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Purpose: The lipid accumulation product (LAP) has been a potential indicator of central lipid accumulation status. This study aimed
to assess the longitudinal association between LAP index and incident type 2 diabetes among non-obese Korean adults using a large,
community-based Korean cohort observed over 12 years.

Patients and Methods: This study included 4281 non-diabetic adults without generalized obesity and abdominal obesity and aged
40-69 years from the Korean Genome and Epidemiology Study. The participants were divided into four groups according to LAP
index quartiles, calculated as (waist circumference [cm] - 65) x (triglycerides [mmol/L]) in men and (waist circumference [cm] -
58) x (triglycerides [mmol/L]) in women. We prospectively assessed hazard ratios (HRs) with 95% confidential intervals (Cls) for
incident type 2 diabetes using multivariate Cox proportional hazard regression models.

Results: Overall, 608 (14.2%) participants developed type 2 diabetes during the follow-up period. HRs for incident type 2 diabetes in
the second, third, and fourth LAP quartile were 1.32 (95% CI: 0.97-1.79), 1.51 (95% CI: 1.11-2.06), and 2.14 (95% CI: 1.56-2.94),
respectively, after adjusting for age, sex, body mass index, smoking status, alcohol intake, physical activity, mean arterial blood
pressure, family history of diabetes, and impaired glucose tolerance.

Conclusion: A high LAP index can be an additional indicator for new-onset T2DM among middle-aged and elderly non-obese
Koreans.

Keywords: lipid accumulation product index, prospective cohort study, incident type 2 diabetes, Koreans

Introduction

Type 2 diabetes mellitus (T2DM), a chronic disease known for hyperglycemia and its complications, has been established
as a global pandemic.'” With complications ranging from diabetic retinopathy to diabetic foot ulcers, identification of
risk factors and early detection of T2DM is essential for its prevention.** Evidence indicates that T2DM was mainly
a result of obesity and subsequent insulin resistance.”® However, in East Asia, T2DM patients were often non-obese.”*
Additionally, the prevalence of obesity among Korean women has decreased, while T2DM incidence has increased; thus,
there is a need for a more comprehensive indicator to predict and manage T2DM risk factors among apparently healthy
individuals.” "'

The lipid accumulation product (LAP) index has gained attention for reflecting metabolic alterations related to lipid
accumulation status.'>'* LAP, a product of waist circumference (WC) and triglyceride, was derived to reflect an
individual’s anthropometric and physiological status.'” Initially, it was measured to reflect the risk of cardiovascular
disease in a general sense. However, it gained further attention due to its links to liver disease, chronic kidney disease,
and insulin resistance conditions.'®™'” Korean ethnicity, as compared to the general population, is considered to be lower
in anthropomorphic statistics. According to the Korea National Health and Nutrition Examination Survey, the LAP index
may represent insulin resistance and beta-cell function even in non-diabetic individuals.*® Also, The previous study on
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other Asian populations reported that the LAP index showed better predictive value for metabolic syndrome than body
mass index (BMI) or waist circumference (WC).>!

In this regard, this study aimed to provide insights regarding T2DM in non-obese individuals and a Korean-specific
demographic. There are also well-known insulin resistance indicators, such as the the homeostasis model assessment of
insulin resistance (HOMA-IR) or hyperinsulinemic-euglycemic clamp. Still, this study would provide additional benefits
for a relatively non-obese East Asian through easily measurable indicators. We investigated the relationship between the
LAP index and incident T2DM using a large, community-based Korean cohort observed over 12 years among middle-
aged and elderly non-obese Koreans.

