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Aims. Lipid accumulation product (LAP) is put forward as a powerful marker showing the accumulation of visceral fat. The present
study is aimed at (i) analyzing the predictive performances of LAP in the identification of impaired fasting glucose (IFG) in Chinese
population and (ii) exploring the potentially interactive effect between LAP and other factors on IFG risk. Methods. Analysis was
conducted on the data obtained from a community-based cross-sectional survey in Chinese population, and all the participants
enrolled were required to complete a face-to-face questionnaire survey and related health checks. Then, for the purpose of
comparing predictive values between LAP and conventional obesity indices for IFG, relevant analysis was carried out on the
receiver operating characteristic (ROC) curve. The assessment of interactive effects was conducted by employing the three
indicators as follows: (1) RERI (the relative excess risk due to interaction), (2) AP (attributable proportion due to interaction),
and (3) SI (synergy index). Results. A total of 1777 participants (748 males and 1029 females) were involved in the final analysis.
It was finally obtained that the prevalence rate of IFG was 14.1% in total, 15.5% for males and 13.1% for females, respectively. In
logistic regression analysis, individuals with LAP levels in the fourth quartile had a significant higher risk of getting IFG in
comparison with that of the lowest quartile (crude OR: 4.58, 95% CI: 3.01-6.98; adjusted OR: 3.81, 95% CI: 2.33-6.23). In
addition, it was indicated by the ROC curve analysis that LAP showed a better performance in discriminating IFG risk than
BMI in both males (Z =2.20, P =0.028) and females (Z=2.13, P=0.033). However, LAP displayed a higher predictability in
comparison with WC only in females (Z =2.07, P =0.038), but not in males (Z =0.18, P = 0.860). Furthermore, LAP and family
history of diabetes were able to impose significant synergistic interaction on the risk of IFG, which was indicated by all the
parameters in females (RERI: 2.52, 95% CI: 0.19-4.84; AP: 0.47, 95% CI: 0.20-0.74; SI: 2.39, 95% CI: 1.17-4.87) and males (RERL:
2.18, 95% CI: 0.08-4.73; AP: 0.43, 95% CI: 0.07-0.79; SI: 2.15, 95% CI: 1.03-5.45). However, none of the indicators showed
significant interaction between LAP and smoking on the risk of IFG in females (RERI: 0.92, 95% CI: -2.79-4.63; AP: 0.20, 95%
CI: -0.50-0.92; SI: 1.37, 95% CI: 0.42-4.52). Meanwhile, there was also no significant interaction between LAP and smoking on
the risk of IFG in males as indicated by the value of SI (2.22, 95% CI: 0.80-6.21). Conclusion. It was concluded that LAP was
significantly related to a higher risk of IFG in Chinese population, and its performance was superior to that of conventional
obesity indices, especially in females. Apart from that, LAP with family history of diabetes may have an interactive effect that
can impose a great influence on the development of IFG.

1. Introduction reported that China has a population of nearly 148.2 million

adults suffering from prediabetes [2]. Moreover, it is more
It is widely acknowledge that impaired fasting glucose (IFG),  likely for individuals with IFG to further progress to diabetes
as a state of prediabetes, is a manifestation of glucose metab-  [3]. It has been shown by a large amount of evidence that IFG
olism disorders in the early period [1]. It was currently  might lead to the significantly increased incidence of a series
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of cardiovascular events [4-6]. In the meantime, IFG was
closely related to the increased clustering of cardiovascular
risk factors [7]. Besides, it was reported that the cumulative
incidence of hypertension was substantially higher in indi-
viduals with IFG as compared with normal fasting glucose
collected from the cohort study on Chinese in rural areas
[8]. A 10-year prospective study carried out in Eastern China
indicated that IFG significantly increased the risk of all-
cause mortality among Chinese adults [9]. As a form of dia-
betes in the period of predevelopment, the role played by
IFG has been attracting increasing attention in the fields of
disease prevention and mortality reduction. Therefore, it is
of vital importance to have a comprehensive understanding
of the risk factors possessed by IFG and their possibly inter-
active effect.

