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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) has become one of the most common chronic liver diseases
worldwide. Triglyceride (TG) accumulation is central to NAFLD development. People now spend most of their day
in the postprandial state, and the measurement of postprandial blood lipid concentration can make up for the lack
of simple detection of fasting blood lipids. Postprandial triglyceride (PTG) is commonly used as a surrogate for
postprandial blood lipid concentrations, and many studies have shown that PTG is a risk factor for NAFLD. The aim
of the present study was to investigate the relationship between PTG concentration during oral fat tolerance
testing (OFTT) and NAFLD.

Methods: A total of 472 Chinese adults, aged 25 to 65 years, were enrolled in the study. All the participants
underwent OFTT. The serum concentrations of TG and other lipids were measured, and their relationships with
NAFLD were analyzed.

Results: Of the 472 participants, 155 were diagnosed with NAFLD. The fasting and postprandial TG concentrations
of the participants with NAFLD were higher than those of healthy participants (P < 0.05). The TG concentrations of
the healthy participants peaked 4 h postprandially, whereas those of the participants with NAFLD peaked 6 h
postprandially and reached higher peak values. Postprandial TG concentration was significantly associated with a
higher risk of NAFLD.

Conclusions: High PTG is positively related to a higher risk of NAFLD, and the PTG concentrations of patients with
NAFLD are higher than in healthy individuals, with a delayed peak. Therefore, 4-h PTG may represent a potential
marker of NAFLD.

Trial registration: ChiCTR1800019514.

Keywords: Nonalcoholic fatty liver disease, Postprandial lipidemia, Triglyceride, Oral fat tolerance test, Dyslipidemia,
Clinical study

* Correspondence: sguangyao2@163.com

"Xiaoyu Hou and Yunpeng Guan contributed equally to this work.
'Department of Internal Medicine, Hebei Medical University, Shijiazhuang,
Hebei, China

Department of Endocrinology, Hebei General Hospital, 348, Heping West
Road, Shijiazhuang, Hebei 050051, People’s Republic of China

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-021-01483-z&domain=pdf
http://orcid.org/0000-0002-9901-6074
http://www.chictr.org.cn/index.aspx
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sguangyao2@163.com

Hou et al. Lipids in Health and Disease (2021) 20:54

Background

Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease worldwide. It is a clinicopathologi-
cal syndrome that is characterized by excessive lipid de-
position in hepatocytes, and can progress from
nonalcoholic fatty liver to nonalcoholic steatohepatitis
(NASH) and more severe diseases, which are character-
ized by hepatocellular injury and fibrosis, including cir-
rhosis and hepatocellular carcinoma [1, 2]. The
proportion of cases of hepatocellular carcinoma that are
caused by NAFLD has been increasing rapidly worldwide
since 2000, and NAFLD has become the most frequent
reason for liver transplantation in the USA [3-5]. Thus,
the early identification of people who are more suscep-
tible to NAFLD and the identification of patients in the
early stages of NAFLD are of great importance for the
prevention and treatment of NAFLD.

The exact mechanism of development of NAFLD is as
yet unclear, multiple factors such as insulin resistance,
nutritional factors, together with genetic predisposition,
have some impacts on the development of NAFLD. In
insulin resistant states, the insulin-induced suppression
of adipose tissue lipolysis is impaired and the influx of
free fatty acids into the liver increases [6]. Triglyceride
(TG) is the main form of fat that accumulates in the
liver of patients with NAFLD, and the TG content in-
creases alongside lipotoxicity and liver injury. NAFLD is
associated with a highly atherogenic lipoprotein profile,
characterized by high serum TG, low-density lipoprotein
(LDL-C), and apolipoprotein B (ApoB) concentrations
and a low HDL-C concentration [7, 8]. In addition, pre-
vious studies have shown that hypertriglyceridemia is
one of the risk factors for NAFLD [9], and that the
prevalence and degree of hypertriglyceridemia signifi-
cantly correlate with the severity of NAFLD [10, 11].

The fasting lipid profile of patients is most commonly
assessed in clinical practice. However, people spend
most of their day in the postprandial state TG is mostly
affected by diet. Therefore, postprandial triglyceride
(PTG) concentration is now commonly used as a surro-
gate for postprandial lipid status.

Recent studies have shown that dietary composition
affects postprandial metabolism [12, 13]. A comparison
of the effects of a Western-style high-fat diet, a
Western-style high-carbohydrate diet, and a Mediterra-
nean diet on lipid and glucose metabolism showed that
energy-rich diets are associated with hyperglycemia,
hyperlipidemia, an inflammatory response, and low con-
centrations of antioxidants [12]. Another study showed
that meals that are high in saturated fat and carbohy-
drate affect the postprandial lipidemia of men with high
waist circumference (WC) [13]. However, although vari-
ous studies have shown a role for postprandial lipidemia,
the definition of hypertriglyceridemia varies in different
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guidelines [14, 15]. A joint consensus statement from
the European Atherosclerosis Society (EAS) and Euro-
pean Federation of Clinical Chemistry and Laboratory
Medicine stated that the non-fasting TG concentration
in patients with a fasting TG < 1.7 mmol/L should be <
2.0 mmol/L (175 mg/dL) [16]. In addition, a Greek ex-
pert panel statement defined TG concentrations <2.5
mmol/L (220 mg/dL) at all the time-points of an oral fat
tolerance test (OFTT) as a desirable postprandial re-
sponse [17]. Therefore, to further explore the relation-
ship between hypertriglyceridemia and the metabolic
abnormalities associated with NAFLD, it is important to
establish a standardized OFTT and further define the re-
lationship between PTG concentration and NAFLD.