Materials and Methods

Study Population

This study was derived from the Korean Genome and Epidemiology Study (KoGES), a large prospective cohort study
initiated by the Korea National Institute of Health to explore and characterize the epidemiological features of chronic
diseases in Koreans. It consists of community-dwelling men and women aged 40-69 years at the baseline who lived in
Ansan (urban area) or Ansung (rural area). This cohort study has been conducted biannually since the baseline survey in
2001-2002 up to 2013-2014. All participants voluntarily participated and provided informed consent before enrolment.
During the baseline survey (2001-2002), 10,030 participants were recruited, consisting of 5012 Ansan residents and
5018 Ansung residents. Among 10,030 participants assessed at the baseline survey, we excluded 1344 (13.4%)
participants who had previously been diagnosed with T2DM or met the diagnostic criteria for T2DM, according to the
American Diabetes Association (ADA). Also, we excluded obese individuals, defined as BMI > 25 kg/m2 and WC >
90 cm in men or > 85 ¢cm in women,”” or current use of dyslipidemia medications (n=4405). After these exclusions, 4281
participants (1875 men and 2406 women) were selected during the baseline survey (Figure 1). The study protocol was
approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention, and all study

Total n=10,030 assessed for eligibility
Men (n=4,758), Women (n=5,272)

before, or met the diagnostic criteria for type 2 diabetes at
the baseline survey
(n=1,344)

( Excluded those who were diagnosedwith type 2 diabetes

Y

Participants without type 2 diabetes
(n=8,686)

Excluded those who met one or more of the following
criteria: missing data; current use of dyslipidemia
medication; fulfilling the diagnostic criteria for general
=L0besity or abdominal obesity in Korea: BMI > 25 kg/m? and

WC =90 cm in men or > 85 cm in women, respectively
(n=4,405)

\4

Overall, 4,281 participants were
selected in the baseline study
Men (n=1,875), Women(n= 2,406)

Figure | Flowchart for the selection of study participants.
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participants gave their written informed consent. The study was approved by the Institutional Review Board of Yongin
Severance Hospital, Yonsei University College of Medicine (IRB number: 9-2020-0018).

Study Design

The methodology of the KoGES (Ansung-Ansan) cohort study has been described in detail in previous studies.”® After
fasting for at least 8 hours, the lipids profile and fasting plasma glucose were measured enzymatically using a 747
chemistry analyzer (Hitachi 7600 automatic analyzer; Hitachi Global, Tokyo, Japan). The C-reactive protein concentra-
tion was assessed with an immunoradiometric assay (ADVIA 1650; Bayer Diagnostics, Tarrytown, NY, USA). The level
of glycosylated hemoglobin (HbA1¢) was measured by high-performance liquid chromatography (VARIANT II; Bio-Rad
Laboratories, Hercules, CA, USA). Plasma glucose levels were measured 2 hours after a meal into a 75 g oral glucose
tolerance test (OGTT) biannually until 2013-2014. Newly developed T2DM was defined as a fasting plasma glucose
level > 126 mg/dL, 2-h postprandial plasma glucose level > 200 mg/dL in the 75 g OGTT, HbAlc > 6.5% according to
the ADA criteria,®* or ongoing treatment with oral hypoglycemic medications or insulin therapy. Impaired fasting
glucose was defined as a fasting plasma glucose level between 100 and 126 mg/dl and impaired glucose tolerance as
a 2-hour postprandial plasma glucose level between 140 and 200 mg/dl. The LAP index was determined using the
following formula: (WC [cm] - 65) x (triglycerides [mmol/L]) in men and (WC [cm] - 58) x (triglycerides [mmol/L]) in
women. The LAP indexes were categorized into four quartiles, namely Q1: < 12.7 (< 25th percentile), Q2: 12.8-20.1 (26
to 50th percentile), Q3: 20.2-31.6 (51 to 75th percentile), and Q4: > 31.7 (> 76th percentile).