Obesity is known as a serious problem in the field of
public health as considerable studies have demonstrated that
it is closely linked to a higher risk of multiple chronic dis-
eases, including glucose metabolism disorders [10]. Acceler-
ated by the rapid development of society and economy, the
increase of obesity is dramatically prevalent especially in
developing countries [11]. It was emphasized that the effect
of obesity on glucose was related to not only fat content but
also the distribution of the excess adiposity [12, 13]. As far
as structure and function are concerned, obvious differences
are available in subcutaneous adipose tissue (SAT) and vis-
ceral adipose tissue (VAT), and it seems that visceral obesity
is able to impose more substantial effect on unfavorable out-
comes [14, 15]. However, it is unable for conventional obesity
indices, such as body mass index (BMI) and waist circumfer-
ence (WC), to reflect accumulation of visceral fat accurately
[14]. In the meanwhile, the gold standards used to measure
visceral fat by employing the methods of imaging are not
readily available in daily clinical practice and epidemiological
survey because of financial burden and radiation exposure.
Therefore, an available and efficient marker which can reflect
visceral obesity is able to impose great importance. It was
suggested that lipid accumulation product (LAP) based on
WC and triglycerides (TG) can be used to estimate the accu-
mulation of visceral fat [16]. It was also identified that
increased LAP was significantly correlated with a higher level
of serum total cholesterol, fasting plasma glucose, and insu-
lin, and it was negatively related to high-density cholesterol
(HDL) [17]. In addition, a significant relationship was
observed between LAP and insulin resistance [18]. Moreover,
when discriminating the risk of metabolic syndrome, LAP
was shown to perform better in comparison with BMI and
WC [19]. Besides, it was indicated by a population-based
cohort survey that LAP displayed a better predictive ability
in the 10-year cardiovascular disease incidence as compared
with common obesity indices [20]. However, no prior work
has been done to explore the performance of LAP in the
identification of IFG, as well as its comparison with other
obesity indicators.

Additionally, as IFG is a heterogeneous metabolic disor-
der resulting from a combination of genetic and environ-
mental factors, the joint influence imposed by risk factors
may aggravate the risk of IFG. The National Health and
Nutrition Examination Survey (NHANES) reported that
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there was a significant interactive effect of abdominal obesity
and 25-hydroxyvitamin D on the risk of insulin resistance
[21]. It was demonstrated by a prospective cohort study with
the participants of 3598 Chinese adults that smoking and
abdominal obesity interacted with synergistically influenced
the risk related to diabetes of type 2 [22]. Furthermore, a
significant interaction was available between the LAP with
family history of hypertension and the risk of hypertension
[23]. However, few studies have analyzed the interactive
effect between risk factors on IFG.

In summary, this study is aimed (1) at analyzing the asso-
ciation between LAP and risk of IFG in Chinese population,
(2) at comparing the performance of LAP with the indicators
of conventional obesity in the prediction of IFG, and (3) at
exploring the possible interactive effect between LAP and
other risk factors on IFG.

2. Methods

2.1. Study Design. The data employed in this study was col-
lected from the “Creation of Provincial-level Chronic Dis-
eases Management Demonstration Zone” project launched
in Longzihu, Bengbu, Anhui Province, China, from July to
August 2015. The project was supported by Bengbu Health
Board and approved by the Ethics Committee of Bengbu
Medical College. Participants of this project were selected
randomly by employing a method of multistage sampling.
In brief, this survey was conducted in seven residential com-
munities of Longzihu, Bengbu, and individuals who were
diagnosed with neuropathy previously or had no ability to
finish this survey independently were excluded by us in this
survey. For the selected individuals, they were firstly required
to complete relevant questionnaires face to face and then
both anthropometric tests and laboratory examinations were
carried out for each of them. All the survey projects were
completed in Community Health Center, and informed con-
sent was signed by all the participants of this study.

