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Aims: This study aimed to compare the diagnostic accuracy of the metabolic syndrome
with the Finnish Diabetes Risk Score (FINDRISC) to screen for type 2 diabetes mellitus
(T2DM) in a Shanghai population.

Methods: Participants aged 25-64 years were recruited from a Shanghai population from
July 2019 to March 2020. Each participant underwent a standard metabolic work-up,
including clinical examination with anthropometry. Glucose status was tested using
hemoglobin Alc (HbAlc), 2h-post-load glucose (2hPG), and fasting blood glucose
(FBG). The FINDRISC questionnaire and the metabolic syndrome were examined. The
performance of the FINDRISC was assessed using the area under the receiver operating
characteristic curve (AUC-ROC).

Results: Of the 713 subjects, 9.1% were diagnosed with prediabetes, whereas 5.2%
were diagnosed with T2DM. A total of 172 subjects had the metabolic syndrome. A higher
FINDRISC score was positively associated with the prevalence of T2DM and the metabolic
syndrome. Multivariable linear regression analysis demonstrated that the FINDRISC had a
linear regression relationship with 2hPG levels (b’= 036, p < 0.0001). The AUC-ROC of the
FINDRISC to identify subjects with T2DM among the total population was 0.708 (95% Cl
0.639-0.776), the sensitivity was 44.6%, and the specificity was 90.1%, with 11 as the cut-
off point. After adding FBG or 2hPG to the FINDRISC, the AUC-ROC among the total
population significantly increased to 0.785 (95% CI 0.671-0.899) and 0.731 (95% ClI
0.619-0.843), respectively, while the AUC-ROC among the female group increased to
0.858 (95% CI 0.753-0.964) and 0.823 (95% CI 0.730-0.916), respectively (p < 0.001).
The AUC-ROC of the metabolic syndrome to identify subjects with T2DM among the total
and female population was 0.805 (95% CI 0.767-0.844) and 0.830 (95% CI 0.788-0.872),
respectively, with seven as the cut-off point.

Conclusions: The metabolic syndrome performed better than the FINDRISC model. The
metabolic syndrome and the FINDRISC with FBG or 2hPG in a two-step screening model
are both efficacious clinical practices for predicting T2DM in a Shanghai population.
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INTRODUCTION

The increasing prevalence of diabetes, particularly type 2
diabetes mellitus (T2DM), has reached epidemic proportions
worldwide (1). In 2019, 463 million people was estimated to
suffer from diabetes, and this number was projected to reach 578
million by 2030, and 700 million by 2045 (2). A recent study (3)
indicated that the total number of patients with diabetes in
mainland China was approximately 129.8 million (70.4 million
men and 59.4 million women). Follow-up studies in China,
Finland, and the United States (4) have found that early
lifestyle and drug interventions can delay or reduce the risk of
developing T2DM by 30-60%. Hence, the identification of these
individuals is important and effective (5-8). The responsibility
for the care of T2DM patients has been transferred from
secondary to primary care in the last two decades, among
which prediction tools are crucial for identifying individuals at
high risk of T2DM (9).

Insulin resistance (IR), the main indicator used in the
diagnosis of T2DM even at certain insulin concentrations, is
defined as the decreased glucose uptake by cells. Several methods
are available for diagnosing IR (10). The homeostasis model
assessment of insulin resistance (HOMA-IR) is one of the most
widely used methods for assessing IR. In addition, the
homeostasis model for assessing insulin sensitivity (HOMA-IS)
and B-cell function (HOMA-) is always used to observe insulin
secretion and pancreatic B-cell functions (11). However, it is
necessary to measure serum insulin levels to calculate HOMA,
and this measurement is not part of routine evaluation in health
care services. In addition, subjects with prediabetes or T2DM are
commonly accompanied by a set of risk factors, which is known
as the metabolic syndrome. The metabolic syndrome is a cluster
of IR and disturbed glucose metabolism, overweight and
abdominal fat distribution, dyslipidemia, and high blood
pressure (12). Subjects with the metabolic syndrome have a 5-
fold higher risk of developing T2DM (13). The metabolic
syndrome is present if at least three of the following five
criteria are met (14): (1) waist circumference > 102 cm in men
or 88 cm in women; (2) blood pressure > 130/85 mmHg; (3)
triglyceride (TG) levels > 1.7 mmol/L; (4) high-density
lipoprotein cholesterol (HDL-C) levels < 1.03 mg/dl in men or
1.3 mmol/L in women; (5) fasting blood glucose (FBG) = 100
mg/dl. This makes it one of the most labor-intensive and
expensive prediction tools for T2DM.

Simple prediction tools that can identify individuals at risk
could reduce the cost and inconvenience of screening. With such
tools, a two-step procedure could be used: first, subjects would be
screened with a risk score, and then those individuals identified
to have a high risk for T2DM would have their glycemic status
assessed by FBG, 2-h post-load glucose (2hPG) using the oral
glucose tolerance test (OGTT), or hemoglobin (Hb)Alc
measurements (15). However, due to differences in diet,
lifestyle, social environment, and genetic susceptibility of
different populations, the applicability of the model is limited
(16). Therefore, various regions need to continue to explore
T2DM assessment models that are suitable for local populations.
The ideal assessment model needs to accurately assess the disease

risk of individuals and to identify high-risk groups that are more
likely to develop T2DM (discernment), which is a prerequisite
for mature risk assessment models (17).

