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Abstract

Background
Obesity and ethnicity play important roles in cardiovascular complications in patients with T2DM. This study aimed to
compare cardiometabolic risk pro�les between Chinese and Finnish older adults with prediabetes or type 2 diabetes
mellitus (T2DM) and central obesity.

Methods
Study subjects were 60-74 years old and originated from two population samples. The Finnish subjects came from the
Kuopio Ischemic Heart Disease (KIHD) study (n = 1089), and the Chinese subjects came from the Shanghai High-risk
Diabetic Screen (SHiDS) study (n = 818). The KIHD and SHiDS studies used similar questionnaires to determine
participants’ baseline characteristics regarding the history of medication use and diseases and lifestyle factors. All study
subjects participated in glucose tolerance tests and anthropometry assessments, including waist circumference
measurements.

Results
Among study subjects with prediabetes and central obesity (n = 298), fasting glucose, 2-h glucose, fasting insulin, insulin
resistance, and triglyceride (TG) levels were signi�cantly higher while the low-density lipoprotein cholesterol (LDL) and
LDL to high-density lipoprotein cholesterol (HDL) ratio were lower in Chinese individuals than Finnish individuals (p
<0.0001-0.003). Among subjects with T2DM and central obesity (n = 251), Chinese subjects had signi�cantly less
proportions of antihypertensive, glycaemic control medication, and statin users as well as lower level of physical activity
(p < 0.0001 for all), while higher blood pressure (p = 0.002 for systolic blood pressure and p < 0.0001 for diastolic blood
pressure), TG levels (p < 0.05) and HDL (p = 0.002) than the Finnish counterparts. There were no differences in β-cell
function (HOMA-β) between Chinese and Finnish both in prediabetes and T2DM.

Conclusions
Our results indicated that Chinese and Finnish older adults with prediabetes and T2DM had similar β-cell function.
However, Chinese individuals with prediabetes are prone to lipid metabolism dysfunction and insulin resistance.
Strategies for preventing prediabetes from developing into diabetes in Chinese individuals should be focused on
interventions such as exercise to increase insulin sensitivity and prevent insulin resistance. For Finnish individuals with
prediabetes, more attention should be given to weight control.

Introduction
Type 2 diabetes mellitus (T2DM) is the most common metabolic disease, with an increasing prevalence worldwide [1, 2].
According to the 2019 International Diabetes Federation report, the estimated total number of adults with diabetes is
463.0 million worldwide, and among them, more than 90% have T2DM [1]. Of note, the highest estimated prevalence of
diabetes is in people older than 65, with an estimated number of individuals with diabetes of 135.6 million in 2019, and
this number is expected to increase dramatically to 276.2 million by 2045 [1]. Cardiovascular diseases (CVDs) are a
major cause of death and disability in patients with T2DM [3]. More than 50% of all patients with T2DM die of CVDs [4].
In elderly individuals with T2DM, a higher absolute risk of CVDs combined with geriatric conditions leads to a high
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mortality rate and increased hospital admission and institutionalization, which comes with inevitable costs to public
health and economic challenges [5].

Ethnicity is an important factor that needs to be considered for T2DM and diabetes-related complications. For some
ethnic groups, there is a greater predisposition for developing T2DM and diabetes-related complications [4, 6-10].
Compared to their European counterparts, East Asian patients have a greater tendency to develop T2DM at a younger
age due to β cell dysfunction and insulin resistance [11, 12]. On the other hand, compared to Asian individuals, European
individuals with diabetes are at higher risk of complications such as myocardial infarction, coronary artery disease,
lower-extremity gangrene, and large vessel disease but have a lower risk of small vessel disease and diabetic eye and
kidney diseases [4, 8, 9]. This predisposition of different ethnic groups to T2DM and its complications are commonly
attributed to the complex interaction of genetic and environmental factors [13, 14].

Previous studies have shown that cardiovascular biomarkers, low-density lipoprotein (LDL), total cholesterol (TC),
cardiac troponin T and C-reactive protein are systematically higher in Caucasian diabetic patients with acute coronary
syndrome than in their Chinese counterparts [15]. Ethnic variations in cardiometabolic risk factors contribute at least in
part to the excess CVDs in ethnic minorities. In addition, obesity is a major risk factor for T2DM and is an independent
risk factor for CVDs [1, 16]. There is a positive relationship between obesity and increased prevalence of CVDs in T2DM
and prediabetes [16-21]. Using the primary care database of the UK, one study showed that there are important
distinctions between ethnic groups, with South Asians showing greater susceptibility to CVDs even at lower body mass
index (BMI) levels[22]. Importantly, central obesity is the most important risk factor affecting cardiometabolic risk [23].
However, it is still unclear whether the differences in risk factors between Caucasian and Chinese individuals with
prediabetes and T2DM are independent of central obesity.