2.2. Survey and Measurements. The questionnaire survey
designed by us was conducted for each of the participants
by trained interviewers. Sociocharacteristics mainly included
the factors as follows: age, gender, marital status, educational
level, smoking, and history of diseases. Among the informa-
tion investigated, smoking was defined as the status of pre-
smoking or current smoking in detail. Moreover, individuals
who had at least one parent or sibling with diabetes of type 2
were deemed as having the family history of diabetes. In
terms of marital status, it was composed of currently married
and not married. As for educational level, it was further cat-
egorized into two groups: “middle school graduate or lower”
and “high school graduate or university.” As far as income
was concerned, it was also classified into two groups: “less
than 4000” and “greater or equal to 4000.”

It was required by the height measurement that the sub-
ject should remove the shoes, hat, jacket, and wear light
clothing. During the process of measurement, the subject
was required to come close to the measuring scale with two
heels close to each other and the measurement had the error
of 0.1cm. When measuring WC, the subject should be
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fasting, upright the body, and relax the abdomen with a dis-
tance of 30~40cm between the two feet. A soft ruler was
placed in the midpoint of the line connecting the upper edge
of the tibia at the midaxillary line of the right side and the
lower edge of the twelfth rib, and then it should circle the
abdomen in the horizontal direction. Finally, fasting plasma
glucose (FPG) and triglycerides (TG) were examined by col-
lecting blood samples from each of the participants after an
overnight fast (> eight hours).

2.3. Relevant Definitions

(1) Diabetes: defined as a fasting plasma glucose (FPG)
value >7.0 mmol/L or a previous diagnosis of type 2
diabetes [24]

(2) IFG: according to the 1999 the World Health Orga-
nization (WHO) diagnostic criteria [25] and the
Guideline for the Prevention and Treatment of Dia-
betes Mellitus in China (2017) [24], IFG was defined
as a fasting plasma glucose value of 6.1 mmol/L <
FPG < 7.0 mmol/L

(3) Normal fasting glucose (NFG): defined as FPG < 6.1
mmol/L and without history of diagnosed diabetes
(24]

(4) General obesity: BMI (weight(kg)/height(m)?) > 28
was regarded as general obesity [26]

(5) Abdominal obesity: WC > 90 cm for males and >85 cm
for females [27]

(6) LAP: calculated as [WC(cm) — 65] x [TG(mmol/L)]
for males and [WC (cm) — 58] x [TG(mmol/L)] for
females [16]

2.4. Statistical Methods. Description of the categorical vari-
ables was conducted by percentages, and comparison was
conducted by the chi-squared test or Kruskal-Wallis H test
between three glycaemia groups (NFG, IFG, and diabetes).
In terms of LAP level, it was classified into four groups
(Q1, Q2, Q3, and Q4) by quartiles. Comparison of the age
between groups was conducted by the Kruskal-Wallis H test.
During the analysis on the risk factors of IFG, logistic regres-
sion was carried out by calculating odds ratio (OR) and its
corresponding 95% confidence interval (95% CI). For the
purpose of obtaining predictive values between LAP and con-
ventional obesity indices for IFG, receiver operating charac-
teristic (ROC) curve analysis was conducted by us through
the calculation of the area under ROC curve (AUC). Finally,
the following indicators were employed for the aim of asses-
sing the interaction between LAP and other factors on IFG
risk: (1) the relative excess risk due to interaction (RERI):
it was significant if the 95% CI did not overlap 0; (2) the
proportion of interaction due to interaction (AP): it was sig-
nificant if the 95% CI did not overlap 0; and (3) synergy
index (SI): it was significant if the 95% CI did not overlap
1 [28, 29]. The following factors were adjusted in the logistic
regression as well as in the interaction analysis: age, gender,
educational level, income, marital status, smoking, and fam-

ily history of diabetes and obesity. R software was applied
for the completion of all the statistical analysis, and the
threshold for statistical significance was set as a = 0.05.

