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“Lipid accumulation product” (LAP) is a continuous variable based on waist circumference and triglyceride concentration
previously associated with insulin resistance. We investigated the accuracy of LAP in identifying oral glucose tolerance test
(OGTT) abnormalities and compared it to the homeostasis model assessment of insulin resistance (HOMA-IR) in a population
of overweight/obese outpatients presenting with nondiabetic fasting glucose. We studied 381 (male: 23%) adult (age: 18-70 years)
overweight/obese Caucasians (body mass index: 36.9 + 5.4 Kg/m®) having fasting plasma glucose < 7.0 mmol/L. OGTT was used
to diagnose unknown glucose tolerance abnormalities: impaired glucose tolerance (IGT) and type-2 diabetes mellitus (T2-DM).
According to OGTT 92, subjects had an IGT and 33 were diagnosed T2-DM. Logistic regression analysis detected a significant
association for both LAP and HOMA-IR with single (IGT and T2-DM) and composite (IGT + T2-DM) abnormal glucose tolerance
conditions. However, while the association with diabetes was similar between LAP and HOMA-IR, the relationship with IGT and
composite outcomes by models including LAP was significantly superior to those including HOMA-IR (P = 0.006 and P = 0.007,
resp.). LAP seems to be an accurate index, performing better than HOMA-IR, for identifying 2-hour postload OGTT outcomes in
overweight/obese patients with nondiabetic fasting glucose.

1. Introduction

Impaired glucose tolerance to overt diabetes is substan-
tially regarded as an obesity-related complication [1]. The
pathophysiological role of excessive visceral adiposity in the
decline of pancreatic $-cell function is well accepted [2, 3].
Alternatively to body mass index (BMI, describing weight
overaccumulation), a new index describing central lipid
overaccumulation, the “lipid accumulation product” (LAP),
has been recently proposed for identifying adults with insulin
resistance, elevated fasting glucose, and diabetes [4-6]. LAP
is a continuous variable based on waist circumference (WC)

and triglyceride (TG) concentration, two elements denoting
visceral adiposity [3, 4].

A pathologic glucose tolerance and a degree of hyper-
glycemia sufficient to cause functional changes in various
target tissues, but without clinical symptoms, may be present
for a long period of time before diabetes is detected [1].
In the identification of subjects with glucose metabolism
abnormalities but presenting with normal or mildly increased
fasting glucose, although not recommended for routine
clinical use, the use of a 2-hour postload glucose of an oral
glucose tolerance test (OGTT) is an accepted procedure [1].
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As LAP likely reflects insulin resistance, we aimed to
investigate the accuracy of LAP in identifying OGTT abnor-
malities and to compare it to a widely used index of
insulin sensitivity, the homeostasis model assessment of
insulin resistance (HOMA-IR) [7]. However, although the
identification of normal-weight subjects with alterations in
glucose tolerance is also relevant, in the present study we
decided to focus only on a population of overweight/obese
outpatients presenting with nondiabetic fasting glucose. We
decided to include only this kind of patients in order to
better investigate the discriminatory power of this new index
in a population already characterized by consistent truncal
adipose tissue accumulation and more at risk of developing
metabolic complications. Furthermore, silent glucose toler-
ance abnormalities are more likely to be not diagnosed in
patient with normal fasting glucose when they are not tested
by means of specific procedures. Finally, the evaluation of
overweight/obese outpatients reasonably reflects everyday
clinical practice.

2. Materials and Methods

The study protocol was approved by the local ethics commit-
tees. All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2008. Informed
consent was obtained from all patients for being included
in the study. We studied 381 (male: 23%) overweight/obese
Caucasians (BMI mean + SD: 36.9 + 5.4 Kg/m?’; range: 27.3—
55.8 Kg/m?; age: 41.3 + 12.5 years) attending outpatient
clinics for weight concern. Subjects were eligible if they were
apparently healthy at physical examination, aged from 18 to
70 years, had fasting plasma glucose <7.0 mmol/L, and pro-
vided informed consent. Exclusion criteria were established
diabetes or presence of any other endocrine disorder, use
of insulin or any other hypoglycemic agent, use of lipid-
lowering medications, TG > 5.6 mmol/L [4, 5], pregnancy,
alcohol abuse, and adherence to any weight reducing or low
carbohydrate diet in the last 6 months.