While obesity and ethnicity play important roles in cardiovascular complications in patients with T2DM, there is almost
no any study that has evaluated ethnicity-speci�c cardiovascular risk pro�les of adults with glucose impairment and
central obesity at the population level. In the context of increasingly ethnically diverse individuals and ageing in many
countries, especially European countries, studies on the relationship between ethnicity, obesity, and cardiovascular
complications in elderly individuals with glucose impairment could have an immense impact on public health and the
socioeconomic burden of CVDs associated with T2DM [24-26]. Thus, the objective of this study was to examine the
cardiometabolic risk pro�les of Chinese and Finnish older adults with prediabetes or T2DM and central obesity.

Subjects And Methods

Study design and participants
The study subjects were derived from two well-de�ned population samples. The Finnish subjects came from the Kuopio
Ischemic Heart Disease (KIHD) study [27], and the Chinese subjects came from the Shanghai High-risk Diabetic Screen
(SHiDS) study [28]. The Finnish KIHD study was a prospective population-based cohort study designed to investigate risk
factors for atherosclerotic CVD and other related chronic disease outcomes. The KIHD cohort was employed for the
current analysis and initially comprised 1774 invited participants (920 women and 854 men) who were aged 53 to 74
years who participated from March 1998 to February 2001. The Chinese study was conducted at the 6th Hospital
a�liated with Shanghai Jiao Tong University. The total sample consisted of 2445 Chinese individuals, with an age range
from 30 to 74. Since we are interested in late adulthood, only those aged 60 ≤ to ≤ 74 years were included in this report.
Thus, the �nal sample comprised 1089 Finnish and 818 Chinese individuals.

Similar questionnaires examining history of medication use and diseases; lifestyle, including smoking, drinking and
physical activity habits; and education level were used to characterize the background of the participants. The Finnish
study was approved by the Ethics Committee of Kuopio University and Kuopio University Hospital, Kuopio, Finland
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(licence number 143/97), and the Chinese study was approved by the Ethics Committee of Shanghai Jiao Tong
University 6th Hospital (2018-KY-056 (K)). Written informed consent was obtained from all participants, and all study
procedures were conducted according to the Declaration of Helsinki.

Anthropometric and body composition assessment
Body weight and height were measured with standard methods and used to calculate BMI. Blood pressure was measured
with the conventional method (in Finland with a Hawksley random zero sphygmomanometer and in China with an
Omron HBP-9020s (Omron Healthcare, Kyoto, Japan)). Waist circumference (WC) and hip circumference were measured
by tape. The waist circumference to hip circumference ratio (WHR) was calculated.

Biochemical measurements
Blood samples were collected in the morning between 7:00 and 9:00 a.m. after overnight fasting at both sites. Serum
was extracted by centrifugation and stored immediately at -80°C until analysis. Glucose tolerance tests were performed
at both sites after overnight fasting, and samples were taken 30 minutes and 2 hours after the intake of 75 g glucose for
the assessment of serum insulin (chemiluminescent immunoassay) and glucose (automatic biochemistry analyser). The
homeostasis model assessment of insulin resistance index (HOMA-IR) was calculated as (fasting insulin concentration ×
fasting glucose concentration)/22.5, and the β-cell function index (HOMA-β) was calculated as (20 ×fasting insulin
concentration/(fasting glucose concentration -3.5)[29]. The serum lipid [30] and plasma glucose [27] analysis methods
used in Finland have been described previously. In China, the plasma glucose analysis method has been described
previously [28], and serum TC, high-density lipoprotein (HDL), LDL and triglyceride (TG) were analysed using a Hitachi
Automatic Analyzer 7600 (Hitachi High-Technologies, Tokyo, Japan). The inter- and intra-assay CVs were 3.4% and 2.9%
for TG, 2.0% and 3.7% for glucose, and 11% and 3.4% for insulin, respectively.

