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Abstract

Introduction: Obesity not only affects human health but also is an important risk factor for a variety of chronic diseases. Therefore, it is
particularly important to analyse the epidemic trend of obesity and actively carry out the prevention and control of obesity in the population.
Material and methods: A total of 4565 adults were selected by multi-stage stratified random sampling in Shenmu, Shaanxi Province, China.
Univariate analysis was used to explore the epidemic characteristics of obesity in this region. Multivariate logistic regression was used to
analyse the relationship between obesity and chronic diseases. Finally, the prediction efficiency of different obesity indexes was analysed
by drawing receiver operator characteristic curves (ROC). All statistical analysis was completed by SPSS 26.0 software.

Results: The prevalence rates of overweight, obesity, and central obesity were 39.9%, 18.2%, and 48.0%, respectively. After adjusting for
other confounding factors, multivariate logistic regression analysis showed that overweight and obesity were risk factors for hypertension,
dyslipidaemia, and hyperuricaemia. Central obesity is a risk factor for dyslipidaemia and hyperuricaemia. High level of waist-to-height
ratio (WHtR) was a risk factor for dyslipidaemia and hyperuricaemia (p < 0.05). Obesity-related indicators: body mass index (BMI),
waist circumference (WC), and WHIR, are strongly correlated with the increased risk of chronic diseases in northern Shaanxi, China.
The optimal BMI cut-off values for predicting hypertension, dyslipidaemia, and hyperuricaemia were 24.27, 24.04, and 25.54, respectively.
The optimal WC cut-off values for predicting dyslipidaemia and hyperuricaemia were 84.5 and 90.5, and WHIR cut-off values were 0.52
and 0.54, respectively.

Conclusion: The problem of overweight, obesity, and central obesity in adults is serious in northern Shaanxi, China. Obesity of all types
will increase the risk of chronic diseases. Therefore, a variety of preventive and therapeutic measures should be adopted to curb obesity
and reduce the incidence of related chronic diseases. (Endokrynol Pol 2024; 75 (1): 71-82)
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Introduction

Obesity refers to the disorder of energy balance caused
by long-term energy intake exceeding consumption,
resulting in the storage of body energy in the form of
fat, and the accumulation of fat will damage health [1].
With the development of social economy, obesity has
become a common disease, and the number of obese
people is gradually increasing, which will lead to
some social and economic side effects [2-5]. Obesity is
increasingly concerned. A number of studies have in-
vestigated the epidemiological characteristics of obesity,
and the results of these studies show significant regional

differences in the prevalence of obesity. Therefore, it is
necessary to carry out epidemiological investigations
of obesity for people in specific regions.

According to the different storage sites of fat in
the body, obesity is divided into systemic (peripheral)
obesity and central (abdominal) obesity [6, 7]. The distri-
bution of fat and the overall health status of fat in obese
people have a great impact on the risk of disease [8].
Body mass index (BMI) is considered to be one of the im-
portant indicators of systemic obesity in the Chinese
population, while central obesity is mainly assessed by
WC (waist circumference) [9]. Obesity and/or central
obesity are closely related to various chronic diseases
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or their risk factors [10-12]. However, it is important
to note that the different anthropometric parameters
used to define obesity do not accurately reflect the body
composition (percentage of adipose tissue) associated
with the risk of comorbidities [8, 13]. In the analysis of
the correlation between obesity and disease in Asian
populations, BMI and WC are usually used as indicators
representing the degree of obesity [14, 15]. Although
the application of the waist-to-height ratio (WHtR) is
not as widely used as BMI and WC, studies showed that
WHItR was more effective than BMI and WC in pre-
dicting diabetes and hypertension in the Bangladeshi
population [16]. Another study suggested that locally
abnormal fat distribution may be a better predictor of
cardiovascular disease risk in people with abdominal or
central obesity [17]. These studies suggest that it is nec-
essary to include BMI, WC, and WHIR in the analysis of
the relationship between obesity and chronic diseases,
which will help identify the best indicators for predict-
ing the risk of obesity or chronic disease.

Shenmu city is located in the northern part of
Shaanxi Province in China. In recent years, the rapid
economic development of Shenmu city has greatly
improved the living standard, and thus the incidence
of chronic diseases has increased. At present, there is no
study on the epidemiological characteristics of obesity
in northern Shaanxi, China, especially in Shenmu. This
study intends to investigate the distribution character-
istics of obesity-related indicators and the relationship
between them and chronic diseases. This study will
provide basic data and scientific guidance for the devel-
opment of prevention and control strategies for obesity
and common chronic diseases.