The Finnish Diabetes Risk Score (FINDRISC) model is the
most authoritative and widely used risk-scoring model in Europe
and other populations (15). The European Society of Cardiology,
the European Association for the Study of Diabetes, and the
Canadian Preventive Health Care Working Group all
recommend the use of the FINDRISC model in the screening
of T2DM when formulating the prevention and treatment
guidelines for diabetes (15). The original questions in the
FINDRISC model included age, body mass index (BMI), waist
circumference, physical activity, daily consumption of fruits and
vegetables, use of antihypertensive medication, history of high
blood glucose, and family history of diabetes. Population-wide
screening for diabetes using a standard risk calculator is more
acceptable than HbAlc, 2hPG, or FBG, which require invasive
testing (17). Many countries, including Finland, Canada, and
Thailand, routinely use standard risk calculators to determine
who should undergo invasive testing for T2DM diagnosis (17).
Receiver operating characteristic (ROC) curve analysis is the
most frequently used method to evaluate the discernment of the
FINDRISC model (18). The value of the area under the ROC
curve (AUC-ROC) is a global summary statistic of the
discriminative value of a model, which can be used to illustrate
the possibility that scores are higher in individuals with T2DM
than in those without T2DM.

Despite the widespread use of FINDRISC models, the
discriminatory accuracy of the metabolic syndrome versus the
FINDRISC model has not been tested in a Chinese population.
Hence, in this study, the metabolic syndrome to the FINDRISC
model as a screening tool for T2DM in a Shanghai population
was compared.

METHODS

Source of Data

The study was a cross-sectional clinical study. Patients who
underwent physical examination at two community hospitals in
Sanlin and Zhangjiang (Shanghai), who were aged between 25 and
64 years, were recruited from July 2019 to March 2020. The target
population was stratified and sampled according to age group (every
10 years was 1 segment) and gender to ensure the uniform
distribution of all ages and genders. According to the annual
incidence of IGT diabetes (8%-11%), the minimum sample size
was 470 cases. In this study, 1,000 cases were participated, and
finally a total of 713 participants have completed the study. The
study protocol was approved by the Ethics Committee of Shuguang
Hospital, affiliated with the Shanghai University of Traditional
Chinese Medicine (Certificate number 2018-599-28-01). Written
informed consent was obtained from all the participants before
enrollment. Exclusion criteria included current pregnancy, inability
to communicate or stand, previous diagnosis of T2DM, or refusal to
participate in the study by not providing informed consent. The
participants’ diabetes risk was calculated based on their FINDRISCs.
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Diabetes and Pre-Diabetes Definitions

T2DM was defined using the WHO criteria (19) based on one of
the following: FBG > 7.0 mmol/L, 2hPG > 11.1 mmol/L, a random
plasma glucose > 11.1 mmol/L, HbAlc = 6.5% (48 mmol/mol)
(based on the American Diabetes Association (ADA) criteria); and
the criteria for pre-diabetes diagnosis, which is based on impaired
fasting glucose (IFG): 6.1 mmol/L < FBG < 7.0 mmol/L or
impaired glucose tolerance (IGT): 7.8 < 2hPG < 11.1 mmol/L (20).

The Metabolic Syndrome Criteria

The metabolic syndrome was evaluated according to the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) (14). Subjects were classified as
having the metabolic syndrome if more than three of the
following criteria were met:

(1) Waist circumference > 102 cm in men and > 88 cm in women

(2) Hypertriglyceridemia: > 150 mg/dl;

(3) Low-HDL cholesterol: < 40 mg/dl in men and < 50 mg/dl in
women

(4) High blood pressure: > 130/85 mmHg or on antihypertensive
medication

(5) High FBG: > 100 mg/dl.

Clinical Evaluation

Participants’ name, age, sex, address, contact number, and
history of hypertension, hyperlipidemia, hyperuricemia, and
fatty liver disease were recorded in the questionnaire form.
Each participant underwent a standard metabolic workup,
including a clinical examination with anthropometry. All
measurements were performed in the morning, with
participants in fasting conditions and the lightest possible
clothes. Height was measured to the nearest 0.5 cm using a
wall-mounted stadiometer. Body weight was tested using a
digital scale to the nearest 0.2 kg with the participants wearing
the lightest possible clothes. Body mass index (BMI) was
calculated as weight in kilograms over height in m* (21). Waist
circumference was measured at the mid-level between the lower
rib margin and the iliac crest with the participants in a standing
position. Blood pressure was measured on the right arm with the
participants in a sitting position. The questionnaire was
completed without laboratory tests. The answer to each
question was assigned different weighted scores, as shown in
Table 1. The final score was the sum of the scores from the eight
questions, which ranged from 0 to 26.

Biochemical Variables

Laboratory inspection indicators included FBG, 2-h plasma glucose
in the 75 g oral glucose tolerance (2hPG) test, fasting serum insulin
level (FINS), HbA I, triglyceride (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), and High-density
lipoprotein cholesterol (HDL-C). Insulin resistance and P cell
function were estimated using the homeostasis model assessment
(HOMA), as described by Song, Manson (11). HOMA-IR was
calculated as [FINS (mU/1) x FBG (mmol/L)]/22.5; B-cell function

TABLE 1 | Finnish Diabetes Risk Score (FINDRISC) questionnaire.