Criteria for prediabetes, T2DM and central obesity
The criterion for prediabetes was de�ned according to the American Diabetes Association criteria as a fasting glucose
level from 5.6 mmol/l to 6.9 mmol/l or an OGTT 2 h glucose level from 7.0 mmol/l to 11.0 mmol/l [31]. The criterion for
T2DM was de�ned as a fasting glucose level ≥ 7.0 mmol/l or an OGTT 2 h glucose level ≥ 11.1 mmol/l [31]. Subjects
receiving drug therapy for diabetes were also included in the T2DM group. Central obesity was indicated by waist
circumference ≥ 94 cm for Europid men, ≥ 90 cm for Chinese men and ≥ 80 cm for women in both countries [32].

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 21.0. Descriptive statistics were
generated and presented for each ethnic group, including percentages for categorical variables and means and 95%
con�dence intervals for continuous variables. The Shapiro–Wilk test was used to check all data for normality. If the data
were not normally distributed, a log transformation was used to ensure a normal distribution. Categorical variables were
compared between Chinese and Finnish individuals using the chi-square test for independence. Continuous variables
were compared between Chinese and Finnish individuals by using Student’s t-test in univariate analysis or Mann-Whitney
U tests. Analysis of covariance (ANCOVA) was used to control for confounding factors such as age, sex, BMI and
medicine when comparing the variables between the Chinese and Finnish populations. Pearson correlation analysis was
performed to evaluate the correlation between central obesity (BMI and waist circumference) and glycaemic and lipid
variables. In addition, generalized linear models (GLMs) were used to control for confounding factors such as age, sex,
BMI and medicine when assessing the relationships among BMI, WC and glycaemic and lipid variables.

Results
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Pro�les of Chinese and Finnish older adults with glucose impairment
and central obesity
Among the targeted population, 18.3% (n=199) of the Finnish population had prediabetes, and 7.9% (n=85) had T2DM,
while 30.6% (n=250) had prediabetes and 31.8% (n=260) had T2DM in the Chinese population. Since the purpose of this
report was to examine the differences in the cardiometabolic risk pro�les of Finnish and Chinese older adults with
glucose impairment and central obesity, the following results are only related to the comparison of prediabetes and
T2DM between Finnish and Chinese individuals with central obesity. However, for the purpose of comparison, we also
assessed the differences between subjects without and with central obesity. The results are given in Supplementary
Tables 1 and 2. In Finnish individuals, those patients with central obesity had signi�cantly higher weight, WC, and fasting
insulin than those without central obesity in both the prediabetes and T2DM populations, higher HOMA-IR in the
prediabetes population and higher TG levels in the T2DM population (p <0.05 to 0.001). The corresponding differences in
Chinese subjects were weight, WC, systolic blood pressure (SBP), and fasting insulin in both groups and SBP, HOMA-IR,
HOMA-β in the prediabetes group, and TC in the T2DM group (p <0.05 to 0.001).
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Table 1
General characteristics of Chinese and Finnish older adults with glucose impairment and central obesity

  Pre-diabetes T2DM

  Chinese Finnish Chinese Finnish

  n mean (95%
CI)

n Mean (95%
CI)

n mean (95%
CI)

n Mean (95%
CI)

Age, years 147 63.7 (63.2,
64.1)

151 67.9 (67.2,
68.5) **

172 64.4 (63.9,
64.9)

79 67.9 (67,
68.7) **

Height, cm 147 162 (161,
163)

151 165 (164,
167) ##

172 164 (162,
165)

79 164 (162,
167)

Weight, kg 147 67.2 (65.4,
69.0)

151 82.0 (80.2,
83.7) ##

172 68.5 (66.9,
70)

79 80.8 (77.8,
83.8) ##

BMI, kg/m2 147 25.5 (25, 26) 151 30.1 (29.5,
30.6) ##

172 25.5 (25.1,
25.9)

79 29.8 (29,
30.6) ##

WC, cm 147 91.5 (90.4,
92.7)

151 99.0 (97.7,
100.5) **

172 92.9
(91.8,94.1)

79 100.4
(98.1,102.7)
**

WHR 146 0.92 (0.91,
0.93)

151 0.94 (0.92,
0.95)

172 0.94 (0.93,
0.95)

79 0.96 (0.94,
0.98) #

SBP, mmHg 146 139 (136,
142)

151 141 (138,
144)

170 137 (135,
140)

79 133 (129,
137) #††

DBP, mmHg 146 81.6 (80.1,
83.1)

