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Medical College of Jinan University, The First Affiliated Hospital of Southern University of Science and Technology,
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Background: To compare the efficacy of lipid accumulation product (LAP) and urine
glucose excretion (UGE) in predicting diabetes and evaluate whether the combination of
LAP and UGE would help to improve the efficacy of using LAP alone or UGE alone in
identifying diabetes.

Methods: Data from 7485 individuals without prior history of diabetes who participated in
a cross-sectional survey in Jiangsu, China, were analyzed. Each participant underwent an
oral glucose-tolerance test. Operating characteristic curves (ROC) and logistic regression
analyses were used to evaluate the performance of LAP and UGE in identification of newly
diagnosed diabetes (NDM) and prediabetes (PDM).

Results: For subjects with NDM, the area under the ROC curve was 0.72 for LAP and
0.85 for UGE, whereas for PDM, these values were 0.62 and 0.61, respectively.
Furthermore, LAP exhibited a comparable sensitivity with UGE in detecting NDM
(76.4% vs 76.2%, p = 0.31). In predicting PDM, LAP showed a higher sensitivity than
UGE (66.4% vs 42.8%, p < 0.05). The combination of LAP and UGE demonstrated a
significantly higher sensitivity than that of LAP alone and UGE alone for identification of
NDM (93.6%) and PDM (80.1%). Moreover, individuals with both high LAP and high UGE
had significantly increased risk of NDM and PDM than those with both low LAP and
low UGE.

Conclusions: The combination of LAP and UGE substantially improved the efficacy of
using LAP and using UGE alone in detecting diabetes, and may be a novel approach for
mass screening in the general population.

Keywords: lipid accumulation product, urine glucose excretion, newly diagnosed diabetes, prediabetes,
diabetes screening
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INTRODUCTION

There are evidences that a variety of physiological aberrations
caused by obesity mainly depend on the distribution of body fat,
instead of overweight or obesity per se (1, 2). Of note, it has been
reported that visceral fat, but not subcutaneous fat, is strongly
associated with metabolic risk factors (3). Computed
tomography (CT) or magnetic resonance imaging is considered
as the gold standard for assessing lipid accumulation and
distribution patterns. Yet they cannot be widely applied in
clinical practice since they are costly and time-consuming. In
addition, CT examination is radioactive. Lipid accumulation
product (LAP), based on a combination of waist circumference
(WC) and triglyceride (TG), has been recognized as a novel
marker of visceral adipose accumulation (4). The efficacy of LAP
for evaluating visceral fat has been demonstrated (5). In addition
to the simple calculation, LAP does not require high expenditure
of time and cost, thus making it suitable for a large sample
population. According to prior research, accumulation of visceral
fat measured by CT over 5 years is independently associated with
greater risk of incident diabetes (6). Furthermore, several studies
have suggested that LAP may serve as a useful predictor of
insulin resistance (4, 7). Collectively, LAP may be a useful marker
to predict diabetes. However, LAP was derived from studies of
the US civilian, noninstitutionalized population that included an
oversample of non-Hispanic blacks and Mexican Americans.
The studies focused on LAP in Chinese population with large
sample size are relatively scare.

Due to increased glucose reabsorption, which has been
confirmed in individuals with diabetes, the role of kidney in
glucose homeostasis has become a research focus in recent years
(8). Currently, promoting urine glucose excretion (UGE)
through inhibition of renal glucose reabsorption has been
demonstrated to be an effective strategy for the treatment of
diabetes (9). In addition, UGE reliably reflects the prevailing
plasma glucose levels (10, 11). In our previous work, we
demonstrated that UGE may be a practical and reliable
approach for mass screening for diabetes, especially in
developing countries (12). Moreover, urine glucose has also
been confirmed as the strongest predictor of gestational
diabetes due to its noninvasiveness and availability to pregnant
women (13). Recently, UGE has gained much more attention
because of its significance in clinical practice, such as diabetes
screening and glycemic control (12, 14). However, its utility for
predicting pre-diabetes (PDM), a high-risk state for diabetes, is
limited. We found that the sensitivity of UGE for the estimation
of 2h-PG = 7.8 mmol/L was 52.3%, suggesting that nearly half of
PDM cases could not be detected by using UGE alone (15). So,
we attempted to improve the efficacy of UGE in diabetes
screening by introducing new strategies.