Material and methods

Survey subject

From August to December 2019, we selected adults from 2 commu-
nities (Linzhou Community and Yingbin Road Community) and 4
towns (Jinjie town, Daliuta town, Hejiachuan town, and Langanbao
town) in Shenmu city, Shaanxi province, as the subjects of this
study. In this study, a total of 4706 adults participated in the sur-
vey by multi-stage stratified random sampling. After excluding
the data missing or unqualified people, finally 4565 people were
included in this study. This research was conducted after obtain-
ing the informed consent of all the subjects. At the same time, this
study was approved by the Ethics Committee of Shenmu Hospital
(No. sm004).

Data collecting

The data of this study were collected by professionally trained
investigators. The data collection of this study was mainly com-
pleted by questionnaire survey, physical examination, or laboratory
testing. (1) Questionnaire survey: we developed an epidemio-
logical questionnaire after consulting the literature and consulting
experts; the main contents of the questionnaire include gender,
age, educational level, marital status, smoking/drinking status,
and past medical history. (2) Physical examinations were obtained
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through on-site measurements of uniform measuring equipment.
Physical examination included height, weight, waist circumference,
systolic blood pressure, diastolic blood pressure; (3) The main con-
tents of laboratory tests include total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), uric acid (UC),
and fasting plasma glucose (FPG).

Diagnostic standard

(1) Overweight, obesity, and central obesity: BMI < 18.5 kg/m*was
defined as underweight, 18.5 kg/m* < BMI < 24 kg/m? as normal
weight, 24 kg/m?* < BMI < 28 kg/m? as overweight, and BMI > 28
kg/m? as obesity [18]. Male waist circumference > 90 cm or female
waist circumference > 85 cm were defined as central obesity [19];
WHIR > 0.5 can be defined as central obesity, which can indicate
an increased health risk [20].

(2) Hypertension: systolic blood pressure > 140 mmHg and/or
diastolic blood pressure > 90 mmHg is defined as hypertension,
when taking antihypertensive drugs or not using antihypertensive
drugs [21].

(3) Diabetes: fasting blood glucose > 7.0 mmol/L or currently tak-
ing hypoglycaemic drugs/insulin is defined as diabetic [22].

(4) Dyslipidaemia: dyslipidaemia is defined if one or more of the fol-
lowing conditions occur: total cholesterol (TC) > 5.2 mmol/L, triglyc-
eride (TG) >1.7 mmol/L, and high-density lipoprotein-cholesterol
(HDL-C) < 1.0 mmol/L [23].

(5) Hyperuricaemia: fasting blood uric acid >420 umol/L in adults
is defined as hyperuricaemia [24].

Statistical analysis of data

The measurement data were described by mean = standard devia-
tion (SD). Statistical description of the adoption rate or constituent
ratio of counting data. The detection rates and epidemiological
characteristics of overweight, obesity, and central obesity were
analysed by x? test. Multivariate logistic regression analysis was
used to analyse the relationship between obesity and hypertension,
diabetes, dyslipidaemia, and hyperuricaemia. Finally, with BMI,
WC, and WHIR as test variables and chronic disease aggregation
as state variables, a receiver operator characteristic curve (ROC)
was drawn to analyse the prediction efficiency of different obesity
indicators. p < 0.05 was considered statistically significant.

Results

Survey of research objects

General characteristics

A total of 4565 participants were included in this study,
including 1826 (40 %) males and 2739 (60%) females.
Ages ranged from 18 to 82 years, with an average of
47.48 + 11.27 years. 50-59 years old accounted for
the highest proportion, accounting for 29.3%, and 18-29
years old accounted for the lowest proportion, at 6.5%.
About the distribution of educational level, primary
school and below accounted for the highest proportion,
at50.5%, and high school and secondary school account-
ed for the lowest proportion, at 11.3 %. The total num-
ber of non-smokers in the study population was 2892
(63.4%), but the proportion of male smokers was higher
than that of non-smokers, with a total of 1410 (77.2%),
while the number of female smokers was only 263
(9.6%). The average WC for females was 83.09 = 9.78 cm
and the average WHtR was 0.52 = 0.06 cm, while the av-
erage WC for males was 90.00 + 9.55 cm and the aver-
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age WHItR was 0.53+ 0.06 cm. The indicator data for
participants are detailed in Table 1.

Epidemiological characteristics of obesity

Distribution characteristics of overweight, obesity,
and central obesity: the average BMI of the population
in this region was 24.89 * 3.53 kg/m? and the aver-
age BMI of males and females was 25.34 + 3.53 kg/m?
and 24.59 + 3.51 kg/m? respectively (Tab. 1). The detec-
tion rate of obesity in this region is shown in Table 2.

The proportion of overweight people was 39.9%, and that
of obese people was 18.2%. The proportion of central
obesity was 48.0%), and the proportion of central obesity
in males and females was 54.5% and 43.7%), respectively.

