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Objectives: Lipid accumulation product (LAP) index and Visceral Adiposity Index (VAI) are

simple calculations to measure fat accumulation and visceral fat respectively. We aim to

study the use of LAP index and VAI as diagnostic parameter and predictor of T2DM.

Methods: We analysed the baseline and longitudinal data from the Indonesian Ministry of

Health Cohort Study of Non-communicable Diseases Risk Factors in West Java, comprising

846 men and 2437 women aged 25–65 years. At baseline, the odds ratio for the diagnosis of

prediabetes and T2DM among subjects with high LAP Index and VAI was analysed using

logistic regression analysis. In the longitudinal analysis, LAP index and VAI as predictor

of prediabetes and T2DM was analysed with cox regression analysis.

Result: Worsening glycemia status was associated with an increased LAP index and VAI

(p < 0.001). Subjects with high VAI had an increased OR of having T2DM in both men [OR,

95%CI, 2.29(1.15–4.56), p = 0.018] and women [1.95(1.49–2.54), p < 0.001)]. Association of high

LAP with T2DM was found only in women [OR, 95%CI, 2.11(1.16–1.52), p < 0.001]. In terms of

T2DM prediction, only women [RR, 95% CI, 2.59 (1.05–6.39), p = 0.038)], with high VAI had an

increased risk of T2DM in the future. High LAP index was not associated with an in

increased risk of T2DM in the future in both sexes.
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Conclusion: High LAP index was associated with an increased risk of T2DM diagnosis in

women but it could not predict the development of T2DM. High VAI was associated with

an increased risk of T2DM diagnosis in both sexes, however, it could only predict the devel-

opment of T2DM in women.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Type 2 diabetes mellitus (T2DM) is a global problem, as the

incidence was escalating worldwide with doubled prevalence

from 4.7% to 8.5% in the past few decades [1–2]. Evidence

showed that obesity plays a major role in the development

of T2DM [3,4]. Continuous positive energy balance in obesity

contributes to increased deposition of both subcutaneous adi-

pose tissue (SAT) and visceral adipose tissue (VAT). In addition

to lipid deposition in adipose tissue, obesity is also associated

with lipid accumulation in ectopic tissues such as liver and

skeletal muscle which further impair insulin function. Ectopic

lipid deposition was found to be a mechanism that plays a

role in organ injury in metabolic disease [5]. Thus, adipose tis-

sue dysfunction, ectopic lipid deposition, and the release of

adipokines which impair insulin sensitivity in tissues as well

as causing lipotoxicity, will lead to abnormal glucose metabo-

lism, hence T2DM in the future [6–9]. In the development of

T2DM, VAT seems to play a relatively more important role

than SAT [10].

The established measurements of obesity according the

majority of existing guidelines were using Body Mass Index

(BMI) and waist circumference (WC). However, both measure-

ments might not completely represent the fat accumulation

in the body. Not only that BMI could not differentiate between

lean body mass and fat mass, it also could not characterize

body fat distribution, a known determinant of metabolic risk

[11,12]. While waist circumference, a better marker for central

obesity, could not differentiate between VAT and SAT [13–15].

Other parameters of obesity that were postulated to be

superior to traditional measurement of obesity were lipid

accumulation product (LAP) and Visceral Adipose Tissue

Index (VAI). LAP is an index of lipid accumulation, which is

computed from WC and triglycerides (TG) of which the later

represents increased lipotoxicity [7]. Ectopic lipid accumula-

tion eventually leads to insulin resistance. Hence, LAP might

be a better marker to predict the worsening of glycemic status

such as T2DM. Other measurement that was considered as

the gold standard to measure VAT was abdominal CT scan

or MRI. However, such examinations are expensive and have

limited availability, therefore difficult to be applied for popu-

lation based studies or in general practice [13]. Alternatively,

VAI is a mathematical model to estimate VATusing anthropo-

metric and laboratory parameters by calculating linear equa-

tion of body fat distribution and corrected by High Density

Lipoprotein-Cholesterol (HDL-C) and TG level [9,16]. VAI has

been reported to be correlated with the surface area and vol-

ume of VAT, and with insulin resistance, an important patho-

genesis in the development of T2DM [17].
Taken together, LAP index, and VAI might be better associ-

ated with T2DM or even predict the development of T2DM in

the future than conventional anthropometric measures. How-

ever, both LAP index and VAI were developed from Caucasian

population, hence, the use of LAP index and VAI for Asian

population with a generally higher VAT at a lower BMI must

be further evaluated. To the best of our knowledge studies

on Asian population were limited, if anything, most studies

were performed among Chinese population. This study aims

to assess whether LAP index and VAI can be used as a predic-

tor of T2DM in Indonesia with majority of Malay ethnicity.

2. Materials and methods

2.1. Subjects

We analyzed secondary data from the ongoing Bogor Non-

communicable Diseases Cohort Study from 2011 to 2015

[18]. The Bogor Non-communicable Diseases (NCDs) Risk Fac-

tors Cohort Study was a population based prospective cohort

study held by the Ministry of Health Republic of Indonesia

that was aimed to assess the predictive value of certain risk

factor for the development of NCDs such as T2DM, hyperten-

sion, cardiovascular disease and stroke in Bogor. However,

this study particularly assess T2DM. This study has been

approved by the Ethical Committee Board Faculty of Medicine

Universitas Indonesia (No 1293/UN2.F1/ETIK/2018). The stud-

ied subjects were adult population aged 25–65 years old who

lived in five villages in Bogor, West Java. Subjects with uncom-

plete data throughout the four years follow up were excluded.