The aim of the present study was to characterize the
relationship between PTG concentration and the inci-
dence of NAFLD by measuring the PTG concentrations
during an OFTT, to evaluate the role of postprandial
lipidemia in NAFLD.

Methods

Study sample

Four hundred seventy-two volunteers were randomly re-
cruited at the Endocrinology Department of Hebei Gen-
eral Hospital, China, between May 2018 and December
2019. The study complied with the principles of the
Declaration of Helsinki, the protocol was approved by
the ethics committee of Hebei General Hospital, and all
the participants gave their written informed consent.
The study has been registered with the China Clinical
Trial Registry (registration number: ChiCTR1800019514,
registration date: November 15, 2018. http://www.chictr.
org.cn/index.aspx).

Exclusion criteria

Vegetarians; patients with malignant tumors, CVD, dia-
betes mellitus, thyroid dysfunction, kidney disease,
hematologic disease, infectious disease, or psychiatric
disorders; individuals who had experienced stroke or
had been pregnant in the preceding 3 months; those
who were taking drugs that influence lipid metabolism
or inflammation, including fish oil, contraceptives, hor-
mones, [ receptor blockers, or diuretics; and patients
who were under antidiabetic therapies and those who
had experienced serious infection, surgery, trauma, or a
body mass change of > 3 kg were excluded. After provid-
ing their written informed consent, physical examination
and oral glucose tolerance testing (OGTT) were per-
formed in all the participants. According to the results
of OGTT, diabetic patients were excluded(volunteers
whose fasting blood glucose(FBG) > 7.0 mmol/L with or
without 2-h blood glucose>11.1 mmol/L were diagnosed
as diabetic patients.).
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All the participants also underwent OFTT, as de-
scribed below.

Oral fat tolerance testing

All the participants were asked to stick to their normal
diet for 1 week before commencing the study. They were
studied at Hebei General Hospital after a 10-h overnight
fast. Venous blood was collected in the morning, and then
the participants consumed a high-fat meal within the fol-
lowing 10 min. The high-fat meal was prepared by profes-
sional dieticians, and provided 1500 kcal in total, with fat,
protein, and carbohydrate contents of 60, 20, and 20%, re-
spectively. Blood samples were collected 2 h, 4h, 6 h, 8h,
and 10h after the consumption of the high-fat meal and
the collected serum samples were stored at — 80 °C (Haier
MDR-382E, China). During this 10-h period, the partici-
pants were allowed to drink only water and prohibited
from smoking, or eating. Strenuous exercise was also pro-
hibited; only slow walking was permitted.

Measurement of anthropometric, clinical, and biochemical
parameters
The FBG, apolipoprotein Al (ApoAl), ApoB concentra-
tions, and the total cholesterol (TC), TG, HDL-C, and
LDL-C concentrations in the fasting state and 2h, 4h, 6
h, 8 h, and 10 h after the consumption of a high-fat meal
were measured by laboratory technicians in the Physical
Examination Center of Hebei General hospital using a
Hitachi 7600 automatic biochemical analyzer (Hitachi
Instruments Ltd., Tokyo, Japan). Fasting plasma insulin
(FINS) concentration was measured using a chemilu-
minescence method in the Nuclear Medicine Depart-
ment of Hebei General hospital. Homeostasis model
assessment of insulin resistance (HOMA-IR) was calcu-
lated using the FINS and FBG concentrations by divid-
ing insulin (uU/ml) and glucose (umol/L) by 22.5 [18]
(HOMA-IR =FBG ((mmol/L) x FINS (mIU/L)/22.5).
Body mass index (BMI) was calculated as body mass di-
vided by height squared (kg/m?).

Body mass, height, WC, systolic blood pressure (SBP),
and diastolic blood pressure (DBP) were measured by
trained professionals.

Diagnosis of nonalcoholic fatty liver disease

Abdominal ultrasonography was performed by a special-
ist technologist in the Physical Examination Center of
Hebei General hospital. A diagnosis of NAFLD was
made according to The Guidelines for the Prevention
and Treatment of Nonalcoholic Fatty Liver Disease
(2018 update) [19] and the position statement on NAFL
D/NASH that was derived from the European Associ-
ation for the Study of the Liver 2009 special conference
[20]. NAFLD can be diagnosed by imaging or histo-
logical findings of fatty liver, with the exclusion of other
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causes of liver steatosis (for example, viral, autoimmune,
genetic, and use of drugs) and alcohol abuse (consump-
tion of > 30 g/day in men and > 20 g/day in women) [20].

Ultrasonographic examinations were performed by a
specialist technologist. Diffuse fatty liver was diagnosed
if two of the following were present: (1) diffuse enhance-
ment of the near-field echo of the liver (“bright liver”)
and far-field echo attenuation; (2) unclear intrahepatic
duct structure; (3) gradual attenuation of the far-field
echo; and (4) mild-to-moderate hepatomegaly with a
blunt leading edge.