In this study, obesity was classified according to
BMI and WC, and the epidemiological characteristics
of obesity in Shenmu city were investigated. The results
showed that the detection rate of women is higher
than that of men regardless of the type of obesity.
In both male and female investigated populations,

Table 1. Information of characteristics for the investigated population

Characteristics Total Male Female
Number 4565 1826 (40%) 2739 (60%)
Age (years)

Mean + SD 47.48 = 11.27 48.62 = 11.65 46.73 = 10.95
18-29 295 (6.5%) 120 (6.6%) 175 (6.4%)
30-39 908 (19.9%) 319 (17.5%) 589 (21.5%)
40-49 1280 (28%) 471 (25.8%) 809 (29.5%)
50-59 1336 (29.3%) 524 (28.7%) 812 (29.6%)
> 60 746 (16.3%) 392 (21.5%) 354 (12.9%)
Education level

A 2307 (50.5%) 599 (32.8%) 1708 (62.4%)
B 1177 (25.8%) 716 (39.2%) 461 (16.8%)
C 518 (11.3%) 272 (14.9%) 246 (9%)

D 563 (12.3%) 239 (13.1%) 324 (11.8%)
Smoking

No 2892 (63.4%) 416 (22.8%) 2476 (90.4%)
Yes 1673 (36.6%) 1410 (77.2%) 263 (9.6%)
Height [mean + SD] 163.07 = 7.76 168.85 + 6.56 159.22 = 5.9
Weight [mean + SD] 66.32 = 11.23 72.32 £ 11.33 62.32 = 9.21
BMI [mean + SD] 24.89 = 3.53 25.34 = 3.53 24.59 + 3.51
Obese degree

Normal 1804 (39.5%) 625 (34.2%) 1179 (43%)
Underweight 110 (2.4%) 35(1.9%) 75 (2.7%)
Overweight 1820 (39.9%) 751 (41.1%) 1069 (39%)
Obesity 831 (18.2%) 415 (22.7%) 416 (15.2%)
WC [mean = SD] 85.86 = 10.26 90 = 9.55 83.09 = 9.78
Central obesity

No 2373 (52%) 830 (45.5%) 1543 (56.3%)
Yes 2192 (48%) 996 (54.5%) 1196 (43.7%)
WhtR

Mean = SD 0.52 = 0.06 0.53+0.06 0.52 = 0.06
< P25 341 (18.7%) 803 (29.3%) 1144 (25.1%)
P25 <WhtR < P50 461 (25.2%) 666 (24.3%) 1127 (24.7%)
P50 < WhtR < P75 515 (28.2%) 641 (23.4%) 1156 (25.3%)
> P75 509 (27.9%) 629 (23%) 1138 (24.9%)
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Table 1. Information of characteristics for the investigated population
Characteristics Total Male Female
Systolic pressure
127.4 = 18.76 128.99 + 17.65 126.33 = 19.4
Mean = SD
Diastolic pressure
80.15 = 12.31 82.08 + 12.09 78.86 + 12.29

Mean = SD
Hypertension
No 3933 (86.2%) 1564 (85.7%) 2369 (86.5%)
Yes 632 (13.8%) 262 (14.3%) 370 (13.5%)
Fasting plasma glucose (FPG) 497 + 1.32 5.1+ 1.47 488 + 1.2
Diabetes
No 4370 (95.7%) 1721 (94.2%) 2649 (96.7%)
Yes 195 (4.3%) 105 (5.8%) 90 (3.3%)
TC

4.54 + 0.93 461 = 0.94 4.49 = 0.91
Mean = SD
TG

1.66 = 1.3 1.84 = 1.54 1.54 +1.09
Mean = SD
HDL-C

1.37 = 0.49 1.28 = 0.47 1.42 + 0.49
Mean = SD
Dyslipidaemia
No 2140 (46.9%) 719 (39.4%) 1421 (51.9%)
Yes 2425 (53.1%) 1107 (60.6%) 1318 (48.1%)

UA [mean = SD]

287.97 + 81.84

336.56 + 81.47

255.57 + 64.15

Hyperuricaemia

No

4248 (93.1%)

1557 (85.3%)

2691 (98.2%)

Yes

317 (6.9%)

269 (14.7%)

48 (1.8%)