2.2. Measurements

Baseline demographic information such as age, gender, dia-

betes status, hypertension status, family history of diabetes,

smoking status and physical activity state were obtained at

the community clinics using standardized questionnaire.

The anthropometric measurements included body weight,

body height, WC and blood pressure. Body weight and height

were measured by standard methods and recorded to the

nearest of 0.1 kg and 0.1 cm, respectively whereas BMI was

calculated as the weight in kilograms divided by the square

of the height in meters. WC was measured twice at one cm

above the umbilicus level duringminimal respiration. Systolic

blood pressure (SBP) and diastolic blood pressure (DBP) were

examined three times at 30-second intervals by trained doc-

tors, using a standardized mercury sphygmomanometer on

both arms after resting for five minutes in a sitting position.

Laboratory examinations including fasting plasma glucose



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 5 ( 2 0 1 9 ) 1 0 7 7 9 8 3
(FPG), post oral glucose tolerance test (OGTT), total choles-

terol, high density lipoprotein cholesterol (HDL-C), Low den-

sity lipoprotein cholesterol (LDL-C), TG and serum

creatinine were performed. Blood samples were collected in

the morning after at least eight hours of overnight fasting.

Laboratory tests were conducted in qualified and standard-

ized laboratories using commercial reagents.

During the four years observation, the incidence of predi-

abetes and T2DM was recorded. T2DM was diagnosed based

on the American Diabetes Association 2018 criteria which

are FPG � 126 mg/dl and or OGTT � 200 mg/dL, or if the sub-

jects have been previously diagnosed with diabetes by certi-

fied physician [19]. The diagnosis of prediabetes was

established if the subjects had 2 h plasma glucose post 75 g

glucose load of 140–199 mg/dl (impaired glucose tolerance)

and or fasting glucose of 100–125 mg/dl (impaired fasting

glucose).

The status of obesity and central obesity was determined

based on WHO Asia Pacific criteria. Obesity was defined as

BMI � 25 kg/m2 and overweight was defined as BMI

23–24.9 kg/m2. Central obesity was defined as waist circum-

ference � 80 cm for women, and WC � 90 for men [11].

Hypertension was defined if the subjects consume any

anti-hypertensive drug and/or systolic blood pressure � 130

and/or diastolic blood pressure � 80 mmHg [20]. The study

participants were grouped based on age: 24–44, 45–54, and

55–65 years old according to the Ministry of Health Republic

of Indonesia Health Report 2009 [21]. Data on anti-

hypertensive agents, ACE inhibitor and statin consumption

were also recorded in this study.

2.3. Definition of LAP and VAI

The LAP index was calculated using fasting triglycerides (TG)

level and waist circumference (WC) as follows [22]:

The VAI score was calculated by using the published for-

mula; both TG and HDL-C levels are expressed in mmol/l: [17]
2.4. Statistical analysis

All statistical analyses were performed using SPSS version 20

for Windows. Variables with normal distribution were pre-

sented as mean with standard deviation (SD) and skewed

variables were presented as the median with interquartile
range (IQR). All analyses were performed separately for men

and women.

In the first part of this study we analysed the baseline data

cross-sectionally. The trends of VAI, LAP, BMI and WC among

normal, prediabetes and T2DM groups were analysed using

linear regression analysis. A receiver-operating characteristic

(ROC) analysis was performed to examine the optimal cut-off

point for LAP and VAI for the diagnosis of prediabetes and

T2DM. Several parameters were compared based on high ver-

sus low LAP index and high versus low VAI in men and

women using independent sample T-test for variable with

normal distribution and Mann Whitney for skewed distribu-

tion. Logistic regression analysis with adjustment of age as

the confounding factor was performed to obtain the odds

ratios for prediabetes and T2DM among subjects with high

LAP and VAI index that was defined according to the cut-off

values determined in this study.

In the second part of the study, we analysed the longitudi-

nal data to assess whether LAP index or VAI can be used to

predict the development of prediabetes and T2DM. For this

phase of analysis we excluded subjects with T2DM at baseline

for the prediction of T2DM and we further exclude predia-

betes subjects for the prediction of prediabetes. The VAI and

LAP index was categorized based on the cut-off points

obtained with the baseline ROC analysis and analysed for

the relative risk of prediabetes and T2DM using cox regression

analysis with adjustment of confounding variables such as

age, hypertension, family history of TD2DM, smoking status,

consumption of ACE-inhibitor and other anti-hypertensive

drugs, consumption of statin. Additional adjustment for

pre-diabetes status was also added for analysis of T2DM pre-

diction. All p-values were two-tailed and statistical signifi-

cance was defined as p < 0.05.
3. Results

3.1. Baseline characteristics

A total of 1997 men and 3686 women were recruited in this

study, of which 2382 participantswere excluded due to incom-

plete data, yielding a total of 3283 participants (846 men and

2437 women) analysed in the first part of this study (Fig. S1).