Statistical Analysis

According to the LAP index quartiles, the baseline characteristics of the study population were compared using Pearson’s
chi-squared test for categorical variables and analysis of variance for continuous variables. Age- and sex-adjusted initial
LAP index means and standard errors (SE) were calculated using analysis of covariance (ANCOVA) according to the
incidence of diabetes. Furthermore, we assessed the cumulative incidence of T2DM using Kaplan—Meier curves with the
Log rank test. After setting the lowest quartile as a reference group of the LAP index values, the hazard ratio (HR) and
95% confidence interval (CI) for incident T2DM were calculated using multivariate Cox proportional hazards regression
models after adjusting for age, BMI, smoking status, alcohol intake, physical activity, mean arterial blood pressure,
family history of diabetes, and impaired glucose tolerance. We also performed a sex-based subgroup analysis for incident
T2DM similarly. Last, we performed pairwise comparisons of receiver-operating characteristic (ROC) curves and
concordance (C) statistics to assess the ability of a risk factor to predict T2DM. All analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). All statistical tests were two-sided, and statistical significance was
set at P < 0.05.

Results

The baseline characteristic of the study population (n = 4281; 1875 men and 2406 women), arranged by LAP index
quartiles, is shown in Table 1. Mean age, BMI, and WC were 51.5 + 8.9 years, 22.3 = 1.8 kg/m?, and 77.0 = 6.1 cm,
respectively. Lipid markers data consisted as follows: mean total cholesterol, 4.8 + 0.9 mmol/L; triglyceride, 1.5 + 0.9
mmol/L; high-density lipoprotein (HDL)-cholesterol, 1.2 = 0.3 mmol/L. Mean values of BMI, WC, and blood pressure
were the highest in the highest quartile of the LAP index. Glucose impairment indices including fasting plasma
glucose, 2-h postprandial plasma glucose, and HbAlc were also the highest in the fourth quartile. There were no
significant differences within the areas of regular exercise, family history of diabetes, and fasting glucose
impairment percent. However, the prevalence of impaired glucose tolerance was the highest (21.1%) in the fourth
LAP quatrtile.

Table 2 shows the incidence of T2DM during the follow-up study from 2001 to 2014. Biannual incidences are shown
with a total of 4281 individuals. A total of 608 (14.2%, 608/4281) individuals were diagnosed with T2DM during the 12-
year study period. Incidence rates within 2 years were in the range of 2.2-3.5%. With reference to Figure 2, higher
quartiles of the LAP index showed increasing cumulative incidences of T2DM over the 12 years of study from the
baseline survey (Log rank test, P < 0.001). Figure 3 shows that age- and sex-adjusted initial LAP index means were
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Table | Baseline Characteristics of the Study Population According to Lipid Accumulation Product Quartiles

Quartile of LAP Index
Total Ql Q2 Q3 Q4 P value*
n = 4281 n = 1050 n = 1075 n = 1075 n = 1080

LAP (cm x mmol/l) 254+ 197 <127 12.8-20.1 20.2-31.6 231.7

Age (years) 51.5+89 502 £ 9.0 502 £ 85 51.9 £89 539 +88 <0.001
Male sex (%) 438 55.7 46.9 40.7 322 <0.001
Body mass index (kg/m?) 223+ 1.8 21.0+ 1.8 224+ 15 229+ 14 232+ 1.3 <0.001
Waist circumference (cm) 77.0 £ 6.1 70.8 + 4.6 757 + 44 789 + 43 824 + 4.0 <0.001
Systolic blood pressure (mmHg) 1179178 | 1127 £159 | l6.1 £17.5 | 1188+ 17.5 | 123.9 + 183 <0.001
Diastolic blood pressure (mmHg) 779+ 110 | 749+ 106 | 768+ 109 | 785+ 106 | 814+ 11.0 <0.001
Fasting plasma glucose (mmol/l) 4505 45+ 04 45+05 4505 4.6 + 0.5 0.006
2-h postprandial plasma glucose (mmol/l) 6.1 £1.7 59+ 17 6.0* 1.6 62 % 1.6 65+ 1.6 <0.001
Hemoglobin Alc (%) 5503 54+03 5503 5503 56 %04 <0.001
Total cholesterol (mmol/l) 4809 46 +08 47 +08 4808 5.1 +09 <0.001
Triglyceride (mmol/l) 1.5 %09 1.0+0.3 12 £03 1.5 +04 2412 <0.001
HDL-cholesterol (mmol/l) 1.2 +£03 1.3+03 1.3£03 1.2 £02 .1 £0.2 <0.001
C-reactive protein (mg/L) 02+ 0.6 0205 0206 02+04 0209 0.187
Current smoker (%) 25.7 30.6 26.6 23.6 22.0 <0.001
Alcohol drinking (%)* 45.9 48.4 49.6 44.7 40.9 <0.001
Regular exercise (%)* 25.2 26.7 239 28.0 224 0.007
Family history of diabetes (%) 9.9 9.3 10.5 10.6 9.2 0.554
Impaired fasting glucose (%) 3.0 2.1 34 33 34 0.234
Impaired glucose tolerance (%) 16.9 14.9 14.2 17.4 21.1 <0.001