3. Results

3.1. General Characteristics of Study Population. The general
characteristics of the study population were specified in detail
in Table 1. A total of 1777 participants (748 males and 1029
females) were enrolled in the final analysis. On the whole, the
prevalence rate of IFG was 14.1%. There were 116 (15.5%)
IFG members in male and 135 (13.1%) IFG members in
female. In addition, the mean ages obtained from the NFG,
IFG, and diabetes groups were 59.5+11.26, 1.9+ 11.7, and
65.0 + 10.0, respectively. Moreover, significant differences of
age were available between the groups (H = 32.5, P < 0.001).
Meanwhile, in comparison with the NFG, IFG, and diabetes
groups, significant differences were observed in the follow-
ing indicators of educational level (y*=7.9, P=0.020),
smoking rate (x> = 28.3, P < 0.001), family history of diabetes
(x*=25.1, P<0.001), general obesity (x* =45.0, P <0.001),
abdominal obesity (x* = 64.0, P < 0.001), and LAP quartiles
(x*=131.8, P<0.001). However, there were no statically
significant differences in terms of marital status (y*=0.5,
P=0.795) and income (x> =0.4, P =0.836).

3.2. Risk Factors for IFG. Table 2 shows the results obtained
from logistic regression analysis. In univariate analysis, male
had a higher risk of getting IFG (OR: 1.33, 95% CI: 1.01-1.74)
in comparison with female. However, this significant influ-
ence disappeared (OR: 0.88, 95% CI: 0.61-1.26) after the
implementation of adjustment for other factors. In addition,
the risk of IFG increased significantly with the increase of age
in multivariate analysis (OR: 1.02, 95% CI: 1.01-1.03).
Besides, individuals with smoking behavior had higher risks
of suffering from IFG compared with nonsmokers (crude
OR: 2.00, 95% CI: 1.51-2.65; adjusted OR: 1.98, 95% CI:
1.38-2.83). Apart from that, family history of diabetes also
showed significant association with the risk of IFG (crude
OR: 1.62, 95% CI: 1.15-2.27; adjusted OR: 1.55, 95% CI:
1.07-2.24). In two logistic models, the factors of educational
level (crude OR: 0.75, 95% CI: 0.55-1.02; adjusted OR: 0.80,
95% CI: 0.57-1.11), marital status (crude OR: 0.91, 95% CI:
0.63-1.30; adjusted OR: 1.07, 95% CI: 0.71- 1.61), and income
(crude OR: 1.14, 95% CI: 0.62-2.13; adjusted OR: 1.17, 95%
CI: 1.60-2.30) were all not significantly related to the risk of
IFG. As far as obesity indicators are concerned, general obe-
sity (crude OR: 2.33, 95% CI: 1.68-3.25; adjusted OR: 0.60,
95% CI: 1.11-2.32) could stimulate the prevalence of IFG
substantially. However, abdominal obesity showed signifi-
cant association with IFG in univariate analysis (crude OR:
2.08, 95% CI: 1.58-2.74), but not in multivariate analysis
(adjusted OR: 1.02, 95% CI: 0.72-1.44). As for LAP, the risk
of IFG increased significantly with the increase of its levels
in the fourth quartile as compared with the bottom quartile
(crude OR: 4.58, 95% CI: 3.01-6.98; adjusted OR: 3.81, 95%
CL: 2.33-6.23).
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TaBLE 1: Basic characteristic of study participants.
Variables NEG (N = 1211) IFG (N =251) Diabetes (N = 315) Hiy? P
Age (years) 59.5+11.2 61.9+11.7 65.0+10.0 32.5 <0.001"
Gender (male%) 476 (39.3) 116 (46.2) 156 (49.5) 12.7 0.002*
Educational level (1(%)) 7.9 0.020°
Middle school graduate or lower 815 (67.3) 184 (73.3) 234 (74.3)
High school graduate or university 396 (32.7) 67 (26.7) 81 (25.7)
Marital status (1(%)) 0.5 0.795>
Currently married 1025 (84.6) 209 (83.3) 263 (83.5)
Currently not married 186 (15.4) 42 (16.7) 52 (16.5)
Income (yuan) (12(%)) 0.4 0.836°
<4000 1156 (95.5) 238 (94.8) 302 (95.9)
>4000 55 (4.5) 13 (5.2) 13 (4.1)
Smoking (1(%)) 313 (25.8) 103 (41.0) 110 (34.9) 28.3 <0.0012
Family history of diabetes (1(%)) 179 (14.8) 55 (21.9) 82 (26.0) 25.1 <0.001°
General obesity (1(%)) 152 (12.6) 63 (25.1) 80 (25.4) 45.0 <0.001%
Abdominal obesity (1(%)) 480 (39.6) 145 (57.8) 189 (60.0) 64.0 <0.001°
LAP (n(%)) 131.8 <0.001"
Q1 365 (30.1) 39 (15.5) 40 (12.7)
Q2 338 (27.9) 46 (18.3) 62 (19.7)
Q3 292 (24.1) 66 (26.3) 85 (27.0)
Q4 216 (17.8) 100 (29.8) 128 (40.6)

"Kruskal-Wallis H test. *Chi-squared test.