TC — total cholesterol; TG — triglyceride; HDL-C — high-density lipoprotein-cholesterol; UA — uric acid; BMI — body mass index; WC — waist circumference;
WhtR — waist-to-height ratio. Education level: primary school or lower (A), junior middle school (B), senior middle school and secondary specialized school (C), college
or higher (D). Obese degree: underweight (BMI < 18.5), normal (18.5 < BMI < 24), overweight (24 < BMI < 28), obesity (BMI > 28). Central obesity: male waist

circumference > 90 cm or female waist circumference > 80 cm

central obesity has the highest detection rate (Tab. 2).
Figure 1 shows the histogram of obesity distribution
by gender. As shown in Table 2, the male obesity rate
(overweight: 41.1%; obesity: 22.7%; central obesity:
54.5%) is significantly higher than the female obesity
rate (overweight: 39.0%; obesity: 15.2%; central obesity:
43.7%) (p < 0.001). As shown in Figure 2, the detec-
tion rates of overweight and obesity first increased
and then decreased with age. The detection rate of
central obesity has been on the rise, and the detection
rates of overweight, obesity, and central obesity all
grew fastest in the 40-49 years age group (p < 0.001).
With the increase of education level, the detection rate
of overweight, obesity, and central obesity decreased.
The prevalence of overweight, obesity, and central obe-
sity in the married population was significantly higher
than that in the unmarried, divorced, and widowed
population (p < 0.001). The prevalence of overweight,
obesity, and central obesity in smokers was higher than
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that in non-smokers (p < 0.001). All the above results
are shown in Table 2.

Risk factors of obesity

Multivariate logistic regression analysis was used to
explore the risk factors of obesity. The results show
that senior middle school and secondary specialized
school have no significant influence on overweight.
The age group of 30-39 years has no significant influ-
ence on obesity. In addition to the above-mentioned,
gender, age, education level, marriage status, and smok-
ing status have significant influences on different types
of obesity. Specifically, females (reference: male), people
with a high level of education (reference: primary school
orlower), unmarried /divorced/widowed people (refer-
ence: married), and smokers (reference: non-smoking)
are protection factors (odds ratio [OR] < 1, p < 0.05) for
overweight, obesity, and central obesity. Most groups
with older age were risk factors for overweight, obesity,



Endokrynologia Polska 2024; 75 (1)

jueoyiubis

Ajleansness juasaidal pjoq 3xa} pue Go'0 > d *(O[) pamopim/padloalp/paiiiewiun ‘(sap) pauiew :abeiuely *(q) Jaybiy 1o abajjod ‘(9) |0oyas pazieraads Alepuodas pue [00Y3s S|ppIW J01US ‘(g) [00Yds BJpPIW Jotun( ‘() Jamoj 1o jooyds Aseturid
{[BA3] U0}RONPT “WD 08 < BOUSIBJLNIIID ISIBM B[BLUSY JO W (f < SIUBIBHWNDIID ISIEM Bjew :A)saqo [enuad *(8Z < [ING) Ausaqo ‘(8Z > |G S vz) Wblemiano ‘(yZ > NG S §'81) [ewaou ‘(G'8L > |INg) Jyblremiapun :aa1bap asaqq “Jaquinu —