Item Standard Score
Age

Under 45 years 0

45-54 years 2

55-64 years 3

>64 years 4
BMI

<24 kg/m? 0

24-28 kg/m? 1

>28 kg/m? 3
Waist circumference (male)

<90cm 0

90-102 cm 3

>102 cm 4
Waist circumference (female)

<80 cm 0

80-88 cm 3

>88 cm 4
Physical Activity > 30 min/d

Yes 0

No 2
Consume fruits and vegetables daily

Yes 0

No 1
History of hypertension

Yes 2

No 0
History of high glucose

Yes 5

No 0
Family history of diabetes

No 0

Yes (non-first-degree relatives) 3

Yes (first-degree relatives) 5

(HOMA%[) was calculated as 20 x (FINS [mU/1]/[FBG
(mmol/L) - 3.5] x 100%; insulin sensitivity (HOMA%S) was
calculated as 1000/(FINS (mU/l) x (FBG (mmol/L).

Procedures for blood sample collection were explained to the
participants by trained laboratory staff. Participants were asked
to provide venous blood samples after 8-12 h of fasting. The first
blood sample was obtained at the first follow-up after verifying
the fasting period. Subsequently, 300 mL of test solution
containing 75 g of anhydrous glucose was used as
recommended. A new blood sample was obtained after 2 h to
measure glucose levels. Blood testing was performed at the
Shuguang Hospital Testing Center.

Statistical Analysis

All categorical variables were summarized as numbers and
percentages (%), and the chi-squared test was performed to
detect differences between men and women. Continuous
variables were expressed as means with standard deviations
(SD), and between-group comparisons were conducted using
independent sample 2-tailed -tests or Mann-Whitney U tests.
Pearson correlation analyses were used to measure the association
between the variables and the FINDRISCs. Multivariable linear
regression analyses were conducted using the FINDRISC as a
dependent variable. ROC curves were constructed to show the
relationship between the sensitivity and specificity of the
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FINDRISC for identifying subjects with T2DM. The AUC-ROC
was used to evaluate the discriminatory accuracy of the
FINDRISC in identifying prediabetes and diabetes subjects in
male, female, and overall populations. An AUC-ROC of 1.0
represents a perfect test, with no false positive rate and no false
negative rate, while an AUC-ROC of 0.5 indicates that the test
performed no better than chance. The cut-off points to identify
prediabetes and diabetes were determined by the point with the
shortest distance to the upper left corner in the ROC curve, which
was calculated as the square root of [(1-sensitivity) + (1-
specificity)]. The same statistical analysis was performed to
evaluate the discriminatory accuracy of the metabolic syndrome
to identify subjects with T2DM. Statistical analyses were
performed using SPSS software (version 26.0; Chicago, IL,
USA). Statistical significance was set at p < 0.05.

RESULTS
Characteristics of the Study Participants

Table 2 summarizes the basic and clinical characteristics of the
713 participants involved in this study. The mean age of the
participants was 45.2 + 11.2 years (women: 45.1 + 11.4 years;
men: 45.4 + 10.9 years), and women accounted for 60.6% of the
total participants. There was no statistically significant difference
between men and women in terms of age (p =0.655). Men had
higher height (168.5 vs. 157.7 cm; p < 0.001), waist circumference
(83.2 v5. 77.9 cm; p < 0.001), weight (68.0 vs. 58.4 kg; p < 0.001),
diastolic pressure (81.8 vs. 78.9 mmHg; p <0.001), HOMA%S
(287.7 vs. 286.6; p = 0.016), and TG (1.7 vs. 1.3 mmol/L; p =
0.002) values than women. Women had higher FBG (5.1 vs. 4.9
mmol/L; p = 0.038), fasting serum insulin (22.7 vs. 13.7 mmol/L;
p <0.001), HOMA% (97.0 vs. 96.1%; p = 0.016), and HDL-C
(1.4 vs. 1.2 mmol/L, p < 0.001) values than men. In addition,
women had a stronger family history of high glucose (7.4 vs.
4.3%) and diabetes (23.4 vs. 18.1%) and were relatively more
physically active (69.0 vs. 63.7%). With increasing values of basic
characteristics in the original FINDRISC questionnaire and
increasing levels of lipid metabolic and obesity-related
indicators, including systolic and diastolic blood pressure, FBG,
2hPG, HbAlc, fasting serum insulin level, TC, and TG, the
FINDRISC values increased significantly. In total, 91% of the
participants had a very low to low risk (FINDRISC < 11) of
T2DM and 5% had a high or very high risk (FINDRISC > 15) of
developing T2DM, according to the FINDRISC scale (Table 3).
There was no significant difference between men and women in
terms of their risk of developing T2DM (p = 0.067).

According to the ADA diagnostic criteria, 37 participants
were newly diagnosed with T2DM, 65 with prediabetes, and 611
participants were diagnosed with non-T2DM. In total, 172
participants met the diagnostic criteria for the metabolic
syndrome. The FINDRISC score increased with worsening
glucose status, including FBG, 2hPG, and HbAlc. Of the 172
participants who were diagnosed with the metabolic syndrome,
63 had a FINDRISC score > 11.