Statistical analysis

SPSS 21.0 software (IBM Inc.,, Armonk, NY, USA) was
used for the statistical analysis. Numerical data were tested
for normality using the Shapiro-Wilk test. Normally dis-
tributed data are expressed as mean + standard deviation
and non-normally distributed data are expressed as me-
dian and interquartile range. The independent sample ¢-
test was used to compare data between two groups. Pear-
son’s chi-square test was used to compare the prevalence
of NAFLD among the groups. Single-factor ANOVA was
used to compare data among three groups. Binary logistic
regression analysis, with NAFLD as the dependent vari-
able, was used to determine the influence of each param-
eter on the prevalence of NAFLD. Statistical significance
was accepted when P < 0.05.

Results
All the participants consumed the high-fat meal during
the OFTT and it was well tolerated.

Basic characteristics

There were 472 participants in the present study, of
whom 224 were male and 248 were female. The mean
age of the men was 45 + 13 years and that of the women
was 44 + 13 years (Table 1).

OGTT was used to exclude diabetic patients (Table S1).

The participants were allocated to the two groups ac-
cording to their hepatic ultrasonographic findings. The
fasting BMI, WC, SBP, DBP, FBG, FINS, TC, TG, LDL-
C, ApoB, and HOMA-IR of the NAFLD group were
higher than those of the control group (all P<0.001).
However, the HDL-C and ApoAl concentrations and
the ApoA1/ApoB ratio of the NAFLD group were lower
than those of the control group (P<0.001, P=0.001,
and P < 0.001, respectively) (Table 1).

The differences in the fasting BMI, FBG, FINS, HOMA-
IR, TC, TG, HDL-C, LDL-C, ApoAl, ApoB, and ApoAl/
ApoB of the NAFLD and control groups were affected by
sex. The fasting BMI, FBG, FINS, and HOMA-IR of the
male and female participants with NAFLD were higher
than those of the same sex in the control group (P < 0.001).
In addition, the fasting TC, TG, and LDL-C concentrations
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Table 1 Basic characters of the participants

Group Total (n=472) Con (n=317) NAFLD (n=155) P

Age (Year) 44413 43+ 14 47 +11% <0001
Sex (Male/Female) 224/248 139/178 85/70 0.992
BMI (kg/m?) 2593 +4.05 2445+ 325 2897 +3.83" <0.001
SBP (mmHg) 127415 124415 133+ 14% <0001
DBP (mmHg) 78+ 10 7749 83+ 10" <0001
WC (cm) 879+119 83.9+109 96.1 + 94 <0001
FBG (mmol/L) 541 (507,5.87) 529 (497,561) 578 (5.38,6.46) ** <0001
FINS (mmol/L) 1065 (7.35,15.24) 8.89 (643,11.84) 16.15 (11.19,19.90) #* <0001
HOMA-IR 260 (1.70,3.82) 2.09 (1.47,2.95) 412 (3.015.71) # <0001
TC (mmol/L) 4724101 459 +0.96 500+ 1.06* <0001
TG (mmol/L) 166+ 131 1344107 232+ 1.50% <0001
HDL-C(mmol/L) 1254028 130+0.29 114 +022% <0001
LDL-C(mmol/L) 2984073 2.85+0.69 3.23+0.74% <0001
ApoAT(g/L) 140 (1.24,1.56) 142 (1.27,1.60) 134 (120,1.51) % =0.001
ApoB(g/L) 0.79+022 0.75+0.20 088+ 023" <0001
ApoA1/ApoB 1.78 (1.482.22) 1.94 (1.61,2.36) 1.57 (1.28,1.86) ** <0001

Data are mean + standard deviation or median (interquartile range)

Abbreviations: BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, FINS fasting
plasma insulin concentration, HOMA-IR homeostasis model assessment of insulin resistance, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein-

cholesterol, LDL-C low-density lipoprotein-cholesterol, ApoAT apolipoprotein A1, ApoB apolipoprotein B

# P<0.05, compared with the Con group. *P < 0.01, compared with the Con group

of the NAFLD group were higher than those of the control
group among participants of the same sex, but the HDL-C
concentration was lower than that of the control group (all
P <0.05) (Table 2).

Circulating lipid concentrations at time points during the
OFTT

The TC, TG, and LDL-C concentrations in the fasting
state, and 2 h, 4 h, 6 h, 8 h, and 10 h after the start of the

OFTT were higher in the NAFLD group than in the
control group, whereas the HDL-C concentration was
lower (P <0.001). Because lipid metabolism is known to
differ according to sex, the circulating lipid concentra-
tions at time points during the OFTT were further ana-
lyzed. Among the male participants, patients with NAFL
D had higher concentrations of TC, TG, and LDL-C,
and a lower HDL-C concentration than those of the
control group. The TC concentrations in the fasting

Table 2 Comparison of anthropometric, clinical, and fasting metabolic parameters in participants of each sex in the NAFLD and

control groups

Con NAFLD

Male(n =139) Female(n=178) Male(n = 85) Female(n =70)
Age (Year) 45+ 14 42+13 44412 51+10
BMI (kg/m?) 2557 +3.17 2358 +3.04 29.29 +3.55* 2858+ 4.14**

FBG (mmol/L)
FINS (mmol/L)