1000 > GL9°0 Zvs'0 G180 z100 8€0°0 1000 > 1000 > 0t0°0 d
19zl 810 LE0 900 €€9 L€y Leey 8L°Gl (XA X
(¥5) zvL (9G61) 1¥ (¢'ov) 901 €9¢ (v'vG) 9L (8'12) 80¢ (9°07) 2L 1132} ('¥S) 606 (602) 6¥€ (5'ov) 829 €L91 SaA
(9'zv) vS01 (1g1) GLeg (6'8€) £96 LIAZ4 (s5) 622 (L'52) L01 (ev) 6LL 9l (v'v) €821 (L91) 28 (9°6€) ZiLl 2682 ON
Bupjows
1000 > 6000 6000 1000 > 6000 €000 1000 > 1000 > 1000 > d
90°€L 26’9 98'9 05961 €L9 006 G9°LE or'el €e'al 124
(1€) 85 (16) LL (v'62) 55 L8l ('v€) 6€ (6'G1) 81 (1°0¢€) v€ €Ll (e°z€) L6 (L) se ('62) 68 00€ ON
(9'vv) 8ELL (9'61) 66€ (L'6E) 101 [A*L°1A (6'96) £56 (zez) L6 (6'L) LLL ELLL (1'6%) G602 (£81) 961 (9°0p) LELL q9zy SaA
abeuuepy
1000 > 1000 > 1000 > 652°0 8090 viL0 1000 > 9000 1000 > d
L6912 79'8Y 62°08 90y €8l G6°9 0S°LLL (A} v’y X
(Ls1) 15 (8) 9z (12) 89 vze (587) 9L1 (8'92) ¥9 (18¢) 16 6€¢ (L'62) 91 (91) 06 (z'82) 651 €99 a
(58z) 0L (9z1) 1€ (9°9¢) 06 9 (5'56) 151 (9°02) 95 (9°:67) vZL ue (Lzv) 122 (891) L8 (e'1p) vig 814 J
(9°€€) 651 (8Z1) 65 (£9¢) 691 9% (£°8) 66€ (8'12) 951 (6Zv) LOE 9lL (1L¥) %58 (e81) 6Lz (v'0p) 9Lp LLLL |
(6°€4) 0Z6 (9'£1) 00€g (vev) 2wt 80L1 (196) oge (z€z) 6EL (z8¢) 622 669 (z'v8) 0521 (61) 6EY (L'zh) 116 L0EZ v
|ana] uoneanpy
1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > d
0%'692 80'6% 60°0L1L A% 95°¢e 0092 16'681 8e’le €066 X
(6:99) L€Z (10z) 1L (Lov) vl 41 (z9v) 181 (991) 69 (zLe) 9vL 26€ (098) 8L¥ (zg1)9gL (68€) 062 9L 09<
(v°G8) 06 (7L1) 1yl (9v¥) 29¢ A% (6°95) 862 (z1z) 11 (1ev) 922 ¥zs (0°99) 8¥L (681) 252 (vv) 885 9€€lL 65~09
(v'1y) GEE (za1) gzl (1°Gv) G9¢ 608 (1'¥9) zog (zLe)8z1 (597) 612 LLY (86%) L€9 (9°61) 152 (9:67) ¥86 0821 6v~0v
(9:62) 151 (11) 59 (L62) GL1 689 (zve) eL1 (eL2) 18 (L€) 811 61l€ (L°ge) vze (£91) 251 (ez€) €62 806 6€~0€
(1et) ez (1'6) 91 (Let) ez GLL (se) zv (0z) vz (sg) zv ozl (0°zz) 59 (9¢l) oy (zz) 59 G6¢ 628l
aby
(Lev) 9611 (zsL) 9Ly (6€) 6901 6ELL (4'v5) 966 (Lzz) s1y (1'Ly) 1L 9z81 (0°8v) z6lZ (z8l) Le8 (6°6€) 0z81 G96Y lejoL
“,Mww”u“ Aysaqg bramiang N “WW”M“ Ausaqp wbiamiang N WWHMM Ansaqo wbiamiang N woneuen
ajeway ETEIN lerol o

siogvorpur fiz152qo Jo s.1030vf Surouangfur 40f sisApuv agvrivaiur) g qeL

75



Obesity indicators and chronic diseases

Xiong Yang et al.

1200

100
800

600

Number of people

400

200

0
Normal weight ~ Under weight ~ Over weight

BMI category

Obesity

Gender
H Male
M Female

2000

1500

1000

Number of people

2}
o
o

Normal

Central obesity

WC category

Figure 1. Gender (A) and obesity (B) detection rate. BMI — body mass index; WC — waist circumference

60%
== (entral obesity
o= Qverweight

e Obesity

50%

40%

30%

Prevalence of obesity

20%

/

18-29

10%

30-39 40-49

Age [years]

50-59 =60

Figure 2. Age and obesity detection rate

and central obesity compared with those aged 18-29
years (OR > 1, p < 0.05). The specific results can be
seen in Table 3.

Association between obesity and chronic disease
Among the investigated population, 632 (13.8%) suf-
fered from hypertension, 195 (4.3%) suffered from
diabetes, 2425 (53.1%) suffered from dyslipidaemia,
and 317 (6.9%) suffered from hyperuricaemia (Tab. 1).
We also explored the influencing factors of chronic
diseases by univariate analysis. The results showed that
some influencing factors were not only risk factors for
chronic diseases but also interfered with obesity-related
indicators, thus affecting chronic diseases (Supplemen-
tary File — Tab. S1).

Multivariate logistic regression was used to analyse
the relationship between obesity-related indicators
and the prevalence of chronic diseases after adjusting
these confounding factors. Table 4 shows that after ad-
justing for gender, age, education level, marital status,
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smoking, and WC, overweight and obesity are risk fac-
tors for hypertension (overweight: OR = 1.55,p = 0.001;
obesity: OR = 1.51, p = 0.021), lipid abnormality
(overweight: OR = 1.59, p < 0.001; obesity: OR = 1.74,
p < 0.001), and hyperuricaemia (overweight: OR = 1.81,
p = 0.005; obesity: OR = 2.15, p = 0.003), while obesity
is a protective factor for diabetes (OR = 0.47, p = 0.011).
For WC, after adjusting for other confounders and BMI,
central obesity risk factors for lipid abnormality
(OR =1.36, p < 0.001) and hyperuricaemia (OR = 2.16,
p = 0.001). For WHItR, after adjusting for other con-
founders, WC, and BMI, WHtR values in P50 <P75 is
arisk factor for lipid abnormality (OR = 1.48, p = 0.007)
and hyperuricaemia (OR = 2.16, p = 0.032).