The study population was dominated with younger women

(Table 1).More thanhalf of thewomenwereobese (55.9%)while

more thanhalf of themenhadnormalBMI (51.5%).Womenhad

significantly higher proportion of hypertension, family history

of T2DM, central obesity, and prediabetes and T2DM, whereas

men had significant higher proportion of smoking, low physi-

cal activity and T2DM. In addition, women had significantly

higher total cholesterol and HDL-C, but significantly lower

triglyceride level compared to men. The FPG level of men was

significantly higher but the OGTT level was significantly lower

compared towomen. Interestingly, only a few numbers of sub-

jects with hypertension consumed anti-hypertensive agents.

The LAP index was higher in female compared to male

[median (IQR), 22.49(12.30–38.53) vs 17.61(7.39–34.98)] but the

median of VAI index was lower [median (IQR), 0.69(0.48–

1.05) vs 1.31 (0.92–2.11), respectively] (Table 1). All subjects

with higher LAP index and VAI had significantly more hyper-



Table 1 – Baseline characteristics of study participants.

Parameter Men (n = 846) Women (n = 2437) Total (n = 3283) p-value

Age (years, median, IQR) 47.00 (38–54) 43.00(36–51) 44.00 (36–52.0) <0.001
25–44 years old (n, %) 353(41.7%) 1 320 (54.2%) 1 673 (51.0%)
45–54 years old (n, %) 297 (35.1%) 741 (30.4%) 1 038 (31.6%)
55–65 years old (n, %) 196 (23.2%) 376 (15.4%) 572 (17.4%)
Hypertension (n, %) 213 (25.2%) 765 (31.4%) 978 (29.8%) 0.001
Smoking (n, %) 569 (67.3%) 352 (14.4%) 921 (28.1%) <0.001
Low physical activity (n, %) 49 (5.8%) 18(0.7%) 67 (2.0%) 0.001
Family History of T2DM (n, %) 105 (12.4%) 405 (16.6%) 510 (15.5%) 0.004
BMI (kg/m2, median, IQR) 23.39(20.73–26.23) 25.51(22.51–28.44) 24.91(21.86–27.98) <0.001
Normal (n, %) 436 (51.5%) 673 (27.6%) 1 109 (33.8%)
Overweight (n, %) 142 (16.8%) 400 (16.4%) 542 (16 0.5%)
Obesity (n, %) 267 (31.6%) 1 362 (55.9%) 1 629 (49.6%)
Waist Circumference (cm, median, IQR) 80.10(71.00–89.00) 80.50(72.00–88.00) 80.40(72.0–88.0) 0.383
Central Obesity (n, %) 197 (23.3%) 1 391 (57.1%) 15 88 (48.4%) <0.001
LAP (median, IQR) 17.61(7.39–34.98) 22.49(12.30–38.53) 21.34(10.97–37.80) <0.001
VAI (median, IQR) 1.31 (0.92–2.11) 0.69(0.48–1.05) 0.81(0.54–1.31) <0.001
Total Cholesterol (median, IQR) mg/dl 198.00 (222.00–177.00) 202 (180–228) 201(179.00–227.00) 0.002
HDL-C (median, IQR) mg/dl 44(38.00–50.00) 52(46–60) 50(43–58) <0.001
LDL-C (median, IQR) mg/dl 128.00 (110–147) 128 (108–151) 128(108–149) 0.599
Triglyceride (median, IDR)) mg/dl 113.00(83.75–155.25) 90.00 (67.00–123.00) 96(70–132) <0.001
FBG (median, IQR) mg/dl 86.00 (80.00–93.00 84.00(78.00–91.00) 84.00(79.00–91.00) <0.001
OGTT (median, IQR) mg/dl 112.00(94.00–138.00) 121.00(103.00–143.00) 118(101–142) <0.001

Glycemic Status (%)
T2DM (n, %) 59 (7.0%) 145 (5.9%) 204 (6.2%) <0.001
Prediabetes (n, %) 130(15.4%) 522(21.4%) 652 (19.9%)
Normal (n, %) 657 (77.7% 1,770 (72.6%) 2,427 (73.9%)

Data was presented in percentage for categorical variable and median (IQR) for abnormally distributed numerical variable. Chi-square analysis

was used to assess the differences of categorical variables between genders while Man Whitney analysis was performed for abnormally

distributed numerical variable. p-value of <0.05 was considered significant. T2DM (type 2 diabetes mellitus), LAP (Lipid Accumulation Product),

VAI (Visceral Adiposity Index), BMI (Body Mass Index), HDL-C (high density lipoprotein cholesterol), LDL-C (low density lipoprotein cholesterol),

FBG (fasting blood glucose), OGTT (post-oral glucose tolerance testglucose).
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tension compared to those with low LAP index and VAI. Men

and women with high LAP index and VAI index had signifi-

cantly higher FPG and OGTT level but lower serum creatinine

compared to men and women with lower LAP index and VAI.

Women with higher LAP index and VAI had significantly

higher BMI, total cholesterol, LDL-C and TG compared to

women with lower LAP index and VAI. On the opposite,

HDL-C level was significantly higher in women with lower

LAP index and VAI (Table 2).