540 (5.07,5.79)
940 (6.48,12.34)

5.22 (4.935.54)
8.63 (6.14,11.60)

5.79 (5.40,6.47) **
1640 (11.17,2057) **

5.78 (5.37,6.49) **
1533 (11.45,19.34) *#

HOMA-IR 2.09 (1.56,3.07) 2.07 (1.39,2.76) 428 (3.04,586) ** 407 (297,567) **
TC (mmol/L) 443+086 4714102 482 +099* 521+1.10%

TG (mmol/L) 0.99+030 0.86 +0.26 157 £048% 178 +077%
HDL-C (mmol/L) 1.18+0.26 1394029 1.06 +0.16% 1.24 +0.24*
LDL-C (mmol/L) 2794060 2904076 3.14+071% 334+078%

Data are mean + standard deviation or median (interquartile range)
Abbreviations: Con control group, BMI body mass index, FBG fasting blood glucose, FINS fasting plasma insulin concentration, HOMA-IR homeostasis model
assessment of insulin resistance, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein-cholesterol, LDL-C low-density lipoprotein-cholesterol
*# P<0.05, compared with the Con group. * P <0.01, compared with the Con group
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state, and 2h, 4h, 6h, 8h, and 10h after the high-fat
meal were significantly higher than those of the control
group (P<0.05, P<0.05, P<0.001, P<0.001, P<0.001,
and P<0.001, respectively). The female patients with
NAFLD also had significantly higher TC, TG, and LDL-
C, and lower HDL-C concentrations (all P <0.001) than
those of the control group (Table 3).

TG peak concentration and timing

A graph of the TG concentration at time points during
the OFTT was constructed and analyzed according to
sex. The TG concentration in each group increased
gradually after the ingestion of the high-fat meal during
the OFTT. Regardless of sex, the PTG of the control
group peaked 4h postprandially while the TG of the
NAFLD group peaked 6 h postprandially (Fig. 1a-c).
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Comparisons of parameters among groups of participants
with differing fasting TG concentration

According to their fasting TG concentration, the
participants were allocated to one of two groups:
those with a fasting TG concentration < 1.7 mmol/L
were placed in a normal-TG group (NFTG group)
and those with TG >1.7 mmol/L were placed in a
high fasting TG group (HFTG group). The fasting
BMI, FBG, FINS, and HOMA-IR of the HFTG group
were higher than those of the NFTG group (P<
0.001). The incidence of NAFLD in the participants
as a whole was 32.8%. Among participants who had
a normal fasting TG, the incidence of NAFLD was
19.9%, whereas it was 60.7% in the high-TG group.
Pearson’s chi-square test showed that the incidence
of NAFLD between the two groups significantly dif-
fered (P <0.001) (Table 4).

Table 3 Lipid metabolism parameters during the oral fat tolerance test

oh 2h 4h 6h 8h 10h
Con TC 459 + 096 456 + 094 455 + 096 470 + 098 475 + 099 470 + 095
TG 134+ 107 220+ 127 265+ 175 259 + 2,03 233+ 204 157 £162
HDL-C 130 + 029 130 + 029 124+ 028 124 + 029 129 + 030 128 +0.29
LDL-C 2.85 + 0.69 278 + 067 272 + 065 2.80 + 067 284 + 068 288 + 067
Con (male) TC 442 + 086 442 + 087 443 + 089 459 + 089 463 + 088 461 + 090
TG 156 + 1.22 247 + 145 3114198 315+ 2.30 292 + 241 198 + 2.06
HDL-C 118+ 026 119+ 027 1134026 114 027 117 £ 028 117 £027
LDL-C 279 + 060 2.73 + 060 268 + 058 276 + 057 2.80 + 0.58 2.86 + 061
Con (female) TC 471+ 102 467 +097 465 + 1.00 478 +105 483+ 106 477 +098
TG 117 + 090 199 + 1.06 229 + 144 215+ 167 187 + 1.55 126 + 108
HDL-C 139 + 029 139 + 028 132+027 133+028 138+ 028 137 £028
LDL-C 290 + 0.76 283+ 072 276 + 070 283+ 074 288 + 075 289+ 072
NAFLD TC 500 + 1.06" 496 + 103" 505 + 1.07" 522 + 109" 524 + 110" 521 + 1.20"
TG 232 + 150" 347 + 159" 432 + 204" 450 + 2.54" 425 + 261" 296 + 245"
HDL-C 114 + 022" 115 + 022" 109 + 021" 107 + 022" 111+ 022" 110 = 022"
LDL-C 323 + 074" 314 + 072" 3.09 + 0.70" 3.16 + 069" 320 = 0.70" 328 + 075"
NAFLD TC 482 + 099* 478 + 0.94% 491 +103% 508 + 1.05% 510 + 1.07% 508 + 1.20%
(male) TG 254 + 1.73% 373 + 1675 460 + 207% 481 + 250% 452 + 263% 3.07 + 2.45%
HDL-C 106 + 0.16% 107 +017% 102 +017% 101 + 0.16% 104 + 0.18% 103 +0.17%
LDL-C 314 +071% 305 + 0,69 302 + 068% 308 + 066% 312 + 0674 322 +072%
NAFLD TC 521 +1.10% 518 + 109" 522+ 1.11%% 539 + 1.12%% 541 + 1.13%% 536 + 1.19°%
(female) G 204 + 1.13%% 3.16 % 1447 398 + 1.97%% 401 + 2.54%% 392 + 2567 2.83 + 247%%
HDL-C 1.24 + 0.24% 125 +0.23%% 117 +0.23%% 115 + 0.25"% 119 + 0.247% 118 + 0.247%
LDL-C 334+ 0.78"% 325+ 075" 317 + 072 326 + 0.73%% 329 + 073" 334+ 0.79"%