Study protocol included physical examination; anthropo-
metric measurements (weight, height, WC, and BMI) accord-
ing to standard procedures [8]; biochemical assessment (glu-
cose, insulin, and TG) of blood samples in fasted state (8 to
12 hours); glucose tolerance evaluation by two-hour postload
(75g) blood glucose of an oral glucose tolerance test (2h-
PG) [1]. Accordingly, patients were assigned to the following
categories of glucose tolerance: <7.8 mmol/L, normal glucose
tolerance; >7.8 and <1l.Immol/L, impaired glucose toler-
ance (IGT); >11.1 mmol/L, type-2 diabetes mellitus (T2-DM).
Insulin resistance was estimated by the homeostasis model
assessment (HOMA-IR) of insulin resistance [7]. LAP was
obtained using the formula proposed by Kahn [4]: for men =
(WC [em] - 65) x (TG [mmol/L]); for women = (WC [cm]
- 58) x (TG [mmol/L]). Patients were then stratified by sex-
specific tertiles of WC, LAP, and HOMA-IR distribution.
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2.1. Statistical Analysis. Data were presented as mean and
standard deviation (SD) or counts and percentage, as appro-
priate.

Group comparisons were performed using chi-square test
(categorical variables) and ANOVA or Kruskal-Wallis test
(continuous variables). Adjustment for multiple compari-
son by Bonferroni’s procedure was considered accordingly.
Logistic regression analysis adjusted for age (continuous)
and smoking (current versus former smoker/nonsmoker)
was used to evaluate the relationship between abnormal
glucose tolerance conditions (IGT, T2-DM, and composite
IGT + T2-DM) and tertiles of WC, LAP, and HOMA-IR.
Therefore, the power of model’s predicted values to correctly
classify positive cases was also quantified by the area under
the receiver operating characteristic curve (AUC; c-statistic).
With respect to this, the closer to 1, the better the model
performance [9]. Finally, AUCs for WC, LAP, and HOMA-IR
were compared using the method proposed by DeLong et al.
(10].

All statistical analyses were performed using the software
MEDCALC for Windows, Version 11.3.0.0 (MedCalc Soft-
ware, Mariakerke, Belgium). The level of significance was set
at the two-tailed P value < 0.05.

3. Results

In our population sex-specific cut points of LAP tertiles
(cm'mmol/L) were males, 65.8 and 103.4 (range: 21.6-247.9);
females, 44.7 and 815 (range: 11.6-215.4). Cut points of
HOMA-IR tertiles were males, 2.4 and 3.7 (range: 0.6-13.2);
females, 2.2 and 3.7 (range: 0.4-13.4). Cut points of WC
tertiles were males, 110 and 123 (range: 85-150); females, 96.5
and 109 (range: 80.5-139). Smoking habit was unrelated to
WC, LAP, and HOMA-IR tertiles.

According to OGTT 92 subjects (24.1%) had an IGT and
33 (8.7%) were diagnosed with T2-DM. In those presenting
with fasting glucose > 5.6 mmol/L (N = 102), 22 subjects
were diagnosed with T2-DM and 33 showed an IGT, while
in the subgroup of patients presenting fasting glucose >
6.1mmol/L (N = 38) 15 and 8 cases of T2-DM and IGT were
found, respectively.