Notes: Data are expressed as the mean + SD or percentage. *P-values were calculated using ANOVA or the chi-squared test. TAlcohol intake = twice/week.
*Moderate intensity physical exercise 2 three times/week.
Abbreviations: LAP, lipid accumulation product; HDL, high-density lipoprotein.

Table 2 Incidence of Type 2 Diabetes During the Follow-Up Study

Year Range Follow-Up n Incidence Cases (n) | Incidence Rate Over 2 Years
2001-2002 Baseline 4281

2003-2004 2 years 4000 128 32

2005-2006 4 years 3563 124 35

2007-2008 6 years 3197 I3 35

2009-2010 8 years 3209 96 3.0

2011-2012 10 years 3010 84 2.8

2013-2014 12 years 2790 63 22

significantly higher in the diabetes group compared to the non-diabetes group (32.4 = 0.8 cm x mmol/l vs 24.2 + 0.83 cm
x mmol/l, P < 0.001).

Multivariate Cox proportional hazards regression analysis was also performed for the prediction of T2DM
according to LAP index quartiles as shown in Table 3. The incidence rate per 1000 person-years increased
proportionally with increasing LAP index quartiles (Q1: 10.5, Q2: 12.6, Q3: 14.7, and Q4: 23.8 per 1000 person-
years). With the first quartile as a baseline reference, the HR increased in a dose-response manner for the subsequent
quartiles. The HR, adjusted for age, sex, BMI, smoking status, alcohol intake, and physical activity was calculated to
be 1.32 (95% CI: 0.97-1.79), 1.59 (95% CI: 1.16-2.17), and 2.43 (95% CI: 1.78-3.33) for Q2, Q3, and Q4,
respectively. Similarly, these dose-responsive associations were found after additional adjustment for mean arterial
blood pressure, family history of diabetes, and impaired glucose tolerance. The HRs of incident T2DM were 1.32
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Figure 2 Kaplan—Meier plots indicating the cumulative probability of being diagnosed with diabetes after the baseline survey.
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Figure 3 Age- and sex-adjusted LAP index at baseline according to the incidence of diabetes.

(95% CI: 0.97-1.79) for Q2, 1.51 (95% CI: 1.11-2.06) for Q3, and 2.14 (95% CI: 1.56-2.94) for Q4. Sex-based
subgroup analysis revealed that the HRs of incident T2DM for the fourth quartile tend to be similar in men and
women [HR (95% CI) = 2.20 [1.46-3.32] and 2.26 [1.34-3.82], respectively) (Model 3, Table 4). Furthermore, using
a pairwise comparison of ROC analyses of new-onset T2DM, the C-index of LAP index data was significantly higher
than that of BMI, WC, and HOMA-IR (P < 0.001, P = 0.016, and P = 0.001, respectively) (Table 5).