Data are mean + standard deviation

Abbreviations: Con control group, NAFLD Nonalcoholic fatty liver disease, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein-cholesterol, LDL-C

low-density lipoprotein-cholesterol

# P<0.05, compared with the control group. * P <0.01, compared with the control group

& P <0.05, compared with the male control group. ** P < 0.01, compared with the male control group

% P <0.05, compared with the female control group. *% P <0.01, compared with the female control group
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Fig. 1 Triglyceride concentrations at time points during oral fat tolerance test; A-Total; B-Female; C-Male. TG-triglyceride; NAFLD- nonalcoholic
fatty liver disease

Factors associated with NAFLD

The relationships of fasting BMI, WC, TC, TG, FBG,
FINS, HOMA-IR, HDL-C, LDL-C, and fat load with
NAFLD were determined using binary logistic regression
analysis, and the factors that might predispose or protect
the participants from NAFLD were further analyzed
using forest plots. The parameters that were shown to
be associated with the prevalence of NAFLD were BMI,
WC, TC, TG, 2-h PTG (TG 2h), 4-h PTG (TG 4 h), 6-h
PTG (TG 6h), HDL-C, LDL-C, HOMA-IR, FBG, and
FINS (BMI: B 0.39, odds ratio [OR] 1.48, 95% confidence
interval [CI] 1.37-1.61; WC: B 0.13, OR 1.13, 95% CI
1.10-1.16; TC: B 0.40, OR 1.50, 95% CI 1.23-1.82; TG:

B 0.74, OR 2.09, 95% CI 1.67-2.61; TG 2h: B 0.68, OR
1.97, 95% CI 1.65-2.35; TG 4 h: B 0.46, OR 1.59, 95% CI
1.41-1.79; TG 6h: B 0.37, OR 145, 95% CI 1.31-1.60;
HDL-C: B -2.37, OR 0.09, 95% CI 0.04-0.21; LDL-C: B
0.73, OR 2.07, 95% CI 1.56-2.73; FBG: B 1.00, OR 2.72,
95% CI 2.03-3.65; FINS: B 0.21, OR 1.23, 95% CI 1.17-
1.29; HOMA-IR: B 0.81, OR 2.24, 95% CI 1.88-2.67;
Table 5, Model 1, Fig. 2a).

After adjustment for age and sex, the factors listed
above were still associated with NAFLD (BMI: B 0.40,
OR 1.49, 95% CI 1.37-1.62; WC: B, 0.15, OR 1.17, 95%
CI 1.13-1.21; TC: B 0.38, OR 1.46, 95% CI 1.18-1.81;
TG: B 0.69, OR 2.00, 95% CI 1.60-2.49; TG 2 h: B 0.66,
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Table 4 Comparison of the characteristics of the NFTG and HFTG
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Total NFTG HFTG P

n=472 n=322 n=150
Age 44+13 43+14 47 £11 0.176
Sex(male/female) 224/248 133/189 91/59 0.084
BMI 2593 +4.05 2494+376 2806+385" <0001
FBG 541 (507,587) 532 (5005.73) 560 (5.34631) <0001
FINS 10,65 (7.35,15.24) 955 (6.59,12.72) 13.85(10.20,18.83) <0001
HOMA-IR 260 (1.70382) 224 (1523.11) 370 (2.60,5.07) <0001
TC 4724101 450+093 519+102" <0001
TG 166+ 131 104+032 298+162" <0001
HDL-C 1254028 130+0.28 114+024" <0001
LDL-C 298+073 2824069 332+070" <0001
NAFLD 155 (32.8%) 64 (19.9%) 91 (60.7%) <0001
Non-NAFLD 317 (67.2%) 258 (80.1%) 59 (39.3%) <0001

Data are mean + standard deviation, median (interquartile range), or number (percentage)

Abbreviations NFTG normal fasting triglyceride group, HFTG High fasting triglyceride group, BMI body mass index, FBG fasting blood glucose, FINS fasting plasma
insulin concentration, HOMA-IR homeostasis model assessment of insulin resistance, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein-
cholesterol, LDL-C low-density lipoprotein-cholesterol, NAFLD nonalcoholic fatty liver disease

“ P<0.05, compared with the NFT group. " P<0.01, compared with the NFT group

OR 1.94, 95% CI 1.62-2.32; TG 4h: B 0.44, OR 1.55,
95% CI 1.37-1.76; TG 6h: B 0.21, OR 142, 95% CI
1.28-1.56; HDL-C: B - 2.51, OR 0.08, 95% CI 0.03-0.20;
LDL-C: B 0.69, OR 1.99, 95% CI 1.47-2.69; FBG: B 0.94,
OR 2.56, 95% CI 1.88-3.47; FINS: B 0.22, OR 1.25, 95%
CI 1.19-1.31; HOMA-IR: B 0.82, OR 2.28, 95% CI 1.90-
2.72; Table 5, Model 2, Fig. 2b). To exclude the effects
of age, sex and fasting TG, the data were further ad-
justed, after which high PTG was still associated with a
higher likelihood of having NAFLD (TG 2 h: B 0.63, OR
1.88, 95% CI 1.40-2.54; TG 4 h: B 0.32, OR 1.37, 95% CI
1.14-1.65; TG 6h: B 0.21, OR 1.23, 95% CI 1.06-1.43;
Table 5, Model 3, Fig. 2c).