3.3. ROC Curve Analysis. We made comparison between the
predictive abilities of various obesity indices in IFG risk, and
the results are shown in Table 3 accordingly. Overall, the
AUCs (95% CI) of BMI, WC, and LAP were 0.61 (0.59-
0.64), 0.63 (0.61-0.66), and 0.68 (0.65-0.70), respectively.
LAP was superior to BMI (Z=3.26, P=0.001) and WC
(Z=2.40, P=0.016) in predicting IFG risk. As for females,
it was shown that the AUCs (95% CI) of BMI, WC, and
LAP were 0.59 (0.56-0.62), 0.61 (0.58-0.65), and 0.66 (0.63-
0.69), respectively. LAP also showed a better performance
in discriminating IFG compared with BMI (Z=2.13, P=
0.033) and WC (Z=2.07, P=0.038). As for males, LAP
had a higher predictability as compared with BMI (Z = 2.20,
P=0.028), with AUC (95% CI) of 0.66 (0.61-0.69) and 0.59
(0.55-0.63), respectively. However, there was no significant
difference (Z =0.18, P =0.860) shown between the AUC of
LAP and WC (0.65, 95% CI: 0.61-0.69).

3.4. Analysis on Interaction. Table 4 shows the results
obtained from the analysis on interaction. Firstly, the indi-
viduals were classified into four groups based on the status
of LAP and family history of diabetes. In females, a combina-
tion of high LAP and positive family history of diabetes
showed a significantly higher risk of IFG in comparison with
members with low LAP and nonfamily history of diabetes
(OR: 5.33,95% CI: 3.32-8.55). Besides, after the implementa-
tion of adjustment conducted for other factors, three mea-
surements of additive interaction were all significant: RERI:
2.52, 95% CI: 0.19-4.84; AP: 0.47, 95% CI: 0.20-0.74; SI:
2.39, 95% CI: 1.17-4.87. Similarly, in males, the value RERI

(2.18, 95% CI: 0.08-4.73), AP (0.43, 95% CI: 0.07-0.79), and
SI (2.15, 95% CI: 1.03-5.45) all indicated a significant syner-
gistic interaction between LAP and family history of diabetes
on the risk of IFG. Then, the interaction between LAP and
smoking on the risk of IFG was further analyzed, and it was
indicated by the results that the LAP (+) and smoking (+)
group had the highest prevalence of IFG in comparison with
the reference group both in females (OR: 4.38, 95% CI: 1.93-
9.96) and males (OR: 4.62, 95% CI: 2.19-9.73). While, none of
the three indicators showed significant interaction between
LAP and smoking on IFG risk in females (RERI: 0.92, 95%
CI: -2.79-4.63; AP: 0.20, 95% CI: -0.50-0.92; SI: 1.37, 95%
CI: 0.42-4.52). As for males, only the values of RERI (1.99,
95% CI: 0.05-3.94) and AP (0.43, 95% CI: 0.10-0.77), rather
than the value of SI (2.22, 95% CI: 0.80-6.21), were statisti-
cally significant. Therefore, there was also no significant
interaction between LAP and smoking on the risk of IFG
in males.