Therefore, in the present study, we aimed to confirm the
efficacy of LAP in identifying diabetes in Chinese population and
compare the efficacy of LAP and UGE in predicting diabetes, and
further evaluate whether the combination of LAP and UGE
would help to improve the efficacy of using LAP alone or UGE
alone in identifying diabetes.

MATERIALS AND METHODS
Study Design and Participants

Data were derived from a cross-sectional survey carried out in six
cities in Jiangsu Province, China, between November 12, 2015 and
June 28, 2016 (15, 16). Individuals aged between 18 and 65 years
old, and without prior history of diabetes or taking anti-diabetic
medication were invited to take part in this study. This study was
conducted in accordance with the 1975 Declaration of Helsinki
and was approved by the ethical review committee of Jiangsu
Provincial Center for Disease Control and Prevention (JSJK2016
B003 03). Each participant provided written informed consent. A
total of 7689 Chinese people participated in the survey. Among
them, 204 subjects were further excluded, because they missed the
measurement of glycated hemoglobin Alc (HbAlc) or UGE.
Therefore, 7485 subjects were included in the final analyses (16).

Anthropometric and Laboratory
Measurements

All eligible participants were interviewed using a structured
questionnaire to obtain information on demographic
characteristics and medical histories. Heart rate (HR), blood
pressure (BP), WC, height, and weight were measured with
standardized protocols, as previous reported (17, 18). Each
participant was invited to take an oral glucose tolerance test
(OGTT). HbAlc, fasting plasma glucose (FPG), 2 h plasma
glucose (2h-PG), TG, total cholesterol (TC), blood urea
nitrogen (BUN), and creatinine were measured. Estimation of
glomerular filtration rate (eGFR) was calculated using the CKD-
EPI equation based on creatinine level (19). The participants
were asked to empty their bladders before they were given an
OGTT. All the urine samples were collected over a 2 h period
after oral glucose loading. During this period, the participants
were not allowed to drink water or undertake strenuous exercise.
UGE was calculated as the urine glucose concentration (mg/dl) x
urine volume (dl), as previously described (16). According to
previous research, LAP was calculated as LAP = (WC-65) x TG
for men and LAP = (WC-58) x TG for women (4).

Definitions

Based on the 2012 American Diabetes Association (ADA)
criteria, newly diagnosed diabetes (NDM) was defined as the
absence of previous diagnosis or treatment for diabetes, and
FPG = 7.0 mmol/L and/or 2h-PG = 11.1 mmol/L and/or
HbAlc = 6.5%. PDM was defined as FPG = 5.6 mmol/L and <
6.9 mmol/L, 2h PG > 7.8 mmol/L and < 11.0 mmol/L, or 5.7%<
HbAlc < 6.4%. LAP exceeding the optimal cutoff point
determined in the present study was considered as high LAP
(H-LAP), while LAP less than the optimal cutoff point was
considered as low LAP (L-LAP). UGE greater than the optimal
cutoff point determined in this study was defined as high UGE
(H-UGE), otherwise it was considered as low UGE (L-UGE).

Statistical Analysis
Assuming a sensitivity of 76%, a specificity of 89%, and a disease
prevalence of 10%, the allowable error was to 0.1 with o 0.05, at
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least 700 subjects were required (12). Continuous variables were
presented as means + SD, or median (25th to 75th percentiles).
Categorical variables were presented as numbers (percentages).
The characteristics of the participants in the different groups
were compared using one-way analysis of variance (ANOVA) for
continuous variables and y2 test for categorical variables. Non-
parametric Kruskal-Wallis test followed by all pairwise multiple
comparisons was performed when the data distribution was
skewed. The associations of LAP and UGE with other clinical
indicators were examined using Spearman’s correlation. Receiver
operating characteristic (ROC) curves were generated and the
areas under the curves (AUC) were used to evaluate the efficacy
of LAP and UGE in detecting NDM and PDM. The sensitivity
and specificity were calculated. The optimal cutoff point was
determined using the maximum of Youden’s index. Logistic
regression analyses with adjustment of age, genders, BP, TC,
body mass index (BMI), BUN, and creatinine as the confounding
factors, were performed to obtain the odds ratios (OR) for NDM
and PDM among subjects with H-LAP and H-UGE that was
defined according to the cutoff points determined in this study. A
p value < 0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS 22.0 (SPSS Inc,
Chicago, IL, USA).

