099 6.91% 0.020549 5.02% 
HDL cholesterol 0.012 5.01% 0.004 5.00% 0.018 5.06% 0.020429 5.02% 
non-HDL cholesterol 0.087 5.40% 0.071 6.21% 0.059 5.66% 0.00659 5.00% 
sdLDL cholesterol 0.063 5.21% 0.036 5.30% 0.061 5.71% 0.000244 5.00% 
apoB 0.098 5.51% 0.054 5.69% 0.078 6.17% 0.002505 5.00% 
FBG 0.044 5.10% 0.047 5.52% 0.028 5.15% 0.001788 5.00% 
GA, % 0.0082 5.00% 0.006 5.01% 0.002 5.00% 0.000799 5.00% 
 
CYP7A1: cytochrome P450 family 7 subfamily A member 1; APOE: apolipoprotein E; TC: total cholesterol; TG: triglyceride: LDL: low-
density lipoprotein; HDL: high density lipoprotein; non-HDL: non-high-density lipoprotein; sdLDL: small dense low-density lipoprotein; 
apoB: apolipoprotein B; FBG: fasting blood glucose; GA: glycated albumin. 
 
 
Supplementary table 2. The distribution of classified genotypes 
 

Group CYP7A1_rs3808607  APOE_rs429358  APOE_rs7412  APOE isoform 
TT GT GG  TT TC CC  TT TC CC  E2 E3 E4 

Oatmeal 9 11 9  21 5 3  1 2 26  2 20 7 
Control 10 14 3  23 4 0  0 1 26  0 24 3 
 
 
Supplementary table 3. Baseline Characteristics based on groupings in APOE isoforms and interventions 
 

Variable Oatmeal group  Control group p value E2/E3 (n=22) E4 (n=7)  E2/E3 (n=24) E4 (n=3) 
Age, year 47.9±2.2 48.0±2.7 46.5±1.9 50.7±5.8 0.880 
Gender, % for men 36.4% 28.6% 41.7% 33.3% 0.937† 
Body weight, kg 62.5±1.9 66.3±2.5 65.8±2.1 55.8±2.6 0.242 
BMI, kg/m2 23.1±0.5 24.0±0.7 23.6±0.5 21.4±1.1 0.383 
Waistline, cm 82.3±1.4 84.9±2.6 83.0±1.4 75.7±1.3 0.247 
Hip Circumference, cm 96.0±1.3 99.3±1.3 96.3±1.0 92.0±3.6 0.234 
Blood pressure, mmHg   
 Systolic 120±2.9 117±2.8 120±3.2 117±3.1 0.920 
 Diastolic 70.4±1.7 71.4±2.3 71.3±2.6 70.7±1.8 0.977‡ 
Serum measurement, mmol/L   
 TC 5.83±0.01 6.13±0.10 5.78±0.06 5.74±0.19 0.116 
 TG 1.44±0.11 1.17±0.11 1.16±0.09 0.84±0.11 0.079‡ 
 LDL cholesterol 3.39±0.11 3.70±0.16 3.39±0.09 3.03±0.12 0.199 
 HDL cholesterol 1.70±0.07 1.87±0.13 1.67±0.05 2.00±0.17 0.168 
 non-HDL cholesterol 4.12±0.10 4.25±0.16 4.11±0.07 3.74±0.24 0.379 
 sdLDL cholesterol 0.96±0.09 0.83±0.09 0.77±0.05 0.67±0.09 0.311‡ 
 apoB 1.10±0.03 1.16±0.06 1.07±0.02 0.98±0.05 0.238 
 FBG 5.23±0.08 5.24±0.15 5.01±0.08 5.33±0.27 0.204 
 GA, % 13.5±0.4 13.4±0.5 13.3±0.2 14.3±0.3 0.523‡ 
 
APOE: apolipoprotein E; TC: total cholesterol; TG: triglyceride; LDL: low-density lipoprotein; HDL: high density lipoprotein; non-HDL: 
non-high-density lipoprotein; sdLDL: small dense low-density lipoprotein; apoB: apolipoprotein B; FBG: fasting blood glucose; GA: gly-
cated albumin 
†Fisher’s exact test; ‡Kruskal-Wallis Test; otherwise, One-way ANOVA is used. Bonferroni was used for post Hoc tests.  
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Supplementary table 4. Changes of dietary intakes and physical activity during the study period based on genotypes 
 

Variable 
Subgroup by CYP7A1_rs3808607 genotypes 

Oatmeal group  Control group p value TT (n=9) GT (n=11) GG (n=9)  TT (n=10) GT (n=14) GG (n=3) 
Weight (kg) -0.68±0.29 0.01±0.36 -0.48±0.33 -0.50±0.48 0.29±0.33 -0.77±0.15 0.802 
BMI (kg/m2) -0.23±0.10 -0.01±0.15 -0.17±0.12 -0.19±0.16 -0.08±0.12 -0.28±0.05 0.838 
Waistline (cm) -1.62±1.05 -0.10±0.95 -1.41±1.84 -1.09±0.92 0.04±1.01 -0.63±1.77 0.872 
Hip Circumference (cm) -0.84±0.45 0.26±0.92 0.13±0.77 -0.57±0.57 0.01±0.62 -1.40±2.43 0.799 
Blood pressure (mmHg)        