Accuracy and efficacy of different obesity
indicators in predicting chronic diseases

With BMI, WC, and WHItR as test variables and chronic
disease cluster as a state variable, ROC curves of 3
obesity-related indicators for predicting chronic dis-
eases were drawn and their sensitivity was calculated
(Fig. 3, Tab. 5). Table 5 summarizes the sensitivity of
BMI, WC, and WHItR in predicting hypertension
(72.8%,72.5%,and 76.9%, respectively), diabetes (87.2%,
81.5%, and 82.1%, respectively), dyslipidaemia (70.8%
and 70.8%, respectively), and hyperuricaemia (66.2%,
65.9%, and 69.4%, respectively). According to the prin-
ciple of maximum Youden index, the optimal cut-off
values of BMI, WC, and WHIR for predicting hyperten-
sion (24.27,85.5, and 0.52, respectively), diabetes (22.74,
84.5, and 0.52, respectively), dyslipidaemia (24.04, 84.5,
and 0.52, respectively), and hyperuricaemia (25.54, 90.5,
and 0.54, respectively) were obtained.

In addition, we also compared the predictive effi-
cacy of different obesity indexes for chronic diseases in
the Shenmu population for male population and female
population. The detailed results are shown in Table 5.
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Table 4. Multivariate logistic regression analysis for the relationship between four chronic diseases and obesity indicators

Hypertension Diabetes Dyslipidaemia Hyperuricaemia
Item OR OR OR OR
(95% CI) P (95% CI) P (95% CI) P (95% CI) P
Adjust by age, gender, education level, marriage, smoking status, and WC
Obese degree
Normal 1 1 1 1
. 0.62 0.69 0.87 1.46
Underweight (0.18-2.05) 0.428 (0.09-5.37) 0.727 (0.53-1.44) 0.593 (0.48-4.45) 0.501
. 1.55 0.87 1.59 1.81
Overweight 120200 %01 osgr3n) 0902 1351gg) <0001 12574 o 0005
. 1.51 0.47 1.74 2.15
Obesity (106-2.14) %921 026084 OO0 (135225 <0001 (15935 0003
Adjust by age, gender, education level, marriage, smoking status, and BMI
Central
obesity No 1 1 1 1
1.21 1.39 1.36 2.16
Yes 089-165)  OZ7 (0ga228) 020 (1qlies) <0001 (133339 000
Adjust by age, gender, education level, marriage, smoking status, WC, and BMI
WHtR
< P25 1 1 1 1
1.26 0.92 1.24 1.16
P25 < WhtR < P50 (0.87-1.84) 0.224 (0.49-1.75) 0.800 (0.99-1.54) 0.060 (0.68-1.99) 0.577
1.24 1.27 1.48 1.93
P50 < WhtR < P75 (0.82-1.89) 0.311 (0.64-2.49) 0.495 (1.11-1.97) 0.007 (1.06-3.51) 0.032
1.27 0.94 1.28 2.10
= P75 ©75-214) 2% 0a21) 08T 057190 020 (oggasg  O0%F

BMI — body mass index; WC — waist circumference; WHtR — waist-to-height ratio; OR — odds ratio; Cl — confidence interval; ? Group analysis was performed
according to quartiles of WHtR. Obese degree: underweight (BMI < 18.5), normal (18.5 < BMI < 24), overweight (24 < BMI < 28), obesity (BMI > 28). Central
obesity: male waist circumference > 90 ¢cm or female waist circumference > 80 cm. BMI and WC: BMI 18.5~24 and non-central obesity (No), 24 < BMI < 28
and male waist circumference > 90 cm or female waist circumference > 80 cm (overweight and central obesity), BMI > 28 and male waist circumference > 90 cm
or female waist circumference > 80 cm (obesity and central obesity). p < 0.05 and text bold represent statistically significant

Discussion

Numerous studies have confirmed that people with
obesity and central obesity are at higher risk for chronic
diseases [25, 26]. This study analysed the influence of
demographic characteristics, education level, and mari-
tal and smoking status on obesity and chronic diseases
in the Han population in northern Shaanxi, China
through univariate analysis. The relationship between
obesity and chronic diseases in this region was also
explored.