We further categorized LAP index, VAI, BMI and waist cir-

cumference based on age group. Among women, we observed

a significant increase of LAP, VAI, BMI, andwaist circumference

along with increasing age. Among men, similar trend was

observed for LAP. We observed no effect of age on VAI. In con-

trast, we observed that both BMI and waist circumference in

men were significantly reducedwith increasing age (Table S1).

3.1.1. The association between LAP Index, VAI, and
dysglycemia
At the baseline, the number of normoglycemic, pre-diabetes

and diabetes subjects were 2427 (73.9%); 652 (19.9%) and 204

(6.2%) respectively. In men, worsening of glycaemic status

was associated with progressive increase in LAP index [me-

dian, IQR, 12.76 (6.19–29.42) vs 24.79 (15.65–38.56) vs 38.26

(18.55–65.77), for normoglycemia, prediabetes, and diabetes

respectively, p-value for trend < 0.001] (Fig. 1A). Similar trends

was observed in women with higher LAP [18.97 (10.97–32.56)
vs 30.12 (16.64–48.47) vs 39.52 (25.34–67.48), for normo-

glycemia, prediabetes, and diabetes respectively, p-value for

trend < 0.001] (Fig. 1B). In term of VAI, we also observed simi-

lar trends for men [1.23 (0.87–1.86) vs 1.47 (1.12–2.26) vs 2.18

(1.18–3.20), for normoglycemia, prediabetes, and diabetes

respectively, p-value for trend < 0.001] (Fig. 1C) and women

[0.64 (0.45–0.93) vs 0.81 (0.57–1.33) vs 1.01 (0.68–1.56), for nor-

moglycemia, prediabetes, and diabetes respectively, p-value

for trend < 0.001] (Fig. 1D). Simple anthropometric measures,

such as BMI (Fig. 1E and F) andWC (Fig. 1G and H) also showed

significant upward trend towards worsening dysglycemic sta-

tus. In general, worsening of glycemic status was associated

with increasing LAP index, VAI, BMI, and WC (Fig. 1A–H).

3.1.1.1. OGTT.
3.1.1.1.1 LAP index and VAI for the diagnosis of prediabetes.

Based on the ROC analysis, LAP index, VAI as well as BMI

and waist circumference were all inferior in diagnosing predi-

abetes in both sexes as all of the AUC values did not pass the

reference line of 0.7. The AUC value of LAP index, VAI, BMI

and waist circumference for diagnosing prediabetes in men

were 0.43, 0.48, 0.46 and 0.46 respectively. Whereas the AUC

value of LAP index, VAI, BMI and waist circumference for

diagnosing prediabetes in women were 0.42, 0.44, 0.45 and

0.43 respectively (Fig. S2).

The cut-off point of LAP index for the diagnosis predia-

betes was 8.07 (67.5% specificity and 72.3% for sensitivity)



Table 2 – Baseline clinical data of subjects with low vs high LAP index and low vs high VAI.

Paramater Men (n = 846) Women (n = 2437)

High LAP (n = 406) Low LAP (n = 440) p-value High VAI (n = 368) Low VAI (n = 478) p-value High LAP (n = 1058) Low LAP (n = 1379) p alue High VAI (n = 1194) Low VAI (n = 1243) p-value

Age (years, median,
IQR)

47 (38.7–54.0) 46.0(38.0–53.0) 0.451 46.0(38.0–54.0) 47.0(38.00–54.0) 0.452 46.0 (39.0–53.00) 41 (34–49) < 001 45 (38–53) 41(34–49) <0.001

Hypertension (n, %) 145(35.7) 68 (15.5) <0.001 105 (28.5) 108(22.6) 0.049 435 (41.1) 330 (23.9) < 001 425 (35.6) 340 (27.4) <0.001
Smoking (n, %) 260 (64.0) 309(70.4) 0.049 241 (65.5) 328 (68.8) 0.314 177 (16.8) 175 (12.7) 0 05 190 (15.9) 162 (13.0) 0.041
Low physical activity
(n, %)

28 (6.9) 21 (4.8) 0.186 23 (6.2) 26 (5.4) 0.617 11 (1.0) 7(0.5) 0 28 11 (-0.9) 7 (0.6) 0.302

Family History of T2DM
(n, %)

47 (11.6) 58(13.2) 0.471 42 (11.4) 63(13.2) 0.433 186 (17.6) 219 (15.9) 0 55 195 (16.4) 210 (16.9) 0.723

BMI (kg/m2, median,
IQR)

23.27(20.54–26.40) 23.45(20.87–25.86) 0.893 23.24 (20.77–26.62) 23.44(20.66–25.84) 0.428 28.24 (25.86–31.13) 23.3(20.96–25.73) < 001 27.00(24.23–29.94) 23.87(21.23–26.79) <0.001

Waist Circumference
(cm, median, IQR)

80.1 (70.7–90.0) 80.2(73.0–87.0) 0.577 80.1(70.9–90.0) 80.15(72.00–87.00) 0.770 88.0(83.00–94.00) 74(70–80) < 001 85 (79–91) 76 (70.2–83.0) <0.001

Central Obesity (n, %) 106 (26.1) 91 (20.7) 0.037 100 (27.2) 97 (20.3) 0.012 979 (92.5) 412 (30.1) < 001 890 (74.5) 501 (40.7) <0.001
Total Cholesterol
(median, IQR) mg/dl