RESULTS

General Characteristics of the

Study Participants

The general characteristics of the study population, according to
glucose tolerance status, are presented in Table 1. Individuals
with NDM and PDM were older, had higher BP, FPG, 2h-PG,
TC, TG, and showed a greater BMI, compared with normal

glucose tolerance (NGT) subjects, while there was no difference
in creatinine levels. In addition, individuals with NDM and PDM
showed significantly higher LAP in comparison to those with
NGT. NDM subjects had highest levels of LAP. Moreover, NDM
subjects also exhibited significantly higher UGE than PDM and
NGT subjects.

Correlations of LAP and UGE With
Glycemic Variables

LAP was significantly associated with FPG (r = 0.221, p < 0.01),
2h-PG (r = 0.391, p < 0.01), and HbAlc (r = 0.243, p < 0.01) in
the overall population. Furthermore, UGE was also positively
correlated with FPG (r = 0.342, p < 0.01), 2h-PG (r = 0.271, p <
0.01), and HbAlc (r = 0.253, p < 0.01).

Performance of LAP and UGE in

Predicting NDM and PDM

ROC curves represent the diagnostic accuracy of LAP and UGE
for the estimation of NDM and PDM. The AUC for LAP was
significantly lower than that for UGE for predicting NDM (P <
0.001), with AUC values of 0.72 (95%CI: 0.71 - 0.73), 0.85 (95%
CI: 0.85 - 0.86), respectively (Figure 1A). However, LAP showed
a comparable sensitivity with UGE in detecting NDM (P = 0.31).
LAP displayed a sensitivity of 76.4% and a specificity of 57.3% at
the optimal cutoff point of 29.6 for the prediction of NDM.
Additionally, UGE exhibited a sensitivity of 76.2% and a
specificity of 85.4% for the detection of NDM at a
corresponding optimal cutoft point of 130mg (Table 2).

For identifying PDM, the AUC was 0.62 for LAP and 0.61 for
UGE (Figure 1B). The optimal LAP cutoff value in this study
population was 21.6 and the corresponding sensitivity and
specificity were 66.4% and 52.0%, respectively (Table 2).
Moreover, at the optimal UGE cutoff point of 42mg for PDM,

TABLE 1 | Characteristics of the study participants according to glucose tolerance status.

Total (n = 7485) NGT (n = 3243) PDM (n = 3645) NDM (n = 597)

Age (years) 439+ 119 392+ 115 47.0 £ 11.1* 50.0 + 9.8*"
Male (%) 3298 (44.1%) 1362 (42.0%) 1644 (45.1%)* 292 (48.9%)*
HR (beats/min) 776+ 133 776 +15.3 773+ 115 79.4 + 12,2+
Blood pressure (mmHg)

Systolic 128.3 + 19.0 1233 +17.7 131.0 + 18.9* 139.6 + 18.4*"

Diastolic 79.2 £ 145 77.0+£17.0 80.3 £ 11.9* 84.4 + 11.3*"
Plasma glucose (mmol/L)

FPG 55+1.0 50+0.3 5.5+ 0.5% 7.5+ 2.1%

2h-PG 6.6 2.6 55+1.0 6.6 +1.6* 12,5 + 4.4*T
HbA1c (%) 57 +0.6 53+0.2 5.8 + 0.3* 7.0 +1.3*
TC (mmol /L) 4709 45+09 4.8 £ 0.9* 51+ 1.0*
TG (mmol /L) 12(0.9-1.8) 1.1(0.8-1.6) 1.3(0.9-1.9* 1.7 (1.2 - 2.5
BUN (mmol /L) 50+£15 48+14 52+ 1.6* 52+ 15*
Creatinine (umol /L) 74.0 (62.0-83.8) 74.2 (62.8 - 84.0) 73.6 (62.0 - 83.2) 73.3 (59.8 - 85.0)
eGFR (ml/min/1.73 m2) 96.8 + 17.5 99.2 +17.3 95.0 + 17.4* 94.4 + 17.3*
BMI 252 +4.0 241 +3.8 25.7 £ 3.9* 27.4 + 3.9*"
LAP 26.9 (14.3 - 48.3) 20.8 (11.2 - 38.0) 30.0 (16.9 - 51.3)* 49.9 (30.3 - 77.9)*"
UGE (mg) 28.0 (10.0-85.0) 20.0 (6.3 - 48.0) 31.5(11.0 - 96.0) 750.0 (138.0-1975.0)*"