In this study, we found that the Han population
in northwest China has a serious problem of obesity,
and the main type of obesity is central. Several stud-
ies have confirmed that obesity is a heterogeneous
disease, which is affected by multiple factors such as
age, region, and environment [27, 28]. Heterogeneity of
obesity was also confirmed in this study. Studies have
found that marriage increases the risk of overweight
and obesity in the Chinese population [29], and smok-
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ing is a risk factor for obesity [30]. Our study also found
that various types of obesity detection rate for married
participants were higher than unmarried/divorced/wid-
owed participants, and smokers showed higher than
those in non-smokers. In this study, the rate of central
obesity increased with the increase of age, and the rate
of overweight and obesity increased most rapidly in
the age group of 40-49 years. The results of this study
are consistent with previous findings that obesity
is more prevalent in older groups [31]. Therefore, it
is speculated that the older population investigated
area may be the focus population for the prevention
and control of overweight, obesity, and central obesity.
Similarly, our study and other studies conducted in
different populations all found a negative correlation
between education level and obesity [32-34]. However,
previous studies have reported that obesity is general-
ly more prevalent in women, which is inconsistent with
the results found in our study, i.e. that overweight, obe-
sity, and central obesity were all more common in men.
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Figure 3. Receiver operator characteristic (ROC) curve for predicting chronic diseases. A. ROC for predicting hypertension; B. ROC for
predicting diabetes; C. ROC for predicting lipid abnormality; D. ROC for predicting hyperuricemia. WC — waist circumference;

BMI— body mass index; WhtR — waist-to-height ratio.

We suspect that the reason for the inconsistency may
be affected by factors such as the different genetic
background of the respondents and the sample size.
Based on the above, it can be concluded that obesity is
a serious problem in the Han population in northwest
China, and it is especially necessary to pay attention to
the prevention of obesity among those who are married,
older, and with lower education levels.

Previous studies have reported that obesity plays
arelated pathophysiological role in human health prob-
lems, which is the result of complex interaction of genet-
ic, nutritional, and metabolic factors [35]. Studies have
found that obesity is closely related to many chronic
diseases and their risk factors [36, 37]. Because obesity
is a serious problem in the area investigated, this study
explored the impact of obesity on chronic diseases in
the population of northwest China through multi-factor
regression analysis. Rohm et al. reviewed the current
understanding of inflammation mechanisms in obesity,
type 2 diabetes (T2DM), and related diseases, and found
that obesity leads to chronic systemic inflammation
and contributes to T2DM [38]. We found that obesity is

a protective factor for diabetes in the Han population
in northwest China, which seems to be different from
previous studies [39, 40]. However, in a meta-analysis
of 16 cohort studies that included different ethnic
groups in Asia, diabetes was more strongly associated
with a measure of central obesity, while hypertension
was more strongly associated with BMI [41]. The above
studies seem to suggest that obesity types defined by
different obesity indicators have different effects on
diabetes risk. Based on this, we speculate that the reason
why the results of this study are different from those
of the predecessors may be that the obesity category
of this study is divided according to different obesity
indicators. In addition, the fact that the genetic back-
ground of the population investigated in this study is
different from that of previous studies may also be one
of the reasons. Therefore, there is insufficient evidence
to directly conclude that obesity (24 < BMI < 28) is
a protective factor for the prevalence of diabetes based
on the results of this study. It is necessary to further
expand the sample size or research scope for verifica-
tion and analysis. In addition, the results of this study
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Table 5. Predictive efficacy analysis of obesity indicators for four chronic diseases

Chronic diseases  Indicators Item AUC Cut-off value Sen(so;:;vity Spe((f;:;city Yi::iiin
Male 0.61(0.57-0.64) 23.87 80.50 37.10 0.18
BMI Female 0.65 (0.62-0.68) 24.27 71.10 53.10 0.24
Total 0.67 (0.64-0.69) 24.27 72.80 48.60 0.21
Male 0.64 (0.60-0.67) 93.50 55.30 66.00 0.21
Hypertension WC Female 0.70 (0.67-0.72) 84.50 68.10 60.20 0.28
Total 0.63 (0.61-0.66) 85.50 72.50 52.00 0.25
Male 0.64 (0.61-0.68) 0.51 84.70 37.10 0.22
WHtR Female 0.71 (0.69-0.74) 0.54 65.40 65.90 0.31
Total 0.69 (0.66-0.71) 0.52 76.90 50.30 0.27
Male 0.57 (0.51-0.62) 22.74 89.50 24.20 0.14
BMI Female 0.58 (0.53-0.64) 23.52 76.70 39.70 0.16
Total 0.58 (0.55-0.62) 22.74 87.20 28.10 0.15
Male 0.61 (0.56-0.66) 86.50 84.80 34.60 0.19
Diabetes WC Female 0.69 (0.65-0.74) 79.50 94.40 36.40 0.31
Total 0.67 (0.63-0.70) 84.50 81.50 46.10 0.28
Male 0.61 (0.55-0.66) 0.52 82.90 39.00 0.22
WHtR Female 0.71 (0.66-0.75) 0.54 73.30 61.40 0.35
Total 0.66 (0.63-0.70) 0.52 82.10 45.10 0.27
Male 0.72 (0.69-0.74) 23.95 77.90 56.90 0.35
BMI Female 0.66 (0.64-0.68) 24.04 65.90 58.80 0.25
Total 0.69 (0.67-0.70) 24.04 70.80 58.50 0.29
Male 0.71 (0.69-0.74) 90.50 60.40 72.60 0.33
Dyslipidaemia WC Female 0.69 (0.67-0.71) 82.50 65.30 62.00 0.27
Total 0.71 (0.69-0.72) 84.50 69.50 61.30 0.31
Male 0.70 (0.68-0.73) 0.52 70.40 63.00 0.33
WHtR Female 0.69 (0.67-0.71) 0.51 73.10 55.70 0.29
Total 0.70 (0.69-0.72) 0.52 66.00 64.90 0.31
Male 0.68 (0.65-0.72) 24.73 78.80 48.70 0.28
BMI Female 0.62 (0.55-0.69) 24.04 79.20 47.30 0.27
Total 0.69 (0.66-0.72) 25.54 66.20 62.30 0.29
Male 0.68 (0.64-0.71) 90.50 72.90 57.00 0.30
Hyperuricaemia WwC Female 0.60 (0.53-0.68) 84.50 68.80 56.80 0.26
Total 0.73 (0.71-0.76) 90.50 65.90 70.90 0.37
Male 0.66 (0.63-0.70) 0.54 70.00 55.90 0.26
WHtR Female 0.61 (0.53-0.69) 0.53 64.60 59.10 0.24
Total 0.67 (0.64-0.69) 0.54 69.40 58.60 0.28