151 81.1 (79.7,
82.6)

170 82.4 (81.0,
83.9)

79 75.8 (73.7,
77.8) ##††

Education, 1/2/3 ,
%†

146 6.2/73.3/20.5 151 80.8/15.2/4.0 172 5.2/61.0/33.7 79 87.3/10.1/2.5

Gender
(female/male), %†

147 68.7/31.3 151 51.7/48.3 ## 172 66.9/33.1 79 49.4/50.6 ##

Smoking (yes/no),
%†

145 4.1/95.9 151 10.6/89.4 # 164 10.4/89.6 76 7.9/92.1

CI: con�dence interval; T2DM: type 2 diabetes; BMI: body mass index; WC: waist circumference WHR: waist-to-hip
ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; NA: not applicable.

BMI in T2DM was log-transformed for the analysis.

 Education: 1 = primary/below, 2 = high school, 3 = graduate/above.

† Values are number of subjects with proportion (%).

* p < 0.05, ** p < 0.01, comparison of the means between Chinese and Finns by the Mann–Whitney U test.

# p < 0.05, ## p < 0.01, comparison of the means between Chinese and Finns by Student’s t-test or proportions by chi-
square test or rank sum test.

†† p < 0.01, comparison of the means between Chinese and Finn populations by analysis of covariance (ANCOVA)
controlling for age, sex, BMI and anti-hypertension medicine.
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  Pre-diabetes T2DM

Alcohol drinking
(yes/no), %†

146 17.8/82.2 151 6.0/94.0 ## 164 10.4/89.6 77 13.0/87.0

Diabetes of family
(yes/no), %†

143 38.5/61.5 151 37.7/62.3 165 51.5/48.5 79 48.1/51.9

Use of statins
(yes/no), %†

147 1.4/98.6 151 5.3/94.7 172 4.1/95.9 79 13.9/86.1 ##

Use of
antihypertensive
medication
(yes/no), %†

147 9.5/90.5 151 58.9/41.1 ## 172 30.8/69.2 79 78.5/21.5 ##

Use of antidiabetic
medication
(yes/no), %†

NA NA NA NA 172 1.7/98.3 48 60.8/39.2 ##

Physical activity
(yes/no), %†

146 77.4/22.6 151 98.7/1.3 ## 172 72.7/27.3** 77 96.1/3.9 ##

Frequency,
times/week

113 4.6 (4.0, 5.2) 151 6.7 (6.0, 7.4)
##

99 5.6 (4.9, 6.3) 73 5.4 (4.8, 6.1)

Duration,
hours/week

113 4.6 (3.8, 5.4) 151 10.2 (8.7,
11.4) ##

99 5.1 (4.3, 5.9) 73 7.8 (6.5, 9.2)
##

Intensity
(low/medium/high),
%

113 53.1/46.0/0.9 149 6.0/90.6/3.4
##

125 82.4/17.6/0.0 74 12.2/78.4/9.5
##

CI: con�dence interval; T2DM: type 2 diabetes; BMI: body mass index; WC: waist circumference WHR: waist-to-hip
ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; NA: not applicable.

BMI in T2DM was log-transformed for the analysis.

 Education: 1 = primary/below, 2 = high school, 3 = graduate/above.

† Values are number of subjects with proportion (%).

* p < 0.05, ** p < 0.01, comparison of the means between Chinese and Finns by the Mann–Whitney U test.

# p < 0.05, ## p < 0.01, comparison of the means between Chinese and Finns by Student’s t-test or proportions by chi-
square test or rank sum test.

†† p < 0.01, comparison of the means between Chinese and Finn populations by analysis of covariance (ANCOVA)
controlling for age, sex, BMI and anti-hypertension medicine.

The general characteristics of the subjects with prediabetes and T2DM and central obesity are shown in Table 1. Finnish
individuals were older (p < 0.0001 for all) and heavier (p < 0.0001 for all) and had a larger BMI (p < 0.0001 for all) than
Chinese individuals in both the prediabetes and T2DM groups. Among T2DM patients, the Chinese population had a
smaller WHR (p = 0.046) than the Finnish population. The Chinese population also had lower participation in physical
activity (p < 0.0001 for all) than the Finnish population in both the prediabetes and T2DM groups. The proportion of
alcohol drinking was signi�cantly higher in Chinese individuals with prediabetes than in their Finnish counterparts (p =
0.002), while the proportion of smoking was higher in Finnish individuals (p = 0.033). Among prediabetes patients, the
proportion of individuals using antihypertensive medication was signi�cantly lower among Chinese individuals than
among Finnish individuals (p < 0.0001). The proportion of individuals using antihypertensive and antidiabetic
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medication as well as statins was signi�cantly lower in Chinese individuals than in Finnish individuals (p < 0.0001 for
all) with T2DM. Among T2DM patients, Chinese patients had higher blood pressure (p = 0.04 for SBP and p < 0.0001 for
diastolic blood pressure (DBP)). After controlling for age, sex, BMI, and the use of antihypertensive medication, the
signi�cance remained the same.