Data are presented as n (%), mean + SD, or median (25th to 75th percentiles) as appropriate. *P < 0.05 for the difference between the indexed category and NGT, P < 0.05 for the
difference between the indexed category and PDM. HR, heart rate; HbA1c, glycated hemoglobin Alc; FPG, fasting plasma glucose; 2h-PG, 2h-plasma glucose; TC, total cholesterol; TG,
triglycerides; BUN, blood urea nitrogen; eGFR, estimation of glomerular filtration rate; BMI, body mass index; LAP, lipid accumulation product; UGE, urine glucose excretion; NGT, normal

glucose tolerance; PDM, prediabetes; NDM, newly diagnosed diabetes.
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FIGURE 1 | Performance of lipid accumulation product (LAP) and urine glucose excretion (UGE) in predicting for newly diagnosed diabetes (NDM) and prediabetes
(PDM). (A) Receiver operating characteristic (ROC) curve for identifying NDM. (B) ROC curve for identifying PDM. (C) Evaluation of LAP combined with UGE for

TABLE 2 | Performance of LAP and UGE for predicting NDM and PDM.

AUC Optimal Sensitivity (%) Specificity (%)
cutoff point

For NDM
LAP 0.72(0.71 - 0.73) 29.6 76.4 (72.8-79.7) 57.3 (66.1 - 58.5)
UGE 0.85(0.85 - 0.86) 130.0 76.2 (72.6 - 79.6) 85.4(84.5-86.2)
For PDM
LAP 0.62 (0.60 - 0.63) 21.6 66.4 (64.8 -67.9) 52.0(50.2 - 53.7)
UGE 0.61(0.59 - 0.62) 42.0 42.8 (41.2-44.5) 729 (711.3-74.4)

Data are means (95% confidence interval). NDM, newly diagnosed diabetes; PDM, pre-
diabetes; LAP, lipid accumulation product; UGE, urine glucose excretion; AUC, the area
under the ROC curves.

the sensitivity and specificity were 42.8% and 72.9%, respectively.
LAP (66.4%, 95%CI: 64.8% - 67.9%) showed a significantly
higher sensitivity over UGE (42.8%, 95%CI: 41.2% - 44.5%) in
detecting PDM (p < 0.05).

Evaluation of LAP Combined With UGE in
Predicting Diabetes

As shown in Figures 1C, D, the combined utilization of LAP and
UGE showed a significantly higher sensitivity than that of LAP
alone and UGE alone for the identification of NDM (both P <
0.001). Further analysis showed that combined utilization of LAP
and UGE had an absolute sensitivity advantage of 22.5% over

LAP alone and 22.8% over UGE alone. In addition, the sensitivity
of using UGE alone to identify PDM was 42.8%, while the
combined utilization of LAP and UGE was 80.1%, showing an
absolute sensitivity advantage of 87.1% over UGE alone. Besides,
the combined utilization of LAP and UGE had an absolute
sensitivity advantage of 20.6% over LAP alone.

Logistic Regression Analyses of Odds
Ratios for NDM and PDM

Furthermore, binary logistic regression analyses were performed
to identify the associations of LAP and UGE with the risk of NDM
and PDM. In addition, the joint association of LAP and UGE with
the risk of NDM and PDM was assessed by dividing the
participants into four groups: L-UGE/L-LAP, L-UGE/H-LAP,
H-UGE/L-LAP, and H-UGE/H-LAP. As shown in Figure 2,
among the total population, 3405 (45.5%) participants exhibited
H-LAP and 1473 (19.7%) showed H-UGE. Subjects with H-LAP
were more likely to have NDM (OR = 2.27, 95% CI: 1.81- 2.83, p <
0.001). Moreover, subjects with H-UGE showed a 17.96-fold
increased odds ratio for NDM compared with those with
L-UGE. In addition, 3495 (46.7%) subjects showed both L-LAP
and L-UGE, while 888 (11.9%) displayed both H-LAP and
H-UGE. Further analysis showed that individuals with H-UGE/
H-LAP displayed higher risk of NDM (OR = 36.70, 95% CI:
25.28 - 53.30) than those with L-UGE/H-LAP (OR = 2.08, 95% CI:
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and 95% confidence interval.