AUC — area under curve; BMI — body mass index; WWC — waist circumference; WhtR — waist-to-height ratio

showed that overweight and obesity were risk factors
for hypertension, dyslipidaemia, and hyperuricaemia.
Central obesity is a risk factor for dyslipidaemia and hy-
peruricaemia; higher WHItR is a risk factor for dyslipi-
daemia and hyperuricaemia. Several studies have also
reported that obesity has a significant impact on the risk
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of hypertension, dyslipidaemia, and hyperuricaemia
[42—44]. These findings are consistent with this study.
Based on the above, it can be inferred that overweight,
obesity, and central obesity are risk factors for hyper-
uricaemia and dyslipidaemia in northwest China. In
addition, a number of studies have confirmed that direct
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use of the World Health Organization recommended
BMI threshold (25 kg/m?) to predict chronic diseases
in different regions is not the most appropriate choice.
This study showed that the optimal BMI threshold
for predicting hypertension in the Han population
in Northern Shaanxi, China was 24.27 (male: 23.87;
female: 24.27), dyslipidaemia was 24.04 (male: 23.95;
female: 24.04), and hyperuricaemia was: 25.54 (male:
24.73; female: 24.04). The results of this study are similar
to those of previous studies in other regions [45-48].
We also found a strong correlation between WC or
WHIR and increased risk of dyslipidaemia and hyper-
uricaemia. The results showed that the optimal WC
and WHIR thresholds for predicting dyslipidaemia
were 84.5 (male: 90.5; female: 82.5) and 0.52 (male:
0.52; female: 0.51), respectively, and the optimal WC
and WHItR thresholds for predicting hyperuricaemia
were 90.5 (male: 90.5; female: 84.5) and 0.54 (male: 0.54;
female: 0.53), respectively. Compared with previous
studies, it was found that the optimal cut-off values
of WC and WHIR for predicting chronic diseases in
the investigated subjects were higher than in other
populations [13, 19]. The reasons for the differences in
the above results may be related to genetic background,
diet, living habits, and other differences in different
regions. On the other hand, it may also be related
to the differences between the diagnostic criteria of
related diseases in this study and those used in other
studies. Combined with the results of previous studies
and this study, it is further proven that it is particularly
important to determine the appropriate critical value
of obesity indicators for predicting chronic diseases in
different regional backgrounds.

Our study is the first to conduct an epidemiological
study of obesity in Northern Shaanxi, China. The rela-
tionship between obesity-related indicators and chronic
diseases and their predictive value in this region were
analysed for the first time. It is worth noting that this
study has certain limitations, and the sensitivity of
the cut-point determination of obesity-related indica-
torsis low. Therefore, it is necessary to expand the scope
of the survey object area for further investigation
and research under different circumstances, which
will help to further confirm the results of this study.

Conclusion

Overweight, obesity, and central obesity are serious
problems in northern Shaanxi, China, and central
obesity is the main problem. Obesity-related indica-
tors BMI, WC, and WHIR are strongly correlated with
increased risk of chronic diseases in Northern Shaanxi,
China. This study has provided a scientific basis for
formulating long-term development plans for obesity

prevention and control in northern Shaanxi, and it has
provided a valuable reference for obesity indicators for
predicting chronic risk in clinics.
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