Systolic -1.67±5.15 -1.27±3.44 -0.06±3.16 2.90±3.11 -0.18±1.95 -8.5±11.56 0.757 
Diastolic -2.11±4.76 3.18±3.04 1.72±2.40 2.40±3.48 0.32±2.03 -4.83±3.37 0.742 

Energy (kcal/d) 18.2±84.0 138±84.1 121±124 -4.7±136 155±94.3 154±69.9 0.833 
Carbohydrate (g/d) -1.9±15.1 20.6±13.3 23.7±17.1 7.0±26.4 32.0±16.2 42.9±10.9 0.718 
Fat (g/d) 0.68±4.07 7.98±2.60 4.75±4.65 -1.56±2.23 2.45±2.69 -3.02±3.58 0.304 
Protein (g/d) 4.94±4.17 -4.20±6.44 -4.09±7.03 -4.68±6.40 1.18±4.62 2.31±2.82 0.828† 
Fiber (g/d) 6.40±1.80 7.49±1.20 7.51±3.52 -0.17±0.87 -1.43±2.97 -0.17±0.50 0.007† 
Cholesterol (mg/d) -4.5±40.9 -98.0±67.2 -14.2±30.7 -11.8±43.5 -26.4±46.4 -19.7±83.5 0.978† 
Staple food (g/d) 14.6±14.0 -2.0±15.6 19.3±26.7 -2.5±36.5 -9.7±20.3 -16.1±56.2 0.852† 
Fruit & Vegetables (g/d) 41.2±31.9 -22.4±22.2 -18.8±41.6 -48.4±33.5 -44.4±31.4 -67.8±26.3 0.368† 
Meat (g/d) 23.5±29.3 -27.1±17.6 3.6±16.3 -19.5±24.9 20.9±15.2 8.8±44.4 0.407 
Eggs & Dairy products (g/d) -59.6±68.0 -12.3±20.7 5.7±23.3 -42.7±27.0 -18.8±25.7 -26.7±20.4 0.906† 
Beans (g/d) 3.0±8.4 2.4±11.3 1.1±13.9 -3.2±10.6 8.5±9.0 22.8±11.4 0.890 
Aquatic products (g/d) 8.1±19.6 -35.5±14.7 -3.7±17.0 -24.8±15.7 -15.0±13.7 -27.8±98.8 0.747† 
Working day (d/week) 0.11±0.11 0.09±0.15 0.06±0.13 0.05±0.16 -0.07±0.07 0.67±0.67 0.656† 
Daily working time (h/d) -0.33±0.22 -0.18±0.23 -0.11±0.42 -0.10±0.28 0.21±0.16 0.33±0.33 0.329† 
Sitting time (h/d) 0.11±0.58 -0.91±0.54 0.39±0.69 -0.75±0.50 -0.36±0.47 -1.17±0.17 0.484 
Daily Commuting time (min/d) -18.3±9.1 -8.2±5.8 -12.2±10.6 -12.0±9.8 -11.4±7.6 -8.3±27.2 0.942† 
Frequency of medium intensity exercise per week 0.01±0.06 -0.38±0.14 -0.02±0.02 -0.02±0.06 -0.09±0.09 -0.57±0.14 0.069† 
Frequency of high intensity exercise per week -0.04±0.04 -0.06±0.06 0.02±0.02 -0.08±0.05 -0.10±0.04 -0.10±0.10 0.324† 
house work (min/d) -23.0±8.0 1.8±3.2 -5.6±9.3 -0.5±10.6 11.1±13.3 -6.7±12.0 0.140† 
sleep time (h/d) 0.33±0.17 -0.23±0.17 0.00±0.08 0.05±0.16 -0.14±0.06 0.17±0.17 0.115† 
 
p value are from Kruskal Wallis test, otherwise, it was from ANOVA. Bonferroni was used for post Hoc tests. Values labeled without a common superscript letter differ from each other in the same row, p<0.05. 
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Supplementary table 4. Changes of dietary intakes and physical activity during the study period based on genotypes (cont.) 
 

Variable 
Subgroup by APOE isoforms 

Oatmeal group  Control group p value ε2/ε3 (n=22) ε4 (n=7)  ε2/ε3 (n=24) ε4 (n=3) 
Weight (kg) -0.49±0.23 0.07±0.33 -0.50±0.25 0.17±0.98 0.546 
BMI (kg/m2) -0.18±0.09 0.04±0.12 -0.17±0.09 0.06±0.38 0.505 
Waistline (cm) -0.80±0.72 -1.54±2.15 -0.80±0.51 2.30±4.49 0.950† 
Hip Circumference (cm) -0.07±0.49 -0.27±1.04 -0.54±0.43 1.07±2.27 0.706 
Blood pressure (mmHg)      

Systolic -0.84±2.83 -1.57±2.42 -0.56±2.11 4.83±4.48 0.752† 
Diastolic 2.11±2.45 -2.14±2.83 1.50±1.70 -7.33±6.21 0.363 