Associations Between FINDRISCs and
Patient Characteristics

According to the results of the Pearson’s correlation analysis
shown in Table 4, significant positive correlations between the
FINDRISC and the metabolic syndrome were observed,
including systolic and diastolic blood pressure (r = 0.34, and
0.300, respectively, p < 0.001), FBG, 2hPG, HbAlc, fasting serum
insulin level (r = 0.356, 0.361, 0.358, and 0.219, respectively, p <
0.001), TC, TG, and LDL-C (r = 0.276, 0.281, and 0.238,
respectively, p < 0.001). In contrast, there was an inverse
association between HDL-C and the FINDRISC (r = -0.211,
p < 0.001). Subsequently, a multivariable linear regression
analysis was performed using the FINDRISC as an independent
variable to reach the final regression model. The p values
revealed that the FINDRISC had a significant linear regression
relationship with 2hPG (b’ = 0.160, p < 0.0001). According to the
standardized coefficient, 2hPG showed the greatest impact on
the FINDRISC among all characteristics (R* = 0.527; F = 27.287,
p < 0.0001, Table 5).

Diagnostic Accuracy for
Undiagnosed T2DM
Table 6 shows the cut-off points of the metabolic syndrome and
FINDRISC for screening of undiagnosed T2DM using 2hPG,
FBG, and HbAlc as the diagnostic criteria, separately for the
overall, female, and male populations. The highest AUC-ROC
value was observed for the FBG criteria in the FINDRISC (AUC-
ROC = 0.858, 95% CI 0.753-0.964) among the female group,
followed by the female group with the metabolic syndrome
(AUC-ROC = 0.830, 95% CI 0.788-0.872), and using
FINDRISC with 2hPG among the female group (AUC-ROC =
0.823, 95% CI 0.730-0.916) (Figure 1). FINDRISC and the
metabolic syndrome appeared to have better performance in
the female group than in the male group (Figure 2). The AUC-
ROC of the FINDRISC to identify subjects with T2DM among
the total population was 0.708 (95% CI 0.639-0.776); its
sensitivity was 44.6% and its specificity was 90.1%, with 11 as
the cut-oft point. When adding FBG or 2hPG to the FINDRISC,
the AUC-ROC among the total population significantly
increased to 0.785 (95% CI 0.671-0.899) and 0.731 (95% CI
0.619-0.843), respectively, while the AUC-ROC among the
female group increased to 0.858 (95% CI 0.753-0.964) and
0.823 (95% CI 0.730-0.916), respectively (p < 0.001)
(Figure 3). The AUC-ROC of the metabolic syndrome to
identify subjects with T2DM among the total and female
population was 0.805 (95% CI 0.767-0.844) and 0.830 (95% CI
0.788-0.872), respectively, with seven as the cut-off point.
While using the FINDRISC model, adding FBG resulted in the
highest AUC-ROC value (0.785) among the total population,
compared to the addition of HbAlc (0.704) and 2hPG (0.731).
Although the addition of FBG or 2hPG increased the AUC-ROC
value of FINSDRISC for predicting T2DM, the discriminatory
accuracy was lackluster for the metabolic syndrome. A sensitivity
analysis of the influence of different threshold values was
performed (Tables S1-S15). When adding FBG or HbAlc, the
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TABLE 2 | Prevalence of components of the modified version of the Finnish Diabetes Risk Score (FINDRISC) by sex.

Characteristics Female Male p

Total FINDRISCO- FINDRISC8- FINDRISC11- FINDRISC15- FINDRISC21- Total FINDRISCO- FINDRISC8- FINDRISC11- FINDRISC15- FINDRISC21-
(n=432) 7(=294) 10 (n=70) 14 (n = 47) 20 (n = 21) 26(n=0) (=281) 7(=211) 10 (n=42) 14 (n = 18) 20(n=9) 26 (n=1)

Blood tests (+)

FBG (mmol/L) 5.1(1.1) 49(0.7) 5.2(0.8) 59(1.9) 6.6 (1.9 0 49(1.1) 4.8(0.9) 4.9 (0.6) 6.3(2.9) 5.2(0.6) 5.0 0.038

2h OGTT (mmol/L) 5.9(2.6) 5.3(1.5) 6.3 (2.8) 7.2(3.8) 9.3 (6.5) 0 5.8 (2.6) 55 (2.1) 5.7 (2.1) 8.1 (4.8) 8.1(2.7) 13.4 0.921

HoA1c (%) 5.8(0.7) 5.6 (0.5) 5.9 (0.4) 6.2 (1.0) 6.8 (1.3) 0 5.8(0.7) 5.8 (0.6) 5.7 (0.4) 6.3(1.4) 6.3(0.5) 7.6 0.825

Fasting serum insulin, 227 (26.8) 18.5 (22.4) 27.6 (29.5) 37.0(33.9) 32.3(36.5) 0 13.7 (20.9) 11.1(18.3) 222 (22.2) 24.6 (35.6) 12.1(12.5) 1.4 <0.001

mmol/L.