Walking was the most common type of leisure time physical activity (LTPA) for both Finnish and Chinese individuals. In
addition to walking, hunting, �shing, and gymnastics were common LTPAs among Finnish individuals, while less than
10% of Chinese engaged in Taiji, dancing, and jogging (Figure 1). Among prediabetes patients, Chinese individuals
reported participating in LTPA less frequently (p = 0.003), for a shorter duration (p < 0.0001) and at a lower intensity (p <
0.0001) than Finnish individuals. In T2DM patients, Chinese patients had a similar frequency of LTPA to Finnish patients
but a shorter duration (p = 0.002) and lower intensity (p < 0.0001).

Comparison of glycaemic variables between Chinese and Finnish
older adults with glucose impairment and central obesity
Among prediabetes patients, the Chinese population had higher fasting glucose and 2 h glucose (see Table 2). After
controlling for age, sex and BMI, Chinese individuals had higher fasting insulin (adjusted mean difference of the log-
transformed = 0.167, 95% CI: 0.102, 0.232, df = 1, F = 25.643, p < 0.0001, partial η2 = 0.082) and HOMA-IR (adjusted mean
difference of the log-transformed = 0.204, 95% CI: 0.136, 0.271, df = 1, F = 35.088, p < 0.0001, partial η2 = 0.109). After
additional confounding factors, such as antidiabetic medication, SBP, education, physical activity, smoking and alcohol
consumption, were added to the model, the signi�cance remained the same. In T2DM patients, after controlling for age,
sex, BMI and use of antidiabetic medication, 2-h glucose was signi�cantly higher in Chinese individuals than in Finnish
individuals (p < 0.05). However, after adding SBP, education, LTPA, smoking and alcohol drinking to the model, this
signi�cance disappeared.
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Table 2
Glycaemic variables of Chinese and Finnish older adults with glucose impairment and central obesity

  Pre-diabetes T2DM

  Chinese Finnish Chinese Finnish

  n mean (95% CI) n Mean (95% CI) n mean (95%
CI)

n Mean (95% CI)

Glu0,
mmol/l

147 5.85 (5.75,
5.95)

151 5.42 (5.32, 5.53) ** 172 6.97 (6.79,
7.14)

79 7.94 (7.35,
8.53)

Glu2h,
mmol/l

147 8.29 (8.01,
8.58)

151 7.96 (7.73, 8.2) * 172 14.8 (14.3,
15.2)

57 14.5 (13.1, 16)
#

Ins0, mmol/l 143 12.9 (11.7,
14.1)

151 11.2 (10.4, 12.1)
##††

171 13.5 (12.4,
14.5)

79 16.9 (12.7, 21)

HOMA-IR 143 3.33 (3.02,
3.64)

150 2.73 (2.49, 2.97)
##††

170 4.13 (3.79,
4.46)

79 6.45 (4.21, 8.7)

HOMA-β 137 111 (99, 123) 150 125 (115, 135) 170 85.6 (77.5,
93.7)

79 93.4 (76.5,
110.3)

T2DM: type 2 diabetes; CI: con�dence interval; Glu0: fasting glucose level; Glu2h: 2-h glucose level; Ins0: fasting
insulin level; HOMA-IR: homeostasis model assessment of insulin resistance; HOMA-β: homeostasis model
assessment of β-cell function index.

Ins0, HOMA-IR and HOMA-B in prediabetes and Glu0, Glu2h, Ins0, and HOMA-IR in T2DM were log-transformed for the
analysis.

* p < 0.05, ** p < 0.01, comparison of the means between Chinese and Finnish populations by the Mann-Whitney U
test.

# p < 0.05, ## p < 0.01, comparison of the means between Chinese and Finnish populations by analysis of
covariance (ANCOVA) controlling for age, sex, BMI and anti-diabetes medicine.