4. Discussion

In this population-based survey, it was demonstrated that
IFG, with a rate of 14.1%, was prevalent in Chinese popula-
tion. In addition, the prevalence of IFG varied across the
studies as two different definitions of IFG, WHO criteria
and the criteria established by American Diabetes Associa-
tion (ADA, 5.6-6.9 mmol/L), were available [30]. Because
diagnostic criteria established by WHO for IFG are adopted
currently in daily practice in China, this study employed
the diagnostic criteria of WHO to define IFG [24]. In
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TaBLE 2: Logistic regression model for risk factors associated with IFG.
Variables Crude Adjusted
OR (95% CI) p OR (95% CI) p
Gender
Female 1 (ref) — 1 (ref) —
Male 1.33 (1.01-1.74) 0.043 0.88 (0.61-1.26) 0.472
Age (years) 1.02 (1.01-1.03) 0.002 1.02 (1.01-1.03) 0.004
Educational level
Middle school graduate or lower 1 (ref) — 1 (ref) —
High school graduate or university 0.75 (0.55-1.02) 0.063 0.80 (0.57-1.11) 0.178
Marital status
Currently married 1 (ref) — 1 (ref) —
Currently not married 0.91 (0.63-1.30) 0.585 1.07 (0.71-1.61) 0.764
Income (yuan)
<4000 1 (ref) — 1 (ref) —
>4000 1.14 (0.62-2.13) 0.671 1.17 (0.60-2.30) 0.643
Smoking
No 1 (ref) — 1 (ref) —
Yes 2.00 (1.51-2.65) <0.001 1.98 (1.38-2.83) <0.001
Family history of diabetes
No 1 (ref) — 1 (ref) —
Yes 1.62 (1.15-2.27) 0.005 1.55 (1.07-2.24) 0.021
General obesity
No 1 (ref) — 1 (ref) —
Yes 2.33 (1.68-3.25) <0.001 1.60 (1.11-2.32) 0.012
Abdominal obesity
No 1 (ref) — 1 (ref) —
Yes 2.08 (1.58-2.74) <0.001 1.02 (0.72-1.44) 0.910
LAP
Q1 1 (ref) — 1 (ref) —
Q2 1.35 (0.84-2.18) 0.222 1.32 (0.81-2.17) 0.380
Q3 2.22 (1.29-3.17) 0.002 1.96 (1.20-3.19) 0.007
Q4 4.58 (3.01-6.98) <0.001 3.81 (2.33-6.23) <0.001
TaBLE 3: The comparisons of various obesity indices in predicting IFG risk.
Obesity indicators All 1 Male 1 Female 1
AUC (95% CI) z P AUC (95% CI) z p AUC (95% CI) z P
BMI 0.61 (0.59-0.64) 3.26 0.001 0.59 (0.55-0.63) 2.20 0.028 0.59 (0.56-0.62) 2.13 0.033
wC 0.63 (0.61-0.66) 2.40 0.016 0.65 (0.61-0.69) 0.18 0.860 0.61 (0.58-0.65) 2.07 0.038
LAP 0.68 (0.65-0.70) — — 0.66 (0.61-0.69) — — 0.66 (0.63-0.69) — —
'Compared with LAP.

comparison with other studies which used the criteria of
WHO in China, a survey conducted in Jiangsu Province with
19705 participants showed the same prevalence (14.1%) of
IFG with our study [31]. However, participants living in Jilin
and Xinjiang Province showed a relatively lower rate of IFG
(11.8% and 10.0%, respectively) [32, 33]. Besides, a large-
scale epidemiological survey carried out in Liaoning Province
reported that the prevalence of IFG was 16.5% [34]. As China

is a vast country which covers a total area of over 9.6 million
square kilometers, the levels of economic development and
differences existing in culture and lifestyles may influence
the epidemic of IFG.

It was suggested by the present study that LAP showed a
significant correlation with a higher risk of IFG. Similarly,
Wang et al. [35] conducted a survey on the population of
11113 Chinese in rural area with a follow-up of six years,
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TaBLE 4: Index of interactive effect between LAP and other factors on IFG.