HOMA%p 104.1 (80.9) 102.9 (75.0) 114.5 (98.1) 106.2 (99.4) 83.7 (68.4) 0 87.5(71.4) 86.1 (71.1) 109.5 (86.1) 80.2 (41.6) 56.6 (24.6) 49.4 0.016

HOMA%S 260.2 262.3 (222.3) 245.3 (221.8) 268.9 (210.8) 259.5 (210.3) 0 320.9 330.0 (226.1) 261.7 (214.2) 270.0 (195.3) 444.2 (198.1) 51.7 0.002
(221.0) (225.0)

HOMA-IR 12(1.2) 11(1.2) 1.3(1.4) 1.2 (1.5) 0.9(0.8) 0 0.9(1.0) 0.8(1.0) 1.1(1.3) 0.8(0.7) 0.5 (0.6) 19 0.003

TC (mmol/L) 47(0.9) 45(0.8) 5.0(1.0) 49(0.9) 52(1.1) 0 46(0.9) 45(0.9) 5.0(0.9) 48(0.7) 4.8(0.8) 6.0 0.491

TG (mmol/L) 1.3(1.3) 1.1(0.9) 1.5(0.9) 1.7 (1.4) 2.9 (3.6) 0 1.7 (2.0) 1.5(1.5) 2.0(1.3) 3.1 (4.6) 3.73.7) 2.0 0.002

HDL-C (mmol/L) 1.4 (0.3 1.4(0.3) 1.3(0.3 1.3(0.2) 1.1(0.3) 0 1.2(0.3 1.3(0.3) 1.1(0.2) 1.2(0.3 1.1(0.2) 1.2 <0.001

LDL-C (mmol/L) 2.5(0.7) 2.4(0.6) 2.8(0.7) 2.7 (0.7) 2.9(0.7) 0 25(0.7) 2.5(0.7) 2.9(0.8) 2.6 (0.6) 2.4(0.5) 33 0.876

Anthropometrics (+)

SBP (mmHg) 123.2 (19.0) 118.9 (17.2) 129.7 (17.2) 134.2 (20.6) 136.9 (22.1) 0 1232 (15.4) 121.8 (14.7) 126.5 (14.9) 125.2 (19.2) 135.6 (17.3) 130 0.986

DBP (mmHg) 78.9 (10.3) 76.8 (9.7) 81.4 (10.5) 84.9 (8.1) 86.5(11.2) 0 81.8(9.7) 80.7 (9.6) 83.3(9.0) 86.2 (10.9) 88.2 (7.3) 90 <0.001

Height (cm) 157.7 (5.9) 157.9 (5.3) 156.7 (4.9) 157.6 (5.7) 158.4 (5.7) 0 168.5 (5.9) 168.3 (6.1) 168.6 (5.8) 169.1 (3.7) 171.1 (3.5) 163.7 <0.001

Weight (kg) 58.4 (9.4) 55.2(7.2) 62.3 (9.1) 66.9 (11.0) 70.3 (6.2) 0 68.0 (12.0) 65.1 (11.0) 75.9 (11.3) 75.4(9.9) 81.6 (7.4) 83 <0.001

FINDRISC score (x) 5.8 (4.4) 33(2.3) 8.8(0.8) 11.9(1.1) 16.2 (1.5) 0 5.0 (4.1) 3.1(2.2) 8.6(0.8) 11.7.(1.1) 16.3(1.7) 24 0.017

Age, years 45.1 (11.4) 42.5(11.2) 51.0(9.8) 50.0 (10.5) 50.0 (7.8) 0 45.4 (10.9) 45.2 (11.1) 44.9 (10.5) 45.7 (9.6) 52.7 (8.2) 55 0.655

Waist circumference, 77.9 (10.4) 73.9(7.8) 83.2 (10.3) 89.1 (9.7) 90.8 (5.9) 0 83.2 (10.0) 805 (9.2) 90.6 (7.1) 89.5 (8.1) 96.4 (6.8) 106 <0.001

cm

BMI, kg/m? 23.3 (4.0) 222 (2.6) 25.3 (3.2) 26.8 (3.4) 28.1 (2.7) 0 232 (5.5) 22.9 (3.4) 26.6 (2.9) 26.3 (3.3) 27.8(1.8) 31.0 0.107

Physical activity > 30 69.0 69.0 729 66.0 61.9 0 63.7 716 40.5 50.0 22.2 No 0.143

min/d, %

Consume fruits and 96.5 96.9 97.1 95.7 90.5 0 925 92.4 90.5 94.4 100.0 Yes <0.001

vegetables daily, %

History of 22.0 10.9 48.6 31.9 66.7 0 24.9 14.7 50.0 50.0 88.9 Yes 0.101

hypertension, %

History of high glucose, 7.4 0.01 0.07 23.4 57.1 0 4.3 0.005 0.024 0.33 0.33 Yes 0.846

%

Family history of 234 12.6 28.6 55.3 85.7 0 18.1 0.06 35.7 77.8 100.0 yes 0.439

diabetes, %

Outcomes (%)

Non-T2DM 372 (86) 273 (93) 59 (84) 28 (60) 12 (57) 0 239 (85) 187(89) 38(90) 11 (61) 3(33) 0 0.485

Prediabetes 36 (8) 17 (6) 6(9) 11(23) 2(10) 0 29 (10) 17.(8) 3(7) 4 (22) 5(56) 0 0.368