†† p < 0.01, comparison of the means between Chinese and Finnish individuals by ANCOVA controlling for age, sex,
BMI, anti-diabetes medicine, SBP, education, physical activity, smoking and alcohol drinking.

Comparison of lipid pro�les between Chinese and Finnish older
adults with glucose impairment and central obesity
In prediabetes patients, after controlling for age, sex, BMI, and the use of statins, the Chinese population had higher TG
(adjusted mean difference = 0.475, 95% CI: 0.205, 0.746, df = 1, F = 11.955, p = 0.001) but lower LDL (adjusted mean
difference = -0.522, 95% CI: - 0.864, -0.180, df = 1, F = 9.029, p = 0.003) levels and LDL/HDL ratios (adjusted mean
difference = -0.759, 95% CI: -1.130, -0.389, df = 1, F = 16.271, p < 0.000, Figure 2). In T2DM patients, only TG levels were
higher in Chinese patients (adjusted mean difference = 0.412, 95% CI: 0.055, 0.769, df = 1, F = 5.193, p = 0.024). No other
differences between the Chinese and Finnish populations with T2DM and central obesity were observed.

Correlations between central obesity and glycaemic and lipid
pro�les
We assessed the correlations between central obesity and glycaemic and lipid pro�les. The results are given in
Supplementary Table 3. Signi�cant associations were found between BMI/WC and insulin/HOMA-IR in both the Finnish
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and Chinese populations (all p < 0.05–0.001). In addition, in Finnish individuals, WC was signi�cantly correlated with
fasting glucose, TGs and HDL, while in Chinese individuals; WC was only positively correlated with HOMA-β in
prediabetes patients. TGs were positively correlated with BMI and WC, and HDL was negatively correlated with WC in
Finnish individuals, while in Chinese individuals, only BMI was positively correlated with HOMA-β in T2DM patients.
Controlling for all the confounding factors (age, sex, drinking, smoking, medications and LTPA), the signi�cant
associations between BMI/WC and fasting glucose, insulin, HOMA-IR and HOMA-β in Finnish and Chinese prediabetes
patients and between BMI/WC and TGs, fasting insulin, and HOMA-IR in Finnish T2DM patients remained, but they
disappeared between WC and HDL in Finnish T2DM patients. Interestingly, the associations between HOMA-β and
BMI/WC in Finnish individuals and between HOMA-β and WC in Chinese T2DM individuals appeared signi�cant.

Discussion
In this cross-sectional study, we compared the cardiometabolic pro�les of Finnish and Chinese older adults with
prediabetes or T2DM and central obesity, and we observed several differences between these two ethnic groups.
Speci�cally, among older adult participants with prediabetes and central obesity, fasting glucose, insulin, HOMA-IR, and
TG were signi�cantly higher, while LDL and LDL/HDL ratio were lower, in Chinese individuals than in Finnish individuals.
Even after controlling for all confounding factors, signi�cance remained. However, among older adult participants with
T2DM and central obesity, only TGs were signi�cantly higher in Chinese individuals than in Finnish individuals.
Interestingly, the associations between BMI/WC and HOMA-IR/HOMA-β were similar in the prediabetes and T2DM
populations and between ethnic groups.

Most of the early reports on the differences in risk factors for prediabetes and T2DM between ethnicities did not take
central obesity into account. In this study, we found that the differences between subjects with and without central
obesity were mainly in weight, WC, insulin level and insulin resistance in both ethnic groups and in both the prediabetes
and T2DM populations. This result indicated that in addition to central obesity, insulin resistance is one of the �rst signs
of glucose impairment in the development of T2DM regardless of ethnicity. On the other hand, prediabetes and T2DM in
Chinese individuals may be due more to dysfunction of the cardiovascular system, as indicated by blood pressure, than
in Finnish individuals. One meta-analysis showed that the prevalence of overall CVDs, stroke and coronary artery disease
was higher in Western Paci�c (including China) than in European T2DM populations [4].