Discussion

We found that a higher LAP index is positively and independently associated with T2DM after adjusting for known
confounding variables within the large-scale 12-year follow-up data. The fourth quartile showed the highest
2-h postprandial plasma glucose, adequately exemplifying a higher risk of T2DM in patients with a higher LAP as
well as increased HbAlc levels within the normal range. Social history markers, including smoking, drinking, and
exercise percentage were the lowest in the fourth quartile. Although less exercise correlates to a higher lipid profile,?
alcohol and smoking history was the lowest, despite studies showing a higher triglyceride level with greater alcohol and
smoking history.>®?” This could be because most of the individuals in the population group recognized the need for
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Table 3 Hazard Ratios and 95% Confidence Intervals for Incident Type 2 Diabetes According to LAP

Quartiles
LAP Quartiles
Ql Q2 Q3 Q4
n = 1050 n = 1075 n = 1075 n = 1080
New cases of diabetes, n 103 128 144 233
Mean follow-up, years 93 %35 94 + 35 9.1 +37 9.1 £36
Pearson-years of follow-up 9787 10,142 9812 9777
Incidence rate/1000 person -years 10.5 12.6 14.7 23.8
Model | HR (95% Cl) 1.00 (reference) | 1.35 (0.99-1.82) | 1.64 (1.20-2.23) | 2.52 (1.84-3.44)
P value - 0.052 0.002 < 0.001
Model 2 HR (95% Cl) 1.00 (reference) | 1.32 (0.97-1.79) | 1.59 (1.16-2.17) | 2.43 (1.78-3.33)
P value - 0.073 0.003 < 0.001
Model 3 HR (95% Cl) 1.00 (reference) | 1.32 (0.97-1.79) | 1.51 (1.11-2.06) | 2.14 (1.56-2.94)
P value - 0.073 0.009 < 0.001

Notes: Model |: adjusted for age, sex, and body mass index. Model 2: adjusted for age, sex, body mass index, smoking status, alcohol
intake, and physical activity. Model 3: adjusted for age, sex, body mass index, smoking status, alcohol intake, physical activity, mean
arterial blood pressure, family history of diabetes, and impaired glucose tolerance.

Table 4 Sex-Based Subgroup Analysis for Incident Type 2 Diabetes According to LAP Quartiles

LAP Quartiles
Ql Q2 Q3 Q4
Model | | Men HR 1.00 (reference) | 1.45 (0.99-1.13) | 1.48 (0.97-2.26) | 2.88 (1.93—4.32)
P value - 0.059 0.070 < 0.001
Women | HR 1.00 (reference) | 1.26 (0.76-2.07) | 1.88 (1.15-3.06) | 2.29 (1.36-3.84)
P value - 0.369 0.011 0.001
Model 2 | Men HR 1.00 (reference) | 1.39 (0.95-2.04) | 1.41 (0.92-2.16) | 2.78 (1.854.17)
P value - 0.093 0.113 < 0.001
Women | HR 1.00 (reference) | 1.27 (0.77-2.10) | 1.88 (1.15-3.06) | 2.25 (1.34-3.78)
P value - 0.342 0.011 0.002
Model 3 | Men HR 1.00 (reference) 1.37 (0.93-2.02) 1.24 (0.82-1.90) | 2.20 (1.46-3.32)
P value - 0.108 0.313 < 0.001
Women | HR 1.00 (reference) | 1.30 (0.79-2.15) | 1.99 (1.22-3.26) | 2.26 (1.34-3.82)
P value - 0.297 0.006 0.002

Notes: Model |: adjusted for age and body mass index. Model 2: adjusted for age, body mass index, smoking status, alcohol intake,
and physical activity. Model 3: adjusted for age, body mass index, smoking status, alcohol intake, physical activity, mean arterial blood

pressure, family history of diabetes, and impaired glucose tolerance.

lifestyle changes and thus, represented as current non-smokers and non-drinkers; however, specific data regarding the

length of discontinuation would be required to verify such results.

The results for family history of diabetes were not significant, indicating a weak association of T2DM with LAP. It
has been proven that a family history of diabetes is an independent risk factor for diabetes.”® With this study, a high LAP

index could be considered an independent risk factor for the incidence of T2DM.