Exposure Group No. of Participants OR (95% CI)
L-LAP 4080 Reference
H-LAP 3405 4 2.27 (1.81,2.83)
L-UGE 6012 Reference
H-UGE 1473 —r— 17.96 (14.44, 22.35)
L-UGE/L-LAP 3495 Reference
L-UGE/H-LAP 2517 > 2.08 (1.40,3.09)
H-UGE/L-LAP 585 —_—— 17.54 (11.79, 26.11)
H-UGE/H-LAP 888 —— 36.70 (25.28,53.30)
T T
-53.3 1 533

FIGURE 2 | Logistic regression analyses of odds ratios for newly diagnosed diabetes (NDM) with adjustment of age, genders, blood pressure, total cholesterol,
body mass index, blood urea nitrogen, and creatinine. The association of lipid accumulation product (LAP) with the risk of NDM was assessed by dividing the
participants into two groups: (1) low LAP (L-LAP), (2) high LAP (H-LAP). The L-LAP group was used as a reference in the analysis. The association of urine glucose
excretion (UGE) with the risk of NDM was assessed by dividing the participants into low UGE (L-UGE) group and high UGE (H-UGE) group. The L-UGE group was
used as a reference in the analysis. In addition, the joint association of UGE and LAP was assessed by dividing the participants into four groups: (1) L-UGE/L-LAP,
(2) L-UGE/H-LAP, (3) H-UGE/L-LAP, (4) H-UGE/H-LAP. The L-UGE/L-LAP group was used as a reference in the analysis. The forest plot was displayed in odds ratio

1.40 - 3.09) and H-UGE/L-LAP (OR = 17.54, 95% CI:
11.79 - 26.11).

As shown in Figure 3, 6888 subjects were identified as non-
diabetes, of those, 3970 participants (57.6%) showed H-LAP and
2491 (36.2%) exhibited H-UGE. H-LAP and H-UGE were
significantly associated with increased odds ratios for PDM. In
addition, participants with H-UGE/H-LAP displayed the highest
risk for PDM (OR = 2.20, 95% CI: 1.86 - 2.60, p < 0.001).

DISCUSSION

In this study of Chinese participants without previous history of
diabetes, we found that UGE showed a better performance in
discriminating NDM compared with LAP since the AUC for
LAP was significantly lower than that for UGE for detecting
NDM (P < 0.001). However, LAP exhibited a comparable
sensitivity with UGE in detecting NDM (76.4% vs 76.2%, p =
0.31). In addition, in predicting PDM, LAP showed a
significantly higher sensitivity than UGE (66.4% vs 42.8%, p <
0.05). Furthermore, the combined utilization of LAP and UGE
improved the sensitivity to 93.6% for identifying NDM and to
80.1% for identifying PDM. Since LAP is easy to access and UGE
is available, the combined utilization of LAP and UGE might be a
practical and sufficient test model for diabetes screening.

The global rise in diabetes has become a public health crisis
(20). Notably, accumulating evidences have noted that diabetes-
associated complications are sometimes already present in
individuals with NDM (21, 22). In addition to health burden,

diabetes also leads to a huge economic burden for society (20).
Due to its large population, China may bear a higher diabetes-
related burden than any other countries (23). However,
according to a prior research, up to 70% of the people with
diabetes are left undiagnosed in China (24). More efficient but
inexpensive approaches for predicting diabetes are urgently
needed to improve health care for patients with diabetes.

LAP, an index describing the overaccumulation of lipid, is
becoming a valuable health screening tool (25). However, LAP
was derived from studies of the US civilian, noninstitutionalized
population that included an oversample of non-Hispanic blacks and
Mexican Americans. The studies that have been designed to focus
on the screening performance of this tool in Chinese participants
are relatively scare. Our work found that LAP exhibited a sensitivity
of 76.4% for the detection of NDM, indicating that almost 24%
subjects will miss further testing and diagnosis. Besides, a relatively
lower sensitivity of 66.4% for the diagnosis of PDM was observed.
However, another study indicated that LAP displayed a sensitivity of
72.3% for men at the optimal cutoff point of 8.07, and a sensitivity of
75.1% for women at the optimal cutoff point of 12.41, for diagnosis
PDM (26). Moreover, our current work indicated that H-LAP was
significantly associated with an increased odds ratio of NDM, as
well as PDM, which is consistent with recent studies showing that
LAP is strongly associated with the risk of type 2 diabetes (4, 27).
Together, LAP may be a useful clinical marker for the evaluation of
hyperglycemia, but the sensitivity can be further improved by
introducing new strategies.