According to tertiles of distribution, LAP and HOMA-
IR were significantly associated with variables describing
glucose metabolism in both genders (Tables 1 and 2), with
exception of fasting glucose and LAP in male patients.
Conversely, WC was not associated with 2h-PG on a con-
tinuous scale. When looking at the frequency of abnormal
glucose tolerance conditions, we found that LAP was more
strongly associated with 2h-PG outcomes (Figure 1), while
WC showed significant limitations. All these findings were
particularly evident in age and smoking-adjusted logistic
regression analysis (Table 3). A significant association for
both LAP and HOMA-IR with single (IGT and T2-DM)
and composite (IGT + T2-DM) abnormal glucose tolerance
conditions was observed. However, while the association
with diabetes was similar between LAP and HOMA-IR, the
relationship with IGT and composite abnormal glucose tol-
erance conditions by models including LAP was significantly
superior to those including HOMA-IR. Besides, WC was not



International Journal of Endocrinology

‘sueaw jo suostredwon 501] 3s0d £q a[1119) pIg SNSIAA A[NI2) IST ‘S0°0 > d s

'sueaut Jo suostieduwod 501 3s0d £q sdnoig 1aY10 3y SNSI2A 500 > d |
"sueawu Jo suostredwod 207 1s0d £q 1apoue U0 03 (500 > ) TuaIaPIp Auesyrudis sdnoid oy [Ty s
1593 SI[EM-[YSNIY 10 YAONY 03 SUIp1ody
*2500n[3 peopsod [eI0 INOY-7 ‘D J-Yg 90ULISISII UI[NSUT JO JUIUWISSISSE [9POW SISLISOaWoY Y[-YINOH 2onpoid uonemnumndoe pidif Jy T xopur ssewr Apoq ‘TNG
"sdno1d uryim pajenores are safejuadiag -adejusorad 10 n?mﬁuukum YIG/-yisg 98uer amrenbiajur] uerpaw 10 (UONRIASD pIepue)s) uesw se pariodal are eeq

010°0 s100°0> s100°0> 7000 100°0 20070 €00°0 LT6°0 Lon[eA g
[8'8-09] 79 (T €9 (817) 8'st (80) ¢S [STET-2'69] €101 (€€n) 812t (£9) v'6€ (6°TD) 97¥ (te=N) 11
[cL-6%] LS (F0)Te (61)s¢t (50)¥'S [T121-1°65] 0°C8 (0¢n) Lootr (rs) 9'9¢ (L¥1) LSy (8z=N)1I
[12-67] 19 (50)91 (80 L1 (90) 8% +[S568-€TH] 9FS (€7T1) 9'601 +(F9) 6¢€e (0¢1) 8°SF (LT=N)1
s3I} YINOH
6700 €00°0 100°0> S75°0 100°0> 100°0> §100°0> 1S%°0 LonfeAa g
[98-6S] 9 (620 0°s (FmTIC (8°0) ¢S [€721-0°TCT] 0'TET (£€1) 0ver (99 1T¥ (ren Tev (8T = N) III
l62-L€]T9 0 6€ (89) 091 (Lo)¢es [696-5'52] 8'98 (£°6) 0°811 (8%) s9¢ (Ten 9z¥ (62=N)1I
[0z-67109 +(81) 8T ;00T (o)rs [ros-z0¥] 6'6% LJ(€7T1) 6201 (T¥) 0°¢e (8°€1) 0'9% (0e=N)1
S99} JV'T
8TF0 L10°0 9000 6L1°0 7000 §100°0> §100°0> S68°0 Lon[eA g
[82-0°5]1 09 FO Ly (zom) €oc (zo)es [Tzer-292] €°¢01 (82) 80¢T (0°9) 8°TF (€21 0°S¥ (T¢ = N) III
[98-26]1 €9 (ro) 67¢ (02) 8°S1 (0)ss [s'071-0'1L] 868 (€¢) gsII (0°€) 6°S€ (T%1) 9°9% (92 =N) 11
[C8-9'6] €9 70 0¢€ +(58) 8°T1 (zo)rs JLTs-¢wl Tss (€'s1) 9201 (Loeie (0°€n) €5 (0e=N)1
SI[1313) ISTRA\
[18-9'6] €9 (¥ 6¢ (T6) ¥791 (o) ¢s [£0TZ1-9'%5] 8°S8 (TeD 911 (r9) £'9¢ (6721 9°S¥ (£8 = N) [[e19A0
g(I/1oww) Hd-yz JI-VINOH o(TP/0A) urnsug q(T/1owwr) 3s0on[H J(T/1oww X W) dv'T (W) ISTEM o(W/3Y) ING o(s184) 33y