201.0 (38.74) 199.4 (32.74) 0.382) 199.3 (37.47) 200.9 (34.4) 0.520 217(196–243) 192 (171–214) < 001 214(191–240) 192(172–215) <0.001

HDL-C (median, IQR)
mg/dl

43.0(38.0–50.0) 44.0(38.0–50.0) 0.319 43.0(38.0–50.0) 44.0(38.0–50.0) 0.268 43(49–56) 55 (48–63) < 001 47 (42–53) 58 (51–65) <0.001

LDL-C (median, IQR)
mg/dl

127.9 (33.06) 129.8(28.43) 0.515 127.44(31.5) 130.1 (30.15) 0.213 138 (119–162) 120 (101–139) < 001 137 (117–160) 119 (101–138) <0.001

Triglyceride (median,
IDR)) mg/dl

115.0(82.75–172.0) 109.0(85.25–149.7) 0.154 117.5(84.0–164.0) 107.0(83–151) 0.091 125(103–161) 71 (58–88) < 001 124(102–159) 68 (57–80) <0.001

FPG (median, IQR) mg/
dl

87.0(80.0–96.0) 85.0(80.0–91.0) 0.001 87.0(81.00–94.0) 85.0(79.0–91.0) <0.001 85.00(80.00–94.00) 83(77–89) < 001 85(80–93) 83 (77–89) <0.001

OGTT (median, IQR)
mg/dl

120.5 (97.7–154.3) 107.0(90.25–123.75) <0.001 115.0(95.0–150.0) 109.0(92.75–130) <0.001 132(113–156) 112 (98–133) < 001 128 (109–153) 113 (99–134) <0.001

Glycemic Status (%)
T2DM (n, %) 45 (11.1) 14 (3.2) <0.001 39 (10.6) 20 (4.2) <0.001 109 (10.3) 36 (2.6) < 001 105 (8.8) 40 (3.2) <0.001
Prediabetes (n,%) 87 (21.4) 43 (9.8) 62(16.8) 68 (14.2) 298 (28.2) 224 (16.2) 313 (26.2) 209 (16.8)
Normal (n, %) 274 (67.5) 383 (87.0) 267 (72.6) 390 (81.6) 651 (61.5) 1119 (81.1) 776 (65.0) 994 (80.0)
Creatinine 0.96 (0.85–1.08) 1.10 (1.0–1.30) <0.001 1.00(0.88–1.14) 1.10(0.92–1.20) <0.001 0.72(0.64–0.81) 0.90(0.80–1.00) < 001 0.77(0.68–0.90) 0.90 (0.80–1.00) <0.001

Data was presented in percentage for categorical variable and median (IQR) for abnormally distributed numerical variable. Chi-square analysis as used to assess the differences of categorical

variables between genders while Man Whitney analysis was performed for abnormally distributed numerical variable. p-value of <0.05 was consid red significant. T2DM (type 2 diabetes mellitus),

LAP (Lipid Accumulation Product), VAI (Visceral Adiposity Index), BMI (Body Mass Index), HDL-C (high density lipoprotein cholesterol), LDL-C (low de sity lipoprotein cholesterol), FPG (fasting plasma

glucose), OGTT (post-oral glucose tolerance test).
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Fig. 1 – The association between LAP index, VAI index, BMI and WC and spectrum of dysglycemia. The trend of Lipid

Accumulation Product (LAP), Visceral Adipose Tissue Index (VAI), Body Mass Index (BMI) and Waist Circumference (WC)

among diabetes, pre-diabetes and normal subjects based on gender were all analyzed using linear regression analysis. The

graph was displayed in median (IQR). (*) resembles p-value < 0.001.
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for men and 12.41 (68.5% specificity and 75.1% sensitivity) for

women. Whereas the cut-off point of VAI for the diagnosis

prediabetes was 1.05 (62.3% specificity and 66.9% sensitivity)

for men and 0.52 (64.5% specificity and 72.1% sensitivity) for

women.

High VAI was significantly associated with prediabetes for

men [OR, 95% CI 2.697 (1.799–4.043), p < 0.001] and women

[1.901 (1.524–2.372), p < 0.001] respectively. High LAP index

was only associated with increased OR of having prediabetes

in women [OR, 95% CI 1.962(1.546–2.490), p < 0.001] but not in

men. No association of obesity defined by BMI and increased

risk diagnosis of prediabetes found among both sexes. Central

obesity was significantly associated with increased risk of

prediabetes diagnosis only in women [OR, 95% CI 1.795

(1.475–2.185), p < 0.001] but not in men (Fig. 2A and B).