Characteristics of participants with differing levels of fat
tolerance

The participants were allocated to three groups accord-
ing to their fasting TG and 4-h PTG concentrations. A
4-h PTG concentration > 2.5 mmol/L was defined as a
high postprandial TG (HTG) concentration [21]. Partici-
pants with normal fasting triglyceride and PTG concen-
trations were placed in the normal fat tolerance group
(NFT), those with a normal fasting concentration but an
HTG were placed in the impaired fat tolerance (IFT)
group, and those with a high fasting TG concentration
were placed in the fasting hypertriglyceridemia (FHT)
group (Table 6).

Furthermore, considering PTG peaked at 6h after
meal and 6-h PTG is a risk factor of NAFLD independ-
ent of age, sex and FTG, all the participants were allo-
cated into different fat tolerance groups defined by FTG
and 6-h PTG concentration (Table 7).

Although the criteria were different, across the three
groups of different fat tolerance, fasting BMI, WC, FINS,
HOMA-IR, TC, TG, and LDL-C all increased with de-
creasing fat tolerance, whereas HDL-C decreased with
decreasing fat tolerance (P < 0.05). The age and FBG of
the IFT and FHT groups were higher than those of the
NFT group (P <0.05), but there were no significant dif-
ferences in age or FBG between the IFT and FHT
groups. In addition, the incidence of NAFLD increased
as the fat tolerance of the participants decreased. The in-
cidence of NAFLD in the NFT group was relatively low,
at 12.5%, whereas 30.7% of the participants in the IFT
group had NAFLD, and the incidence of NAFLD in the
FHT group was much higher, at 60.6% (fat tolerance was
defined according to FTG and 4-h PTG). The differences
among the three groups were significant (P <0.001).
Meanwhile, across the three groups of different fat toler-
ance defined according to FTG and 6-h PTG, the inci-
dences of NAFLD in NFT, IFT and FHT groups were
13.9, 34.8 and 60.6%. The differences among the groups
were significant at the same time (P < 0.001).

Discussion
According to the results of the present study, NAFLD is
very common in people of Han ethnicity, with a preva-
lence of 32.8%. By using binary logistic regression, BMI,
WC, and TG were found to be associated with NAFLD,
including TG after a fat load. After adjustment for age
and sex, individuals with a high PTG remained more
likely to have NAFLD.

By analogy with OGTT, the fasting TG and 4-h PTG
concentrations during an OFTT were used as criteria to
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Table 5 Odds ratio of impacting factors for NAFLD
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Variables Unstandardized Coefficient (B) SE Odds ratio (95% Cl) P value
Model 1
BMI 039 0.04 148 (1.37-1.61) <0.001
WC 0.13 0.01 1.13 (1.10-1.16) <0.001
TC 040 0.10 0 (1.23-1.82) <0.001
TG 0.74 0.1 209 (1.67-261) <0.001
TG 2h 068 0.09 1.97 (1.65-2.35) <0.001
TG 4h 046 0.06 1.59 (1.41-1.79) <0.001
TG 6h 037 0.05 145 (1.31-1.60) <0.001
HDL-C -237 042 0.09 (0.04-0.21) <0.001
LDL-C 0.73 0.14 2.07 (1.56-2.73) <0.001
FBG 1.00 0.15 272 (2.03-3.65) <0.001
FINS 0.21 0.02 1.23 (1.17-129) <0.001
HOMA-IR 0.81 0.09 2.24 (1.88-2.67) <0.001
Model 2
BMI 040 0.04 149 (1.37-1.62) <0.001
WC 0.15 0.02 117 (1.13-1.21) < 0.001
TC 038 0.1 146 (1.18-1.81) <0.001
TG 0.69 0.11 2.00 (1.60-2.49) <0.001
TG 2h 0.66 0.09 1.94 (1.62-232) <0.001
TG 4h 044 0.06 1.55 (1.37-1.76) <0.001
TG 6h 021 0.05 142 (1.28-1.56) <005
HDL-C -2.51 046 0.08 (0.03-0.20) <0.001
LDL-C 0.69 0.15 1.99 (1.47-2.69) <0.001
FBG 0.94 0.16 2.56 (1.88-3.47) <0.001
FINS 0.22 0.03 1.25 (1.19-1.31) <0.001
HOMA-IR 082 0.09 228 (1.90-2.72) <0.001
Model 3
TG 2h 0.76 0.17 2.14 (1.53-3.00) <0.001
TG 4h 0.34 0.10 141 (1.16-1.72) <0.05
TG6h 0.21 0.07 1.23 (1.06-143) <0.05