T2DM 24 (6) 4(1) 5(7) 8(17) 7(33) 0 13 (5) 70 1) 3(17) 1(11) 1 0.585

The metabolic 110 (25) 33 (11) 32 (46) 29 (62) 16 (76) 0 62 (22) 29 (14) 14(33) 10 (56) 8 (89) 1 0.300

syndrome (MS)

Data were given by mean (SD). FBG, fasting blood glucose; 2h OGTT, 2-h plasma glucose in the 75 g oral glucose tolerance test; HbATc, glycated hemoglobin; HOMA% 3, homeostasis model assessment of B-cell function; HOMA%S,
homeostasis model assessment of insulin sensitivity; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; TG, total triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; H-CRP, hypersensitive C-reactive protein; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; BMI= Body Mass Index, Weight (kg)/height (m)?.
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TABLE 3 | Risk levels of FINDRISC by sex.

Female
Risk Score N %
Very low risk <7 260 60
Low risk 7-11 126 29
Moderate risk 12-14 25 6
High risk 15-20 20 4.6
Very high risk >20 1 0.4

Male Total P value
N % N % 0.067
197 70 457 64
68 24 194 27
6 2 31 4
9 3 29 4
1 1 2 1

The bold P value (0.067) indicates that there was no significant difference between men and women in terms of their risk of developing T2DM.

optimal cut-off point according to the Youden’s index was 11,
while adding 2hPG to the FINDRISC model led its cut-off point
to decrease to eight. In contrast, the optimal cut-off point for the
metabolic syndrome was seven, with a sensitivity and specificity
of 74.4% and 76.3%, respectively. For female and male subjects,
the optimal cut-off was the same as that for the overall population.

DISCUSSION

The metabolic syndrome is a cluster of insulin resistance and
disturbed glucose metabolism, overweight and abdominal fat
distribution, dyslipidemia, and high blood pressure, and
commonly occurs in the majority of patients with prediabetes or
T2DM (12). Approximately 25% of adults worldwide are estimated
to have the metabolic syndrome (22). In addition, patients with the
metabolic syndromes have a 5-fold higher risk of developing T2DM
than those with the normal metabolic syndrome (13). A study (23)
reported that the FINDRISC assessment model exhibited a good
ability to predict the metabolic syndrome in a cohort of first-degree
relatives of T2DM patients, with an AUC value of 65%. In this
study, the prevalence of the metabolic syndrome increased with
increasing FINDRISCs. Several cross-sectional studies have assessed
the FINDRISC model as a screening tool for the metabolic
syndrome. The lipid metabolic indicators (blood pressure, FBG,

TABLE 4 | Pearson’s correlation analysis between FINDRISC and variables.

Variable Pearson’s coefficient (r) p value
Height -0.041 0.281

Weight 0.446 <0.001
Systolic blood pressure 0.343 <0.001
Diastolic blood pressure 0.300 <0.001
FBG 0.356 <0.001
2hPG 0.361 <0.001
HbA1c 0.358 <0.001
Fasting serum insulin 0.219 <0.001
HOMA%p 0.040 0.372

HOMA%S -0.018 0.677

HOMA-IR 0.017 0.701

TC 0.276 <0.001
TG 0.281 <0.001
HDL-C -0.211 <0.001
LDL-C 0.238 <0.001

FBG, fasting blood glucose; 2hPG, 2-h plasma glucose; HOMA% 3, homeostasis model
assessment of B-cell function; HOMA%S, homeostasis model assessment of insulin
sensitivity; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; HbATc, glycated hemoglobin; TG, triglycerides; TC, total cholesterol.

Bold P values indicate a significant difference.

TC, TG, HDL-C, and LDL-C) were found to be significantly related
to the FINDRISC model, which are common risk factors for T2DM
(24). This finding indicated that the FINDRISC model could be
used for undiagnosed T2DM screening in this cohort. This in turn
revealed that a non-invasive screening tool combined with a
relatively inexpensive and feasible biochemical marker was a
better tool to identify subjects with T2DM, as opposed to a
cluster of clinical and biochemical markers for diagnosing the
metabolic syndrome (24).

In 2009, Chien (25) used a Cox regression analysis to establish
a risk scoring model for T2DM, namely the Taiwan model of
China. A total of 2960 subjects aged over 35 years with a 10-year
follow-up were selected for this cohort study. Risk factors in this
invasive model included TG, HDL-C, FBG, and white blood cell
levels. The AUC-ROC value for this model was 0.70. In 2012, a
Chinese population (26) was used to test several domestic and
foreign T2DM evaluation models, including the FINDRISC and
Framingham models. It was found that the Taiwan model of
China had the highest predictive efficiency among all models,
with AUC-ROC values of 0.75 among all models; these were
similar to the AUC-ROC values (0.704 to 0.785) found using the
FINDRISC model in this study.