Categories 5 Female ) . ) , Male . . .
OR (95% CI) Index of interactive effect OR (95% CI) Index of interactive effect

LAP'  Family history of diabetes

- - 1 (ref) 1 (ref)

- + 1.17 (0.63-2.17) RERI: 2.52 (0.19-4.84)° 1.61 (0.71-3.67) RERI: 2.18 (0.08-4.73)°

+ - 2.65 (1.92-3.65) AP: 0.47 (0.20-0.74)° 2.28 (1.28-4.07) AP: 0.43 (0.07-0.79)°

+ + 5.33 (3.32-8.55) SI: 2.39 (1.17-4.87)° 5.07 (2.62-8.39) SI: 2.15 (1.03-5.45)

LAP! Smoking

- - 1 (ref) 1 (ref)

- + 1.49 (0.65-3.42) RERI: 0.92 (-2.79-4.63)4 1.59 (0.69-3.66) RERI: 1.99 (0.05—3.94)3

+ - 2.97 (1.85-4.77) AP: 0.20 (-0.50-0.92)* 2.03 (0.91-4.52) AP: 043 (0.10—0.77)3

+ + 4.38 (1.93-9.96) SI: 1.37 (0.42-4.52)* 4.62 (2.19-9.73) SI: 2.22 (0.80-6.21)*

'Grouped by cut-off values calculating through ROC curve analysis. >Multivariate analysis. *P < 0.05. *P > 0.05.

and it was indicated by the results that the fourth quartile of
LAP had 5-fold risks in male and 6-fold risks in female of get-
ting diabetes in comparison with the first quartile of LAP,
respectively. Besides, it was demonstrated by a cohort study
that LAP showed significant association with incident diabe-
tes of type 2 in the population of Korea [36]. Furthermore,
LAP showed a higher predictability in comparison with
BMI in terms of IFG risk in both genders. BMI was known
as a frequently used indicator for relative weight, but it was
unable to distinguish between adipose and lean tissue. In
multivariable Cox proportional model, LAP instead of BMI
served as an independent predictor of all-cause mortality in
individuals with high cardiovascular risk [37]. The ROC
curve analysis also indicated that LAP performed better than
BMI in predicting metabolic syndrome and prehypertension
among Chinese individuals [38, 39]. However, LAP only
showed a better performance than WC in female when dis-
criminating IFG risk, suggesting that the relation between
LAP and IFG varies when different genders are concerned.
The gender differences may be caused by the accumulation
and metabolism of free fatty acids which are different accord-
ing to different genders, and these lipids made more contri-
butions to increased VAT volume in women instead of men
[39, 40]. Another potential explanation for the gender differ-
ence lies in the fact that the patterns of lipid over accumula-
tion became more and more distinct with the aging of
different genders [41]. At older ages, the changes of annual
LAP became greater with the aging of women, while the
changes decreased gradually for male [41]. Similarly, LAP
was only superior to WC in females in discriminating the risk
of prehypertension in Chinese population [42]. It was found
that LAP was independently related to diabetes of type 2 in
women, but not men, with hypertension [43]. Compared
with obese men, a stronger relationship was available
between VAT with more than one cardiometabolic risk fac-
tor in obese women [44]. It was reported by a cross-
sectional study with a total of 54477 Japanese participants
that the ORs were significant for risk of both the diabetes
and hyperglycemia, but it seemed to be higher in female
than male [45]. In addition, a statistically significant rela-
tionship was available between the increased level of LAP

and a higher risk of intracranial atherosclerotic stenosis
in Chinese female >40 years old, but this relationship in
Chinese male was not significant [46]. LAP seemed to be
more valuable in females, but the reasons of gender-specific
differences are not fully clear.

Excess VAT and SAT serve as two important manifesta-
tions of abdominal obesity, but obvious difference between
them is available in their structural composition and molec-
ular biology [14, 15]. As for why VAT was more closely
related to diseases risk, it can be explained by potential mech-
anisms. Firstly, the lipolytic activity is stronger in VAT com-
pared with that of SAT [47]. Secondly, the cytokines released
by the two fat depots are also differential and SAT is less
involved in obesity-related metabolic disorders [14, 15].
The Framingham Heart Study demonstrated that VAT had
a stronger relationship with insulin resistance in comparison
with SAT [48]. In Chinese subjects with prediabetes, there
was also a close relationship between VAT, instead of SAT,
and insulin resistance [49]. Compared with total body fat
and SAT, VAT was most strongly associated with the defi-
ciency of vitamin D [50]. When comparing the abilities of
various measures of body fat in identifying the risk of chronic
kidney diseases, it was shown that only VAT was a signifi-
cantly independent risk factor in multivariable analysis
[51]. In addition, a stronger relationship was available
between VAT, rather than SAT, and cardiometabolic risk
factors [52]. Moreover, Chinese individuals have a greater
amount of VAT than Europeans at a same level of BMI or
WC [53]. Therefore, an easily obtainable and accurate mea-
surement of visceral fat accumulation is demanding espe-
cially in Chinese population.