Model 1-Crude OR; Model 2- Adjusted age and gender; Model 3- Adjusted age, gender fasting triglyceride and BMI

Abbreviations: BMI body mass index, WC waist circumference, FBG fasting blood glucose, FINS fasting plasma insulin concentration, HOMA-IR homeostasis model
assessment of insulin resistance, TC total cholesterol, TG triglyceride, TG2 h triglyceride 2 h postprandially, TG4 h triglyceride 4 h postprandially, HDL-C high-density
lipoprotein-cholesterol, LDL-C low-density lipoprotein-cholesterol, 95% Cl 95% confidence interval

define fat tolerance, and all the participants were allo-
cated to three groups of differing fat tolerance, according
to their fasting TG and PTG concentrations. According
to the Greek consensus [21], PTG after the consumption
of the high-fat meal during the OFTT of > 2.5 mmol/L
was considered as high. Participants who had a fasting
TG concentration within the normal range but a PTG
higher than the desirable concentration were found to
have a higher incidence of NAFLD than those with nor-
mal fasting TG and PTG concentrations. Therefore, if
only the fasting TG concentration is measured as the
normal clinical routine, a diagnosis of NAFLD may be
missed. Instead, the measurement of PTG may help to

identify patients in the early stages of NAFLD, which
may lead to better clinical outcomes.

In this study, we analyzed basic characters such as
BMI, WC and the incidences of NAFLD in different fat
tolerance groups separately defined by FTG and 4-h
PTG or FTG and 6-h PTG. The results showed that, the
incidence of NAFLD climbed when fat tolerance de-
clined. Although PTG peaked at 6 h after meal, 4-h PTG
is more convenient for clinical practice. Furthermore,
the use of a 4-h postprandial value to define hypertri-
glyceridemia is consistent with practices reported by
multiple authors in other countries [22-25]. A study
that assessed the determinants of PTG in healthy young
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Fig. 2 Odds ratio of factors influencing NAFLD. A-Crude OR; B-
Adjusted age and gender; C- Adjusted age, sex, fasting triglycerides
and BMI; OR: odds ratio; 95%Cl: 95% Confidence Interval; TG 2 h:
triglyceride 2 h postprandially; TG 4 h: triglyceride 4 h postprandially

adults found a strong correlation between 4-h PTG and
fasting TG, and therefore the authors came to the con-
clusion that 4-h PTG might be suitable as a replacement
for fasting TG when this cannot easily be measured [26].

A meta-analysis conducted by Mihas et al. showed that
a high TG concentration 4 h after a fat load is indicative
of an excessive response [22]. The meta-analysis also
suggested that a fat load of 70-79 g is optimal. However,
the high-fat meal administered in the present study con-
tained 100g fat. Differences in the fat load may affect
the postprandial lipid concentrations, as may the ethni-
city of the participants. However, although the meta-
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Table 6 Characteristics of different fat tolerance groups

NFTn=192 IFTn=130 FHT n=150
Age 40+13 48+ 13" 47+ 11"
Sex(male/female) 66/126 63/67 91/59
BMI 2418+ 368 26,07 + 360" 2806 +3.85""
WC 824341096  8824+1132" 9471 +979""
FBG 532+056 572+136" 6.00+ 129"
FINS 956+ 5.20 1218 695" 1595 +991%
HOMA-IR 229+ 136 322+251" 433+296™
TC 4344088 474+095" 519+ 102"
TG 0.88+0.26 128+025" 298+ 162"
HDL-C 1344029 123+026™ 1144024
LDL-C 266+ 065 305 +069% 332+070""
NAFLD 24 (12.5%) 40 (30.7%) ** 91 (60.6%)

Data are mean * standard deviation, median (interquartile range), or

number (percentage)

Abbreviations: BMI body mass index, WC waist circumference, FBG fasting
blood glucose, FINS fasting plasma insulin concentration, HOMA-IR
homeostasis model assessment of insulin resistance, TC total cholesterol, TG
triglyceride, HDL-C high-density lipoprotein-cholesterol, LDL-C low-density
lipoprotein-cholesterol, NAFLD nonalcoholic fatty liver disease, NFT normal fat
tolerance, IFT impaired fat tolerance, FHT fasting hypertriglyceridemia

# P<0.05, compared with the NFT group. * P < 0.01, compared with the NFT
group. " P <0.05, compared with the IFT group. ** P < 0.01, compared with the
IFT group

analysis was only of studies of Caucasians and the partic-
ipants in the present study were all Chinese, their TG
concentrations also peaked at 4 h postprandially. To de-
termine the most suitable time point for the assessment
of postprandial lipids during an OFTT in Chinese
people, further studies are required. In addition, the def-
inition of PTG remains unclear. The criteria used in the

Table 7 Characteristics of different fat tolerance groups
allocated according to FTG and 6 h PTG

NFT IFT FHT

n=230 n=92 n=150
Age 41414 49+ 12" 47+ 11"
Sex(male/female) 82/148 51/41 91/59
BMI 244+367 2629+365"  2806+385"
e 82.7+11.52 8996+ 952" 9471 +979"
FBG 536+075 577 +138" 6.00+ 1.29"
FINS 1012+57 1186 = 6.87* 1595 +991%"
HOMA-IR 246+ 162 3.15+256" 433+296""
TC 438+086 481+101" 519+ 102"
TG 0.95+0.29 128+027" 298+ 1624
HDL-C 1334028 1224026 1.14+024"
LDL-C 269+ 063 3.13+073" 332+07"
NAFLD 32 (13.9%) 32 (34.8%) ™ 91 (606%) "