Some plausible mechanisms deserve consideration for the observed association, reflecting the collective effect of the
components of the LAP index. First, pathophysiology of T2DM has been characterized by decreased insulin secretion by
pancreatic p-cells and the inability of tissue to respond to insulin.”® Studies have shown a high correlation of T2DM with
obesity, especially visceral fat.’*3! WC or BMI has been the classic index for visceral fat, accounting for the factor of obesity
in patients, but WC is difficult to distinguish between visceral fat and subcutaneous fat, and BMI has limitations in viewing
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Table 5 LAP Index versus body Mass Index, Waist circumference and HOMA-IR for predicting type 2 Diabetes

Pairwise Comparison of C-Index Ability to Classify T2DM
Difference | 95% CI P value | Cutoff Sensitivity (%) | Specificity (%) | C-Index | P value
value

LAP index, QI-4 vs body mass 0.06 0.03 to 0.09 | <0.001
index, kg/m?
LAP index, QI-4 vs waist 0.02 0.0l to 0.05 | 0.016
circumference, cm
LAP index, QI-4 vs HOMA-IR | 0.05 0.02 to 0.09 | 0.001
LAP index 29.6 43.6 742 0.606 < 0.001
Body mass index, kg/m* 23.1 41.6 63.7 0.528 0.056
Waist circumference, cm 77.1 59.9 51.4 0.566 < 0.001
HOMA-IR 1.68 344 75.0 0.538 0.004

Abbreviations: LAP, lipid accumulation product; HOMA-IR, homeostasis model assessment of insulin resistance; C-index, concordance index; T2DM, type 2 diabetes
mellitus.

body composition.*** As the number of non-obese T2DM patients increased, studies have aimed to find a more compre-
hensive index for predicting T2DM.?~** Further studies have shown that the LAP index was an effective tool in predicting
T2DM incidence, with the capacity to include visceral fat as well as subcutaneous fat.'>!'? Second, although there are several
mechanisms proposed to explain high triglyceride levels in diabetes, one specifically addresses muscle-related insulin
resistance. As triglyceride levels increase in the blood, insulin activity in muscles is seen to be inhibited, not to mention
a significant decrease in B-cells functions.>> With more triglyceride levels accumulating within the muscles, the resulting
myosteatosis leads to the production of inflammatory cytokines and muscle catabolism.*®*” This correlates well to studies on
non-obese diabetic patients and the relationship to a lower muscle mass.*® In addition, triglyceride levels in the blood are
significant independent risk factors for glucose tolerance disorders and diabetes when they are in a high range or increase
within the normal range.”” WC and serum triglycerides can be evaluated together to be a meaningful indicator of early
identification and management of diabetes risk even in Asians, with seemingly low metabolic risks.

The major strength of this study is that the study was conducted using 12-year data. A subsequent 12-year prospective
cohort study using such a community-based large sample population of middle-aged Korean individuals was performed.
Limitations, however, arise from the data set, as the population is rather limited to be generalized to a worldwide
population. The LAP formula is based on the US National Health and Nutrition Examination Survey.'> Also, although
dietary habits could be essential for T2DM, they were not fully adjusted for in the statistical model, causing a possible
residual confounding effect. Thus, ethnic differences, including lifestyle factors, limit the study to a more East Asian
reference. Additional limitation includes a potential selection bias, as data were collected from volunteers, leaving
grounds for the population to be a more health-seeking population. Lastly, the patient medication history was not
considered. Medications that affect muscle metabolism and inflammatory reactions have the potential to change
catabolism, thus affecting factors related to diabetes. Further studies considering a complete history taking of medication
as well as dietary supplements are warranted.

In full consideration of the strengths and weaknesses of the study, however, important implications of a high LAP
resulting in T2DM incident are highlighted, deeming it a necessary factor for preventing diabetes in healthy adults.

Conclusion
In conclusion, a high LAP index can indicate a possible incidence of T2DM among middle-aged and elderly non-obese
Koreans.
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