Energy (kcal/d) 186±48.6a -189±86.2b 75.6±77.2ab 256±124ab 0.048 
Carbohydrate (g/d) 26.9±8.2 -24.2±19.1 20.8±14.3 49.5±14.7 0.065† 
Fat (g/d) 7.31±2.02 -3.46±5.48 0.00±1.75 3.17±6.57 0.035 
Protein (g/d) 3.11±3.23 -15.3±8.84 -1.88±3.66 7.26±6.53 0.202† 
Fiber (g/d) 8.75±1.25a 2.13±2.82ab -0.78±1.74b -1.22±0.43ab <0.01† 
Cholesterol (mg/d) -20.4±21.4 -114±106 -36.7±31.3 111±27.1 0.264† 
Staple food (g/d) 14.2±11.9 -4.0±25.4 -3.8±19.3 -39.4±28.7 0.658 
Fruit & Vegetables (g/d) 8.3±18.8 -32.5±49.6 -59.9±21.2 42.7±40.4 0.095 
Meat (g/d) 10.6±13.2 -41.1±28.0 5.7±13.5 -4.0±56.3 0.357† 
Eggs & Dairy products (g/d) 8.4±14.1 -115±79.8 -35.2±18.1 25.0±19.5 0.109† 
Beans (g/d) 7.8±7.0 -15.5±13.4 4.1±6.7 19.4±18.1 0.285† 
Aquatic products (g/d) -14.2±10.9 -5.2±25.3 -22.2±14.4 -2.8±10.3 0.946† 
Working day (d/week) 0.11±0.10 0.00±0.00 -0.02±0.08 0.67±0.67 0.538† 
Daily working time (h/d) -0.34±0.19 0.21±0.31 0.13±0.15 0.00±0.00 0.251† 
Sitting time (h/d) -0.64±0.36 1.21±0.71 -0.69±0.33 0.17±0.73 0.055 
Daily Commuting time (min/d) -15.0±5.9 -5.0±6.8 -8.8±6.1 -31.7±15.9 0.444† 
Frequency of medium intensity exercise per week -0.15±0.07 -0.16±0.14 -0.12±0.07 -0.14±0.14 0.990† 
Frequency of high intensity exercise per week -0.04±0.04 0.00±0.00 -0.10±0.03 0.00±0.00 0.141† 
house work (min/d) -6.23±3.66 -14.3±14.3 5.42±8.79 0.00±17.32 0.543† 
sleep time (h/d) -0.05±0.11 0.21±0.15 0.00±0.07 -0.33±0.33 0.378† 
 
p value are from Kruskal Wallis test, otherwise, it was from ANOVA. Bonferroni was used for post Hoc tests. Values labeled without a common superscript letter differ from each other in the same row, p<0.05. 
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Supplementary table 5. Differences in cholesterol-lowering and glycemia-modulation effect following oatmeal consumption between different APOE isoforms 
 

Variable (mmol/L) isoforms  p value 
E2/E3 E4  Genotype-diet interaction E2/3 vs E4† 

Control Group      
TC -0.59±0.08 -0.43±0.23  - - 
TG 0.08±0.10 0.05±0.11  - - 
LDL cholesterol 0.05±0.07 0.33±0.15  - - 
HDL cholesterol -0.02±0.04 -0.02±0.12  - - 
non-HDL cholesterol -0.57±0.08 -0.41±0.20  - - 
sdLDL cholesterol 0.14±0.04 0.12±0.10  - - 
apoB -0.01±0.02 0.00±0.06  - - 
FBG 0.33±0.06 -0.03±0.33  - - 
GA, % 0.17±0.18 -0.33±0.67  - - 

Oatmeal Group      
TC -0.78±0.11 -0.84±0.17  0.934 0.952 
TG -0.13±0.12 -0.17±0.08  0.722 0.725 
LDL cholesterol -0.21±0.08 -0.41±0.21  0.332 0.326 
HDL cholesterol 0.00±0.04 0.15±0.11  0.333 0.327 
non-HDL cholesterol -0.78±0.09 -0.98±0.21  0.582 0.579 
sdLDL cholesterol -0.07±0.07 -0.04±0.04  0.910 0.915 
apoB -0.09±0.02 -0.16±0.06  0.737 0.733 
FBG 0.32±0.10 0.16±0.19  0.762 0.773 
GA, % -0.09±0.25 -0.14±0.14  0.890 0.847 

 
APOE: apolipoprotein E; TC: total cholesterol; TG: triglyceride; LDL: low-density lipoprotein; HDL: high density lipoprotein; non-HDL: non-high-density lipoprotein; sdLDL: small dense low-density lipoprotein; 
apoB: apolipoprotein B; FBG: fasting blood glucose; GA: glycated albumin. 
Values are shown as change of lipid profiles (lipid concentrations of Endpoint−Baseline). p values were from ANCOVA, age, gender, change of energy and fat intakes as well as baseline concentrations were taken 
as covariates.  
†The difference of E2 and E3 isoforms to the E4 isoforms in oatmeal group was compared with the corresponding difference in the control group.  
 