Data are mean * standard deviation, or number (percentage)

# P<0.05, compared with the NFT group. * P < 0.01, compared with the NFT
group. * P <0.05, compared with the IFT group. ** P < 0.01, compared with the
IFT group
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present study was higher than that after a daily meal rec-
ommended by the EAS consensus statement [16] and
that after a daily Chinese breakfast in overweight people
[21] while lower than that in another Mexican study
[27]. Disparities in the levels used in the various studies
may be related to the differing ethnicity of the partici-
pants and differences in their standard dietary calorie
and fat intake.

Participants with NAFLD were found to have higher
BMI, WC, SBP, DBP, and HOMA-IR, which is consist-
ent with previous studies. Obese but metabolically
healthy individuals have been shown to be at a greater
risk of NAFLD progression than metabolically healthy
individuals of a normal weight [28]. In addition, WC is a
risk factor for NAFLD because it is associated with IR
and hypertension [29-31]. An analysis of the character-
istics of participants with differing fasting TG concentra-
tions showed that BMI is higher in individuals with high
fasting TG concentrations. Furthermore, the study by
Nogueira et al. showed that overweight and obesity are
associated with a high prevalence of dyslipidemia [32],
and another study showed that obese and insufficiently
active male adolescents are more likely to have a high
circulating TG concentration [33].

High TC, TG, and LDL-C concentrations are risk fac-
tors for CVD [34], whereas HDL-C has protective effects
[35]. HDL-C is mainly involved in the reverse transport
of cholesterol from extrahepatic tissues to the liver, but
it can also inhibit the uptake of LDL-C by arterial
smooth muscle cells and prevent the accumulation of
cholesterol in cells. Therefore, HDL-C has anti-
atherosclerotic effects and is often used as a marker of
CVD risk [36]. In the present study, patients with NAFL
D were found to have abnormal lipid metabolism, indi-
cated by high concentrations of TC, TG, and LDL-C and
a low concentration of HDL-C. ApoB regulates the se-
cretion of very low-density lipoprotein, which is present
at high circulating concentrations in patients with obes-
ity, T2DM, and hypertriglyceridemia. Therefore, the high
ApoB concentration in the NAFLD group is further evi-
dence of dyslipidemia in these patients.

The TG concentration peaked later after a meal in the
NAFLD group, which may imply that the meal-induced
change in serum TG is larger in patients with NAFLD
than in normal individuals. An impairment in TG me-
tabolism is also suggested by the long period of time
taken for the TG concentration to return to baseline fol-
lowing a high-fat meal.

Dyslipidemia is the principal etiologic factor in the de-
velopment of NAFLD in non-diabetic patients [37]. A
previous study showed that dyslipidemia is common in
lean non-diabetic patients with NAFLD, with similar
lipid profiles being identified in such patients to those
who were overweight or obese [38]. The results of this
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study also suggested that high TG and low HDL-C con-
centrations may influence the development of NAFLD
in non-diabetic patients.

Study strength and limitations

The strengths of the present study are as follows. To the
best of our knowledge, this was the first study to use a
standardized OFTT in a large sample of Chinese patients
to assess the relationship between PTG and NAFLD. In
this study, 4-h PTG is significantly related to NAFLD.
The 4-h time point after eating is consistent with the re-
sults of a previous study that showed a strong correl-
ation between 4-h PTG and fasting TG [26].

Some limitations to the study should also be acknowl-
edged. Abdominal ultrasound is not sensitive to diag-
nose fatty liver. Subjects with mild steatosis are possibly
missed. Therefore, the conclusion of this study may be
limited to some extent. The results of the present study
cannot be extrapolated to other populations because it
only included Chinese patients. In a clinical trial, it is
difficult to match participants for their age and sex.
However, analysis of the data for each sex showed that
patients with NAFLD of both sexes have poorer fasting
lipid profiles than those without. Furthermore, after ad-
justment for age and sex, 4-h PTG remained positively
associated with a higher likelihood of having NAFLD.

Conclusions

A high 4-h PTG concentration were found to be signifi-
cantly and positively related to NAFLD. In addition, in-
dividuals with a high PTG have a higher prevalence of
NAFLD. Thus, 4-h PTG may represent a potential
marker of NAFLD. The results showed that the inci-
dence of NAFLD in individuals with normal fasting TG
but high PTG is high, at 30.7%. Therefore, the measure-
ment of fasting TG alone may result in the misdiagnosis
of some metabolically unhealthy patients who have nor-
mal fasting TG concentrations. NAFLD is asymptomatic
in most patients, and therefore it remains a diagnosis of
exclusion. Although liver biopsy is the gold-standard
method of distinguishing the different stages of NAFLD,
it is not always used in clinical practice because of its in-
vasiveness. Therefore, early identification and treatment
of NAFLD may become more feasible if PTG is mea-
sured. In addition, nutritional factors influence NAFLD,
and PTG may be useful as a means of monitoring the ef-
ficacy of therapeutic interventions in patients with
NAFLD.
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