“MI-VINOH PU® TV 92UI3JWNOIL JSTEM JO SI[1}19) 0] SurpIoooe syuarjed sfews Jo sammjes] ;] 419V],



International Journal of Endocrinology

‘sueaur Jo suostredwon 50y 3s0d £q 9[1119) pIg SNSIOA 1IIA) IST ‘60°0 > J "
‘sueaw jo suostredwon s01] 3s0d £q sdnoid 19130 o) snsI1dA 50°0 > J '

‘sueaur jo suostredwon soy 3s0d £q 130U U0 0] (50°0 > ) IURIPIP Apuesyrudts sdnoid oy [Ty s
1593 SI[EM-[YSNIY 10 YAONY 03 SUIp1ody
*2500N[3 peoy 150d [eI0 INOY-7 ‘D - DOULISISII UI[NSUT JO JUIUWISSISSE [9POW SISLISOaWOY Y[-YINOH 2onpoid uonemnumnodoe pidif qy T xopur ssewr £poq ‘TNG
"sdno1d uryim pajenores are safejuadiag -adejusorad 10 n?mﬁuukum YIG/-yisg 98uer amrenbiajur] uerpaw 10 (UONRIASD pIepue)s) uesw se pariodal are eeq

100°0> s100°0> §100°0> §100°0> s[00°0> 100°0> 100°0> 659°0 Lonea g
J[86-€9] L2 (61 TS (92) L1 (9°0)¥'S [s'9TT-S'6%] 0°€8 (0€n) 7801 1(F79) 6'8¢€ (€Tn) Lov (66 = N) 111
[¥8-£6169 (¥'0) LT (rora (9°0) 0°s [0°88-70%] 695 (6'11) €¢01 (9°9) 8'9¢ (1) ve€ (001 = N) II
[oz-Tsl €9 o) ¢t 0 ¥9 (0) L¥ [T°99-0C¢] €F¥ (£7T1) €001 (89) 0's¢ (ren rov (S6=N)1

$3[119) VINOH

100°0> §100°0> §100°0> 100°0> s[00°0> s100°0> §100°0> 850°0 Lonea g

Jsor-¢2] v8 (T oy (¥'8) 891 (90) €S [S'¥T1-6'68] 0°S01 () 1y (99) 8°0% () ¥'ey (L6 =N)1II
l62-L6]1 69 (81 6T (L2) o€t (9°0)0°S [£'89-9'6%] 9°6S (ron z¢ot (67) L9¢ (Fen) s'6¢ (00T = N) II
[oz-TslTo Frnec (z9)vor (0)8¥ [coP-¥¥e] TTe (T6) 676 (S¥) ee (6'T1) €8¢ (L6=N)1

S9N dV'T

100°0> s100°0> 100°0> 1000 s100°0> s100°0> §100°0> 8%0°0 Lonea g
[8'8-¢9] ¥ (€0 6°€ J(ron) g9t (90) TS [s7e1-T's9] T06 (I'8) €611 (L9) 9Ty (9T €17 (L6 =N) 111
[£8-T9] TL (L1 oe (99) 1€l (zo)rs [€'68-0'9%] 9°8S (¥¢) Teor (I'7) €9¢ @) ¥'1¥ (66 = N) 11
J[FL-19] €6 AInec (¢¥) Lot +90) 67 J[8'67-9¥¢] £'8¢ (€7) 806 (87 6'1¢ (£1m) 9Lg (86 =N)1

SI[1313) ISTRA\
[7'8-851 69 (0 re (82) vel (90) 1S [168-¢'0¥] 6'9S (0°€1) 0701 (z9) 69¢ (rem rov (¥6T = N) [[e140
JIoww) Dd-yz  MI-'VWOH  (Tp/Q#) umsup  (T/[oWwn) 9s0on[)  (T/[0WW X W) JVT  (wd)Istep  ((W/3Y) ING  (s1eak) 3y