It is well known that glycosuria will appear when glycemic
excursions exceed the renal threshold for glucose resorption (8).
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Study

1D No. of Participants
L-LAP 2918

H-LAP 3970

L-UGE 4397

H-UGE 2491
L-UGE/L-LAP 1976
L-UGE/H-LAP 2421
H-UGE/L-LAP 942
H-UGE/H-LAP 1549

OR (95% CI)

Reference

— 1.15 (1.01, 1.31)
Reference
—— 1.96 (1.76, 2.19)
Reference
— 1.12 (0.97,1.31)
— 1.95 (1.65, 2.32)

——— 2.20(1.86, 2.60)

T
-2.6

T
1 2.6

FIGURE 3 | Logistic regression analyses of odds ratios for prediabetes (PDM) with adjustment of age, genders, blood pressure, total cholesterol, body mass index,
blood urea nitrogen, and creatinine. The association of lipid accumulation product (LAP) with the risk of PDM was assessed by dividing the participants into two
groups: (1) low LAP (L-LAP), (2) high LAP (H-LAP). The L-LAP group was used as a reference in the analysis. The association of urine glucose excretion (UGE) with
the risk of PDM was assessed by dividing the participants into low UGE (L-UGE) group and high UGE (H-UGE) group. The L-UGE group was used as a reference in
the analysis. The joint association of UGE and LAP was assessed by dividing the participants into four groups: (1) L-UGE/L-LAP, (2) L-UGE/H-LAP, (3) H-UGE/L-
LAP, (4) H-UGE/H-LAP. The L-UGE/L-LAP group was used as a reference in the analysis. The forest plot was displayed in odds ratio and 95% confidence interval.

Additionally, based on the findings that UGE reflects the prevailing
plasma glucose level and postprandial urine test for glucose is an
effective approach for diabetes self-monitoring and self-
management (28, 29). UGE could be an attractive alternative for
identifying hyperglycemia. In the present study, we found positive
associations between UGE and glycemic variables, including FPG,
2h-PG, and HbAlc, indicating UGE may be a useful marker for
hyperglycemia. Further analyses showed that UGE exhibited a
sensitivity of 76.2% for the detection of NDM, whereas a
decreased sensitivity of 42.8% for the prediction of PDM. Almost
24% subjects will miss further testing for NDM and almost 58%
subjects will miss further testing for PDM. The efficacy of UGE in
PDM screening is limited, in consistent with a previous study (15).
However, since UGE is easy to access and inexpensive (12), it should
not be completely given up, especially in low—income regions.

We further investigated the sensitivity of LAP in combination
with UGE, and a sensitivity of 96.3% for NDM and 80.1% for PDM
were observed. Our previous wok has demonstrated that
determining UGE over a specific period of time is useful for
diabetes screening (17). However, the utility of UGE in PDM
prediction is limited. Although oral glucose tolerance test (OGTT)
is the gold standard for the diagnosis of diabetes, it is impractical to
conduct the OGTT for everyone in mass screening due to its
complexity (30). Notably, the efficacy of FPG for diabetes screening
has been questioned. Since postprandial hyperglycemia is
significantly prominent among Chinese patients with diabetes,
FPG alone is not sensitive enough (15, 31). HbAlc is easy to
measure. However, it is also impractical to get all individuals to use

HbA1c because of the relatively high cost, especially in developing
countries. In addition, the lack of standardization in HbAlc assay
also limits its use for screening in Chinese population. In the
present study, we found that the combination of LAP and UGE
substantially improved the efficacy of using LAP alone and using
UGE alone for the prediction of diabetes. Since LAP is easy to
access and UGE is available, this combination may be a novel
approach for mass screening in the general population.

This study was performed in a large Chinese population with
no prior history of diabetes. The large sample size provided good
power for data analyses. However, the limitations of our study
should be considered. First, our population comprised
individuals aged between 18 and 65 years old. One might
speculate that the impact of LAP and UGE on diabetes
diagnosis would have been even stronger in an older
population. Thus, generalization of our results to older age
groups should be made with caution. Second, our study only
involved Chinese Han ethnic subjects, it remains largely
unknown whether involving different ethnicities might
contribute to differences in sensitivities. Furthermore, in the
present study, 66 subjects showed renal function impairment
according to the eGFR. The efficacy of UGE for identifying
diabetes did not significantly improved after excluding a small
number of subjects (data not shown). However, since UGE is
mainly mediated by the kidneys, this approach may therefore be
inappropriate for those with renal function impairment.

In conclusion, both H-LAP and H-UGE were associated with
increased risk for NDM and PDM. Moreover, the combination
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of LAP and UGE substantially improved the efficacy of using
LAP alone and using UGE alone in detecting diabetes. Due to its
effectiveness, the combined utilization of UGE and LAP may be a
novel approach for mass screening in the general population.
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