LAP, which is composed of one anthropometric and one
biochemical parameter, has a theoretical basis in reflecting
the accumulation of visceral fat [16]. WC is a parameter that
can reflect abdominal adipose tissue, but it cannot determine
the degree of visceral fat accumulation in the body. It was dis-
covered that a significant relationship was available between
a higher WC and insulin resistance, as well as IFG and met-
abolic syndrome [54, 55]. It was demonstrated by cohort
studies that WC was an independent factor that is associated
with the risk of cardiovascular diseases [56-58]. On the other
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hand, a significant relation was available between TG con-
centrations and insulin resistance [59] and the increased
TG was independently associated with the risk of hyperten-
sion, diabetes, and IFG [60, 61]. Moreover, TG was demon-
strated to be significantly associated with VAT in healthy
men, even after controlling for SAT [62]. Thus, it is appealing
to take into consideration both WC and TG that can reflect
the accumulation of visceral fat. “HyperTG-waist (HTGW),”
as a dichotomous indicator, is a combination of WC and
TG. The rural Chinese cohort study of 12086 individuals
with a median follow-up of 6 years demonstrated that
HTGW was a major risk factor existing in type 2 diabetes
[63]. In a cross-sectional survey conducted for a total of
12757 adults aged 40 years and older, it was proved that
HTGW phenotype was a remarkable risk factor and practi-
cal screening tool of prediabetes [64]. However, a continu-
ous marker for the accumulation of visceral fat may be
more accurate and valuable as obesity itself is a continuous
process [14]. It was also observed that there was a strong
correlation between LAP and the area of VAT measured
by CT in a cross-sectional survey [65].

It was shown by interaction analysis that there was a sig-
nificant interaction between LAP and family history of diabe-
tes on the risk of IFG. Family history of diabetes is considered
to be an easily identifiable marker of genetic susceptibility
and its significant correlation with the risk of diabetes and
prediabetes was reported [66, 67]. Similarly, Sargeant et al.
[68] conducted relevant investigation on the significant influ-
ence imposed by family history of diabetes and obesity on
diabetes in middle-aged and elderly individuals. It was shown
by a cross-sectional study in Sweden that family history of
diabetes and obesity had an interactive influence on predia-
betes, instead of diabetes, in females [69]. However, no signif-
icant interaction between LAP and smoking was observed in
both genders. Previous studies have also explored the interac-
tive effect between smoking and obesity on risk of diabetes,
but the results seem to be inconsistent. For instance, a
population-based prospective cohort of 3598 Chinese indi-
viduals demonstrated that there was a significant interaction
of current smoking and abdominal obesity on type 2 diabetes
risk [22]. But another community-based cohort study
reported that there was no combined influence of BMI and
smoking on the risk of diabetes in females [70].

Limitations of this paper should be taken into account.
Firstly, it is unable to for cross-sectional survey to infer cau-
sality in its results. Secondly, this study was conducted in
Chinese population, but there are ethnic differences in body
composition as mentioned above, and therefore, whether
LAP has better performance in identifying IFG in other race
is not clear. Thirdly, it was demonstrated that the influence of
LAP on human beings may be subjected to the factor of age
[71], but the enrolled individuals in this survey were all
middle-aged and elderly.

5. Conclusion

These results showed that LAP serves as a simple and
powerful tool that can be employed in clinical practice
and epidemiology survey. In addition, increased LAP was

significantly related to a higher risk of IFG in Chinese
population, and it had a better performance than conven-
tional obesity indices especially in females. Moreover, LAP
with family history of diabetes may have an interactive effect
that can influence the development of IFG. Therefore, it is
quite necessary for future studies to focus on the underlying
mechanisms of interactive effect on IFG risk.
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