When we further stratified based on age group, The OR of

having prediabetes in men with higher LAP index, higher VAI,

general obesity and central obesity were highest in the age

group of 25–45 years old. While for women, the risk of having

prediabetes were highest among age group of 45–55 years old

for higher LAP index, higher VAI and obesity, whereas the

highest risk of having prediabetes were found among women

aged > 55 years old (Table S2).
Fig. 2 – Comparison between LAP index, VAI, BMI andWC for Pred

or T2DM among subjectswith high Lipid Accumulation Product (

obesity obtained during the baseline period was calculated usin

forest plot was displayed in odds ratio and 95% confidence inte

represents high LAP Index, black triangle represents high VAI, w

Waist Circumference (WC) � 80 cm for women and � 90 for men
3.1.1.1.2 LAP index and VAI for the diagnosis of T2DM.
From the ROC analysis, both LAP index and VAI were supe-

rior in diagnosing T2DM with AUC values of 0.752 and 0.720

respectively compared to BMI and WC [AUC values 0.639 for

BMI and 0.622 for WC] among women. LAP index also

remained superior in the diagnosis of T2DM among men with

AUC value of 0.747. Interestingly, the AUC value of VAI for

diagnosis of T2DM in men was the lowest (AUC value 0.641)

compared to BMI and WC [AUC values 0.734 for BMI and

0.738 for waist circumference] (Fig. S3). Based on the ROC

analysis, the cut-off points of LAP index for the diagnosis of

T2DM were 18.51 (76.2% sensitivity and 58.3% specificity)

and 25.55 (75.7% sensitivity and 37.3 specificity) for men and

women respectively. While, the cut-off value of VAI for the

diagnosis of T2DM was 1.48 (66.1% sensitivity and 59.2%

specificity) and 0.705 (72.9% sensitivity and 44.4% specificity)

for men and women respectively.

Using the cut-off points above, our study reported that

women with higher LAP had significantly higher chance to

be diagnosed with T2DM compared to women with lower

LAP [OR, 95% CI, 2.11 (1.16–1.52), p < 0.001]. However, high

LAP index in men was not associated with increased risk of

T2DM diagnosis. Men with high VAI had significantly 2.29
iabetes and T2DMDiagnosis. The odds of having prediabetes

LAP), high Visceral Adiposity Index (VAI), obesity and central

g logistic regression analysis with adjustment of age. The

rval. (*) resembles p-value < 0.05. Inverted white triangle

hite box represents BMI � 23 kg/m2 and black dot represents

.
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times higher chance to be diagnosed as T2DM compared to

men with lower VAI [OR, 95% CI, 2.29 (1.15–4.56), p = 0.018].

Similar result was found in women [1.95 (1.49–2.54),

p < 0.001)]. General obesity was associated with significantly

higher risk of T2DM in both men [OR, 95% CI, 3.42

(1.30–9.02), p = 0.013] and women [2.283 (1.715–3.039),

p < 0.001]. Central Obesity was also associated with signifi-

cantly higher risk of T2DM in both men [OR, 95% CI, 2.69

(1.39–5.26), p = 0.004] and women [1.83 (1.48–2.26), p < 0.001]

(Fig. 2C and D).

When we further stratified based on age group, the risk of

having T2DM in men was the highest among age group of 45–

55 years old for men with higher VAI and general obesity

whereas the risk of having T2DM was the highest among

age group >55 years old for men with higher LAP index and

central obesity. Similar pattern was also observed among

women with the highest risk of having T2DM was spotted

among age group of 45–55 years old for higher VAI and central

obesity, whereas the risk of having T2DM was the highest

among age group > 55 years old for women with higher LAP

index and central obesity (Table S2).

3.1.2. Association between LAP index and VAI for the
prediction of prediabetes and T2DM
A total of 705 incidence of prediabetes occurred in four years

follow up which consisted of 221 (33.6%) men and 484 (27.3%)

women. A total of 27 new cases of T2DM occurred throughout

the four years follow up with 19 male subjects (2.4%) and 8

female subjects (0.3%).

After four years follow up, both sexes showed increased of

FPG level compared to baseline while the OGTT level

increased significantly. The proportion of prediabetes and

T2DM also increased significantly within follow up by 21.4%

for prediabetes and 0.8% for T2DM in both sexes (Table S3).

3.1.2.1. Association between LAP index and VAI for the
prediction of prediabetes. The relative risk (RR) of develop-

ing prediabetes and T2DM using LAP index, VAI, BMI, and

WC were summarized in Fig. 3.

LAP index, VAI, BMI and waist circumference were all infe-

rior to predict the incidence of prediabetes (Fig. 3A and B).

When we further stratified into age group, the highest RR

of having prediabetes in men was found among men aged

25–45 years old with higher VAI, men age 45–55 years old with

higher LAP index and general obesity, andmen aged >55 years

old with central obesity. Among women, the highest RR of

having prediabetes were all found among age group of 45–

55 years old for women with higher LAP index, VAI, general

obesity and central obesity (Table S4).

3.1.2.2. Association between LAP index and VAI for the
prediction of T2DM. Men with higher LAP index, higher

VAI, and general obesity were not associated with increased

RR of having T2DM, even after adjustment for confoundings

[RR, 95% CI, 1.74 (0.87–3.47), p = 0.118)]vs [RR, 95% CI, 1.71

(0.92–3.20), p = 0.091))] vs [RR, 95% CI, 1.95 (0.73–5.19),

p = 0.183)] for higher LAP index, higher VAI and general obe-

sity respectively]. Only men with central obesity had an

increased RR of having T2DM [RR, 95% CI, 2.06 (1.06–4.01),

p = 0.033)] (Fig. 3C).
On the opposite, women with higher VAI index, general

obesity and central obesity had an increased RR of having

T2DM, even after adjustment for confoundings [RR, 95% CI,

2.59 (1.05–6.39), p = 0.038)], [RR, 95% CI, 2.02 (1.17–3.49),

p = 0.012) and [RR, 95% CI, 1.65 (1.07–2.55), p = 0.024)] for

higher VAI index, general obesity and central obesity respec-

tively)] (Fig. 3D).