Several diabetes risk-score models have been developed to
predict the risk of T2DM. These models can be used in clinical
practice to identify people at high risk of T2DM, and to guide
clinical treatment (17). However, it is still not clear whether these
models can be applied in local populations. The incidence and risk
factors of T2DM in a population determine the suitability of a risk
score. Some models developed in a particular population always do
not perform well in other populations. There have been extensive
studies on risk scores that have been developed specifically in
Chinese settings. Mao (27) evaluated the performance of The
New Chinese Diabetes Risk Score (NCDRS) model in detecting
undiagnosed diabetes and prediabetes among 7,675 community
residents in Jiangsu Province. The results showed that the
participants with undiagnosed diabetes reported the highest
NCDRS value, and the best cut-off points of NCDRS for detecting
undiagnosed diabetes and prediabetes were 27. Their results
indicated the excellent performance of NCDRS in screening
undiagnosed diabetes in Jiangsu Province, and further provide
evidence for using NCDRS in detecting prediabetes. Zhang (28)
developed and validated a prediction model for T2DM (Chinese
risk model) in a cohort of rural adult Chinese population. With the
validation dataset, the performance of this model was superior to
the FINDRISC and the other models of T2DM risk, which was
widely applicable for predicting 6-year risk of T2DM in a rural adult
Chinese population.
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TABLE 5 | Multivariable linear regression of FINDRISC .

Variable b Sy b’ t p
Constants -20.439 5.201 - -3.930 <0.0001
Height 0.008 0.031 0.015 0.261 0.794
Weight 0.056 0.0385 0.146 1.622 0.105
Systolic blood pressure 0.010 0.012 0.043 0.807 0.420
Diastolic blood pressure 0.010 0.020 0.025 0.488 0.626
FBG 0.423 0.273 0.074 1.549 0.122
2hPG 0.302 0.083 0.160 3.620 <0.0001
HbA1c 0.255 0.329 0.036 0.777 0.438
Fasting serum insulin 0.003 0.017 0.007 0.181 0.856
HOMA% 0.000415 0.004 0.008 0.097 0.923
HOMA%S 0.000375 0.001 0.020 0.395 0.693
HOMA-IR 0.066 0.281 0.018 0.236 0.813
TC 0.440 0.462 0.093 0.954 0.341
TG 0.000480 0.157 0.000159 -0.003 0.998
HDL-C -0.425 0.742 -0.026 -0.574 0.567
LDL-C -0.362 0.548 -0.056 -0.660 0.510

Dependent variable: FINDRISC score; R? = 0.527; F = 27.287, p < 0.0001

FBG, fasting blood glucose; 2hPG, 2-h plasma glucose; HOMA% 3, homeostasis model assessment of -cell function; HOMA%S, homeostasis model assessment of insulin sensitivity;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbATc, glycated hemoglobin; TG, triglycerides; TC, total cholesterol.

Bold text indicates a significant difference.

The FINDRISC was originally developed in a prospective
cohort to identify individuals at high risk of developing T2DM
(29). Previous studies have analyzed the performance of
FINDRISC:s for the detection of undiagnosed T2DM (30). The
FINDRISC model has been verified in several Western
populations for T2DM screening (31-34). These results
showed that the optimal cut-off points ranged widely from 9
(29) to 15 (33). To date, only four studies have evaluated the use
of FINDRISC in Asian populations, including populations in the
Philippines, Malaysia, Mongolia, and India (35-38). All of these
results suggest that the FINDRISC has a good performance for
T2DM screening in the Asian population. However, there was no
publication, if any, which focused on the validation of the
FINDRISC for the screening of T2DM in a Chinese population.

It has been reported that the performance of a diabetes risk
score can be improved by adding biochemical markers (39). The
HbA Ic test is a more convenient screening method than FBG and

2hPG, which does not require fasting, and may not be influenced
by day-to-day variations (40). HbAlc was used to monitor
glycemic control in diabetic patients as it can reflect the average
blood glucose levels over 2-3 months (41). However, some studies
have shown that there is poor concordance between HbAlc and
FBG or 2hPG during an OGTT, which are the most widely
accepted glucose-based methods for diagnosing T2DM. Several
studies (40, 42) employed the WHO diabetes diagnostic criteria
or only FBG values in the FINDRISC assessment model among
other populations. With the introduction of HbAlc as a
diagnostic criterion by the ADA guidelines in 2009, studies
evaluating the performance of the FINDRISC model by using
HbA1c as the gold standard showed good results, with AUC-ROC
values ranging from 0.72 to 0.81 (43-45). A previous study (45)
used FBG, 2hPG, or HbAlc as the diagnostic criteria in their
FINDRISC assessment model. The results showed a higher
sensitivity (75% in men vs. 72% in women) and AUC-ROC

TABLE 6 | FINDRISC area under ROC curve (AUC) for identifying T2DM.

AUC (95% CI) Sensitivity Specificity Youden’s index Cut-off p

FINDRISC (both sexes) 0.708 (0.639-0.776) 44.6% 90.1% 0.347 11 <0.001
FINDRISC (male) 0.625 (0.508-0.742) 31.0% 92.5% 0.235 11 0.028
FINDRISC (female) 0.761 (0.683-0.840) 53.3% 88.6% 0.420 11 <0.001
FBG (both sexes) 0.785 (0.671-0.899) 65.2% 88.1% 0.533 Ihl <0.001
FBG (male) 0.482 (0.232-0.733) 0.881
FBG (female) 0.858 (0.753-0.964) 72.7% 88.1% 0.609 11 <0.001
HbA1c (both sexes) 0.704 (0.627-0.780) 45.9% 89.6% 0.355 11 <0.001
HbA1c (male) 0.6583 (0.532-0.773) 34.6% 92.3% 0.270 11 0.01