When only subjects with central obesity and prediabetes were included, the differences between Finnish and Chinese
subjects were related not only to insulin resistance but also to the levels of glucose, TGs and LDL and the LDL/HLD ratio.
Central obesity rather than obesity de�ned by BMI has been associated with various detrimental metabolic
consequences, such as dysglycaemia and dyslipidaemia, all of which cause cardiovascular mortality [33]. A consensus
statement pointed out that [33] “the lack of inclusion of waist circumference in global obesity surveillance might
inadequately characterize the health risk associated with the global obesity prevalence, as it seems that the prevalence
of abdominal obesity is increasing”; therefore, it was recommended that measurement of waist circumference should be
included in obesity surveillance studies. In this study, we included measures of WC and WHR. We found that in
prediabetes patients, there were signi�cant differences in both BMI and WC but not in WHR between Finnish and Chinese
individuals. Higher BMI and WC were signi�cantly correlated with higher levels of fasting insulin and HOMA-IR/HOMA-β
in both ethnic groups. These associations were independent of age, sex, drinking, smoking, medications and physical
activity.

However, there are ethnic differences regarding lipid metabolism between Finnish and Chinese individuals with
prediabetes or T2DM. The risk of unhealthy lipid pro�les, such as high TGs, may lead to cardiovascular diseases [34],
dementia caused by Alzheimer’s disease [35], and frailty [36], thus predisposing patients to an increased risk of mortality
and lower quality of life. It is possible that differences in body composition, particularly visceral fat accumulation, cause
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high TGs in Asian populations [37]. A previous study showed that compared with European cohorts, Chinese cohorts had
a relatively greater amount of abdominal adipose tissue, and this difference was more pronounced in visceral fat [38].
Greater visceral fat mass was also associated with both higher TG levels and higher insulin resistance levels in normal
weight but metabolically obese Japanese adults [39]. However, in this report, we did not have body composition data;
thus, it cannot be con�rmed that the high TG levels in Chinese older adults are associated with high body fat content. On
the other hand, we noticed that the Chinese population in both the prediabetes and T2DM groups spent much less time
performing LTPAs and did so at a lower intensity than their Finnish counterparts. Low levels of PA or a sedentary lifestyle
may lead to high TG levels and insulin resistance [40-42]. Therefore, promotion of physical activity in the Chinese
population with central obesity and prediabetes or T2DM is a necessary strategy for prevention.

Existing studies have mainly compared the differences between different ethnic groups within the same country, and
fewer comparisons of the differences between ethnic groups on different continents have been reported [10, 43, 44].
Increased mobility due to globalization, particularly during the last two decades, has brought new challenges for health
care systems in different countries. Immigrants frequently take their culture and lifestyle with them to their new place of
settlement [45]. There are differences in predisposition to developing T2DM and diabetes-related complications [4, 6-10].
However, there are no ethnically speci�c criteria or strategic considerations for T2DM prevention, diagnosis and
treatment in clinical practice in any country. Our results provide information on risk factor differences from countries on
different continents. However, this study has some limitations. The study has a cross-sectional design. The Chinese
T2DM patients were mostly newly diagnosed, which may have in�uenced the outcomes. No body composition
measurements were taken, no dietary information was collected, and differences in dietary intake may have impacted the
results, since glycaemic responses following ingestion of glucose and several rice varieties are appreciably greater in
Chinese individuals than in European individuals [46]. Nevertheless, this study may encourage clinicians to take into
account the differences between ethnic groups in the future.

Conclusions
In conclusion, by comparing the cardiometabolic pro�les of Finnish and Chinese prediabetes and T2DM populations, we
found that both Finnish and Chinese older adults had similar β-cell function. However, Chinese individuals with
prediabetes are prone to lipid metabolism dysfunction and insulin resistance. Strategies for preventing prediabetes from
developing into diabetes in Chinese individuals should be focused on interventions such as exercise to increase insulin
sensitivity and prevent insulin resistance. For Finnish individuals with prediabetes, more attention should be given to
weight control.
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Figures

Figure 1
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Top 5 LTPAs participated by Chinese and Finnish with glucose impairment and central obesity. a: Chinese prediabetes
patients; b: Finnish prediabetes patients; c: Chinese T2DM patients; d: Finnish T2DM patients. LTPA: leisure time physical
activities.

Figure 2

Comparison of lipid pro�les between Chinese and Finnish populations with glucose impairment and central obesity. TG:
triglyceride; TC: total cholesterol; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol. The
Mann-Whitney U test was used to assess the difference in HDL in between Chinese and Finnish T2DM populations.
Analysis of covariance (ANCOVA) was used to assess the differences in the remaining variables adjusting for age, sex,
BMI and use of statins. * p < 0.05; ** p < 0.01.
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