When we further stratified into age group, the highest RR

of having T2DM in men was found among men aged 25–

45 years old with higher LAP index, general obesity and cen-

tral obesity, whereas men with higher VAI aged >55 years

old had the highest RR of having T2DM. Among women, the

highest RR of having prediabetes were found among age

group of 25–45 years old for women with higher VAI index

and general obesity, age 45–55 years old for women with cen-

tral obesity and age >55 years old for women with higher LAP

index (Table S4).

4. Discussion

Our study observed that worsening glycemic status was asso-

ciated with higher LAP index and VAI. VAI index had signifi-

cant association with the diagnosis of prediabetes and

T2DM in both sexes. LAP index only showed significant asso-

ciation with the diagnosis of prediabetes and T2DM in

women, but not in men. Higher VAI was also associated with

a higher chance to develop T2D but only in women.

Lifestyle changes towards sedentary lifestyle and con-

sumption of high calorie diet which are increasing, especially

in low to middle income countries have mainly driven to the

increase of obesity [1,23]. In Asian countries with rapid econ-

omy growth, urbanization and globalization, there was a dra-

matic shift from Asian diet that is mostly dominated with

staple food to Westernized diet that is dominated with meat

and poultry dairy product, fats and oil, which are higher in

calorie [24]. Similar health problem was also faced in Indone-

sia as modernized diet was more popular nowadays, particu-

larly in the urban area. Hence, the increased prevalence of

obesity had contributed to the development and increased

incidence of T2DM [3,4]. In most population-based studies,

the common measurement of obesity such as BMI and WC

might not completely represent the dysfunctional adipose tis-

sue [25,26]. BMI may not distinguish between weight associ-

ated fat mass and fat free mass whereas WC cannot differ

between visceral and subcutaneous fat [11–15]. Simple calcu-

lation of LAP index to measure lipid accumulation and VAI to

assess visceral adiposity were suggested to be more superior

and can be used as a surrogate marker for the diagnosis of

dysglycemia as well as the predictor in the development of

T2DM. Previous evidence showed that VAI has been a surro-

gate index for insulin sensitivity and cardiometabolic risk

including coronary heart disease, myocardial infarction and

stroke among Caucasian [9,27]. These surrogate ability of

VAI was also in accordance with MRI and euglycemic clamp

procedure [9]. On the other hand, LAP index was also found

to be independently associated with the metabolic profile of

hospitalized patients in Brazil [28]. Our study indeed observed

that worsening glycemic status was associated with higher

LAP index and VAI, suggested that these two simple calcu-

lated measures of obesity indeed correlated with the patho-



Fig. 3 – Comparison between LAP index, VAI, BMI andWC for Prediabetes and T2DM Predictor. The relative risk of subjectswith

high Lipid Accumulation Product (LAP), obesity and central obesity to develop prediabetes or T2DM was analyzed using cox

regression analysis with adjustment of age, hypertension, family history of TD2DM, smoking status, consumption of ACE-

inhibitor and other anti-hypertensive drugs and consumption of statin. Additional adjustment for baseline prediabetes was

performed for prediction of T2DM. The forest plot was displayed in relative risk and 95% confidence interval. (*) resembles p-

value < 0.05. Inverted white triangle represents high LAP Index, black triangle represents high VAI, white box represents

BMI � 23 kg/m2 and black dot represents Waist Circumference (WC) � 80 cm for women and � 90 for men.
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genesis of T2DM. If anything, the changes in LAP index and

VAI with worsening glycemic status seemed to be more pro-

nounced in comparison to changes in BMI and WC. This sug-

gested that both LAP index and VAI might better represent the

fat accumulation. Strong association of LAP index with wors-

ening of glycemic status were in agreement with the result of

previous studies reported by Kahn (2006), Bozorgmanesh et al

(2010), Wakabayashi et al (2014) and Dev et al (2016) [22,29–31]

which we have previously summarized [32].

Our study found that high VAI was better in diagnosing

prediabetes and T2DM in both sexes while high LAP was

superior in diagnosing prediabetes among women among

Asian-Malay ethnicity in Indonesia. Similar strong associa-

tion of higher VAI with pre-diabetes and diabetes also

reported in study by Liu et al. [33]. Liu et al (2016) found that

the odds of male patients with VAI index � 2.78 to develop

T2DM was 2.176 (95%CI = 1.404–3.374, p = 0.001). In addition,

the odds ratio of female patients with VAI index � 1.75 to

develop T2DM was even higher with 7.630 (95%CI = 2.502–
23.268, p < 0.001) [33]. Indeed, we have also previously sum-

marize that VAI might be used as a predictor of T2DM in Asian

population [34].

Our study found that both LAP index and VAI were not suf-

ficient to predict he development of prediabetes among nor-

mal population in both sexes. These findings were opposite

to a prospective cohort study with 5 years follow up by Wu

et al. which evaluated the predictor of VAI index that was

modified for Chinese population with higher body fat. Wu

et al. found that the highest quartile of Chinese Visceral Adi-

posity Index (CVAI) was the strongest predictor among other

obesity indices such as VAI, BMI, WC, WHR and WHtR after

adjustment of confounding factors with OR 1.6(95% CI 1.16–

2.2), p = 0.05 [35]. The differences of the study findings were

probably caused the formula used in Wu et al study was mod-

ified for Chinese population while our study still used VAI for-

mula that was developed among Caucasian population.