“AI-VINOH PUE JV'T ©0UI2JUINOIID JSTEM JO S[1119) 03 SurpIoooe sjuarjed o[ewud) Jo soInjea :g 414v],



International Journal of Endocrinology

P < 0.001

P < 0.001 b P < 0.001 P < 0.001
40 - E— = ool 20 - _ P = 0269
35 4 18
16 -
30 A
14 -
25 12 4
g 201 £ 10 -
15 4 84
6 4
10 A
4 4
5 2
0 4 0 4 T T
LAP HOMA LAP HOMA wC
O 1st tertile W 3rd tertile O 1st tertile W 3rd tertile
[ 2nd tertile [ 2nd tertile
() (b)
P < 0.001
_— P < 0.001
_— P =0.001
60 - 0.00
50 A
40
£ 30 A
20 4
10 A
(U T T
LAP HOMA wC

O 1st tertile
[ 2nd tertile

W 3rd tertile

FIGURE 1: Prevalence of abnormalities in glucose metabolism by 2-hour postload glucose of an oral glucose tolerance test (Plot (a), IGT;
Plot (b), T2-DM; Plot (c), composite glucose tolerance conditions (IGT + T2-DM)) according to tertiles of waist circumference, LAP, and

HOMA-IR in the whole study population.

inferior to HOMA-IR in predicting most glucose metabolism
abnormalities with exception of T2-DM.

Therefore, the same models were refitted to patients with
fasting glucose < 5.6 mmol/L (N = 279). In this subset of
patients, LAP was confirmed to be a stronger correlate of
glucose tolerance abnormalities than HOMA-IR: for com-
posite outcomes, OR sp = 2.76 [95% CI, 1.88-4.07] (P <
0.001) versus ORyopma.r = 1.69 [95% CI, 1.18-2.42] (P <
0.001) and AUC| zp moder = 0.74 [95% CI, 0.68-0.79] versus
AUCHOoMA IR model = 0-64 [95% CI, 0.58-0.70] (for compar-
ison, P = 0.025); for IGT, OR,p = 2.45 [95% CI, 1.65-
3.64] (P < 0.001) versus ORyopmar = 1.60 [95% CI, 1.10-
2.32] (P = 0.013) and AUC, sp,0qa = 0.71 [95% CI, 0.65-
0.76] versus AUCHoMA-IR model = 0-61 [95% CI, 0.55-0.67] (for
comparison, P = 0.041); for T2-DM, ORy 4p = 3.02 [95% CI,

1.09-8.35] (P = 0.033) versus ORyyopa iz = 1.77 [95% CI, 0.76—
413] (P = 0.188) and AUC| ,p0qa = 0.80 [95% CI, 0.72-
0.85] versus AUCyomA-IR model = 0-76 [95% CI, 0.70-0.81] (for
comparison, P = 0.640).

Finally, BMI (by tertiles of its distribution in the whole
population) was mildly associated with composite 2-hour
OGTT outcomes (OR = 1.58 [95% CI, 1.19-2.11], P = 0.002)
and IGT (OR = 1.60 [95% CI, 1.18-2.19], P = 0.003) and did
not associate with T2-DM (OR = 1.18 [95% CI, 0.74-1.88], P
= 0.496).

4. Discussion

In the present study, we have demonstrated that LAP is an
accurate and reliable index for identifying not only overall
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2-hour OGTT outcomes but also the prediabetic state of
hyperglycemia, namely, IGT, in overweight/obese patients
with nondiabetic fasting glucose. Findings were more con-
sistent in female than male patients, although this is likely
related to limitations in statistical power.