HbA1c (female) 0.745 (0.649-0.841) 54.3% 87.9% 0.422 Ihl <0.001
2hPG (both sexes) 0.731 (0.619-0.843) 69.0% 72.7% 0.416 8 <0.001
2hPG (male) 0.597 (0.380-0.813) 0.258
2hPG (female) 0.823 (0.730-0.916) 82.4% 70.7% 0.531 8 <0.001
MS (both sexes) 0.805 (0.767-0.844) 74.4% 76.3% 0.508 7 <0.001
MS (male) 0.757 (0.683-0.830) 62.9% 79.5% 0.424 7 <0.001
MS (female) 0.830 (0.788-0.872) 80.9% 74.2% 0.551 7 <0.001

FBG, fasting blood glucose; 2hPG, 2-h plasma glucose; HbATc, glycated hemoglobin; MS, the metabolic syndrome.
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value (0.75) than other studies that used 2hPG and/or FBG
criteria. In contrast, two studies (15, 29) reported a higher
AUC-ROC value than Zhang’s study, which used 2hPG and/or
FBG as the diagnostic criteria. Similarly, Costa (46) conducted a
study to detect undiagnosed T2DM using FBG, 2hPG, and
HbAlc alone instead of using combinations of these criteria.
Their results suggested that 2hPG and FBG had better
discriminatory power than HbAlc, which is in agreement with
the observations in this study. In this study, FBG, 2hPG, and
HbA1c levels were used as diagnostic criteria. Based on FBG or
HbAlc criteria, 11 was the optimal cut-off point for identifying
individuals with undiagnosed T2DM, while the optimal cut-off
point was eight based on 2hPG criteria. Among these criteria,

1-specificity

1.0

FIGURE 1 | FINDRISC area under ROC curve (AUC) for identifying T2DM in female populations.

FBG displayed the best performance in screening for undiagnosed
T2DM in the overall population, with an AUC-ROC value of
0.785, followed by 2hPG and HbAlc criteria, with AUC-ROC
values of 0.731 and 0.704, respectively. The cut-off points using
FBG or HbAlc were higher than those reported in European
studies (15, 31, 34, 47). The studies used a value > 9 as the best
cut-off point without incorporating the peaks of the ROC curve,
where the sum of the sensitivity and specificity is at maximum. In
addition, all these diagnostic criteria performed better at
screening for undiagnosed T2DM among the female population
than for the overall population. However, FINDRISCs with 2hPG
and FBG failed to screen for undiagnosed T2DM among the
male population.

Male group
1.0
— FINDRISC
;§ — FINDRISC+HbA1c
2 0.59 — Metabolic syndrome
?
0.0+ r ' . .
0.0 0.5 1.0
1-specificity

FIGURE 2 | FINDRISC area under ROC curve (AUC) for identifying T2DM in male populations.
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The discriminatory accuracy in identifying subjects with
diabetes of the original FINDRISC questionnaire was similar to
that of the metabolic syndrome; however, the FINDRISC model is
much easier to perform, as it did not require invasive testing.
Despite the different performance when using different diagnostic
criteria, the findings in this study indicated that the FINDRISC
could be used as an initial screening tool to help clinicians identify
patients at high risk of T2DM. In addition, FINDRISC with FBG
and a cut-off point of 11 had a higher discriminative power for
screening T2DM compared to 2hPG and HbAlc. To the best of
our knowledge, this study is the first to assess the applicability of
the FINDRISC model in a Chinese population. Even though the
metabolic syndrome showed a better performance than using the
FINDRISC screening model, adding FBG or 2hPG significantly
increased the discriminative power of the FINDRISC. However,
this study had several limitations. First, in this project, the sample
size was relatively small, which was calculated based primarily on
outpatients with risk factors who visited the hospital during the
period from July 2019 to March 2020. The reason why the
morbidity of this population is lower than that of Chinese
population should be caused by insufficient sample size and
population selection, which needs to be further proved by
subsequent experiments. Further studies with larger sample
sizes are needed to include conclusive data for clinical practice.
Second, as participants were recruited from the districts in the
metropolitan area of Shanghai, the results may not be applicable
to the rest of the population of China.

CONCLUSION

In this study, we tried first to measure the FINDRISC model’s
performance in predicting current glucose disorders, and then to
compare the results based on different sets of diagnostic criteria,
which is one of the strengths of this study. According to our
findings, the simple scoring model is less sensitive to the

1-specificity

1.0

FIGURE 3 | FINDRISC area under ROC curve (AUC) for identifying T2DM in total populations.

prediction of T2DM. Only when FBG or 2hPG was introduced,
the prediction sensitivity of the model increased. It seems that
the application of FINDRISC to predict T2DM might be less
important. However, it is worth noting that including FPG, 2hPG,
and HbAlc levels into the model introduces a bias, as these
parameters are commonly used for the diagnosis of T2DM itself,
which could falsely increase the discriminative power of this
risk model. Nevertheless, a non-invasive screening tool with a
relatively inexpensive and feasible biochemical marker is a better
tool to identify subjects with diabetes than a cluster of clinical
and biochemical markers. Hence, our findings may prompt
the application of T2DM in a two-step model among the
Chinese population.
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