Other studies have reported that VAI were more superior

as a predictor of T2DM compared to BMI and WC, but not
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for LAP index. This was different with the previous longitudi-

nal study demonstrated that individuals with high LAP index

had an increased risk of diabetes as compared with those

with low LAP index, but the predictive value of the LAP and

other central obesity marker were similar [29]. In addition,

sex hormones such as estrogen, was suspected to be involved

in the stronger association observed between LAP and dia-

betes, also though the exact reason for the gender difference

remains to be elucidated. Previous evidence showed that

estrogen deficiency which is found on menopause women

was associated with increased risk of cardiovascular disease,

T2DM and metabolic syndrome [36]. As the average age of

post-menopause in Asia and particularly in Indonesia ranged

between 50 and 51 years old [37–39]. Hence, women aged

>45 years old in our study can be considered as peri-

menopause population. Women going through menopausal

transition was correlated with increased adiposity by the

changes of inflammatory marker and adipokines which be

the cause of increased risk of metabolic disease among this

population [40]. Previous cross sectional study by Shabestari

et al. which found that LAP index was associated with

increased risk of having elevated FPG [OR, 95% CI 1.55 (0.95–

2.55); p = 0.08] among post-menopausal women [41]. Our

study did not find the increased OR or RR of having pre-

diabetes or T2DM among peri and post-menopausal age with

higher LAP or VAI as well as BMI and waist circumference.

Age factor may also contributes with higher lipid accumu-

lation as previous evidence showed that aging is associated

with increase of adiposity, redistribution of body fat and also

ectopic fat deposition [40]. This evidence also in line with our

study results as generally the LAP index and VAI index among

men and women aged above 55 years old were higher com-

pared to the younger ones.

Both LAP index and VAI index was calculated from waist

circumference in its formula as well as triglycerides value

and additional HDL cholesterol level for VAI. BMI alone might

not completely represent abnormal tissue deposition [25,26].

Hence, adding other factors such contributing to lipid deposi-

tion and metabolic syndrome in the formula might be poten-

tially strengthen the dyglycemia prediction ability,

particularly in LAP index in which both triglyceride and HDL

cholesterol were calculated.

Our study confirmed previous studies which reported that

VAI can be used as T2DM predictor among several Asian pop-

ulation, conducted in Tehran [42], SaudiaArabia [43] andChina

[31,33,44–46]. In our study, VAI was positively associated with

the risk of diabetes inwomen, possibly attributed to behaviour,

environmental and genetic influences-that were differ from

previous study. All of the analysis in this study was performed

separately in eachgender sincehealthywomenhavemore adi-

pose mass, more circulating free fatty acid (FFA), higher

intramyocellular lipid content, and only two thirds the skeletal

muscles mass of men [47,48]. These factors can promote insu-

lin resistance inwomen. However, another study reported that

women are resistant to FFA induced insulin resistance, possi-

bly only in premenopausal population [49].

The present study was the first study to evaluate associa-

tion between LAP index, VAI and dysglycemia status, and

their role as the predictor of the current dysglycemia status

as well as predicting future dysglycemia status. The use of
community based settings as the population sample, direct

measurements of the anthropometric indices rather than

self-reported data, and regular follow-up of all study popula-

tion become the strengths of this study. However, several lim-

itations were found in this study. First, this study was

conducted using secondary data with short period of cohort

in a limited area in Bogor (West Java). This may not represent

Indonesia as a multi-ethnicity country. Second, there was no

data on HbA1c. Third, we did not compare the result of LAP

index with actual physical measurements of visceral adipos-

ity by DEXA, MRI or CT scan. Lastly, there was no data regard-

ing major adverse cardiovascular events (MACE) since VAI has

been linked as surrogate marker for cardio metabolic disease.

Hence, future studies which exclude subjects with MACE with

ethnic specific LAP index and VAI formula should be con-

ducted in order to investigate the true power of LAP index

and VAI for diagnosing or predicting diabetes status.

5. Conclusion

In summary, worsening dysglycemia status was associated

with increased LAP index and VAI in both sexes. In men,

higher VAI but not LAP index was associated with higher risk

of having prediabetes and T2DM. Higher VAI was superior

than general obesitymeasurements (BMI andwaist circumfer-

ence) for the diagnosis of prediabetes but not for diagnosing

T2DM. In women, higher VAI and LAP index was associated

with higher chance of having prediabetes and T2DM.However,

both indices were not superior compared to the general obe-

sity measurements. In terms of predicting prediabetes and

T2DM, in men, neither higher VAI nor higher LAP was associ-

ated with higher risk to develop prediabetes and T2DM in the

future. In women, higher VAI was associated with higher risk

to develop T2DM but not prediabetes in the future. If anything,

this was superior to other general obesity measurements. Fur-

ther largemulticenter studies that included diverse ethnicities

and longer follow-up will be needed to verify the performance

of LAP index and VAI in predicting T2DM.
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