IGT is strictly associated with insulin resistance and our
results confirmed previous evidence that LAP is a significant
correlate of insulin resistance [4-6]. Since WC and TG
are included among the criteria of metabolic syndrome (or
insulin-resistant dyslipidemic syndrome), their role in sug-
gesting insulin resistance is well accepted [3, 6, 11]. However,
WC alone appeared to be less valid parameters of glucose
metabolism abnormalities as it applies to overweight/obese
patients. To the best of our knowledge, this is the first
comparison between LAP and WC. Moreover, we have
demonstrated for the first time that LAP is superior to
HOMA-IR in identifying different degrees of pathological
glucose tolerance in this patient population, even in those
subjects with normal fasting glucose (<5.6 mmol/L). With
respect to this, it is worth mentioning that subclinical organ
damage associated with abnormal glucose tolerance starts
before the onset of overt diabetes [12].

Progressive lipid accumulation, particularly in the abdom-
inal region, is characterized by an increase of insulin resis-
tance. As it is structured, it is reasonable to argue that LAP
is able to reflect both visceral fat mass deposition and an
increased lipolytic activity within this adipose tissue com-
partment [2, 3]. The accuracy of LAP in identifying glucose
metabolism abnormalities has been already suggested [5].
In the NHANES III (Third National Health and Nutrition
Examination Survey) population LAP showed a higher asso-
ciation with T2-DM than BMI [5]. Particularly, subjects in the
upper sex-specific quartiles of LAP demonstrated over twice
the likelihood of BMI quartiles of having diabetes. However,
the cut points for the upper quartiles were 28.9 kg/m? and
29.6 kg/m? in men and women, respectively, and the role of
LAP in obese subjects was not addressed [5]. Similar findings
have been confirmed by a large study in young Korean women
[13]. However, also in this study most 2h-PG abnormalities
were in the upper quintile of LAP distribution in which
the mean BMI was 25.5kg/m*. In our study, we included
only overweight/obese patients who are characterized by
consistent truncal adipose tissue accumulation and more
at risk of developing metabolic complications. Accordingly,
LAP appeared to be a good correlate of glucose tolerance
abnormalities also in the presence of considerable weight
excess, a condition in which the relationship between fat mass
and body weight may be no longer linear [3]. On the other
hand, WC alone was a less performant index. Moreover, LAP
appeared to identify glucose metabolism abnormalities more
accurately than HOMA-IR, a commonly assessed and widely
used index of glucose tolerance. This is even more interesting
as the object of the present investigation was the association
with latent glucose metabolism abnormalities. In NHANES
II population, the diagnosis of diabetes was defined by
report of a physician or the use of specific medications or by
fasting glucose > 11.1 mmol/L. Latent form of diabetes may
have passed unrecognized and other degrees of abnormal

glucose tolerance have not been investigated. Also these
considerations may support the value of LAP and its use in
clinical practice.

Indeed, the present study was also a cautious attempt
of validating inexpensive research tools for the screening
of glucose tolerance abnormalities. Waist circumference and
TG concentrations measurements are low-cost procedures,
accessible to all general practitioners. On the other hand,
OGTT is not of clinical routine use and the assessment
of fasting insulin, also for HOMA-IR calculation, is not
recommended by international guidelines.

Some limitations to our study should be acknowledged
and discussed. Although the literature on the use of OGTT
in the assessment of glucose tolerance abnormalities is
extensive, it should be recognized that dynamic parameters
of insulin sensitivity could provide valuable and more appro-
priate information [14]. The setting of recruitment of our
study population may be considered the main limitations of
the present study. However, it could also be considered a
point of strength as the outpatient setting and the inclusion
of overweight/obese patients more likely reflect the daily
clinical practice. A further limitation is also the size of study
population, particularly the number of male patients that
did not allow providing a clinical threshold value for LAP
beyond which OGTT should be recommended. Finally, an
unmeasured confounder of our study was physical activity
but in the presence of overweight/obesity this factor is less
likely to be a source of bias.

The association between LAP and glucose metabolism
abnormalities should be probably investigated by means
of prospective investigations. With respect to this, large
population studies (cross-sectional and cohort) would allow
proposing cut-off values to be used in clinical practice for risk
screening.
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